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ARTÍCULO DE FORUM 

Conserving Latin American and Caribbean 
mangroves: issues and challenges 

 
Ariel E. Lugo1 

 
 

ABSTRACT 
 

This is a literature review of the distribution, salient features, uses, and 
conservation of mangroves in the Caribbean and Latin America. These ecosystems have 
played a vital role in the development of the region and their value increases as tropical 
countries develop and commercialize their coastal zones. Unfortunately, markets ignore 
or underestimate the value of products and non-market services from mangroves. 
Science informs and improves the effectiveness of the conservation of mangroves. 
Professional management with participation of all sectors of society also benefits the 
conservation of mangroves. Understanding mangrove ecosystems requires consideration 
of multiple spatial and temporal scales and attention to paradoxes that can lead to 
ineffective conservation measures. The review includes guidelines for mangrove 
restoration and conservation. 
 
KEYWORDS: 
Caribbean, Latin America, mangal, mangroves, restoration. 

 
 

RESUMEN 
 

Ésta es un revisión de la literatura sobre la distribución, las características 
sobresalientes, los usos y la conservación de los manglares en el Caribe y América 
Latina. Estos ecosistemas han desempeñado un papel vital en el desarrollo de la región, 
incrementando su valor conforme los países tropicales desarrollan y comercializan sus 
zonas costeras. Desafortunadamente, los mercados ignoran o subestiman el valor de los 
productos y los servicios no comerciales de los manglares. Las ciencias proporcionan 
información y contribuyen a mejorar la efectividad de la conservación de los manglares; 
el manejo profesional, con la participación de todos los sectores de la sociedad resultan 
también benéficos para la conservación de los manglares. El conocer a los manglares 
como ecosistemas requiere de la consideración de múltiples escalas espaciales y 
temporales, poniendo atención a las paradojas que pueden conducir a tomar medidas no 
efectivas para la conservación. Esta revisión incluye guías para la restauración y 
conservación de los manglares. 

 
PALABRAS CLAVE: 
Caribe, América Latina, mangal, manglares, restauración. 
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INTRODUCTION 
 

The conservation2 of mangroves -like 
the conservation of any ecosystem-requires 
and benefits from science. Unfortunately, 
scientific understanding of mangroves is 
incomplete in spite of the large amount of 
literature on this ecosystem (Chapman, 
1976 and Rollet, 1981). The perceptions of 
mangroves in the literature evolved from 
scientific curiosity -trees adapted to 
seawater- to a focus on floristics, 
biogeography, and zonation of species. 
Today, mangrove research focuses on their 
functioning and importance to coastal 
productivity, fisheries, and coastal and 
global processes. 

 
Latin American and Caribbean 

mangroves have sustained human activity 
since pre-Columbian times (Sanoja, 1992; 
Lacerda et al., 1993; Jiménez, 1994a), and 
continue to do so today (Lacerda, 1993; 
FAO, 1994; Windevoxhel, 1994). Early 
uses of mangroves posed no threat to them 
because the vast forested areas could 
absorb the low intensity subsistence use by 
dispersed human populations. Today, the 
demands on mangrove forests are more 
intensive and pervasive, and include 
conversion of mangroves to other uses and 
the urbanization of their uplands. The net 
effect on mangroves is the reduction of 
their area and the change in the conditions 
that regulate their functioning. 

 
The trend in modern forest 

management practices is towards a 
holistic ecosystem approach with 
increasing emphasis on non-wood and 
non-market values of forests, which 
focuses on the needs of local people as 
well as those that utilize forests through 
markets. Mangroves are the paradigm of a 
forest ecosystem that produces market 
and non-market values through both wood 
and non-wood products (FAO, 1994). 
However, among the major ecosystems of 

Latin America and the Caribbean, 
mangroves receive the least attention from 
conservation donors and agencies 
(Dinerstein et al., 1995). The lack of 
concern for this ecosystem has led to the 
loss of mangroves and overexploitation of 
dependent fisheries and other forest 
products. Therefore, while mangroves can 
serve people at local, regional, and global 
scales, mangrove conservation needs 
improvement so that human interaction 
with this ecosystem becomes an example 
to follow in the Homogeocene the era of 
human control of the world’s ecosystems. 

 
Much of the ecological research in 

mangroves has taken place in Latin 
America and the Caribbean (Lugo and 
Snedaker, 1974; Lacerda, 1993) including 
pioneer research on the geomorphology of 
mangrove coastlines (Thom, 1967). Rollet 
(1986) and Lacerda (1993) review 
available information on the mangroves of 
Latin America and the Caribbean and its 
relevance to conservation and sustainable 
use. Kjerfve et al. (1997), Kjerfve (1998), 
and Yáñez and Lara (1999) show recent 
mangrove studies in the region. The recent 
literature on mangrove systems throughout 
the Caribbean and Latin America is rich 
and diverse in focus (Table 1). In spite of 
all the research on mangroves, studies of 
the dynamics of mangrove ecosystems lag 
behind the need for new information for 
conserving these ecosystems, thus forcing 
users to act without full understanding of 
the risks and consequences of their 
actions. 

