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ABSTRACT
Objective: To characterize black and red mangrove ecosystems in the coastal zone of Paraíso, Tabasco, 
Mexico. 
Design/Methodology/Approach: Four plots were randomly established in each mangrove ecosystem. Inside 
each plot, trees were counted per transect, and measured for basal area, diameter at breast height, plant cover 
and height. Seven diametric classes were estimated to calculate the relative species richness and the dynamics 
of emergence/disappearance in the ecosystem. Soil samples were surveyed at two depths and during different 
seasons (dry and rainy). The samples were tested for organic matter (OM), nitrogen content (N), phosphorus 
(Olsen P), pH, exchangeable bases and humic and fulvic acids; with the objective to characterize nutrient flux 
dynamics between seasons and compare the two mangrove ecosystems.   
Results: Red mangrove ecosystems contain higher OM during rainy season. Black mangrove ecosystems 
showed low contents of OM and exchangeable bases during dry season. The species with more individuals 
m2 is red mangrove, and black mangrove presents individuals with greater basal area and diameters.                 
Study Limitations/Implications: Regional characterization of mangrove ecosystems provides information 
about nutrient flux, which is necessary for the adequate proposal of protection and conservation programs of 
these wetlands. 
Findings/Conclusions: The dominant mangrove species affects nutrient flux in soils associated to the 
ecosystem, suggesting they have specific functions in the ecosystem dynamics. 
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INTRODUCTION 
	 Mangroves are coastal wetland ecosystems that occupy a privileged place because of their 
natural wealth and the environmental services they provide, in addition to representing 
an important ecological role that has been recognized internationally. They are valuable 
natural ecosystems that face severe alterations, such as contamination from the discharge of 
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residual waters and the overexploitation of products derived from these, which affect their 
structure, functioning and their very existence (Domínguez-Domínguez et al., 2011). In 
Mexico there are five species of mangrove: Rhizophora mangle L. (red mangrove), Avicennia 
germinans L. (black mangrove or dark mangrove), Laguncularia recemosa L. (white mangrove), 
Conocarpus erectus L. (botoncillo mangrove) and Rhizophora harrisonnii (caballero mangrove) 
(Corella-Justavino et al., 2004; Domínguez-Domínguez et al., 2011). All of them are found 
in the category of special protection NOM-ECOL-059/2001 (SEMARNAT, 2002). The 
state of Tabasco has 189 km of coast, where coastal lagoon systems are located, among 
which there are 40 km2 of mangrove forests (Pérez-Sánchez et al., 2002; Valderrama-
Landeros et al., 2017).
	 The mangroves in the municipality of Paraíso, Tabasco, have special importance for 
rural communities, not only as traditional forest resource; currently their importance 
is centered in various ecosystem services that they provide to improve the quality of 
life of nearby populations (Sánchez et al., 2016). Understanding the characteristics of 
the mangrove ecosystems in the coast of Paraíso, Tabasco, could be the basis for the 
characterization and identification of the ecosystem benefits that they can be providing 
for human settlements, as well as the implementation of strategies that ensure their 
sustainable exploitation and their conservation. The objective of this study was to 
analyze and compare two mature mangrove ecosystems in Paraíso, Tabasco, one of 
red mangrove (R. mangle) and another of black mangrove (A. germinans) in their plant 
structure and nutritional characterization of the soil.

MATERIALS AND METHODS 
	 Study area. The municipality of Paraíso is located in the region of the Grijalva River, 
in the sub-region known as Chontalpa in the state of Tabasco, at an average altitude of 10 
meters above sea level. It has a territorial surface of 377.55 square kilometers (Domínguez-
Domínguez et al., 2011). The climate is warm-humid with abundant rainfall during the 
summer, with the months of May to August being the warmest, with temperatures that 
exceed 34 degrees centigrade (Palma-López et al., 2007). The study was performed in the 
locality called Nicolás Bravo 4th section, from this municipality, where the Tilapa Lagoon 
is located. The coordinates are 18° 20ʼ 33” latitude North and 93° 07ʼ 39” latitude West.
	 Experimental design and field sampling. Two plots of size 4020 were established 
in R. mangle and of 3030 m2 in A. germinans, due to the location of each species. Plant 
sampling was done on September 3, 2019, with the transect method (Mostacedo & 
Fredericksen, 2000); for this purpose, four transects of 15 m length by 10 m width in each 
mangrove plot were delimited with raffia palm thread. In each sampling unit an inventory 
of all the trees was conducted; of all the trees with basal diameter 2.5 cm the following 
data were recorded: diameter at breast height (DBH), with the help of a diameter tape; 
height and percentage of the coverage with a Haga gun. In each transect the number of 
trees of smaller size was also counted, while in R. mangle they were measured 30 cm above 
the last aerial root (Corella-Justavino et al., 2004). The field information was systematized 
in the Excel 2016 software, where a database was generated, which was used to estimate 
the density of vegetation per hectare of each sampling unit. According to Velázquez-Pérez 
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et al. (2019), seven diameter classes were established (2.5-4.9, 5-7.4, 7.5-9.9, 10-12.4, 12.5-
14.9, 15-19.9 and 20 cm), in which the individuals sampled were placed, which allowed 
estimating the relative abundance of the species and the dynamics of emergence and 
disappearance of them in the ecosystem. The basal area (BA) and the trunk volume (V ) 
were calculated through the following formulas (Mostacedo & Fredericksen, 2000): 

BAp(D2/4)

where: p3.141592, and D refers to the diameter at breast height (DBH). 

