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Introduction
The Indian Ocean tsunami of 26 December 2004 and its 
tragic and devastating consequences were a wake-up catt 
for the gtobat community, dramaticatty drawing attention to 
the vutnerabitity of tropical coastal ecosystems and the 
dangers of underm ining the services they provide to 
humankind. This was fu rth e r emphasized by the 
catastrophic hurricane season in the Guff of Mexico in 
2005 when Hurricanes Katrina, Rita and Witma caused 
much publicized and extensive damage to coastal areas. 
The numerous other tropical storms that affected coastal 
communities and ecosystems in other parts of the world 
in the same year received much less attention, but were 
also notable.

The lessons learnt in term s of toss of life, damage 
sustained, and approaches to reconstruction and mitigation 
are critica lly relevant to future management of the coast in 
a context of increasing severe weather events such as

hurricanes and typhoons, and other potential consequences 
of gtobat warming. More than ever, it is essential to consider 
the fu ll value of 'ecosystem services' (the benefits that 
people obtain from ecosystems] when making decisions 
about coastal development.

The aim of this publication is to help decision 
makers and policy makers around the world understand the 
importance of coastal habitats to humans, using corat reefs 
and mangroves as an example. It looks at the rote of these 
ecosystems in protecting the coast, and takes into account 
new studies of this complex topic triggered by the tsunami 
and tropical storms. The publication also addresses the 
huge range of other benefits provided by these ecosystems 
and the rote that they can play in coastal development and 
in restoring and maintaining the livelihoods of those who 
have suffered from extreme events, whether natural or 
induced by human activity.
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Key messages
GLOBAL STATUS OF CORAL REEFS AND MANGROVES
Coral reefs and mangroves are two of the world's rarest 
ecosystems, covering an area that is an order of magnitude 
less than that of tropical and subtropical forests. Both 
ecosystems are under serious threat.

□  Some 30 per cent of reefs are already seriously 
damaged and 60 per cent could be lost by 2030. 
Threats include overfishing, use of destructive 
fishing methods, coral mining, pollution, sedi­
mentation, anchor damage and tourism, as w e ll 
as coral bleaching, disease and tropical storms. 
This combination of impacts is causing a shift, on 
many reefs, from a coral-dominated ecosystem to 
one dominated by algae.

□  An estimated 35 per cent of the world's original 
mangrove cover has already gone, w ith some 
countries having lost up to 80 percent. Mangroves 
have been degraded by conversion to aquaculture, 
tim ber extraction, use of wood for fue l and 
charcoal production, diseases and storms.

ECOSYSTEM BENEFITS
Coral reefs and mangroves provide benefits under the four 
categories of ecosystem services defined by the 2005 
Millenium Ecosystem Assessment:

□  Regulating -  e.g. protection of shores from storm  
surges and waves; prevention of erosion.

□  Provisioning -  e.g. fisheries, building materials.
□  Cultural -  e.g. tourism, spiritua l appreciation.
□  Supporting -  e.g. cycling of nutrients, fish nursery 

habitats.

They are among the most valuable ecosystems in term s of 
the ir benefits to humankind:

□  Economic valuation of ecosystems needs to be 
treated w ith  caution but annual values per km 2 
have been calculated at US$100 000-600 000 for 
reefs and US$200 000-900 000 for mangroves.

□  The sm all total area of coral reefs and mangroves 
belies the ir importance in term s of fisheries, 
other extractive uses, shoreline protection and, in 
the case of reefs, tourism and recreation.

□  Both ecosystems contribute s ign ificantly  to 
national economies, particularly those of sm all 
island developing states (SIDS), 90 per cent of 
which have coral reefs and over 75 per cent of 
which have mangroves.

Ecosystems that can no longer provide the ir fu ll ecological 
services have a social and economic 'cost' that can be felt 
locally and many miles away. Degradation of coral reefs and 
mangroves may, and in some cases already does, cause:

□  Reduced fish catches and tourism  revenue in 
coastal communities, and potentially even loss 
of food security and m alnutrition due to lack 
of protein.

□  Loss of export earnings and decline of the 
tourism  industry.

□  Increased coastal erosion and destruction from 
storms and catastrophic natural events, which 
affects coastal residents, tourism operations and 
many other economic sectors.

SHORELINE PROTECTION
Reefs and mangroves naturally form  barriers and thus 
inevitably provide some shore protection, a fact long 
recognized by coastal communities, fishers and vessels 
which use the sheltered waterways behind these 
ecosystems. Both reefs and mangroves can themselves be 
damaged by strong winds and waves, and so the ir buffering 
capacity is a balance between the ir resilience and the ir 
vulnerability. The current consensus is that:

□  Reefs and mangroves play an important role in 
shore protection under normal sea conditions 
and during hurricanes and tropical storms. At 
least 70-90 per cent of the energy of w ind­
generated waves is absorbed, depending on how 
healthy these ecosystems are and the ir physical 
and ecological characteristics.

□  In a tsunami, the buffering capacity of reefs and 
mangroves is more variable and often reduced 
because of the different structure and form  of 
the waves and the ir much greater force. Distance 
from the earthquake epicentre, the presence of 
in lets and headlands, the gradient of the 
continental slope, shoreline elevation, the 
presence of dunes and other vegetation, and 
density of habitation and infrastructure seem to 
explain most of the variation.

PROS AND CONS OF REHABILITATION AND RESTORATION
Both reefs and mangroves w ill recover naturally once a 
stress has been removed, but this can be slow; for example, 
the reefs most seriously damaged by the tsunami may take 
five to ten years to recover. New growth of coral colonies and
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mangrove trees, and recru itm ent of corat larvae and 
mangrove seedlings, is balanced by erosion and breakdown 
from  both hum an-induced and natura l stresses. The 
chronic human impacts faced by these ecosystems are 
tending to stow recovery, and the highest priority is to 
reduce and elim inate these stresses. It is tempting to try to 
speed recovery of an ecosystem by active restoration, or 
repair. However, this is rarely totally successful because of 
the difficulties involved in re-establishing fu ll biodiversity 
and ecological processes:

□  Mangrove restoration is relatively simple and 
targe areas of new forest are being created using 
volunteers and local labour. However, achieving a 
mangrove forest w ith  a fu ll com plem ent of 
biodiversity is a more complex and long-term  
process, and it is questionable whether any 
programmes have yet achieved this.

□  Reefs, involving numerous species w ith very 
different life histories and poorly understood 
growth and reproductive characteristics, are 
more d ifficu lt to restore. Many attempts have 
been made using a variety of techniques. Most 
methods are costly and require considerable 
skill, and there are few examples of successful 
sustainable reef restoration over targe areas.

CORAL REEF AND MANGROVE MANAGEMENT IN THE 
FUTURE
Investing in environm entally sustainable management 
and development of the coast w ilt be more cost effective 
than restoring human livelihoods and ecosystems a fte r a 
catastrophe. The relatively sm alt am ount of damage 
in flic ted  on corat reefs and mangroves by the 
2004 tsunam i dem onstra ted the resilience of these 
ecosystems to na tura l disturbance, but the worldw ide 
public concern generated also revealed our awareness of 
the ir vulnerability.

□  The devastation recently wrought by hurricanes 
and tropical storms testifies to the priority that 
m ust be accorded to the maintenance and 
enhancement of the resilience of natural coastal 
barriers such as reefs and mangroves.

□  Post-tsunam i and hurricane reconstruction 
efforts provide an opportunity to introduce and 
expand good coastal management practices. 
These may indeed help to mitigate damage from 
future tsunamis but, since these are infrequent 
events, the more im portan t consequence is 
mitigation of the impacts of the more certain, but 
gradual, changes due to gtobat warming.

□  S hort-term , sm all-scale rehabilitation progr­
ammes should not take precedence over 
activities directed at the root causes of the 
decline in reef and mangrove health. Key toots 
include integrated coastal management, marine 
protected areas, and monitoring and assessment 
for adaptive management.

□  Governments, civil society and the private sector 
must recognize that, as w ith other benefits, there 
is a price to pay for maintaining these eco­
systems. However, this is much tower than the 
benefit received. For example, the estimated 
average operational m anagem ent cost of a 
marine protected area is US$775 per km2, or less 
than 0.2 per cent of the estimated gtobat value of 
a square kilometre of reef or mangrove.

□  Many of the world 's wealthiest nations have 
jurisdiction over these ecosystems -  more than 
30 per cent of reefs are in countries classified as 
highly developed. They also have strong links 
w ith less developed countries struggling with 
the ir management. Political w ilt and concerted 
action are needed -  corat reefs and mangroves 
are in the front line, and catting for attention.
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Global status of reefs and 
mangroves

DISTRIBUTION
Of the 177 countries in the world, rather less than half (44 
per cent] have tropical coral reefs and about half have 
mangroves. Our knowledge of the distribution of coral reefs 
and mangroves is now relatively good, as a result of regional 
and global mapping programmes using navigational charts, 
satellite imagery and aerial photography, as w e ll as more 
detailed field surveys.

Both ecosystems occur principally in the tropics, 
w ith South-East Asia a major centre. Distribution between

Fig. 1 : Area of coral reefs and mangroves

Mangroves and tropical coral reefs

countries is very unequal. Australia and Indonesia each 
have about 50 000 km2 of reef and account for nearly 35 per 
cent of the world 's reefs, and Indonesia alone has 23-25 per 
cent of the world's mangroves. In general, other countries 
have less than 10 000 km2 of reef and less than 1 000 km2 of 
mangroves (Spalding et al., 1997; 2001 ).

STATUS
The coastal biome, which makes up only 4 per cent of the 

Fig. 2: Distribution of tropical coral reefs and mangroves
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planet's total land area, is home to one-third of the world's 
population, and this population is predicted to double over 
the next 15 years. In many countries, such as island nations 
and those w ith inhospitable and arid interiors, humankind 
lives almost entirely on the coast. With the exception of 
some isolated atolls, a ll reefs and mangroves lie adjacent to 
the coast; more than half these ecosystems occur within 25 
km of urban centres inhabited by 100 000 or more people 
(M illennium  Ecosystem Assessment, 2005], Not 
surprisingly, the health and extent of both reefs and 
mangroves have declined dramatically over the last century.

Trends in reef health are w e ll documented as 
assessments are carried out at regular intervals, through 
numerous monitoring programmes, the results of which 
are published in the biennial Status of the World's Reefs 
Reports (Wilkinson, 2004], the regional World Resources 
Institute's Reefs at Risk reports (Burke and Maidens, 2004; 
Burke et al., 2002] and many national reports.

Results from monitoring programmes indicate that 
about 30 per cent of the world 's reefs are seriously 
damaged, w ith possibly no pristine reefs at a ll remaining, 
and it has been predicted that 60 per cent of reefs w ill be 
lost by 2030 (Wilkinson, 2004). Using information on existing 
and potential threats to reefs in 1998, the World Resources 
Institute suggested that 27 per cent of a ll reefs are 
potentially at high risk and a fu rther 31 per cent are at 
medium risk of damage (Bryant et al., 1998). More recent 
regional predictions, using the same method, paint an even 
more disturbing picture. A 2000 analysis estimated that 
human activities potentially threaten 88 per cent of the 
reefs of South-East Asia, w ith 50 per cent at high' or very 
high' risk and only 12 per cent at low risk (Burke et al., 
20 02 ).

As yet there are no equivalent global mangrove

C arys fo rt Reef, the  la rg e s t a nd  m o s t lu x u r ia n t re e f in the  F lo rida  
Keys, U n ited  S tates, in 1975 ¡h ig h e r) and  2004 ¡low e r) sh ow in g  the  
ca ta s tro p h ic  dec line  o f liv in g  c o ra l cover.

