
 1242

Brazilian Journal of Microbiology (2012): 1242-1254 
ISSN 1517-8382 

 
MICROBIAL DIVERSITY IN BRAZILIAN MANGROVE SEDIMENTS – A MINI REVIEW 

 

Angela Michelato Ghizelini1*, Leda Cristina Santana Mendonça-Hagler1, Andrew Macrae1,2* 

 
1Programa de Pós Graduação em Biotecnologia Vegetal, Centro de Ciências da Saúde, Universidade Federal do Rio de Janeiro, 

RJ, Brasil; 2 Instituto de Microbiologia Prof. Paulo de Góes, Universidade Federal do Rio de Janeiro, RJ, Brasil. 

 

 Submitted: November 08, 2011; Approved: June 07, 2012.  

 
ABSTRACT 

 

The importance and protection of mangrove ecosystems has been recognized in Brazilian Federal law since 

1965. Being protected in law, however, has not always guaranteed their protection in practice. Mangroves 

are found in coastal and estuarine locations, which are prime real estate for the growth of cities, ports and 

other economic activities important for Brazilian development. In this mini-review we introduce what 

mangroves are and why they are so important. We give a brief overview of the microbial diversity found in 

mangrove sediments and then focus on diversity studies from Brazilian mangroves. We highlight the 

breadth and depth of knowledge about mangrove microbial communities gained from studying Brazilian 

mangroves. We report on the exciting findings of molecular microbial ecology methods that have been very 

successfully applied to study bacterial communities. We note that there have been fewer studies that focus 

on fungal communities and that fungal diversity studies deserve more attention. The review ends with a look 

at how a combination of new molecular biology methods and isolation studies are being developed to 

monitor and conserve mangrove ecosystems and their associated microbial communities. These recent 

studies are having a global impact and we hope they will help to protect and re-establish mangrove 

ecosystems.  
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INTRODUCTION 

 

Our objective is to emphasize the importance of the 

mangroves and mangrove microbial communities. We also 

intend to equip the reader with a good understanding of 

mangrove sediments and the current level of knowledge 

regarding their microbial communities using Brazilian case 

studies. Brazilian mangroves represent 8.5% of the global 

mangrove resource and arguably studies undertaken in Brazil 

are at the forefront of studies on mangrove sediment diversity, 

ecology and bioremediation. In the sections that follow, current 

knowledge on bacterial and fungal diversity of mangrove 

sediments is presented and discussed. Knowledge gaps for 

future studies are suggested.  
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What are mangroves? 

Mangroves are coastal ecosystems, found in tropical and 

subtropical regions around the world.  They are found in the 

transitional zones between land, sea and rivers (6, 35, 57); 

regarding their geographical distribution, mangroves are found 

in the Americas, Africa, Asia and Oceania (35, 56). Mangrove 

vegetation is found along 25% of the Earth’s coastlines and 

75% of tropical coastlines. Mangrove sediments are the 

foundation for mangrove forests and all that live in them. Life 

in mangroves requires special adaptations to survive in areas 

that are periodically inundated with sea water (54). Mangroves 

can be seen as the thin green line of vegetation around coasts 

and estuaries. Thin, because they account for less than 1% of 

the world's tropical forests and less than 0.4% of the total area 

of global forests. They are present in 123 countries and 

territories, covering about 152,000 km2 (64). Despite their wide 

distribution, more than two thirds of mangroves are found in 

just 12 countries. South America is home to 15.7% of the 

world’s mangroves, only surpassed by Southeast Asia, with 

33.5% (64). In Brazil, mangroves extend from the Cape Orange 

River Oiapoque (04º 30'N) to Laguna, Santa Catarina (28 º 

30'S) (54). Brazil is the country with the second largest area of 

mangrove, covering 8.5% of the global total, or 13000 km2, 

second only to Indonesia, with 20.9 % (64). 

Unlike other tropical forests, mangroves forests are 

composed of a relatively small number of tree and shrub plant 

species (35). These plant species are specially adapted to 

fluctuating salinity and are capable of living in anoxic muddy 

sediments (57). Mangrove vegetation composition is controlled 

primarily by hydrology, geography and climate of the region. 

Plant morphological adaptations such as aerial roots facilitate 

life on and in the inter-tidal zone (4). Mangroves can tolerate a 

wide range of sediment types, temperature changes, nutrient, 

salinity and oxygen levels. Mangrove plant species vary in 

their tolerance to these factors, forming characteristic patterns 

or zones of vegetation (42). Spalding et al. (64) describe 73 

species that inhabit mangroves. This seems to be a large 

number until a further look at their global distribution is 

considered. Spalding et al. (64) note that 62 species are found 

in the Indo-West Pacific realm and only 12 species in the 

Atlantic Eastern Pacific realm. In Brazil, there are only six 

plant species typical of mangroves belonging to three genera: 

Avicennia (Avicenniaceae), Laguncularia (Combretaceae) and 

Rhizophora (Rhizophoraceae) (6). On the other hand, the 

Brazilian Atlantic Rain Forest is home to 20.000 plant species 

of which 40% are endemic (7).  

