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Abstract

Mangrove species are uniquely adapted to tropical and subtropical coasts, and although relatively low in number of species,
mangrove forests provide at least US $1.6 billion each year in ecosystem services and support coastal livelihoods worldwide.
Globally, mangrove areas are declining rapidly as they are cleared for coastal development and aquaculture and logged for
timber and fuel production. Little is known about the effects of mangrove area loss on individual mangrove species and
local or regional populations. To address this gap, species-specific information on global distribution, population status, life
history traits, and major threats were compiled for each of the 70 known species of mangroves. Each species’ probability of
extinction was assessed under the Categories and Criteria of the IUCN Red List of Threatened Species. Eleven of the 70
mangrove species (16%) are at elevated threat of extinction. Particular areas of geographical concern include the Atlantic
and Pacific coasts of Central America, where as many as 40% of mangroves species present are threatened with extinction.
Across the globe, mangrove species found primarily in the high intertidal and upstream estuarine zones, which often have
specific freshwater requirements and patchy distributions, are the most threatened because they are often the first cleared
for development of aquaculture and agriculture. The loss of mangrove species will have devastating economic and
environmental consequences for coastal communities, especially in those areas with low mangrove diversity and high
mangrove area or species loss. Several species at high risk of extinction may disappear well before the next decade if
existing protective measures are not enforced.
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Introduction

The importance of mangroves for humans and a variety of

coastal organisms has been well documented [1–7]. Mangrove

forests are comprised of unique plant species that form the critical

interface between terrestrial, estuarine, and near-shore marine

ecosystems in tropical and subtropical regions. They protect inland

human communities from damage caused by coastal erosion and

storms [8–11], provide critical habitat for a variety of terrestrial,

estuarine and marine species [5,12–14], and serve as both a source

and sink for nutrients and sediments for other inshore marine

habitats including seagrass beds and coral reefs [2,15]. Mangrove

species that form dense and often monospecific stands are

considered ‘‘foundation species’’ that control population and

ecosystem dynamics, including fluxes of energy and nutrients,

hydrology, food webs, and biodiversity [16]. Mangroves have been

widely reviewed [17] as supporting numerous ecosystem services

including flood protection, nutrient and organic matter processing,
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sediment control, and fisheries. Mangrove forests are the economic

foundations of many tropical coastal regions [18] providing at least

US$1.6 billion per year in ‘‘ecosystem services’’ worldwide [7]. It is

estimated that almost 80% of global fish catches are directly or

indirectly dependant on mangroves [1,19]. Mangroves sequester

up to 25.5 million tonnes of carbon per year [20], and provide

more than 10% of essential organic carbon to the global oceans

[21]. Although the economic value of mangroves can be difficult to

quantify, the relatively small number of mangrove species

worldwide collectively provide a wealth of services and goods

while occupying only 0.12% of the world’s total land area [22].

With almost half (44%) of the world’s population living within

150 km of a coastline [23], heavily populated coastal zones have

spurred the widespread clearing of mangroves for coastal

development, aquaculture, or resource use. At least 40% of the

animal species that are restricted to mangrove habitat and have

previously been assessed under IUCN Categories and Criteria are

at elevated risk of extinction due to extensive habitat loss [12]. It is

estimated that 26% of mangrove forests worldwide are degraded

due to over-exploitation for fuelwood and timber production [24].

Similarly, clearing of mangroves for shrimp culture contributes

,38% of global mangrove loss, with other aquaculture accounting

for another 14% [1]. In India alone, over 40% of mangrove area

on the western coast has been converted to agriculture and urban

development [25]. Globally, between 20% and 35% of mangrove

area has been lost since approximately 1980 [24,26,27], and

mangrove areas are disappearing at the rate of approximately 1%

per year [26,27], with other estimates as high as 2–8% per year

[28]. These rates may be as high as or higher than rates of losses of

upland tropical wet forests [24], and current exploitation rates are

expected to continue unless mangrove forests are protected as a

valuable resource [29].

Given their accelerating rate of loss, mangrove forests may at

least functionally disappear in as little as 100 years [2]. The loss of

individual mangrove species is also of great concern, especially as

even pristine mangrove areas are species-poor compared with

other tropical plant ecosystems [29]. However, there is very little

known about the effects of either widespread or localized

mangrove area loss on individual mangrove species or populations.

