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Foreword — Achim Steiner
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Tropical mangroves around the world connect our land and its people with the sea, providing millions with
food, clean water, raw materials and resilience against future climate change impacts including increasing
storm intensity and sea level rise.

Together with coral reefs, seagrass meadows and intertidal mudflats and marshes, these complex
interconnected ecosystems are home to a spectacular range of visiting and resident species of birds,
mammals, invertebrates and fish, all of which helps to maintain the ecological functioning of mangroves.
In turn, this rich mosaic of biodiversity supports people through fisheries, tourism and cultural heritage.

This publication provides a timely synthesis of the importance of mangroves to people. It highlights that
in spite of the mounting evidence in support of the multitude of benefits derived from mangroves, they
remain one of the most threatened ecosystems on the planet, being lost at a rate greater than coral reefs
and tropical rainforests. This has potentially devastating effects to mangrove biodiversity and in turn,
the food security, protection and livelihoods of some of the most marginalised coastal communities in
developing countries, where more than go percent of the world’s mangroves are found.

Research is increasingly pointing to the role of mangroves as significant carbon storage systems,
sequestering vast amounts of carbon - about 1,000 tonnes of carbon per hectare - over thousands of
years. With continuing deforestation, this coastal “blue carbon” is at risk of being released back into the
atmosphere when mangroves are cut down and converted into shrimp ponds or replaced by hotels, ports
or used as landfill. Emissions resulting from mangrove losses make up nearly one-fifth of global emissions
from deforestation, resulting in economic damages of some US$ 6-42 billion annually.

Understanding and quantifying the ecosystem services provided by mangroves to people will go a long way
to helping secure their future and turn the tide on their devastation. The report notes that over 100 million
people around the world live within 10 kilometres of large mangrove forests, benefiting from a variety of
goods and services such as fisheries and forest products, clean water and protection against erosion and
extreme weather events. These ecosystem services are worth an estimated US$ 33-57,000 per hectare per
year to the economies of developing countries with mangroves.

The report provides a range of policy and management interventions that can be used to better protect,
sustainably use and restore mangroves to ensure they continue to support the people who have depended
on them for generations. These include financial mechanisms and incentives to stimulate mangrove
conservation, such as REDD+, private sector investments, and the creation of Nationally Appropriate
Mitigation Actions for developing countries to reduce greenhouse gas emissions while increasing national

capacity.

I hope this call to action will serve to inspire decision makers around the world to take action to protect and
restore these magnificent forests of the sea.

e

Achim Steiner
Executive Director

United Nations Environment Programme




A call to Action -
Jurgenne Primavera
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Mangroves are one of the most undervalued ecosystems on earth. These remarkable forests are of great
importance to coastal communities, providing not only a source of food and resources but also protecting
coastlines, preventing erosion and regulating our climate. Yet, mangroves are also one of the most
threatened ecosystems and continue to be cleared at an alarming rate. In the Philippines alone, over 50% of
mangroves have been lost since 1918, largely as a result of the establishment of aquaculture ponds.

Typhoon Haiyan - known as Typhoon Yolanda in the Philippines - was the strongest storm on record when
it hit my country on the 8th of November 2013, killing over 6000 people and destroying over one million
homes. This disaster served as a wake-up-call to the world, highlighting the vulnerability of coastal
countries to the impacts of climate change. It also highlighted the important role that mangroves can play as
nature’s “bioshields”, serving as a natural buffer which can reduce the wave energy and height of storm
surges and thus protect vulnerable coastal communities. Together with coastal engineering, public
education, elevated shelters and early warning systems, mangrove forests can help save lives and reduce the
economic losses accrued by coastal communities and mangrove nations.

There has been increasing recognition of the defensive value of mangroves in the Philippines, spurred

on by the devastating impact of Typhoon Haiyan. Our Government is investing over US$20 million into
mangrove replanting and local governments are being encouraged to develop greenbelts of mangrove and
beach forests as natural protection against storms. However, these actions need to be ecologically and
scientifically sound, allowing mangroves to recover, learning from past mistakes and building on successes
to ensure use of appropriate methods.

Mangroves not only form a line of coastal defence for the adjacent populations, but also help to mitigate
climate change. In recent decades, research has shown that mangrove ecosystems store large quantities of
carbon in their biomass and soil; several times more than their terrestrial counterparts. Protecting these
long-term reservoirs of carbon and preventing their emissions back into the atmosphere is a sensible

and cost-effective measure that can be taken to help mitigate climate change, whilst also ensuring the
maintenance of the host of other ecosystem services that are so critical to the food security and livelihoods
of millions of people.

This ‘Call to Action’ provides evidence for the importance of mangroves to people and the implications to
their well-being if we continue to undervalue mangroves as we have over the past decades. Thankfully, there
is still time to turn the tide and avert the considerable ecological, social and economic costs now, and in the
future. I hereby call on governments to take note of the key messages and policy options presented in this
report and use them to take action and secure a future for mangroves.

Jurgenne Primavera
IUCN Mangrove Specialist Group Co-Chair
and ZSL’s Chief Mangrove Scientific Advisor




Mangroves — Magnificent Forests

on the Edge
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Mangroves are a type of tropical forest, uniquely positioned at the dynamic interface of land and
sea. They are found along coasts and estuaries throughout the tropics and subtropics and are
capable of thriving in salt water; prospering in conditions to which only a few species have adapted.
Mangroves form the foundation of a highly productive and biologically rich ecosystem which
provides a home and feeding ground for a wide range of species, many of which are endangered.
Although mangroves make up less than one percent of all tropical forests worldwide, they are highly

valuable ecosystems, providing an array of essential goods and services which contribute significantly

to the livelihoods, well-being and security of coastal communities.

The complex network of mangrove roots can help
reduce wave energy, limiting erosion and shielding
coastal communities from the destructive forces

of tropical storms. Mangrove ecosystems are often

an essential source of seafood for both subsistence
consumption and the local and national seafood
trade, in addition to providing other materials such as
firewood and timber, which support the livelihoods
of thousands of coastal communities. Beyond their
direct benefits, mangroves also play an important role
in global climate regulation. On average, they store
around 1,000 tonnes of carbon per hectare in their
biomass and underlying soil, making them some of
the most carbon-rich ecosystems on the planet.

Despite its value, the mangrove ecosystem is one of
the most threatened on the planet. Mangroves are
being destroyed at rates 3-5 times greater than average
rates of forest loss and over a quarter of the original
mangrove cover has already disappeared; driven by
land conversion for aquaculture and agriculture,
coastal development, pollution and overexploitation
of mangrove resources. As mangroves become
smaller and more fragmented, important ecosystem
goods and services will be diminished or lost. The
consequences of further mangrove degradation will
be particularly severe for the well-being of coastal
communities in developing countries, especially
where people rely heavily on mangrove goods and
services for their daily subsistence and livelihoods.

Arun Roisri / Shutterstock.com
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However, the future of mangroves does not have to
be bleak. Increasing recognition of the importance
of mangrove ecosystems for both biodiversity and
human well-being is driving efforts around the
world to conserve, better manage and restore these
ecosystems. Many of these have been successful at
alocal scale, often supported by national policies
that recognise the significant long-term benefits

of mangroves over short-term financial gains.
Mangroves need to be understood for the valuable
socio-economic and ecological resource they are,
and conserved and managed sustainably. This will
take a commitment by governments to make policy
decisions and enforce existing protection measures to
curb the widespread losses from human activities.

This global synthesis document serves as a call to
action to decision makers and highlights the unique
range of values of mangroves to people around the
world. It aims to provide a science-based synthesis of
the different types of goods and services provided by
mangroves and the associated risks in losing these
services in the face of ongoing global habitat loss and
degradation. The document provides management
and policy options at the local, regional and global
level with the aim of preventing further losses
through effective conservation measures, sustainable
management and successful restoration of previously
damaged mangrove areas. Our hope is that this call
to action will generate renewed interest in mangroves
for policy-makers, helping to safeguard a future for
these essential yet undervalued ecosystems.

Document structure

This document is divided into five thematic chapters,
interspersed with several case studies that present
local studies which support the chapter messages.
Each chapter is led by key chapter messages and
closes by recommending further (online) resources
for policy makers. Chapter 1 provides an overview

of global mangrove distribution as well as associated
biodiversity and interconnectivity with adjacent
ecosystems. Chapter 2 highlights the key ecosystem
services that mangroves provide to people, and their
link to human well-being. Chapter 3 presents an
overview of the most significant drivers of mangrove
loss, and presents an assessment of global mangrove
losses through several regional change maps spanning
the last two to three decades. Chapter 4 discusses
the different management and policy options that
are available to support mangrove conservation and
sustainable management and restoration. Finally,
Chapter 5 discusses the existing knowledge and data
gaps and where research efforts should focus in order
to gain a full understanding of the status and value of
mangroves to people and the planet.



Key Messages
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Mangroves and their associated biodiversity
help to deliver important goods and services
that play a critical role in supporting human
well-being through climate regulation, food
security and poverty reduction. Over 100 million
people live within 10 kilometres of large mangrove
forests, benefiting from a variety of goods and
services including fisheries and forest products,
clean water and protection against erosion and
extreme weather events. These ecosystem services
are worth an estimated US$33-57 thousand per
hectare per year to the national economies of
developing countries with mangroves.

Mangroves can provide natural defenses against
extreme weather events and disasters, helping
to reduce the loss of property and vulnerability
of local communities. In combination with other
risk reduction measures such as sea walls and early
warning systems, mangroves are often cheaper than
solely conventional solutions and provide additional
benefits like food, timber and carbon sequestration.
Furthermore, mangroves can adapt to sea level

rises and land subsidence in ways that engineered
defenses cannot.

Mangroves have exceptionally high carbon
stocks that are particularly vulnerable to land
use change; greenhouse gas emissions (GHG)
from the conversion of mangroves is among
the highest of those from all land uses in the
tropics. Emissions resulting from mangrove losses
make up nearly one fifth of global emissions from
deforestation, resulting in economic damages of
US$6-42 billion annually.

In spite of their importance to people,
mangroves are consistently undervalued and
do not figure adequately in decision making
about coastal development so that mangroves
continue to be lost at a rate that is 3-5 times
greater than global deforestation rates. As

a result, people may be deprived of mangrove
ecosystem services within the next 100 years,

with significant consequences for economies and
societies through impoverished livelihoods, lower
economic growth, declining human security, and

a poorer quality of life for coastal populations.
While the benefits derived from healthy mangroves
are mostly realised by local communities, the loss
of mangroves also impacts negatively on coastal
populations, national economies and the world as a
whole. Mangrove ecosystem health and productivity
must therefore be part of global efforts to eradicate
poverty, strengthen food security and reduce
vulnerability to climate change.

Given their continued, rapid decline, the
remaining mangrove ecosystems must be
protected and sustainably managed in order
to secure their long-term future and the
well-being of those who depend on them.
Protected areas embedded into an integrated
coastal management approach that ensures the
survival of associated interconnected ecosystems
such as mudflats, coral reefs and seagrass beds, will
maximise ecosystem service benefits.

While restoration can, in some cases, reverse
patterns of mangrove decline and rebuild
lost ecosystem services, restoration is time-
consuming and expensive, especially when
compared to protection and management

of existing forests. In order to be successful,
restoration efforts must be guided by sound
scientific protocols, learn from failed attempts,
build on previous successes and be a secondary
consideration in relation to protection of existing
mangroves.



Options and Actions
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There are many management and protection
measures and tools available for use at national,
regional and global scales to help ensure a
sustainable future for mangroves. Policy makers
should consider the following key options and
actions:

Coordinate global action on mangroves:

1 Develop a Global Mangrove Commission to
ensure mangroves and linked coastal ecosystems
obtain a prime position on the international
development agenda;

2 Streamline and coordinate the Multilateral
Environmental Agreements (e.g. CBD,
UNFCCC, Ramsar) that promote mangrove
conservation, rather than continuing the current
ad hoc approach;

3 Integrate mangrove-specific goals and
targets into the post-2015 UN Sustainable
Development Goals agenda;

4 Encourage countries to implement the “2013
Wetlands Supplement” to the IPCC Guidelines
for national GHG inventories, creating a global
market for GHG reductions;

5 Create a Global Mangrove Fund to support
“climate resilience” actions that conserve and
restore mangroves and protect the carbon stored
within them.

Stimulate mangrove conservation by
providing financial mechanisms and
incentives:

1 Encourage mangrove conservation and
restoration through carbon credit markets such
as REDD+, the “Bio-Rights” mechanism and
corporate and private sector investments;

2 Create Nationally Appropriate Mitigation
Actions (NAMAs) for developing countries
to reduce greenhouse gas emissions while
increasing national capacity;

3 Promote economic incentives such as Payments
for Ecosystem Services (PES) as a source of
local income from mangrove protection,
sustainable use and restoration activities and
ensure beneficiaries of mangrove services can
find opportunities to invest in mangrove
management and restoration planning;

4 Explore opportunities for investment into Net
Positive Impact biodiversity offsets by the
corporate and business sectors as a way to finance
the protection and sustainable use of mangroves.

Improve management and protection of
mangroves:

1 Develop protocols to Regional Seas
Conventions that promote protection and
sustainable use of mangroves;

2 Ensure better incorporation of mangroves
into the CBD Ecologically or Biologically
Significant Marine Areas (EBSAs) process;

3 Implement and enforce national laws and
policies relevant to mangrove protection and
management and use sustainable forestry and
aquaculture practices to reduce pressure on
mangroves and provide a steady income for local
communities;

4 Ensure that mangroves are addressed in wider
Marine Spatial Planning and policy
frameworks;

5 Promote the use of mangroves as effective
natural and adaptive defense structures
in coastal development, land-use and spatial
planning in order to reduce vulnerability to
climate change;

6 Increase efforts to restore mangroves and their
biodiversity and to rebuild lost ecosystem
services;

7 Improve public outreach and education to
raise awareness of the economic and social
importance of mangroves and the consequences
of their loss.



Mangroves — magnifiques foréts

sur le fil du rasoir
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La mangrove est un type de forét tropicale unique dans la mesure ou elle est située a I'interface
dynamique entre terre et mer. On trouve des foréts de mangrove le long des cotes et des estuaires
dans I'ensemble des régions tropicales et subtropicales ; elles sont capables de s’épanouir

dans I'eau salée, prospérant dans des conditions auxquelles un nombre limité d’espéces ont su
s’adapter. Les mangroves constituent la fondation d’'un écosystéme extrémement productif et
biologiquement riche qui abrite et fait office de garde-manger pour une grande variété d’espéces,
dont beaucoup sont en voie de disparition. Les mangroves ont beau ne constituer qu'un pour cent
du total des foréts tropicales du monde entier, elles constituent néanmoins des écosystémes trés
précieux, fournissant tout un éventail de biens et de services qui contribuent considérablement
aux moyens de subsistance, au bien-étre et a la sécurité des communautés cotieres.

Le réseau complexe des racines des mangroves peut
contribuer a réduire la puissance des vagues, ce qui
limite I'érosion et protége les communautés cotiéres
des forces destructrices des tempétes tropicales. Les
écosystémes de mangrove sont souvent une source
essentielle de fruits de mer destinés a la fois a la
consommation et au commerce local et national de
ces produits, en plus de fournir d’autres matériaux
comme le bois de chauffage et de construction, ce
qui contribue aux moyens de subsistance de milliers
de communautés cotieres. Outre leurs avantages
directs, les foréts de mangrove jouent un role
important dans la régulation du climat mondial.

Elles stockent en moyenne quelque 1 ooo tonnes

de carbone par hectare dans leur biomasse et le sol
sous-jacent, ce qui les place au rang des écosystéemes
les plus riches en carbone de la planéte.

Malgré sa valeur, I'écosystéme des mangroves
figure parmi les plus menacés de la planete. La
mangrove est détruite a un rythme trois a cinq

fois supérieur au taux moyen de disparition des
foréts, et plus d’'un quart de la couverture de
mangrove d’origine a d'ores et déja disparu, suite

a la conversion des terres pour 'aquaculture et
l'agriculture, 'aménagement des ctes, la pollution

Arun Roisri / Shutterstock.com
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et la surexploitation des ressources des mangroves.
Au fil de la fragmentation des mangroves et de la
diminution de leur surface, d'importants biens et
services écosystémiques accuseront un déclin ou
seront perdus. Les conséquences de la continuation
de la dégradation des mangroves seront tout
particuliérement graves pour le bien-étre des
communautés cotiéres des pays en développement,
notamment la ot la population est fortement
tributaire des biens et services des mangroves pour
ses moyens de subsistance au quotidien.

Cependant, il est possible d’éviter un avenir sombre
pour les mangroves. Une reconnaissance croissante
de I'importance des systémes de mangrove pour la
biodiversité ainsi que le bien-étre humain impulse
les efforts de par le monde pour conserver, mieux
gérer et restaurer ces écosystémes. Nombre d’entre
eux ont été couronnés de succes a I'échelle locale,
souvent avec le soutien de politiques nationales

qui reconnaissent les avantages considérables

des mangroves a long terme , ainsi que les gains
financiers a court terme. Les foréts de mangrove
doivent étre appréciées comme la ressource socio-
économique et écologique précieuse qu’elles
constituent, et conservées et gérées de maniere
durable. Cela supposera un engagement de la

part des gouvernements a prendre des décisions
d’orientation et a appliquer les mesures de
protection existantes afin de juguler les importantes
pertes découlant des activités humaines.

Ce document de synthése est un appel a l'action a
I'intention des décideurs et met en relief la gamme
unique de valeurs que revétent les mangroves
pour les populations du monde entier. Il a pour
objectif de fournir une synthése fondée sur la
science présentant les différents types de biens et
de services fournis par les mangroves et des risques
associés a la perte potentielle de ces services dans
un contexte de recul et de dégradation continus
des habitats a I'échelle mondiale. Le document
fournit des options de gestion et de politique
générale aux niveaux local, régional et mondial
dans le but de prévenir des pertes supplémentaires
grace a des mesures de conservation efficaces,

une gestion durable et la restauration réussie de
zones de mangrove précédemment endommageées.

Nous nourrissons l'espoir que cet appel a I'action
engendrera un regain d’'intérét pour les mangroves
parmi les décideurs, ce qui contribuera a protéger
l'avenir de ces écosystemes essentiels mais sous-
estimés.

Structure du document

Ce document est divisé en cinq chapitres
thématiques, entrecoupés de plusieurs études de
cas qui présentent des études locales étayant les
messages des chapitres. Chaque chapitre débute
par les principaux messages correspondants, et se
conclut par des recommandations de ressources
(en ligne) supplémentaires a l'intention des entités
chargées de formuler les politiques générales. Le
Chapitre 1 donne un apercu de la distribution

des mangroves dans le monde, ainsi que de la
biodiversité et de 'interconnectivité avec les
écosystemes adjacents. Le Chapitre 2 met en relief
les services écosystémiques clés que fournissent
les mangroves aux populations, et leur lien avec

le bien-étre humain. Le Chapitre 3 présente une
vue d’ensemble des moteurs les plus considérables
du recul des mangroves, ainsi qu'une évaluation
du recul des mangroves au niveau mondial a
travers plusieurs cartes des changements observés
au niveau régional qui couvrent les vingt ou

trente derniéres années. Le Chapitre 4 traite des
différentes options de gestion et de politiques
générales qui sont disponibles pour soutenir la
conservation des mangroves et leur gestion et
restauration durables. Enfin, le Chapitre 5 traite
des lacunes existantes en matiére de connaissances
et de données et des aspects sur lesquels les
efforts devraient se concentrer afin d'acquérir une
compréhension approfondie de la situation et de
la valeur des mangroves pour les populations et la
planete.
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Les mangroves et leur biodiversité associée
contribuent a fournir d’'importants biens et
services qui jouent un réle crucial dans le
bien-étre humain a travers la régulation du
climat, la sécurité alimentaire et la réduction
de la pauvreté. Plus de 100 millions de personnes
vivent dans un rayon de 10 kilometres de grandes
foréts de mangrove et bénéficient d’'une variété de
biens et services, y compris des zones de péche et
des produits forestiers, une eau salubre et une
protection contre I'érosion et les phénoménes
météorologiques extrémes. D’apres les estimations,
ces services écosystémiques ont une valeur de 33 a
57 ooo dollars US par hectare et par an pour les
économies nationales des pays en développement
dotés de mangroves.

Les mangroves peuvent fournir des défenses
naturelles contre les phénomenes
météorologiques extrémes et les catastrophes,
et contribuent donc a réduire la perte de biens
et la vulnérabilité des communautés locales.
Conjuguées a d’autres mesures de réduction des
risques comme les digues et les systémes d’alerte
précoce, les mangroves sont souvent moins
cotliteuses que les seules solutions conventionnelles
et fournissent des avantages supplémentaires
comme des aliments, du bois et la séquestration du
carbone. Par ailleurs, les mangroves peuvent
s'adapter a la montée du niveau de la mer et a
l'affaissement du sol de maniéres qui restent
impossibles pour les défenses construites par
I'homme.

Les mangroves présentent des stocks de
carbone exceptionnellement élevés qui sont
tout particuliéerement vulnérables aux
changements d’affectation des terres ; les
émissions de gaz a effet de serre (GES) résultant
de la conversion des mangroves sont parmi les
plus élevées des émissions découlant des
changements d’utilisation des sols dans les
zones tropicales. Les émissions découlant du recul
des mangroves constituent presque un cinquiéme
des émissions mondiales liées a la déforestation, ce
qui entraine des pertes économiques de 6 a 42
milliards de dollars US par an.

En dépit de 'importance que revétent les foréts
de mangroves pour les populations, leur valeur
est constamment sous-estimée et ne figure pas
de maniére adéquate dans la prise de décisions
sur 'aménagement des cotes, si bien que la
superficie de mangrove continue de s'amenuiser
aun rythme de trois a cinq fois supérieur au
taux de déforestation mondial. En conséquence,
les populations pourraient étre privées de services
écosystémiques de mangroves dans les 100 prochaines
années, ce qui aurait des conséquences d’envergure
pour les économies et les sociétés, sous forme de
moyens de subsistance appauvris, d’'une croissance
économique moindre, d'une sécurité humaine en déclin
et d'une qualité de vie réduite pour les populations
cotieres. Tout comme les avantages découlant de
mangroves saines profitent surtout aux communautés,
la perte de mangroves a aussi des effets négatifs sur les
populations cotiéres, les économies nationales et le
monde dans son ensemble. La santé et la productivité
des écosystémes de mangrove doivent donc faire
partie des efforts mondiaux en vue d’éradiquer la
pauvreté, de renforcer la sécurité alimentaire et de
réduire la vulnérabilité face au changement climatique.

Etant donné leur déclin rapide et ininterrompu,
les écosystémes de mangrove restants doivent étre
protégés et gérés de maniere durable afin de
protéger leur avenir a long terme et le bien-étre
de ceux qui en sont tributaires. Des aires
protégées s'inscrivant dans une approche intégrée
de la gestion des cOtes qui garantit la survie des
écosystémes interconnectés associés comme les
vasieres, les récifs coralliens et les prairies de
phanérogames maximiseront les avantages en
termes de services écosystémiques.

Si la restauration peut, sans certains cas,
inverser les schémas de déclin des mangroves et
reconstruire les écosystémes perdus, elle est
néanmoins cotliteuse et demande du temps, en
particulier si on la compare a la protection et a
la gestion des foréts existantes. Pour porter leurs
fruits, les efforts de restauration doivent étre
orientés par des protocoles scientifiques robustes,
tirer les enseignements des tentatives n'ayant pas
porté leurs fruits, prendre comme socle les succes
antérieurs et étre une considération secondaire par
rapport a la protection des mangroves existantes.



Options et actions
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Il y a de nombreux outils et mesures de gestion et de
protection disponibles qui peuvent étre utilisés a
I'échelle nationale, régionale et mondiale pour
contribuer a garantir un avenir durable pour les
mangroves. Les décideurs devraient envisager les
options et actions clés suivantes :

Coordonner une action mondiale sur les

mangroves :

1.

Mettre en place une Commission mondiale sur
les mangroves pour veiller a ce que les
mangroves et les écosystémes cotiers associés
accedent a une position de premier plan a l'ordre
du jour international du développement ;

. Rationnaliser et coordonner les Accords

multilatéraux pour I'environnement (p. ex. la
CDB, la CCNUCC, Ramsar) qui favorisent la
conservation des mangroves, au lieu de
poursuivre 'approche ad-hoc actuelle ;

Intégrer des buts et cibles propres aux mangroves
alordre du jour des Objectifs de
développement durable de 'ONU post-2015 ;

. Encourager les pays a mettre en ceuvre le «

Supplément 2013 sur les zones humides » des
lignes directrices du GIEC pour les inventaires
nationaux des GES, créant ainsi un marché
mondial pour les réductions des GES ;

. Créer un Fonds mondial pour les mangroves

pour soutenir des actions « résilientes au climat »
qui assurent la conservation et la restauration des
mangroves et protégent le carbone qulelles
renferment.

Stimuler la conservation des mangroves en

fournissant des mécanismes et des moyens

incitatifs financiers :

1.

Encourager la conservation et la restauration des
mangroves a travers des marchés de crédits carbone
comme REDD+, le mécanisme « Bio-Rights » et
l'investissement des entreprises et du secteur privé ;

. Créer des Mesures d’atténuation appropriées

au niveau national (MAAN) pour que les pays
en développement puissent réduire les émissions
de gaz a effet de serre tout en augmentant les
capacités nationales ;

3.

Promouvoir des moyens incitatifs économiques
comme les Paiements pour les services
écosystémiques (PSE) comme source de revenus
locaux provenant de la protection, l'utilisation
durable et les activités de restauration des
mangroves, et veiller a ce que les bénéficiaires des
services de foréts de mangroves puissent trouver
des occasions d’investir dans la gestion et dans la
planification de la restauration de ces foréts ;

. Explorer les opportunités d'investissement dans

des compensations de la biodiversité avec un
impact positif net par le secteur des entreprises
et le secteur commercial comme moyen de financer
la protection et I'utilisation durable des mangroves.

Améliorer la gestion et la protection des

mangroves :

1.

5.

Elaborer des protocoles pour les Conventions
régionales pour la protection des mers qui
promeuvent la protection et l'utilisation durable
des mangroves ;

. Veiller a une meilleure incorporation des

mangroves dans le processus de la CDB relatif
aux aires marines d’importance écologique
ou biologique (AIEB) ;

. Mettre en ceuvre et appliquer les lois et politiques

nationales pertinentes pour la protection et la
gestion des mangroves et utiliser les pratiques
durables de foresterie et d'aquaculture pour
réduire la pression sur les mangroves et fournir
un revenu régulier aux communautés locales ;

. Veiller a ce que la question des mangroves soit

abordée dans les cadres de politiques générales et
de planification spatiale maritime en général ;

Promouvoir l'utilisation des mangroves comme
structures de défense naturelles et adaptatives
dans 'aménagement des cotes, l'utilisation des
terres et la planification spatiale afin de réduire la
vulnérabilité face au changement climatique ;

. Accroitre les efforts en vue de restaurer les

mangroves et leur biodiversité et de reconstruire
les services écosystémiques perdus ;

. Améliorer les activités de diffusion et d’éducation

du public afin de mener une sensibilisation a
I'importance économique et sociale des mangroves,
et aux conséquences de leur perte.



Manglares - Bosques majestuosos
llevados al limite
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Los manglares son un tipo de bosque tropical iinico en su género debido a que se sitian en el area de
transicion entre el continente y el mar, conociéndose ésta como zona intermareal y caracterizandose
por un gran dinamismo. Asi pues, los manglares ocupan zonas estuarinas y costeras de latitudes
tropicales y subtropicales y estan bien adaptados a las aguas saladas, siendo capaces de prosperar en
unas condiciones a las que s6lo unas pocas especies han podido adaptarse. Los manglares componen
un ecosistema de gran riqueza biologica y altamente productivo que alberga y procura alimento a un
numero elevado de especies, muchas de las cuales se encuentran amenazadas. A pesar de que los
manglares constituyen menos del uno por ciento del total de bosques tropicales del mundo, éstos son
ecosistemas muy valiosos, los cuales proporcionan un conjunto de bienesy servicios esenciales que
contribuyen de manera muy significativa al sustento, bienestary seguridad de las comunidades costeras.

Arun Roisri / Shutterstock.com

El complejo sistema radicular de los manglares puede
ayudar a reducir la energia de las mareas, limitando
la erosion y protegiendo a las comunidades costeras
de la fuerza destructiva de las tormentas tropicales.
Los ecosistemas formados por los manglares son

a menudo una fuente esencial de alimento, tanto
para el propio consumo como para el comercio

local o nacional de alimentos provenientes del mar,

y ademds suministran otros materiales tales como
lenay madera, los cuales suponen el sustento de
miles de comunidades costeras. Mas alla de sus
beneficios directos, los manglares también juegan un
importante papel en la regulacion del clima global.

Estos son capaces de almacenar entorno a 1.000
toneladas de carbono por hectdrea entre su biomasa
y el subsuelo, lo que les convierte en uno de los
ecosistemas mas ricos en carbono del planeta.

A pesar de su valor, el ecosistema creado en torno

a los manglares es uno de los mas amenazados del
globo. Los manglares estan siendo destruidos a un
ritmo 3-5 veces mayor que el ratio medio de pérdida
de bosque y mas de un cuarto de la cobertura manglar
originaria ha desaparecido; el factor detonante de
esta situacion son los cambios en los usos del suelo
debido a la acuicultura y agricultura, al desarrollo
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costero, a la contaminacién y a la sobreexplotacion de
los recursos extraidos de los manglares. Debido a que
las poblaciones de estos bosques tan singulares estan
menguando y se estan fragmentando, importantes
productos y servicios procedentes de los ecosistemas
manglares se veran reducidos o incluso perdidos por
completo. Las consecuencias de la degradacion de los
manglares se tornaran particularmente severas para el
bienestar de las comunidades costeras, especialmente
donde el principal sustento diario de la poblacion
radique en estos bienes y servicios derivados de los
manglares.

Sin embargo, el futuro de los manglares no tiene

por qué ser tan sombrio. El aumento progresivo del
reconocimiento de la importancia de los ecosistemas
manglares, tanto para la biodiversidad como para el
bienestar del género humano, esta encaminando los
esfuerzos mundiales hacia la conservacion, mejor
gestion y restauracion de dichos ecosistemas. Muchos
de estos esfuerzos ya pueden ser considerados un
éxito a escala local, y a menudo estan respaldados

por politicas estatales que anteponen los efectos
significativos que los manglares pueden tener a largo
plazo por encima de los beneficios econdmicos a corto
plazo. Los manglares necesitan ser reconocidos como
la valiosa fuente socioeconomica y ecoldgica que son
y ser consecuentemente conservados y gestionados de
manera sostenible. Esto favorecera que los gobiernos
se comprometan a tomar decisiones politicasy a
reforzar las medidas protectoras existentes, con el
objetivo de erradicar las pérdidas globales provocadas
por las actividades antrdpicas insostenibles.

Este documento global de sintesis busca incentivar
a los responsables de la toma de decisiones para

que pasen a la accion, y ensalza la importancia

que los manglares tienen para las personas a

nivel mundial. Busca proporcionar una sintesis
basada en datos cientificos acerca de los diferentes
tipos de bienes y servicios suministrados por los
manglares y de los riesgos asociados a la pérdida

de dichos servicios como consecuencia de la
continua desaparicion y degradacion de habitats
mundialmente. El documento propone opciones de
gestion y politicas a nivel local, regional y global con
el objetivo de prevenir nuevas pérdidas a través de la
aplicacion de medias de conservacion efectivas, de

la gestion sostenible y de las experiencias exitosas

de restauracion que han sido llevadas a cabo en

areas manglares dafiadas con anterioridad. Nuestra
esperanza radica en que esta llamada a la accion
genere un renovado interés de los legisladores por los
manglares, ayudando a salvaguardar el futuro de estos
esenciales ecosistemas que, desafortunadamente,
estan atn infravalorados.

Estructura del documento

Este documento esta dividido en cinco capitulos
tematicos, intercalados con estudios de caso que
representan estudios locales, los cuales respaldan los
mensajes del capitulo. Cada capitulo esta dirigido
por mensajes clave y concluido con fuentes (online)
que pueden ser de interés para los legisladores.

El Capitulo 1 proporciona un enfoque global de

la distribucion de los manglares, asi como de la
biodiversidad asociada e interconectada con los
ecosistemas adyacentes. El Capitulo 2 pone de
relieve los servicios de los ecosistemas clave que

los manglares proporcionan a la poblacién, y sus
conexiones con el bienestar de la sociedad. El
Capitulo 3 presenta un resumen de los principales
motores de destruccién de los manglares, y muestra
una evaluacion de la pérdida global de manglares con
la ayuda de mapas que representan varios cambios
regionales repartidos a lo largo de las tltimas dos

y tres décadas. El Capitulo 4 narra las diferentes
politicas y opciones de manejo que estan disponibles
para apoyar la conservacion de los manglares, asi
€Oomo su gestion y su restauracion sostenibles.
Finalmente, el Capitulo 5 trata sobre el conocimiento
existente y las lagunas en la informacion, ademads

de temas tales como donde deberian centrarse

los esfuerzos de la investigacion para favorecer el
completo entendimiento del estado y de los valores
anadidos que los manglares suponen para la sociedad
y el planeta.