  Although poor in plant diversity, many animal species 

inhabit mangroves including arthropods, fish, amphibians, 

reptiles, birds and mammals. These animals may spend all or 

part of their lives in the mangroves. Many animals use 

mangroves during reproductive periods or visit them from 

adjacent environments in order to find food (35, 54). Like the 

mangrove plants that characterize this ecosystem, many of 

these animals have adapted their morphology and physiology 

to survive in conditions unique to mangroves (57). 

 Different to most soils, pristine mangrove sediments are 

predominantly and persistently anaerobic. The fine fractions 

(mainly silt and clay size particles) dominate their texture 

combined with high concentrations of organic matter and salts 

(57). The tidal nature of mangroves impacts significantly on 

salinity and nutrients making them highly variable (29). 

Although these general traits are common, many other factors 

impact on sediment development including tidal range, local 

climates and substrate (46). 

Mangroves play an important role in cycling energy and 

nutrients, and are vital exporters of organic matter to estuaries 

and coastal formations. They are wildlife refuges for both sea 

and terrestrial animals. They serve as natural shelters and 

nurseries for numerous aquatic organisms. This trait has 

guaranteed their use for fishing and cultivation of economically 

important species such as shrimp and prawns (6, 35, 63). 

 Given that mangroves are mostly tropical or close to the 

tropics, they receive a lot of solar energy. Light, abundant 

water, and nutrients from organic matter rich mud results in 

very high rates of biomass production. The net primary 

production (NPP) in mangroves is about 9.3 t ha-1 per year 
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(64). This level of production makes mangrove forests one of 

the most productive ecosystems on the planet and about 50% 

more productive than other tropical forests that produce about 

6 t ha-1per year (64). Mangroves deposit large amounts of 

organic carbon to sediments, estuaries and the neighboring 

ocean. This in turn provides the basis for an enormous food 

web with the release of nutrients from the sediments mainly 

controlled by the microorganisms (28, 64). 

Mangroves today are often found in or next to urban 

areas, where they are under the constant impact of 

anthropogenic activities. The continued growth of urban areas 

results in severe impacts on mangroves, modifying their 

hydrology, sediment and nutrient dynamics (40). Small-scale 

changes in the physical structure of mangrove forests can have 

significant effects on the diversity and abundance of wildlife in 

these environments (61). Such modifications may affect food 

webs causing irrevocable damage; which threatens their role as 

refuges, as nurseries, as well as foraging areas of marine fauna 

(61). Human activities affect the functioning and normally 

decrease the biodiversity of mangroves, thus leading to 

ecological imbalances and species extinction. With the 

development of urban centers, there has been a reduction in the 

area covered by mangroves. Irreversible damage occurs as a 

consequence of deforestation, land-filling and reclaiming 

coastal land for industry, housing, tourism and ports. 

According to Duke et al. (16), many mangroves are on the 

verge of extinction and are expected to disappear from at least 

26 of the 120 countries in which they are currently found. 

Rates of destruction are currently measured at between 1 to 2% 

per year. Approximately 35,600 km2 of mangrove has been 

“lost” between 1980 and 2005. Even in the absence of accurate 

data on the original coverage of mangroves around the world, it 

is estimated that there was once approximately 200,000 km2 of 

mangrove and of that, about a quarter had been lost due to 

human activities. The destruction rate of these ecosystems is 

currently 3 to 5 times higher than the global rate for other types 

of forest loss (64). Estimates of mangrove deforestation are 

scarce in Latin America (37), however, it is known that besides 

the deforestation itself, the degradation of large areas of 

mangroves is occurring because of the improper use of coastal 

resources (37). Still, even with clear symptoms of stress (small 

tree size, fewer trees and loss of forest cover), mangroves are 

still frequently found in urban areas under chronic exposure to 

contamination by toxic recalcitrant compounds (22). A good 

example of a typical mangrove system is what remains in 

Guanabara Bay, Rio de Janeiro, Brazil. At the turn of the 

twentieth century mangroves covered 50 km2 of the bay’s 

coastline (37). Unfortunately it is now almost totally degraded, 

with about 15 km2 of “less contaminated” forest remaining. In 

Guanabara bay, losses primarily resulted from reclaiming land, 

diverting streams and rivers and more recently due to oil spills, 

sewerage and solid waste disposal (37). Social and political 

needs have outweighed the need for protection and this 

situation is common globally. 