Additionally, the identification and implementation of conserva-

tion priorities for mangroves has largely been conducted in the

absence of comprehensive species-specific information, as species-

specific data have not been collated or synthesized. Species

information including the presence of threatened species is

important for refining conservation priorities, such as the

designation of critical habitat, no-take zones, or marine protected

areas, or to inform policies that regulate resource extraction or

coastal development. For the first time, systematic species-specific

data have been collated and used to determine the probability of

extinction for all 70 known species of mangroves under the

Categories and Criteria of the International Union for the

Conservation of Nature (IUCN) Red List of Threatened Species.

Methods

The IUCN Red List Categories and Criteria were applied to 70

species of mangroves, representing 17 families. Hybrids were not

assessed as the IUCN Red List Guidelines generally exclude all

plant hybrids for assessment unless they are apomicts. Species

nomenclature primarily followed Tomlinson [30], and family

nomenclature primarily followed Stevens [31], with the exception

of Pteridaceae.

The definition of a mangrove species is based on a number of

anatomical and physiological adaptations to saline, hypoxic soils.

These include viviparous or cryptoviviparous seeds adapted to

hydrochory; pneumatophores or aerial roots that allow oxygen-

ation of roots in hypoxic soils; and salt exclusion or salt excretion

to cope with high salt concentrations in the peat and pore water in

which mangroves grow. Those species that are exclusively

restricted to tropical intertidal habitats have been defined as ‘‘true

mangrove’’ species, while those not exclusive to this habitat have

been termed ‘‘mangrove associates’’ [32]. Tomlinson [30] further

subdivided these categories into major mangrove components

(true, strict, or specialized mangrove species), minor components

(non-specialized mangrove species), and mangrove associates (non-

exclusive species that are generally never immersed by high tides).

Duke [33] more specifically defined a true mangrove as a tree,

shrub, palm, or ground fern generally exceeding 0.5 m in height

and which normally grows above mean sea level in the intertidal

zone of tropical coastal or estuarine environments. For the IUCN

Red List assessments, we defined a mangrove species based on

Tomlinson’s list of major and minor mangroves, supplemented by

a few additional species supported by the expanded definition

provided by Duke [33]. It is recognized that the definition used in

this study may not strictly apply to all geographic areas. For

example, the fern genus Acrostichum, which is included in this study,

is considered a mangrove associate in some parts of the world [34].

Data collection and assessments for mangrove species proba-

bility of extinction were conducted during two IUCN Red List

Assessment workshops: one in 2007 in Dominica and the second in

2008 in the Philippines. These two mangrove species assessment

workshops brought together 25 of the world’s leading mangrove

experts to share and synthesize species-specific data, and to

collectively apply the IUCN Red List Categories and Criteria [35].

The IUCN Red List Categories and Criteria are the most widely

accepted system for classifying extinction risk at the species level

[36–39]. During the Red List assessment workshops, species were

evaluated one at a time by the group of experts present, with

outside consultation and follow-up conducted when additional

information was needed but not available at the workshop.

Information on taxonomy, distribution, population trends, ecolo-

gy, life history, past and existing threats, and conservation actions

for each species was recorded, quantified and reviewed for

accuracy. Quantitative species information was then used to

determine if a species met the threshold for a threatened category

under at least one IUCN Red List Criterion. This IUCN Red List

process consolidates the most current and highest quality data

available, and ensures peer-reviewed scientific consensus on the

probability of extinction for each species [40–42]. All species data

and results of Red List assessments are freely and publicly

available on the IUCN Red List of Threatened Species [43].

The IUCN Red List Categories are comprised of eight different

levels of extinction risk: Extinct (EX), Extinct in the Wild (EW),

Critically Endangered (CR), Endangered (EN), Vulnerable (VU),

Near Threatened (NT), Least Concern (LC) and Data Deficient

(DD). A species qualifies for one of the three threatened categories

(CR, EN, or VU) by meeting the threshold for that category in one

of the five different available criteria (A–E). These different criteria

form the real strength of the IUCN Red List as they are based on

extinction risk theory [44] and provide a standardized method-

ology that is applied consistently to any species from any

taxonomic group [40–42,45].

Criterion A measures extinction risk based on exceeding a

threshold of population decline (30% for Vulnerable, 50% for

Endangered, and 80% for Critically Endangered) over a time-

frame of three generation lengths, a measure of reproductive

turnover rate, in the recent past. To determine if a species could be

assessed under Criterion A, percent decline was calculated for

Mangrove Extinction Risk
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each species based on country-level estimates of mangrove area

loss between 1980 and 2005 [27] within the species range.