 
Some people have argued that to 

properly conserve ecosystems, it is not 
necessary to conduct more research (e.g., 
Sheil, 2001), they think that all that is 
needed is to put into practice what we 
already know, and have the will to do “the 
right thing”. There is a lot of truth to these 
statements as many human activities that 
affect natural resources ignore much of 

 
 
 

2 Conservation as synonymous with management and wise use. Preservation and protection are part lf the 
conservation activity. 
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Table 1.   Examples of recent studies of mangroves in Latin America and the Caribbean 

 

LOCATION SOURCE 

Belize Feller et al., 1999 

Brazil Academia de Ciéncias do Estado de São Paulo, 1987; 
Kjerfve and Lacerda, 1993; Gomes, 1997; de Castro, 
2000; Pereira, 2000; Cunha, 2001. 

Caribbean Bossi and Cintrón, 1990; Bacon 1993; Milian et al., 1993. 

Caribbean Coast of Colombia Sánchez et al., 2000a. 

Central America Polanía, 1993; D’Croz, 1993; Polanía and Mainardi, 
1993; Lacerda, 1993; Jiménez, 1994a and b. 

Colombia Alvarez, 1993; Cantera and Blanco, 2000; Blanco et al., 
2001. 

Cuba  Milian et al., 1993; Milian, 1997. 

Ecuador Bodero, 1993. 

Florida Odum, 1982; Chen and Twilley, 1999. 

Mexico Kovacs et al.,  2001b; Medina et al., 1995. 

Pacific Coast of Mexico Flores et al.,  1992. 

Perú Echevarría and Sarabia, 1993. 

Puerto Rico Medina et al.,  1990, Corredor et al.,  1999. 

Venezuela Conde and Alarcón;1993, Medina et al.,  2001. 

 
 
 
the information already stored in libraries. 
However, increasing human pressure on 
natural resources is resulting in new 
challenges to conservation because many 
large-scale processes come into play and 
we simply do not understand how these 
processes influence ecosystems or how 
we might mitigate or counteract their 
effects. We know that activities far 
removed from the mangroves affect them, 
but it is unlikely that humans will curtail 
land uses in the uplands of mangroves 
without accurate information about their 
cause-effect relationships with coastal 
processes. New research can inform 
society about risks and consequences of 

alternative land uses and natural 
resources management actions. 

 
This essay is a brief review of the 

major challenges and strategies to the 
conservation of mangrove forests3. First, I 
review available literature on Latin 
American and Caribbean mangroves to 
define the extent, location, characteristics, 
and uses of these ecosystems. Then, I 
focus on their conservation based on the 
experience from Puerto Rico. Finally, I 
discuss eight paradoxes associated with 
mangrove ecosystems to assure effective 
conservation actions. 

 
 
 

3 This article uses part of the text from Lugo (1999a). 
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MANGROVE AREA, DISTRIBUTION, 
AND HIERARCHY 

 
The mangroves of Latin America and 

the Caribbean (including Florida) cover 
between 4.1 million of hectares (Lacerda 
et al., 1993) and 5.8 million of hectares 
(FAO, 1994) or about 30 to 35 percent of 
the world’s total mangrove area. Cintrón 
Molero and Shaeffer Novelli (1992) report 
as latitudinal limits 32o 20’ N at Bermuda, 
and 28o 30’ S at Santa Clara, Santa 
Catarina, Brazil. This vast expanse of 
saltwater wetlands is diverse both in flora 
and fauna, as well as in the environmental 
settings on which they occur. According to 
Thom (1982) and Cintrón and Shaeffer 
(1992), mangroves grow in the following 
eight environmental settings: 
 
� low tidal range with ample sediment 

inputs, 
� high tidal range and sediment inputs, 
� high wave energy and low sediment 

inputs, 
� high wave energy and high river 

discharge, 
� drowned river valley, 
� low energy carbonate platforms, 
� coral rampart or protective sand 

barrier, and 
� low energy embayments without 

protective barriers. 
 

Because of the complexity of the 
environmental settings, it is convenient to 
recognize a hierarchy of mangrove 
systems. I will arbitrarily use three levels of 
hierarchy, but there could be others. 
Mangal refers to the mangrove community 
(focus on the tree species), mangroves 
refers to the mangrove ecosystem (focus 
on all its biodiversity and function), and 
regional mangrove ecosystem refers to the 
structure, species composition, and 
functioning of all the coastal setting (focus 
on large-scale phenomena). This hierar-
chical concept of mangroves helps define 
their spatial boundaries and facilitates 
conservation activities. 
 