Mensajes clave
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Los manglares y su biodiversidad asociada
proporcionan importantes bienesy servicios
que juegan un papel critico para el bienestar
del ser humano a través de la regulacion del
clima, la seguridad alimenticiay la reduccion
de la pobreza. En torno a 100 millones de personas
viven en 10 kilometros de bosque manglar,
beneficidndose de una variedad de bienes y servicios
que incluyen productos provenientes de la pescay
los bosques, agua limpia y proteccion frente a la
erosion y fendmenos meteoroldgicos extremos.
Estos servicios ecosistémicos son valiosos y estan
estimados en US $ 33-57 millones anuales por
hectérea para las economias nacionales de los paises
en vias de desarrollo que poseen manglares.

Los manglares pueden actuar como una defensa
natural frente a eventos extremos y desastres
meteorologicos, ayudando a prevenir la pérdida
de propiedad y la vulnerabilidad de las
comunidades locales. Comparados con las
medidas encaminadas a la reduccién de riesgos,
tales como rompeolas o sistemas de deteccién
temprana, el aprovechamiento de los manglares
resulta a menudo mas barato que cualquiera de las
soluciones convencionales y proporciona beneficios
adicionales como alimento, maderay
almacenamiento de carbono. Ademas, los
manglares pueden adaptarse a la crecida del nivel
del mary a los hundimientos del terreno de una
manera mas adecuada y natural que las defensas
ingenieriles.

Los manglares tienen altos stocks de carbono
que resultan particularmente vulnerables
frente a los cambios de los usos del suelo; las
emisiones de efecto invernadero (GEI) debidas
ala transformacion de los manglares son una
de las emisiones mas elevadas de entre todas
las generadas por los diferentes tipos de usos
del suelo en el tropico. Las emisiones resultantes
de la pérdida de manglares representan hasta un
quinto de las emisiones globales procedentes de la
deforestacion, que a su vez resultan en dafios
economicos valorados en US $ 6-42 billones anuales.

A pesar de la importancia que éstos tienen para
las personas, los manglares son continuamente
infravaloradosy no se tienen suficientemente en

cuenta durante los procesos de toma de decisiones
relacionados con el desarrollo costero, de modo
que la desaparicion de manglares contintay lo
hace a un ritmo 3-5 veces mayor que la deforestacion
global. Como resultado, las personas seran privadas de
los servicios ecosistémicos intrinsecos a los manglares
durante los proximos 100 afios, lo que supondra con-
secuencias significativas para economias y sociedades,
ya que conllevara el empobrecimiento del sustento, un
crecimiento econdmico menor, el empeoramiento
de la seguridad de las personas y una calidad de vida
mas pobre para las poblaciones costeras. Mientras que
los beneficios derivados de los manglares sanos son
utilizados principalmente por las comunidades locales,
la pérdida de manglares también tiene un impacto
negativo en las poblaciones costeras, las economias
nacionales y el mundo entero en resumidas cuentas. La
salud de los ecosistemas manglares y su productividad
deberia ser, por tanto, parte de los esfuerzos
globales encaminados a la erradicacion de la
pobreza, al fortalecimiento de la seguridad
alimenticia y a la reduccion de la vulnerabilidad
frente al cambio climatico.

Dado su constante y rapido decrecimiento, los
ecosistemas manglares aun existentes deberian
ser protegidos y gestionados de una manera
sostenible para asegurar su continuidad a largo
plazoy el bienestar de aquellas personas que
dependen de ellos. Las dreas protegidas incluidas
dentro de la gestion costera integrada que aseguran
la supervivencia de ecosistemas interconectados
asociados tales como marismas, arrecifes de coral y
praderas marinas, maximizaran los beneficios
extraidos de los servicios ecosistémicos.

Mientras la restauracion puede, en algunos casos,
invertir la tendencia de disminucion de los
manglaresy traer de vuelta servicios ecosistémicos
perdidos, ésta es costosa en tiempo y dinero,
especialmente cuando se compara con la
proteccion y el manejo de los bosques
existentes. Por consiguiente, para tener éxito en
este aspecto, los esfuerzos de la restauracion
deberian ser dirigidos por protocolos cientificos,
aprender de intentos fallidos, seguir desarrollando
aquellas experiencias que han sido exitosas y ser
considerados como una accién secundaria y paralela
a la proteccion de los manglares existentes.



Opciones y acciones
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Existen muchas medidas y herramientas de
proteccion y de gestion para uso nacional, regional y
global orientado a asegurar el futuro sostenible de
los manglares. Los legisladores deberian considerar
las siguientes opciones y acciones clave:

Coordinar acciones globales en los
bosques manglares:

1. Desarrollar una Comisidon Global de Manglares
para asegurar que los manglares y ecosistemas
costeros relacionados obtengan una posicién
primordial en el programa internacional de
desarrollo;

2. Racionalizary coordinar los Acuerdos
Multilaterales Medioambientales (ej. CDB,
CMNUCC, Ramsar) para que promuevan la
conservacion de los manglares, en lugar de
continuar con los actuales enfoques ad hoc;

3. Integrar objetivos y metas especificos de los
manglares en el programa post-2015 de Naciones
Unidas para el Desarrollo Sostenible;

4. Animar a los paises para que incluyan el
"Suplemento de los Humedales 2013" en las
directrices del IPCC para la preparacion de los
inventarios nacionales de GEI, creando un
mercado global para la reduccién de GEI;

5. Crear un Fondo Global de Manglares para
apoyar las acciones que, encaminadas a la
consecucion de la resiliencia climadtica, conservan
y restauran manglares y protegen el carbono
almacenado en ellos.

Estimular la conservacion de los
manglares favoreciendo mecanismos e
incentivos financieros:

1. Promover la conservacion y restauracion de los
manglares a través de mercados de créditos de
carbono tales como REDD+, mecanismos
“Bio-Rights” e inversiones procedentes de los
sectores privado y corporativo;

2. Crear Acciones de Mitigacion Nacionalmente
Apropiadas (NAMAs de sus siglas en inglés)
para paises en vias de desarrollo con la intencién
de que reduzcan sus emisiones de efecto
invernadero a la par que se incrementa la
capacidad nacional;

3. Promover incentivos economicos, tales como Pagos
por Servicios ecosistémicos (PSE), como una
fuente local de ingresos procedente de la proteccién
de los manglares, de su uso sostenible y de las
actividades de restauracion, y garantizar que los
beneficiarios de los servicios derivados de los
manglares puedan encontrar oportunidades para
invertir en el manejo de los mismosy en planes
de restauracion;

4. Explorar las oportunidades de invertir en
Compensaciones de Impacto Positivo Neto
sobre la Biodiversidad por parte de sectores
corporativos y de negocios, como manera de financiar
la proteccion y el uso sostenible de los manglares.

Mejora de la gestion y proteccion de los
manglares:

1. Desarrollo de protocolos para las Convenciones
de los Mares Regionales que promuevan la
proteccion y el uso sostenible de los manglares;

2. Asegurar que se incorporen los manglares de
manera mas conveniente a los procesos de la
CDB relacionados con las Areas Marinas de
Importancia Ecoldgicay Bioldgica (EBSAs de
sus siglas en inglés);

3. Implementar y reforzar las politicasy leyes
nacionales que sean relevantes para la proteccion
y gestion de los manglares, y para los usos forestales
sostenibles y practicas acuicolas encaminadas a
reducir la presion sobre los manglares y proporcionar
un constante ingreso para las comunidades locales;

4. Asegurar que los manglares sean incluidos en
marcos mas amplios de politicasy
ordenamiento del espacio maritimo;

5. Promover el uso de los manglares como estructuras
efectivas en la defensa adaptativa y natural del
desarrollo costero, los usos del suelo y el
ordenamiento espacial que buscan reducir la
vulnerabilidad frente al cambio climético;

6. Incrementar los esfuerzos para restaurar los
manglares y su biodiversidad y para reconstruir
servicios ecosistémicos perdidos;

7. Mejorar la divulgacion publica y la educacion
para aumentar el conocimiento que la gente tiene
acerca de la importancia de los manglares para la
economiay la sociedad, y las subsecuentes
consecuencias de su pérdida.



MaHTrp5I - NbIMIHBIE 1eca Ha
rpaHULIe CYLIU U MOPA
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MaHsrpsI - BUj, TPONIMYECKIX JI€COB, IpUMeYaTe/TbHbIe CBOUM YHUKa/IbHBIM PacIioo)KeHHeM Ha
JWHAMHYeCKOI rpaHHIle MeXXy MOpeM U cylueil. IX HaxoasT BI0/Ib MOPCKUX ITOOepeKuii U 3cTyapueB
B TPOIIMYECKUX M CyOTPONUYIECKUX 30HAX, M OHU CIIOCOOHBI YCIIELITHO PACTH B COJIEHOII BOie,
NPOLBETAs B YCIOBHUAX, K KOTOPBIM IIPHCIIOCOO/IEHBI UL O4€Hb HEMHOTHeE BUAbl. MaHIphI
$opMHPYIOT OCHOBY BICOKOIIPOAYKTHBHOI U OMO/IOTUYeCKH Pa3HOOOPA3HOM IKOCHCTEMBI,
CTy)Kalei JOMOM M KOPMOBOI IUTOINAZKOI /I/Is O POMHOI'O 0OTraTCTBa BH/IOB, MHOTHE M3 KOTOPBIX
OTHOCATCS K MCYe3arouM. XOTs Ha J0/II0 MAHTPOB IPUXOJUTCSA MeHee OJHOTO IIPOIleHTa Bcex

TPONUYECKUX JIeCOB IUIaHEThI, OHM SIB/IAIOTCA Ype3BbIYaifHO IEHHOM 9KOCHUCTEeMOM, TIPe0CTaB/IAIoI e

PA3, BOKHBIX TOBAPOB U YCJIYT, KOTOPbI€ 00eCIeYrBaIOT CPEACTBA K CYLeCTBOBAHMIO M BHOCAT
CyllleCTBEHHBIN BKIAJ, B 6/1aronoayvyne v 6e30macHOCTb IPHOPEIKHBIX CO00IeCTB.

PasBeTB/IeHHast ceTh MAaHT'POBBIX KOPHEH MOXET
ITOMOYb YMEHBIINTb SHEPT IO BOJH, CEPYKUBAsT
3PO3HI0 ¥ OTPXAAS IPUOPEXHBbIe COOOIIeCTBa OT
Pa3pyIINTEIBHOTO e CTBUS TPOITMYECKHUX LITOPMOB.
MaHrpoBbIe 5KOCHCTeMbI YaCTO CTy)KaT UCTOYHHUKOM
MOPeIPOAYKTOB KaK /I HATypaIbHOTO
notpeG/ieHNs], TaK U JJ1s1 HALJMOHA/IBHOI TOPrOB/IN
JapaMy MOp#I, a TAakoKe ICTOYHHUKOM JPYTHX
MaTepHasIoB, TAKUX KaK TOTUIMBHAs IpeBeCHHA U
JlecoMaTrepyasIbl, KOTOpbIe JAIOT CPe/ICTBA K
CYILL,eCTBOBAHHIO JJIsI THICSIY TPUMOPCKHX OOIIMH.
[ToMuMoO HemocpeCTBEHHBIX TPENMYILIECTB
MaHTPOBBIX JIECOB, OHH TAKKe UI'PAIOT BAYKHYIO POJIb

B PEryIMpOBaHNN MUPOBOTO KiMMara. B 6romacce u
MOACTHJIAIOLIMX IPYHTaX MAHIPOB B CPEHEM
XPaHUTCST OKOJIO 1000 TOHH YI/IEPOZia Ha TEKTap, YTO
[ie/laeT uX OHUMH U3 HanuboJjiee GOTaThIX yIIeposoM
9KOCHCTEM Ha IUIaHeTe.

HecmoTpst Ha cBOIO 11eHHOCTb, MAaHTPBI — OHA U3 TeX
DKOCHCTEM, HaJ, KOTOPbIMU HaBHCJIA Hanbosiee
cepbe3Hasi yrposa ucye3HOBeHHsI. MaHTpbI
YHUUTOXAIOTCS B 3-5 pa3 ObICTpee cpefiHell CKOPOCTH
Hcye3HOBeHUs1 JiecoB. OHU y)Ke HcYesn Ha Goiee
YyeM YeTBEePTH TEPPUTOPHH TUIAHETHI, KOTOPYIO
M3HAYIBHO MTOKPBIBA/IH, YTO OOBSICHSIETCST

Arun Roisri / Shutterstock.com
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IIepeBOZIOM 3eMeJIb II0J, AKBAKY/IBTYPY U CETBCKOe
XOBSIICTBO, OCBOEHHEM PHUOPEXXHBIX 30H,
3arpsi3HeHHEM U Ype3MepHbIM HCIIOTb30BAHEM
MaHTPOBBIX pecypcoB. 1o Mepe coKpareHwst
TUTOLIAU M pOoCTa (pparMeHTHPOBAHHOCTH MAaHTPOB
OyIyT yMEHBIIATHCS MTH MCIe3aTh BAYKHBIE TOBAPHI U
YCIIyTH, KOTOPBIE IIPOMU3BOJSATCS B PAMKaX 3TOM
aKkocucTteMsbl. [lociencTBus ganbHel e
JerpaJALi MAaHTPOB GYAyT KPaMHe TSHKeTbIMH JIJIst
6/1aroCOCTOSTHHSI IPUOPEXKHBIX COOOIIECTB B
Pa3BUBAOIIMXCSI CTPaHAX, 0COGEHHO TaM, I7ie IPU
€)XeJJHEBHOM IIOMCKe CPE/ICTB K CyI|eCTBOBAHUIO
JIFOZIM CHJIBHO 3aBHCSIT OT TOBAPOB U YCJIYT Ha OCHOBE
MaHTPOBBIX JIECOB.

OpHaKo HeJb3sI CKa3aTh, YTO Y MAHTPOB HET
Gymywero. Pacryiee oHMMaHIe BOXHOCTH
MaHI'POBBIX 9KOCHCTEM KaK /151 GUopasHoobpasys,
TaK U /151 6/1arOCOCTOSIHUSI Ye/I0BEKA 3aCTABJISIET BO
BCEM MHpe IPUHUMATh MEPBI [0 COePEXXEHHIO,
Y/Iy4IIEHUIO YIIPAB/IeHNs STUMH SKOCHCTEMAMH U KX
BOCCTAQHOB/IEHUIO. MHOI'Hie M3 HUX GBUIN YCIIEIIHBIMU
Ha JIOKQJIBHOM YPOBHE, 3a4acTyI0 6/1arofapst
MIOJ/IeP)KKe TOCYAAPCTBA, KOTOPOE OCO3HAET, YTO
3HAYUTE/IBHBIE JOIITOCPOYHBIE TPEUMYILECTBA
MaHIPOBBIX JIECOB GOJTee 4eM KOMIIEHCHUPYIOT
KpaTkocpouHble priHaHcoBbIe 3aTparsl. Heobxogumo
MOHSITh, HACKOJIBKO LIEHHBIM COLIMA/IHO-
HKOHOMMYECKUM U SKOJIOTMYECKHM PeCypCcoM
SIBJISIFOTCSI MAHTPOBBIE JIECa, ¥ HACKOJIBKO BAYKHO X
COXPAHSITB ¥ PALJIOHA/IBHO UCIIO/Ib30BaTh. JTO
3aCTaBUT [IPABUTE/IHCTBA IPUHUMATh
COOTBETCTBYIOIIE TOTUTHYECKHE PeLeH s 1
YCHJIMBATB y)Ke CYLLeCTBYIOLIME TPUPOSOOXPAHHBIE
Mepbl, YTOObI OTPAHUYHTD MACIITAOHBIH yieps oT
JesITeJIbHOCTH Ye/I0BeKa.

ITOT r106GaTbHBIN 0G00LUIAOIIHIA JOKYMEHT
MPU3BIBAET K IEHCTBUIO JIULI, TPUHUMAKOLIMAX
PpeLIeHwsI, ¥ TIOLYEPKUBAET YHUKAIbHYIO LIEHHOCTb
MaHT'POB JJIs JIIoAeit Bo BceM Mupe. OH npu3BaH
0600IUTH Ha HAy4YHOU OCHOBE Pa3HbIe TUIIbI
TOBApPOB U YCIIYT, KOTOPbIE MPeJOCTaB/ISIOTCS
MaHT'POBBIMH JIECAMH, U COITYTCTBYIOIHE PUCKU
YTPAThI 3THUX YCIYT B YCJIOBHUSIX TIPOZO/DKAOIIEICST
m106aIbHOM MOTEPH U IETPAJALIMN CPE/IbI OGUTAHKIS.
JloKyMeHT npe/iyiaraet pa3IMyHbie BADHAHTBI
YTIPABIEHYECKUX U MTOJIMTUYECKUX PEIeHHH Ha

JIOKaJIbHOM, PErMOHA/IbBHOM U [7106a/IbHOM YPOBHE C
Lie/IbIO IPeJOTBPATUTh Ja/IbHel1lre IOTepU ITyTeM
MCII0/1630BaHUst 3P PEeKTUBHBIX TIPHPOJOOXPAHHBIX
Mep, PAaLIMOHAJIBHOTO YIIPaB/IE€HUSI U YCIIELTHOTO
BOCCTaHOBJ/IEHUsI TIOCTPA/IABIINX PAaHee MAaHI'POBBIX
30H. MBI HazleeMcs1, UTO STOT IIPU3BIB K JIeHACTBUIO
BO3POJUT MHTEPeC IOJIMTHUKOB K MaHI'PaM, YTO
MIOMOXXET rapaHTUPOBATh OyAyliiee ITUX BAKHBIX,
XOTSI ¥ HEJOOL|€HEHHBIX DKOCHUCTEM.

Cmpyxkmypa dokymenma

Hacrosiuuii ;oOKyMeHT COCTOUT U3 ISATU
TeMaTHU4eCKUX I71aB, KOTOpbIe lepeMeXXatoTCst
HeCKOJIbKUMU KOHKPeTHBIMU IIPUMepaMu,
WJUTIOCTPUPYIOIIMMY OCHOBHBIE MBIC/IU
COOTBeTCTBYIoLIel r1aBbl. Kakzaast riasa
IIpe/iBapsIeTCst KJII0UeBOH MBIC/IBIO U 3aBepLIAeTCst
PEKOMEHJALMSIMU JOTIOTHUTE/IbHBIX (OHJIAiH)
pecypcoB zist ionuTUKoB. B [naBe 1 faetcst 0630p
7100a/IbHOTO pacpesie/IeH s MAHI'POBBIX JIECOB, a
TAKOKe COIYTCTBYIOLEro GHOPa3HOOGpasHst U
B3aMMOCBsI3e/ C TPHUMBIKAIOLIMMU dKOocHCcTeMaMHu. B
I'maBe 2 ocBewarOTCs KIIFOUEBbIE SKOCHCTEMHBIE
YCJIyTH, KOTOpble MaHT'PbI IPeA0CTAB/ISIIOT JIIOISIM, U
HX CB#I3b € B/1arococTosiHeM YeoBeka. [1asa 3
MpezCTaB/isieT 0630p Hanbo/Iee BAYKHBIX IPHUYNH
HC4Ye3HOBEHUSI MaHTPOBBIX JIECOB, U C IIOMOLIBI0
HEeCKOJIBKUX PeIMOHA/IBHBIX KapT, OXBaThIBAIOLIMX
M3MeHeHHUs 3a Moc/IeJHHUe JIBa-TPH JAeCATUIeTHS,
JAeT OLIeHKy I7I00a/IbHBIM ITOTePSIM MaHTPOB. B
['71aBe 4 06Cy)KZaeTcs pa3Hble BAPUAHTBI
yTIpaB/IeHYeCKUX U MTOJTUTUIECKUX PelIeHNH,
KOTOpBbI€e ITO3BOJISIT HOAIEPXKaTh cOepexeHHe,
palrioHaIbHOE MCTIONTb30BaHNe Y BOCCTAHOBI/IEHHE
MaHrpos. Y Hakonern, I'1aBa 5 nmocssiteHa
00CY>XXIEHUIO UMEIOIMXCs TPOOEe/IOB B 3HAHUSIX U
JAQHHBIX,  TaKKe IIOUCKY HallpaB/eHui, Ha KOTOPBIX
cresryet chOKyCHPOBATHCSI, YTOGBI TIOMTYUHUTh TOJTHOE
IIpe/icTaB/IeHHe O COCTOSIHUU Y 3HaY€HUU MaHTPOB
JJIs1 o/l U TUTaHeTBI.



Ki1roueBbie MBIC/ITU
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MaHTrpsI ¥ COMyTCTBYIOLIEee MM OHOpa3HooOpasue
MOMOraOT MOCTAB/IATH BAYKHBIE TOBAPBI U
YCIIyTH, KOTOPbIE UTPAIOT BAYKHEMIIYIO POJIb B
o0ecneyeHnu 61aroCOCTOSHHUS JIIOAEH ¢ IOMOIIBIO
peryImpoBaHMs KJIMMATa, IPOJOBOIBCTBEHHOM
6e30MaCcHOCTHU U COKpalleHus 6eguocTu. bonee
100 MUJUTHOHOB JIFOJEH JXUBYT B PAAMyCe 10
KWJIOMETPOB OT KPYITHBIX MAHTPOBBIX JIECOB, MOTB3Y5ICh
PasIMYHBIMUA TOBAPAMH U YC/TYTaMH, BKITHOYAst
MIPOZAYKIMIO PHIGOTIOBCTBA U JIECOMATEPHAIBI, YACTYIO
BOJIy Y 3aIUTY OT 3PO3UHN 1 IKCTPEMATBHBIX
MPUPOJHBIX siB/IeHU . E)kerogHast crouMoCThb 3THUX
SKOCHCTEMHBIX YC/IYT JI/IS1 HALMOHAIBHBIX 9KOHOMHK
Pa3sBUBAOLIUXCS CTPAH C MAHTPOBBIMHU JIECAMMU
OILleHMBaeTCcs Ha ypoBHe 33-57 Toicstd go. CIIA Ha
reKTap.

MaHrpsI ClIOCOGHBI IIPEJOCTABUThH €CTECTBEHHYIO
3aIUTY OT 3KCTPeMa/IbHBIX IPUPOJHBIX IBJIEHUH
¥ KaTaKJIM3MOB, IIOMOTasi CHU3UTh MaTepHa/IbHbBII
yiep0 ¥ yA3BUMOCTb MECTHBIX COOOILECTB.
CoBMecTHO ¢ IpyTUMH MepaMH 0 CHIDKeHHUIO PUCKa,
TAKMMH KaK JaMObI I CHICTEMBI PAHHETO OTIOBELIEHNS],
MaHI'PbI 3a4aCTyI0 OOXOASTCS AelIeBie, YeM OLHU
JIVIIT TPAAULIIOHHBIE PeIlleH!Us], a TakoKe JaloT
ZIOTIONTHUTE/TbHbIE TPEeNMYILecTBa — HallpuMep,
MIPOJOBOIBCTBUE, IPEBECUHY U IeTTOHHNPOBAHHE
yrnepoga. Kpome Toro, MaHIpbl MOTyT
a[aNITUPOBATHCSI K MTOBBIILIEHUIO YPOBHS MOPSI U
IIPOCEAAHUIO TPYHTa TAKUMH CII0COGaMU, KOTOpbIe
HeJIOCTYIIHBI JJIS1 NH)KeHEePHBIX Mep 3allUThI.

MaHrpsbI 06/1aaI0T Ype3BbIYAITHO BBICOKHMMU
3allacaMu yriepo/a, KOTopbie KpaiHe ysi3BUMBI
nepe/; CMEHOM XapaKTepa 3eMJIeN0/Ib30BaHMII.
Bri6pocer napaukoBbix ra3os (BIIT) ot
NpeoGpa30oBaHMsI MAHTPOBBIX JIECOB — OfHU U3
CaMBbIX BBICOKHX CPeJy BCeX BUJOB
3eMJIeII0/Ib30BAHMS B TPOIIUKAX. BeIGpocs! B
pe3y/IbrarTe NCYe3HOBEHUsI MAHI'POB COCTABISIIOT
IIOYTH IATYIO YaCTh OT 061ero oGbeMa BBIOPOCOB
oT 06Ge3/IeceHNsI, YTO BeJeT K SKOHOMUYECKOMY
yiuep6y B 6-42 mupa. gout. CLIA exxerozpHo.

HecmoTpst Ha BAXXHOCTH MaHTPOB [IJIs1 TIOeH, UX
IIOCTOSTHHO HeJOOIIeHUBAIOT ¥ He YYUTHIBAIOT B
JOCTAaTOYHOM CTeNeHU IPU NPUHATUY pelieHUu
0 Pa3BUTHH PUOPEIKHBIX 30H, TOITOMY MAaHTPbI
MPOAOHKAIOT UCYe3aTh CO CKOPOCTEIO, B 3-5 pa3

MpeBbIIAIOLIe O01Ie TeEMITHI 00e3/1eceHHs Ha
maaHete. COOTBETCTBEHHO, B O/IMDKAaMUILIKAE 100 JIET
JIIOLA MOTYT JIMIIHUTHCSI 9KOCUCTEMHBIX YCITYT
MaHTPOBBIX JIECOB, YTO OyZieT UMeTh cepbe3Hble
COLIMATPHO-DKOHOMUYECKHE MOC/IeJCTBUSI BBUAY
OGHUIIIAHYS HAace/IeH s1, 3aMe IJIeHIsI SKOHOMHYECKOTO
pocTa, CHIDKeHUsI 6e30MacHOCTH Ye/I0BeKa U
YXYZLIEHYSI KaYeCTBa XU3HH B MPUOPEKHBIX 30HAX.
XOTsI IpenMy11eCTBaMH, BHITEKAIOLIMIMH U3 3J0POBbIX
MAaHI'POBBIX JIECOB, KaK ITPABHJIO, MOIB3YIOTCSI MECTHBIE
COOOIIECTBa, UCYE3HOBEHKE MAHTPOB TaKKe
HEraTUBHO OTPAXKAETCS HAa MPUOPEKHDBIX PAliOHAX,
HAIMOHA/IbHBIX SKOHOMMKAX U Ha IUIAHETE B L[eIOM.
30,0pOBbe U POJYKTUBHOCTHh MAHI'POBbIX IKOCHCTEM,
TaKUM 06pa3oM, JO/DKHBI ObITh YaCThIO I106ATBHBIX
YCHJIHI IO TMKBUJALMHU G€THOCTH, YKPEIUIEHUIO
MPO/IOBOIECTBEHHOM 6€30TMaCHOCTH M CHIDKEHHIO
YSI3BUMOCTH Tepe], u3MeHeHHeM KTUMara.

YuuTeIBas IpoAo/DKaloileecs OpIcTpoe
COKpallleHre MAaHI'POB, COXPAHSIOLINECS
MaHI'POBbIE 9KOCHCTEMBI HY)KHO 3aIHIIATH U
PanMOHAIBHO UCIIOIB30BaTh, YTOGHI
TapaHTHUPOBATh MX JOJATOCPOYHOE OyAylee u
0/1arOCOCTOsIHUE T€X, KTO OT HUX 3aBUCHT.
[TpuponooxpaHHbie PAOHBI, SIB/ISIOLUECS YaCThIO
00111ero KOMITJIEKCHOTO TIO/IX0/A K YIIPaBIeHUIO
NpUOPEXHBIMUA 30HAMU, KOTOPBIN 00ecredrnBaeT
BBDKHMBAHHE COITYTCTBYIOLIMX B3aMMOCBSI3aHHBIX
9KOCHCTEM, TAKUX KaK M/IMCThIE YYACTKH,
KOpaJIIoBbIe PUQBI ¥ BOZOPOC/IH, TO3BOIUT
MaKCUMaIbHO 3G PEKTUBHO IOTb30BATHCS
MIPENMYILECTBAMH SKOCHCTEMHBIX YCIIYT.

XOTsI BOCCTAaHOB/IEHHE MOYXET B HEKOTOPBIX
CJIydasix IOBEPHYTH BCIIATH TEHAEHIIUIO K
COKpalIeHUI0 MAaHTPOB U BOCCO3/aTh yTPadYeHHbIEe
3KOCHCTEMHBIE YCIYTH, OHO SIBJIAETCS
JOJITOBPEMEHHOM U JOPOrocTosiuieii 3afaue,
0CO0EHHO 10 CPAaBHEHUIO C OXPAaHOM U
yIpaBIeHHeM CYIeCTBYIOUUX 1ecoB. UToOb!
IOGUTHCS yCIexa, BOCCTAHOBUTEIbHbIE PaGOTHI
JIO/DKHBI ITPOXOIUTH ITOJ, PyKOBOZCTBOM ITPOTOKOJIBHBIX
JIOKYMEHTOB C HaJIeXKHOM Hay4yHOU OCHOBOM,
KOTOPBIE YYUTHIBAIOT OMBIT HEYZAUHBIX MOTBITOK,
6a3MPYIOTCS Ha Y)Ke JOCTUTHYTHIX YCITELIHBIX
pe3y/IbraTax ¥ UMeloT BTOPOCTeNIeHHOe 3HaYeHe C
TOYKH 3pEHUsI 3aLIUTHI CyLIeCTBYIOLINX MaHI'POB.



Bo3MoO)XHbIe BapUaHTBI U
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Ha HauyoHaIbHOM, PeruoHaIbHOM U IJI0GaIBHOM
YPOBHE MOYXHO HCITO/Ib30BaTh MHOXKECTBO Mep 1
HHCTPYMEHTOB 10 YIIPAaB/IEHHIO 1 OXPAHE JIECOB,
KOTOpBbI€e [TPU3BAHBI 00ECIIEYUTD YCTOMIHMBOE Oyzyiiee
1151 MaHTpoB. [TonnTHKaM crrefyet paccMOTPeTh
CJIefyIoLiMie K/TIoYeBble BAPUAHTbI U AEHCTBHS:

Koopdunayus deticmauti no maHepam 8

Mmacwmabax naaHembl:

1. O6pasoBars MEPOBY¥0 KOMHCCHIO II0 MAHI'PaM C
LIEJIBIO IOOUTHCSI, YTOOBI MAHTPBI U CBSI3aHHBIE C
HUMH TPUOPEXKHBIE IKOCHCTEMbI 3aHSUTH
TIPUOPUTETHBIE TO3UINHU B IUTAaHEe MePOTIPUSTHH
MEXX/IyHapOZHOTO Pa3BUTHS;

2. CucreMaTU3MpOBaTh M KOOPIHUHUPOBATh
MHoOTOCTOpOHHUME COTIAllIEHH TI0 OXPaHe
okpyKarouee cpeapl (Hamp., KBP, PKOOHUK,
Pamcapckasi KOHBEHLIUSA), KOTOPbIE TOAIEPYKUBAIOT
MepOIIPUSITHSI [0 COEPEXXEHUIO MAHTPOB, A HE
TIPHUBEPXKeHHOCTD TeKyIIeMy CUTYaTUBHOMY TIOZIXOZTY;

3. MHTerpupoBars cBsi3aHHbIE C MAHTPaMHU Lie/TH U
33/1a44 B nioBecTKy 1Hs Lleneit ycroitanBoro
passurnsa OOH Ha repuog, mocte 2015 roga;

4. Tlob6yxpars cTpaHsl K peamm3auuu «IIpuroykeHust
10 3a00/I0YeHHBIM TEPPUTOPHAM 2013 TOJA» U3
PyxoBogcrBa MI'SHIK no HatpioHaIBHOM
VHBEHTapU3aLyH MapHUKoBbIX ra3os (I117), cospasast
MHPOBOI PBIHOK [1/Is1 COKpalLieHust Bbiopocos I1T;

5. Co3nars MUPOBO# MaHrpoBbIit GOHZ, /115 IOIEPIKKI
JeNCTBUH M0 «KIMMaTHYeCKON YCTOMYUBOCT,
KOTOpBIe HalTpaB/IeHbl Ha COXpaHeHe 1 BOCCTAaHOB/IeHHe
MaHTPOB U 3aIIUTY XPAHSAIIEToCs B HUX yITIePoJa.

Cmumynuposams cbepesxceHue MaH2pos
¢ nomowbio ¢UHGHC06b1X MexaHu3moe u
npegepeHyu:

1. Crumy/poBars coepeXxeHre M BOCCTAHOB/IEHHE
MAaHI'POB C IOMOLLBIO PHIHKOB KBOT Ha BEIGPOC
ymiepoga (takux kak nmporpamma REDD+),
MexaHu3Ma «buonormyeckux npas»,
KOPIIOPaTHBHBIX M YaCTHBIX MHBECTULIUIA;

2. CozgaBars COOTBeTCTBYIONINIEe HAITMOHATbHBIE
MPOrPaMMBbI M€p [0 YMEHbLIEHHIO TIOC/IEACTBHI
Bosaeiicrust (CHYTIBbI) 717151 pasBUBAIOIIMXCST
CTPaH C LE/IbI0 COKPATUTD BBIGPOCHI TAPHUKOBBIX
ra3oB, yBe/IMYMBAs TIPU STOM CBOMA
MPOM3BOJCTBEHHbIN MIOTEHIUATT;

3. [NopnepxyBaTh SKOHOMUYECKHE CTHMYJIBL, HATIPUMED,
Inaresxu 3a yoryru skocucrem (ITYD), kak
HICTOYHHK JJOXOZOB B MECTHBIE GIOIDKETHI OT MeP TI0
3allyTe, PALIOHAIBHOMY HICIIO/Ib30BAHHIO 1
BOCCTAQHOB/IEHHIO MAHIPOB, A TAIOKe JOOMBATHCS,
YTOGBI ITO/TF30BATE/TH MAHI'POBBIX YC/TYT MOITIH
M3bICKUBATh BO3MO)XHOCTH [1/15 UYHBECTUPOBAHUSI B
yIpaB/ieHHe MaHTPOBBIMH JIECAMHU 1 TUTAHHPOBaHKe
HIX BOCCTAaHOBJIEHHST;

4. Haxozutb BO3MOYXHOCTH [/151 MIHBECTHPOBAHHS
peJICTaBUTE/SIMH KOPITOPATUBHOTO 1 GH3HeC-
cextopoB B KomneHcanuro 6nopasHooGpasmsi ¢
YHCTHIM MOJIOKUATETHHBIM 3P PEeKTOM, KaK
€r1oco6 pUHAHCHPOBAHMSI OXPAHbI U
PaLMOHAIBHOTO HUCIIO/Ib30BaHMsI MAHIPOB.