Mangrove species generation length, defined as the median age of

a reproducing individual based on the estimated age at earliest

reproduction and the estimated age at oldest reproduction [35],

was conservatively estimated to range between 10 and 40 years

based on recent aging techniques developed for Rhizophora,

Avicennia and Sonneratia spp. [46–48]. As few or no data are

available to estimate generation length for all of the mangrove

species in this study, the lowest value (10 years) was used

uniformly, based on an assumption that mangrove species

reproduce throughout their lifetime and can live to an age of at

least 15 to 20 years. The two Acrostichum species may be the

exception, as stands can live to at least 15 to 20 years, but not likely

individual plants. However, this has no bearing on the results for

these two species, as declines over the minimum time period

required under Criterion A (10 years) do not meet the threshold

for a threatened category.

Data based on mangrove area declines from 1980 to 2005 [27]

fall within the maximum time frame of three generation lengths

estimated for mangroves (30 years) allowed under Criterion A.

However, the relationship between mangrove area loss and species

range and population reduction is rarely linear, as mangrove area

loss can occur in areas of lower or higher population density, and

therefore can represent a slower or faster decline of the actual

population size [49]. In some cases, area loss can be preceded by

impoverishment, due to general decrease in the quality of the

forest, or due to specific harvesting of highly prized species like

Rhizophora spp, which can lead to an underestimation of the rate of

disappearance of certain species. Similarly, as the margin-to-area

ratio in mangroves is high, not only can deterioration occur

rapidly, but changes can occur before areal decreases are

detectable [50], including species declines or changes in

community composition. By contrast, some species are pioneering

or are able to re-colonize rapidly after disturbance. For this reason,

expert knowledge and data on the life history traits of each

mangrove species, including growth rate and propagation rate,

generalized abundance, and where possible, data on pre-1980

declines or continued severity of threats within a restricted

geographic distribution were used in combination with mangrove

area decline within a species range to estimate and quantify a

species’ global population decline under Criterion A.

Criterion B measures extinction risk based on a small

geographic range size (extent of occurrence ,20,000 km2 or area

of occupancy ,2,000 km2 to meet the lowest threshold for

Vulnerable) combined with continued decline and habitat

fragmentation. The majority of species assessed under Criterion

B for example, had an area of occupancy estimated to be less than

2,000 km2 due to very specific habitat requirements, such as

freshwater-dominated river margins or patchy distributions.

However, as many mangrove areas are often patchily distributed

over considerable distances, estimations of area of occupancy or

extent of occurrence for mangrove species were conservative.

Criterion C is applied to species with small population sizes

estimated to be less than 10,000 mature individuals, with

continued decline. Although not used to assess mangrove species

in this study, Criterion D is applied to species with less than 1,000

mature individuals or those with an area of occupancy of less than

20 km2, and Criterion E is applied to species with extensive

population information that allows for population declines to be

appropriately modeled over time. A category of Near Threatened

is assigned to species that come close to but do not fully meet the

all the thresholds or conditions required for a threatened category

under Criterion A, B, C, D or E.

Results and Discussion

Of the 70 species of true mangrove species, 11 (16%) qualified

for one of the three Red List categories of threat: Critically

Endangered, Endangered, or Vulnerable (Table 1). Heritiera is the

genus with the most threatened mangrove species with 2 of the 3

species (66%) in threatened categories. Seven species (10%) only

partially met the thresholds for a threatened category and were

therefore listed as Near Threatened. Four species (6%) were listed

as Data Deficient primarily due to critical gaps in knowledge of the

extent of the species distribution e.g., Acanthus xiamenensis from the

extensively developed and heavily polluted estuaries of the Jiulong

River in Fujian Province, China [53]. A listing of Data Deficient

does not preclude future listing of the species when more data are

gathered. Forty-eight species (68%) were assessed as Least

Concern. Even though mangrove area continues to be lost where

the majority of these ‘‘Least Concern’’ species are found [27], the

global population decline over the past 30 years for each of these

species was estimated to be below the threshold required for

assignment to a threatened category. Some of the ‘‘Least

Concern’’ species also are considered to be common, fast-growing,

early-successional species.