 
 

MANGROVE FLORA AND FAUNA 
 

The interface between the mangal 
and terrestrial habitats can be abrupt, 
particularly in dry life zones, leaving no 
question as to the limit of the mangrove 
environment, but it can also be gradual. 
Behind many mangals in moist and wet life 
zones, there is often a broad expanse of 
oligohaline (fluctuating salinity, usually 
below ocean strength) tidal wetland 
conditions where many wetland species 
with some salt tolerance grow in close 
proximity to the true mangroves (sensu 
Tomlinson, 1986). Examples of mangrove 
associate species are the tree Pterocarpus 
officinalis and the fern Acrostichum 
aureum. The listings of mangrove asso-
ciated species for the Caribbean and Latin 
America are incomplete and less develo-
ped than their old world counterparts. 
Tomlinson (1986) summarized this 
argument initially presented by Gentry 
(1982). More recently, Jiménez (1994a) 
assembled a more comprehensive list of 
mangrove associates for Pacific Central 
America. He listed 34 species for this part 
of the world, while FAO (1994) listed some 
82 mangrove associated species world-
wide. Macro algal communities are also of 
interest in mangroves because they are 
common on mangrove roots and support 
aquatic food chains. Cordeiro et al. (1992) 
found a greater species richness of macro 
algae in the Caribbean (109 species) than 
in other regions of Latin America. 

 
The fauna of Latin American and 

Caribbean mangroves is described for 
various mangrove areas in Odum (1982), 
López et al. (1988), Lacerda et al. (1993), 
Yáñez et al. (1993, 1994), Pauly and 
Yáñez (1994), Wunderle and Waide 
(1993, 1994), Lefebvre et al. (1994), Cruz 
and Jiménez (1994), and Jiménez 
(1994a). An emerging generalization from 
these studies is that the richness of non-
tree species in mangals, is many times 
higher than that of trees. For example, 
Szelistowski (1990) found 152 consumer 
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species in the Punta Morales mangroves 
of Costa Rica, where the plant species 
component was about one order of 
magnitude less diverse. Alves et al. (1997) 
identified 34 avian species during four field 
trips to a mangrove stand (4 200 m2) in 
Rio de Janeiro, while Naranjo (1997) 
reported 75 avian species in the Pacific 
coast mangroves of Colombia. In groups 
such as those of soil infauna, accounts 
overlook species in spite of their apparent 
importance to the functioning of 
mangroves. For example, dozens of 
species of deep burrowing macro crusta-
ceans can occur in densities of up to 
hundreds of burrows/m2, and can function 
as keystone species in some mangrove 
sediments but their taxonomic description 
is still rudimentary (Felder, 2001). 

 
Another emerging generalization 

about the fauna of the mangal is that a 
large fraction of the respiration of 
mangrove productivity involves microbes 
and animals living outside the mangal, 
particularly in adjacent estuarine and 
marine waters (Odum, 1982; Twilley et al., 
1992; Yáñez et al., 1993 and 1994, Pauly 
and Yáñez, 1994; FAO, 1994). Thus, the 
food webs of mangroves span a broad 
geographic range, reflecting the openness 
of this ecosystem and its many 
interactions with other coastal and 
montane ecosystems. 

 
From a functional point of view, there 

are interconnections between mangals, 
estuarine waters, seagrass communities, 
coral reefs, mangrove lagoons, other 
marine ecosystems, floodplains, and 
montane communities (Twilley et al., 
1992). All these communities contribute to 
marine, estuarine, and freshwater 
environments that harbor and feed 
complex food webs of organisms that 
extend into the open ocean and inland into 
freshwater montane and lowland 
floodplain habitats (Odum, 1982; Lugo, 
1986; López et al., 1988; Yáñez et al., 
1993 and 1994; Jiménez, 1994a). Mangals 
and other coastal wetlands absorb upland 
nitrogen inputs, and in so doing protect 
seagrass beds and reduce coastal 

eutrophication (Valiela and Cole, 2002). 
Migrant avian species use mangroves and 
connect them to faraway terrestrial 
systems (Wunderle and Waide, 1993 and 
1994, Lefebvre et al., 1994). 
 