CoeepweHcmeoeaHue mep no

ynpasieHuto u 0XpaHe MaHapoes:

1. PaspaGorars nporoxons! K KonBeHImsim o
PEruoHAIBHBIX MOPSIX, KOTOPBIE OJJEPKUBAIOT
OXpaHy ¥ PaLjIOHA/IBHOE HCIIO/Ib30BaHE MAHTPOB;

2. O6ecrieynTs ONTUMaIBHOE BK/IFOYEHHE MAaHTPOB B
TIPOLIECC TT0 DKOIOTMYeCKH HIH GHOTOTHIECKH
3HaYMMbIM MOpckuM pationam KBP (3b3MPher);

3. IlpunnmMars u cieuTh 32 COOMOAEHEM
HAIWOHAIBHBIX 3AKOHOB U IIPABILI, UMEOLINX
OTHOIIIEHHE K OXPaHe MAHIPOB, & TAIOKE YIIPAB/IEHHIO
Y PaLIOHA/IBHOMY HCIIO/Ib30BAHHIO JIECHOTO
XO3SICTBA M aKBAKY/IBTYPBI, YTOObI OC/IAOUTD
HAarpysKy Ha MaHI'PbI M 00€CIIeYNTb CTAOHIIBHBIN
JIOXOZ, IJISI MeCTHBIX COOOIIeCTB;

4. Jo6uBarbcst, 9TOGBI MAaHIPBI PACCMATPUBAINCH B
pamKax Gosee HMPOKYUX rpasut JlaHgmadTHOro
IUIAHUPOBAHWSI MOPCKHX PAaliOHOB ¥ PAMOYHBIX
KOHIIEITITHIA;

5. TIpy ocBOEHHM PHOPEKHBIX 30H, 3eMJIETIO/IH30BAHIH
1 JIaHAMIATHOM IUIAHHPOBAHUH ITO/IEPYKUBAT
HICIIO/Ib30BaHKE MAHTPOB B Ka4eCTBe 3 HEeKTHBHBIX
CTPYKTYP IO eCTeCTBeHHOU U aJalTUBHOI
3aupure, YT00bI CHU3UTB YI3BHMOCTS [Iepe,
M3MeHeHHeM K/IMMATa;

6. Ycumtb paboTy 110 BOCCTAHOB/IEHHIO MAHIPOB U HX
6rOpPa3HOOGPa3sHs, a TAKKe BOCCO3/ATH
yTIpadyeHHbIe SKOCHCTEMHBIE YCIYTH;

7. YcoBeplieHCTBOBaTh MHPOPMALOHHO-
00pa3oBare/IbHYI0 paboTy € 00LeCTBEHHOCTBIO,
YTOGBI OBBICHUTH YPOBEHD OCBEJOM/IEHHOCTH O
COLMAIBHO-2KOHOMUYECKOM POJI MAHTPOB U
MOC/IEAICTBHUI MX MCUE3HOBEHUSL.
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ABBREVIATIONS

CBD
CITES
CMS
Cco,
EBM
EMR
FAO
GHG
IPCC
IUCN
ISME
MAB
MEAs
MESP
MDG
Mg/ha
NGO
NAMAs
PES
REDD+
RS
RSCAP
Sq km
TEEB
Tg
UNFCCC
UNEP
UNEP-WCMC
USGS

Convention on Biological Diversity

Convention on the International Trade of Endangered Species
Convention on Migratory Species

Carbon dioxide

Ecosystem Based Management

Ecological Mangrove Restoration

Food and Agricultural Organisation

Greenhouse Gas

Inter-Governmental Panel on Climate Change

International Union for Conservation of Nature

International Society for Mangrove Ecosystems

Man and Biosphere Programme (of UNESCO)

Multilateral Environmental Agreements

Marine Ecosystem Service Partnership

Millennium Development Goals

Megagrams (or Metric tonnes) per hectare
Non-governmental Organisation

Nationally Appropriate Mitigation Actions

Payments for Ecosystem Services

Reducing Emissions from Deforestation and Forest Degradation
Regional Seas Programme

Regional Seas Conventions and Action Plans

Square kilometres

The Economics of Ecosystems and Biodiversity

Teragram (equals 106 megagrams or tonnes)

United Nations Framework Convention on Climate Change
United Nations Environment Programme

United Nations Environment Programme World Conservation Monitoring Centre

United States Geological Survey
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Chapter 1

Tropical Mangrove Ecosystems

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

KEY MESSAGES

interface of land and sea;

including endangered and protected species;

1 Mangroves are a unique type of ecosystem located on tropical and subtropical coasts at the

2 Mangrove plants have special adaptations to cope with their saline intertidal environment;

3 Mangroves form an important habitat for a wide range of animals, plants and other organisms,

4 As productive nurseries for a range of marine species, mangroves support fish populations
including commercially valuable fisheries such as shrimps and crabs;

5 Mangroves are interconnected with adjacent seagrass beds, coral reefs and intertidal mud and
sand flats, facilitating the presence and health of associated ecosystems.

GLOBAL DISTRIBUTION AND DIVERSITY

Mangroves are highly productive tropical coastal
ecosystems comprised chiefly of trees and shrubs

uniquely adapted to marine and estuarine conditions'.

The term ‘mangrove’ describes both the ecosystem
as a whole, and the plant species that it comprises.
Mangroves are found in 123 countries worldwide
and are a relatively rare forest type, covering an
estimated area of 152,000 sq km, less than one
percent of all tropical forests*. Healthy mangroves,
like coral reefs and rainforests, are diverse and
complex ecosystems whose often dense stands form
green margins along coastal fringes and estuaries of

Mangroves have developed unique adaptations
in order to cope with their environment, including
naturally buoyant seeds and exposed breathing
roots, known as pneumatophores.

equatorial, tropical and subtropical regions
worldwide. The mangrove ecosystem is known for
its unique structural and functional adaptations for
coping with saline, oxygen deprived soils and
regular tidal inundation3. These adaptations include
exposed breathing roots (pneumatophores);
mechanisms to actively remove salt such as salt-
excreting leaves; and unique reproductive strategies
such as the ability to produce live growing and
naturally buoyant offspring capable of travelling
great distances. Overall, only around 8o plant
species have prospered in this setting worldwide*
where they form diverse assemblages in the upper
half of the intertidal zone, at the interface of land
and sea.

Mangrove plant species are spread amongst 18
families of which only one family (Pellicieraceae) is
recognised as solely mangrove. The majority of
mangroves are flowering plants, with a range of forms
including trees, shrubs and a palm. The structure of a
mangrove community depends on the environmental
conditions within which they are found. In arid, highly
saline regions such as in the Red Sea, mangroves
may be narrow fringes of stunted trees and shrubs
of three metres or less. In contrast, mangrove
forests in more favourable conditions such as within
tropical estuaries of Indonesia, Nigeria and Brazil,
are characterised by dense forests and canopies of
30 metres or more, rivalling the magnificence of
their terrestrial counterparts (Figure 1.1)%.



Figure 1.1 Global mangrove distribution and predicted vegetation biomass. Vegetation biomass is used as a
measure of mangrove forest height and density. Adapted from Hutchison et al.?

Figure 1.2 The global distribution of mangroves (blue shading) showing diversity as numbers of specific
taxa (species and nominal hybrids). Also identified are two outlying areas where mangrove taxa have been
introduced in recent decades. Map provided by Norman C. Duke.
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Mangroves characteristically occur in two global
sub-regions (Figure 1.2), the Indo West Pacific
extending from East Africa to Polynesia and
Atlantic East Pacific in the Americas and West
and Central Africa. There are a number of barriers
to mangrove dispersal, including ocean currents,
temperatures and the continental-scale barriers of
Africa and the vast expanse of the Eastern Pacific
Ocean. Consequently there is virtually no overlap
in species between the two regions with only three
genera (Avicennia, Acrostichum and Rhizophora)
are common to both regions.

Mangrove distributions are characterised by several
distinct diversity hotspots with the most pronounced
in the Indo West Pacific and another, less diverse
one in the Atlantic East Pacific. The number of
described mangrove species is still considered
incomplete and there remains the exciting
possibility of the discovery of additional species.

Mangroves have a complex root structure.

9comeback / Shutterstock.com



MANGROVES AND ASSOCIATED ECOSYSTEMS

Mangroves typically occur in association with other
coastal ecosystems, such as coral reefs, seagrass beds,
algal beds, mud flats and sand flats. While mangroves
can persist in isolation, their association with other
ecosystems enhances important ecological functions
such as fisheries provision and biodiversity®7.
Mangroves are linked to adjacent ecosystems through
physical, biochemical, as well as biological interactions,
and these interactions facilitate the presence and
health of these associated systems (Figure 1.3)%.

The position of mangroves at the land-sea interface
means they perform an important role trapping
sediments from both the land and the sea. The
complex root structures act as a physical and
biological filter and reduce the flow of detrimental
land-derived nutrients and sediment onto adjacent
seagrass beds and coral reefs®. This filtering also
reduces the turbidity of coastal waters which allows
sufficient light to reach seagrasses and corals.

Coral reef

Seagrass bed

Fish and invertebrates migrate out to neighbouring habitat as adults, supporting local and offshore fisheries

Mangroves also support adjacent systems through
biochemical interactions. They are amongst the most
highly productive ecosystems around the globe and
produce large amounts of carbon in the form of leaf
litter, and therefore have a high potential for storage
or export®*. While much of the carbon produced may
be retained within the mangrove, a proportion flows
into adjacent systems as a result of the tides. This
carbon also enters the food web indirectly through
species that migrate from adjacent ecosystems into
mangroves at high tide to feed on mangrove-
associated food items™®. As such, mangroves can
enhance growth and production of a variety of
species living in nearby ecosystems’'.

The co-occurrence of multiple ecosystems also
affects species diversity, with numbers of species
being higher where mangroves are located adjacent
to other ecosystems such as coral reefs>. Mangroves
may also enhance the resilience of corals by
providing a natural refuge from climate change-
induced thermal stress and ocean acidification®.

Mangrove Upland

Runoff of:
- sediments
- nutrients and pollutants

- fresh water
Export of organic material and nutrients provides food to offshore organisms

Fish and invertebrates come in to feed, supporting local fisheries

Reduce wave energy

. -
%r o

Reduce wave energy

Stabilises and binds sediments, absorbs pollutants and excess nutrients

Figure 1.3 Interconnectivity between coastal ecosystems.



Wading birds feed on mudflats at low tide and roost in mangroves when the tide comes in.

A variety of important fisheries species such as
shrimp, fish and crabs use mangroves as nursery
areas, where the trees and root networks provide
food and shelter from predation®s". After spending
a few months to years in the mangroves, these
species migrate offshore to coastal waters including
coral reefs. In addition, some organisms migrate
daily®, including fish which swim into mangroves to
feed at high tide, returning to adjacent ecosystems
such as reefs or open water at low tide.

Mangroves form part of a dynamic coastal system
that is interconnected with adjacent ecosystems
such as coral reefs.

Christoph Zockler
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LIFE IN THE MANGROVES

The position of mangroves at the interface of land and
sea means they form a unique ecosystem that attracts
a combination of terrestrial, freshwater, estuarine
and marine species from the surrounding areas .

Species use different parts of mangroves as a habitat,
including the canopy, branches, and prop-roots™.
Many species of birds and insects can be found within
the mangrove canopy. The mangroves of Australia
alone are home to over 200 species of birds*. A wide
range of mammal species also use the mangroves,
including deer, bats, monkeys, dugongs and even
tigers. Mangroves also harbour a variety of reptiles
including snakes, crocodiles and lizards, such as the
estuarine crocodile and the mangrove monitor
lizard, both of which show a high association with
mangroves>. Below the water surface, the submerged
prop-roots form a habitat for fish and crustaceans.
At least 600 different fish species are known to
occur in mangroves across the Indo-Pacific region®.

The mangrove roots are covered by a wide variety of
attached species, including sponges, oysters and
mussels, all of which help to filter the water. Through
their burrowing activities and consumption of
mangrove leaves, resident intertidal crabs help
perform an essential service in the ongoing nutrient
cycling and aeration of the sediment within the
mangrove ecosystem.

Mangroves provide several important functions to
animals such as breeding and nesting grounds,
nurseries, shelter areas, as well as a feeding habitat.
A number of migratory bird species rely on
mangroves and adjacent mudflats as wintering and

Proboscis monkeys (Nasalis larvatus) have a close
association with mangroves.

roosting sites along their migratory routes. Several
species of sharks and rays enter mangrove estuaries
where they search for prey or use mangroves as
nurseries before moving to deeper waters>2+. Not
many people are aware of the surprising number of
charismatic and endangered species which depend
on mangrove ecosystems (Table 1.1). Considering
the life-support function of mangrove ecosystems
for many species, their high productivity and
important position within the wider seascape, it is
clear that loss of mangrove forest can have far-
reaching consequences for biodiversity and the
people who depend on these ecosystems for the
delivery of important goods and services.

Kijersti Joergensen / Shutterstock.com



Table 1.1 Some examples of threatened species that use mangroves for all or part of their life.
Source: IUCN Red List, 2014 (CR: Critically Endangered; EN: Endangered; VU: Vulnerable).

Hummingbird

.( Goliath Epinephelus Juveniles live in shallow sheltered mangrove | Tropical and subtropical | CR
grouper itajara creeks and tend to move offshore as adults. | coastal waters of the
Atlantic Ocean
.( Dwarf Pristis clavata | Individuals rest in inundated mangrove Northern Australia EN
Sawfish forests during the high tide and move out to
subtidal mudflats at low tide.
.( Roughnose Pastinachus Individuals live in turbid coastal marine Malaysia and EN
Stingray solocirostris habitats and are often found in shallow Indonesia
waters in mangrove estuaries.
Pygmy Bradypus Live in the mangroves where they primarily | Bocas del Toro, CR
Three-toed pygmaeus feed on mangrove leaves. Panama
Sloth
Temotu Pteropus Roosts on small islands with mangroves where | Solomon Islands EN
Flying Fox nitendiensis it feeds on mangrove flowers and fruits.
Proboscis Nasalis Associated with riparian-riverine forests, Borneo in Indonesia, EN
Monkey larvatus including mangroves, and feeds on fruit and | Brunei, Malaysia
leaves.
Fishing Cat Prionailurus Inhabit wetland areas, including mangroves | South-East and South | EN
viverrinus and feed primarily on fish. Asia
Bengal tiger | Panthera tigris | Use the mangroves to hunt scarce prey. The Sunderbans in EN
tigris India and Bangladesh
Central Dermatemys Feed upon mangrove vegetation and sea Belize, Guatemala, CR
American mawii grasses. Mexico
River Turtle
Green Turtle | Chelonia Enter mangrove bays and estuaries to feed | Circumglobal tropical | EN
mydas on seagrass and macroalgae. to subtropical seas
Madagascar | Anas bernieri Breeds only in seasonally flooded areas Western Madagascar | EN
Teal dominated by A. marina where it nests in
holes created by storm damage or decay.
Mangrove Amazilia Feeds on the flowers of P. rhizophorae, a Pacific coast of Costa | EN
Hummingbird less common mangrove species. Rica
Blue-banded | Alcedo Found in back-mangroves, predominantly Brunei, Indonesia, VU
Kingfisher euryzona feeding on fish but also crustaceans, Malaysia, Myanmar,
insects and small reptiles. Thailand
Mangrove Camarhynchus | Inhabits dense mangroves where it feeds Galapagos Islands, EN
Finch heliobates on insects, larvae, spiders and nests in tall Ecuador
mangrove trees.
Milky Stork Mycteria Inhabits mangroves and adjacent swamps Cambodia, Malaysia, EN
cinerea and forages on tidal mudflats, saline pools Indonesia
and marshes for fish, prawns and crabs.
Nordmann’s | Tringa guttifer | Individuals rest in inundated mangrove Throughout most of EN
Greenshank forests during the high tide and move out to | Asia
subtidal mudflats at low tide in the wintering
period or during migration.
Great Knot Calidris This species wintering habitats are sheltered | Inhabits mangroves VU
tenuirostris coastal areas including mangroves where it | and forages on tidal
roosts. mudflats, saline pools
and marshes.
Sapphire- Lepidopyga Frequents mangroves where it feeds on Colombia CR
bellied lilliae insects.




Further resources for policy makers

Global Mangrove Database and Information
System (glomis.com) - A project of the
International Society for Mangrove Ecosystems
(ISME), providing a database of mangrove
literature.

The IUCN Red List of Threatened Species
(iucnredlist.org) — Assesses the conservation
status of species to highlight taxa threatened with
extinction. The online database can be used to
identify the species at risk in a particular location
or habitat, or to provide taxonomic, conservation
status and distribution information on plants and
animals.

Mangrove Reference Database and Herbarium
(vliz.be/vmdcdata/mangroves) — A database which
contains information on the mangrove coverage,
taxonomy and their characteristics based on peer-
reviewed literature, observations and herbarium
sheets.

Ocean data viewer (data.unep-wcmc.org) —
Provides an overview and access to a range of coastal
data which are available to help inform decisions on
the conservation of marine and coastal biodiversity,
including datasets on the global coverage of
mangroves.

Wetlands International (wetlands.org) - A global
NGO dedicated to the conservation and restoration
of wetlands.

Mangrove iD App (mangrovewatch.org.au) - An
e-book and expert guide to all mangrove plants
worldwide (available through iTunes).

Ammit Jack / Shutterstock.com
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Chapter 2
Mangrove Ecosystem Services

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

KEY MESSAGES

1 Mangroves deliver a range of economic, social and environmental benefits to people, collectively
referred to as their ecosystem goods and services;

2 Mangroves play a key role in supporting human well-being, particularly for adjacent coastal
communities by providing access to basic materials health, security and good social relations;

3 Mangroves provide an essential source of seafood, in addition to materials such as fuelwood,
timber and forest products, which continue to support the livelihoods of millions of people;

4 The complex network of mangrove roots help reduce wave energy, limiting erosion and helping to
shield coastal communities from the destructive forces of tropical storms and tsunamis;

5 Mangroves help to maintain water quality and regulate our climate, by the uptake of pollutants,
cycling of nutrients and sequestration and long-term storage of carbon.

People have been living in proximity to mangroves

for thousands of years and for many this ecosystem

is vital for resources and income. At the turn of
this century, there were an estimated 100 million
people living within 10 km of significant mangrove
areas, a number that is predicted to rise to almost

120 million by 2015 (Figure 2.1). The vast majority
of these people are living in developing countries
in Asia and West and Central Africa’, and many of
them are heavily reliant on these mangroves for
their daily sustenance and well-being.

WHAT ARE ECOSYSTEM SERVICES?

Mangroves deliver a range of economic, social
and environmental benefits to people, collectively
referred to as their ecosystem goods and services?.

Different classification systems have been proposed

to categorise ecosystem services>. Here, we split
mangrove ecosystem services into three broad
categories. These are provisioning services,

the goods that people obtain from ecosystems
including fuelwood, food and timber; regulating
and supporting services, including regulation

of ecosystem processes, our climate and the
maintenance of healthy coastal ecosystems; and
cultural services, the nonmaterial benefits people
obtain from visiting or using the mangroves
including for spiritual or religious practices, ties
with cultural heritage and recreational purposes=.
Examples of different types of ecosystem services
provided by mangroves are listed in Table 2.1.

Local communities depend on mangroves as source

of building materials and firewood.

Hanneke van Lavieren
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Figure 2.1 The number of people living in close proximity to (within 10 km) significant mangrove areas (>100
ha) for different mangrove regions of the world. Population data is presented for the year 2000 and projected
for 2015. Source: Mangrove data: USGS Global Distribution of Mangroves (2000). Population data: CIESIN
Gridded Population of the World, Version 3 (GPWv3).

The flow and provision of ecosystem goods and chemicals or toxins, and other factors?. In turn,
services does not simply depend on the presence of  the way that mangroves are valued by people
mangroves® but also on their species composition around the world differs greatly and is influenced
and size, other ecological factors (soil and water by culture, heritage and the level of dependence
quality, tidal patterns), policy restrictions and on mangroves for local livelihoods and well-being.
regulations, geographical location, sociocultural Even within a household, men and women may
context, harvesting methods, associated value resources differently as a result of their
biodiversity, input of man-made substances, differing resource use practices* ™.

Table 2.1 Different ecosystem service types provided by mangroves

Provisioning Regulating and Supporting Cultural

Timber and construction Climate regulation Ecotourism
materials Coastal protection Heritage and culture
Fisheries Water quality maintenance Spiritual enrichment
Biodiversity Nutrient cycling Religious value and cultural
Medicine Water cycling ceremony

Food Soil stabilisation and erosion control | Recreation
Fuelwood Provision of nursery habitats Aesthetics

Fibre Support to coral reefs, seagrass beds, | Education

Tannins mud flats and sand flats Scientific research
Fodder




WHY ARE ECOSYSTEM SERVICES IMPORTANT?

Mangroves are often perceived as nothing more
than muddy wastelands promoting the spread of
diseases®. In reality, people can be highly dependent
on mangrove ecosystem services and therefore
suffer when mangroves are degraded. In many
places, mangrove fish and shellfish supply the

main source of protein for coastal communities,

in addition to livelihoods and income, providing

an essential component of people’s basic needs for
well-being (Figure 2.2). For some coastal villages in
Thailand, economists have predicted that excluding
the income from collecting mangrove forest
products would significantly raise the number of
people in poverty*. In poor coastal areas, mangroves
may represent the only source of fuelwood and
construction material available. Access to mangrove
resources can therefore act as an important safety
net, allowing people to obtain food even when other
income streams fail®.

The ecosystem services mangroves provide contribute
significantly to human well-being>. Based on the
framework provided in the Millennium Ecosystem
Assessment (2005), ecosystems benefit humans
directly and indirectly by contributing to:

Security including security from natural
disasters and secure resource access.
Mangrove forests are important for the
securityof communities, as they act as a
coastal defence and provide shelter through
the materials harvested from the forests,
used for construction, scaffolding and
roofing. Security is strongly linked to changes
in regulating services, such as the regulation
of our climate and protection of coastlines
from erosion and storm impacts. Security is
also linked to provisioning services, changes
in the supply of fuelwood or fish catches
from mangroves for example, may affect
supplies of food and increase the likelihood
of conflict over declining resources'®".

Access to basic material for good life,
including food, shelter and access to goods,
opportunities, income and livelihoods
including tourism. For coastal communities
living adjacent to mangroves, this may be
strongly linked to provisioning services
from mangroves such as food and materials
for trade, consumption and livelihoods.

In addition, regulating services such as
water quality maintenance are important in
fulfilling people’s basic needs.

Health is the ability of people to obtain
mangrove resources such as clean water,
food (fisheries) and forest products such
as fuelwood, facilitating better health.
Mangrove provisioning services extend to
medicines, as mangrove plants have been
used to treat a range of conditions from
toothache to diabetes .

Good social relations: Mangroves provide
cultural services, such as recreational
experiences, religious and spiritual
enrichment and support of traditional
culture and livelihoods, which support social
cohesion.

Mangrove fisheries in Myanmar

Christoph Zockler
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Figure 2.2 Mangrove ecosystem services support human well-being.

The major ecosystem goods and services along with
some case study examples are provided below.

TIMBER AND FOREST PRODUCTS

Mangroves provide goods in the form of wood for
construction, fuelwood, charcoal, furniture, fish
traps, as well as non-timber forest products such as
honey, fruit, medicine, wine and palm thatch for
roofing (Table 2.2). In many coastal communities,
these commodities can be the primary source of
material for building, cooking, and subsistence (see
Case Study 1). Mangrove products may be harvested
for direct consumption or for income through

trade and employment. Access to resources and
knowledge about those resources are influenced by
a range of factors such as age, gender and resource-
use practices™.

The timber derived from mangrove trees and shrubs
has different qualities, making mangrove forest
products versatile. Under favourable conditions,
mangrove species are fast-growing, with a high

crop rotation period for semi-cultivated stands,
providing ready sources of timber and forest

The links to human well-being categories are
provided as icons next to the ecosystem service type.

OO0

products to coastal communities®”. The resistance of
mangroves to termites means they are prized for use
as building poles, supporting a trade in this product
from East Africa to the Middle East*. Furthermore,
the wood of many species is very dense, releasing
high heat when burned. In fact, mangrove charcoal
is among the heaviest charcoals and is the mainstay
for cooking fires and smokehouses in Asia, Africa
and many islands in the Pacific. This means that
even when other sources of fuel are available,
mangrove may be the fuelwood of choice. The value
of mangrove timber is demonstrated by the fact that
many coastal countries have commercial markets
specifically for mangrove wood and charcoal fuels®.

The density and rot-resistance of some types of
mangrove wood and a corresponding ability to
withstand exposure to saltwater is the reason this
timber is used in boat-building and often used for
construction of docks, fences, and fish traps. The



wood of several mangrove Rhizophora, Bruguiera associated species can supplement a household’s

and Ceriops species - heavy hardwoods with income in many marginalised communities, and
tannin-rich bark - has been used as material for sustainable use of mangrove now figures prominently
homes and other buildings, as well as railroad ties®.  in many development aid projects worldwide. As
Leather tanning operations take advantage of the there are few substitutes for building material and
high tannin content in the bark of many speciesof  fuelwood in some coastal areas where mangroves
mangrove, also used as decorative dyes. Mangrove exist, the use of mangrove is a necessity — and the
leaves are used as animal fodder for buffaloes, drive toward sustainable use an imperative.

sheep, goats and camels. Parts of mangrove plants,
including leaves, fruits, flowers and roots are used
in traditional medicine to treat a range of diseases
and ailments including leprosy and tuberculosis®.

There are many valuable non-timber forest products

originating in mangrove ecosystems, which can

provide significant revenue to local communities.

For example, the Asia-Pacific mangrove species

Nypa fruticans, is a palm that provides an important

source of thatch and is also used to make syrup,

juice, wine and vinegar. Mangrove honey - with its

subtle sweetness and tinge of saltiness - is a

valuable commodity in coastal communities

throughout Africa, Asia, and the Caribbean. Local Mangrove poles are widely used for building frames,
sales of handicrafts made from mangrove and wallls, fences and supports, as well as fishing structures.

Case Study 1 - The importance of mangroves to the local economy and social
sustainability of people in the Caeté estuary

Location: Caeté river estuary in coastal North-East Para, Brazil

The Caeté estuary is home to approximately 13,000 people. Of the 2,500 households, 83% derive
subsistence income and more than two thirds derive cash income through the use of mangrove
resources®. The mangrove crab (Ucides cordatus) is collected and sold by nearly half of the
households, and is a main source of income for 38% of these. When the livelihoods associated with
trading and processing the crab are also considered, over half of the population depends on the
mangrove crab for financial income®. The commercial dependence of individuals on the mangroves
varies widely; from those who collect and process mangrove crabs for sale, to those who sell or use
mangrove products only seasonally or when their other income sources fail.

Many natural resources are collected from mangroves for subsistence, including fuelwood, wood
poles, honey, natural remedies, dye, bait fish, herbs, small molluscs, snails and oysters. Subsistence
production does not generate cash income but it fulfils an important poverty alleviation function.
Although these products are not used by better off households and have no market value, during
times of hardship, they do provide a source of food for the poorest households.

Key findings:

@ The dependence of coastal communities on mangrove resources varies widely. Mangrove
resources may support livelihoods by generating income, whereas others are used purely for
subsistence and are critical food sources for the poorest rural populations;

@ Management needs to take into account subsistence production as it serves an important
poverty alleviation function and can be a lifeline for poor households in times of hardship.

Martin Skov



Table 2.2 A selection of mangrove timber and forest products from around the world. Adapted from
Dahdouh-Guebas, F.2'

Construction wood

. Rhizophoraceae and other species Majority of mangrove countries
Construction wood - =
Excoecaria agallocha, Heritiera fomes Bangladesh
Roofing Nypa fruticans Multiple countries
Fuelwood
Rhizophoraceae Maijority of mangrove countries
Avicennia spp., Lumnitzera spp., Sonneratia spp.,
Kenya
Fuelwood Xylocarpus spp.
Avicennia germinans, Conocarpus erectus, .
. . Mexico
Laguncularia racemosa, Rhizophora spp.
Other wood products
Multiple species Madagascar, Oceania
Laguncularia racemosa Mexico
Fishing material : . Kenya and several other
Rhizophoraceae, Sonneratia spp. .
countries
Camptostemon schultzii Australia
Furniture and other . . . .
household objects Multiple species Kenya, India, East-Africa
Paper and fibres Multiple species Much of Asia and the Pacific
Chemical substances of medicinal or other interest
Medication multiple species Majority of mangrove countries

Brazil, Tanzania, Thailand,
multiple species China, Philippines, Latin

Tannins and dyes America and other regions

Rhizophora spp. Mexico, Kenya
Avicennia marina Kenya

Ointments Xylocarpus granatum Kenya

. Avicennia marina Kenya

Insecticides - - -
Rhizophora apiculata Indonesia

Fertilizer Avicennia spp. Vietham

Fish poison Aegiceras spp., Barringtonia asiatica, Excoecaria Multiple countries

spp., Heritiera littoralis, Xylocarpus granatum

Food and drinks

Fruit juice, ice

Sonneratia caseolaris Sri Lanka
cream, marmalade
Avicennia germinans Mexico
Tea Bruguiera cylindrica, Ceriops decandra, Rhizophora .
. . Indonesia
apiculata, R. x lamarckii, R. mucronata
Alcohol Nypa fruticans Multiple countries
Vegetables Avicennia marina, Bruguiera spp., Multiple countries
Salad Acrostichum aureum Sri Lanka
Avicennia spp. Multiple countries
Fodder - :
Acrostichum aureum West-Africa

Cakes and pastries | Bruguiera gymnorrhiza, Kandelia candel Multiple countries




FISHERIES

A large number of commercially important fish
species such as snapper, mullet, wrasse, parrotfish,
sharks and rays utilise mangroves during all or part
of their lives, with the mangrove providing critical
food, shelter and refuge functions. Mangrove
habitats support these fisheries; from subsistence
foraging in the mangrove itself, to industrialised,
commercial offshore fisheries. In fact, it has been
estimated that 30% of the fish caught in South-
East Asia are supported in some way by mangrove
forests; a figure approaching 100% for highly
mangrove dependent species including some
species of prawn’.

Mangrove fisheries play an important role in
ensuring people’s well-being, as they provide an
accessible source of protein. The collection and
processing of shells, clams, crabs and mangrove fish

OO

provides employment and income for many coastal
communities. In Honda Bay in the Philippines for
example, the collection of shells and sea cucumbers
from the mangroves by women and children
contributes as much as 50% of the total household
income and provides the daily school allowance for
many children and a source of income for young
female adults®>. In Caratateua, Northern Brazil, the
men are generally responsible for collecting the
mangrove crabs while women are involved in the
processing of crabmeat to earn additional income
for the household**. When other sources of food
provision fail, mangroves also have an emergency
food provision function. Some species of mangrove-
associated snails and bivalves for example, may have
no commercial value but are readily harvested when
there is no other food available to a household".

Fishermen collecting their catch from mangrove associated mud flats at low tide in Myanmar.

Christoph Zockler
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Fish and invertebrate species (shellfish and
crustaceans) benefit from mangroves in a

number of ways. The complex mangrove habitat
provides refuge from predation and this structural
complexity also forms ideal attachment points for
many animals, including species of oyster, which
are an important food source in many parts of the
world24,

The thick layer of fine silt which is deposited in
mangroves creates a soft muddy floor; providing
perfect habitat for commercially important bivalves
such as mangrove clams, whilst also making it easy
for prawns and crabs to burrow, thereby providing
an additional source of shelter from predation.
The steady supply of falling leaves and detritus
from mangroves provide an abundant supply of
food for microbes, which transform nutrients into
a useful food source for larger consumers including
important fishery target species***’. Leaves are also
ingested by crab and snail species®*3°; a number

of which are directly consumed by people, and all
of which provide an important source of food for
larger crabs, prawns and fish, often of significant
commercial value3.

Mangrove crab in Pichavaram, India

Snappers seeking refuge amongst mangrove roots.