Of special concern are the two species that are listed as

Critically Endangered, the highest probability of extinction

measured by the IUCN Red List. The rare Sonneratia griffithii is

distributed in parts of India and southeast Asia, where a combined

80% loss of all mangrove area has occurred within its patchy range

over the past 60 years, with significant losses in Malaysia [54],

primarily due to the clearing of mangrove areas for rice farming,

shrimp aquaculture, and coastal development [55]. This species is

already reported to be locally extinct in a number of areas within

its range, and less than 500 mature individuals are known from

India. Bruguiera hainesii is an even rarer species and is only known

from a few fragmented locations in Indonesia, Malaysia, Thailand,

Myanmar [56], Singapore and Papua New Guinea. It has very low

rates of propagation and low rates of germination. It is estimated

that there are less than 250 mature individuals remaining. For

these species, urgent protection is needed for remaining individuals

as well as research to determine minimum viable population size.

All but two species that were listed in threatened categories

(Critically Endangered, Endangered or Vulnerable) or as Near

Threatened are rare or uncommon, and/or have small population

sizes. The two Near Threatened species, Sonneratia ovata and

Brownlowia tersa, are common throughout their relatively wide

range, but have experienced severe loss at their range margins. It is

well established that rare species (species with very small

population or range size, low abundance, and/or associated

specialist pattern of resource use [57]), have a higher intrinsic risk

of extinction [58,59]. As the IUCN Red List Criteria are based on

extinction risk, the quantitative thresholds for each threatened

category are designed to capture these rare or uncommon species

with small ranges and/or low population sizes.

Being uncommon, however, is not always a precursor to being

threatened. At least five of the species listed as Least Concern are

considered uncommon. General abundance was only one factor

that was used to interpret global population status for a species in

combination with overall area loss in a species range and other life

history traits. For example, a species with a low risk of extinction

can be uncommon, but can grow over a very large range with little

or low mangrove area loss. Alternately, it can be uncommon and

exist in a smaller range or degraded area, but be fast-growing,

hardy and easily propagated, (e.g., more of a habitat generalist).

However, mangrove species abundance generally is not the same

across the entire range of a given species, as mangrove species tend

Mangrove Extinction Risk
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Table 1. Mangrove species, Red List Categories and Criteria, and summary of supplemental data (CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near
Threatened, LC = Least Concern, DD = Data Deficient).

Red List Criterion Global Estuarine Intertidal Supporting Information:

Family Species Category Applied* % Loss Position Position Generalized Abundance and Life History

ACANTHACEAE Acanthus ebracteatus LC 22 I M H common

ACANTHACEAE Acanthus ilicifolius LC 20 I U M H common

ACANTHACEAE Acanthus volubilis LC 24 U H uncommon

ACANTHACEAE Acanthus xiamenensis DD 34 ? ? ? ? ? ? unknown, distribution not well-known

ACANTHACEAE Avicennia alba LC 24 D L M locally common, fast-growing, colonizing

ACANTHACEAE Avicennia bicolor VU A 31 D H uncommon

ACANTHACEAE Avicennia germinans LC 17 D I M H locally common

ACANTHACEAE Avicennia integra VU B ,5 I L ,5000 individuals, extent of occurrence,20,000 km2

ACANTHACEAE Avicennia marina LC 21 D I L M H common, fast growing, colonizing

ACANTHACEAE Avicennia officinalis LC 24 I M common, fast growing, colonizing

ACANTHACEAE Avicennia rumphiana VU A 30 D H uncommon to rare, patchy distribution

ACANTHACEAE Avicennia schaueriana LC 6 D M H locally common

ARECACEAE Nypa fruticans LC 20 U L M H common

ARECACEAE Phoenix paludosa NT B 14 U H uncommon, area of occupancy,2000 km2

BIGNONIACEAE Dolichandrone spathacea LC 23 U M uncommon, fast-growing

BIGNONIACEAE Tabebuia palustris VU A 33 U L M rare, narrow habitat range, cryptic

COMBRETACEAE Conocarpus erectus LC 17 D H common

COMBRETACEAE Laguncularia racemosa LC 17 D I M H locally common, pioneering

COMBRETACEAE Lumnitzera littorea LC 22 I M common

COMBRETACEAE Lumnitzera racemosa LC 19 D M H common, colonizing, fast-growing

EBENACEAE Diospyros littorea LC 24 I U M H uncommon

EUPHORBIACEAE Excoecaria agallocha LC 21 D I U M H common, tolerant of disturbed areas

EUPHORBIACEAE Excoecaria indica DD 24 D I L M unknown, distribution not well-known