 

SALIENT FEATURES OF LATIN 
AMERICAN AND CARIBBEAN 

MANGROVES 
 

The mangroves of Latin America and 
the Caribbean exhibit wide variation in 
structural, functional, and physiognomic 
characteristics (Cintrón and Shaeffer, 
1985; Rollet, 1986; Lacerda, 1993; 
Jiménez, 1994a; Sánchez et al., 2000a). 
The region itself has the appropriate 
climate, an abundance of fluvial systems, 
a tidal range from a few cm to over 5 m, 
and gigantic river deltas with adequate 
substrates and inputs for mangrove 
growth. As a result, the mangroves of the 
region attain spectacular development, 
particularly on the major river deltas. Along 
the Yucatán Peninsula and in low islands 
such as the Bahamas and others in the 
Caribbean, mangroves grow in a 
carbonate setting (sensu Thom, 1982). In 
this setting, mangroves attain completely 
different physiognomies and structure 
(Lugo, 1981 and 1994; Trejo et al., 1993) 
and are nutrient limited (Feller et al., 
1999). In arid coastal zones such as those 
of Perú, mangroves grow in desert and 
semi-desert life zones but survive because 
they receive runoff from wet life zones in 
the Andes Mountains located thousands of 
kilometers inland (Echevarría and Sarabia, 
1993). Dry life zones in the Caribbean 
result in mangrove fringes with particular 
dynamics (Cintrón et al., 1978; Lugo, 
1990). In high-energy coastlines, 
mangroves grow behind sand dunes and 
receive salt and freshwater through ground 
water. 

 
The presence of mangroves 

correlates with the presence of rich 
commercial fisheries, including shrimp 
(Odum, 1982; Turner, 1989). Luna (1976 
and 1983) documented the commercial 
forestry potential of Venezuelan 
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mangroves along the San Juan River. 
Studies consistently show the mangroves 
of Latin America and the Caribbean to be 
highly productive in terms of wood, 
biomass, and litter production and organic 
carbon export (Twilley et al., 1992; 
Cintrón, 1987). 

 
 

USES AND ABUSES OF LATIN 
AMERICAN MANGROVES 

 
There are case studies of both wise 

and poor uses of mangroves in Latin 
America and the Caribbean. Among 
successful examples, the use of the 
Caroni Swamp in Trinidad for tourism is 
notable (Bacon, 1970; Blohm and Pannier, 
1989). The clear-cut harvesting for wood 
from mangroves of the San Juan River in 
Venezuela some 30 years ago, resulted in 
economic profit without inhibiting the 
regeneration of stands (Luna, 1976 and 
1983; Hamilton and Snedaker, 1984). In 
that same mangrove forest, oil exploration 
appears to co-exist with the mangroves, 
although I have observed needless des-
truction of mangroves due to improper 
precautions in the handling of river 
dredging. Puerto Rico and Florida have 
superb examples of mangrove uses for 
touristic, recreational, educational, and 
scientific research activities, i.e., the 
Everglades and Rookery Bay forests in 
Florida; and the Jobos Bay, Piñones, and 
the El Faro of Fajardo mangroves in 
Puerto Rico. The commercially successful 
shrimp fishery in the Gulf of Mexico, and 
the artesanal use of mangroves for 
biomass energy (fuelwood) and fish 
protein throughout Latin America, are also 
examples of sustainable uses of mangrove 
ecosystems (Windevoxhel, 1994; 
Dinerstein et al., 1995). 

 
In contrast to the examples given 

above, the conversion of the mangroves to 
shrimp ponds in Ecuador deserves 
attention. For this discussion, I use the 
accounts of Olsen and Arriaga (1989), and 
Twilley (1989). Ecuador has been 
successful in increasing shrimp exports at 
substantial profit and acquisition of hard 

currency for its economy. In 1987, shrimp 
export was second only to petroleum 
exports and netted US$ 383 million to 
Ecuador’s economy. This value had 
increased to US$ 482 million by 1991 
when Ecuador became the second leading 
shrimp producer in the world (Twilley et 
al., 1993). Because of Ecuador’s eco-
nomic success with shrimp aquaculture, 
other countries in the region, e.g., 
Honduras, Nicaragua, and Panama 
(Suman, 1994; Jiménez, 1994a; Osorio, 
1994), stepped up efforts to establish 
aquaculture ventures in the production of 
shrimp for export. These ponds, usually 
located on mangrove forests and salt flats, 
require the conversion of mangroves and 
salt flats into open water ponds. 
 

Shrimp pond construction accounted 
for the conversion of over a thousand 
hectares per year of mangrove forests in 
Ecuador over a period of 10 years. In 
some sectors of the coast, shrimp ponds 
replaced all mangroves. The total area of 
authorized ponds by 1988 was 118 304 ha 
of which 90 000 ha were in production. 
About 14 percent of Ecuador’s mangroves 
became shrimp ponds between 1969 and 
1978. Twilley et al. (1998a) report an 
additional reduction of over 40 000 ha of 
salt flats between 1969 and 1991. 