Many species of fish, including those of commercial
importance, use the protection offered by
mangroves as nursery sites when they are young and
help to replenish offshore fish populations when
they reach their adult size and swim out to sea (see
Case Study 2). Some species show high dependence
on mangrove nurseries, with adult populations
significantly depleted in areas where nearby
mangroves were lost3*3,

Mangrove nurseries not only sustain offshore
fisheries, but can also enhance the populations of
fish species of adjacent ecosystems. In some areas,
mangrove nurseries provide prey species that fuel
adjacent food webs and dependent fisheries3+3.
Some species of parrotfish, for example, rely on
mangroves as juveniles before moving to coral reefs
where they provide an important service as grazers,
preventing coral reefs from being outcompeted and
overgrown by algae®3”. Coral reef fisheries in turn,
are crucial to the livelihoods of coastal communities
throughout the tropics.

In addition to benefiting fisheries operating directly
within mangroves, the outwelling of nutrients

from the mangroves enhances the productivity of
surrounding waters. This nutrient rich waters create
a feeding ground that attracts top predators such as
barracuda, groupers, snappers and sharks”3*3 and
in turn, the fishermen that depend on them.

Mangroves also provide other important fisheries
benefits. The storm buffering capacities of
mangroves for example, can safeguard fishing
grounds and protect fishing harbours from the
ravages of extreme weather events®.

Shane Gross / Shutterstock.com



Case Study 2 - Mangroves in the Gulf of California increase fishery yields

Location: Gulf of California, Baja California Peninsula, Mexico

The Gulf of California is the northernmost
limit for the distribution of mangroves in
the Eastern Pacific and contains 2,100 sq
km of mangrove with more than 500 km
of fringe forest. These mangroves provide
an important shelter and nursery ground
for juvenile fish and crab species that later
mature in open waters. These mangrove-
related species are of significant importance
to coastal livelihoods in the region,
accounting for a third of the small scale
fisheries landings®. In order to understand
the true value provided to fishing
communities by this service, official landing
data was correlated with the amount of
fringe mangrove within an 8o km radius

of the landing sites. The results indicated
that fisheries landings increased positively
with increasing mangrove area (Figure 2.3).
The mangrove fringe length was found

to be particularly important as it is this
outer edge of the mangrove forest that fish
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Figure 2.3 Relationship between landings (fish and blue

crab) and the area of mangrove fringe in the

Gulf of

California. Data are average + SE (2001- 2005; solid
line, model; dashed line, 95% confidence intervals).

Figure from Aburto-Oropeza et al.®

species favour as nursery or feeding grounds. It was estimated that the annual average landing of
mangrove-associated fish and blue crab in the Gulf is 10,500 tonnes, with an estimated total value
of US$19 million to local fishers. This estimate is significantly higher than previous estimates for the
region, underlying the importance of maintaining productive mangrove conditions to support their
provisioning services to people, including fisheries.

Key findings:

@ Mangroves provide crucial habitats to many fish species caught in offshore fisheries;

@ The annual economic value of these fisheries can be as high as US$50,000 per hectare of
mangrove fringe, falling within the higher end of mangrove ecosystem service values’;

@ The conversion of mangroves to aqua- or agri-culture can have a serious negative impact

to local economies.




Ethan Daniels / Shutterstock.com

COASTAL PROTECTION

Over recent years there has been growing interest in
the potential role of mangroves in coastal risk reduction
associated with storms and tsunamis. Mangroves may
offer low-cost natural approaches to disaster risk
reduction in the face of rising sea levels and changes
in storm frequency and intensity. The available
evidence relating to mangrove’s capacity to reduce
risk at the coast is summarised below, in addition to
how to make best use of mangroves in coastal risk
reduction strategies.

As waves travel through the mangroves, energy is
dissipated by the mangrove tree roots, trunk and
canopy.

Tropical cyclones (also called hurricanes and typhoons)
can cause loss of life and damage to property and
infrastructure. Mangrove areas are occasionally subject
to tropical cyclones, including large waves, storm
surges and high winds. It is widely believed that
mangroves can help reduce risk from such cyclones by
decreasing the action of waves and impacts of
flooding as a result of storm surges (see Case Study 3).

Tropical cyclones

Mangroves can rapidly reduce wave energy as they
pass through the trees (Figure 2.4). The
effectiveness of this barrier in reducing the height
of relatively small waves has been found to be
anywhere between 13% to 66% over a 100 m wide
mangrove belt3-+.The effectiveness is largely
dependent on the density of the mangrove
vegetation’, and waves passing through dense
aerial roots and tree canopies will be reduced most
effectively. The provision of shelter by mangroves is
not only important for people on land, but also for
those operating at sea. The mangrove-lined
“hurricane holes” in the Caribbean have been a well
known safe haven for vessels for centuries, and of
the 20-odd established hurricane holes
recommended for boaters needing to ride out
storms in the Antilles, 16 gain such a reputation
because of the presence of mangroves.

Effectiveness determined by:

Mangrove species, age and root structure
Density and spacing of trees

Prevents erosion and
helps protect communities

Wave height decreases with distance travelled through mangrove

Figure 2.4 Wave height decreases with distance travelled through mangroves. Adapted from Mclvor et al.*®



Mangroves provide a safe haven against storms.

Storm surges

Storm surges are flows of sea water onto the land,
driven by high winds and low pressure. They can
reach several metres in depth, occasionally causing
massive loss of life and destruction of property.
The few studies available suggest that mangroves
can reduce storm surge levels by up to 50 cm per
km width of mangroves*4. While large areas of
mangroves are needed to significantly reduce peak
water levels#, even relatively small changes in water
depth may result in large areas being saved from
flooding, particularly in areas of low relief that are
typical for mangroves.

Slow moving surges are reduced less efficiently

by mangroves®, and mangroves may also be
destroyed by the high winds and waves produced by
powerful cyclones#. Therefore, other risk reduction
measures are required alongside mangroves. These
may include sea walls, where appropriate to the
physiographic conditions, along with efficient early
warning systems. Natural and built infrastructure
can be combined to maximise the mitigation effect
on storm surges. Mangroves are used in this way in
Vietnamese coastal defences, reducing damage to
sea walls and economic losses from typhoons#:.

Tsunamis

Coastal forests such as mangroves cannot
completely stop a tsunami, but they can absorb
some of the energy of the flowing water and so
reduce the force of the impact, saving lives and
reducing damage to property+-. Mangrove trees
also disrupt the huge flows of water as the wave
recedes, and block property and people from being
swept back out to sea. Nonetheless, mangroves

are unlikely to provide adequate protection

from a large tsunami, and other risk reduction
measures (physical barriers, early warning systems,
evacuation plans, refuge centres) need to be put in
place alongside mangroves in areas where tsunamis
could occur.
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Case Study 3- Reduced damage and loss of life behind mangroves in Odisha, India

Location: Odisha, India

The Bhitarkanika Conservation Area is
located in Kendrapada district, Odisha
State, on the east coast of India. These
large and undisturbed mangroves provide
important ecosystem services to dependent
communities, and are also home to 300 plant
species and 263 species of birds, including
five different species of kingfishers of which
two (Brown-winged and Ruddy Kingfisher)
are globally threatened®’. In addition, it
provides a home for the globally threatened

Syed Hussain

Olive Ridley Turtle, the Séltwater Crocodile Women carrying equipment used to catch prawns
and the Irrawaddy Dolphin®”. and small fishes, as well as a fish baskets made from

. . materials collected from the mangroves.
The storm protection function performed :

by the Bhitarkanika Mangrove Ecosystem was examined by assessing the cyclone damage in three
selected villages after the 1999 super cyclone. The villages were selected to be similar in terms of

their distance from the coast and the damage attributable to wind®. One village was protected by
mangroves, one had an embankment on its seaward side and the other had no protection from
mangroves or an embankment. The loss incurred per household was greatest (US$ 154) in the village
which was surrounded by the embankment (as a result of the embankment breaching and the flood
water then being slow to recede, increasing damage to crops), followed by the village that had neither
mangrove or an embankment (US$ 44)%. The village which was protected by mangrove forests
incurred the lowest loss per household (USs 33)% . Embankments near the mangrove forest were not
breached while those further away were breached in a number of places, implying that mangroves
may have helped to protect these defences. The local people were aware of, and appreciated the
functions performed by the mangrove forests in protecting lives and property from cyclones and were
willing to cooperate with the forest department in mangrove restoration.

Further work on the impact of the 1999 super cyclone on the Kendrapada district also found
mangroves played a role in reducing the death tollI®. In total, 409 villages were examined, all of which
were known to have been situated behind mangroves in 1944. This meant that where mangroves were
no longer present forest loss had occurred, rather than there being a lack of suitable conditions. The
early warning issued by the government saved many lives, however some people stayed behind and

it was found that the presence of wider mangrove belts did reduce the occurrence of human deaths
compared to villages with narrow or no mangroves®. This exemplifies how the combination of risk
reduction methods can provide increased protection.

Key findings:

@ Mangrove forests can contribute to reducing the vulnerability of local coastal
communities through the provision of storm protection;

@ Sufficiently wide and dense mangrove belts can protect people from severe weather events
such as tropical cyclones, saving lives and reducing damage to property;

@ These wide, dense mangrove forests can also provide a home to a wide range of
endangered mammal and bird species.




SHORELINE STABILISATION

Mangroves can help stabilise shorelines and By retaining sediment, mangroves not only
mitigate coastal erosion by reducing the height stabilise soil but also help to build it up through
and energy of waves*#, minimising erosive forces the action of mangrove roots that grow into the
acting on the sediment and preventing it from newly sedimented material, helping to bind it in
being carried away from the shore>+. They do this place (Figure 2.5)55%%. By building up sediments,
in a variety of ways. Their subsurface roots bind some areas of mangroves have kept pace with
the soil together and their aerial roots change the moderate rates of sea level rise over thousands of
water flows, helping to retain sediment within the years>+®, as observed on the Twin Cays islands in
mangrove and encourage sediment depositions5°. Belize®. However, this is not always the case and
Studies in Thailand and Belize found that erosion mangroves may be drowned by high rates of sea
rates were lowest in coastal areas where mangroves  level rise coupled with other phenomena, especially
occur and highest where mangroves had been lost subsidence rates which exceed the capacity for
5057, mangroves to keep up. This can result in the loss
of seaward mangroves, as is currently occurring in
Bermuda®.

Roots slow water flow, Leaf litter is deposited
causing sediment deposition on soil surface
and accumulation

Increased community resilience
to sea level rise

Sea level rise

Growth of roots
causes soils to build up
from below

Soil elevation increase

Figure 2.5 If sediment inputs are sufficient and there is space to accommodate mangrove migration inland,
mangroves may be able to keep pace with rising sea levels, helping to protect people and property from
waves. Adapted from Mclvor et al.>*

EcoPrint / Shutterstock.com

Mangroves help to reduce coastal erosion by
slowing water currents and holding sediments in
place.
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CLIMATE REGULATION

Perhaps the least investigated ecosystem service of
mangroves is their role in global climate regulation.
Mangroves are a significant global carbon store and
sink, with the largest average carbon stocks per unit
area of any terrestrial or marine ecosystem. The
global average carbon stock of mangroves is around
1,000 tonnes of carbon per hectare, including soil
carbon®. If released back into the atmosphere

as CO,, the resulting emissions would be the
equivalent of travelling 26 million kilometres by
car; 650 times around the world! Mangrove carbon
stocks, by area, far exceed carbon stocks measured
in both tropical savannas or tropical dry forests and
can even exceed those of rainforests (Figure 2.6).
Similarly, mangroves tend to have higher average
carbon stocks per unit area than other marine
ecosystems such as seagrass beds and salt marshes.

The aboveground biomass of mangroves can vary
by over 20-fold, from low stunted mangroves trees
and shrubs of less than 1m in height to tall forests
exceeding 4om in height. Belowground, mangroves
typically have a higher root biomass than most
other forest types®. The bulk of mangrove carbon is
held in the soil, ranging from about 83% to almost
99% of the carbon stored in mangroves. A variety
of factors affect the effectiveness of mangroves

as carbon stores and sinks, such as the hydrology
(tidal inundation, strength and frequency) salinity
(freshwater availability), tropical cyclone frequency,
nutrient availability and climate. Larger carbon
stocks tend to be found in equatorial areas, areas of
lower soil salinity, higher rainfall, and in sites with
infrequent cyclones.

Organic matter from leaf litter and other sources
is trapped and eventually stored in the deep,
waterlogged carbon-rich mangrove soil.

O®

Unlike many freshwater peats, mangrove soils emit
relatively low levels of methane due to the saline
conditions and therefore represent highly effective,
longer term (millennial) carbon stores. Conversion
of mangroves to aqua and agriculture can release
stored carbon that has been accumulating in place
for thousands of years back into the air, resulting
in exceptionally high carbon dioxide emissions (see
Case Study 4). Emissions resulting from mangrove
losses make up nearly one fifth of global emissions
from deforestation. When using estimates of the
environmental damages that can be avoided by
reducing emissions, the associated economic
damages are equivalent to US$6-42 billion
annually®.
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Figure 2.6 Carbon stocks (Mg/ha) of selected
tropical upland and coastal ecosystems (1 Mg is
equal to 1 metric tonne). Source: Data for seagrass
from Fourqurean et al®’; Salt marsh data from Murray
et al.®"; Mangroves are compiled data of 67 sites
from Adame et al.?2, Donato et al.®®; Kauffman et
al.?® and Kauffman (unpublished); Savanna data are
the means of 4 savannas of the Brazilian Cerrado
(De Castro and Kauffman®4). The rainforest data are
the means of 5 montane rainforests in Costa Rica
(Kauffman pers. Comm.); data on dry forest are from
Jaramillo et al®®.



Case Study 4 - Carbon emissions from mangrove conversion in Latin America

Location: Dominican Republic

3000
When mangroves are converted to other land

uses, the carbon losses are high because large 2500 —
quantities of carbon formerly stored in soils are
lost, resulting in potentially large greenhouse gas
emissions. Research from the Dominican
Republic is one of the only examples of where
emissions estimates for mangrove land use
change have been determined from field

2000

1500

1000

Carbon emissions
(Mg CO2 per hectare)

measurements. 5007
The average carbon stock of the Dominican Republic 0" N o o
mangroves was 853 tonnes per hectare. In contrast, /\@@‘:&oé\ \c’?}b&c} < g@
the mean total carbon stock of the abandoned Q\\Q}Q\O& K€ W
shrimp ponds was significantly lower at 95 tonnes
per hectare, only about 1% of that of the Sources of emissions:

.. Aboveground CO, and Soil CO
mangroves. The emissions, calculated as the 2 B
difference between the mean carbon stock of Figure 2.7 Total carbon emissions (carbon at risk)
mangroves and that of the abandoned shrimp arising from the conversion of tropical forests
ponds, was 2,637 tonnes CO, equivalent per to cattle pasture compared to the emissions of
hectare (Figure 2.7). conversion of mangroves to shrimp ponds.

Data are from Kauffman et al.®®
The estimates of the carbon at risk due to

mangrove conversion to shrimp ponds are based upon the actual measures of carbon stocks in
shrimp ponds and mangroves. Others have provided estimates of mangrove carbon at risk due to
land cover change, however the estimates from the Dominican Republic are significantly higher than
these predictions 9. This is significant, as it has been suggested that worldwide mangrove
deforestation generates emissions of 0.02-0.12 Pg carbon per year - as much as 10% of the emissions
associated with forest conversion — despite accounting for less than 1% of the tropical forest area®.

Elsewhere in the tropics, emissions from conversion of upland tropical forests to cattle pasture are
comparatively lower. Using the same approaches as for mangroves, the emissions estimates from
tropical forest conversion to pastures was 538 tonnes CO, equivalent per hectare in evergreen forests
of the Amazon and 230 tonnes CO, equivalent per hectare from conversion of primary tropical dry
forest in Mexico. On a comparative basis, the emissions from one hectare of mangrove converted to
shrimp pond is equivalent to the emissions of about 5 hectares of tropical evergreen conversion and
11.5 hectares of tropical dry forest.

Key Findings:

@ Mangroves have exceptionally high carbon stocks that are exceptionally vulnerable to
land use change;

@ Greenhouse gas emissions from the conversion of mangroves are among the highest of all
land uses in the tropics;

@ The high emissions coupled with the loss of other ecosystem services demonstrates
the great value and need for inclusion of mangroves in climate change mitigation and
adaptation strategies.




WATER QUALITY MAINTENANCE

Mangroves maintain surrounding water quality by
filtering riverine and tidal waters of sediments,
minerals, contaminants and nutrients. Mangrove
trees and associated plants have a high tolerance for
a wide range of salinities and contamination levels
and perform an effective service in biofiltration and
waste processing. However, critical thresholds for
salinity, heavy metals, chlorine containing organic
compounds and sediments do exist, beyond which
mangrove die-back will occur .

Pollutants that affect water quality (including salts,
heavy metals and nutrients such as nitrogen,
phosphate, and sulfur compounds) can be urban,
agricultural or industrial in origin and are delivered
via land run-off, river inputs, discharges and
dumping and atmospheric inputs (see Case Study
5)%7. Mangroves alter the turbidity of ambient waters
through sediment trapping. The physical structure
of mangroves slows the water flow allowing sands,
clays, heavy metals, and other sediments to drop out
of suspension in the water column.

WO

Mangroves can also play a vital role in nutrient uptake,
fixation, trapping and turnover®®. Their role in
maintaining water quality may be particularly valuable
in areas where run-off of riverine nutrient loading
and/or untreated sewage inputs is combined with
limited flushing by coastal currents and tides. In
areas adjacent to shrimp farming and other coastal
aquaculture, low and/or intermittent nutrient outflow
can be mitigated for by mangroves. However, when
the threshold level for nutrients is reached, excess
nutrient outflow can cause stress in mangrove
species causing die-back or even ecosystem collapse.

Mangrove ecosystems thus play a critical role in
cycling nutrients and maintaining water quality,
even in the face of degrading conditions in
groundwater and freshwater input and seawater.
Although mangroves cannot solve the problem of
water pollution alone, their degradation and loss
can exacerbate water quality decline, add to costs of
clean-up and treatment and put human populations
at risk.

Location: Potengi estuary, Brazil

from industrial waste”.

Key findings:

approximately US$15,500 per hectare.

Case Study 5-The value of the biological filtration service at Potengi Estuary

The value of the biological filtration of phosphorus, nitrogen and heavy metals by mangrove forests
was assessed for Potengi Estuary, Brazil, by comparing it to the cost of treating water by wastewater
treatment plants®. There are an estimated 758,156 inhabitants on the banks of the estuary (2000
census) and approximately 60% of the sewage produced is released into the estuary without
treatment. Industrial activity on the banks of the estuary is well developed and includes textile and
tannery businesses and previous work has shown that there are heavy metals entering the estuary

The 1,488 hectares of mangroves were found to contain 418 thousand kg of phosphorus and nearly 4.5
million kg of nitrogen in total in sediments and biomass. The estimated plant construction and
treatment costs for these pollutants were used to place a fixed value on the mangroves, totalling
US$6.6 million. Concentrations of heavy metals in forest trees and sediments were estimated at 31.5
million kg. The retention of heavy metals was valued at around US$13 million, based on the cost of
the construction and treatment of the same volume in a zeolite plant. In total, this gives a value of
around US$15,500 per hectare of mangrove forest for the retention of pollutants in the Potengi estuary.

@ Mangroves store nutrients in their biomass and sediments and one of the ecosystem
services mangroves provide is the filtration of waste water and the capture and storage of
pollutants such as excess nutrients and heavy metals;

@ The value of the retention of pollutants in the mangroves of Potengi estuary is
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RECREATIONAL, SPIRITUAL AND CULTURAL VALUES @

The recreational, spiritual and cultural values of
mangroves are difficult to capture but are nevertheless
important for human well-being™. Mangroves,
sometimes in connection with adjacent terrestrial
forests, seagrass beds and coral reefs, provide a
variety of aesthetic and recreational experiences
and cultural and artistic inspiration®. Mangroves can
be closely associated with deeply held historical,
communal, ethical, religious and spiritual values™.

Boardwalks can provide a unique experience to
tourists visiting mangroves.

In some coastal communities, mangroves have been
central to people’s livelihoods for centuries and form
an integral part of their cultural heritage and identity.
The continued presence of mangroves maintains
traditional fishing methods and traditional ecological
knowledge including the uses and harvesting methods
for specific plant and animal species. Mangroves
may also be interlinked with spiritual beliefs and
practices such as festivals, religious rites, taboos and
the establishment of sacred areas. For example,
according to the legends of the Asmat people from
Irian Jaya (West Papua, Indonesia), the creator carved
human-like figurines out of a mangrove roots which
came to life when he played a drum out of a
mangrove tree”. Today, wood carvers are held in
high esteem in communities and mangrove tree
roots are still used to carve intricate ceremonial
poles to commemorate specific individuals and
ancestors and other items such as drums, shields
and figures. In Kenya, shrines built in the mangrove
forests are worshipped by the local people, who
believe spirits of the shrine will bring death to those
who cut the surrounding trees?. These close
connections with mangroves can be incredibly
important for individuals and are impossible to value.

Mangroves may also provide opportunities for
leisure, recreation and education. Mangroves are
being opened up to residents and tourists alike

for recreational fishing, birdwatching and wildlife
watching throughout the world. Some locations
attract many visitors, such as the Dongchaigang
nature reserve in China, the boardwalk in Cairns
in Australia, and Laguna de Resting in Venezuela
(which receives around 60,000 visitors annually), to
list only a few examples”. The mangrove boardwalk
in the Galapagos Islands (Ecuador) provides a
unique opportunity for eco-tourists to see wetlands
organisms not seen in other drier habitats of the
archipelago. Kayaking and even snorkelling in
mangrove channels is a growing activity in virtually
all parts of the world where mangrove occur, from
Abu Dhabi to Zanzibar.

Mangrove ecosystems are a focus for ecological
research and hydrographic studies. These living
laboratories have contributed vastly to our store

of knowledge about marine systems, and about
the connections between marine systems and
freshwater systems, as well as linkages between
ecosystem health and human well-being. Contrary
to popular belief, mangroves can also hold high
aesthetic value. In the United Arab Emirates for
example, people have a high affinity and strong
cultural identity with mangroves, valued for,
amongst other things, their contribution to
colouring a landscape otherwise devoid of trees.
Birdlife and wildlife inhabiting mangroves further
contribute to their aesthetic value, which may be
so widely shared and culturally embedded that
mangroves attain high intrinsic or existence value -
appreciated even by those who do not visit them.

Standup paddleboarding in Caye Caulker, Belize

Jan-Willem van Bochove
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QUANTIFYING MANGROVE VALUES

The values of ecosystem services provided by
mangroves can be expressed in a number of ways3.
In some cases, these can be presented qualitatively,
such as the relative regional importance of cultural
heritage derived from mangroves to people. In other
cases, they can be in quantitative terms such as the
amount of carbon stored in a mangrove forest.
Where appropriate, values can be expressed in
monetary (economic) terms, such as the market
value of mangrove fisheries or timber. This section
presents a collection of all three valuation methods
for different mangrove regions of the world, with
the aim of providing an overview of the importance
of all types in varying contexts.

The environmental conditions within which
mangroves are found affect their delivery of
ecosystem services.

Economic valuation studies

Global valuation studies on mangrove ecosystem
services offer useful insight into economic values

of mangrove ecosystems®%7-7°. However, there

are important regional differences in the way
mangroves are perceived, valued, and marketed.
The map in Figure 2.8 provides a selection of
different values derived from mangrove ecosystem
services in different parts of the world. In areas
such as the Arabian Gulf region where mangrove

is a relatively rare but culturally important habitat,
mangrove may have much higher non-market value
than areas where mangroves are plentiful and goods
originating from them are in relatively abundant
supply. For this reason, the actual values for a given
site or given policy decision will have to be assessed
in its specific context, and monetary values taken as
indicatives.

Furthermore, the general environmental conditions
(soil type and condition, hydrology, nutrient
inputs, biodiversity) vary from place to place, and
mangroves occur along a spectrum from highly
managed to forests in a wilderness state”®. Both
these differences (environment and degree and
kind of management) affect the delivery of services,
suggesting that extrapolation from one area to
another must be done with caution.

Economic values estimated from natural intact
mangroves, plantation mangroves, mixed
landscapes, and mangroves in urban or farmed
landscapes cannot be directly compared in terms

of the value of the full suite of ecosystem services
provided®®77. Even in areas where local conditions
are well-studied and mangrove values have been
directly quantified, not all ecosystem services can be
defined in market and non-market monetary terms,
and generally mangroves will be undervalued.



Meinmahla Kyun Wildlife Sanctuary, a mangrove reserve in Myanmar.

Global and regional values of mangroves

Table 2.3 presents a matrix of the relative
importance of different mangrove ecosystem
services across mangrove regions, based on a)
expert opinion and b) the amount of research
undertaken for that region. It is important to

note that due to the geographic scale of this
presentation, findings will inevitably hide national
and site-specific values that may not align with the
broader, regional findings. Based on the results
presented in this table, there is a wide consensus,
supported by scientific research, that the associated
(non-monetary) values of mangrove ecosystem
services are high across the developing world,
where the vast majority of mangroves and people
who directly rely upon their ecosystem services are
located.

Mangrove ecosystem services are worth an
estimated US$33-57 thousand per hectare per year
to the national economies of developing countries
with mangroves?™. Monetary values hide huge
variations between regions and service types and
can be misleading. Table 2.4 presents an overview
of the wider literature available on the monetary
values of different ecosystem service types provided
by mangroves for different regions of the world.

Provisioning

Most mangrove monetary studies have focused on
the provisioning services provided by mangroves,
including fisheries, timber and forest products, as
these are generally easiest to quantify in market
terms. There is a wide consensus, supported by a good
number of studies, that enhanced fisheries benefits
from mangroves is of high importance across the world.
The global market value of seafood from mangroves
has been put at anywhere from hundreds to thousands
of dollars per hectare every year (expressed as ‘ha/
year’)>. Although the direct economic values derived
from local, artisanal fisheries can seem to be relatively
low (<USs100 per ha/year), it is important to
emphasise that people often depend on these goods
as their main source of sustenance and well-being.
On the other hand, offshore, commercial fisheries
such as for fish, prawns and crabs, can be worth
thousands of dollars per ha/year (see Case Study 2).

Timber and forest products are considered to

be of high importance for people in Asia, Africa

and Central and South America, although most

of the research has focused on Asia. The market
value for these goods typically ranges between
several hundred to a thousand dollars per ha/year.
People are likely to depend less on forest-derived
products in the Middle East, although there is

little consensus amongst the experts to what extent
people in this region depend on mangroves. This is
not surprising, given that few valuation studies have
been undertaken for the region. Similarly, there has
been little research in North America, Australia and
New Zealand on valuing mangrove forest products
but also their value in maintaining water quality
and stabilisation shorelines.

Christoph Zockler
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Regulating and supporting

There is wide expert consensus that mangroves
provide an important supporting service through
coastal protection, water quality maintenance

and erosion control. Although difficult to ascribe
an economic value, the role of protecting coastal
communities is estimated to be worth as much

as tens of thousands of dollars per ha/year®. The
importance of maintaining water quality is also
widely recognised as being a vital regulating service
across coastal regions. Where valued, this service
was found to be worth anywhere from US$5,000
per ha/year (Fiji) to US$15,000 per ha/year (Brazil).
Although little research has been undertaken

to investigate the importance of mangroves in
stabilising shorelines and preventing erosion, there
is a broad consensus that this is a critical supporting
service for Asia, the Pacific islands and S. America,
although further research is required. The value of
mangroves in regulating our climate through the
sequestration and storage of carbon is considered to
be of high global importance, although translating
this into market values remains challenging.

The significance of mangrove carbon storage in

the Middle East remains uncertain, with initial
assessments in the United Arab Emirates indicating
that the carbon storage capacity of mangroves is on
the low end of the global spectrum?.

Recreational and cultural

The recreational value of mangroves is generally
perceived as being relatively low compared to

other mangrove services in the developing world
although this may be underestimated for some
specific sites where well-managed parks provide an
important source of local income. For example, the
Sundarbans Reserve Forest in Bangladesh provides
the local economy with an estimated annual income
of US$ 42,000 from tourism-related services (see
Figure 2.8). Recreational value is often seen as

an important service for the developed world,
particularly when considering the linkages with
coral reef related tourism. A study from the largest
mangrove ecosystem in the western hemisphere -
the Everglades National Park - showed that 915,538
visitors in 2010 spent US$ 135.5 million in the Park
and in communities near the park, supporting
nearly 2,000 jobs in the local area®. Conversely, the
spiritual and cultural links with mangroves remains
very difficult to translate into monetary values.

Mangroves provide important supporting services including coastal protection, water quality maintenance

and erosion control.



Table 2.3 Estimates of the relative importance of different mangrove ecosystem service types in different regions.

Results are based on two rounds of a Delphi-type survey with ten mangrove experts. Categories were assigned relative
values only when there was a majority agreement (bold boxes indicates 100% consensus). The number of asterisks’ (*)
indicates the level of scientific research on the service type for each region, based on a Web of Science™ keyword search
of peer-reviewed literature.

* Low level of research (<10 papers)
** Medium level of research (11-100 papers) 6 3
ok High level of research (>100 papers)
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Table 2.4 Regional economic values of mangroves, based on existing monetary studies (where available).

The number of dollar signs ($) indicates the economic value of that service per hectare per year in increasing orders of
magnitude. Sources include: Marine Ecosystems Service Partnership (MESP), Bann®', Sathirathai 78, Barbier®?>, Hussain &
Badola®®, UNEP**. Median values from Salem and Mercer”
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Figure 2.8 Map of selected mangrove valuations around the world. All values in US$.

Belize

The value of mangrove-related
fisheries, tourism, and shoreline
protection services in Belize

is estimated to be $174-$249
million, including through their
supporting role for nearby coral
reefs. By comparison, Belize’s GDP
totalled $1.3 billion in 20071°".

Ras Mohamed National Park,
Egypt

A 2002 study into the total
economic value of mangroves in
Egypt found that it could be as
high as $91,000/ha/yr'®.

Vietnam

Extensive planting of mangrove
has cost of $1.1 million but has
helped reduce maintenance cost
of the sea-dyke by $7.3 million
per year'®,
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Niger Delta, Nigeria

Two thirds of people in the
Kuruama, Burutu, and Buguma
communities rely on the
extraction of mangrove
resources as their full-time
occupation and 90%
households extract fishery
resources from mangrove
rivers and creeks'®.

/ L

Bhitarkanika National

Park, India

The value of the mangrove
forestry and fishery products
to households near the park
was estimated at $107 per
household per year,
contributing more than 14%
of the total income for a
household on average and
increasing to 30% of the
total income for households
in the immediate vicinity of
mangroves .

Rufiji Flood Plain, Tanzania

The value of commercial mangrove
timber products and poles in the
mangrove delta is around $771,789
per year, fuelwood extraction
$156,000 per year and honey

Sunderbans, Bangladesh
80,000 people visit the reserve
each year, bringing in an
annual revenue of US$42,000,
with a four-fold increase in
revenue over the last decade’®.

Australia

A 2006 study of the total
economic value of Australia’s
coasts found mangroves to be
worth $17,000 /ha/yr'®.

Kosrae, Federated States of
Micronesia

The value of mangroves is
estimated to be $666,000 - $1
million per year (1996 prices),
based on the net value of
marketable products alone'®.

extraction $9,000 per year'®”.

Ream National Park,
Cambodia

Almost all local residents depend
on park resources in some way
for basic subsistence income net
value of $1.2 million a year or
$220 per household. 84% of the
5,500 households gather fuelwood
from the mangroves®.
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FURTHER RESOURCES FOR POLICY MAKERS

Coastal Resilience (coastalresilience.org)

- A portal that provides a wealth of scientific
information to decision makers and practitioners
about how, and under what conditions, natural
ecosystems including mangroves can be worked
into strategies for coastal protection.

Costing Nature (policysupport.org/costingnature)
- A tool that can be used to assess the ecosystem
services provided by landscapes including coastal,
and provides policy support for the sustainable
management of these services through definition of
conservation priority.

The Economics of Ecosystems and Biodiversity
(TEEB) (teebweb.org) - A global initiative focused
on drawing attention to the economic benefits of
biodiversity.

International Society for Mangrove Ecosystems
(ISME) (mangrove.or.jp) — An international non-
profit scientific society based in Japan, carrying out
mangrove activities at the global level, including the
application of knowledge, training and education.

Joint Research Centre (ges.jrc.ec.europa.eu)

- A European Commission initiative, focusing on
the assessment and mapping of ecosystem services
through collection, validation and data provision
with the aim of supporting capacity building
activities throughout much of the world.

Marine Ecosystem Service Partnership (MESP)
(marineecosystemservices.org) - A virtual centre
which collates a database of valuation studies on
marine ecosystems around the world.

Natural Capital Project (naturalcapitalproject.
org) - Develops tools that quantify, map and

value services provided by nature and help

to inform natural resource management and
investment decisions. The Integrated Valuation of
Environmental Services and Tradeoffs (InVEST), for
example, is a suite of software models used to map
and value the goods and services from nature.