The importance of mangroves to tropical coastal regions 

has been a continual source of scientific and political 

discussion. Recently IAI (American Institute for Global 

Change Research) have described mangroves as one of the 

most critical ecosystems in tropical region and vulnerable to 

global climate change (55). In 1965 Brazilian authorities 

recognized the importance of mangroves and gave them 

permanent protection in law (see Federal Law number 4771 - 

9/15/65). However, since 1965, many areas of mangroves in 

Brazil have been destroyed and replaced with other activities of 

political and social importance. The failure of the 1965 law to 

protect mangroves did not go unnoticed and in 1985 further 

environmental laws were created to ensure their protection, 

including Resolution CONAMA n° 004 (9/18/85) that 

establishes mangroves must be considered biological reserves 

and be protected. Even so, the protection of these areas still 

remains a challenge. Their unique ecology and ecological 

contribution is now better valued and to a greater extent 

understood and accepted, so is their impact on estuarine and 

coastal food webs. What still remains poorly understood are the 

microorganisms at the base of these food webs and their role in 

these ecosystems. In the next section we describe some of the 
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microbial communities that have been studied. The ongoing 

aim is to understand who does what in such rich ecosystems 

and perhaps with that knowledge we will be able to harness the 

microbial power necessary to protect this type of ecosystem.  

 

Who is who in the microbial communities of mangrove 

sediments and are they important? 

 Alongi (2) has made some interesting observations about 

microbial communities in mangrove sediments. We read that 

the total microbial biomass is never greater than 1.2% of the 

total mass of detritus. Bacteria and fungi make up about 91% 

of the total microbial biomass, while algae and protozoa 

represent 7% and 2%, respectively in these ecosystems. The 

question remains: what are all they doing? Starting with 

bacteria, studies have shown that their role in mangroves is 

vital for biogeochemical cycles and transformations of most 

nutrients (35). Bacteria are among the largest contributors to 

carbon flux in these sediments (3, 27). The bacteria being the 

smallest occupy a greater variety of niches than the fungi, algae 

and protozoa and are seen as fundamental for the functioning 

of these habitats. Many of them are extremely important in 

controlling the chemical environment of the mangrove 

sediments and within anaerobic mud an important group is the 

sulfate-reducing bacteria. They are primary decomposers (41) 

of organic residues and fundamental for the carbon cycle. The 

bacteria are also the key players in nitrogen cycle involved in 

all its transformation from fixation, ammonification, 

nitrification and denitrification (1). Sherman et al. (58) have 

shown how nutrient availability in mangrove sediment controls 

vegetation species patterns in the inter-tidal zone. Given that 

microbes control nutrient availability, a link can thus be made 

between microbial communities in sediments and vegetation 

patterns.   

 There is a transition gradient from aerobic to anaerobic 

conditions in pristine mangrove sediments. On the surface, the 

sediments are aerobic but they become anaerobic very quickly 

and at shallow depths. This is a result of their fine texture and 

organic matter. The degradation of organic matter in the 

aerobic zone occurs mainly through aerobic respiration, and in 

the anaerobic layer decomposition occurs mainly through 

sulfate reduction (45, 58). Given that different bacterial 

taxonomic groups can share or have similar functional roles 

(30), the great diversity observed in sediments of mangrove 

ecosystem would suggest broad scale adaption and resilience to 

possible environmental impacts. 

 Human activities impact on mangroves, especially those 

activities associated with ports where diffuse oil and chemical 

spills are constant. Mangroves also receive agrochemical run-

off delivered by larger rivers and sewerage. Where shallow 

fresh water meets deeper salt water and lower energy 

environments flocculation and sedimentation occurs and 

chemical cycling occurs. Complex communities, of bacteria 

and fungi, can biodegrade hydrocarbons in such environments 

(38). Microorganisms are often found in complex communities 

called biofilms where different species degrade different types 

of hydrocarbons found in petroleum. Sediments contaminated 

by oil and sewage can modify the natural processes of 

decomposition. Hydrocarbon degradation is considerably faster 

under aerobic conditions and covering sediments with heavy 

oil can quickly create anaerobic conditions. Under anaerobic 

conditions, oil degradation is less efficient and can result in the 

release of toxic sulfates (28). LaMontagne et al. (38) and others 

(10, 18) have shown that the composition of inputs and levels 

of hydrocarbons in sediments can influence the composition of 

bacterial communities. Santos et al. (51) published a review on 

the potential and challenges faced for bioremediation of 

wetlands and mangrove sediment impacted by oil. 

In soils the role and importance of the fungi in converting 

lignin and cellulose into less stable carbon forms is well 

documented and it is similar in mangrove sediments. The 

combination of bacteria and fungi in aerobic communities 

results in the rapid oxidation of organic material and carbon 

recycling. Fungi are efficient in synthesizing enzymes involved 

in non-specific degradation of cellulose and lignin. However, 

in sediments and under anaerobic conditions their role and 

importance is not so clearly defined (19). Like the bacteria, the 
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fungi are ubiquitous. Their tiny spores are dispersed by the 

wind and environmental conditions will select the groups that 

will prosper (17, 50, 68). Successful colonization and high 

fungal biodiversity is favored by moist conditions, 

environments rich in organic matter, aeration and low pH 

amongst other factors. Though potentially ubiquitous, some 

fungal species are restricted to very specific niches and are 

endemic, especially the symbiotic and parasitic forms (25). 