 
How sustainable is the economic 

success of Ecuador’s shrimp production 
ventures? The key to sustainability is the 
degree to which profits from the conversion 
of mangroves and salt flats to shrimp ponds 
compensate for the loss of ecological 
services to people and the shrimp industry. 
Unfortunately, ignoring the losses to 
indigenous peoples (i.e., local fisheries, 
fuelwood, tannin extraction, etc.) has been 
the rule, and the Ecuador situation is no 
exception to this rule. Most analyses focus 
only on the shrimp industry and ignore 
other sectors of society. Ecologists do 
likewise by focusing mostly on mangals 
and ignoring the greater mangrove 
ecosystem along with its salt flats. 

 
At present, the following ecological 

factors appear to slow down shrimp 
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productivity due to lack of sustainability in 
the overall enterprise: 

 
� loss of water quality; 
� more red tide events; 
� high mortality of organisms inside 

and outside ponds, including shrimp, 
and loss of feeding, roosting, and 
nesting habitats for birds; 

� shortage of cheap natural supplies of 
post larvae and food to seed and 
feed the ponds; 

� reduction in the wild shrimp fishery; 
and 

� high proportion of ponds out of 
production. 

 
Non-productive ponds represent a 

double loss because not only is their 
shrimp production lost, but also lost are 
the benefits of the mangroves and salt 
flats they replaced. Expensive rehabi-
litation efforts will be required to restore 
the mangroves because of the changes in 
the geomorphology and hydrology of sites 
(Lugo, 1999b). 

 
In summary, the gamble of 

converting mangrove forests and salt flats 
to shrimp ponds is that a sustainable 
resource with multiple values is converted 
to a system with a single output and a 
potentially high but possibly short-term 
economic payoff, with equally high 
management costs and risk of failure. If the 
ponds fail, the region will be without shrimp 
and the values that it previously extracted 
from mangroves and salt flats. Moreover, 
mangroves and salt flats no longer exist. 
Indigenous populations and the govern-
ment must deal with the long-term cost of 
these operations. If the shrimp ponds are 
successful in the long-term, profits to the 
industry can improve the life quality of 
people, assuming that profit distribution and 
sound investments take place. 

 
Many tropical countries face the 

Ecuadorian trade off between resource 
preservation and use. On one extreme are 
the low risk of failure and low market 
economic output but high non-market 
value of mangrove ecosystems (Winde-

voxhel, 1994). On the other extreme, are 
the high economic gain, high maintenance 
cost, and high risk of failure of the 
converted mangrove lands (Olsen and 
Arriaga, 1989; Twilley et al., 1998a). 
Conversions of mangrove forests can also 
be to pastures, agricultural fields, housing, 
marinas, or tourism developments 
(Suman, 1994; Jiménez, 1994a; Aguilar, 
1994; Osorio, 1994; Sánchez et al., 
2000a). However, this dichotomy is 
artificial because preserving mangroves 
can also result in risk and degradation. 

 
Poorly conducted artesanal 

exploitation can degrade mangroves 
(Jiménez, 1992; 1994a and b). Un-
controlled human activity pollutes and 
degrades mangroves, and converts them 
into garbage dumps or to other uses as 
population density increases in the vicinity 
(Sánchez et al., 2000a). Many mangrove 
reserves in Central America become 
degraded after their proclamation as 
reserves because there were no efforts to 
delimit, manage, and protect them 
(Suman, 1994). Even worse, as countries 
develop their infrastructure of roads, water 
works, electric or telephone transmission 
lines, etc., they impact and harm 
mangrove ecosystems. These negative 
effects occur by changing the inputs of 
freshwater, sediments, and nutrients, 
documented in the Caribbean Colombia by 
Sánchez et al. (2000a) and Venezuela by 
Medina et al. (2001). Many government 
officials erroneously consider freshwater 
discharge to mangroves and estuaries as 
a “waste of freshwater”. Therefore, poor 
understanding of coastal ecology in 
combination with events that take place far 
from the mangroves, can greatly affect the 
function of the regional mangrove 
ecosystem. Moreover, by not under-
standing the value of mangroves, 
construction of infrastructure occurs inside 
the mangroves, fragmenting their structure 
and function, and limiting their capacity to 
serve people. 

 
Slowly, Latin American and 

Caribbean countries are developing laws 
and regulations to protect mangroves 
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(Suman, 1994; Lacerda, 1993; Sánchez et 
al., 2000a). However, these laws, like the 
conservation of mangroves, are fragmen-
ted and their enforcement is non-existent. 
Moreover, the laws, regulations, and 
conservation actions all lack the holism 
required to conserve the greater mangrove 
ecosystem. 