World Resource Institute (WRI) (www.wri.org)

— A global research organisation that works

closely with leaders to turn big ideas into action

to sustain a healthy environment—the foundation
of economic opportunity and human well-being.
WRI has undertaken several assessments of services
provided to people by mangroves.
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Chapter 3

Threats and Drivers of Change

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

KEY MESSAGES

The global rate of mangrove loss is 3-5 times greater than the overall rates of global forest loss and
over a quarter of the original mangrove cover has already been lost;

Mangrove degradation and loss is predicted to continue into the future if a business-as-usual
scenario prevails: by 2050, South-East Asia will potentially lose 35% of the mangrove cover it had
in 2000, with associated negative ecological and socio-economic impacts;

Mangrove degradation rates vary significantly between countries, generally as a result of national
differences in policies, legislation and management;

Conversion for aquaculture, agriculture, plantations and coastal development has been the
main cause of decline, with the exploitation for timber and fuel wood, and pollution and erosion
causing major degradation in some areas;

Mangroves are now also threatened by climate change which could result in loss of a further 10-

15% of mangroves by 2100;

6 Mangrove ecosystem service loss will have significant economic and social consequences,
contributing to impoverished livelihoods, declining human security, and overall a poorer quality
of life for coastal populations and ultimately mangrove nations as a whole.

KEY GLOBAL DRIVERS OF MANGROVE LOSS

Mangroves are naturally dynamic ecosystems, and may
be disturbed by events such as cyclones and floods;
however nearly all mangroves have experienced
significant losses in recent decades as a result of
human activities'. There is much debate over the
statistics for mangrove cover in different countries,
but nevertheless there is broad consensus that over
one quarter of the planet’s original total mangrove
cover has now gone> Although annual global rates of
loss declined from just over 1% in the 1980s to 0.66%
between 2000 and 2005, this is nevertheless still 3-5
times higher than the average rate of loss for all forests3.

An estimated 20% (3.6 million hectares) of
mangroves were lost between 1980 and 20053. The
global statistics hide major regional and national
differences. Many of the Asian and Pacific regions
lost over 20% of their mangrove cover within this
period, whereas much of East Africa and Australia
lost less than 10% 3. Table 3.1 on page 74 presents
the major mangrove loss drivers and their relative
impact to different mangrove regions of the world.

Large scale industrial harvesting for mangrove

timber has often caused total forest clearance.

National policies, demography, economic status, and
the effectiveness of mangrove protection have meant
wide variation in losses in different countries.

For example, between 1980 and 2010, Pakistan,
Vietnam, Honduras and Guatemala lost 40% of their
mangrove cover3. Over this same period, Bangladesh
had no significant loss, having brought in protective
legislation and policies to halt the dramatic decline
that had occurred in previous years.

udeyismail / Shutterstock.com
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A failed aquaculture pond in Gazi Bay, Kenya.

This decline is expected to continue into the
future. Indonesia had by far the largest national
stock of mangroves in 2000 but is predicted to lose
substantial amounts of cover in the period up to
2050 in both absolute (approximately 1.7 million
hectares) and proportionate (38%) terms*. In
South-East Asia, 35% of mangroves are expected to
be lost over the same period+.

These figures ignore the fact that the remaining
mangroves are far from pristine, with many now
degraded and fragmented. Mangrove trees often
have stunted growth, are affected by disease, and
the sensitive aerial roots, through which oxygen is
obtained, smothered and clogged by pollution, litter
and silt. Others are fragmented into small patches
and isolated trees by roads and development+*.
Furthermore, as mangroves become stressed, they
become less resilient to other impacts, and so
storms®” and diseases, such as top-dying disease*?,
are likely to take a greater toll on degraded and
fragmented mangroves than they would on healthy
mangrove ecosystems.

The combination of clearance and degradation

has meant that globally about 16% of mangrove
tree species and some 40% of the animal species
dependent on these ecosystems are now considered
vulnerable and/or at risk of extinction®*. Particular
areas of concern are the Atlantic and Pacific coasts
of Central America, where as many as 40% of the
mangrove tree species present are threatened with
extinctiond™.

The often unwelcoming nature of mangroves
once protected them, the muddy and inundated
forest floor covered with tangled roots making
access difficult, and the lack of cooling breeze
and presence of biting insects deterring even
determined visitors. However, mangroves are
dependent on the coast, for which humans also
have a preference. Asshown in Figure 2.1, nearly
120 million people will live within 10km of the
remaining large mangrove habitats by 2015. The
coast is also where numerous capital cities are
found, and is where urban, industrial and tourism
development is spreading rapidly, providing further
incentives for population growth; population
density along coastal regions is now about three
times higher than average™.



The conflict between human needs and preferences
and the conditions favoured by mangroves is the
fundamental driver for the loss and degradation

of these ecosystems, accentuated by the second

key driver: climate change. The main threats are
summarised below.

Conversion to agriculture or aquaculture

Conversion of mangroves to aquaculture or
agriculture generally requires total clearance of the
vegetation and has thus been a major driver of
mangrove destruction. Some 38% of global mangrove
loss has resulted from clearing for shrimp culture, the
largest single driver in South-East Asia?379. Some of
the greatest losses were in the 1990s, fuelled by
government incentives and high international
prices for shrimp. Another 14% of mangrove loss is
the result of clearance for fish and other forms of
aquacultures. In addition to the damage caused by
clearance of mangroves, the outflow of excess
nutrients and chemicals (such as pesticides,
insecticides and antibiotics) from shrimp and fish
farms can also have a detrimental impact on adjacent
mangroves and waters. Furthermore, aquaculture
ponds are abandoned when pollutants become too
concentrated or disease strikes, making them no
longer productive. Very few revert to true mangrove
ecosystems because the conditions, including the
hydrology, have been so dramatically changed=.

think4photop / Shutterstock.com

Shrimp farming in Chumporn province, Thailand.

Conversion to agriculture, including rice paddies>*
and bio-fuel plantations®, is also a major driver.
Even where mangrove soil is not useful for
agriculture because of high salinity, agriculture in
adjacent areas may cause mangrove degradation
through changes in hydrology, drainage, pollution
and sedimentation?. In parts of Africa, areas of
mangrove have also been lost to salt pans and sand
mining. For example, in Cameroon, intensive sand
mining has resulted in clearing of the mangroves.

Coastal development in Myanmar.

Coastal development

Mangroves occupy flat coastal areas which are
often under high demand for development.

After being cleared of mangroves, these areas

are drained and filled and subsequently used for
urban and residential development, tourism,

golf courses, canal building and waterway
improvement, deep sea ports, oil refineries and
depots and other forms of industry*®2*2+. In
addition, remaining mangroves are often degraded
through fragmentation by roads and other
infrastructure+*>**7. Coastal development has been
a major driver of mangrove loss in North America
and South-East Asia, and is a growing concern
worldwide (Table 3.1). In Puerto Rico, for example,
there was a rapid decline in mangrove cover in

the 1960s, the period in which urbanisation of the
coast expanded greatly: mangroves were converted
to housing, used as waste dumps, and fragmented
by urban drainage channels. Furthermore, with
the introduction of protection in the early 1970s,
although mangroves in rural areas subsequently
increased in cover, no significant increase was seen
in urban areas®. Similar changes have been and are
being seen in Sri Lanka, Myanmar (see Case Study 9)
and many other countries?.

Christoph Zockler
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Mangroves are exploited for timber in many places
around the world.

Exploitation

Large scale industrial harvesting for timber,

wood chip and pulp production has often caused
total clearance, with the resulting closure of this
unsustainable industry, although in a few countries
a more sustainable approach to production

has been adopted'®%. Mangroves in South-East
Asia have been particularly affected by this
activity. Harvesting on a smaller scale (whether
commercial or subsistence) for fuel wood, charcoal
production, animal fodder and resources from
other species dependent on the mangroves also
contributes to degradation® on a wide scale. Even
if exploitation does not have a direct impact on the
trees themselves, there may be indirect impacts
through loss of productivity or of food sources

for other species although the extent of this is

as yet unknown?®®. For example, although fishing
within a mangrove does not directly cause forest
loss, overexploitation of fishery species will have
indirect negative consequences for the health of the
mangroves and loss of a valuable resource.

Pollution, hydrological changes and
indirect disturbance

Nutrients, pesticides, and other toxic chemicals
from agricultural and urban runoff, sewage, and
both domestic and industrial waste frequently
ends up in the mangroves, either dumped
intentionally or arriving indirectly. Plastic and
other solid wastes can cause significant stress to
mangroves by suffocating aerial roots and leaves,
preventing seedling establishment and inhibiting
new growth?3°. Oil spills and leaks resulting from
drilling, production and transportation, have
caused both lethal and sub-lethal impacts on
mangrove ecosystems, and clean ups are particularly
challenging due to the complex structure of the
trees and difficult access™®3'34.

Sedimentation from inland clearance also
smothers mangrove roots and suffocates the

trees. The specific requirements of mangroves in
terms of water depth and tidal flows mean that
changes in hydrology also have an impact. Roads,
pipelines and coastal defences through or adjacent
to mangroves alter natural tidal flows and may
prolong inundation®”3. Damming, irrigation and
channelling, and water abstraction for industry can
cause major hydrological changes upstream and as
a result some estuaries no longer have fresh water
and sediments reaching them regularly3®. This can
cause severe indirect damage to the mangroves
downstream. Changes in the amount of fresh water
and sediment reaching mangroves cause drying,
hyper-salinisation of soils, coastal erosion and other
impacts that lead to mangrove loss and decreasing
coastal resilience to sea level rise®.

Solid waste pollution threatens mangroves.

Hanneke van Lavieren



Climate change and extreme weather events

Mangroves are expected to be very sensitive to
rising sea levels associated with climate change®3,
owing to their habitat being restricted to half of the
tidal range. In some locations, the mangroves may
be able to retreat landward+ but this will depend
on the availability of suitable habitat for them to
move into, and many coastal lowlands are now
suffering from coastal squeeze as they have been
modified to the extent that this cannot happen*.
Increased intensity and frequency of storms will
also potentially increase pressure through damage,
tree mortality, stress, and changes in sediment
surface elevation through erosion, deposition, and
compression®. By 2100, an estimated 10-15% of
mangroves could be lost to climate change.

Hurricane damage to mangroves in Jamaica.

The impact of projected temperature increase,

the direct effects of carbon dioxide increase, and
changes in rainfall patterns are hard to predict, but
in some cases may even be beneficial, increasing
mangrove productivity and biodiversity particularly
at higher latitudes?®#. The benefits of carbon
dioxide increase however could be reduced if there
are also negative impacts from changes in salinity,
humidity and nutrients* and, where rainfall is
projected to decrease rather than increase, there
could be reduced productivity and biodiversity
and greater relative subsidence, as less sediment is
deposited.
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Table 3.1 Estimates of the relative importance of different mangrove loss drivers and their predicted future

rate of change for different regions.

Results are based on two rounds of a Delphi-type survey with ten mangrove experts. Categories were assigned relative
values only when there was a majority agreement.

Increasing impact

Continuing impact

Decreasing impact

Unknown

No majority agreement

2
>
N
High to Medium «>
High ?
No majority agreement
Unknown
Drivers of
change
Agri/aquaculture
conversion

(Fish and shrimp
ponds, rice farming,
biofuel plantations)

Coastal
development
(Urban and
residential, tourism,
industrial and port)

Overexploitation
(Timber, fuelwood
and charcoal)

Pollution and
indirect disturbance
(Oil pollution and
spills, sedimentation,
water flow and
salinity changes)

Climate change
(Storm intensity,
sea level rise)




GLOBAL MANGROVE LOSS MAPS

Method

For the assessment of mangrove change (Figures
3.6, 3.7 and 3.8), satellite and radar data from

the mid 1990s, 2007 and 2010 were interpreted
visually. The data allowed areas of change, where
mangroves cover large areas, to be readily identified.
This is illustrated in Figure 3.1, which shows clear
areas of mangrove loss in East Kalimantan (red
coloration). Where mangroves were fragmented
(e.g. from previous disturbance) or occurred in
narrow linear fringes along the coastline, changes
in their extent were more difficult to assess. This
work was undertaken as part of the Japanese Space
Exploration Agency’s (JAXA’s) Kyoto and Carbon
(K&C) Initiative’s Global Mangrove Watch (GMW).

The data comparison was undertaken using 1° x

1° grid-cells known to support mangroves (shown

as different colour boxes on the maps below), as
determined through reference to the USGS Global
Mangrove map*. Losses considered to be significant
(typically > several km?) were recorded. The drivers
of change were also noted using the following
categories:

@ Conversion to agriculture/aquaculture:
mangroves that have been cleared for agriculture
(including plantations) or aquaculture typically
exhibit a dark appearance in the image and
clearings are generally geometric in shape. Old
(pre-1990s) and more recent clearings could be
distinguished,;

@ Sedimentation, hydrological changes or
erosion: mangroves lost primarily through
coastal erosion, typically occurring on the
seaward margins;

@ Coastal development: determined primarily
through contextual information (e.g., proximity
to ports, presence of structures etc.);

@ Pollution, exploitation or extreme weather
events: mangroves that have suffered loss of
trees but have generally remained intact, with
these identified because of their comparatively
lower biomass in the latter years of observation;

Figure 3.1 Mangrove losses due to aquaculture
conversion (highlighted in red) in the Mahakam Delta
in east Kalimantan. Source: JAXA METI

@ Industrial logging: mangroves where a mosaic
of clearing and regeneration due to logging
occurred, with this evidenced as a patchwork of
proximal clearings supporting forests of varying
biomass.

Hotspots of change were associated with grid-cells
where large areas of mangroves had experienced a
loss, whether human-induced or natural. The map
insets highlight national or regional-level mangrove
changes between two time periods, as observed
from satellite imagery.



Regional mangrove loss

Asia

Mangrove loss and decline is widespread in Asia as
indicated by the numerous hotspots of loss (Figure
3.6). Conversion to aquaculture and various forms
of agriculture has been a significant loss driver in
much of Asia, particularly in Myanmar, Thailand,
Indonesia, Bangladesh and Sri Lanka (Figure 3.2).
Industrial logging has been a key driver in Malaysia
and Indonesia. Sedimentation, hydrological
changes and erosion have been major contributors
to mangrove loss in Indonesia, Papua New Guinea
and Northern Australia.
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Figure 3.2 Major drivers of mangrove loss in selected
South and South-East Asian countries (1975-2005).
Source: Giri et al.*®

Philippines (map inset 1, Figure 3.6)
Mangrove cover in the Philippines decreased by
over 10% between 1990 and 2010, mainly due to
conversion to aquaculture (Figure 3.3)¥. However,
since 1918, over 50% of the country’s mangroves
have been lost. The fastest rates of loss were
between the 1950s and 1970s, when national policies
were introduced to promote the aquaculture
industry. In Northern Samar, by 2010, mangroves
were showing recovery from the destruction
caused by Typhoon Ruping in 19904. Typhoon
Haiyan in 2013 affected Leyte and Eastern Samar
and, although it was much stronger than Ruping,
initial observations indicated only partial or
minimal damage to the mangroves and early signs
of recovery, demonstrating the resilience of this
ecosystem to such events.
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Figure 3.3 Mangrove losses in the Philippines
between 1990 and 2010. Source Long et al.*

Sri Lanka (map inset 2, Figure 3.6)

In Sri Lanka, mangrove cover has changed very
little since the mid-1990s with only 0.1% annual
deforestation rates between 1975 and 2005*. Where
there has been loss, this has been due largely to
conversion to agriculture+, although aquaculture
has been important in some areas> There is

also evidence for some of the coastal lagoons

that mangrove cover has increased as a result

of hydrological changes. However, the naturally
reforested areas have tended to have reduced
diversity, limited to species able to withstand high
salinities?”.



Sundarbans (map inset 3, Figure 3.6)

Despite having one of the highest population densities
in the world in its immediate vicinity, the mangroves
of the Sundarbans, the vast delta spanning the border
between India and Bangladesh, has not changed
significantly from the 1970s to 2000s*. Mangroves
have primarily been lost due to hydrological changes,
erosion and conversion for human activities, but are
also gained through natural regrowth of forest or
rehabilitation programmes. In spite of a ban on
clear cutting and forest encroachment, there are
growing concerns that illegal activities combined
with storms and increased salinity are degrading
the effectiveness of the mangroves to withstand the
impacts of storms. Recent reports indicate fringe
forest areas are losing as much as 200 m of coast per
year®, which could have serious implications in an
era of more frequent of storm surges and other
extreme natural events and rises in sea-level.

South America

Conversion to aquaculture or agriculture, combined
with sedimentation, hydrological changes and
erosion are the main drivers of mangrove loss, with
major hotspot areas in Central America, Ecuador,
Guyana, Surinam and French Guiana (Figure 3.7).

The shrimp industry has had a significant impact
in this region. In Ecuador, shrimp aquaculture
caused widespread destruction of mangroves in
the 1980s and 1990s®. In Guyana, mangrove forests
are still being transformed into agricultural land
and aquaculture operations. These are protected
by coastal dikes so that natural recolonisation

is no longer possible, and there are fears that

this will lead to large-scale coastal erosion in

the future®. In contrast, Brazil, which accounts

for 7% of global mangrove cover, has had lower
rates of mangrove forest loss and over 70% of the
mangroves are within some form of protected area.
Nevertheless, mangrove health outside these areas
is deteriorating, particularly on the north and north
east coasts®.

Honduras (map inset 4, Figure 3.7)

In Honduras, about 12% of the mangroves were lost
over the period 1985-2013 through conversion to
other uses, especially shrimp farming (Figure 3.4).
The greatest decline took place during 1985-1996
as a result of the promotion of shrimp culture, and
in 1999 when Hurricane Mitch caused widespread
devastation. Rates of loss declined subsequently
as a result of shrimp disease causing a halt to
aquaculture expansions, mangroves that were
damaged by the hurricane beginning to recover
naturally, and some efforts at rehabilitation of the
forests?.

Harvesting mangrove poles to make fishing nets in
the Ayeyarwaddy Delta, Myanmar.
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Figure 3.4 Mangrove losses in Honduras between 1985 — 2013 Source: Chen et al.”
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Africa

The main hot spots of mangrove loss are in
Mozambique and Western Africa (Figure 3.8).
Pollution, exploitation and extreme weather are
important drivers of mangrove loss for East Africa®,
and conversion to agriculture/aquaculture has been
significant in Mozambique and Madagascar and in
West Africa.

In Mozambique, mangroves have been impacted
by salt ponds, agriculture, fuelwood, construction
of dams, pollution and tourism. In addition, major
floods, coastal erosion and sand intrusion have
also led to the loss of mangrove forests, notably in
Gaza province and in Maputo Bay®. Relatively little
shrimp aquaculture took place in Africa until the
early 1990s, but the large river deltas such as the
Niger (Nigeria), Tana (Kenya) and Rufiji (Tanzania)
are increasingly being targeted by shrimp farm
developers. An additional threat is that, in many
West African countries and also in Mozambique,

mangrove forests coincide with fossil fuel deposits
and related infrastructure developments. As a
result, oil production and exploration (already a
major issue in Nigeria) and the development of the
hydrocarbon industry may become a key future
driver of mangrove deterioration in Africa®.

Madagascar (map inset 5, Figure 3.8)

Prior to 1975, Madagascar had lost little of its
mangroves and it continues to have lower rates of
loss than many countries. However between 1975
and 200g, it lost 7% of its mangrove cover, and there
has continued to be a decrease in cover (Figure 3.5).
The main causes have been conversion for
agriculture (accounting for about one third of the
loss) particularly rice cultivation, and logging. More
recently, conversion to shrimp farming has been a
driver of loss, particularly in the northwest of the
country°.
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Figure 3.5 Mangrove losses in Madagascar between 1975 - 2010. Source: Giri et al.®®



South-West Africa - Nigeria, Cameroon,
Equatorial Guinea and Gabon (map inset 6,
Figure 3.8)

There has been extensive damage to mangroves in
the Niger Delta and adjacent areas in Nigeria from
oil pollution®, over-exploitation, and urban and
agricultural expansion®'. The upstream part of the
Cross River estuary has been similarly affected>.
Cameroon lost 18% of its mangroves between 2000
and 2010, with deforestation reaching over 90%

in some areas around Douala and Bonaberi, with
the main causes being coastal development and
urbanisation, and overexploitation®. The rate of
loss in Equatorial Guinea has been less, but the
1990s discovery of oil and gas and the subsequent
development of these industries has caused damage
to the mangroves>'. Gabon has lost 19% over the
same period®.

Degraded mangrove area in Kenya.

North-West Africa - Senegal, Gambia, Guinea
Bissau, Guinea (map inset 7, Figure 3.8)

All these countries show significant rates of
mangrove loss in the upstream parts of the rivers,
largely due to overexploitation and conversion to
agriculture and other uses*, and to sedimentation
and hydrological changes. This region of Africa has
marked hotspots of mangrove damage notably in
Senegal and Guinea Bissau.
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Figure 3.7
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LOSS OF ECOSYSTEM SERVICES

Many of the services provided by healthy intact
mangroves are not marketable goods and this
means that they are often undervalued in market-
based cost benefit analyses>*. The discrepancy
between their value as intact systems and their
value after destruction is one of the greatest for all
natural ecosystems=.

Loss of the ecosystem services provided by
mangroves in South-East Asia has been estimated
at more than US$2 billion a year over the period
2000 - 2050 (at 2007 prices)?. Indonesia is predicted
to suffer the highest losses (US$ 1.7 billion per year),
with Malaysia suffering the second highest losses
(US$ 279 million per year)+. These losses are likely
to impact on human well-being, and are reflected
in poor health, impoverished livelihoods, reduced
incomes, declining human security, greater gender
inequality and overall a poorer quality of life for
coastal populations and ultimately mangrove
nations as a whole (Figure 3.9).

A canoe built from mangrove wood in Gazi Bay, Kenya.

Degradation of mangroves may have direct
implications for the health of communities
dependent on them. Loss of the waste water
filtration services of mangroves will increase the
risk of contamination, eutrophication and algal
blooms; and overexploitation will reduce sources
of food and medicines. Coastal communities who
depend on mangroves for subsistence will find they
have less nutritious and diverse food and a reduced
protein intake, and will have greater potential
exposure to waterborne toxins, pesticides and

poor quality drinking water. Loss of mangroves
will result in decline in mangrove dependent
fisheries on which many populations depend as a
source of protein; species on which the fisheries
depend may disappear entirely or move away with
the consequent collapse and abandonment of
local fisheries. Women may be disproportionately
affected as they tend to be the primary collectors
of mangrove resources such as shells, clams and
fuelwood to support their household incomes+.
Once a mangrove ecosystem is lost or damaged,
recruitment of fish and shell fish populations will
be hampered, and recovery will be slow, if it occurs
atall.

Loss of mangrove resources will also result in less
secure livelihoods and reduced incomes. Impacts
on the fuelwood?, fishing>°, and tourism services
provided by mangroves will affect subsistence
livelihoods directly, but also employment and

cash economies. Prices for products will increase
and employment opportunities decline. There
may be reduced availability of materials for house
and boat construction, with the need to purchase
alternative materials which may not only be less
suitable but will make further financial claims on
poor households. Fishing may be feasible only for
those with boats that can travel further afield, or for
fishermen who can afford the fuel®.



Given that mangroves are mainly in developing
countries, with many rural poor dependent on natural
resources for survival, a reduction in household
incomes has many consequences, including inability
to pay for children’s education, medicine, clothes
and other materials, and increased debt. Ultimately
this may result in communities being forced into
unsustainable forms of income generation where
these are available such as intensive aquaculture,
bio-fuel plantations or logging. These unsustainable
industries in themselves further reduce livelihood
options. For example, once unsustainable
aquaculture operations close, the unintended
environmental consequences of toxicity, increased
salinity, and changes in hydrological regimes and
sedimentation mean that the soil is no longer
suitable for agriculture?757. Thus, once these
industries collapse, people will be forced to move
away from their homes or emigrate to the cities.

Degradation of mangroves affects human security
at both local and national levels. Loss of mangroves
increases the vulnerability of coastal communities
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to storms, coastal erosion and sea level rise, and
may result in the loss of land®®. Mangroves provide
a diversity of options for livelihood generation
which provides a safety net; for example, income
from tourism or from sale of honey and handicrafts
can make up losses if prices of fuel wood decline.
Once these supplementary sources of income and
diversity of livelihood options for when primary
income generation sources are low for seasonal

or other reasons disappear, the resilience of
populations to broader economic fluctuations will
be much reduced=.

Lastly, for many communities mangroves provide

a key aspect of their social identity and cohesion,
through traditional respect for the forest, associated
religious and spiritual beliefs, and the community
co-operation that is required to use the resources
appropriately. Loss of the mangroves may
contribute to fragmentation of community life, a
decline in good social relations and sense of identity
and potential increase in social disparity, inequality,
and isolation.
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Figure 3.9 The impact of diminishing ecosystem services derived from mangroves to human well-being.
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FURTHER RESOURCES FOR POLICY MAKERS

Food and Agricultural Organisation (FAO)
(fao.org/forestry/mangrove) - provides the latest
national-level assessments of forestry statistics
including mangroves.

Global Mangrove Watch (eorc.jaxa.jp/ALOS/
en/kyoto/mangrovewatch.htm) - The Japan
Aerospace Exploration Agency (JAXA) Global
Mangrove Watch, is creating revised baseline
maps of mangrove extent and undertaking routine
monitoring of mangroves using the latest ALOS-2
satellite data.

The IUCN Red List of Threatened Species
(iucnredlist.org) — Assess the conservation status of
species to highlight taxa threatened with extinction.
Their website can be used to identify the species at
risk in a particular location or habitat, or to provide
taxonomic, conservation status and distribution
information on plants and animals.

Ocean data viewer (data.unep-wcmc.org) —
Provides an overview and access to a range of coastal
data which are available to help inform decisions on
the conservation of marine and coastal biodiversity,
including datasets on the global coverage of
mangroves.
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Chapter 4

Reversing the Trends -
Conservation and Management

of Mangroves

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

KEY MESSAGES

integrated spatial (development) planning;

biodiversity and ecosystem services;

and restoration planning;

1 Wider planning regimes are needed that acknowledge the true complexity of marine and coastal
ecosystems and incorporate them into a network of protected areas;

2 Sustainable mangrove forestry and aquaculture practices can reduce pressure on mangroves and
provide a steady income for local communities;

3 Coastal resilience to climate change can be increased by ensuring mangroves are an integral part of

4 The high greenhouse gas emissions resulting from mangrove loss demonstrates the need for
inclusion of mangroves in climate change mitigation and adaptation strategies;

5 Mangrove restoration offers the possibility to reverse patterns of mangrove decline and rebuild lost

6 It isvital that beneficiaries of mangrove services are integrally involved in mangrove management

7 Appropriate and more specific national laws, regulations and policies that are enacted and
enforced are key to improved mangrove management;

8 Successful mangrove management interventions need to be backed up by the right economic
settings and incentives, including payments for ecosystem services and incentives to reduce
emissions from deforestation and forest degradation (REDD+).

This report has presented evidence for the value

and importance of mangroves in providing essential
goods and services to people and in supporting their
well-being. There is now an urgent need to turn
this knowledge into action, ensuring that remaining
mangrove habitats are sustainably managed and
protected for the benefit of future generations.

The current trends of mangrove loss can be rapidly
slowed with the establishment of good management
practices, legislation and clear frameworks for
ownership and use'. The right economic settings
and incentives for improved management and
conservation will only be created if the true value of
mangroves is recognised.

In addition, critical ‘enabling conditions’ must

be established. These should include a clear and
accepted understanding of ownership, property
rights, access and use rights and a solid legal
infrastructure with clearly defined roles for the
various authorities involved that supports and
incorporates mangrove management strategies
into a wider planning and policy framework.

For mangrove management to tackle the diverse
drivers of loss, appropriate strategies should be
incorporated into wider planning and policy
frameworks involving all relevant agencies and
stakeholders across the linked ecosystems. A clear
decision and management structure involving all
stakeholders needs to be established to reconcile
the different services and use of mangroves. Local or
customary tenure rights should be a key element in
management planning'.



Given that mangrove ecosystems play a large

role in climate regulation, food security and
poverty reduction, strategies and actions for
their conservation and sustainable use must be
integrated within broader development planning
frameworks. These frameworks include national
development and poverty reduction strategies,
fisheries and forestry action plans, as well as
pre-emptive policies such as natural disaster risk
reduction management plans and climate change
adaptation strategies.

Governments must recognise the strong link
between mangrove ecosystem degradation and
persistence of poverty in many rural coastal
communities. Sustainable management and
restoration of mangrove ecosystems is an achievable

and cost effective mechanism that can contribute,
in many countries, to meeting the Millennium
Development Goal to eradicate extreme poverty and
hunger (MDG 1)' as well as the post 2015 Sustainable
Development Goals (SDGs) agenda. Coordinated
action on mangroves needs to be ensured within
the international policy agenda as well as under

the different biodiversity, wetlands, sustainable
development and climate change agreements. This
could be achieved through the establishment of a
global mangrove commission, similar to the World
Commission on Protected Areas (WCPA) and the
World Commission on Dams.

The following sections highlight some management
tools that can be utilised to secure the long-term
future of mangroves.

INTEGRATED WATERSHED AND COASTAL ZONE

MANAGEMENT

The ecological interconnectivity between
mangroves and adjacent environments, such as
coral reefs, must be a fundamental consideration
in management regimes. Integrated Watershed
and Coastal Zone Management, often referred

to as Ecosystem Based Management (EBM),
recognises these links and integrates and manages

PROTECTED AREAS

The establishment of protected areas is an important
policy tool for the global protection and recovery of
habitats and species® and can be used to prevent
further mangrove loss and degradation. Networks
or systems of protected areas should help to build
resilience and support recovery from high impact
events such as tropical cyclones3. Some 2,260
nationally designated and 285 internationally
recognised sites worldwide contain about 41% of the
world’s remaining mangroves. In contrast, a smaller
proportion of adjacent ecosystems is protected; for
example, only 27% of the planet’s coral reefs lie within
protected areas*. The effectiveness of mangrove
protection within protected areas, however, is
highly variable, with many poorly designed or
lacking enforcement, and thus fails to prevent
mangrove loss and degradations. In the Philippines
for example, mangrove decline continued in
protected areas at an annual rate of 0.5% between
1990 and 2010, similar to the national loss rate®.

them across all sectors and stakeholders. It
promotes coordination and clear distribution of
responsibilities among the various authorities
responsible for mangrove management. It can be
achieved by establishing action or management
plans that cover the entire country and/or coastal
zone.

Some of the mangrove rich regions and countries
such as Indonesia, Myanmar, Nigeria, Fiji, Papua
New Guinea and much of Africa (Figure 4.1 and 4.2)
still have a very low proportion of their mangroves
protected. In contrast, in other countries such as
Australia, all mangroves are protected by law
although just over a third lie within protected areas.

To be effective, a protected area system needs

to protect a range of mangrove habitats and

species to capture different community types

and ensure there is connectivity between coastal
ecosystems3. Mangrove forests with abundant
mature trees should be protected as sources of
seeds and propagules for colonising new areas and
repopulating damaged areas’. Finally, protected
areas, and the mangroves they contain, must be
part of wider planning regimes, with sound fisheries
management and controls on human activities such
as industrial development beyond their boundaries.
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Figure 4.1 Proportion of remaining mangroves protected in different regions. The percentage of mangroves
within protected areas is shown above each bar. Source: USGS Global Distribution of Mangroves (2011).
Protected area data: World Database of Protected Areas (WDPA), not including MAB sites. Accessed

January 2014
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Figure 4.2 Proportion of remaining mangroves in the ten largest mangrove nations. The percentage of

mangroves within protected areas is shown above each bar. Source: USGS Global Distribution of Mangroves
(2011). Protected area data: World Database of Protected Areas (WDPA), not including MAB sites. Accessed

January 2014
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SUSTAINABLE MANGROVE USE

Reducing mangrove conversion and degradation

in areas where people are highly dependent on
mangroves for their income requires sustainable
use of this resource and often the development

of alternative livelihoods (through investments,
creating incentives and providing training).
Mangroves in different areas will present different
opportunities, such as silviculture and aquaculture,
honey production, craft activities, oyster harvesting,
channel based fisheries or ecotourism.

Sustainable aquaculture and fisheries

Conversion of mangroves to aquaculture continues
to be one of the principal drivers of mangrove loss.
However, there are a number of ways to decrease
the negative impact of this activity and use it
instead to promote the sustainable use of mangrove
ecosystems.

These include regulating the spacing and density
of ponds, introducing closed water systems where
water is recycled through a series of reservoirs,
encouraging farming of native herbivorous fish
species, managing effluents and regulating
chemical inputs®®. Aquaculture in intertidal areas
should either be managed so that the ecological
functions of mangroves are maintained?®, or should
be undertaken in such a way that it has no impact
on the surrounding environment. Silvofisheries,
where mangrove tree cultivation is integrated with
brackish water aquaculture, is one model of this
approach?. Mangroves can function as biofilters for
pond effluents, as long as stocking density within
the ponds is low, and mangroves planted or left to
grow inside ponds can provide shading and food
for shrimps and fish?. In the Indonesian tambak
silvofishery system for example, the mangrove
ecosystem provides nutrition for fish and shrimp,
reduces vulnerability to strong winds and tidal
floods, sustains biodiversity, may provide fuel wood
and, if conditions are appropriate, the ponds may
return to mangrove forest at the end of their use®.

Oyster farming in Thailand

Kayaking in the mangroves.

Numerous types of small scale mangrove
aquaculture have been practiced for centuries in
various parts of the world that have little adverse
impact on mangroves. In some South-East Asian
countries, molluscs, seaweeds and fish are grown
in mangrove waterways on racks and in cages®.
Such income-generating activities are suitable for
small-scale, family-based operations and do not
require clearing of trees or cutting of channels”. In
the Maduganga estuary in Sri Lanka for example,
red tilapia and sea bass cage culture projects

have provided a source of extra income with low
operational and environmental costs". However,
even the more ‘natural’ types of ponds (in the case
of aquaculture) and small scale channel-based
operations may alter mangrove hydrology and
ecosystem functions if care is not taken®.