FABACEAE Cynometra iripa LC 21 I U H locally common, slow-growing

FABACEAE Mora oleifera VU C 26 U H ,10000 individuals

LYTHRACEAE Pemphis acidula LC 21 D H common, locally threatened by bonsai trade

LYTHRACEAE Sonneratia alba LC 20 D L common, fast-growing, pioneering, low seed viability

LYTHRACEAE Sonneratia apetala LC 7 U L M common, fast-growing, pioneering, low seed viability

LYTHRACEAE Sonneratia caseolaris LC 20 U L common, fast-growing, pioneering, low seed viability

LYTHRACEAE Sonneratia griffithii CR A 80 D L rare, locally extinct, low seed viability

LYTHRACEAE Sonneratia lanceolata LC 24 U L locally common, fast-growing, pioneering, low seed
viability
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Red List Criterion Global Estuarine Intertidal Supporting Information:

Family Species Category Applied* % Loss Position Position Generalized Abundance and Life History

LYTHRACEAE Sonneratia ovata NT A 28 D
H

locally common, low seed viability, severe loss at range
extremities

MALVACEAE Brownlowia argentata DD 26 U H unknown, distribution not well-known

MALVACEAE Brownlowia tersa NT A 26 U H locally common, severe loss at range extremities

MALVACEAE Camptostemon philippinense EN C 30 I L ,1200 individuals

MALVACEAE Camptostemon schultzii LC 24 D I L M locally common, uncommon,

MALVACEAE Heritiera fomes EN A 50–80 U H common to uncommon, slow-growing

MALVACEAE Heritiera globosa EN B 29 U H rare, extent of occurrence ,5,000 km2

MALVACEAE Heritiera littoralis LC 20 I H common

MELIACEAE Aglaia cucullata DD 23 U M unknown, distribution not well-known

MELIACEAE Xylocarpus granatum LC 21 I M H common, slow-growing

MELIACEAE Xylocarpus moluccensis LC 21 U H common, slow-growing

MYRSINACEAE Aegiceras corniculatum LC 21 I U L common

MYRSINACEAE Aegiceras floridum NT A 29 D L uncommon, narrow habitat tolerance

MYRTACEAE Osbornia octodonta LC 23 D M H uncommon, slow-growing, hardy

PLUMBAGINACEAE Aegialitis annulata LC 24 D M H common

PLUMBAGINACEAE Aegialitis rotundifolia NT B 24 D M H rare, area of occupancy,2000 km2

PTERIDACEAE Acrostichum aureum LC 19 I H common, fast-growing, hardy, colonizing

PTERIDACEAE Acrostichum danaeifolium LC 17 I H unknown, distribution not well-known

PTERIDACEAE Acrostichum speciosum LC 21 I U H common, fast-growing, hardy, colonizing

RHIZOPHORACEAE Bruguiera cylindrica LC 24 D I M H common, high regeneration potential, slow growth rate

RHIZOPHORACEAE Bruguiera exaristata LC 23 I U M H common

RHIZOPHORACEAE Bruguiera gymnorhiza LC 20 D I M H common, slow-growing, low regeneration

RHIZOPHORACEAE Bruguiera hainesii CR C 27 I
H

,250 individuals, slow-growing, low propagation and
germination

RHIZOPHORACEAE Bruguiera parviflora LC 21 D I M common, slow-growing

RHIZOPHORACEAE Bruguiera sexangula LC 21 I U M H uncommon, slow-growing

RHIZOPHORACEAE Ceriops australis LC 24 D I H common, slow-growing, hardy

RHIZOPHORACEAE Ceriops decandra NT B 12 I M H rare, slow-growing, area of occupancy ,4500 km2

RHIZOPHORACEAE Ceriops tagal LC 18 D I M H common, slow-growing, hardy

RHIZOPHORACEAE Ceriops zippeliana [52] LC 23 I M H common, slow-growing

RHIZOPHORACEAE Kandelia candel LC 23 D L locally common, lower regeneration, hardy

RHIZOPHORACEAE Kandelia obovata LC 29 D L common, hardy, easily propagated, range increasing in
Japan

Table 1. Cont.
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Red List Criterion Global Estuarine Intertidal Supporting Information:

Family Species Category Applied* % Loss Position Position Generalized Abundance and Life History