 
Clearly, a gigantic leap forward is 

required to advance the paradigms of 
regulation and conservation of tropical 
coastal ecosystems. First, countries have 
to realize the value of their coastal 
ecosystems and consider the non-market 
as well as the market benefits of these 
resources. Mangroves are assets as 
important as cash reserves. Like money, 
mangroves require proper management to 
yield the full realm of benefits to society. 
Colombia is an example of a country with 
a strategic plan for the sustainable 
management of its mangroves (Sánchez 
et al., 2000b). 

 
Next, countries need to devise 

strategies for protecting the products, 
services, and profits derived from coastal 
ecosystems. Many indigenous and urban 
populations derive benefits from mangroves 
but such gains are rarely accounted in cost-
benefit analyses of developments. For 
development strategies to be inclusive and 
lead to sustainability, it is necessary to 
consider and value all sectors of society and 
all natural ecosystems. 

 
Finally, countries need to design 

laws, regulations, institutions, and 
conservation styles that are ecologically, 
socially, culturally, and economically 
relevant. Consideration to all values or 
points of view is necessary in the planning 
stages of natural resource conservation. 
Long-term sustainability of the natural 
resource base is a necessary objective to 
keep in mind when facing the inevitable 
tradeoffs that accompany conservation 
activity. Society requires a full spectrum of 
products and services from its natural 
ecosystems but if it fails to invest in proper 
ecosystem conservation, it will eventually 
pay for the consequences of poor use of 

resources. Therefore, conservation of 
natural assets requires prudence. The 
ultimate solution rests on the realization 
that success, measured as sustainability 
of mangrove function, is neither found in 
absolute preservation nor in total 
annihilation of the natural resource base. 
Success occurs by seeking balances 
between the interests of people and the 
capacity of ecosystems to function and 
deliver value for generations. 
 
 

RESTORING AND CONSERVING 
MANGROVES 

 
Dinerstein et al. (1995) assessed the 
status of all mangroves in Latin America 
and the Caribbean using a consistent 
protocol. First, they identified 13 mangrove 
complexes in the region and subdivided 
these into 40 smaller units or segments 
(Fig. 1). They then evaluated the conser-
vation status of each unit in terms of loss 
of habitat, large blocks of intact habitat, 
water quality and hydrographic integrity, 
rate of habitat conversion, degree of 
protection, degree of fragmentation, and 
degree of alteration of the catchement 
basin. They found that 13 percent of the 
mangrove units were stable and 38 
percent were either critical or endangered. 
Twenty units qualified for conservation 
with restricted access, and 29 units 
qualified for conservation with sustainable 
use. Seventeen units qualified under two 
or more activities. The most appropriate 
conservation activity for nine mangrove 
units was restoration. This raises the 
question of the available experience with 
restoration of mangroves. 

 
Sánchez et al. (2000a) documented a 

large-scale restoration program for 
mangroves in Colombia. Restoration 
projects accounted for about 1 000 ha in 
eight departments of the Caribbean coast 
of that country. The objective was to 
reverse the degradation of mangrove 
forests, which had reached 13.7 percent of 
the total mangrove area. The literature 
contains reports of other restoration efforts  
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Figure 1.   Mangrove complexes and units of Latin America and the Caribbean (Dinerstein 
et al., 1995). 

Key: Yucatán Complex: a. Petenes; b. Río Lagartos; c. Mayan Corridor; d. Belizean Coast; e. Belizean Reef; f. 
Northern Honduras; g. Mosquitia/Nicaraguan Caribbean Coast; h. Río Negro/Río San Sun; i.Bocas del Toro/ 
Bastimentos Island/San Blas. Continental Caribbean Complex: j. Magdalena/Santa María; k. Coastal 
Venezuela. Pacific Central American Complex: l. Tehuantepec/El Manchón; n. Northern Dry Pacific Coast; o. 
Southern Dry Pacific coast; p. Moist Pacific Coast; q. Panama Dry Pacific. Pacific South America Complex: r. 
Gulf of Panama; s. Esperaldas/Pacific Colombia; t. Manabi; u. Gulf of Guayaquil/Tumbes. v. Piura. 
Segment numbers identify different regions of Brazilian mangroves. 
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in Colombia (del Rosario and Bohorquez, 
1997), Florida (Snedaker and Biber, 
1997), Panama (Duke, 1997), and 
elsewhere in the world (Field and 
Trauman, 1997). While the restoration of 
the mangal is fairly straight-forward and 
generally successful (Lugo, 1999b), it is 
not known how long is required for 
restored mangals to develop the large 
diversity of fauna associated with soil and 
sediments. An open research question is 
the degree to which soil, sediments, and 
soil infauna return to a functional status 
after the restoration of mangrove trees to 
damaged sites. 