Ron Schaasberg
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Case Study 6: Is the 100-year old mangrove timber industry at Matang (Malaysia)
still sustainable?

Location: Matang, State of Perak, Malaysia

The Matang Mangrove forest reserve in Malaysia
has been managed for over a century and is
considered a model of sustainable forest resource
use and wood production*%. The reserve
encompasses the largest area of mangroves in
Peninsular Malaysia, covering about 500 square
kilometres’, and is home to 156 species of birds,
114 species of fish and 48 species of crab%. Bats, Charcoal production in the vicinity of Matang

squirrels and monkeys, such as the Silvered Mangrove Forest Reserve: a charcoal factory
located adjacent to the mangrove forest

Behara Satyanarayana

Langur and long-tailed Macaque, live in the
canopy*. Management involves a 30-year rotation cycle with thinning of the mangrove trees at 15
and 20 years®”3%. The forest is also harvested for timber for poles and fuelwood. Following clear felling
of a 30 year-old block, the area is replanted with Rhizophora spp. The forest authorities monitor the
reserve and use the data to revise and improve management as necessary.

For example, recent research has suggested that increased spacing of saplings during replanting
would reduce the waste of seedlings and facilitate better growth3-#. The success of the scheme can be
directly attributed to the commitment of the government, ongoing research and monitoring, regular
revisions of the management plan and good relations between government, business and the local
community?.

The management plan regulates activities in the mangroves, such as fishing and forestry, and

only non-destructive practices are permitted. These include fish cage and cockle farming which
are an important source of income for coastal communities®®+. The portion of forest not used for
silviculture is protected and acts as a buffer zone which is used for erosion mitigation, research and
education, local community’s needs and for the maintenance of biodiversity3°.

Key findings:

@ When well managed, mangroves can ensure sustainable yields of timber which have a
relatively high economic return, as well as supporting non-destructive practices which can
provide an income for people who utilise mangrove resources;

® Ongoing research can be used to support adaptive mangrove management policies.

Sustainable silviculture

With suitable forestry practices, mangroves can
provide a sustainable harvest for timber, woodchips,
charcoal, fuelwood and poles (see Case Study 6)s.
Mangrove wood from well managed silviculture
systems can have a high commercial value and
provide secure long-term employment and income".
There are a range of planting and harvesting
practices which can be adopted, according to

local mangrove conditions, as each mangrove

area is unique, with different species, soils and
hydrological conditions.



ADAPTATION TO CLIMATE CHANGE

Climate change will have a range of impacts on
mangroves. In order to be successful, conservation
strategies will need to address these and be able to
adapt to future climate changes. The resilience of
mangroves to climate change will be enhanced if
the ecosystem is healthy, net sediment accretion
rates are positive and there is space for the trees to
establish themselves inland. People living in and
around mangroves can increase mangrove resilience
by reducing stressors to mangroves, such as
development, exploitation and pollutions. Coastal
planners and managers should proactively plan and
accommodate for potential landward migration of
mangroves under different sea-level rise projections.

Overall coastal resilience will be increased if mangroves
are considered as an integral part of integrated spatial
(development) planning. The use of mangroves as
natural defenses (also known as bioshields or green
belts) needs to be considered to provide protection
from erosion and extreme weather. In this regard,
the protection and use of particular mangrove
communities that have demonstrated resilience to
climate stressors and/or are naturally positioned to
survive global threats should be given preference™.

Such natural coastal defenses (or building with
nature solutions) are often already existing or
cheaper to establish than engineered defense
solutions, provide additional benefits such as food,
timber and carbon storage, and potentially become

RESTORATION OPTIONS

Mangrove restoration is one important strategy for
reversing mangrove decline and rebuilding the
ecosystem services lost due to deforestation and
degradation (Figure 4.3). As demonstrated in many
countries, it also provides potential benefits to
coastal communities. Certain aspects of ecosystem
structure and function, such as benthic organism
diversity and abundance, can show a remarkable
recovery in restored mangroves'® and restored
mangroves can also make an important
contribution to fish production?.

Mangrove restoration has usually been in the form
of planting single or only a few species, and has
been predominantly for silvicultural purposes®.
However, more recently replanting has been
undertaken in order to try and re-create ecosystem

stronger over time (see Case Study 7). Consideration
can also be given to the use of mangroves alongside
built infrastructure as “hybrid engineering” where
protection from mangroves alone may not suffice.

The resilience of coasts can be further enhanced

by restoring degraded or lost mangroves, thereby
increasing the sediment stability and net sediment
accretion rates, reducing vulnerability to sea-level rise.
Net sediment accretion in mangroves can be further
maintained by removing or redesigning coastal
structures that interrupt longshore drift; ensuring
that the design and operation of river dams maintain
sediment supply; prohibiting sediment removal and
dredging in areas that are a source of sediment to
mangrove areas; and reducing and controlling boat
wakes close to mangrove areas and margins?.

The key role of mangrove ecosystem management
and restoration approaches in national climate
change mitigation strategies is increasingly being
recognised. Preventing carbon emissions that result
from the removal of mangrove ecosystems, or so
called ‘avoided loss) can potentially become a major
climate change mitigation strategy and opportunity
for carbon financing. National Appropriate
Mitigation Actions (NAMAs) need to be pursued

as an opportunity for developing countries to
include avoided land-use change, conservation and
restoration activities in mangrove (and associated)
ecosystems into their national mitigation efforts.

function”. The Indian Ocean region in particular
saw the rapid expansion of government and NGO-
funded mangrove planting after the 2004 Indian
Ocean tsunami to maximise the coastal protection
function provided by mangroves®.

However, large-scale, low-diversity planting projects
may have mixed success, despite large investments=.
A multitude of causes can contribute to the low
success of some plantations, ranging from the biological
(pest infestations, herbivory®), to the physical (planting
in physically unsuitable locations in terms of tidal
inundation, hydrodynamics and/or hydrology>)
and socioeconomic (land tenure, inadequate
legislation, poor community participation?). Therefore,
it is crucial to carefully consider the setting and
conditions of a site before commencing restoration.



In addition to planting, knowledge of physical site preparation. For example, the hydrology and
and ecological processes is being incorporated to topography of a site can be restored to allow selected
increase restoration success. One such approach mangrove species to establish and grow*+.

is Ecological Mangrove Restoration (EMR), a
community-based restoration practice that uses
several physical and ecological principles to support
natural recolonisation®. This approach shifts the
emphasis from seedling planting to prior physical

Restoration practices should be closely monitored
in order to identify problems early and to be able to
take corrective actions where necessary, as well as
to gauge the success of the approach and methods
used so they can be replicated elsewhere.

Five key principles of successful mangrove restoration (after Lewis et al.*")

# Understand the individual species ecology at a potential restoration site, particularly
patterns of reproduction, dispersal and seedling establishment;

# Understand normal hydrological patterns controlling seedling establishment and
successful growth of mangrove species;

@ Assess current environmental obstacles and modifications of the original mangrove
habitat that currently prevent establishment and succession;

# Design a restoration program to restore appropriate hydrology and address conditions
preventing natural colonisation of mangrove propagules and plant establishment;

@ Only plant propagules or seedlings after steps 1-4 have been taken and if natural
recruitment is not sufficient to provide the quantity of successfully established seedlings,
the soil stabilisation or rate of growth necessary for the project.

Natural mangroves
Support high biodiversity
and provide essential goods
and services to people

Ecological functions
and ecosystem
services are lost

uonejsaloeq

Understand the
drivers of loss,
community involvement,

identification of suitable
species and sites,
restoration of the
hydrology of the area

Biodiversity increases,
recovery of ecological functions
and ecosystem services
continues

Low biodiversity and
high vulnerability of mangrove
stands to external stressors.

Recovery of ecological functions
and services is initiated

Figure 4.3 Schematic recovery pathway of mangrove restoration. Arrows indicate transitions; boxes indicate
intermediate steps and outcomes. Adopted from Bosire et al.?®
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Case Study 7 - Using ecological knowledge about mangroves to prevent coastal
erosion

Location: Timbul Sloko village, Central Java, Indonesia

A common response to coastal erosion in the
tropics is to construct hard engineered structures
such as breakwaters. Such structures, however,
limit sediment input and deflect waves away
rather than dissipating them, further aggravating
erosion®. In order to stop the erosion process
and regain a stable coastline the loss of sediment
must be reversed. The best way to do this is by
‘building with nature’ instead of fighting it, using
engineering techniques that work with natural

Femke Tonneijck

processes.

Permeable dams placed to dissipate waves
and capture sediments so that mangroves can
re-establish themselves and provide erosion
protection.

In Central Java, where the coastline retreated
hundreds of meters in a decade, Wetlands
International, Deltares and the Indonesian
government, with support from local
communities and other NGOs, placed wooden permeable dams that mimic the function of
mangroves by trapping sediment and dissipating waves (Figure 4.4). Once the sediment is
sufficiently stable and enough elevation is gained, mangroves will naturally recolonise and once
again help protect the coastline against wind and waves, storm surges and surface elevation changes.
In the Netherlands, this approach has been applied with salt marshes for over a century and the
governments of Indonesia and Vietnam are now testing it for mangrove-mud coastlines®.

Key findings

@ Conventional engineering aggravates erosion in muddy substrates, by blocking sediment
input and reflecting waves rather than dissipating them;

@ Building with Nature solutions are often cheaper than conventional solutions, provide
additional benefits like food, timber and carbon and they become stronger over time;

@ Restoration of the sediment balance is key to the success of mangrove restoration and
often enables natural establishment of mangroves so that planting may not be necessary;

@ Local involvement and ownership
is crucial for success, as well as
development of new sustainable land
models that benefit from and sustain

ma ng roves. Mangroves 28
Recovery cycle and advance recolonise "
of permeable structure sediment

Figure 4.4 The permeable structures trap . 'A m‘
sediment after which mangroves can

recolonise. New permeable structures can Permeable
be placed at the seaward edge to reclaim strueture
eroded land. lllustration by JAM Visual
Thinking.




INVOLVEMENT OF MANGROVE BENEFICIARIES

Involving local communities and indigenous groups, are included in management planning to
people, as well as the relevant economic sectors avoid approaches which are detrimental to those
(aquaculture, fisheries, forestry, agriculture, who rely most heavily on mangrove resources.
industry, transportation, tourism) that benefit Both restoration projects and protected areas

from mangroves is critical to the success of have a much greater chance of success if they are
mangrove conservation and restoration projects. planned, designed and managed locally. Involving
Local involvement, profit sharing, or payments communities can provide them with a range

for ecosystem services can all improve the of benefits such as access to carbon financing
successful management and long-term viability schemes, eco-tourism revenue and sustainable sale
of interventions (see Case Study 8). Alternative of commercially valuable timber and non-timber
livelihood opportunities are needed to replace products. Many indigenous coastal communities
unsustainable practices and to help foster positive have traditional rights to mangroves and depend
attitudes towards mangrove conservation among on them for subsistence. If traditional customary
local communities. Since people depend on rules and regulations regarding mangrove resource
mangroves in different ways and have different use that are not recognised by the governing state,
rights of access®®?, it is important that all tension can build between authorities and local
stakeholders, including women and marginalised communities?®3,

Case Study 8 - Local fishermen preserving mangrove fisheries in Madagascar

Location: Belo-sur-mer, Madagascar

In 2011, fishermen in the Belo-sur-mer commune
established a system of temporary reserves

in their mangroves to allow crabs and fish to
reproduce#. By 2014, 16 temporary mangrove
fishery closures from three to seven months had
been set up in ten different villages around Belo-
sur-mer. Increasing fishing pressure accompanied
by destructive fishing techniques have had
significant consequences on the fish stocks in
western Madagascar’s mangrove forests. Better
management is essential as the traditional fish
and crab fisheries are critical for local livelihoods.
To protect the fisheries for future generations, the different community groups have also agreed

to close 8 fishing sites totalling around 500 hectares on a 60 km coastal stretch. This pilot project
may be replicated in other communities along Madagascar’s southwest coast where all types of sea
life are affected. Villagers respect the fishing closure because they themselves decided to adopt the
system jointly after the consultation meetings. Violations to closures and use of destructive fishing
techniques are subject to fines under local laws. If adopted over the long term, the system will help
to protect the coastal waters. Local fishermen should be able to negotiate better prices from buyers
when the reserve re-opens.

Brian Jones / Blue ventures

Fishermen proudly showing their catch on the
Belo-sur-mer reserve opening day.

Key findings:

@ The involvement and empowerment of local communities in mangrove conservation
efforts is critical to long term success;

@ Community-based mangrove conservation efforts are more successful when the
(economic) benefits to local livelihoods are made clear.




Case Study 9: Protection efforts and status of mangroves in Myanmar

Location: Myanmar

Myanmar is the largest country in
mainland South-East Asia, with a coastline
of almost 3,000 sq km. In 2007 it held an
estimated 437,000 hectares of mangrove
ecosystems®. Although much of the

coast in the north and south is largely
undeveloped, in many places mangroves
are disappearing and facing serious
threats. In the Ayeyarwady Delta, high
human population pressure has led to

the loss of over 64% of mangrove cover
over the past 35 years, more than 80% Pristine but unprotected mangrove stands in Tanintharyi,
of which is attributed to agricultural Southern Myanmar.

expansion in the form of rice paddies

(figure 5.3)%. In protected areas such as the Meinmahla Kyun Wildlife Sanctuary, satellite imagery
indicates that mangrove ecosystems are not being depleted+°, but work on the ground suggests that
they are suffering from precipitous degradation and rarely reach maturity#. In other regions (such as
Rakhine) an additional threat is posed by shrimp farming. Finally, rapid industrial development of
coastal areas following a model of reclamation and/or construction of Deep Sea Ports for container
shipping and adjacent industrial development is forecast*®. The underlying factors leading to
mangrove deforestation will become even more pronounced as Myanmar opens its doors to increased
foreign investment in agricultural and development sectors*; such increased pressure may have dire
consequences on coastal mangrove ecosystems.

Christoph Zockler

The mangroves in Myanmar are home to

a range of globally threatened species,
such as the Fishing Cat, Lesser Adjutant
Stork, Mangrove Pitta and Brownwinged
Kingfisher. In some areas these and other
characteristic mangrove species are still
abundant, highlighting the integrity of
some mangrove ecosystems and associated
ecosystem services# 4. Mangrove systems
must be considered as an ecological

unit which includes intertidal sand and
mudflats, and the entirety of the mangrove
intertidal system should be protected.

The Nargis storm in 2008 highlighted the
need to emphasise the critical ecosystem
services of high quality mangroves, mainly in protecting coastal communities from storm surges,
storing carbon and providing vital fish, crab and shellfish nurseries.

Christoph Zockler

A total of 13,000 hectares of mangrove have been
restored in the Ayeyarwady Delta.

Restoration efforts have been taking place in the Ayeyarwady Delta since the 1980s and recent
restoration activities involving local Forest User Groups (FUGs) pointed the way towards successful
government-NGO collaborations to curb further mangrove degradation®. There is an urgent need
to safeguard the remaining pristine mangrove forests of Myanmar. A priority task should be to
expand the existing Protected Area network and include key sites in the mangrove ecosystem.




Strengthening the legislative framework for Protected Area management will enhance law
enforcement as well as providing incentives for restoration of degraded mangrove areas, thereby
increasing mangrove protection®. Developing community-based Protected Area and forest
management within the framework of the Man and Biosphere programme would cater for most of
the management options that also involve local communities, and could create a vital platform for the
long term protection and restoration of mangroves along the Myanmar coast.
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Figure 4.5 Map showing mangrove land cover in Mangrove losses in the Ayeyarwady Delta
the Ayeyarwady Delta, Myanmar, in 1978 (purple), from 1978 to 2011. Data from Webb et al.*

1989 (red), 2000 (yellow) and 2011 (green). The large
island that has remained completely forested is the
Meinmahla Kyun Wildlife Sanctuary.

Key findings:

@ Mangroves in Myanmar are disappearing at an alarming rate, especially in the Ayeyarwady
Delta and in the Rakhine region in the North;

@ Protection of the remaining swathes of mature and largely undisturbed mangroves,
mainly in Rakhine and Tanintharyi region is high priority and should be given equal
consideration as mangrove restoration;

@ The number of mangrove protected areas needs to increase and law enforcement
strengthened;

@ Community based resource and protected area management are crucial pre-requisites for
successful mangrove protection and restoration schemes.




NATIONAL POLICIES AND MULTILATERAL ENVIRONMENTAL
AGREEMENTS RELATING TO MANGROVES

The considerable variation in mangrove loss that
has occurred between countries can often be linked
to the different primary laws and regulations that
govern land use and mangrove management and

to the variable extent to which national policies,
legislation and management strategies are
implemented and enforced'. Some countries have
no regulations pertaining to mangroves; a number
of (mostly small) countries have regulations that
specifically prohibit damage to mangroves; while
in other countries, mangrove use and protection

is included in a multitude of different regulations.
The sector(s) under which mangroves are regulated
also vary and depending on the country, may be
managed by agencies responsible for the land,
coastal zones, forestry, fisheries or tourism. In
many countries, national legislation and policies
need to be reviewed and revised to ensure that
mangroves are appropriately covered. There are
many examples of policies, subsidies or incentives
that, in implementation, contribute to mangrove
loss and conversion. These include the low-cost sale
of mangrove areas for development purposes, tax
breaks for the establishment of new aquaculture
operations and subsidies for shrimp farmers.

These need to be removed or counterbalanced

by introducing positive incentives for restoration
and maintenance, as well as legislation which
encourages more sustainable low-impact
aquaculture, including rehabilitation of abandoned
shrimp ponds. Since any policy or law is only as
effective as its enforcement, greater effort and
resources should be expended on implementation
in many countries.

At the international level, well-established
conventions and treaties relevant to mangrove
conservation provide a common approach

to environmental policy issues and offer an
opportunity to strengthen management (Table
4.1). The designation of sites under the Ramsar

Convention and through the UNESCO World
Heritage Convention and the Man and Biosphere
Programme offers considerable prestige and comes
with some degree of support and collaboration.
International designation of a site also means it
receives closer scrutiny and greater pressure for
wise management. However, in some cases, such
international instruments may not be useful if
they are not implemented by a country, and if

the treaties themselves have inadequate penalties
for noncompliance. The Regional Seas (RS)
programmes, through their Conventions and Action
Plans, provide a (sometimes legal) platform through
which environmental challenges are addressed

by engaging governments and institutions of a
particular region. The West Africa RS programme
(Abidjan Convention), is developing specific legally
binding protocols on mangrove management as

an adjunct to their regional convention. Some

RS programmes such as the RS programme for

East Africa (Nairobi Convention) are developing
protocols on integrated coastal zone management
that cover the protection and management of
mangroves and other coastal ecosystems. Other

RS programmes are urged to consider developing
similar protocols.

Mangrove crab climbing a branch of a mangrove
tree.

Microstock Man / Shutterstock.com



Table 4.1 International Agreements, Conventions and Programmes relevant to mangroves

CPS: Contracting parties as per January 2014 (unless indicated otherwise). Yr: Year of entry into force

GLOBAL

Convention on Biological
Diversity

www.cbd.int

CPS: 193
Yr: 1993

Convention on
Biological Diversity

The Convention on Biological Diversity obliges signatory nations to
ensure the conservation of biological diversity, the sustainable use

of its components, and the fair and equitable sharing of the benefits
from the use of genetic resources. Mangroves are addressed through
the Marine and Coastal Biodiversity Programme and the Forest
Biodiversity Programme. Contracting parties are required to create and
enforce National Biodiversity Strategies and Action Plans (NBSAPs) to
conserve biological diversity and undertake actions to implement the
thematic work programmes and to ensure this work is mainstreamed
into the planning activities in all sectors which have an impact on
biodiversity.

Convention on the
International Trade of
Endangered Species (CITES)

www.cites.org

CPS: 179
Yr: 1975

CITES is an international agreement between governments. Its aim

is to ensure that international trade in specimens of wild animals and
plants - including mangrove-associated species - do not threaten their
survival. This also includes the trade of invasive species, which has
been a cause of mangrove degradation in some areas.

Convention on Migratory
Species

www.cms.int

CPS: 119
Yr: 1979

The Convention on Migratory Species is an intergovernmental treaty
that aims to conserve terrestrial, aquatic and avian migratory species
throughout their range. Mangrove forests provide habitats and
breeding grounds for many of the migratory birds and other species
listed in Appendix | and Appendix Il of the convention.

The Sub-Agreement on the conservation of African-Eurasian
Migratory Waterbirds (AEWA), 1999 covers 225 species of birds that
are dependent on wetlands for at least part of the year. Mangroves
are used for breeding and nesting by many of the birds listed in this
Agreement.

Ramsar Convention
www.ramsar.org

CPS: 168
Yr: 1975

The Ramsar convention promotes international cooperation for

the conservation and wise use of wetlands and their resources

and is arguably the most important global treaty for the protection

of mangroves. Under the convention, parties are committed to
designating suitable wetlands as Wetlands of International Importance
(or Ramsar Sites) and managing these effectively, to working towards
wise use of wetlands through national land-use planning, appropriate
policies and legislation and management and to cooperating
internationally over transboundary wetland systems or threats. As of
February 2014, there are a reported 271 Ramsar sites that include
mangroves, designated in 76 countries and territories and covering
nearly 30,000 sq km.




GLOBAL

UNESCO Man and Biosphere
Programme

WWW.unesco.org

CPS: 117
Yr: 1971

The Man and Biosphere Programme aims to develop a framework

for sustainable use and conservation of biological diversity. The
programme promotes interdisciplinary research and capacity building
for natural resource management. The programme establishes
protected areas called biosphere reserves which aim to conserve
biodiversity, promote scientific research and promote sustainable
development in communities. Reserves consist of a core where human
activity is restricted and buffer zones where traditional activities are
permitted. As of February 2014, there are 47 Biosphere reserves which
include mangroves.

UNESCO World Heritage
Convention

whc.unesco.org

CPS: 190 (2012)
Yr: 1977

The World Heritage Convention designates natural or cultural sites
which are considered to be of outstanding universal value. States
are encouraged to identify potential sites, provide reports on the
sites’ condition, integrate the protection of the cultural and natural
heritage into regional planning programmes and undertake scientific
and technical conservation research. As of March 2014, there are
30 designated WHC sites that include mangroves. Designation of a
World Heritage Sites often serves as a catalyst to raising awareness
nationally and internationally for preservation and funding. Sites can
also benefit from training of local site management team to develop
management plans to set out preservation measures and monitoring
mechanisms.

United Nations Framework
Convention on Climate
Change (UNFCCC) and the
Koyoto Protocol

www.unfccc.int
CPS: 179 (UNFCCCQC)
92 (Kyoto Protocol)

Yr: 1975 (UNFCCC)
2005 (Kyoto Protocol)

The Kyoto Protocol sets binding emission reduction targets for
industrialised countries and prompts governments to put in place
legislation and policies to reduce GHG emissions. Deforestation is a
major contributor to these emissions and this Convention is therefore
relevant to mangroves, which store and potentially emit high amounts
of carbon dioxide when lost, as well as playing an important role in
the sequestration of carbon dioxide from the air. Proposals to reduce
emissions from deforestation and forest degradation (REDD+) through
mangrove conservation and restoration activities could provide a
significant contribution to these financing programmes.

REGIONAL
UNEP Regional Seas The UNEP Regional Seas Programme aims to address the degradation
Programme of the world’s oceans and coastal environments, including mangroves,

www.unep.org/regionalseas

CPS: 143
Yr: 1974

Regipnal
m?eas

through the sustainable management and use of the marine and
coastal environment, by engaging neighbouring countries in
comprehensive and specific actions to protect their shared marine
environment. There is an established Regional Action Plan for each
of the 18 Regional Seas Programmes, adapted to the environmental
challenges and the governments and institutions of the region. 11
regions contain mangroves and have the potential to develop specific
action plans/protocols to protect them.




ECONOMIC INCENTIVES

Those who control and manage coastal resources
often do not consider the value of ecosystem
services or the external costs of habitat destruction
when deciding to clear mangroves to produce goods
that can be sold in the marketplace. Recognising
that monetising ecosystem services is extremely
complex, monetary payments for ecosystem
services (or Payments for Ecosystem Services
(PES)) can help to provide economic incentives to
maintain or improve ecosystem service provision
and thus promote sustainable use, protection

and restoration of mangroves and associated
ecosystems (see Case Study 10). In applying PES,
the inherent interconnectedness and open nature
of coastal ecosystems and their services should be
acknowledged and incorporated and the holistic
values provided for people should be recognised.

Fishermen in the Ayeyarwaddy Delta, Myanmar.

Since mangroves are effective carbon sinks, containing
high carbon stocks, and given the high rates of
Greenhouse Gas (GHG) emissions from worldwide
deforestation, there is a growing interest in including
mangroves in climate change mitigation financing
strategies. While there are still uncertainties and
challenges involved in assigning monetary values to
coastal “blue carbon”*3, there is a considerable
potential for mangrove conservation and restoration
through carbon marketing strategies such as “Reduced
Emissions from Deforestation and Degradation -
REDD+” and other financial incentives (e.g. corporate
and private sector) that are derived from the
conservation and restoration of mangroves. REDD+
is a mechanism to mitigate global greenhouse
gasses by financially compensating countries for
avoiding deforestation and degradation.

Christoph Zockler



A first step towards inclusion of mangrove carbon
accounting in national GHG inventories has been
made by the IPCC, who are encouraging member
states to use the “2013 Wetlands Supplement”* to
the IPCC Guidelines. The Supplement provides
guidelines for GHG accounting for wetlands
management (including coastal wetlands) and
further opportunities for adaptation and mitigation.

Other economic incentives that can help establish
mangrove conservation and/or restoration
include the provision of employment and income
generating opportunities such as sustainable
fisheries and prawn cultivation, marketing of
mangrove products (fish, dyes and medicines) and
ecotourism and recreation.

Another approach is the use of microcredit finance
mechanisms. For example, “Bio-rights”, a scheme
advocated by Wetlands International, provides
funding to local communities who may have only
limited access to credit mechanisms3+. In return,

the communities undertake nature conservation
activities such as replanting a degraded mangrove
forest or restoring abandoned shrimp ponds, and
agree to halt activities that damage the environment
such as logging or poaching. If the conservation

effort turns out to be successful in the long term,
the microcredits can be converted into a definitive
payment to the communities. Successful examples
include a mangrove restoration project in Java,
Indonesia aimed at restoring the ecological
functioning of mangroves while improving
livelihoods by developing a sustainable fisheries
system for poor coastal communities and a project
on water bird conservation in the inner Niger Delta
in Mali, aimed at reducing hunting pressure on
migratory water birds while developing alternative
income generating activities for women’s groups
involved in the bird trade.

Finally, funding to support mangrove protection,
management and restoration actions, including
climate adaptation and resilience strategies
could potentially be made available through the
creation of a “global mangrove fund”, supported
by contributions from various donors including
the Global Environment Fund, the World Bank,
the United Nations and governments. A similar
approach, aimed at combating climate change,
is currently being developed through the Green
Climate Fund.

*The 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands (Wetlands Supplement) provides
methodological guidance on Lands with Wet and Drained Soils, and Constructed Wetlands for Wastewater Treatment. The scope of the Wetlands
Supplement is broader than the coverage of Wetlands in the 2006 IPCC Guidelines, where managed wetlands are defined as lands where the water
table is artificially changed (e.g. drained or raised) or those created through human activity (e.g. damming a river) and that do not fall into Forest
Land, Cropland, or Grassland categories. The emissions and removals from wetlands and drained soils addressed in the Wetlands Supplement can
occur under any land-use category or other relevant category of the 2006 IPCC Guidelines.

Christoph Zockler



Case Study 10: Carbon trading for mangrove conservation and community
development - Mikoko Pamoja in Kenya

Location: Gazi Bay, Msambweni, Kenya

The Mikoko Pamoja (MP) project in

Gazi Bay, Kenya, was set up in 2012

and approved in 2013 by the Plan Vivo
Foundation, and is the first community
run project to trade mangrove-derived
carbon certificates on the voluntary
market. Gazi Bay contains 117 hectares of
protected natural and restored mangroves
and additional degraded forest areas are
being replanted. In 2013, Mikoko Pamoja
had a 2,023 tonnes CO2 benefit, which
generated a carbon-trading income of
US$ >12,000 to the Gazi Bay communities
that run the project. Of the income, 17%
was used to pay for independent project
validations, carbon trading costs and
community committee expenses. The rest
(83%) covered community benefits and salaries; of which 26% entered a community benefit fund

to be used for elected community infrastructure and development. Profits are administrated by a
democratically elected community organisation. Plantations of terrestrial Casuarina trees provide
an alternative wood source and income from selling poles. MP was facilitated by environmental and
socio-economic research in Gazi over the preceding 8 years>°. A 3 year community consultation
was challenging, but key for equitable community structures for managing and monitoring MP.

The existing Kenyan legislation for community land tenure is used, although local governors had
limited familiarity with legislation and PES opportunities.
Mikoko Pamoja demonstrates the potential to bring benefits
to local people from trading mangrove ecosystem services.
The project is a demonstrable triple win for community
livelihood improvement, biodiversity conservation and
climate change mitigation. Future projects can include other
mangrove services to minimise vulnerability to fluctuations
in carbon price. The challenge now is to apply the MP model
more widely for the benefit of mangrove conservation and

Hanneke van Lavieren

Carbon trading with mangrove forests and other
Payment for Ecosystem Services schemes offer financial
and livelihood incentives to limit the dependency on
wood extraction.

Hanneke van Lavieren

community development.

Key findings:

@ Government awareness of community-based management instruments and associated in-
country legislation is key to developing PES projects;

@ Researchers and NGOs can provide valuable support to local community project
development through analysis of baseline conditions, restoration efficacy and socio-
economic structures;

@ PES projects need considerable time for community consultation, to gain broad local
engagement and equitable project power structures and exclusion areas.




FURTHER RESOURCES FOR POLICY MAKERS

Blue Carbon Portal (bluecarbonportal.org) -
An online platform which shares experiences
and information on “blue carbon” activities and
initiatives worldwide.

Blue Carbon Initiative (thebluecarboninitiative.
org) - A coordinated, global program focused on
mitigating climate change through the conservation
and restoration of coastal and marine ecosystems
through engaging with stakeholders, developing
methods for carbon assessment and supporting
further research.

Center for International Forestry Research
(cifor.org) - A nonprofit, global facility that
conducts research that enables more informed
and equitable decision making about the use and
management of forests. Mangrove-related projects
include the Sustainable Wetlands Adaptation and
Mitigation Program (SWAMP).

IPCC Wetlands supplement (ipcc-nggip.iges.
orjp/home/wetlands.html) - Provides guidelines
for greenhouse gas accounting for wetlands
management.

Mangroves for the future
(mangrovesforthefuture.org) - A policy-relevant,
people-focused partnership promoting investment
in coastal ecosystems for sustainable development,
sharing knowledge and providing support for
mangrove-related projects.

Mangrove Action Project (mangroveactionproject.
org) - Partners with mangrove forest communities,
grassroots NGOs, researchers and local
governments to conserve and restore mangrove
forests. They are involved in both advocacy and
education and on the ground projects and promote
the EMR methodology for mangrove restoration.

Manual on community-based mangrove
rehabilitation 2012 (static.zsl.org/files/manual-
on-community-based-mangrove-rehabilitation-
content-2695.pdf) - Contains a wealth of expertise
and support for community-based mangrove
rehabilitation, based on the Philippines, but
applicable elsewhere.

Sustainable Development Goals (SDGs)
(sustainabledevelopment.un.org/index.
php?menu=1300) - RIO +20 urged member States
to launch a process to develop a set of SDGs, which
will build upon the Millennium Development
Goals and converge with the post 2015 development
agenda.

UNESCO policy brief: Securing the

future of mangroves (unesdoc.unesco.org/
images/0021/002192/219248e.pdf) - A report on
mangrove management and policies produced by
UNESCO that highlights lessons learnt around the
world.
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Chapter 5

Addressing Knowledge and

Data Gaps

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

KEY MESSAGES

1 There is an urgent need to improve country-level data on mangrove extent, health and ecosystem
service provision to help inform decisions on land use and management;

2 Mangroves need to be monitored to develop a better understanding of, and adaptation to future
changes from climate change and anthropogenic activities;

3 Monitoring mangrove health and distribution is necessary to assess the success of management
interventions including protection and restoration initiatives;

4 Interdisciplinary studies are needed to quantify the ecosystem services provided by mangroves,
including their role in carbon sequestration and coastal risk reduction;

5 Itis important to assess the management effectiveness of different legislation measures and policies
in providing adequate protection for mangroves to help inform and improve management decisions.

Over the last 30 years or more, we have gained a
much better understanding of the functioning and
importance of mangroves, yet there is still much
we do not know. This chapter provides an overview
of some of these key knowledge gaps that need to
be filled in order to improve our understanding

of these unique ecosystems, and ensure their
management and protection is enhanced.

This report highlights that there is sufficient
evidence to justify the protection of remaining
mangrove ecosystems. The lack of data cannot be
used as an excuse for inaction, particularly given the
increase in freely available remote sensing imagery,
ecological models and mangrove management
expertise. Dramatic mangrove losses over the past
decades require urgent action.