Reefs at risk in the Caribbean
N e a rly  tw o -th ird s  o f re e fs  in the  C aribbean a re  p o te n t ia lly  a t r is k  
fro m  hum an activ ities , acco rd in g  to a 2004 re po rt, w ith  o ve r 40  p e r  
c e n t a t 'h ig h ' o r  'very h ig h ' r isk , a nd  a b o u t 28 p e r  ce n t a t lo w  r is k  
¡B u rke  and  M aidens, 2004). In th is  reg ion , e lk h o rn  /A c r o p o r a  

p a l m a t a /  a nd  s ta g h o rn  ¡A. c e r v i c o r n i s /  co ra ls  have undergone  
m assive d ie -o ffs  ¡G ardner e t a i ,  2003).
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assessm ents, but severa l stud ies have shown th is  
ecosystem to be as much at risk as corat reefs. The 
amount of mangrove tost varies w idely among countries 
but, where data are available, mangroves are on a 
declining trend. An estimated 35 per cent of mangrove 
forest has disappeared in the last two decades (Vatieta et 
at., 2001], and some countries have tost 80 per cent of 
cover (Spalding et at., 1997). The average annual rate of 
disappearance (or conversion to other form s of land use) 
is estimated at 2.1 per cent, w ith  the greatest rate of toss 
in the Americas (3.6 per cent]. The annual rate of toss of 
mangroves thus exceeds the rate of disappearance of 
tropical rainforests (0.8 per cent] (Vatieta et at., 2001 ]. 
Estimates fo r some locations suggest tha t rates of 
mangrove toss may be as high as 50 per cent a year 
(Atongi, 20021.

Over the fast few decades there have been major 
changes in the appearance and quality of reefs and 
mangroves, the result of a combination of many 'drivers' or 
threats. These have both direct and indirect impacts that 
often trigger an escalating series of problems.

Many reefs, for example, are undergoing a shift from 
a corat-dominated to an atgat-dominated state. Corats have 
been disappearing as a result of bleaching, disease, storm 
damage and a range of human activities, including 
overfishing, use of destructive fishing gear, anchor damage 
and pollution. At the same time, algae have increased as 
herbivores and grazers, such as sea urchins and some fish 
species, that keep them in control have declined through 
disease and overfishing. Algae have fu rther increased as a 
result of nutrient pollution. Where corat cover has started to 
increase there are indications that the so-catted 
fram ework-building corats (e.g. Acropora, Montastrea1 that 
once dominated are being replaced by corats that contribute

The b row n  seaw eed  C h n o o s p o r a  o ve rg ro w in g  b ra n ch in g  cora ls .

Fig. 3: Area of mangrove lost to human activities
(per cent]

Source: Valiela et al., 2001

tittle to the main structure of the reef (e.g. Agaricia1 (Hughes 
et at., 2003; Knowtton, 2001 ].

Degradation of mangroves leads to long-term  
changes in the ecology of targe areas of coastline. In 
particular, conversion of mangroves to shrim p farms, and 
the subsequent aeration and use of fertilizers, a lters the 
composition and structure  of the soil. Eventually ponds 
are abandoned, som etim es afte r only two to ten years, as 
they are no longer suitable for production (Stevenson, 
1997). There is tittle  chance of mangrove regeneration in 
the remaining barren lands. Leading causes of mangrove 
forest toss and degradation are conversion for 
aquacultu re , use of mangroves fo r t im b e r fo r 
construction and other functions, and for fuetwood and 
charcoal, conversion to rice paddies, and freshwater 
diversion and coastal development for tourism  and other 
purposes (Vatieta et at., 20011.

THREATS 

Overexploitation and destructive fishing
Many com m erc ia l fish species, such as rabb itfish  
(Siganidae], feed on algae, and the ir removal can resu lt in 
excessive atgat overgrow th of corats. Removal of 
'keystone' species (those that play a pa rticu la r rote in an 
ecosystem] -  such as triggerfish  which prey on sea 
urchins -  may be the cause of urchin population ou t­
breaks which fu rth e r degrade corats through bioerosion. 
Dynamite, sm att-m esh nets and nets that are dragged 
over the seabed, although ittegat in many countries, are 
s tilt  used and cause widespread physical damage as weft 
as removing or kitting im m ature fish and other species of 
no com m ercia l value.

Habitat loss
Mangroves can be com pletely wiped out when forests are 
cleared for sa lt production operations, for industria l, 
residentia l and tourism  development, or, particularly, for 
aquaculture. In contrast, corat reefs generally su ffe r from
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In Honduras, s h rim p  fa rm s  have p rog re ss ive ly  tra n s fo rm e d  the coast o f the G u lf o f Fonseca s ince  the e a rly  1970s. A lthough  the re  w ere s t i l l  la rge  
areas o f m angrove in 1987, by 1999 the o n ly  su bs ta n tia l fo re s ts  w ere in p ro te c te d  areas such as Estero  Real N a tu re  Reserve IUNEP, 2005a],

a g radua l decline in qua lity  ra th e r than a sudden 
disappearance. However, m ining fo r corals fo r use as 
building m ateria ls can elim inate, o r reduce to rubble, 
large areas of reef. Although coral m ining is illega l or 
regulated in most countries, it is s t il l having a m ajor 
impact in India, the Maldives, Sri Lanka and Tanzania 
(Wilkinson, 2004],

Land-based sources of pollution
More than 77 per cent of the pollutants entering the oceans 
originate on land, and 44 per cent of these pollutants come 
from improperly treated wastes and run-off (Cicin-Sain et 
al., 2002], The nutrient content of the oceans has increased 
dramatically in recent years as a result of fertilizer and other 
ag ricu ltu ra l run-off, sewage and aquaculture waste. 
Nutrients such as nitrogen and phosphorus deplete oxygen 
in the water and promote the growth of algae on reefs 
(Hughes et al., 2003).

Many coastal development activities, such as 
residential, tourist, industrial and port development, involve 
land reclamation and dredging which invariably results in 
sedim ent being s tirred  into the w a te r column. 
This reduces light penetration, may directly sm other corals 
and can damage mangroves. Construction activities inland, 
agriculture and deforestation, and poor management also 
contribute to increased sediment.

Disease
Coral diseases, rarely recorded un til the 1970s, have had 
a catastrophic effect on reefs, p a rticu la r ly  in the 
Caribbean, affecting 100 hard and soft coral species in 54 
countries. The cause is s t ill largely unknown, although

S ed im en t p lu m e  in M onte  C ris t i N a tio n a l Park, D om in ican  Republic. 
In lan d  d e fo res ta tion  is causing  s e d im e n t ru n -o ff  on to nea rby  co ra l 
reefs. A s  a re su lt, co ra l cover tends to be lo w  co m pa re d  w ith  o th e r  
less im pa c te d  areas.

. . . . .  - - r .. .
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Coral a ttacked by black-band disease.

both fungi and bacteria have been identified as pathogens 
in two cases (Porter, 2001 ; UNEP-WCMC, 2003], There are 
indications that abrasion of massive corats through touris t 
activities may make corats more susceptible to disease 
(Hawkins et at., 1999).

Climate change
There is now general consensus that extreme storm  events 
are becoming more frequent, and sea levels and 
sea surface temperatures are rising as a result of gtobat 
warming. Reefs are already suffering from bleaching events 
that have increased sign ificantly  since 1975. In the 
Caribbean bleaching events are predicted to become an 
annual event as current sea surface temperatures are in the 
upper temperature threshold for corat survival (Gardner et 
at., 2005; Hughes et at., 2003). Tropical storms are forecast 
to become even more frequent and/or more intense 
(Trenberth, 20051, and this w ilt compound the problem, 
causing more damage to both reefs and mangroves and 
resulting in shorter recovery times between events (Hughes 
et at., 20031.

The change on reefs from corat to atgat dominance, 
and from  fram ework-building species to non-framework 
species, may also compromise the ir ability to keep pace w ith 
rising sea levels (Bettwood et at., 2004; Gardner et at., 20031.

Fishing w ith dynamite in the Philippines.

Furthermore, by 2100, rates of calcification (the 
process by which calcium is formed! on reefs may have 
decreased by 17-35 per cent of pre-industriat levels as a 
result of high levels of dissolved carbon dioxide in the 
oceans (these are now 380 parts per m illion  (ppm], 
compared w ith 280 ppm two centuries ago]. This w ilt cause 
weakening of corat skeletons and slower growth rates, 
making reefs even less effective as breakwaters (Feetey et 
at., 2004; Kteypas et at., 1999],

Other threats
Individual tourists, tourist boats and anchors may have only 
a m inor impact, but over time and in targe numbers the 
impact becomes significant (Hawkins et at., 1999; Zakai and 
Chadwick-Furman, 2002], Spitts of oil and toxic chemicals, 
and dumping of other wastes, cause localized impacts to 
both reefs and mangroves. The introduction of alien species 
is a threat to marine ecosystems that is growing rapidly with 
increased shipping and susceptibility in systems degraded 
by other stresses. Marine plants and animats can be 
transported immense distances on the hulls of vessels or in 
ballast water. Non-indigenous sessile species have been 
introduced to reefs in Guam via ships' hulls, and other alien 
species are spreading on the reefs of Hawaii, outcompeting 
native species (Etdredge, 2003],
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Value of ecosystem services
The M illenn ium  Ecosystem Assessm ent (M illennium  
Ecosystem Assessment, 2005] defines four categories of 
ecosystem services:

□  provisioning -  e.g. food, medicines, 
construction m aterials

□  regulating -  e.g. protection of shorelines, 
w a te r quality maintenance

□  cu ltu ra l -  e.g. tourism , sp iritua l beliefs
□  supporting -  e.g. maintenance of basic life 

support systems.
Coral reefs and mangroves provide benefits under a ll four 
categories.

Ecosystem services Coral reefs Mangroves

REGULATING Protection of beaches and coastlines 
from  storm  surges and waves 
Reduction of beach erosion 
Formation of beaches and islands

Protection of beaches and coastlines from  
storm  surges, waves and floods 
Reduction of beach and so il erosion 
Stabilization of land by trapping sediments 
Water quality maintenance 
Climate regulation

PROVISIONING Subsistence and com m ercia l fisheries 
Fish and invertebrates for the 
ornam ental aquarium  trade 
Pharm aceutical products 
Building m aterials 
Jewellery and other decoration

Subsistence and com m ercia l fisheries
Aquaculture
Honey
Fuelwood
Building m aterials
Traditional medicines

CULTURAL Tourism and recreation 
S p iritua l and aesthetic appreciation

Tourism and recreation 
Sp iritua l -  sacred sites

SUPPORTING Cycling of nutrients 
Nursery habitats

Cycling of nutrients 
Nursery habitats

Techniques fo r valuing ecosystem services are s t i l l  
relatively new and untested, and the results of such 
calcu la tions m ust be in te rpre ted w ith  care. Putting 
a monetary value on an ecosystem, however, can help to 
dem onstrate why its survival is im portant (IUCN/TNC/ 
World Bank, 2004; Turner et al., 2003). Economic values 
can be calculated from  the cost of the products (e.g. fish) 
and services (e.g. tourism ] derived from  an ecosystem, or 
from  the cost of rep lacing a service (e.g. bu ild ing 
seawalls where natura l storm  protection has been lost).

There is, however, no single agreed to ta l value for a ll 
coral reefs or a ll mangroves, o r even for the different 
services provided by these ecosystems. Values vary 
according to:

□  The location -  e.g. reefs that are m ajor touris t 
destinations w ill have a higher value in term s of 
diving and other reef-re lated activities than 
those where tourism  has not been developed.

□  The length of tim e being considered and 
w hether a prediction fo r the future is involved
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In t h e  front line

(e.g. a ll reefs are potentially of value for diving 
tourism  but some may have no value at present],

□  The 'beneficiaries' of the service, since some 
people w ill place a higher value on it than others.

□  The method used and the assumptions made.