RHIZOPHORACEAE Rhizophora apiculata LC 20 I M very common, hardy, fast-growing

RHIZOPHORACEAE Rhizophora mangle LC 17 D I L M common, hardy, fast-growing

RHIZOPHORACEAE Rhizophora mucronata LC 20 I U L M common, hardy, fast-growing

RHIZOPHORACEAE Rhizophora racemosa LC 15 D I
M

locally common, can form large stands with patch
distribution

RHIZOPHORACEAE Rhizophora samoensis NT A 29 D I L
M

common to rare, locally threatened by intensive
harvesting

RHIZOPHORACEAE Rhizophora stylosa LC 20 D I L M common, hardy, fast-growing

RUBIACEAE Scyphiphora hydrophylacea LC 20 I H uncommon

TETRAMERISTACEAE Pelliciera rhizophorae VU B 27 I U M H relict and rare, area of occupancy,2000 km2

Estuarine (D = downstream, I = intermediate, U = upstream) and intertidal (L = low, M = medium, H = high) positions are modified from [51].
*see main text for criterion definitions.
doi:10.1371/journal.pone.0010095.t001
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primarily threatened by clearing for the creation of shrimp and

fish ponds [63], for example, approximately half of the 279,000 ha

of mangroves in the Philippines lost from 1951 to 1988 were

developed into fish/shrimp culture ponds [64]. Camptostemon

philippinense, listed as Endangered, has an estimated 1200 or less

individuals remaining due to the extensive removal of mangrove

areas for both aquaculture and fuelwood within its range. The

Endangered Heritiera globosa has the most restricted distribution in

this region (extent of occurrence,5,000 km2) as it is only known

from western Borneo, where its patchily distributed, primarily

riverine habitat has been extensively cleared by logging activities

and for the creation of timber and oil palm plantations.

Geographic areas with a high numbers of mangrove species at

elevated risk of extinction are likely to exhibit loss of ecosystem

function, especially in areas of low mangrove diversity. Globally,

the highest proportion of threatened mangrove species is found

along the Atlantic and Pacific coasts of Central America (Figure 2).

Four of the 10 (40%) mangrove species present along the Pacific

coasts of Costa Rica, Panama and Colombia are listed in one of

the three threatened categories, and a fifth species Rhizophora

samoensis is listed as Near Threatened. Three of these species,

Avicennia bicolor, Mora oleifera and Tabebuia palustris all listed as

Vulnerable, are rare or uncommon species only known from the

Pacific coast of Central America. Extensive clearing of mangroves

for settlement, agriculture and shrimp ponds are the major causes

of mangrove decline in Latin America [65], even though there is

little compensating economic return from conversion of mangrove

areas to agriculture [66].

After the Indo-Malay Philippine Archipelago, the Caribbean

region has the second highest mangrove area loss relative to

other global regions, with approximately 24% of mangrove area

lost over the past quarter-century [27]. Several surveys of

Caribbean mangroves report significant regional declines due to

a myriad of threats including coastal development, upland runoff

of pollutants, sewage, and sediments, petroleum pollution,

storms and hurricanes, solid waste, small-scale extraction for

fuelwood and minor clearcutting, conversion to aquaculture,

conversion to landfills, conversion for terrestrial agriculture,

tourism (involving construction of boardwalks and moorings, as

well as boat wakes), and prospecting for pharmaceuticals

[67,68]. However, with the exception of the Central American

endemic Pelliciera rhizophorae listed as Vulnerable, the 8 other

mangrove species present in the Caribbean region did not

qualify for a threatened category because they are relatively

widespread and found in other regions such as West Africa or

Brazil. After Indonesia, Australia, and Mexico, Brazil has the

fourth largest area of mangroves [27,69], and although some

areas are affected by aquaculture, human settlement and water

Figure 2. Proportion of Threatened (Critically Endangered, Endangered, and Vulnerable) Mangrove Species.
doi:10.1371/journal.pone.0010095.g002

Figure 1. Mangrove Species Richness: Native distributions of mangrove species. Not shown are introduced ranges: Rhizophora stylosa in
French Polynesia, Bruguiera sexangula, Conocarpus erectus, and Rhizophora mangle in Hawaii, Sonneratia apelata in China, and Nypa fruticans in
Cameroon and Nigeria.
doi:10.1371/journal.pone.0010095.g001
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pollution [70,71], there has been very little estimated mangrove

area loss in Brazil since 1980 [27].