TAKING STOCK OF MANGROVE RESOURCES

There is an urgent need to improve country-level
data on mangrove resources. Many countries still
have insufficient information on the extent of their
mangroves, as well as the health and ecosystem
service benefits. This kind of knowledge is also
important to support mangrove inclusion in
Payment for Ecosystem Service (PES) schemes
including climate change mitigation strategies such
as REDD+, which can provide benefits to local
communities and governments, and provide financial
incentives to better manage natural resources.

Baseline data and continued monitoring of

the status of mangroves are important to

assess trends in mangrove cover as well as the
success of management interventions including
protection and restoration initiatives. Informed
decisions based on good data will help improve

our understanding of ecosystem dynamics and
underpins sound, science-based management.
Community involvement in monitoring
programmes has proven to be effective in
supporting data collection whilst providing a sense
of ownership and shared responsibility, increasing
the likelihood of successful and long-term
conservation strategies.

In order to improve the long-term management
effectiveness of mangroves at a national level,
building capacity at both the local and national
level is an imperative, particularly for developing
countries. It is essential that a combination

of technical, legal and financial framework

be developed to strengthen the assessment,
monitoring, management and restoration of
mangroves.




VALUING MANGROVE ECOSYSTEM SERVICES

Quantification of ecosystem services values
including those relating to carbon stock, coastal risk
reduction, biodiversity and fisheries enhancement
can provide information to help to inform better
land use decisions. Markets do not easily capture
the true values of ecosystem services beyond their
direct financial benefits, thus interdisciplinary
studies involving ecologists, social scientists,
economists and engineers are warranted.

Over the past decades, we have gained a much
better understanding of the mangrove ecosystem
and the rich and unique biodiversity it supports.
Nevertheless, further research on the linkages
with adjacent ecosystems as well as the food web
dynamics and species’ roles in regulating and
supporting the functioning of the mangrove system
would provide a better understanding of how to
maintain the health of mangroves, and thereby
their ability to support the delivery of ecosystem
services. Given the dramatic losses of mangroves
and the fact that 16% of the mangrove tree species
are at an elevated threat of global extinction’,
there is a need to understand the implications of
further loss to biodiversity, and develop long-term
strategies to save them from extinction.

To adequately quantify the climate regulation
service of mangroves for example, more information
is needed to support carbon stock and greenhouse
gas emissions values. While studies have quantified

mangrove carbon stocks in several locations, there
remain large gaps in many areas of the world,
especially Africa, South Asia, and South America.

In addition, few measurements have been made

of the carbon stocks of land uses that replace
mangroves, and the associated emissions that

arise from land cover change. Further analysis of
the relationship between carbon, biodiversity and
ecosystem services will help us to understand where
the most valuable hotspots of mangrove habitat are.

Further quantitative data are needed to better
understand when and where mangroves can provide
effective risk reduction against storm surges and
coastal erosion. There is no typical level of protection
provided by mangroves depending instead on a
wide range of factors including mangrove setting,
mangrove status and stand characteristics, all of
which require more detailed investigation.

Further research into the value of mangroves in
providing important ecological services such as
the regulation of water flows and nutrient cycling,
but also biological control, pollination and genetic
resources, are all important for gaining a more
complete picture of the ecosystem service provision
of mangroves. As with many other ecosystems,
there remains much work to be done on assessing
the value of cultural services, including the values
for aesthetic, inspiration and spiritual experience
and heritage value®.

ChameleonsEye / Shutterstock.com



ASSESSING MANAGEMENT EFFECTIVENESS

This report has highlighted that close to half of
the remaining mangroves (41%), are now under
some protection. This is higher than most other
threatened ecosystems but given that mangroves
continue to be lost at a rate 3-5 times that of
tropical forests, it will be important to assess the
management effectiveness of different legislation
measures and policies in providing adequate
protections. It seems likely that many mangrove
areas are under some form of legal protection which
is not adequately enforced.

UNDERSTANDING THE LINK
WITH HUMAN WELL-BEING

Multi-disciplinary research on mangroves,
including socio-economic research, is essential

to understand the impact of these ecosystems on
people’s livelihoods, food security and income
generation. The little evidence that is available is
from studies that responded to the direct impacts
of disasters such as oil spills or significant mangrove
conversion for aquaculture. More rigorous research
will help inform how mangroves support human
well-being and help poverty alleviation. Monetary
valuations often do not satisfactorily capture

the values of ecosystem services for individuals,
especially those services that are hard to quantify,
such as the livelihood dependence, heritage

or spiritual value of a location or the value of
emergency food resources which are used when
there is no alternative available.

Several Multilateral Environmental Agreements
(MEAs) and Conventions including the Convention
on Biological Diversity (CBD) and Ramsar
Convention, commit member countries to set aside
and protect wetland areas including mangroves.
Protected areas that fall under these agreements
will need to be assessed for their management
effectiveness and weaknesses need to be addressed.
A review of existing policy and legal frameworks for
mangroves will help understand existing gaps and
further the development of adequate and holistic
frameworks for their protection.

Mangrove tree crab (Aratus pisonii), Costa Rica.

The impact of mangrove management
interventions on both the mangrove ecosystem
and the dependent coastal communities should be
monitored and success and failure stories should
be widely shared to help stimulate additional effort
to improve mangrove policies, management and
restoration.

Ron Schaasberg



MANGROVE ADAPTATION TO CHANGING CLIMATE

There is significant uncertainty on how changes
in rainfall patterns related to climate change will
combine with sea level rise to affect mangrove
ecosystems and coastal populations. Ongoing
monitoring is therefore crucial to develop a better

understanding of, and adaptation to future changes.

This will also allow for more effective incorporation
of mangroves into coastal spatial planning,
including disaster risk reduction strategies.

Detailed vulnerability and risk assessments for
long term anthropogenic impacts including trends
in loss and degradation and forecasts for future
changes should be an integral part of coastal
management and adaptation strategies. These
assessments need to consider both local and
impacts further upstream. Mangrove vulnerability
assessments can identify aspects of mangrove
areas that are already under stress and allows
identification of specific factors of vulnerability in
each different mangrove area. This will assist in the

process of prioritisation of adaptation actions to
reduce vulnerability and assist managers in making
informed decisions with respect to climate change
adaptation actions, and allocating limited funds in
an effective manner.

In addition, research into the proactive steps that
must be undertaken to ensure the persistence of
mangrove ecosystems, such as restoration, managed
realignment and adaptation, should be a high
priority and the knowledge already accumulated
disseminated widely to help to increase the success,
cost-effectiveness and efficiency of these schemes.
For example, research is needed on approaches to
enhance the rate of mangrove accretion (building
up of soil) to combat projected sea level rise. Active
enhancement of mangrove sediment accretion
rates, such as by use of coastal structures, has been
shown to be successful in mangrove restoration
trials along an eroding coastline in Malaysia4® and
the Mekong Delta in Vietnam?.

Mangrove restoration can support adaptation to climate change.

AsianShow / Shutterstock.com



REMOTE SENSING OF MANGROVES

Mangrove mapping is one of the most challenging
tasks in remote sensing® although new methodologies
combining data from multiple sensors offer the
most promising outcome enabling characterisation
of spatial and vertical structure of mangrove forest
canopies, including identification of species.

One particularly pressing knowledge gap to

the successful conservation and valuation of
mangroves is the accessibility of spatial data

on mangrove coverage, status and a lack of a
systematic methodology to assess long-term trends
of mangrove loss and gain. Despite relatively

long remote sensing archives stretching back

to the 1970s, there is a lack of consistent trends

in mangrove extent, especially at the national
levelo®. Data variability has a number of causes,
including data covering only small time periods,
conflicting definitions of what constitutes a
“mangrove’, poor reporting of secondary estimates,
and the propagation of unconfirmed estimates.

An indication of the accuracy of mangrove maps is
often missing, but needs to be an integral part of

any mapping exercise through adequate, field-based

ground-truthing and validation.

The issue of variability in mangrove loss estimates
has substantial implications for mangrove
conservation. Firstly, it makes it difficult to predict
the future trajectory of mangrove extent, based

on historical baseline spatial data alone (see

figure 5.1). Secondly, the modelling of changes to
ecosystem services, for example carbon emissions
due to mangrove deforestation, is less accurate

if we cannot confidently assess the historical
deforestation rates and conversion outcome.
National-level Payments for Ecosystem Services
(PES) projects such as REDD+ require transparent,
consistent and accurate historical baseline data®,
from which to assess the effectiveness of the
intervention. Current national-level baseline data
on mangrove extent may not fully satisfy these
criteria in many cases’, with potential legal and
financial implications for conservation.

Australia
16000+

14000+
12000
10000+

X
8000+

6000 I I I I I
1880 1906 1932 1958 1984 2010

N
N
N\
30000 — 1—’1\11 ]

1975 1980 1985 1990 1995 2000 2005 2010

Indonesia
46000

42000+

38000+

34000+

Mangrove extent (sq km)

Philippines
5000+
4000+
3000+
20004 \
™~
1000 |
0 | | | | |
1910 1930 1950 1970 1990 2010
Year

Figure 5.1 Variability in trends of mangrove
change over time for Australia, Indonesia and the
Philippines. Trends differ depending on if they are
derived from FAO (grey and orange), academic
(blue), government (green) or all (black) trends.
Adapted from Friess and Webb.



FURTHER RESOURCES FOR POLICY MAKERS

Global Forest Watch (globalforestwatch.org)

- An online tool to monitor and alert people to
global forest loss. It uses satellite technology to
provide free and up-to-date data for governments,
NGOs, companies and the public.

NASA Jet Propulsion Laboratory (www-radar.
jpl.nasa.gov/coastal/) - NASA JPL are undertaking
research to map coastal vegetation, estimate
biomass and productivity using radar, Lidar and
field data.

Marine Habitat Validation Tool (validation.unep-
weme.org) — An online tool which allows users to
update and correct coastal habitat maps to improve
their accuracy, based on satellite imagery, field-
based validations or local knowledge.

Panu Ruangjan / Shutterstock.com



Glossary
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Afforestation:

Anaerobic:

Anthropogenic
impacts:

Biochemical:

Biodiversity:

Biomass:

Carbon
sequestration:

Connectivity:

CO2
equivalent:

Ecosystem:

Ecosystem
based
management
(EBM):

Ecosystem
service:

Endemic
species:

Endemism:

Planting of new forests on lands that historically have not contained forests (IPCC
ARs, 2013).

The absence of oxygen. In the waterlogged soils found in mangroves, air cannot
diffuse through the soil to supply the roots with oxygen for respiration, so plants must
develop specialized adaptations to live in oxygen-poor sediments.

Impacts resulting from human activities (TEEB, 2013).

Chemical processes within and relating to living organisms.

‘Biological diversity’ means the variability among living organisms from all sources
including, inter alia, terrestrial, marine and other aquatic ecosystems and the
ecological complexes of which they are apart; this includes diversity within species,
between species and of ecosystems (Convention on Biological Diversity, 1992).

The total mass of living matter in a given area or volume.

The process of increasing the carbon content of a reservoir or pool other than
the atmosphere (IPCC, 2007).

The extent of connectedness of ecosystems through biochemical, physical and

biological interactions. The connectivity of an ecosystem depends on the ability of
living organisms or non-living matter to move between ecosystems and the frequency
of these transfers.

The concentration of carbon dioxide that would cause the same amount of radiative

forcing as a given mixture of carbon dioxide and other forcing components (IPCC AR5,

2013).

A dynamic complex of plant, animal and micro-organism communities and their
non-living environment interacting as a functional unit (Convention on Biological
Diversity, 1992).

An approach to maintaining or restoring the composition, structure, function, and
delivery of services of natural and modified ecosystems for the goal of achieving
sustainability. It is based on an adaptive, collaboratively developed vision of desired
future conditions that integrates ecological, socioeconomic, and institutional

perspectives, applied within a geographic framework, and defined primarily by natural

ecological boundaries (Millennium Ecosystem Assessment, 2005).

Benefits people obtain from ecosystems. These include provisioning services such
as food and water; regulating services such as regulation of floods, drought, land
degradation, and disease; supporting services such as soil formation and nutrient
cycling; and cultural services such as recreational, spiritual, religious and other
nonmaterial benefits (Millennium ecosystem assessment, 2005).

Any species whose range is restricted to a limited geographical area. (Special
Protection Area (SPA) and Biodiversity Protocol, 1997).

The ecological state of being unique to a particular geographic location, such as a
specific island, habitat type, nation or other defined zone (International Finance
Corporation, 2012).



Integrated
Coastal Zone
Management:

Intertidal:

Migration:

Mitigation:

Overexploitation:
Primary

Productivity:

Propagule:

Reforestation:

Rehabilitation:

Restoration:

Silviculture:

Sustainable use:

Tannin:

Taxon:

A process of governance and consists of the legal and institutional framework
necessary to ensure that development and management plans for coastal zones

are integrated with environmental (including social) goals and are made with the
participation of those affected. The purpose of ICZM is to maximize the benefits
provided by the coastal zone and to minimize the conflicts and harmful effects of
activities upon each other, on resources and on the environment (World Bank, 1996).

The area between high and low tide which in inundated by the sea regularly.

Sustained directional movement by an animal that takes it out of one habitat and into
another (Dingle, 1996). This may be on a small scale between adjacent ecosystems
(such as fish migrating between open water and sheltered mangrove areas) or on a
larger scale where species cross one or more national jurisdictional boundaries (for
example migratory birds which may breed in Russia and winter in mangroves).

Measures which aim to reduce impacts to the point where they have no adverse effects
(Business Biodiversity and Offsets Programme (BBOP), 2012).

Exploitation of (removal of individuals or biomass from) a natural population at a rate
greater than the population is able to match with its own recruitment, thus tending to
drive the population towards extinction (Townsend, Begon & Harper, 2008).

The amount of carbon fixed by the autotrophs (e.g. plants and algae) (IPCC ARs,
2013). This most often occurs through photosynthesis, using sunlight to synthesis
organic compounds.

A vegetative structure that can become detached from a plant and give rise to a new
plant, e.g. a bud, sucker, or spore (Oxford dictionary, 2014). Mangrove propagules
often become fully mature plants before dropping off the parent tree. These are then
dispersed by water until eventually embedding in the shallows.

Planting of forests on lands that have previously contained forests but that have been
converted to some other use (IPCC AR5, 2013).

The return of a degraded ecosystem to an undegraded condition but which may

also be different from its original condition (European Commission EEA, 2013).
Rehabilitation emphasizes the reparation of ecosystem processes, productivity and
services; whereas the goals of restoration also include the re-establishment of the
pre-existing biotic integrity in terms of species composition and community structure
(BBOP, 2012).

The act of returning an ecosystem as close as possible to its original condition or
functional state (Field, 1999).

The process of tending, harvesting and regeneration of forest, often performed for
wood production.

The use of components of biological diversity in a way and at a rate that does not lead
to the long-term decline of biological diversity, thereby maintaining its potential to
meet the needs and aspirations of present and future generations (CBD Article 2,

1992).

A group of chemical compounds found in plants which increase their resistance to
herbivory. They can be used in the leather tanning process for waterproofing and
preserving.

A taxon (plural: taxa), or taxonomic unit, is a unit of any rank (kingdom, phylum,
class, order, family, genus, species) designating an organism or a group of organisms
(Business Biodiversity and Offsets Programme (BBOP), 2012).



References

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

CHAPTER 1

1. Duke, N. C,, Ball, M. C. & Ellison, J. C. Factors Influencing Biodiversity and Distributional Gradients in
Mangroves. Glob. Ecol. Biogeogr. Lett. 7, 27 (1998).

2. Spalding, M., Kainuma, M. & Collins, L. World Atlas of Mangroves. A collaborative project of ITTO, ISME,
FAO, UNEP-WCMC, UNESCO-MAB, UNU-INWEH and TNC. 319 (Earthscan, 2010).

Alongi, D. M. Present state and future of the world’s mangrove forests. Environ. Conserv. 29, 331-349 (2002).
4. Duke, N. C. et al. A world without mangroves? Science 317, 41-2 (2007).

Hutchison, J., Manica, A., Swetnam, R., Balmford, A. & Spalding, M. Predicting global patterns in mangrove
forest biomass. Conserv. Lett. (in Press. 1-8 (2013).

6. Nagelkerken, I. in Ecol. Connect. among Trop. Coast. Ecosyst. (Nagelkerken, 1.) 357-399 (Springer, 2009).

7. Ogden, J. C., Nagelkerken, I. & Mclvor, C. C. in Interrelat. between coral reefs Fish. Mar. Biol. Ser. (Bortone, S.
A.) (Taylor & Francis Group, 2014).

8. Gillis, L. G. et al. Potential for landscape-scale positive interactions among tropical marine ecosystems: A
review. Mar. Ecol. Prog. Ser. (2014).

9. Lee, S.Y. et al. Ecological role and services of tropical mangrove ecosystems: a reassessment. Glob. Ecol.
Biogeogr. (2014).

10. Hyndes, G. A. et al. Mechanisms and ecological role of carbon transfer within coastal seascapes. Biol. Rev.
Camb. Philos. Soc. 89, 232254 (2013).

u. Sheaves, M. & Molony, B. Short-circuit in the mangrove food chain. Mar. Ecol. Prog. Ser. 199, 97-109 (2000).

12. Krumme, U. in Ecol. Connect. among Trop. Coast. Ecosyst. (Nagelkerken, 1.) 271-324 (Springer Science and
Business Media, 2009).

13. Manson, F. ]., Loneragan, N. R, Harch, B. D., Skilleter, G. A. & Williams, L. A broad-scale analysis of links
between coastal fisheries production and mangrove extent: A case-study for northeastern Australia. Fish.
Res. 74, 69-85 (2005).

14. Mumby, P. ]. et al. Mangroves enhance the biomass of coral reef fish communities in the Caribbean. Nature
427, 533-6 (2004).

15. Nagelkerken, I. et al. Dependence of Caribbean reef fishes on mangroves and seagrass beds as nursery
habitats: a comparison of fish faunas between bays with and without mangroves/seagrass beds. Mar. Ecol.
Prog. Ser. 214, 225-235 (2001).

16. Yates, K. K. et al. Mangrove habitats provide refuge from climate change for reef-building corals.
Biogeosciences Discuss. 11, 5053-5088 (2014).

17. Dahlgren, C. P. & Eggleston, D. B. Ecological processes underlying ontogenetic habitat shifts in a coral reef
fish. Ecology 81, 2227-2240 (2000).

18. Appeldoorn, R. S. et al. Movement of fishes (Grunts: Haemulidae) across the coral reef seascape: A review of
scales, patterns and processes. Caribb. J. Sci. 45, 304-316 (2009).

19. Blaber, S. . Tropical estuarine fishes: Ecology, exploitation and conservation. Fish and Aquatic Resources
Series 7. 372 (Blackwell Science, 2000).

20. Nagelkerken, I. et al. The habitat function of mangroves for terrestrial and marine fauna: A review. Aquat.
Bot. 89, 155-185 (2008).

21. Keith, D. a. et al. Scientific Foundations for an IUCN Red List of Ecosystems. PLoS One 8, 25 (2013).
22. Hogarth, P. J. The biology of mangroves and seagrasses. 272 (Oxford University Press, 2007).

23. DeAngelis, B., McCandless, C., Kohler, N., Recksiek, C. & Skomal, G. First characterization of shark nursery
habitat in the United States Virgin Islands: evidence of habitat partitioning by two shark species. Mar. Ecol.
Prog. Ser. 358, 257-271 (2008).

24. Simpfendorfer, C. A., Wiley, T. R. & Yeiser, B. G. Improving conservation planning for an endangered sawfish
using data from acoustic telemetry. Biol. Conserv. 143, 1460-1469 (2010).



CHAPTER 2

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Duke, N. C. et al. A world without mangroves? Science 317, 41-2 (2007).

Millennium Ecosystem Assessment. Ecosystems and human well-being : current state and trends. The
Millennium Ecosystem Assessment series. xxi, 917 p. (Island Press, 2005).

Russi, D. et al. The Economics of Ecosystems and Biodiversity for Water and Wetlands. Vasa 84 (2013).

Liquete, C. et al. Current status and future prospects for the assessment of marine and coastal ecosystem
services: a systematic review. PLoS One 8, e67737 (2013).

Haines-young, R. & Potschin, M. Common International Classification of Ecosystem Services ( CICES ): 2on
Update European Environment Agency. (2011).

Barbier, E. B. et al. The value of estuarine and coastal ecosystem services. Ecol. Monogr. 81, 169-193 (2011).

Ronnback, P. The ecological basis for economic value of seafood production supported by mangrove
ecosystems. Ecol. Econ. 29, 235-252 (1999).

Walters, B. B. et al. Ethnobiology, socio-economics and management of mangrove forests: A review. Aquat.
Bot. 89, 220-236 (2008).

Van Oudenhoven, A. P. E., Petz, K., Alkemade, R., Hein, L. & De Groot, R. S. Framework for systematic
indicator selection to assess effects of land management on ecosystem services. Ecol. Indic. 21, 110-122 (2012).

Stone, K., Bhat, M., Bhatta, R. & Mathews, A. Factors influencing community participation in mangroves
restoration: A contingent valuation analysis. Ocean Coast. Manag. 51, 476-484 (2008).

Armitage, D. Socio-institutional dynamics and the political ecology of mangrove forest conservation in
Central Sulawesi, Indonesia. Glob. Environ. Chang. 12, 203-217 (2002).

Siar, S. V. Knowledge, Gender, and Resources in Small-Scale Fishing: The Case of Honda Bay, Palawan,
Philippines. Environ. Manage. 31, 569-580 (2003).

Horowitz, P., Finlason, C. & Weinstein, P. Healthy wetlands, healthy people: a review of wetlands and human
health interactions. (2012).

Sarntisart, I. & Sathirathai, S. in Shrimp farming mangrove loss Thail. (Barbier, E. B. & Sathirathai, S.) 96-113
(Edward Elgar, 2004).

Glaser, M. Interrelations between mangrove ecosystem, local economy and social sustainability in Caeté
Estuary, North Brazil. Wetl. Ecol. Manag. 265-272 (2003).

McNally, C. G., Uchida, E. & Gold, A. J. The effect of a protected area on the tradeoffs between short-run and
long-run benefits from mangrove ecosystems. Proc. Natl. Acad. Sci. U. S. A. 108, 13945-50 (2011).

Crow, B. & Carney, J. Commercializing Nature: Mangrove Conservation and Female Oyster Collectors in The
Gambia. Antipode 45, 275-293 (2013).

Govindasamy, C. & Kannan, R. Pharmacognosy of mangrove plants in the system of unani medicine. Asian
Pacific J. Trop. Dis. 2, S38-S41 (2012).

Baba, S., Chan, H. & Aksornkoae, S. Useful products from mangrove and other coastal plants. ISME
Mangrove Educational Book Series No. 3. (2013).

Taylor, M., Ravilious, C. & Green, E. P. Mangroves of East Africa. 24 (2003).

Dahdouh-Guebas, F. Les biens et services écosystémiques: l'exemple des mangroves. In: P. Meerts (ed.), Vers
une nouvelle synthése écologique: de I‘écologie scientifique au développement durable. 182-193 (2013).

Magalhaes, A., da Costa, R. M., da Silva, R. & Pereira, L. C. C. The role of women in the mangrove crab
(Ucides cordatus, Ocypodidae) production process in North Brazil (Amazon region, Pard). Ecol. Econ. 61,

559-565 (2007).
Ajana, A. M. Fishery of the mangrove oyster, Crassostrea gasar, Adanson (1757), in the Lagos area, Nigeria.
Aquaculture 21, 129-137 (1980).

Ruwa, R. K. & Polk, P. Patterns of spat settlement recorded for the tropical oyster Crassostrea cucullata (Born
1778) and the barnacle, Balanus amphitrite (Darwin 1854) in a mangrove creek. Trop. Zool. 7, 121-130 (1994).

Ronnback, P, Troell, M., Kautsky, N. & Primavera, ]. H. Distribution pattern of shrimps and fish among
Avicennia and Rhizophora microhabitats in the Pagbilao mangroves, Philippines. Estuar. Coast. Shelf Sci. 48,

223-234 (1999).
Clough, B. F. in Trop. Mangrove Ecosyst. 41, 225-249 (AGU, 1992).



27.
28.

29.

30.

3L

32.

33

34.

35.

36.

37-

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Alongi, D. M. The Energetics of Mangrove Forests. Transport 36, 228 (Springer, 2009).

Nordhaus, 1., Wolff, M. & Diele, K. Litter processing and population food intake of the mangrove crab Ucides
cordatus in a high intertidal forest in northern Brazil. Estuar. Coast. Shelf Sci. 67, 239-250 (2006).

Robertson, A. I. & Daniel, P. A. The influence of crabs on litter processing in high intertidal mangrove forests
in tropical Australia. Oecologia 78, 191-198 (1989).

Slim, F. J. et al. Leaf litter removal by the snail Terebralia palustris (Linnaeus) and sesarmid crabs in an East
African mangrove forest (Gazi Bay, Kenya). J. Exp. Mar. Bio. Ecol. 215, 35-48 (1997).

Sheaves, M. & Molony, B. Short-circuit in the mangrove food chain. Mar. Ecol. Prog. Ser. 199, 97-109 (2000).

Nagelkerken, 1. et al. How important are mangroves and seagrass beds for coral-reef fish? The nursery
hypothesis tested on an island scale. Mar. Ecol. Prog. Ser. 244, 299-305 (2002).

Dorenbosch, M., Grol, M., Christianen, M., Nagelkerken, I. & van der Velde, G. Indo-Pacific seagrass beds
and mangroves contribute to fish density and diversity on adjacent coral reefs. Mar. Ecol. Prog. Ser. 302,
63-76 (2005).

Nagelkerken, I., Grol, M. G. G. & Mumby, P. J. Effects of marine reserves versus nursery habitat availability on
structure of reef fish communities. PLoS One 17, €36906 (2012).

Olds, A. D., Connolly, R. M., Pitt, K. A. & Maxwell, P. S. Habitat connectivity improves reserve performance.
Conserv. Lett. 5, 56-63 (2012).

Mumby, P. J. & Hastings, A. The impact of ecosystem connectivity on coral reef resilience. J. Appl. Ecol. 45,
854-862 (2008).

Olds, A. D, Pitt, K. A., Maxwell, P. S. & Connolly, R. M. Synergistic effects of reserves and connectivity on
ecological resilience. J. Appl. Ecol. 49, 195-1203 (2012).

Williams, M. J., Coles, R. & Primavera, J. H. A lesson from cyclone Larry: An untold story of the success of
good coastal planning. Estuar. Coast. Shelf Sci. 71, 364-367 (2007).

Mclvor, A., Moller, 1., Spencer, T. & Spalding, M. D. Reduction of wind and swell waves by mangroves. Natural
Coastal Protection Series: Report 1. Cambridge Coastal Research Unit Working Paper 40. 27 (2012).

Mazda, Y., Magi, M,, Ikeda, Y., Kurokawa, T. & Asano, T. Wave reduction in a mangrove forest dominated by
Sonneratia sp. Wetl. Ecol. Manag. 14, 365-378 (2006).

Quartel, S., Kroon, A., Augustinus, P. G. E. F.,, Santen, P. Van & Tri, N. H. Wave attenuation in coastal
mangroves in the Red River Delta, Vietnam. J. Asian Earth Sci. 29, 576-584 (2007).

Krauss, K. W. et al. Water level observations in mangrove swamps during two hurricanes in Florida.
Wetlands 29, 142-149 (2009).

Zhang, K. et al. The role of mangroves in attenuating storm surges. Estuar. Coast. Shelf Sci. 102-103, 11-23
(2012).

Mclvor, A., Spencer, T., Moéller, I. & Spalding, M. D. Storm surge reduction by mangroves. Natural Coastal
Protection Series: Report 2. Cambridge Coastal Research Unit Working Paper 41. 35 (2012).

Liu, H., Zhang, K., Li, Y. & Xie, L. Numerical study of the sensitivity of mangroves in reducing storm surge
and flooding to hurricane characteristics in southern Florida. Cont. Shelf Res. 64, 51-65 (2013).

McCoy, E. D., Mushinsky, H. R., Johnson, D. & Meshaka, W. E. Mangrove Damage Caused by Hurricane
Andrew on the Southwestern Coast of Florida. Bull. Mar. Sci. 59, 1-8 (1996).

IFRC. Breaking the waves. Impact analysis of coastal afforestation for disaster risk reduction in Viet Nam.
Report by the International Federation of Red Cross and Red Crescent Societies. (2011).

Jegillos, S. R., Lunder, G., Kawate, H., Dzung, T. V. Vietnam Red Cross Mangrove and Disaster Preparedness
in the Red River Delta and Northern Coastal Vietnam (1994-2005). Danish Red Cross (2005).

Tanaka, N. Vegetation bioshields for tsunami mitigation: review of effectiveness, limitations, construction,
and sustainable management. Landsc. Ecol. Eng. 5, 71-79 (2009).

Dahdouh-Guebas, F. et al. How effective were mangroves as a defence against the recent tsunami? Curr. Biol.
15, R443-R447 (2005).

Alongi, D. M. Mangrove forests: Resilience, protection from tsunamis, and responses to global climate
change. Estuar. Coast. Shelf Sci. 76, 1-13 (2008).

Laso Bayas, J. C. et al. From the Cover: Influence of coastal vegetation on the 2004 tsunami wave impact in
west Aceh. Proc. Natl. Acad. Sci. 108, 18612-18617 (2011).



53-

54.

55-

56.

57-

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.
70.

71

72.

73-

74-

75-

76.

77-

Gedan, K. B, Kirwan, M. L., Wolanski, E., Barbier, E. B. & Silliman, B. R. The present and future role of
coastal wetland vegetation in protecting shorelines: answering recent challenges to the paradigm. Clim.
Change 106, 7-29 (2011).

Mclvor, A., Spencer, T., Moller, 1. & Spalding, M. The response of mangrove soil surface elevation to sea level
rise. Natural Coastal Protection Series: Report 3. Cambridge Coastal Research Unit Working Paper 42. 59

(2013).

Furukawa, K. Currents and Sediment Transport in Mangrove Forests. Estuar. Coast. Shelf Sci. 44, 301310
(1997).

Karen L. McKee and William C. Vervaeke. Impacts of Human Disturbance on Soil Erosion Potential and
Habitat Stability of Mangrove-Dominated Islands in the Pelican Cays and Twin Cays Ranges, Belize. (2009).

Thampanya, U., Vermaat, J. E., Sinsakul, S. & Panapitukkul, N. Coastal erosion and mangrove progradation
of Southern Thailand. Estuar. Coast. Shelf Sci. 68, 75-85 (2006).

Cahoon, D. R. & Lynch, J. C. Vertical accretion and shallow subsidence in a mangrove forest of southwestern
Florida, USA. Mangroves Salt Marshes 1, 173-186 (1997).

Lee, S. Y. et al. Ecological role and services of tropical mangrove ecosystems: a reassessment. Glob. Ecol.
Biogeogr. (2014).

Ellison, J. in Coast. Wetl. An Integr. Ecosyst. Approach (Perillo, E., Wolanski, E., Cahoon, D. & Brinson, M.)
565-591 (Elsevier, 2009).

McKee, K. L., Cahoon, D. R. & Feller, I. C. Caribbean mangroves adjust to rising sea level through biotic
controls on change in soil elevation. Glob. Ecol. Biogeogr. 16, 545-556 (2007).

Ellison, J. C. Mangrove Retreat with Rising Sea-level, Bermuda. Estuar. Coast. Shelf Sci. 37, 75-87 (1993).

Donato, D. C. et al. Mangroves among the most carbon-rich forests in the tropics. Nat. Geosci. 4, 293-297
(20m).

Hutchison, J., Manica, A., Swetnam, R., Balmford, A. & Spalding, M. Predicting global patterns in mangrove
forest biomass. Conserv. Lett. 00, n/a-n/a (2013).

Pendleton, L. et al. Estimating global “blue carbon” emissions from conversion and degradation of vegetated
coastal ecosystems. PLoS One 7, e43542 (2012).

Snedekar, S. C. & Brown, M. S. Water quality and mangrove ecosystem dynamics. EPA Res. Dev. EPA 600/S4,
(1981).

Satheeshkumar, P. & Khan, A. B. Identification of mangrove water quality by multivariate statistical analysis
methods in Pondicherry coast, India. Environ. Monit. Assess. 184, 3761-3774 (2012).

Ewel, K. C., Bourgeois, J. a, Cole, T. G. & Zheng, S. Variation in environmental characteristics and vegetation
in high-rainfall mangrove forests, Kosrae, Micronesia. Glob. Ecol. Biogeogr. Lett. 7, 49-56 (1998).

Saenger, S. C. Mangrove Ecology, Silviculture and Conservation. (Kluwer Academic Publishers, 2002).

James, G. K. et al. Social valuation of mangroves in the Niger Delta region of Nigeria. Int. . Biodivers. Sci.
Ecosyst. Serv. Manag. 9, 31-323 (2013).

Mastaller, M. Mangroves : the forgotten forest between land and sea. Tropical Press. 200 (Tropical Press,
1997).

Kathiresan, K. & B.L. Bingham. Biology of Mangroves and Mangrove Ecosystems. Adv. Mar. Biol. 40, 81-251
(2001).