Furtherm ore, it is hard to calculate the economic value 
of the aesthetic and eth ica l benefits of ecosystems, or of 
the service some ecosystems provide through cycling 
nutrien ts. Estimates of the 'to ta l' economic value of an 
ecosystem thus vary considerably and there is a risk 
tha t using th is  approach unde res tim ates  the 
ecosystem 's socia l benefits and overa ll im portance. This 
means that it is not always wise to use ecosystem 
valuations fo r policy m aking and investm ent decisions 
(IUCN /TNC /W orld Bank, 2004). For exam ple, the 
apparent h igher value assigned to mangroves than cora l 
reefs (see Fig. 4] should not be in terpre ted to mean that 
they have a h igher m anagem ent priority. It is also true 
tha t many of the activ ities tha t bring benefits, such as 
fishing and tourism , also damage reefs and mangroves, 
and only care fu l m anagem ent w ill a llow  the fu ll values 
to be m aterialized.

However, if these lim ita tio n s  are taken into 
account, an economic valuation can help to demonstrate 
the m ajor role that reefs and mangroves play in the lives 
of many people. Studies to date have shown that most 
benefit comes from  provisioning services (i.e. fisheries 
and, fo r mangroves, t im b e r and fuelwood), cu ltu ra l 
services (tourism ) and regu la ting  services (shore 
protection].

The to ta l annual economic value of reefs has 
been estim ated at between US$100 000 and US$600 000 
per km 2 (Cesar et al., 2003; Constanza et al., 1997] and 
the value of m angroves even higher, at m ore 
than US$900 000 per km 2 (Constanza et al., 1997). 
Figures are, however, very variable as some national 
estim ates show:

□  Sri Fanka's coral reefs have been valued at 
between US$140 000 and US$7.5 m illion per 
km 2 over a period of 20 years (Berg et al., 1998).

□  In American Samoa, mangroves, which cover less 
than 0.5 km 2, have an estim ated value 
of US$104 000 per km2 (total value of about 
US$50 m illion a year] and reefs, which cover 222 
km2, are estimated at US$14 300 per km2 (total 
value of US$318 m illion a year] (Spurgeon and 
Roxburgh, 2005).

□  In Thailand, very high values of US$2.7 m illion

Fig. 4: Economic value of the main ecosystem 
services of coral reefs (billion US$1

Source: Cesar et al., 2003

to US$3.5 m illion per km 2 have been calculated 
for mangroves (Sathirathai and Barbier, 20011.

Some of the variation can be explained by the location of 
the ecosystem. The value of reefs and mangroves for 
shore protection (often measured per linear kilom etre] 
depends on the activities under way o r planned along a 
pa rticu lar stretch of coast. In Indonesia, reefs have been 
valued as follows (Cesar, 1996]:

□  Reefs adjacent to sparsely populated areas 
where agricu lture is the main activity: US$829 
per km, based on the value of ag ricu ltu ra l 
production that would be lost if there were no 
protection.

□  Reefs adjacent to areas of high population 
densities: US$50 000 per km, based on the cost 
of rep lacing housing and roads if coastal 
protection were lost.

□  Reefs in areas where tourism  is the main use: 
US$1 m illion per km, based on the cost of 
m aintaining sandy beaches.

S im ila r values have been obtained for the Caribbean, 
varying from  US$2 000 to US$1 m illion, w ith  the highest 
values in areas heavily developed for tou rism  (Burke and 
Maidens, 2004).

There are also severa l m ethods fo r valu ing 
mangroves. The storm  protection value of mangroves in 
Sri Fanka (before the tsunam i] was put at US$7 700 per 
km 2 a year using a linear value (UNEP/GPA, 2003). A study 
in Indonesia, in a d iffe rent approach, calculated the 
erosion contro l value of mangroves as being equivalent to 
US$600 per household per year (Ruitenbeek, 1992).
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Regulating services -  shoreline 
protection

Although reefs and mangroves fo rm  na tu ra l barrie rs 
along the coast and thus inev itab ly  provide som e 
pro tection  to the shore, there is su rp ris in g ly  litt le  
sc ien tific  data to back th is up. Most of the evidence is 
observational and anecdotal, and relates to no rm a l wave 
energy and storm s. The calm  lagoons inside reefs and 
behind mangroves are im m edia te ly evident on trop ica l 
coastlines. F ishers use these she lte red  w a te rs  as 
navigation routes and fo r fishing, pa rticu la rly  during 
bad w eather o r the rough season monsoons. Holiday 
m akers and tou ris ts  benefit from  the sheltered waters 
fo r num erous recreational activities. The breakw ater 
role of reefs is emphasized by the im portance accorded 
to the channels through them. These a llow  safe passage 
to the lagoon and shore fo r fishing, navigation and 
recreational activities, pa rticu la rly  in bad weather, a 
significance recognized by both coastal com m unities 
and port au thorities.

Coastal com m unities are often aware of the 
pa rticu lar protection afforded by mangroves. In India 
(Dahdouh-Guebas et al., 2005] and the Philippines 
(Walters, 2004], v illagers te ll of how they have been 
protected from  cyclones and typhoons in locations where 
mangroves are intact, but su ffe r where mangroves have 
been converted to shrim p farm s o r otherwise lost. In

H ote l b u il t  beh ind  m angroves, Kenya.

Orissa, India, a powerfu l cyclone in 1999 and associated 
waves caused extensive damage and human m ortality, 
but com m unities protected by mangrove belts were less 
affected (Mangrove Action Project, 2005). In Viet Nam, 
mangroves have been observed to lim it damage from  
cyclone waves and tsunam is and are said to have led to 
large savings on the costs of m aintaining sea dykes (Ha, 
2003; Tri et al., 1996).

In sou thern  India, the d is tinc t diffe rences 
between the Gulf of Mannar and Palk Bay, caused by the 
protection provided by reefs, have led to these seas being 
equated w ith men and women by local v illagers. The 
fo rm er is considered 'm ale ' because waves hit the reef 
and subside in force before they reach the shore. The 
la tte r  is considered 'fem a le ' because w ate rs are 
generally calmer, but, if disturbed by storm s, cause 
greater damage due to the lack of a reef. Fishing 
com m unities on Pamban, an area lying between the two 
seas, s t il l rem em ber the 1964 cyclone that washed away 
one v illage, w h ile  those behind reefs survived 
(W hittingham et al., 2003], Further north, in Chidambaran 
D is tric t the shore pro tection role of mangroves is 
recognized by local people where a 113 km 2 forest is used
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as a sacred grove and is trad itionally  known in Tamil as 
Aíaíthí Kadukat, which means 'the forest that controls the 
waves' (WWF, 2005],

Both reefs and mangroves also play a role in the 
accretion of coastlines. Reefs produce sand that form s 
and replenishes sandy beaches and islands, the sedim ent 
accum ulating when corals and other calcified organisms 
break down after the ir death. Mangroves help to stabilize 
coastal land, by trapping sedim ent washed down in rivers 
o r from  more general run-off. Remains of rows of 
mangroves planted to s tab ilize  the coast by early 
generations of Maoris can s t ill be seen in New Zealand 
(Vannucci, 1997).

The role of reefs as breakw aters is also 
demonstrated by the many a rtific ia l s tructures that are 
being installed for shoreline protection in locations w ith 
no natural reefs. These often have a negative impact, in 
term s of creating unwanted longshore drift, but they 
nevertheless show how reef-type barriers influence wave 
action, even being installed to improve surfing conditions 
(Jackson et al., 2002],

A lthough the general buffering capacity of reefs 
and mangroves thus seems obvious, the mechanical 
processes involved are complex, and the extent to which 
they provide shore protection compared w ith  man-made 
ba rrie rs  and o ther na tura l features is not yet fu lly  
understood. Furtherm ore, the reef and mangrove 
ecosystems are themselves damaged by events such as 
s torm s and tsunam is. Hurricanes, fo r example, can 
reduce coral cover s ignificantly (Gardner et al., 2005). 
Mangroves can be destroyed o r seriously degraded by 
hurricanes, through defoliation and uprooting by the 
wind, erosion of the shoreline by waves and buria l under 
sediment. In 1999 Hurricane Mitch destroyed 97 per cent 
of the mangroves of Guanaja, one of the Bay Islands in 
Honduras (Cahoon and Hensel, 2002). Thus the buffering 
capacity of both ecosystems is a balance between the ir 
resilience and the ir vu lnerability , w ith  many factors 
involved. A healthy coral reef o r mangrove, in the absence 
of human impact, acts as a se lf-repa iring  breakwater, 
w ith  growth in equilib rium  w ith  the erosion caused by 
waves, storm s and other processes.

WIND-GENERATED WAVES AND STORMS
The waves norm ally seen on the ocean are generated by 
wind, and have most of the ir energy in the surface waters. 
The reef fla t (the zone of a reef extending seaward across 
the lagoon] and the reef crest (the seaward edge of the reef 
flat] absorb most of a wave's force, often up to or more than 
90 per cent (Brander et al., 2004; Lugo-Fernandez et al., 
1998; Roberts and Suhada, 1983). The greater the width of

reef fla t between the reef edge and the shore, the more 
wave energy is lost. In Egypt, for example, the reef fla t and 
reef crest of the fringing reef off the tourist resort of 
Hurghada dissipate wave energy considerably, protecting 
marinas and beaches (Frihy et al., 2004).

The lagoon beh in d  the  fr in g in g  re e f h e re  in n o rth e rn  Z anz iba r  
p rov id e s  a s h a llo w  s h e lte re d  area  w here  m a ny  ac tiv it ie s  can be 
undertaken.

The amount of energy reduction also depends on 
the extent of fragm entation of the reef, as a continuous 
reef acts more as a breakwater than a reef that is broken 
by channels. The state of the tide and the depth of w ater 
over the reef -  at low tide a reef affords more protection -  
and w hether it 'plunges' on to o r 'sp ills ' over the reef top 
also play a role (Gourlay, 1994; Kabdali and Turker, 2002], 
Quantifying what the reduction in wave energy may mean 
in term s of shore protection is more d ifficu lt. In Sri Lanka, 
however, it has been estimated that w ith current rates of 
erosion and assuming that 1 k ilom etre of reef protects 5 
kilom etres of shoreline, 1 km 2 of coral reef can prevent 
2 000 m2 of erosion a year (Berg et al., 1998],

Mangroves dissipate the energy and size of waves as 
a result of the drag forces exerted by the ir multiple roots and 
stems. Wave energy may be reduced by 75 
per cent in the wave's passage through 200 metres 
of mangrove (Massei et al., 1999] but, as w ith  coral 
reefs, other factors also have an influence, including coastal 
profile, water depth and bottom configuration. One study 
suggested that a 1.5-km belt of mangrove may be able to 
reduce entirely a wave one metre high (Mazda et al., 1997).
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La rg e  b o u ld e r c o ra l w ashed  up on an A ceh beach fo llo w in g  the  

tsu n a m i o f D ece m b e r 2004.

TSUNAMIS
Compared w ith  a w ind-genera ted wave, a tsunam i has a 
m uch longer wave length and the wave energy is 
d is tribu ted  throughout the entire  w a te r colum n and is 
on a much grea te r scale. As a tsunam i approaches the 
shore and w a te r depth decreases, the wave height 
increases d ra m a tic a lly  as energy is converted to 
surface layers, th is  effect being more pronounced on 
gradua lly  sha llow ing shores (Kowatik, 2004; Mojfetd 
et at., 2000], Tsunamis can cause substan tia l damage 
at locations protected from  w ind-genera ted waves, as 
they tend to accelerate through channels and up inlets, 
rap id ly increasing in height. They can also be reflected 
off obstacles and trave l in d iffe ren t d irections (Yeh et 
at., 1994). It is thus perhaps not s u rp ris in g  tha t 
the rotes of reefs and mangroves as buffers in the

2004 tsunam i, and the dam age they received, 
varied considerably.