 
On Caribbean islands such as Puerto 

Rico, the area of mangroves decreased to 
less than half their original range. Public 
concern for mangrove conservation 
followed their conversion to other uses, 
and this concern resulted in the 
rehabilitation of some mangrove forests 
through protection. Mangroves that once 
were garbage dumps, housing develop-
ments, or agricultural fields, are now 
pristine-looking forests (Plates). I have 
observed these forests recover, and 
developed the following list of strategies 
for the conservation of mangroves near 
developed lands. 

 
� Maintain the natural supplies of 

freshwater, nutrient, and sediments 
as well as the normal hydroperiod of 
the mangroves. 

� Maintain the original hydrologic 
regime as much as possible. 

� Avoid locating roads, dikes, or other 
structures in alignments that interrupt 
water flow to and from mangrove 
forests. 

� Allocate as much space as possible 
for the expansion of the mangroves. 

� Don’t change the landforms that 
support mangrove forests, i.e., avoid 
destroying dunes, filling swamps, 
dredging channels, or changing the 
shape of the land. 

� Avoid excessive sedimentation, 
heating, poisoning, filling, or oil-
coating mangroves. 

� Maintain sand dunes, sand bars, and 
coral reefs, which protect mangroves 
from excessive wave action. 

� Strive for management strategies that 
result in multiple uses and outputs 
from mangroves, avoiding single use 
schemes. 

� When conducting cost-benefit 
analysis, always consider local uses 
and non-market values of mangroves 
and the contributions of mangroves 
to up- and downstream ecological 
processes. 

 
These simple rules of development 

contribute to the survival of mangroves and 
ensure sustainable productivity. In return, 
mangroves will deliver indefinitely and free 
of cost, products and services to people. 

 
 

DEALING WITH THE PARADOXES OF 
MANGROVE ECOLOGY AND VALUES 

 
The conservation of natural 

resources is a contentious activity. With 
economic pressures for development at all 
costs, environmentally unfriendly 
economic paradigms such as neoliberal 
economics (Lugo, 1996), and the low 
priority given to conservation in most 
governments, all conspire to resource 
exploitation and degradation. Objective 
science information enlightens the debate 
and uncovers options. It is also useful to 
clarify public discussion. When dealing 
with mangroves, one uncovers many 
apparent paradoxes that require attention 
if mangrove conservation is going to be 
effective. I end this essay with a listing of 
some of these paradoxes. 
 
 
Mangroves are simple ecosystems of 
great complexity. A monospecific mangal 
is a simple forest compared to a multi-
species rain forest. Yet, the simplicity of 
the mangal is deceiving. The complexity of 
the mangrove ecosystem is not obvious to 
the casual observer. Mangroves are 
hydrologically complex ecosystems. Tides, 
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Plates.   Three pictures of a mangrove forest located in the Metropolitan Area of San Juan, 
Puerto Rico. The forest has undergone dramatic change from the time it was converted to 
housing in the 1970’s (a), a successional mangrove forest in the 1980’s (b), and a mature 

mangrove stand in 1995 (c). (Photos by A.E. Lugo). 



Conserving Latin American and Caribbean mangroves. Lugo 16 

overland runoff, sheet flow, and aquifer 
discharges are some of the external water 
flows and kinetic energies that converge 
on these forests. In addition, mangroves 
harbor in its sediments the interface of 
aerobic and anaerobic processes, each 
with its own complement of microbial 
species. The biota of mangrove substrates 
is complex and largely unknown, and we 
do not understand the complex food webs 
that converge on mangrove ecosystems. 
Finally, mangroves are open systems with 
significant exchanges of materials and 
organisms with ecosystems in terrestrial, 
oceanic, estuarine, and atmospheric envi-
ronments. The study of such high levels of 
complexity is only beginning, as most of 
the literature focused on the simplicity of 
the aboveground arboreal component of 
this ecosystem. 
 
 
Mangrove forests are mature ecosys-
tems dominated by pioneer species. 
This assertion is both paradoxical and 
partially a myth (Lugo, 1980). The paradox 
is that pioneer species dominate some 
mature phases of mangrove succession. 
The classic example in the Caribbean and 
Latin America is Rhizophora mangle. Part 
of the explanation is the fact that dispersal 
and fast colonization capabilities are 
favorable traits for survival in the land-
ocean interface, which coupled with the 
harshness of the environment, leads to 
few species as capable of occupying the 
seaward part of the mangrove zonation. 
This explains the coincidence of the 
pioneer nature of the dominant species in 
a mature forest. However, the statement is 
partially a myth, because mangrove 
species do succeed each other when 
zonations are disturbed, as is the case of 
Laguncularia racemosa invading a red 
mangrove zone for short time periods 
(Twilley et al., 1998b). 
 