Marine sediments are inhabited by fungi. They are found in 

shallow coastal sediments as well as in deep sea sediments (50) 

and also are common in mangrove sediments (50). Studies 

suggest that about half of the fungi in sediments are absorbed 

to sediment particles and are difficult to detect. The remainder, 

are present in the interstitial water between organic and 

inorganic sediment particles. Fungal numbers and biomass 

varies with the type of sediment, with larger numbers seen in 

shallow coastal regions and biomass decreasing rapidly with 

depth. Coarser sandy sediments have lower numbers of fungi 

than do sediments of finer texture (50). Their primary role is 

considered to be the mineralization of organic matter, and they 

are also a food source for benthic fauna (50). 

The tropical micro-fungi represent a universe of 

unexplored biodiversity, producing a wide range of enzymes 

that can degrade many types of organic and inorganic 

substrates (31). Micro-fungi that have been found in mangrove 

forests are also diverse and are present in this ecosystem as 

epiphytic, polisaprobial and pathogens in different organic and 

inorganic substrates, in the sediment and on leaves, stems, 

fruits, roots and animals (31). Fungi including: ascomycetes, 

mitosporic fungi, basidiomycetes, chitridiomycetes, 

myxocycetes, oomycetes, thraustochitrids and zygomycetes 

have been reported as present in mangrove forests from around 

the World (65). Many of these fungi are of terrestrial origin, 

and basidiomycetes, ascomycetes and deuteromycetes are most 

predominant (33), however finer taxonomic resolution at 

family, genus and strain levels is required. 

 

Bioprospecting, how are microbes from mangrove 

sediments studied? 

 Mangrove sediments, owing to their peculiar 

characteristics, have long since caught the attention of 

researches exploring fungal diversity. Jaitly and Rai (32) 

suggest that mangrove sediments should be explored for 

biotechnology applications and highlighted thermophilic and 

thermotolerant fungi as good targets. High temperatures, high 

levels of salinity, high pH, high levels of organic matter, low 

aeration and moisture provide interesting substrate conditions 

conducive to the development of diverse fungi, with 

biotechnology potential (14, 60). To explore microbial 

diversity two groups of methods are generally employed: 

Culture Dependent and Culture Independent methods. In the 

last two decades the culture independent/molecular biology 

methods have revolutionized our knowledge of microbial 

diversity. Ribosomal RNA gene sequences, amongst others 

gene sequences, provide signatures or bar codes that confirm 

the presence of hugely diverse microbial communities in 

sediments and soils. Metagenomics, Genomics, Proteomics and 

now Transcriptomics facilitated by recent advances in 

bioinformatics and sequencing technologies have given us a 

much better idea of global alpha biodiversity and functional 

diversity. What the new methods do not tell us yet is who is 

doing what in a particular environment, why and which groups 

of organisms are driving processes at any given time.  We have 

learned to say with some confidence who is at the party and 

what is happening at the party but not necessarily who did 

what! 

To determine the composition, activity, function and 

importance of different components of microbial communities 

in natural environments continues to be a great challenge. 

While the non-culture methods have opened our eyes to 

hitherto untold diversity we are still struggling to develop 

culture dependent methods that create conditions that 

successfully mimic natural environments. If we are to harness 

the power of microbial processes there is need to isolate 

components of functionally important communities. The 

structure of these microbial communities is highly complex due 
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to the infinitely large number of infinitely small niches that 

microbes can inhabit.  Increasingly, it is becoming clear that 

unicellular organisms frequently choose a multi-cellular life 

form which can be as populations, guilds or mixed 

communities thus making it difficult to characterize these 

communities. Martins et al. (44) have demonstrated this 

phenomenon to great effect with microscopy and magnetotactic 

bacteria from Brazilian sediments. Intercellular communication 

is an important part of understanding function and seemingly 

there is a symphony of signals out with our current 

understanding. The non-culture methods have re-written our 

knowledge of alpha diversity which was previously based on 

conventional methods of culturing. While conventional 

methods of isolation limit the diversity found to the artificial 

conditions created in the laboratory, they do provide living 

organisms and an opportunity to study and manipulate 

microbial physiology. Polyphasic approaches that combine 

conventional and molecular techniques have expanded the 

knowledge of the specific and functional diversity of 

microorganisms in natural environments and it is to these we 

turn now. 

 

Microbial communities found in Brazilian sediments 

Many of the studies that have been published about 

Brazilian mangroves have been from chronically contaminated 

environments, and the vast majority of the work has 

concentrated on mangroves in the industrial Southeast of 

Brazil. The mangrove ecosystem that has been most studied are 

the remains of mangrove forest around the coastline of 

Guanabara Bay. The history of development in the vicinity of 

the bay is the history of the development of Rio de Janeiro, but 

not only Rio, also Sydney in Australia, and many other coastal 

(once capital) cities in the tropics.  It is the story of the river 

that meets sea and is inhabited by mankind who needs the 

river, bay and shore for social and economic development at a 

cost to the natural environment. Development of large coastal 

cities has, however, kept mangrove destruction in the public 

eye which has helped move politicians to create laws to protect 

mangroves in other areas. Very significant investments and 

scientific effort have been made in order to understand and 

restore degraded mangroves. This effort can be measured by a 

web of Science and PubMed search that reveals that more than 

6000 scientific papers have been published about mangroves. 