Despite in itia l fears, both ecosystems were less 
badly damaged than expected even on reefs in Aceh, 
Indonesia, which were w ith in  300 km of the epicentre 
(Baird et at., 2005], In Thailand, of 175 reef sites surveyed 
on the Andam an coast a fte r the tsunam i, 
more than 60 per cent had tittle  or no damage; 13 per 
cent were seriously damaged, however. Shallow reefs on 
wave-exposed islands and sho re lines were m ost 
vulnerable, as were the northernm ost coast and offshore 
islands (Phongsuwan and Brown, in press]. At some sites, 
differences were even more localized: at Patong Bay, 
Phuket, reefs in the south were badly damaged but those 
in the north were alm ost untouched, a pattern that was 
reflected in the destruction on land (Edwards, 2005). 
Post-tsunam i surveys in Thailand and Aceh show 
that most damage was in the form  of overturning of 
poorly attached boulder corals, breakage of branching 
corals, and sm othering of the reef w ith  sedim ent (Baird 
et at., 2005; Phongsuwan and Brown, in press). 
Much greater damage was sustained by reefs directly 
affected by the earthquake. Reef flats, w ith once diverse 
corat com m unities, have been perm anently  up lifted 
above the high w ate r m ark in many coastal areas of 
Aceh and the Andaman and Nicobar islands (B. Brown, 
pers. comm.].

An analysis by UNEP/GRID of more than 50 sites 
affected by the tsunam i, using pre- and post-satettite 
im agery, ind ica ted tha t the re  was g re a te r coastal 
flooding behind corat reefs (Chatenoux and Peduzzi, 
2005], perhaps because channels th rough the reef 
accelerated the flow. The same resu lt was found in Aceh

January, 2005

: f t i f l L v a o n
I S d M lW t't

n i - iT J . ' i

M any p a rts  o f the coast o f  Tam il N adu in Ind ia  w ere  se ve re ly  h it  by the  tsunam i. Three v illages beh in d  the  m ang roves in P itchavaram  
S a n c tu a ry  su rv ive d  w hereas the  tw o in fro n t w ere  lo s t iD an ie lsen  e t a i ,  2005; K a th iresan  and  Narayanasam y, 2005). This could, however, 
have been due to  the  re du ce d  fo rce  o f  the  wave, as the  c o n tin e n ta l s lop e  d rop s  to  deep w a te rs  m uch  m o re  s h a rp ly  here, c o m pa re d  w ith  a reas  
fu r th e r  sou th  w hich  s u ffe re d  g re a te r  dam age IW ood, 2005).
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The once extensive  m ang roves a ro u n d  Banda A ceh in S um atra , Indonesia, an area  w hich  s u ffe re d  devasta ting  dam age a nd  loss  o f life  in the  
tsunam i, had  been la rg e ly  re p la ce d  by s h r im p  fa rm s, covering  360 km - IUNEP, 2005b). A lth o u g h  loss  o f  m angroves c o u ld  have c o n tr ib u te d  to 
the  d es tru c tion , the  area  was a lso  ve ry c lose  to the e p ice n tre  o f  the  tsunam i, and  th u s  vu ln e ra b le  to s u b s ta n tia l im pact.

(Baird et al., 2005], and studies on the Queensland coast 
of Austra lia have also shown that h is torica lly  tsunam is 
have breached the Great B a rrie r Reef through passes in 
the reef (Knott, 1997).

Some studies have suggested that, in certain 
locations, reefs did provide protection. In Sri Lanka, at 
Hikkaduwa where the reefs are in a better condition than 
many in the country -  and are protected in a marine park -  
the tsunami caused damage to a distance of only 50 metres 
inland and waves were only 2-3 metres high. At Peratiya, 
just 3 km to the north but where the reefs have been 
extensively affected by corat mining, waves were 10 metres 
high, and damage and flooding occurred up to 1.5 km inland 
(Fernando et at., 2005, Liu et at., 2005). Detailed analysis of 
these areas is s tilt needed, as other factors may also be 
involved. Dunes were particularly im portant in providing 
protection in Sri Lanka (Liu et at., 2005],

Initially, there were many observations suggesting 
that mangroves both dissipated the force of the tsunami 
and caught the debris washed up by it, and thus helped to 
reduce damage (IUCN, 2005], In several cases, mangroves 
were also instrum enta l in saving fives by preventing 
people caught in the backwash of the wave from  being 
putted out to sea. However, as w ith  corat reefs, 
subsequent studies showed that the benefit of mangrove 
protection was ra ther variable. In India, bathym etry and 
coastal profile were most im portant in determ ining the 
impact, but less erosion was observed in the Andamans 
behind mangroves than where there were no mangroves 
(Department of Ocean Development, 2005],

A survey of 24 lagoons and estuaries along the 
south-west, south and south-east coasts of Sri Lanka 
which suffered the greatest damage showed that where 
good quality mangrove com m unities occurred there was 
tittle  destruction  to the coast, and the mangroves 
themselves were not badly harmed. However, forests 
dominated by less typical mangrove species (i.e. those 
that had been degraded in the past and were no longer

dominated by genera such as Sonneratia  or Rhizophora] 
were damaged (Dahdouh-Guebas et at., 2005], It therefore 
seems that the 'quality ' of the mangrove forest contributes 
in targe measure to its buffering capacity, in addition to its 
size and the extent of regrowth if it had previously been 
cleared. Tree density may certainty be im portant: one 
study indicated that a 100 m etre-w ide belt of mangroves, 
w ith  trees at a density of 30 per 100 m2, would be suffic ient 
to reduce the flow  pressure from  a tsunami by as much as 
90 per cent (Hiraishi and Harada, 2003],

Analyses of sate llite  images of a targe num ber of 
tsunam i-im pacted sites do not show clear corre lations 
between the presence of mangroves and reduced 
shoreline damage (Chatenoux and Peduzzi, 2005; Wood, 
2005], In many cases the locations where mangroves have 
been reported to have helped protect the shoreline were 
out of the main path of the wave, o r were adjacent to 
deeper w ater, and thus less susceptib le  to serious 
damage. These findings dem onstrate the importance, in 
developing predictive models, of carefu lly analysing every 
aspect of a site, both at the broad scale where sate llite  
imagery can be useful and through detailed field surveys 
and on-the-ground studies.

The genera l p icture em erging since the tsunam i 
is tha t reefs and mangroves were not the main factor 
in fluencing  the extent of damage on the coastline. 
Nearshore bathym etry and coastline profile  are probably 
the key factors determ in ing the force of a wave at any 
pa rticu la r coastal location. Shores adjacent to deep 
w a te r tended to be less affected than those next to 
sha llow  sloping shelves, regardless of the presence or 
absence of reefs. The shape of the coastline is also 
in fluentia l, w ith  headlands often providing protection 
white bays and in lets act as funnels, res tric ting  and 
focusing the force of a wave. More research is required 
before it w ilt  be possible to predict where, and in what 
way, a reef o r mangrove w ilt help to reduce the im pact of 
a tsunam i.
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Other ecosystem services
OTHER REGULATING SERVICES 

Climate and global carbon cycle
Emissions of carbon dioxide from fossil-fuel combustion and 
land-use changes are the leading cause of the build-up of 
greenhouse gases. Forests, as w e ll as crops, soil and other 
organic matter, take up carbon (carbon sequestration] and 
help to reduce the rate of global warming. Mangroves fix and 
store significant amounts of carbon (Alongi, 2002] and they 
play an important role in carbon sequestration, currently 
absorbing an estimated 25.5 x 10' tonnes of carbon a year 
(Ong, 19931.

Although reefs play an im portant role in the carbon 
budget, contributing 7-15 per cent of global calcium 
carbonate production, they do not help w ith  carbon 
sequestration. Sedimentary carbonates, including corals, 
coralline algae and the shells of other marine organisms, 
are the largest reservoir of carbon on Earth, and so 
fluctuations in the global calcium  carbonate budget 
influence atm ospheric carbon dioxide concentration. 
However, the chemistry of the system is such that although 
the oceans themselves are a sink' (i.e. they take up carbon 
dioxide], reefs are sources' or net producers of carbon 
dioxide, albeit on a sm all scale in terms of the global carbon 
budget, through the process of calcification (Suzuki and 
Kawahata, 2004],

Water quality
Mangroves are capable of absorbing pollutants such as 
heavy metals and other toxic substances (Lacerda and 
Abrao, 1984], as w e ll as nutrients and suspended matter 
(Ewel et al., 1998], This makes them natural wastewater 
filters, preventing many pollutants from reaching deeper 
water (Robertson and Phillips, 1995; Tann and Wong, 1999],

CULTURAL SERVICES 

Tourism
Coral reefs add significantly to the value of coastal tourism, 
supporting activities such as scuba diving, snorkelling and 
glass-bottom boat operations. They also contribute to the 
formation of white sandy beaches. Tourism is the world's 
largest industry, w ith 694 m illion in ternational tourist 
arrivals generating revenues of over US$500 billion in 2003. 
The tourism  industry is a major employer and source of 
foreign exchange and is growing rapidly; it is expected to 
reach 1.6 billion arrivals by 2020. Beach-based leisure
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The n u m b e r o f d ive o pe ra to rs  a lo n g  the  M eso-A m erican  B a r r ie r  
R ee f has inc re a se d  d ra m a tic a lly  in re c e n t years, re fle c t in g  the  
g ro w th  o f  th is  le is u re  ac tiv ity . In 2000, re e f d ive rs  -  n um b e ring  
a bo u t 3.6 m illio n  -  m ade  up 10 p e r  c e n t o f  a ll  to u r is ts  to  the  
C aribbean. D ivers, how ever, c o n tr ib u te d  17 p e r  ce n t o f to u rism  
revenue , sp e n d in g  a b o u t U S$2 100 p e r  tr ip , c o m p a re d  w ith  
US$1 200 fo r  to u r is ts  in gen e ra l. I t  has been e s tim a te d  th a t in 2000  
the  n e t a nn u a l b ene fits  fro m  d ive r to u ris m  in the  C aribbean  
a m o u n te d  to  U S $ 2 .1 b illio n , w ith  U S$625 m illio n  be ing  sp en t 
d ire c tly  on d iv ing  on re e fs  ¡B u rke  and  M aidens, 2004).

tou rism  constitutes a large, and possibly the fastest 
growing, sector. In Egypt, for example, the tourism  sector as 
a whole accounts for more than 11 per cent of gross 
domestic product (GDP], and coral reefs have been central 
to the extremely rapid development of beach-based and 
diving tourism in south Sinai since the 1990s; this area now 
accounts for some 25 per cent of tourism 's contribution to 
national GDP (Jobbins, 2004],

The 2004 tsunami brought home the economic 
value of coastal and reef-based tourism, since this is vital to 
the economies of the Maldives, Sri Lanka and Thailand. In 
Sri Lanka, coastal tourism contributed about US$20 m illion 
a year to the national economy in the mid-1990s (Berg et al., 
1998], A study in 2003 of the reefs of the Phi Phi Islands in 
Thailand, subsequently heavily damaged by the tsunami, 
valued them at US$624 300/km2 a year for tourism  and
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A m ang rove  b o a rd w a lk  fo r  to u r is ts  on W asini Is la n d  in so u th e rn  
Kenya, m anaged  by a lo c a l w om e n 's  g roup , g en e ra te s  se ve ra l 
th o u san d  d o lla rs  a y e a r  w hich  a re  used  fo r  m a in ta in in g  the  
boa rd w a lk  and  fo r  c o m m u n ity  deve lo pm e n t a c tiv it ie s  IIUCN, 2004).

recreation, w ith a totat vatue of US$205 mittion a year 
(Seenprachawong, 2003], This provides a major incentive 
for carefut management of the reefs post-tsunami, to 
ensure that they recover rapidty and continue to provide 
tourism benefit.