 
Mangroves are highly productive but 
they can die in a very short time period. 
Emphasis on the high productivity of 
mangroves is common, but their high rate 
of mortality receives less attention. 

Mangroves grow and die fast (Jiménez et 
al., 1985). A possible explanation for this 
is that the harshness of the mangrove 
environment can support a given rate of 
productivity provided it remains constant. 
However, as soon as conditions change, 
the cost of survival is too high and 
massive mortality occurs almost instanta- 
neously. High rates of mortality in 
mangroves occur when salinity exceeds 
certain thresholds, with the interruption of 
oxygen supply to roots -by oil or changes 
in water fluxes- or when high water 
temperatures kill roots. 
 
 
Mangroves are resilient and vulnerable. 
Because of their high productivity and 
pioneer species characteristics, mangrove 
trees exhibit high resilience after 
disturbances (Lugo et al., 1981). For 
example, they re-grow rapidly after floods, 
hurricanes, or even frost. However, the 
mangrove forest is vulnerable to changes 
in hydrologic fluxes, sedimentation, 
changes in temperature, and modification 
of topography. Favorable mangrove 
conditions assure resilience; when natural 
or anthropogenic events change 
conditions, mangrove vulnerability is 
exposed (Lugo et al., 1981). 
 
 
Mangroves are vital to humans, but 
many times, they are not valued. 
Mangroves are among the few natural 
ecosystems whose economic value is 
relatively easy to demonstrate. The 
production of such commercially important 
products as wood, charcoal, tannins, 
protein, or honey make them economically 
important and vital to some economies. 
However, to land developers or 
acuaculturists, mangrove sites are more 
profitable if converted to built up land or for 
culturing shrimp. It is ironic that the 
economic success of shrimp culture 
depends on larvae from the mangrove 
environment. However, shrimp culture 
pond construction destroys mangroves in 
large areas of South America. Ecological 
analyses are part of economic evaluation 
and represent an insurance for avoiding 
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the squandering of vital resources (e.g., 
Twilley et al., 1998a). 
 
Consulting local users of mangroves is 
useful for planning coastal develop-
ment, but local perceptions may not 
match reality. Kovacs (1999) found that 
the perceptions of the traditional users of 
mangroves in Mexico did not fit the reality 
of actual use of the resource. Large-scale 
anthropogenic changes in the region plus 
passage of a hurricane were reasons for 
the change in the pattern of use of 
mangroves (Kovacs, 2000). He also found 
that anthropogenic change had greater 
impact on the resource than hurricane 
passage. While it is clear that mangrove 
conservation benefits from consulting local 
people, their perceptions need to be 
validated and placed in context based on 
sound analysis of the conditions of the 
resource and its environmental setting 
(e.g., Twilley et al., 1998a). 

 
As economic development progresses, 
humans discontinue direct uses of 
mangroves, but the value of mangroves 
increases. The direct traditional uses of 
mangroves decline with economic 
development of regions. For example, 
their use for lumber charcoal, tannins, and 
local fisheries disappear in portions of their 
range where development becomes more 
urbanized. In addition, changes in the 
mangrove forests can lead to changes in 
the use patterns (Kovacs, 1999). 
Examples of these trends occur in Florida, 
Puerto Rico, and portions of Mexico. Yet, 
in these areas, the value of mangroves 
increases due to the higher multiplier 
value of the services provided by 
mangroves. Clean water, panorama, 
refugia for biodiversity, recreation, and 
tourism are but a few of the services that 
mangroves are valued for in developed 
countries. Should the services of 
mangroves be lost, the economic losses 
are greater than when the mangroves 
were only valued for local subsistence 
purposes. 

 

In a modern context, the conservation 
of local mangrove stands requires 
attention to regional or global level 
processes. Because of their coastal 
location and open system functioning, 
mangrove forests respond to a suite of 
factors whose control is far from the coast. 
Mangroves respond to natural 
disturbances that originate far at sea 
(hurricanes) or inland far from the 
mangroves (freshwater runoff and 
sedimentation). Many times mangroves 
experience regional-scale changes in 
structure or composition that are difficult to 
interpret because causal factors are not 
obvious (Kovacs et al., 2001a). Currently, 
sea level rise -a global phenomenon- is 
critically affecting coastal forests all over 
the world (Barnett, 1982; De Silva, 1986; 
Williams et al., 1999; Boesch et al., 2000). 
Even more important for the conservation 
of mangroves, human activities that affect 
the fluxes of nutrients, sediments, water, 
tides, or organisms, become critical to the 
functioning and survival of mangrove 
ecosystems. In short, the conservation of 
mangroves is becoming more complicated 
because it requires attention to all the 
processes that impinge on the coastal 
system and we are learning that these 
processes involve the full gamut of human 
activity from local to global scales. 
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