Back in Guanabara Bay, Crapez et al. (12), Brito et al. (8, 

9) and Wasserman et al. (68) described the bioremediation 

potential of microorganisms capable of degrading persistent 

organisms pollutants found in the bay. Unfortunately, their 

study like too many other studies just looked at the mangroves 

fragments that remain within the Guanabara Bay without 

comparing their results with a pristine mangrove or one that 

has suffered relatively little impact. To understand the 

importance and scale of this we look to the studies of Maciel-

Souza et al. (43) which compared mangrove data from within 

the Guanabarra Bay with data from another less impacted 

mangrove outside the bay.  Three mangrove sites within the 

bay were compared with the mangrove at ‘Restinga da 

Marambaia’. The results show that the number of heterotrophic 

bacteria isolated from the mangrove sediment found at 

Marambaia was three orders of magnitude higher than in the 

mangroves chronically contaminated by oil and sewage, 

located in Guanabara Bay. The presence of pollutants had very 

negative affects on the abundance of bacteria in polluted 

environments. Accepting the inherent limits of culture based 

methods, microbial counts were also performed for 

hydrocarbon degrading bacteria. Here the degraded sediments 

had one order of magnitude higher counts than the pristine 

environment. In a simple experiment we see that even though 

there were fewer bacteria in the degraded sediments, there were 

more of them adapted to degrade hydrocarbons when compared 

with the pristine environment. It is noteworthy that the levels 

of polycyclic aromatic hydrocarbon (PAHs) found in sampling 

points located near Duque de Caxias city, in the Guanabara 

Bay, were and probably still are amongst the highest cited in 

scientific literature anywhere in the world (43). PAHs were not 

detected in the sediment from Marambaia. 

Sediment contamination with petroleum hydrocarbons is 
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especially dangerous for mangrove forests because aromatic 

hydrocarbons of low molecular weight (as benzene, toluene, 

ethylbenzene, and xylene - BTEX - , naphthalene and 

phenanthrene) are phyto-toxic and affect all stages of plant 

growth (26, 36, 49, 51). Santos et al. (51) provide a useful 

review of studies on the degradation of hydrocarbons and 

BTEX in mangroves. 

From the literature we see that the methods commonly 

used for microbial bioprospection are based on the isolation of 

microorganisms from contaminated areas on a selective media 

enriched in the pollutant of interest. Molecular techniques are 

then used for accurate identification of strains that have been 

isolated (13, 34). Thereafter microbial inoculants based on one 

organism, or a mixture of organisms, can be applied to the 

sediment and pollution levels monitored. Successful 

bioremediation can be measured in terms of increased plant 

growth and or decreasing levels of pollutant. 

A good example of a very interesting approach is seen in 

the study by Dias et al. (15) where bacterial diversity present in 

mangrove sediments from Cardoso Island, located in São Paulo 

were studied. Dias et al. (15), used culture-independent 

molecular approaches (Denaturing Gradient Gel 

Electrophoresis and sequence analysis of a cloned DNA 

library) to assess the bacterial communities present in the 

sampled area. They analyzed the DGGE profiles of total 

bacterial community samples from sediments in order to find 

community patterns from which to infer causal agents that 

affect the structure of bacterial communities. In other words, 

they sought to reveal how changes in organic matter content, 

pH, conductivity and nutrients, can lead to changes in the 

composition of bacterial communities, depending on the 

sample point location, depth, specimen collection, as well as 

seasonality. Their DGGE profiles (microbial community bar 

codes) showed that the dominant low-density communities 

were sensitive to changes in environmental factors. Their 

results also revealed that sample point location was crucial to 

detect the presence of all taxonomic groups within the 

community. Seasonality affected the Alphaproteobacteria and 

Betaproteobacteria. Sample depth influenced the 

Alphaproteobacteria and Actinobacteria community profiles. 

The importance of site location for all groups was explained to 

some extent, by changes in site specific variables such as pH, 

salinity, organic matter content, conductivity, and the amount 

of nutrients. Sequences analysis revealed a bacterial 

community dominated by Alphaproteobacteria, 

Gammaproteobacteria and Acidobacteria, while less dominant 

groups were made up of the Betaproteobacteria, 

Deltaproteobacteria, Firmicutes, Actinobacteria and 

Bacteroidetes. The authors suggested that their results indicate 

adaptive plasticity and that in the mangrove sediments the 

Alphaproteobacteria are the dominant group.   