Mangrove diversity is naturally low at the northern and

southern extremities of mangrove global range, such as southern

Brazil, the Arabian Peninsula, and the northern and southern

Atlantic coasts of Africa, as well as on islands in the South Pacific

[72] and the Eastern Tropical Pacific. Although the majority of

species present at these extremes of mangrove global distribution

have very widespread global ranges, and have not been listed in

threatened categories, populations are more at risk from area

declines at these extremes of their distribution where mangrove

diversity is lowest [51].

The Cost of Mangrove Species Loss
The loss of individual mangroves species and associated

ecosystem services has direct economic consequences for human

livelihoods, especially in regions with low mangrove species

diversity and low ecosystem resilience to species loss. In the Gulf

of California, for example, where there are only 4 mangrove

species present (Avicennia germinans, Rhizophora samoensis, Laguncularia

racemosa, Conocarpus erectus), it is estimated that one linear kilometer

of the species R. samoensis, listed as Near Threatened, provides up

to 1 ha of essential marine habitat and provides a median annual

value of US$37,000 in the fish and blue crab fisheries [73].

Nutrients and carbon from mangrove forests provide essential

support to other near shore marine ecosystems such as coral reefs

and seagrass areas, and enrich coastal food webs and fishery

production [1,28]. Avicennia species are dominant in inland or

basin mangrove forests in many parts of the world. However, 3 of

8 (38%) species in this genus are in threatened or Near Threatened

categories. Loss of these species and the mangrove forests they

dominate will have far reaching consequences for water quality

and other near shore ecosystems in coastal communities around

the globe. For example, water purification services provided by

these mangrove species in the Muthurajawela Marsh, Sri Lanka

are valued at more than $US 1.8 million per year [74].

Riverine or freshwater-preferring species, such as the Endan-

gered Heritiera fomes and Heritiera globosa, buffer coastal rivers and

freshwater communities from sedimentation, erosion and excess

nutrients. Heritiera globosa is a very rare species confined to western

Borneo, while Heritiera fomes is more widespread in south Asia, but

has experienced significant declines in many parts of its range.

Localized or regional loss of these coastal or fringe mangrove

species reduces protection for coastal areas from storms, erosion,

tidal waves, and floods [6,9], with the level of protection also

dependent on the quality of remaining habitat [8]. Two of 4 (50%)

fringe mangrove species present in Southeastern Asia (Sonneratia

griffithii, Aegiceras floridum) are listed in threatened or Near

Threatened categories. In other areas, such as Brazil, the central

Pacific islands, or West Africa, fringe mangrove forests are often

comprised of only one or two species. Even though these species

are globally listed as Least Concern, local and regional loss of

mangroves in these areas will have devastating impacts for coastal

communities. The loss of species may indeed be of greatest

economic concern in rural, high-poverty areas where subsistence

communities rely on mangrove areas for fishing and for direct

harvesting of mangroves for fuel, construction or other economic

products [17,75–77].

Finally it is important to note that the amount of mangrove area

in some countries is increasing due to reforestation and restoration

efforts [27,29]. Although regeneration of degraded mangrove

areas is thought to be a viable option in some areas [17,78],

successful regeneration is generally only achieved by the planting

of monocultures of fast-growing species, such as Rhizophora or

Avicenna species. Many rare and slow growing species are not

replaced [29], and many species cannot be easily replanted with

success. In sum, mangrove areas may be able to be rehabilitated in

some regions, but species and ecosystems cannot be effectively

restored.

Conclusions and Recommendations
There are currently eleven international treaties and instru-

ments that afford some protection, at least on paper, to mangroves

in general, some of which have been in force for over 50 years.

These treaties and instruments include the RAMSAR Convention,

the Convention on the Prevention of Marine Pollution, CITES,

the International Tropical Timber Agreement, the Convention for

the Protection and Development of the Marine Environment of

the Wider Caribbean Region and the Convention on Biological

Diversity [70,79]. However, these treaties and instruments do not

necessarily confer legal protection to mangrove ecosystems, and

none of them address conservation, preservation, or management

of particular mangrove species. Similarly, the current trend of

global decline of mangrove area [27] indicates that exploitation

continues unabated despite the presence of these laws and treaties.

With some exceptions, mangrove areas and species of concern

are generally not adequately represented within protected areas.

In addition to legislative actions, initiatives are needed on the part

of governments, NGOs, and private individuals to acquire and

protect privately-owned parcels of coastal land, especially those

that contain viable populations of threatened mangrove species.