Mangroves are not traditionally thought of as tourist 
attractions or suitable sites for recreation, but this is 
changing fast w ith the realization that this ecosystem 
provides a fascinating educational experience and also 
harbours a range of unusual species that can be easily 
observed once boardwalks have been installed. Visits to 
mangroves and birdwatching tours are now generating 
significant revenue for local communities.

PROVISIONING SERVICES 

Fisheries and other marine products
Coral reefs and mangroves support numerous different 
types of fishery: artisanal, commercial and recreational; 
food, curios and souvenirs, bait, and items for decoration; 
and fish, lobsters, crabs, molluscs, sea cucumbers and 
many other species. However, much of the harvesting of 
these species, as w e ll as of species taken for non-food 
purposes, is unsustainable, and current economic benefits 
may thus be short term.

Of the estimated 30 m illion sm all-scale fishers in 
the developing world, most are dependent to some extent 
on coral reefs for food and livelihood. In the Philippines, 
more than 1 m illion sm all-scale fishers depend directly on 
coral reefs for the ir livelihood. The productivity of the 
fisheries sector (shrimp, lobster, conch and other high­

valued species] in Belize, Honduras and Mexico is directly 
dependent on the health of the adjacent barrier reef, the 
longest in the hemisphere. Sustainable annual catches of 
fish from reefs vary from 0.2 to 30 tonnes/km2, w ith an 
average of 5 tonnes/km 2 (Jennings and Polunin,1995). 
Depending on the value of the fish, reef fisheries are thus 
potentially worth US$15 000-150 000/km2 a year, based on 
catch values of US$1 -10 per kg (Talbot and Wilkinson, 2001 ). 
Reef fisheries in South-East Asia generate some US$2.4 
billion a year (Burke et al., 2002), and in the Caribbean 
US$310 m illion a year (Burke and Maidens, 2004],

There is now a global market for reef species. 
Com m ercia l reef fisheries are a m ajor source of 
em ploym ent and foreign exchange, supplying export 
markets and retailers around the world, as w e ll as the 
restaurant and hotel industries. The live reef fish trade 
supplies restaurants throughout South-East Asia w ith 
products from the Pacific and Indian Oceans (Hughes et al., 
2003], Tuna fisheries, such as those in the Maldives and 
Lakshadweep, are often supported by reef-based bait 
fisheries, and tuna themselves depend in part on reefs for 
the ir food (W hittingham  et al., 2003], Reef-based 
recreational fisheries generate over US$100 m illion  
annually (Cesar et al., 2003],

A large proportion of fish and invertebrates in the 
aquarium trade comes from coral reefs, shipped to the 1.5- 
2 m illion people in Europe and North America who have 
aquaria. Sri Lanka, for example, earns about US$5.6 m illion 
a year exporting reef fish to about 52 countries, an activity 
that supports directly and indirectly around 50 000 people. 
Large quantities of corals, shells, starfish, pufferfish and 
other species are used in the curio trade. Reef-based

Som e e s tim a te s  su gg e s t th a t re e fs  c o n tr ib u te  up to 2 5  p e r  c e n t o f 
the  a nn u a l to ta l fish  ca tch  in deve lop ing  coun tries , p ro v id in g  food  
fo r  1 b illio n  peop le  (C esar e t a i ,  2003).
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In t h e  front line

The h lgh -va lue , lo w -v o lu m e  n a tu re  o f the  a q u a riu m  trade  m eans  
th a t i t  c o u ld  p rov id e  a live lih o o d  fo r  m any  peo p le  i f  c a re fu lly  
m anaged: a k ilo  o f  a q u a riu m  fish  was w orth  n e a r ly  US$500 in 2002, 
co m pa re d  w ith  a k ilo  o f  food  fish  w hich  s o ld  fo r  a bo u t US$6 
IW abn itz  e t al., 20031.

curios provide significant export revenue, but the souvenir 
trade is targety unregulated and the benefits from it may be 
short term.

Mangroves are im portant as breeding and nursery 
areas for fish and prawns that form  the basis of major 
fisheries (Bann, 1997; Sasekumar et at., 1992], Annual 
com m ercial fish harvests from  mangroves have been 
valued at from US$6 200 per km 2 in the United States to 
US$60 000 per km2 in Indonesia (Bann, 1997). An estimated 
75 per cent of the commercially caught prawns and fish in 
Queensland, Australia, depend on mangroves for part of 
the ir fives and on nutrients exported from the mangroves to 
other ecosystems (Horst, 1998). The annual market value of 
seafood from  mangroves has been put at US$7 500- 
167 500/km2 (Millennium Ecosystem Assessment, 2005). 
With fish catches averaging 1.3-8.8 kg an hour, a 400-km2 
managed mangrove forest in Matang, west Malaysia, 
supports a fishery w orth  US$100 m illion  a year 
(US$250 000/km2/year(. Many commercial shrim p fisheries 
are dependent on m angrove-fringed coastlines and 
estuaries including those in Central America and East 
Africa. In the Guff of Panama, the fisheries for shrimps and 
fish generate an estimated US$95 000 per kilometre of 
coastline (Talbot and Wilkinson, 2001 ).

Mangrove forest products
Several mangrove species provide h igh -qua lity  
com m ercial tim ber, used fo r building and for making 
newsprint, m atchsticks and matchboxes. Mangroves are

also used in targe quantities locally for house, boat and 
je tty  construction . Mangrove tim b e r is p a rticu la rly  
valuable for construction as it is resistant to rot and to the 
boring activities of many marine invertebrates. Wood 
from  several mangrove species has a high calorific value 
and is thus of value both directly as fuetwood and as 
charcoal. Mangrove wood was used as fue l in many of the 
early tra in  engines in India, and it is s tilt  w idely used in 
k ilns to make time (often using five corats from  adjacent 
reefs). The Matang mangroves in Malaysia provide 
forestry products (tim ber and charcoal) w ith a value of 
US$30 000/km 2/year, and to ta lling US$10 m illion  a year 
(Talbot and W ilkinson, 2001).

Mangroves provide a variety of traditional products. 
Tannins from mangroves were used to coat and preserve 
wood, nets and other fishing gear, as weft as being used as 
a dye for cloth. In several countries, mangrove leaves 
provide fodder for cattle and goats. Mangrove forests have 
long been an im portant source of honey and beeswax. 
Avicennia germ inans in Florida in the United States is 
particularly valued, as the bees that use this species make 
high-quality honey, and targe quantities were produced 
until the late 1800s when progressive toss of the best 
forests ted to a decline in production. Honey has been 
gathered from  mangroves on a subsistence basis in 
numerous countries, and, w ith a renewed interest in this 
product, the activity is being developed on a smatt-scate 
commercial basis in many places (Horst, 1998).

Pharmaceuticals
Marine organisms often contain pharmaceutically active 
compounds, many of the source species coming from reefs. 
Reef organisms have provided an HIV treatm ent and a 
painkiller, white a targe part of current cancer drug 
research focuses on corat reef species (M illennium  
Ecosystem Assessment, 2005). A study in Indonesia 
estimated that mangroves provide a potential net benefit of 
US$1 500 per km 2 (US$15/hectare) for medicinal plants 
(Ruitenbeek, 1992).

SUPPORTING SERVICES
The waters around mangroves are generally rich in 
nutrients, as a result of the organic m atter produced by the 
trees and plants themselves, and also from the sediment 
that is trapped around the roots. Mangroves produce about 
1 kg titte r/m 2 annually, which forms the basis of a complex 
food chain and some of which is exported w ith the tide. As 
a result mangroves support an abundant and productive 
marine life, and often act as spawning areas, as weft as 
nursery areas, sheltering juveniles of species that spend 
the ir adult fives in other ecosystems such as corat reefs and 
seagrass beds (Mumby et at., 2004).
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What happens when ecosystem 
services are lost?

Just as it is hard to catcutate accurately the economic value 
of different ecosystems, it is equally d ifficu lt to predict the 
cost to society of losing the ir various services. It was thought 
that the bleaching event of 1998 in the Indian Ocean would 
have a major impact on tourism  and fisheries. It was 
estimated, for example, that Tanzania would potentially 
suffer a direct toss of US$20 m illion from tourism  revenue 
(Westmacott et at., 2000a], However, ne ither sector 
underwent the expected decline: tourism  fluctuated but 
probably more as a resu lt of worldw ide po litica l and 
economic changes; white fisheries are s tilt in decline largely 
because of overexploitation.

Both the 1997 bleaching and the 2004 tsunami were 
single, if acute, events, and reefs and mangroves are 
expected to recover from  damage incurred. A more typical 
scenario is of reefs and mangroves undergoing steady 
decline. Ecosystems that can no longer provide the ir fu ll 
ecological services have a social and economic 'cost' to 
humanity, which can be felt in areas or situations many 
mites away. Ultimately, therefore, degradation of corat reefs 
and mangroves w ilt cause toss of fishing and tourism 
revenue and other form s of livelihood, toss of export 
earnings, m alnutrition due to tack of protein, increased 
coastal erosion, and destruction from  storm s and 
catastrophic natural events.

It is predicted that, for example, over a 20-year 
period, blast fishing, overfishing and sedimentation in 
Indonesia and the Philippines could lead to a net economic 
toss of US$2.6 billion and US$2.5 billion respectively for 
these two countries (Burke et at., 2002). In the Caribbean,

corat reef degradation continuing through to 2050 could 
reduce benefits from fisheries, dive tourism  and shore 
protection by a predicted total of US$350 m illion to US$870 
m illion over that period (Burke and Maidens, 2004).

LOSS OF REGULATING SERVICES
The impact of the toss of the protective functions of 
corat reefs and mangroves is already being fe lt in 
some countries. Parts of Sri Lanka, India, Indonesia 
and the Maldives, where corat m ining and collection 
has alm ost elim inated some reefs, have already 
seen serious erosion.

In Sri Lanka, erosion on the south and west coasts 
now averages an estimated 40 cm a year, considered to be 
partly due to damage to reefs. Some US$30 m illion has 
already been spent on breakwaters and other constructions 
to curta il this, and it has been estimated that the cost of 
replacing the coastal protection provided by these reefs 
would be US$246 000-836 000 per km (Berg et at., 1998], A 
hotel in West Lombok, Indonesia, spent an average of 
US$125 000 a year over a seven-year period restoring its 
250-metre-long beach, which had been eroded largely 
because of offshore corat mining (Riopette, 1995],

Modelling and predictions of the impact of the toss 
of natural shore protection provide dire warnings. Modelling 
of the changes in wave energy s trik ing  some island 
shorelines in the Seychelles (Sheppard et at., 2005] 
indicates that wave energy has recently doubted as a result 
of sea level rise, toss of corals from reef flats due to 
bleaching, and changes in reef crest profiles and wave
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In t h e  front line

In the  M ald ives, a re e f f la t  ad ja ce n t to the  c a p ita l o f  M a le  was f i l le d  
using  c o ra l ru b b le  and  caus ing  se d im e n ta tion  o f n ea rb y  reefs. 
T h e ir d eg ra d a tio n  w as p a r t ly  re s p o n s ib le  fo r  re du ce d  sh o re  
p ro te c tio n  and  extensive  flo od in g  in 1987, w hich  re s u lte d  in 20-30  
p e r  ce n t o f  the  n ew  in f i l l  be ing  lost. S ubseguently , a r t if ic ia l 
b re a kw a te rs  o f  co ncre te  te tra p o ds  w ere  in s ta lle d  a t a cost o f 
US$10 000 p e r  m e tre  Io r  US$10 m illio n  p e r  k ilo m e tre I IB ro w n , 
1997). N o t o n ly  was th is  expensive, b u t i t  d id  n o t p re ve n t se rio u s  
flo od in g  d u rin g  the  tsunam i.

regime. The models predict that, over the next decade, it 
w ill double again as a result of further damage to coral 
reefs. The consequences of this w ill depend on the shore's 
composition, but there w ill almost certainly be increased 
erosion on sandy shores.