These results support earlier work that described the 

limited diversity of Betaproteobacteria and Actinobacteria in 

mangrove sediment located in Rio de Janeiro (21). Gomes et 

al. (21) emphasized that anthropogenic effects did not 

completely change the dominant bacterial groups, but might 

interfere with less dominant bacterial groups. Gomes et al. (21) 

also evaluated bacterial community profiles by DGGE. They 

studied three sites within Guanabara Bay and their results 

confirm the importance of site location to explain microbial 

community profiles and differences in communities between 

sites. They found that each location produced a different 

community profile with different relative contributions of 

bacterial groups. What was important to note was that the 

culture independent molecular methods provide a snapshot of 

complex and diverse communities. It is not therefore very 

surprising that variability between sites in this type of study is 

more often seen than not. The bacterial profiles were 

significantly different for the three areas sampled. Gomes et al. 

(21) then undertook a culture dependent approach. They 

isolated a broad range of bacteria from all three locations that 

were capable of degrading PAHs including from the least 

polluted site. 

These studies indicated that anthropogenic influences did 

affect mangrove sediment bacterial communities, especially 

less abundant taxonomic groups and that those affects might 
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significantly change ecosystem functioning. 

The most recent mangrove studies have focused on 

identifying the microbial groups that are indicators of 

hydrocarbon pollution in mangrove ecosystems. In this case the 

presence or absence of a key tax or the proliferation of other 

taxa may be used to infer pollution and monitor recuperation 

(53). 454 pirosequencing of PCR amplified 16S rDNA was 

used to identify candidate groups in microcosms filled with 

sediment from the pristine Marambaia Mangrove. Santos et al. 

(53) reported that the group Chromatiales and the genus Haliea 

were sensitive to the presence of oil, while the genera 

Marinobacterium, Marinobacter and Cycloclasticus were 

detected in greater numbers in the presence of oil. Their 

findings provide target organisms for monitoring oil spills in 

mangrove environments. In a different study by the same 

research group, Peixoto et al. (47) showed that the occurrence 

of bacterial communities did correlate with the spatial 

distribution of petroleum pollutants in mangrove sediments. 

Those results are supported by the findings of Santos et al. (53) 

that indicated that certain microbial groups can serve as 

bioindicators of oil pollution and that perhaps can help identify 

which pollutants are present. Peixoto et al. (47) studied the 

spatial distribution of bacterial communities in mangrove 

sediments by multivariate analysis of bacterial community 

profiles generated by DGGE.  They also used conventional 

culture based methods and CFU counts (106 to 108 cells.g-1 of 

sediment or rizhosphere) and found that counts were 

significantly correlated with the conditions and chemical 

pollutants in sediments sampled. Furthermore, they determined 

the biotechnological potential of 364 isolates, of which 70% 

were able to grow in the presence of oil as a sole carbon 

source. Their results reinforce earlier findings seen by Maciel-

Sousa et al. (43). Namely, what we see is that communities 

respond to polluted environments exploiting their inherently 

huge metabolic potential and adapt according to chemical and 

environmental conditions in mangrove sediments. 

In a study from Bahia in the North East of Brazil, 

Taketani et al. (66) analyzed the response of a microbial 

community in mangrove sediment at different levels of oil 

pollution. They studied two sediments from within the Todos 

os Santos Bay (Bahia), one sediment with a documented 

history of contamination and the other without. They 

contaminated small amounts of each sediment and studied 

Kingdom level responses from the Eubacterial and Archaeal 

communities. Community profiles were very different between 

the two sites and this was interpreted in evolutionary terms 

using disturbance theory. The polluted site has been repeatedly 

polluted/disturbed and the dominant microbial communities 

detected by the DGGE analysis were a reflection of multiple 

adaptations to disturbances and a succession of changes. The 

addition of oil to a frequently contaminated sediment can be 

understood as just one more disturbance and perhaps it would 

be surprising to expect that such diverse communities would 

converge to similar community structures after just one oil 

spill. Not satisfied with studying only the archaea and 

eubacteria, Taketani et al. (67) also studied the diversity of 

sulfate-reducing bacteria in sediments of mangroves using the 

dsrB gene. Interestingly dsrB gene banding intensity 

(abundance) and richness / diversity (number of bands on a 

DGGE profile) decreased with depth which was explained by 

variations in the environment.  

It is apparent that oil (a mixture of PAHs) contamination 

is frequent and variable in mangroves. Culture dependent count 

methods repeatedly indicate (43, 47) that microbial numbers 

decline in more heavily polluted sites and that communities 

change and functional groups enrich in response to a pollutant. 

Culture independent analyses, especially DGGE, provide 

community profiles/fingerprints and indicate that changes in 

communities are most often site-specific; and are dependent on 

site specific environmental conditions at each location that are 

not easily predictable nor reproducible. This level of 

complexity is not surprising and it is seen on land in almost all 

soil diversity studies. Given that at an operational/experimental 

level microbial diversity is difficult to measure, then from an 

environmental engineer’s point of view microbial function is 

more important than which taxonomic groups are carrying out 
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a specific function. For those tasked with restoring and 

reforesting mangroves, as well as protecting environments 

from further pollution, there is a strong case to focus on the 

functional diversity within mangrove sediments. In the first 

deep study to try understanding functional diversity of PAH 

biodegrading genes in the Guanabara Bay, Gomes et al. (22) 