National legislation and management plans are in place in some

countries, but enforcement and further planning are required to

protect individual species that may be locally uncommon or

threatened, as well as to protect the entire mangrove areas and

important ecosystem functions.

IUCN Red List assessments for species can be regularly

updated, depending on the availability of better or new data,

and any subsequent changes in a species Red List Category can be

an important indicator of the success or failure of conservation

actions. As the impacts of mangrove area loss on mangrove species

can be variable, estimation of species composition, individual

species decline, or population size in a given area can be better

refined by available remote sensing techniques [80–85]. Similarly,

demographic modeling [86] is needed to establish a minimum

viable population size for mangrove species, especially for those

that are highly threatened. As ecosystem values can be

overestimated or underestimated, additional studies and cost/

benefit analyses are needed to determine the economic and

ecological impacts of harvesting, habitat loss, and habitat

deterioration on populations of individual mangrove species.

At least two mangrove species are at high risk of extinction and

may disappear within the next decade if protective measures are

not enforced. Although not formally assessed by IUCN Red List

Categories and Criteria, hybrid species face the same threats and

provide ecosystem services equivalent to true mangrove species.

Their conservation should not be overlooked, especially as they

are important for speciation and can be significant drivers of

diversification over time. We maintain that the loss of individual

species will not only contribute to the rapid loss of biodiversity and

ecosystem function, but will also negatively impact human

livelihoods and ecosystem function, especially in areas with low

species diversity and/or high area loss.
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Quantification of extinction risk: the background to IUCN’s system for
classifying threatened species. Conserv Biol 22: 1424–1442.

45. Butchart SHM, Stattersfield AJ, Bennun LA, Shutes SM, Akcakaya HR, et al.
(2004) Measuring global trendes in the status of biodiversity: Red List indices for

birds. PLoS Biol 2: 2294–2304.

46. Verheyden A, Kairo JG, Beeckman H, Koedam N (2004) Growth rings, growth
ring formation and age determination in the mangrove Rhizophora mucronata.

Ann Bot 94: 59–66.

47. Duarte CM, Thampanya U, Terrados J, Geertz-Hansen O, Fortes MD (1999)
The determination of the age and growth of SE Asian mangroves seedlings from

internodal counts. Mangroves Salt Marshes 3: 251–257.

48. Duke NC, Pinzon ZS (1992) Aging Rhizophora seedlings from leaf Scar nodes: a
technique for studying recruitment and growth in mangrove forests. Biotropica

24: 173–186.

49. Rodrı́guez ASL, Gaston KJ (2002) Rarity and conservation planning across
geopolitical units. Conserv Biol 16: 674–682.

50. Koedam N, Dahdouh-Guebas F (2008) Ecological quality changes precede

changes in quantity in mangrove forests. Response to Barbier EB, Koch EW,
Silliman BR, Hacker SD, Wolanski E, et al. (2008) Coastal ecosystem-based

management with non-linear ecological functions and values Science 319:
321–232.

51. Duke NC, Ball MC, Ellison JC (1998) Factors influencing biodiversity and

distributional gradients in mangroves. Global Ecol Biogeog Let 7: 27–47.

52. Sheue CR, Liu HY, Tsai CC, Rashid SMA, Yong JWH, et al. (2009) On the
morphology and molecular basis of segregation of two species Ceriops zippeliana

and C. decandra (Rhizophoraceae) from Southeastern Asia. Blumea 54, in press.

53. Xue X, Hon H, Charles T (2004) Cumulative environmental impacts and

integrated coastal management: the case of Xiamen, China. J Environ Man 71:

271–283.

54. Ong JE (2003) Plants of the Merbok mangrove, Kedah, Malaysia and the urgent

need for their conservation. Folia Malaysiana 4: 1–18.

55. Ong JE (1995) The ecology of mangrove conservation and management.
Hydrobiologia 295: 343–351.

Mangrove Extinction Risk

PLoS ONE | www.plosone.org 9 April 2010 | Volume 5 | Issue 4 | e10095



56. Kress WJ, DeFilipps RA, Farr E, Kyi DYY (2003) A checklist of the trees,

shrubs, herbs, and climbers of Myanmar. Smithsonian Institution: Contribution

from the United States National Herbarium 45: 1–590.

57. Rabinowitz D (1981) Seven forms of rarity. In: Synge H, ed. The biological

aspects of rare plant conservation. New York: Wiley. pp 205–217.
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