In the Caribbean, more than 15 000 km of shoreline 
could experience a 10-20 per cent reduction in protection 
from waves and storms by 2050 as a result of coral reef 
degradation (Burke and Maidens, 2004], The economic 
costs to Australia from a degraded Great Barrier Reef as a 
result of the predicted impact of global warm ing have been 
put at US$2.5 billion to US$6 billion over 19 years (Hoegh- 
Guldberg and Hoegh-Guldberg, 2004],

Loss of mangroves causes saltwater intrusion and 
deterioration of groundwater quality, as w e ll as the 
disappearance of the filtering mechanism provided by the 
roots and the ecological characteristics of this ecosystem.

Mangroves play a sufficiently im portant role in the 
global carbon cycle that it has been estimated that the loss 
of 35 per cent of the world's mangroves (Valiela, 2001 ] over 
the last two decades has resulted in the release of large 
quantities of stored carbon, thus further contributing to the 
greenhouse effect (Cebrian, 2002],

LOSS OF PROVISIONING SERVICES
The degradation of reefs and mangroves is already having a 
major impact on the livelihoods of thousands of coastal

communities in the tropics, through loss of earnings and 
food security. Both overexploitation and habitat deterioration 
(particularly of nursery areas which causes disruptions to 
marine productivity] are leading to reduced catches in most 
tropical regions. For the Caribbean, it is predicted that, in the 
absence of reef degradation, fisheries production in 2015 
could be 100 000 tonnes, w ith a revenue of US$310 million. 
However, w ith the reef degradation that is projected to 
occur, production may be 30-45 per cent less (60 000-70 000 
tonnes], and revenue only US$140 m illion (Burke and 
Maidens, 2004).

LOSS OF CULTURAL SERVICES
Scuba divers specifically look for coral reefs w ith rich live 
coral, high fish and invertebrate diversity and clear water. In 
the long term, degradation of reefs w ill reduce the ir value to 
the tourist industry. Reefs w ill provide less interesting diving 
and snorkelling, poorer sport fishing and, where erosion has 
taken hold, less attractive beaches. For the Caribbean, it is 
predicted that, if reefs undergo no fu rther deterioration, net 
benefits from scuba diving could grow to US$5.7 billion by 
2015. If reef health deteriorates further, however, dive 
revenue could am ount to only US$5.4-5.6 billion, 
representing a future Toss' of 2-5 per cent (Burke and 
Maidens, 2004). Already it is widely believed in Florida, 
United States (although data are lacking) that the decline in 
reef quality is partly responsible for the shift from  high- 
value, low-volume tourism  to budget travellers; this reduces 
revenue and potentially, if large numbers are involved, 
fu rther contributes to the degradation of the reefs (T. 
Agardy, pers. comm.].

The c o m m e rc ia lly  im p o rta n t ra in b o w p a rro tf is h  S c a ru s  g u a c a m a ia  

in  the  C aribbean depends on m ang roves as a ju v e n ile  b u t lives  on 
re e fs  as an a du lt. I t  is  fa r  less  com m on  on re e fs  w ith  no ad ja ce n t 
m angroves, and  is  one o f p ro b a b ly  m a ny  spec ies  th a t a re  d ec lin in g  
fro m  loss o f  h ab ita t as w e ll as o verfish ing  (M um by, e t a i ,  2004). 
Loca l ex tinc tions have been re p o rte d  w here  m angroves have been 
cleared, as a t G lover's A to ll in Be lize  ¡A. Edwards, pers. com m .).
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In t h e  front line

Although our instinct is to repair or restore something 
that has been damaged, there is often an argum ent for 
a llow ing na tu ra l recovery. There are, indeed, many 
examples of reefs and mangroves recovering from  a 
m a jo r im pact such as a hu rricane  w ith ou t human 
intervention. Although recovery may seem slow, natural 
regeneration increases the likelihood that the ecosystem 
w ill return to what it was before.

The many chronic, lo ng -te rm  im pacts now 
affecting these ecosystem s often s low  the rate of 
recovery. On reefs, for example, the sh ift from  a coral- 
dominated to an algal-dom inated ecosystem means that 
new coral recru its are quickly outnumbered and those 
that settle often have little  chance of survival. The focus 
now needs to be on rem oving the causes of th is 
im balance, and e lim ina ting  stresses in o rder to 
encourage na tura l recovery of damaged ecosystems 
(Edwards and Clark, 1998; Cahoon and Hensel, 2002],

However, there may be certain situations or 
conditions when active intervention is necessary or 
beneficial, fo r example where an ecosystem has 
particularly high economic value or scientific interest.

M angrove res to ra tion .

There are two term s in common use: 'restoration', which 
means that a ll the key ecological processes and functions 
and a ll the form er biodiversity are re-established; and 
'rehabilitation' which means that most, but not all, are re­
established. Most experience so far w ith  reefs and 
mangroves is in term s of rehabilitation.

Mangrove rehabilita tion can be relatively simple 
since comparatively few species are involved. However, 
rehabilita tion of reefs is more complex because coral 
reproductive biology and growth rates are s t il l poorly 
understood, many species are involved and the 
techniques are complex and expensive, requiring scuba- 
diving and o ther special equipm ent and m aterials. Reef 
rehab ilita tion  pro jects have so fa r been la rge ly 
experim ental and have involved only sm a ll areas (less 
than 100 m 2(. A care fu l evaluation of the m ethods 
available m ust be undertaken to determ ine feasib ility and 
cost effectiveness before any attem pt at rehabilita tion is 
made. Research into coral reef restoration is currently 
under way through the GEF/World Bank Coral Reef

Natural recovery-or rehabilitation 
and restoration
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Targeted Research and Capacity B uild ing fo r 
Management project (Edwards, 2004],

Reefs and mangroves comprise different comb­
inations of species and occur in a variety of physical 
conditions and locations. These factors, combined w ith the 
type and scale of damage suffered, w ilt affect recovery 
processes and thus any decisions about rehabilitation.

CORAL REEFS
Reefs w ilt generally recover provided there is an adequate 
supply of larvae of corals, fish and invertebrates, and as 
long as chronic disturbances such as sediment, pollution 
and overfishing are minim ized. Recovery involves two 
processes: the settlem ent of larvae which then develop 
into new corat colonies; and growth of the remaining corat 
colonies and fragm ents. Both processes are affected by 
the prevailing environm ental conditions and by the extent 
of the damage. New corat growth and recotonization of 
fish populations w ilt s ta rt to occur w ith in  one to two years 
of a damaging event or the end of damaging activities.

Corat larvae require hard surfaces, preferably 
corat rock o r cora lline algae, for settlem ent, and so 
seaweeds, sedim ent and debris on the seabed w ilt reduce 
corat recru itm ent. However, corat spawning can take 
place quite norm ally a fte r a na tura l event such as a 
hurricane. For example, in Guam, after a typhoon, corat 
spawning took place at the norm al tim e and even broken 
corat fragm ents were seen to spawn.

Corat g row th  ra tes are h igh ly  va riab le , 
depending on the species, the location of the colony on 
the reef, the geographica l location of the reef and 
en v iro nm en ta l cond itions. B ranch ing co ra ls  grow  
re la tive ly  fast (10-20 cm a year] but are easily broken by 
waves and storm s. Massive cora ls grow very s low ly (5- 
25 m m  a year] but may survive fo r hundreds of years; 
colonies more than 1 000 years old have been found. 
The reef as a w ho le  grow s m ore s lo w ly  than its 
ind iv idual corals, as it is constantly being eroded, and 
upward growth on reef fla ts  is only about 4 m m  a year, 
white deeper reef th icke ts grow at about 10 m m  a year. 
The breakdown of corat skeletons resu lts  from  e ither 
m echan ica l dam age o r from  'b io -e ro d e rs ', w h ich  
include sea urch ins tha t graze on fine algae on the 
surface of cora ls and abrade them  in the process, and 
sponges tha t bore in to co ra ls  and weaken th e ir  
s tructure .

The speed of a ree f's  recovery from  m a jo r 
damage thus depends on the balance between the 
growth of corat colonies and th e ir erosion. Recovery 
tim e is genera lly a m a tte r of decades (10-50 years] and 
is longer on reefs sub ject to o the r long -te rm  stresses, 
a lthough the process of recovery can s ta rt in as tittle  as

two years. N a tu ra l recovery of m ined reefs in the 
M aldives has been p a r tic u la r ly  stow  (C la rk  and 
Edwards, 1994). Reefs in m arine  parks in eastern 
Indonesia, which had previously suffered from  long­
te rm  dynam ite fishing, show tittle  sign of recovery a fte r 
seven years, despite good w a te r qua lity  and la rva l 
recru itm en t. The vast quan tities of broken rubble act as 
'k itting  fie lds ' fo r juven ile  corals, abrading o r burying 
the newly settled recru its  (Fox et at., 2003). Reefs that 
su ffe red  tig h t dam age from  the 2004 tsunam i in 
Thailand are predicted to take only three to five years to 
recover; those tha t received greater damage may take 
five to ten years. However, the rates of recovery w ilt 
depend on w he the r the reefs su ffe r o ther im pacts in the 
com ing years, p a r tic u la r ly  b leach ing w h ich  has 
occu rred  seve ra l tim es in Thailand in the past 
(Phongsuwan and Brown, in press).

The main approaches to rehabilita tion of corat 
reefs are (Westmacott et at., 2000b]:

□  Increasing the area of substrate for settlem ent 
of corat larvae by insta lling a rtific ia l surfaces, 
e.g. concrete blocks, wrecks or other purpose- 
designed structures. Stabilizing or removing

A m a jo r in d u s try  has deve loped in re c e n t ye a rs  to b u ild  a r t if ic ia l 
reefs, such  as th is  'R ee fb a lls ' b rea kw a te r, to rep lace  the  o r ig in a l 
n a tu ra l re e fs  and  cre a te  n ew  a m e n ity  value. A lth o u g h  the  costs  o f 
such s tru c tu re s  a re  decreasing , th is  approach  is  expensive, and  
n o t fe a s ib le  fo r  la rg e  a re a s ; m o s t im p o rta n tly , an a r t i f ic ia l 
s tru c tu re  such as th is  w il l  n e ve r re p la ce  a ll  the  ecosystem  
se rv ices  o f  a n a tu ra l reef. B e fo re  in ve s tin g  in p o te n t ia lly  r is k y  
'e n g in e e rin g ' so lu tio n s  to re e f re s to ra tio n , i t  is  e ssen tia l to  seek  
advice fro m  s c ie n tis ts  and  o th e r  experts.
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R ee f re s to ra tio n  p ro je c ts  a re  u n d e r way in m a ny  areas, as he re  in 
the  S o lom on Is lands. The ts u n a m i gave fre sh  im p e tu s  to  such  
p ro je c ts  b u t they w ill need c a re fu l assessm ent. E xperience  to date  
suggests  th e y  a re  a p p ro p ria te  o n ly  a t the  sca le  o f  tens to a t  m o s t 
hun d re ds  o f s gua re  m e tre s , fo r  exam p le  on re e fs  dam aged  by 
sh ip p ing  o r  used by tou ris ts .

loose o r soft substrate, such as coral fragm ents 
and seaweeds, can also help, but this procedure 
requires care and expert help. New surfaces 
can be created by passing an electric current 
through m etal to cause deposition of calcium 
carbonate (e lectro lys is ]. This requires 
considerable financial and human investment, 
and the long-term  impact of the current in the 
w ate r is not known.