Spalding, M., Kainuma, M. & Collins, L. World Atlas of Mangroves. A collaborative project of ITTO, ISME,
FAO, UNEP-WCMC, UNESCO-MAB, UNU-INWEH and TNC. 319 (Earthscan, 2010).

Brander, L. M. et al. Ecosystem service values for mangroves in Southeast Asia: A meta-analysis and value
transfer application. Ecosyst. Serv. 1, 62-69 (2012).

Salem, M. E. & Mercer, D. E. The Economic Value of Mangroves: A Meta-Analysis. Sustainability 4, 359-383
(2012).

Vo, Q. T., Kuenzer, C., Vo, Q. M., Moder, F. & Oppelt, N. Review of valuation methods for mangrove
ecosystem services. Ecol. Indic. 23, 431-446 (2012).

Rénnbéck, P, Crona, B. & Ingwall, L. The return of ecosystem goods and services in replanted mangrove
forests: perspectives from local communities in Kenya. Environ. Conserv. 34, 313-324 (2007).



78.

79-

8o.

81.

82.
83.

84.

85.
86.

87.

88.

89.

90.

o1

92.

93-

94.

95-

96.

97.

98.

99

100.

101.

Sathirathai, S. & Barbier, E. Valuing mangrove Conservation in southern Thailand. Contemp. Econ. Policy 19,
109-122 (2001).

Abu Dhabi Global Environmental Data Initiative. Blue Carbon in Abu Dhabi - Protecting our Coastal
Heritage: The Abu Dhabi Blue Carbon Demonstration Project. (2013).

Ramsar. Wetland Tourism : USA - The Everglades National Park. A Ramsar Case Study on Tourism and
Wetlands. 1-6 (2012). at <http://www.ramsar.org/pdf/case_studies_tourism/USA/USA_EN-.pdf>

Bann, C. An economic analysis of alternative mangrove management strategies in Koh Kong Province,
Cambodia. EEPSEA Research Reports. (1997).

Barbier, E. Valuing ecosystem services as productive inputs. Econ. Policy 22, 177-229 (2007).

Hussain, S. A. & Badola, R. Valuing mangrove ecosystem services: linking nutrient retention function of
mangrove forests to enhanced agroecosystem production. Wetl. Ecol. Manag. 16, 441-450 (2008).

Ajonina, G. et al. Assessment of carbon pools and multiple benefits of mangroves in Central Africa for REDD+.
30 (2013).

Hoberg, ]. Economic Analysis of Mangrove Forests: A case study in Gazi Bay, Kenya. iii+42 (UNEP, 20m).

Aburto-Oropeza, O. et al. Mangroves in the Gulf of California increase fishery yields. Proc. Natl. Acad. Sci. U.
S. A. 105, 104569 (2008).

UNESCO. Bhitarkanika Conservation Area - UNESCO World Heritage Centre. (2013). at <http://whc.unesco.
org/en/tentativelists/5446/>

Badola, R. & Hussain, S. a. Valuing ecosystem functions: an empirical study on the storm protection function
of Bhitarkanika mangrove ecosystem, India. Environ. Conserv. 32, 85-92 (2005).

Das, S. & Vincent, J. R. Mangroves protected villages and reduced death toll during Indian super cyclone.
Proc. Natl. Acad. Sci. U. S. A. 106, 7357-7360 (2009).

Fourqurean, J. W. et al. Seagrass ecosystems as a globally significant carbon stock. Nat. Geosci. 5, 505-509
(2012).

Murray, B.C., Pendleton, L., Jenkins, W.A., Sifleet, S. Green Payments for Blue Carbon Economic Incentives
for Protecting Threatened Coastal Habitats. Nicholas Institute for Environmental Policy Solutions Report. 52
(20m).

Adame, M. F. et al. Carbon Stocks of Tropical Coastal Wetlands within the Karstic Landscape of the Mexican
Caribbean. PLoS One 8, e56569 (2013).

Kauffman, ].B., Heider, C. Norfolk, J. and Payton, F. Carbon stocks of intact mangroves and carbon emissions
arising from their conversion in the Dominican Republic. Ecol. Appl. 24, 518-527 (2014).

De Castro, E. A. & Kauffman, J. B. Ecosystem structure in the Brazilian Cerrado: a vegetation gradient of
aboveground biomass, root mass and consumption by fire. J. Trop. Ecol. 14, 263-283 (1998).

Jaramillo, V. J., Kauffman, J. B., Renteria-Rodriguez, L., Cummings, D. L. & Ellingson, L. J. Biomass, Carbon,
and Nitrogen Pools in Mexican Tropical Dry Forest Landscapes. Ecosystems 6, 609-629 (2003).

Souza, F. E. S. & Ramos e Silva, C. A. Ecological and economic valuation of the Potengi estuary mangrove
Wetlands (NE, Brazil) using ancillary spatial data. J. Coast. Conserv. 15, 195-206 (2010).

Silva, C. A. R., Rainbow, P. S. & Smith, B. D. Biomonitoring of trace metal contamination in mangrove-lined
Brazilian coastal systems using the oyster Crassostrea rhizophorae: comparative study of regions affected by
oil, salt pond and shrimp farming activities. Hydrobiologia 501, 199-206 (2003).

Hussain, S. A. & Badola, R. Valuing mangrove benefits: contribution of mangrove forests to local livelihoods
in Bhitarkanika Conservation Area, East Coast of India. Wetl. Ecol. Manag. 18, 321-331 (2010).

Emerton, L., Seilava, R. & Pearith, H. Bokor, Kirirom, Kep and Ream National Parks, Cambodia: Case Studies
of Economic and Development Linkages. Field Study Report, Review of Protected Areas and their role in

the Socio-Economic Development of the Four Countries of the Lower Mekong Region. Int. Cent. Environ.
Manayg. Brisbane IUCN - World Conserv. Union Reg. Environ. Econ. Program, Karachi. (2002).

International Federation of Red Cross and Red Crescent Societies. World Disasters Report 2002, Reducing
Risk. (2002).

Cooper, E., Burke, L. & Bood, N. Coastal capital: Belize. The economic contribution of Belize’s coral reefs and
Mangroves. World Resour. Inst. Washington, DC, USA (2009).



102. Uddin, M. S, de Ruyter van Steveninck, E., Stuip, M. & Shah, M. A. R. Economic valuation of provisioning
and cultural services of a protected mangrove ecosystem: A case study on Sundarbans Reserve Forest,
Bangladesh. Ecosyst. Serv. 5, 88-93 (2013).

103. I(\Iaylo)r, R. & Drew, M. Valuing mangrove resources in Kosrae, Micronesia. Environ. Dev. Econ. 3, 471-490
1998).

104. Blackwell, B. The Economic Value of Australia's Natural Coastal Assets: Some Preliminary Findings',
Australian and New Zealand Society for Ecological Economics Conference Proceedings, Massey University,
New Zealand (2006).

105. Spurgeon, J. Socio-Economic Assessment and Economic Valuation of Egypt’'s Mangroves: Rehabilitation,
Conservation and Sustainable Utilization of Mangroves in Egypt. (2002).

106. James, G. K. et al. in World Fish. A Soc. Ecol. Anal. (Ommer, R. E., Perry, R. 1., Cochrane, K. & Cury, P.)
265-280 (Blackwell, 2011).

107. Turpie, J. K. The Use and Value of Natural Resources of the Rufiji Floodplain and Delta, Tanzania. Technica
7. Turpie, J. K. The U: d Value of N IR f the Rufiji Floodplain and Delta, T ia. Technical
report No. 17. 98 (2000).

CHAPTER 3

1. Alongi, D. M. Present state and future of the world’s mangrove forests. Environ. Conserv. 29, 331-349 (2002).

2. Spalding, M., Kainuma, M. & Collins, L. World Atlas of Mangroves. A collaborative project of ITTO, ISME,
FAO, UNEP-WCMC, UNESCO-MAB, UNU-INWEH and TNC. 319 (Earthscan, 2010).

3. FAO. The world’s mangroves 1980-2005. FAO Forestry Paper 153. (2007).

4. Brander, L. M. et al. Ecosystem service values for mangroves in Southeast Asia: A meta-analysis and value
transfer application. Ecosyst. Serv. 1, 62-69 (2012).

5. Rideout, A.]. R,, Joshi, N. P., Viergever, K. M., Huxham, M. & Briers, R. A. Making predictions of mangrove
deforestation: a comparison of two methods in Kenya. Glob. Chang. Biol. 19, 3493-501 (2013).

6. Cornforth, W, Fatoyinbo, T., Freemantle, T. & Pettorelli, N. Advanced Land Observing Satellite Phased Array
Type L-Band SAR (ALOS PALSAR) to Inform the Conservation of Mangroves: Sundarbans as a Case Study.
Remote Sens. 5, 224-237 (2013).

7. Chen, C.-F. et al. Multi-Decadal Mangrove Forest Change Detection and Prediction in Honduras, Central
America, with Landsat Imagery and a Markov Chain Model. Remote Sens. 5, 6408-6426 (2013).

8. DasGupta, R. & Shaw, R. Cumulative Impacts of Human Interventions and Climate Change on Mangrove
Ecosystems of South and Southeast Asia: An Overview. J. Ecosyst. 2013, 1-15 (2013).

9. Polidoro, B. A. et al. The loss of species: mangrove extinction risk and geographic areas of global concern.
PLoS One 5, €10095 (2010).

10. Luther, D. & Greenberg, R. Mangroves: A Global Perspective on the Evolution and Conservation of their
Terrestrial Vertebrates. Bioscience 59, 602-612 (2009).

u. Daru, B. H,, Yessoufou, K., Mankga, L. T. & Davies, T. J. A Global Trend towards the Loss of Evolutionarily
Unique Species in Mangrove Ecosystems. PLoS One 8, e66686 (2013).

12. Small, C. & Nicholls, R. A global analysis of human settlement in coastal zones. J. Coast. Res. 19, 584-599
(2003).

13. Valiela, I., Bowen, J. L. & York, J. K. Mangrove Forests: One of the World’s Threatened Major Tropical
Environments. Bioscience 51, 807 (2001).

14. Walters, B. B. et al. Ethnobiology, socio-economics and management of mangrove forests: A review. Aquat.
Bot. 89, 220-236 (2008).

15. Rahman, A. F,, Dragoni, D., Didan, K., Barreto-Munoz, A. & Hutabarat, J. A. Detecting large scale conversion
of mangroves to aquaculture with change point and mixed-pixel analyses of high-fidelity MODIS data.
Remote Sens. Environ. 130, 96-107 (2013).

16. Vaiphasa, C. et al. Impact of solid shrimp pond waste materials on mangrove growth and mortality: a case
study from Pak Phanang, Thailand. Hydrobiologia 591, 47-57 (2007).

17. Primavera, J. H. Overcoming the impacts of aquaculture on the coastal zone. Ocean Coast. Manag. 49,
531-545 (2006).



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.
34.

35-

36.

37-

38.

39-

40.

41.

Chong, V. C. Sustainable utilization and management of Mangrove ecosystems of Malaysia. Aquat. Ecosyst.
Health Manag. 9, 249-260 (2006).

Dahdouh-Guebas, F. et al. Recent Changes in Land-Use in the Pambala-Chilaw Lagoon Complex (Sri
Lanka) Investigated Using Remote Sensing and GIS: Conservation of Mangroves vs. Development of Shrimp
Farming. Environ. Dev. Sustain. 4, 185-200 (2002).

Webb, E. L. et al. Deforestation in the Ayeyarwady Delta and the Conservation implications of an
internationally-engaged Myanmar. Glob. Environ. Chang. 24, 321-333 (2013).

Feka, N. Z. & Ajonina, G. N. Drivers causing decline of mangrove in West-Central Africa: a review. Int. J.
Biodivers. Sci. Ecosyst. Serv. Manag. 7, 217-230 (2011).

Martinuzzi, S., Gould, W. A, Lugo, A. E. & Medina, E. Conversion and recovery of Puerto Rican mangroves:
200 years of change. For. Ecol. Manage. 257, 75-84 (2009).

Nfotabong-Atheull, A. et al. Assessing forest products usage and local residents’ perception of
environmental changes in peri-urban and rural mangroves of Cameroon, Central Africa. J. Ethnobiol.
Ethnomed. 77, 41 (20m).

Kirui, K. B. . et al. Mapping of mangrove forest land cover change along the Kenya coastline using Landsat
imagery. Ocean Coast. Manag. 83, 19-24 (2013).

Cherrington, E. A. et al. Technical Report: Identifying of Threatened and Resilient Mangroves in Belize Barrier
Reef System. Development 1-33 (2010).

Lugo, A. E. Can we manage tropical landscapes? - An answer from the Caribbean perspective. Landsc. Ecol.
17, 601-615 (2002).

Dahdouh-Guebas, F., Koedam, N., Satyanarayana, B. & Cannicci, S. Human hydrographical changes interact
with propagule predation behaviour in Sri Lankan mangrove forests. J. Exp. Mar. Bio. Ecol. 399, 188-200
(20m).

Din, N., Saenger, P., Basco, F., Jules, P. R. & Siegfried, D. D. Logging activities in mangrove forests: a case
study of Douala Cameroon. 2, 22-30 (2008).

Smith, S. D. A. Marine debris: a proximate threat to marine Sustainability in Bootless Bay, Papua New
Guinea. Mar. Pollut. Bull. 64,1880-3 (2012).

Sandilyan, S. & Kathresan, K. Plastics — a formidable threat to unique biodiversity of Pichavaram mangroves.
Curr. Sci. 103, 1262-1263 (2012).

Yim, M. W. & Tam, N. E. Y. Effects of Wastewater-borne Heavy Metals on Mangrove Plants and Soil
Microbial Activities. Mar. Pollut. Bull. 39, 179-186 (1999).

Pegg, S. & Zabbey, N. Oil and water: the Bodo spills and the destruction of traditional livelihood structures
in the Niger Delta. Community Dev. J. 48, 391-405 (2013).

Hoff, R. Oil Spills in Mangroves: Planning & Response Considerations. 70 (2002).

Lewis, R. in Biol. Ecol. Mangroves, Tasks Veg. Sci. 8 (Teas, H.J., Junk, W.) 171-183 (Springer Netherlands,
1983).
Satyanarayana, B. et al. Long-term mangrove forest development in Sri Lanka: early predictions evaluated

against outcomes using VHR remote sensing and VHR ground-truth data. Mar. Ecol. Prog. Ser. 443, 51-63
(20m).

Syvitski, J. P. M. et al. Sinking deltas due to human activities. Nat. Geosci. 2, 681-686 (2009).

Dahdouh-Guebas, F. et al. Transitions in ancient inland freshwater resource management in Sri Lanka affect
biota and human populations in and around coastal lagoons. Curr. Biol. 15, 579-86 (2005).

Gilman, E. L., Ellison, J., Duke, N. C. & Field, C. Threats to mangroves from climate change and adaptation
options: A review. Aquat. Bot. 89, 237-250 (2008).

Krauss, K. W. et al. Surface Elevation Change and Susceptibility of Different Mangrove Zones to Sea-Level
Rise on Pacific High Islands of Micronesia. Ecosystems 13, 129-143 (2010).

Ellison, J. Holocene palynology and sea-level change in two estuaries in Southern Irian Jaya. Palaeogeogr.
Palaeoclimatol. Palaeoecol. 220, 291-309 (2005).

Di Nitto, D. et al. Mangroves facing climate change: landward migration potential in response to projected
scenarios of sea level rise. Biogeosciences 11, 857-871 (2014).



42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53-

54.

55-

56.

57
58.

59-
60.

61.

62.

63.

64.

Alongi, D. M. Mangrove forests: Resilience, protection from tsunamis, and responses to global climate
change. Estuar. Coast. Shelf Sci. 76, 1-13 (2008).

Nicholls, R. J. et al. in Clim. Chang. 2007 Impacts, Adapt. Vulnerability. Contrib. Work. Gr. II to Fourth Assess.
Rep. Intergov. Panel Clim. Chang. (Parry, M. L., Canziani, O. F., Palutikof, J. P,, van der Linden, P. . & Hanson,
C. E.) 315-356 (Cambridge University Press, 2007).

Ball, M. C., Cochrane, M. J. & Rawson, H. M. Growth and water use of the mangroves Rhizophora
apiculata and R. stylosa in response to salinity and humidity under ambient and elevated concentrations of
atmospheric COz. Plant, Cell Environ. 20, 158-1166 (1997).

Giri, C. et al. Status and distribution of mangrove forests of the world using earth observation satellite data.
Glob. Ecol. Biogeogr. 20, 154-159 (2011).

Giri, C. et al. Mangrove forest distributions and dynamics (1975-2005) of the tsunami-affected region of Asia.
J. Biogeogr: 35, 519-528 (2008).

Long, J., Napton, D., Giri, C. & Graesser, ]. A Mapping and Monitoring Assessment of the Philippines’
Mangrove Forests from 1990 to 2010. J. Coast. Res. 294, 260-271 (2014).

Giri, C., Pengra, B., Zhu, Z., Singh, A. & Tieszen, L. L. Monitoring mangrove forest dynamics of the
Sundarbans in Bangladesh and India using multi-temporal satellite data from 1973 to 2000. Estuar. Coast.
Shelf Sci. 73, 91-100 (2007).

Taylor, M., Ravilious, C. & Green, E. P. Mangroves of East Africa. 24 (2003).

Giri, C. & Muhlhausen, J. Mangrove forest distributions and dynamics in Madagascar (1975-2005). Sensors 8,
2104-2117 (2008).

UNEP. Mangroves of Western and Central Africa. 88 (UNEP/Earthprint, 2007).

Salem, M. E. & Mercer, D. E. The Economic Value of Mangroves: A Meta-Analysis. Sustainability 4, 359-383
(2012).

Balmford, A., Gravestock, P., Hockley, N., McClean, C. J. & Roberts, C. M. The worldwide costs of marine
protected areas. Proc. Natl. Acad. Sci. U. S. A. 101, 9694-7 (2004).

Siar, S. V. Knowledge, Gender, and Resources in Small-Scale Fishing: The Case of Honda Bay, Palawan,
Philippines. Environ. Manage. 31, 569-580 (2003).

Nagelkerken, I. et al. Dependence of Caribbean reef fishes on mangroves and seagrass beds as nursery
habitats: a comparison of fish faunas between bays with and without mangroves/seagrass beds. Mar. Ecol.
Prog. Ser. 214, 225-235 (2001).

Dahlgren, C. P. & Eggleston, D. B. Ecological processes underlying ontogenetic habitat shifts in a coral reef
fish. Ecology 81, 2227-2240 (2000).

Russi, D. et al. The Economics of Ecosystems and Biodiversity for Water and Wetlands. Vasa 84 (2013).

Paprocki, K. Life in a Shrimp Zone: Aqua- and Other Cultures in Bangladesh’s Coastal Landscape.
Conference paper No. 49 for discussion at: Food Sovereignty: A Critical Dialogue. (2013).

Keith, D. a. et al. Scientific Foundations for an IUCN Red List of Ecosystems. PLoS One 8, 25 (2013).

Beitl, C. M. Shifting policies, access, and the tragedy of enclosures in ecuadorian mangrove fisheries:
Towards a political ecology of the commons. J. Polit. Ecol. 19, 94-113 (2012).

Anthony, E. J. & Gratiot, N. Coastal engineering and large-scale mangrove destruction in Guyana, South
America: Averting an environmental catastrophe in the making. Ecol. Eng. 47, 268-273 (2012).

Magris, R. & Barreto, R. Mapping and assessment of protection of mangrove habitats in Brazil. Panam. J.
Aquat. Sci. 5, 546-556 (2010).

Fatoyinbo, T. E., Simard, M., Washington-Allen, R. A. & Shugart, H. H. Landscape-scale extent, height,
biomass, and carbon estimation of Mozambique’s mangrove, forests with Landsat ETM+ and Shuttle Radar
Topography Mission elevation data. J. Geophys. Res. G Biogeosciences 113, (2008).

Chevallier, R. Balancing Development and Coastal Conservation: Mangroves in Mozambique. (2013). at
<http://www.isn.ethz.ch/Digital-Library/Publications/Detail/?Ing=en&id=174162>



CHAPTER 4

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

van Lavieren, H., Spalding, M., Alongi, D., Kainuma, M., Cliisener-Godt, M., Adeel, Z.. Securing the future
of mangroves. A Policy Brief. UNU-INWEH, UNESCO-MAB with ISME, ITTO, FAO, UNEP-WCMC and TNC.
53 pp- (United Nations University, Institute for Water, Environment and Health (UNU-INWEH), 2012). at
<http://inweh.unu.edu/wp-content/uploads/2013/05/Securing-the-future-of-mangroves-high-res.pdf>

Laffoley, D. Towards Networks of Marine Protected Areas. The MPA Plan of Action for IUCN’s World
Commission on Protected Areas. 28 (2008). at <http://www.protectplanetocean.org/resources/docs/
PlanofAction.pdf>

Mcleod, E. & Salm, R. V. Managing Mangroves for Resilience to Climate Change. IUCN Resil. Sci. Gr. Work.
Pap. Ser. - No 2 64 (2006). at <http://www.iucn.org/themes/marine/pubs/pubs.htm>

Burke, L., Reytar, K., Spalding, M. & Perry, A. Reefs at risk Revisited. Defenders 74, 130 (WRI, 2011).

Spalding, M., Kainuma, M. & Collins, L. World Atlas of Mangroves. A collaborative project of ITTO, ISME,
FAO, UNEP-WCMC, UNESCO-MAB, UNU-INWEH and TNC. 319 (Earthscan, 2010).

Long, J., Napton, D., Giri, C. & Graesser, ]. A Mapping and Monitoring Assessment of the Philippines’
Mangrove Forests from 1990 to 2010. J. Coast. Res. 294, 260-271 (2014).

Nystrom, M. & Folke, C. Spatial Resilience of Coral Reefs. Ecosystems 4, 406-417 (2001).

Primavera, J. H. Overcoming the impacts of aquaculture on the coastal zone. Ocean Coast. Manag. 49,
531-545 (2006).
Bush, S. R. et al. Scenarios for Resilient Shrimp Aquaculture in Tropical Coastal Areas. Ecol. Soc. 15, 15 (2010).

Primavera, J. H. in Rep. Reg. Tech. Consult. Dev. code Pract. responsible Aquac. mangrove Ecosyst. (Sulit, V.
T., Aldon, M. E. T., Tendencia, I. T., Alayon, S. B. & Ledesma, A. S.) (SEAFDEC report, 2005).

Mangroves for the Future. Piloting sea bass cage culture as an alternative livelihood for the fishing
communities of Maduganga estuary. (2009). at <www.mangrovesforthefuture.org/grants/small-
grant-facilities/sri-lanka/piloting-sea-bass-cage-culture-as-an-alternative-livelihood-for-the-fishing-
communities-of-maduganga-estuary >

Mangroves for the Future. Piloting red tilapia cage culture as an alternative livelihood in the Maduganga
estuary. (2009). at <http://www.mangrovesforthefuture.org/grants/small-grant-facilities/sri-lanka/piloting-
red-tilapia-cage-culture-as-an-alternative-livelihood-in-the-maduganga-estuary>

Ellison, J. & Zouh, I. Vulnerability to Climate Change of Mangroves: Assessment from Cameroon, Central
Africa. Biology (Basel). 1, 617-638 (2012).

Ellison, J. C. Climate change vulnerability assessment and adaptation planning for mangrove systems. (2012).

Ellison, J. C. & Strickland, P. Establishing relative sea level trends where a coast lacks a long term tide gauge.
Mitig. Adapt. Strateg. Glob. Chang. 1-17 (2013).

Bosire, J. O. et al. Functionality of restored mangroves: A review. Aquat. Bot. 89, 251-259 (2008).

Walton, M. E. M., Samonte-Tan, G. P. B., Primavera, J. H., Edwards-Jones, G. & Le Vay, L. Are mangroves
worth replanting? The direct economic benefits of a community-based reforestation project. Environ.
Conserv. 33, 335 (2006).

Ellison, A. M. Mangrove Restoration: Do We Know Enough? Restor. Ecol. 8, 219-229 (2000).

Barbier, E. B. Natural barriers to natural disasters: replanting mangroves after the tsunami. Front. Ecol.
Environ. 4, 124-131 (2006).

Primavera, J. H. & Esteban, J. M. A. A review of mangrove rehabilitation in the Philippines: successes, failures
and future prospects. Wetl. Ecol. Manag. 16, 345-358 (2008).

Lewis, R. R. Ecological engineering for successful management and restoration of mangrove forests. Ecol.
Eng. 24, 403-418 (2005).

Balke, T. et al. Windows of opportunity: thresholds to mangrove seedling establishment on tidal flats. Mar.
Ecol. Prog. Ser. 440, 1-9 (2011).

Friess, D. A. et al. Are all intertidal Wetlands naturally created equal? Bottlenecks, thresholds and knowledge
gaps to mangrove and saltmarsh ecosystems. Biol. Rev. Camb. Philos. Soc. 87, 346-66 (2012).

Crase, B., Liedloff, A., Vesk, P. A., Burgman, M. A. & Wintle, B. A. Hydroperiod is the main driver of the
spatial pattern of dominance in mangrove communities. Glob. Ecol. Biogeogr. 22, 806-817 (2013).



25.

26.
27.

28.

29.

30.

3L

32.

33.

34.

35-

36.

37-

38.

39.

40.

41.

42.

43.

44.
45.
46.

47-
48.

49.

50.

51.

Bosire, J. et al. Success rates of recruited tree species and their contribution to the structural development of
reforested mangrove stands. Mar. Ecol. Prog. Ser. 325, 85-91 (2006).

Alongi, D. M. Present state and future of the world’s mangrove forests. Environ. Conserv. 29, 331-349 (2002).

Badola, R., Barthwal, S. & Hussain, S. A. Attitudes of local communities towards Conservation of mangrove
forests: A case study from the east coast of India. Estuar. Coast. Shelf Sci. 96, 188-196 (2012).

Stone, K., Bhat, M., Bhatta, R. & Mathews, A. Factors influencing community participation in mangroves
restoration: A contingent valuation analysis. Ocean Coast. Manag. 51, 476-484 (2008).

Siar, S. V. Knowledge, Gender, and Resources in Small-Scale Fishing: The Case of Honda Bay, Palawan,
Philippines. Environ. Manage. 31, 569-580 (2003).

Hue, L. T. V. Gender, Doi Moi and Mangrove Management in Northern Vietnam. Gend. Technol. Dev. 10,
37-59 (2006).

UNEP. Integrated Solutions to Biodiversity, Climate Change and Poverty. Policy Brief. (UNEP, 2010).

Grimsditch, G., Alder, J., Nakamura, T., Kenchington, R. & Tamelander, ]. The blue carbon special edition -
Introduction and overview. Ocean Coast. Manag. 1, 1-4 (2012).

Ullman, R., Bilbao-Bastida, V. & Grimsditch, G. Including Blue Carbon in climate market mechanisms.
Ocean Coast. Manag. 83, 15-18 (2013).

Van Eijk, P. & Kumar, R. Bio-rights in theory and practice. Wetl. Int. (2009). at <http://www.Wetlands.org/
Portals/o/publications/Report/WI_Bio-rights in theory and practice.pdf>

Walters, B. B. et al. Ethnobiology, socio-economics and management of mangrove forests: A review. Aquat.
Bot. 89, 220-236 (2008).

Malaysian timber council. Matang Mangroves: A Century of Sustainable Management. Timber Malaysia 15,
7-11 (2009).

Amir, A. A. Canopy gaps and the natural regeneration of Matang mangroves. For. Ecol. Manage. 269, 60-67
(2012).

Azahar, M. & Nik Mohd Shah, N. M. A Working Plan for the Matang Mangrove Forest Reserve, Perak: the
third 10- year period (2000-2009) of the second rotation (Fifth Revision). (2003).

Goessens, A., Satyanarayana, B., Mohd-Lokman, H., Sulong, I. & Dahdouh-Guebas, F. in Proc. Int. Conf.
“Meeting Mangrove Ecol. Funct. Manag. - MMM3’, Gall. Sri Lanka, 2-6 July 2012 (Dahdouh-Guebas, F. &
Satyanarayana, B.) 74 (VLIZ Special Publication, 57, 2012).

Goessens, A.; Satyanarayana, B.; Mohd-Lokman, H.; Dahdouh-Guebas, F. Floral diversity and distribution
in the mangroves at Matang, west Peninsular Malaysia, after a century of sustainable management. M.Sc.
Thesis. 36 (20m1).

Fontalvo-Herazo, M. L., Piou, C., Vogt, ]., Saint-Paul, U. & Berger, U. Simulating harvesting scenarios
towards the sustainable use of mangrove forest plantations. Wetl. Ecol. Manag. 19, 397-407 (2011).

Chong, V. C. Sustainable utilization and management of Mangrove ecosystems of Malaysia. Aquat. Ecosyst.
Health Manag. 9, 249-260 (2006).

Winterwerp, J. C., Erftemeijer, P. L. A., Suryadiputra, N., Eijk, P. & Zhang, L. Defining Eco-Morphodynamic
Requirements for Rehabilitating Eroding Mangrove-Mud Coasts. Wetlands 33, 515-526 (2013).

Jones, T. Shining a Light on Madagascar’s Mangroves. Madagascar Conserv. Dev. 8, 8-11 (2013).
FAO. Global Forest Resources Assessment 2010. Country Report: Myanmar. (2010).

Webb, E. L. et al. Deforestation in the Ayeyarwady Delta and the Conservation implications of an
internationally-engaged Myanmar. Glob. Environ. Chang. 24, 321-333 (2013).

Moses, S. & Zockler, C. Bird survey report Ayeyarwady Delta, Myanmar. 15

Zockler, C., Delany, S. & Barber, J. Sustainable Coastal Zone Management in Myanmar. ArcCona Ecol.
Consult. Flora Fauna Int. 60 (2013).

Freda & Actmang. Ten Years in Pyindaye: Restoration of Mangrove Ecosystems and Community Development.
164 (Yangon Thin Publishing House, 2012).

The Republic of the Union of Myanmar. National Biodversity Strategy and Action Plan. 121 (201m).

Langat, J. K. S. et al. Species mixing boosts root yield in mangrove trees. Oecologia 172, 271-278 (2012).



52.

53-

54.

55-

56.

Kirui, B., Kairo, J., Skov, M., Mencuccini, M. & Huxham, M. Effects of species richness, identity and
environmental variables on growth in planted mangroves in Kenya. Mar. Ecol. Prog. Ser. 465, 1-10 (2012).

Huxham, M. et al. Intra- and interspecific facilitation in mangroves may increase resilience to climate change
threats. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 365, 2127-2135 (2010).

Rideout, A. J. R,, Joshi, N. P., Viergever, K. M., Huxham, M. & Briers, R. A. Making predictions of mangrove
deforestation: a comparison of two methods in Kenya. Glob. Chang. Biol. 19, 3493-501 (2013).

Neukermans, G., Dahdouh-Guebas, F., Kairo, J. G. & Koedam, N. Mangrove species and stand mapping in
Gazi bay (Kenya) using quickbird satellite imagery. J. Spat. Sci. 53, 75-86 (2008).

Kairo, J. G., Bosire, J., Langat, J., Kirui, B. & Koedam, N. Allometry and biomass distribution in replanted
mangrove plantations at Gazi Bay, Kenya. Aquat. Conserv. Mar. Freshw. Ecosyst. 19, S63-S69 (2009).

CHAPTER 5

1.

10.

Polidoro, B. A. et al. The loss of species: mangrove extinction risk and geographic areas of global concern.
PLoS One 5, €10095 (2010).

Russi, D. et al. The Economics of Ecosystems and Biodiversity for Water and Wetlands. Vasa 84 (2013).

Van Lavieren, H. & Klaus, R. An effective regional Marine Protected Area network for the ROPME Sea Area:
unrealistic vision or realistic possibility? Mar. Pollut. Bull. 72, 389-405 (2013).

Hashim, R., Kamali, B., Tamin, N. M. & Zakaria, R. An integrated approach to coastal rehabilitation:
Mangrove restoration in Sungai Haji Dorani, Malaysia. Estuar. Coast. Shelf Sci. 86, 18-124 (2010).

Kamali, B., Hashim, R. & Akib, S. Efficiency of an integrated habitat stabilisation approach to coastal erosion
management. Int. J. Phys. Sci. 5, 1401-1405 (2010).

Tamin, N. M., Zakaria, R., Hashim, R. & Yin, Y. Establishment of Avicennia marina mangroves on accreting
coastline at Sungai Haji Dorani, Selangor, Malaysia. Estuar. Coast. Shelf Sci. 94, 334-342 (2011).

Hoang Tri, N., Adger, W. & Kelly, P. Natural resource management in mitigating climate impacts: the
example of mangrove restoration in Vietnam. Glob. Environ. Chang. 8, 49-61 (1998).

Kuenzer, C., Bluemel, A., Gebhardt, S., Quoc, T. V. & Dech, S. Remote Sensing of Mangrove Ecosystems: A
Review. Remote Sens. 3, 878-928 (2011).

Ruiz-Luna, A., Acosta-Veldzquez, J. & Berlanga-Robles, C. A. On the reliability of the data of the extent of
mangroves: A case study in Mexico. Ocean Coast. Manag. 51, 342351 (2008).

Friess, D. A. & Webb, E. L. Variability in mangrove change estimates and implications for the assessment of
ecosystem service provision. Glob. Ecol. Biogeogr. 1-11 (2014).