used PCR and DGGE of naphthalene dioxygenase (ndo) genes 

as well as Southern blotting of other functional genes to try and 

measure functional diversity. Not surprisingly genes were 

amplified from the most contaminated sites near  the REDUC 

refinery but more interestingly a greater diversity of degrading 

genes were identified from a site with less contamination 

located at the APA Guapimirim. Reassuringly there were an 

abundance of genes associated with PAH degradation but the 

fact that the most contaminated site had a less diverse range of 

genes would suggest that toxicity thresholds were restricting 

the range of bacteria and degradation genes at that site next to 

the refinery. One might argue that Gomes et al. (22) study has 

identified a functional diversity threshold for ndo genes. This 

then is similar but different to the Santos et al. (53) study 

which identified key taxa for monitoring oil pollution. The 

findings of Gomes et al. (22) could also be described as having 

identified biomarkers for functional thresholds. Gomes et al. 

(24) went on to identify functional plasmids and genes from 

those sediments that are important for the decontamination of 

petroleum hydrocarbon contaminated sediments and 

rhizospheres. The rhizosphere is that zone of soil or sediment 

around a plant root under chemical and physical influence of 

the root. Mangrove ecosystems are characterized by very few 

tree species and the chemical exchanges at their root-sediment 

interface are critical for their survival. The role of microbes in 

degrading toxic low molecular weight hydrocarbons next to 

plant roots in mangroves is seen as essential for their survival. 

On-going studies (48) have demonstrated that when oil levels 

reach 5% in sediments then Brazilian mangrove tree species 

will not grow and most will die. Gomes et al. (24) undertook to 

understand rhizosphere microniches and manipulated native 

microbial populations from sediments to degrade PAHs. They 

found weak positive signals for specific types of functional 

genes in untreated sediment confirming their presence. Then a 

consortium of microbes washed from plants roots was 

incubated with PAHs and later returned to the sediment. 

Sediment and rhizosphere samples were extracted and 

hydrocarbon degrading plasmids were detected including the 

IncP-1a, IncP-1b and RIP IncP-7-9 plasmids. Functional genes 

for the degradation of naphthalene, and an extradiol intradiol 

dioxygenase were also detected. These results show that 

despite the low abundance of hydrocarbon degrading genes and 

plasmids (below normal detection levels without enrichment), 

they could be manipulated and detected in the sediment 

samples. The study also showed that the functional capacity 

was naturally present and that it could be increased to function 

at detectable levels. The research demonstrated that native 

microorganisms can be manipulated in a desired fashion and 

returned to the natural environment to increase the PAH 

degrading capacity of a mangrove sediment. Functional 

diversity was shown to be positively manipulated in mangrove 

sediments and a question that now remains is which other 

interesting genes are present and as yet undetected in these 

sediments?   

Dias et al. (14) isolated, from a mangrove in Cananéia 

(SP), bacteria of the Vibrionales group, ubiquitous microbes in 

marine and estuarine environments and demonstrated diverse 

enzymatic production (amilase, protease, esterase and lipase) 

from these isolates. Couto et al. (11) isolated and characterized 

a novel gene that encodes an important lipase, LipA, from a 

metagenomic library extracted from the sediment of a 

mangrove forest located in the ‘Pontal do Paraná’, Paraná. The 

LipA is part of a set of enzymes with biotechnological 

applications because of its broad substrate specificity, high 

selectivity and stability in organic solvents and that it does not 

need cofactors to work. These results are encouraging and 

confirm that bacteria from mangroves sediments are a potential 

source of new biocatalysts. The reports by Dias et al. (14) and 

Couto et al. (11) are two of potentially many novel studies that 

demonstrate the biotechnological value of microbial 
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communities in mangrove sediments. Using a metagenomics 

approach for bioprospecting it was possible to isolate a novel 

peculiar lipase which can be cloned and employed as a new 

biocatalysts. 

 

But what about the fungi?    

In comparison with studies on bacteria very little has been 

published in refereed journals about fungi present in mangrove 

sediments globally, let alone in Brazil. The molecular / culture 

independent methods that have been widely used to study 

bacteria have not yet been reported on the same scale for the 

fungi. What we do find in the literature are a relatively small 

number of diversity studies based on culture methods. Soares et 

al. (62) isolated yeasts from mangrove sediments in Rio de 

Janeiro and found 47 species, mostly belonging to the genus 

Candida. Pathogenic species were detected, mainly coming 

from sewerage polluted areas. In addition, they found large 

differences in diversity between the sampling sites in one 

mangrove sediment and that those differences were far greater 

than between site sampling from other types of ecosystems 

found in the same geographic region. Recently Araújo and 

Hagler (5) have reported on yeasts isolated from mangrove 

sediments from four sites in the State of Rio de Janeiro, two 

highly impacted and two better-preserved. They also observed 

a wide variety of yeasts, and also detected differences in 

abundance and diversity between the sampling sites. A possible 

explanation given was the presence of pollutants in these 

environments (yeasts from the Coroa Grande’s mangrove, the 

more polluted area, were more diverse and abundant than yeast 

from the Suruí’s mangrove). Using conventional methodology 

and DNA sequencing techniques they described 29 genera. 