□  Transplanting coral fragments or colonies from 
healthy reefs to damaged reefs or to artific ia l 
substrates. Many species survive transplantation 
provided environmental factors are favourable, 
but the process requires significant labour, and 
transplanted fragments are easily dislodged by 
waves and human disturbance, or can easily be 
buried or smothered. In addition, there is a risk of 
damaging healthy reefs by removing corals from 
them. Coral fragments can also be transplanted 
to a protected site and 'grown out' (or 'farmed'] to 
a certain size before being used for rehabilitation 
(Epstein et al., 2003).

□  'Repairing' the reef: Under some circumstances, 
it is possible to cement pieces of reef, or even 
cora l colonies, together, using glue, special 
cements, plastic or other binding agents.

MANGROVES
Mangrove regeneration is affected by the patterns of 
damage (e.g. broken branches, im pact from  debris, 
sediment disturbance) and by the characteristics of the 
area. A fte r storm s and impacts such as a tsunami, 
sediment scouring leaves inorganic substrates that are 
difficu lt for mangroves to colonize. Sediment turnover may 
also expose and/or dump onto existing mangroves m aterial 
in which there has been long-term  accumulation of heavy 
metals, hydrocarbons and other contaminants that inhibit 
seedling establishm ent and survival (Ellison and 
Farnsworth, 1996; Cahoon and Hensel, 2002). As w ith reefs, 
for effective recovery it is essential that the causes of the 
damage are eliminated. Even when disturbance is reduced, 
the altered soil conditions (e.g. increased acidity where 
aquaculture was previously carried out] and lim ited natural 
dispersal of many mangrove species mean that natural 
recovery can be very slow.

Most mangrove species produce propagules that 
are relatively easy to collect and plant and, in the right 
conditions, growth is fast. Restoration projects usually 
involve the d irect planting of propagules (pa rticu la rly  for 
Rhizophora  spp .l in the recovery area, a lthough 
seedlings and saplings can be grown up in advance in 
nurseries. The exact technique to be used w ill depend on 
the species involved, w hether the so il needs treatm ent 
(for example to reduce acidity] o r physical reworking (to 
create a su itab le  gra in  size], the season, the 
deve lopm enta l stage of the propagules and the 
resources available. Replanting is gene ra lly  m ost 
successful in re lative ly sheltered areas, but is also 
carried out in more exposed areas where the main aim is 
contro l of so il erosion (Stevenson, 1997).

Partly because of the ease w ith which propagules 
can be replanted, many mangrove restoration schemes 
have been undertaken, often as a forestry production 
initiative. Replanting schemes in Matang, Malaysia (Chan, 
1996], Thailand (Fast and Menasveta, 2003] and East Africa 
(Kairo et al., 2001] have been successful, although 
rehabilitated mangroves often lack the ir fu ll biodiversity 
and ecological processes (Ellison, 2000). Many of the Asian 
countries affected by the 2004 tsunami have embarked on 
ambitious replanting programmes which are nevertheless 
a firs t step. Indonesia, for example, has initiated a four- 
year operation to plant 150 000 hectares of mangroves 
along the coast of Aceh where 300 000 hectares of 
mangroves were destroyed. Such programmes w ill require 
careful m onitoring and assessment if fu ll restoration is to 
be achieved. There is some evidence that greater success 
in recovering the biodiversity is achieved when the 
replanting is carried out in association w ith integrated 
aquaculture systems (Ellison, 2000).
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Mangroves and coral reefs on 
tropical coastlines of the future
Devastating as they were, the tsunami of December 2004 
and recent tropical storm s have sent a clear message that 
investing in environm enta lly sound development and 
sustainable management of the coastal environment w ill, 
in the long run, be more cost effective than restoring 
human lives and ecosystems after a catastrophe. Tsunamis 
are relatively rare events compared w ith hurricanes and 
cyclones -  fewer than 100 tsunamis were recorded over the 
last 300 years in the Indian Ocean (Dahdouh-Guebas et al., 
2005; Department of Ocean Development, 2005] compared 
w ith three tropical cyclones a year (Dahdouh-Guebas et al, 
2005). Evidence for the shore protection benefits of coral 
reefs and mangroves is currently less for tsunamis than it 
is for storms. This, however, does not lessen the urgency -  
the devastation recently w rought by hurricanes and 
typhoons testifies to the priority  that m ust be accorded to 
shore protection measures, of which maintenance of 
natural coastal barriers such as reefs and mangroves 
must be among the first.

There are no sim ple management models for 
mangroves o r reefs. The variab ility  of these ecosystems 
means that a good understanding of local characteristics 
is essential. In the case of mangroves, even though a 
common feature is the ir regular inundation by the sea, the 
extent of this inundation and the tida l regime vary greatly 
as do the ir species composition and the chem ical and 
m icrobia l characteristics of the soils, a ll of which affect 
the ir resilience and ability to recover.

MAINTAINING REGULATING SERVICES
Human activities that weaken reefs and make them  less 
effective breakwaters m ust be regulated or halted as a

m atter of urgency, and alternative livelihoods found for 
those dependent on the activities that cause damage. 
Good coastal p lanning can considerab ly reduce 
vu ln e ra b ility  to na tu ra l d isasters, as w e ll as help 
safeguard other regulatory services such as w ate r quality 
maintenance. Full im plem entation of the UNEP Global 
Programme of Action on Land-based Sources of Pollution 
w ill go a long way towards helping to m aintain the 
regulating services of reefs and mangroves.

MAINTAINING PROVISIONING SERVICES
The susta inable exp lo ita tion of reef and mangrove 
fisheries and other resources is a recognized global 
priority. There are some success stories, such as the 
harvesting of mangrove tim ber over a 20-30 year rotation 
period in Bangladesh, Malaysia and Thailand. Much 
greater attention must, however, be paid to fisheries 
management. Techniques and approaches are w e ll 
developed but often poorly implemented. The FAO Code of 
Conduct for Responsible Fisheries enshrines many of 
these, including e lim ination of destructive fishing gear, 
establishing no-take areas, and emphasizing the need for 
management plans, developed w ith  the fu ll involvement 
of fishers and users, that are fu lly  enforced. In Sri Lanka, 
where 80-95 per cent of the fishing fleet was destroyed in 
areas affected by A2the 2004 tsunami, there was an 
opportunity to introduce measures, such as reduction of 
overcapacity, to ensure sustainability. However, in the 
rush to provide hum anitarian aid, fishing gear and boats 
have been distributed in large numbers and w ithout 
consideration of the long-te rm  future. This demonstrates 
the need for a much greater understanding by the public 
and decision m akers of the management requirem ents of 
nearshore tropical fisheries.

T h irty  ye a rs  ago, Cancún in Mexico, ly in g  a t the  top o f the  g re a t  
M eso-A m e rican  R ee f System , was a s m a ll f ish in g  village. S ince  
then, i t  has g ro w n  to a re s o r t th a t rece ives m o re  than 3 .5  m illio n  
v is ito rs  annua lly , on top o f  its  650 000 res iden ts , and  has s u ffe re d  
cons id e rab le  e nv iro n m e n ta l p ro b le m s , p a r t ic u la r ly  in the  fo rm  o f  
n um e ro u s  h u rricanes , such as Ivan in 2004 ( le ft)  and  E m ily  and  
W ilm a in 2005. In 2001, G u id e lin e s  fo r  L o w -Im p a c t  T o u ris m  w ere  
p rod u ce d  fo r  the  s ta te  o f Q uintana Roo IM o lina  e t a i ,  2001). These 
a im  to  ensu re  th a t fu r th e r  to u ris m  deve lopm ent, p a r t ic u la r ly  in the  
Costa Maya to the  sou th  o f  Cancún, w ill avo id  m any  o f  the  ex is tin g  
p rob le m s, a nd  w ill c o n tr ib u te  to  the  su s ta in a b le  d eve lopm en t o f 
th is  re g io n  w ith o u t inc re a s in g  its  vu lne rab ility .
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™  M a n g ro v e  

RaTisar Site 
W orld  H eritEgs Site 

^  National FroiecLed Area

The S undarbans, ly ing  a t the  so u th e rn  end  o f  the  Ganges R ive r and  s tra d d lin g  the  b o rd e r be tw een Ind ia a nd  Bangladesh, is  the  la rg e s t 
con tin u o us  area  o f m angrove  in the  w orld . The area  p rov id e s  a liv e lih o o d  fo r  m o re  than 300 000 peop le, p ro te c ts  them  fro m  cyc lones and  tid a l 
waves a nd  is an im p o rta n t so u rce  o f revenue  fo r  both  co un tr ie s  th ro u gh  c o m m e rc ia l t im b e r  w hich  is  h a rve s ted  on a 2 0 -y e a r fe llin g  cycle. The 
to ta l e x te n t -  som e  6 050 km - IS pa ld ing  e t a i ,  1997) -  has n o t changed  s ig n ific a n tly  in the  la s t 25  years, a ltho u g h  the re  a re  conce rns  tha t 
fo re s t g ua tity  m a y  be dec lin ing . The re la tive  success o f  the  S unda rbans is la rg e ly  due to  its  m a na g e m en t w hich  has been a im e d  a t ta k ing  
advantage o f  the  m a ng ro ve s ' p ro v is io n in g  and  re g u la to ry  ecosystem  services. I t  has been m anaged  as a c o m m e rc ia lly  e xp lo ite d  reserved  
fo re s t s ince  1875; w ild life  sa n c tu a rie s  a nd  n a tio n a l p a rk s  p ro te c t key  b io d ive rs ity  areas, and  the  area  is both  a W orld  H erita g e  and  a R am sar  
site . S ince the  1970s, the  S unda rbans has a lso  been m anaged  as a p ro te c tive  b e lt a g a in s t s to rm  dam age.

MAINTAINING CULTURAL SERVICES
The vu lnerability  of the tourism  industry to na tura l events 
was made very clear by recent hurricanes as w e ll as the 
2004 tsunami. Maintaining the ecosystems on which the 
industry depends is thus of param ount im portance to 
both governm ents and the private sector. The 
International Ecotourism Society (Halfpenny, 2002], the 
Convention on B io logica l D iversity (CBD, 2004], the 
C enter fo r E nvironm enta l Leadership in Business 
(CELB/CORAL/ IHEI/TOI, 2004] and others have produced 
guidelines to promote sustainable tourism . Politica l w ill 
and individual com m itm ent are now needed to ensure 
the ir im plem entation.

A lthough many coastal com m unities have 
traditionally valued the ecosystems on which they depend, 
much of this understanding has been eroded. The growing

recognition of the role of communities in the stewardship of 
natural resources, and the numerous examples of how this 
can be successful, w ill help to ensure that the cu ltu ra l 
services of reefs and mangroves continue to be valued.

ESSENTIAL MANAGEMENT TOOLS
There is no shortage of guidelines, codes of practice and 
in form ation on how to manage reefs and mangroves but 
there is there is s t ill a notable lack of com m itm ent to 
using and im plem enting them. The UNEP Regional Seas 
Programme is among the organizations trying to reverse 
this, by helping countries to w ork together to protect 
these ecosystems, recognizing tha t success involves 
transboundary action, regional co-operation and clear 
dem onstration of successful approaches (see for example 
UNEP 2004). Key management approaches that m ust be
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promoted include integrated coastal management (ICM], 
marine protected areas (MPAs], and improved resilience 
and adaptive management.

Integrated coastal management
Coastal development is often ad hoc and based on 
numerous unconnected sm alt decisions, or, where plans 
exist, may be illegal as a resu lt of poor enforcement of 
regulations (Kay and Alder, 2005], National and local ICM 
programmes can go a long way to improving coastal 
management. The links between impacts on the coast and 
watershed management need to be recognized. Plans 
should take into account soils, topography and the need to 
pro tect vu lnerable ecosystems. Areas needing 
rehabilitation m ust be identified, as welt as areas where 
construction should be restricted or banned.