Candida was also the most frequent and the presence of 

pathogenic species which would indicate the presence of fecal 

contamination were also reported. They identified 

Kluyveromyces aestuarii as a typical inhabitant of mangroves, 

a result similar to that found by Soares et al. (62). Silva (59) 

isolated fungi from estuarine sediments near Santos (São 

Paulo) belonging to the following groups: ascomycetes, 

basidiomycetes, zygomycetes and mitosporic, which were 

found to be tolerant to phenanthrene and pyrene. 

Cyclothryrium sp., Penicillium simplicissimum and Psilocybe 

sp. were able to degrade these compounds and Cyclothryrium 

sp. was the most effective. Gomes et al. (20) isolated and 

identified 50 species of filamentous fungi from the mangrove 

sediments of Barra das Jangadas, Jaboatão dos Guararapes, 

Pernambuco, in the Northeast of Brazil. The genera of fungi 

found were considered to be of terrestrial origin indicating 

adaptation to the variable conditions found in mangroves. They 

found that Penicillium and Aspergillus were the dominant 

genera, followed by Trichoderma, Fusarium, Phoma, 

Talaromyces, Cladosporium, Eupenicillium, Gongronella, 

Microsphaeropsis, Mucor, Stilbella and Thielavia. Species 

from Gongronella butleri and Stilbella clavispora were 

recorded for the first time in Brazilian mangroves. That study 

provides a bench mark study for future studies and it is of 

special note. Santos et al. (52) using, a molecular approach, 

were the first to describe relative changes in fungal diversity in 

mangrove sediments in response to other PCR amplified 

groups. Using PCR-DGGE they found that about 70% of the 

18S rDNA sequences recovered in pristine sediments were 

from microeucaryotic fungi. In their microcosm study they 

demonstrated that adding oil to a microcosm and polluting the 

sediment resulted in a significant decrease in the relative 

abundance of fungi. They highlight the potential role of 

microeucaryotes as biomarkers for pollution. The next step 

from that study would be to evaluate the groups identified by 

Santos et al. (52) and test samples from other mangrove 

sediments to see if they are reproducible and represent 

thresholds species for pollution levels. 

The recent studies by Santos et al. (52, 53) and Peixoto et 

al. (47) have had an international impact on our global 

understanding of mangrove sediment biodiversity. The use of 

high throughput sequencing is currently the unrivalled 

technique to describe alpha biodiversity from any environment 

and this has been successfully done for bacteria in mangrove 

sediments by Santos et al. (53).  Further studies using this 
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technique will be very welcome because the DGGE studies 

have clearly shown us just how variable bacterial communities 

are in mangrove environments. From each new study we learn 

something new about that location. DGGE is now probably 

better employed to describe functional gene distributions and to 

help us understand and manipulate function. Soon we will see 

transcriptome analyses from environmental samples including 

mangroves sediments. The quantity of information will be 

colossal and no doubt it will be complex and difficult to 

meaningfully interpret and apply. The DGGE and functional 

gene studies by Gomes (22, 24) have also had a global impact 

on how to approach bioremediation in mangrove sediments. 

They successfully link scientific discovery with practical 

applications by understanding the need to manipulate 

mangrove sediment function. In writing this mini-review what 

is alarming and abundantly clear is how little has been 

published about the fungal communities in mangrove 

sediments. There are a number of reasons for this, including the 

fact that short fragments of ribosomal DNA so frequently used 

to describe bacterial diversity are too conserved to adequately 

describe fungal diversity. There is also a real need to refine and 

agree the molecular markers (genes) for fungal taxonomy. 

Agreement is required so that molecular methods can be 

effectively used to identify diversity as has been done for the 

prokaryotes. At this time there is a need for culture dependent 

techniques to be applied to mangrove sediments to create 

collections of fungi from this ecosystem. In this mini- review 

perhaps the most interesting findings on mangrove sediment 

diversity and function have come from microcosm studies 

where a hypothesis has been tested and an attempt to 

understand physiology has been made. Mangroves are plant 

driven ecosystems and in Brazil, different to Asian mangroves 

in Brazil these ecosystems often depend on just three tree 

species. These three species are resilient but not invincible. The 

microbial diversity seen in mangrove sediments has its own 

intrinsic value but we must not forget that it has evolved with a 

limited set of tree species and still resulted in an organic 

biogeochemical web of untold potential. Santos et al. (51), in a 

review on mangrove pollution, correctly recognize that the 

mangrove trees are themselves the most easily recognizable 

indicators of mangrove health. Studies from that group are 

developing inoculants of plant growth promoting bacteria that 

degrade PAHs in the hope that a microbial boost will help 

mangrove plants re-establish in the areas that have been lost. 

Recent (23) and high impact studies cited in this mini-review 

herald a brighter future for Brazilian mangroves.   
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