In pa rticu la r, the construction  industry  m ust 
respect environm enta l princ ip les (such as set-back 
regulations], and ensure that pollution and sedimentation 
are minimized through measures such as the use of s ilt 
curtains, and building in the dry ra ther than the wet 
season. Incorporating knowledge of coastal processes 
and applying best management practices for beaches, 
lagoons, coastal vegetation, energy, sewage treatment, 
solid waste and w astew ate r into planning and 
in frastructure are essential. Construction behind reefs 
w ilt need particu lar care, not only to prevent damage to 
these ecosystems, but to reduce future shoreline damage 
if channels through the reef do indeed increase 
vulnerability  to flooding. Environmental impact assess­
ment legislation, now in place in most countries, m ust be 
enforced as a m atter of urgency.

The ICM approach is fu lly  recognized in the 12 
guiding principles that were drawn up at a meeting in 
Cairo in February 2005 by the UNEP Asian Tsunami 
Disaster Task Force, in collaboration w ith the UNEP Co­
ordination Office of the Global Programme of Action for 
the Protection of the Marine Environment from  Land- 
based Activities and other organizations (UK Department 
for Environment, Food and Rural Affairs, the Food and 
Agriculture Organization of the United Nations, the United 
Nations Educational, Scientific and Cultura l Organization, 
IUCN, and WWF]. Known as the Cairo Principles, these are 
aimed at helping to ensure environm entally sound post­
tsunam i reconstruction program m es, and are being 
implemented through an Action Plan (UNEP/GPA, 2005).

THE CAIRO PRINCIPLES 
Overarching principle

1 Reduce the vu lne rab ility  of coastal com m ­
unities to natura l hazards by establishing a 
regional early warning system and applying

construction set-backs, green belts and other 
no-buitd areas.

Priority technical measures
2 Promote early resettlem ent w ith  provision for 

alt basic livelihood needs.
3 Enhance the ab ility of na tural ecosystems to 

provide protection by conserving, managing and 
restoring wetlands, mangroves, seagrass beds, 
and corat reefs, and by seeking alternative 
sustainable sources of building materials.

4 Promote design tha t is cost-effective and 
consistent w ith best practices, favouring soft 
engineering solutions to coastal erosion control.

5 Respect trad itiona l access and uses of the 
shoreline.

6 Adopt ecosystem-based management measures; 
promote sustainable fisheries management; 
encourage tow-impact aquaculture.

7 Promote sustainable tourism.
How to apply the principles

8 Secure com m itm ents from  governments and 
in te rna tiona l organizations to abide by the 
principles.

9 Ensure public participation.
10 Make fu ll use of toots such as strateg ic 

environmental assessment, spatial planning and 
environmental impact assessment.

11 M onitor the progress and impact of recon­
struction.

12 Disseminate good practices and lessons learnt 
as they emerge.

Marine protected areas
There is growing evidence that reefs w ith in  MPAs recover 
faster from  catastrophes than those that are unprotected. 
The abundant fish populations in Hikkaduwa National 
Park, Sri Lanka, showed tittle  change as a resu lt of the 
2004 tsunami, although unprotected reef sites appear to 
have suffered tosses (MPA News, 2005). Reefs in the 
Indian Ocean that were w e lt managed or remote from 
human impact tended to recover more rapidly from  the 
1998 bleaching; reefs under an thropogenic stress 
recovered poorly, if at alt (W ilkinson, 2004],

Many more MPAs are needed. Currently, some 685 
protected areas contain mangroves, covering about 9 per 
cent of the to ta l area of mangrove (Spalding et at., 1997], 
and 660 MPAs contain corat reefs. There is no global 
estim ate of how much reef is protected (Spalding et at., 
2001], but in the Caribbean an estimated 20 per cent of 
reefs tie w ith in  MPAs (Burke and Maidens, 2004). Many 
MPAs need to be la rger and to be made part of carefu lly 
designed networks to ensure that connected ecosystems
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Fig. 5: Management effectivenes of Caribbean 
MPAs (per cent]
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M o s t m a rin e  p ro te c te d  a re a s  u rg e n t ly  need  im p ro v e d  
m anagem ent. O f 285  M PAs assessed  in the  C aribbean in 2004, o n ly  
6 p e r  ce n t w ere  c o ns id e red  to be e ffe c tive ly  m anaged  ¡B u rke  and  
M aidens, 2004).

M u Koh S u rin  N a tio n a l P a rk  in Thailand, g aze tte d  in 1981 and  
covering  135 k m :, is  an ICRAN d em o n s tra tio n  s ite  and  has a good  
t ra c k  re c o rd  o f  e ffe c tiv e  m a na g e m en t. The D e c e m b e r 2004  
tsu n a m i la rg e ly  d es tro yed  to u ris m  and  the  p a rk 's  in fra s tru c tu re  on 
the  is lands, as w e ll as sea gypsy villages, b u t the re  w ere  no 
fa ta lit ie s . The c o ra l reefs, w hich  w ere  e sp e c ia lly  h e a lth y  w ith  h igh  
b io d ive rs ity  be fo re  the  even t Isee above), w ere  be ing  su rveyed  a t 
the  tim e  o f  the tsunam i, p e rm itt in g  firs t-h a n d  accounts. Trees 
w ere  kn o c k e d  o n to  the  re e fs , a lo n g  w ith  la rg e  a m o u n ts  o f  
s e d im e n t. A  s u rv e y  was c a r r ie d  o u t tw o  m o n th s  la te r  a n d  
re m a rk a b ly  l it t le  dam age had  o ccu rre d : re e fs  had  an average o f  75 
p e r  c e n t live  c o ra l cover, and  som e  had  90 p e r  cent, the  se d im e n t 
had  gone, and  th e re  w ere  a lre a d y  s ign s  o f som e  c o ra l re ge n e ra tio n  
in  dam aged  a reas IC om ley  e t a i ,  2005).

are protected (not onty representative sites], as wett as 
res ilient ecosystems, such as reefs identified as resisting 
o r recovering quickly from  bleaching (Grimsditch and 
Satm, 2005). This is essential if species dependent on 
d ifferent ecosystems at different stages of the ir life cycles 
are to be protected, and the fu ll range of ecosystem 
services maintained.

Improved resilience and adaptive management
N atu ra l d isasters have affected hum ans and the 
environm ent since the beginning of tim e -  but both have 
the ab ility to regenerate and adapt to the impact of such 
events and the new circum stances that may arise as a 
resu lt of them . This capacity to absorb recu rren t 
d is turbances such as s to rm s and floods is catted 
'resilience'.

A lready tw o -th ird s  of the coastal d isasters 
recorded each year are associated w ith  extreme weather 
events. The grow ing popu lations on, and rapid 
development of, the coastal zone guarantee that we w ilt 
see an increase in economic, social and environm ental 
damage in the future caused by the associated reduction 
in human and ecosystem resilience. The conventional 
approach has been to try to reduce the damage and 
elim inate change but a new thinking is developing. A far 
better approach may be to promote the conditions that 
improve resilience and also tearn to adapt to the resulting 
changes (Adger et at., 2005). Careful planning and 
adaptive management can greatly reduce the im pact of 
targe disturbances.

The rapid response of g lobal, reg iona l and 
na tiona l m on ito ring  program m es to the tsunam i 
dem onstra ted th e ir  value in provid ing essentia l 
in fo rm ation  fo r m anagem ent. G uidelines fo r  Rapid 
Assessm ent and M onitoring o f Tsunami Damage to Coral 
Reefs were produced w ith in  ten days (ICRI/ISRS, 2005) 
and disseminated by the UNEP Corat Reef Unit to the 
various in te rna tiona l and UN agencies conducting 
environm ental assessments in the region. Expert surveys 
were also qu ickly in itiated w ith  assistance from  the 
Global Corat Reef M onitoring Network (GCRMNl and the 
regional Corat Reef Degradation in the Indian Ocean 
(CORDIOl programme.

FINANCING THE FUTURE
Reefs and mangroves clearly provide significant benefits 
and services to humankind, many of which have a high 
econom ic value. Governments, c iv il society and the 
private sector m ust recognize that, as w ith  other benefits, 
there is a price to be paid fo r m ain ta in ing  these 
ecosystems. The cost is, however, generally much tower 
than the benefit received.

Although costs are hugely variable depending on 
the location, size and type of management, average 
annual operational management costs of US$775 per km 2 
have been estimated for MPAs (Batmford et at., 2004). 
This is s ignificantly less that the estimated global values 
of ecosystems: US$100 000-600 000 per km 2 per year in 
the case of reefs and possibly more for mangroves. Basic 
annual operating costs fo r MPAs can be as tow as
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Fig. 6: Area of the w orld’s coral reefs and mangroves lying within the waters of countries in relation to those 
countries’ position on the UN Human Development Index (left) and their GDP per capita (right) (per cent)
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M any o f the  w o r ld 's  w e a lth ie s t na tio n s  have ju r is d ic t io n  o ve r re e fs  and  m angroves, e ith e r  in th e ir  own co as ta l w a te rs  o r  in those o f  th e ir  
te rr ito r ie s . Over 30  p e r  ce n t o f  the  w o r ld 's  re e fs  lie  in co un tr ie s  th a t a re  c la s s ifie d  as h ig h ly  developed, w ith  a GDP p e r  capita  o f  m o re  than  
US$9 000. A u s tra lia , France, N ew  Zealand, the  U n ited  K ingdom  and  the  U n ited  S ta tes  d ire c tly  in flu e n ce  a bo u t 25  p e r  c e n t o f  re e fs  a nd  a 
s ig n ific a n t p ro p o rtio n  o f  m angroves. F u rth e rm o re , m o s t o f  these c o u n tr ie s  a re  e ith e r  sources  o f  to u r is ts  to re e f c o u n tr ie s  o r  have o th e r  
s tro n g  e conom ic  l in k s  w ith  them  and  p o te n t ia lly  co u ld  p rov id e  m uch  g re a te r  f in a n c ia l and  te ch n ica l suppo rt. A  h ig h e r p ro p o rtio n  o f  
m angroves a re  fo u n d  in the  p o o re r  coun tries , b u t n eve rthe less  m o re  than 10 p e r  ce n t a re  fo u n d  in h ig h ly  deve loped  coun tries .

US$200 000-600 000, as in the case of Belize and the 
Seychelles (Lutchman, 2005).

There are vast untapped sources of funds and 
financing mechanisms, ranging from  fishery and tourism  
revenues and taxes, to royalties and fees from  offshore 
m ining and m inera l exploitation, to voluntary donations 
and governm ent aid (Spergel and Moye, 2004). Studies

have indicated, for example, that tourists are w itting to 
pay more than US$50 extra per holiday and divers US$25 
m ore per dive if these resu lt in h igh -qua lity  reefs 
(Westmacott et at., 2000a; Burke and Maidens, 2004). It 
seems a sm alt price to pay for the future survival of these 
smalt, priceless ecosystems.
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In the front line
S h o r e l i n e  protection a n d  o t h e r  

ecosystem services 
f r o m  mangroves a n d  coral reefs

The tragic and devastating consequences of the Asian tsunami, December 2004 , 
and the hurricanes and cyclones of 2005 were a wake up call for the global 
community, dramatically drawing attention to the dangers of undermining the 
services that coastal ecosystems provide to humankind.

This report has gathered lessons that have been learned since these events that 
will be relevant to future management of the coasts in the context of severe 
weather events and other potential consequences of global warming. More than 
ever it is essential to consider the full value of ecosystem services -  that is the 
benefits that people derive from ecosystems -  when making decisions about 
coastal development.

The publication aims to help decision and policy makers around the world 
understand the importance of coastal habitats to humans, focusing on the role of 
coral reefs and mangroves. As well as coastal protection, it also addresses the 
huge range of other benefits provided by these ecosystems and the role that they 
can play in coastal development and in restoring livelihoods for those suffering 
from the effects of extreme events.
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