VBA*h

where h refers to the total height of the trunk.

	 Soil sampling and analysis. The types of soils in each ecosystem were identified, 
based on the Global Soil Resource Referential Base (IUSS, 2015) and taking as reference 
the information from Palma-López et al. (2007). The soil samples were taken on days June 
6, 2019 (dry season), and September 24, 2019 (rainy season). Samples were taken with 
Dutch type drill at depths of 0-30 cm and 30-50 cm, each one of the two samples was made 
up of 15 sub-samples taken randomly in zig-zag for the two ecosystems. The chemical 
analysis of the soils performed were CIC (extraction with ammonium acetate), MOS 
(moist combustion Walkley and Black), total N (Semi-micro Kjeldahl, modified to include 
nitrites), P (Olsen), PH (CaCl2, 1:2), exchangeable bases: (Na, K, Ca, Mg) (extraction 
with ammonium acetate 1.0 N to pH 7.0) according to the methodology of NOM-021-
RECNAT-2000 (SEMARNAT, 2002); and lastly, humic and fulvic acids (Kononova-
Belchikova method). 

RESULTS AND DISCUSSION
	 Soil characterization. The soils were classified as: Protosodic Stagnic Gleyic Solonchak 
(Clayic, Humic) for the ecosystem of black mangrove (Avicennia germinans) and Fluvic Sodic 
Stagnic Gleyic Solonchak (Clayic, Histic, Humic, Hypersalic) for the ecosystem of red 
mangrove (Rhizophora mangle) (IUSS, 2015). In both cases they are salinized soils where the 
processes of gleization and blockage of superficial water are dominant. In the ecosystem of 
R. mangle, the presence of salinity and sodicity is stronger, which coincides with what was 
reported by Palma-López et al. (2007) and Domínguez-Domínguez et al. (2011).
	 The two mangrove communities studied were made up only by the species that receive 
their name, and only in red mangrove was a single immature individual observed of the 
climbing plant Rhabdadenia biflora ( Jacq.) Müll. Arg. The density of A. germinans was 
1,633 individuals per hectare, higher than in R. mangle, whose density reached only 633. 
Domínguez-Domínguez et al. (2011) reported in the state of Tabasco that black mangrove 
was scarcer in number of individuals; in the characterization of the mangrove in two 
localities near the studied area, the same authors indicated a density lower than 308 trees 
per hectare for black mangrove and 279 for red mangrove. In contrast, Corella-Justavino et 
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al. (2004) reported 1,109 and 774 trees of red and black mangrove per hectare, respectively, 
in Centla swamps. In Chiapas mangroves, the average density was 2,915 individuals ha1, 
which were made up of young-mature A. germinans trees, located in salinized sites and with 
strong wood extraction of L. racemosa (Velázquez-Pérez et al., 2019).
	 Figure 1 shows the frequency of the diametric classes in the two ecosystems of study; 
in the case of A. germinans the distribution was characterized by presenting a higher 
concentration of individuals in the first category (2.5-4.9), with a tendency to decrease 
towards the last classes. Instead, R. mangle showed a more homogeneous distribution 
between the different classes, being slightly higher in the one of 7.5-9.9 cm, and the average 
DBH for those communities were 7.33 and 13.21 cm, respectively. In this sense, Corella-
Justavino et al. (2004) found the highest density in the first category in both species. In 
contrast, in the analysis of the mangrove structure in Mecoacán Lagoon, Domínguez-
Domínguez et al. (2011) mentioned that for Ejido Libertad 1st Section, red mangrove 
reflects an adequate incorporation of young individuals and a progressive decrease of these 
as they grow in age and diameter, while for black mangrove it presents an alarming scarcity 
of young individuals and trees that can reach 50 cm of diameter, which contrasts with 
the results of this study. However, the same study mentions that red mangrove has a very 
balanced diametric distribution in Ejido Campo Mecoacán, while black mangrove had an 
adequate young population for the size of its population, being evident that many black 
mangroves of older age have been respected.
	 Regarding the height of trees, Figure 2 shows their distribution in both communities 
studied, where a taller size is appreciated in red mangrove, whose average was 17.6 m, 
while black mangrove barely reached 13.88 m. Height is an indicator of the development 
of the structure of a stand, since a greater height is related with a higher DBH. Contrary 
to these data, in Centla Swamps the species that had the highest average height was A. 
germinans, followed by L. racemosa, the one of smallest size was R. mangle (Corella-Justavino 
et al., 2004). Likewise, Domínguez-Domínguez et al. (2011) reported ranges of 12 to 19 
m for black mangrove in Tabasco, with values of 19 and 11 m for Ejidos Libertad 1st 
Section and Campo Mecoacán, sites close to the study area, respectively; and ranges of 
9 to 16 m for red mangrove, and values of 15 and 16 m for the same ejidos. Sánchez et al. 

Figure 1. Distribution of trees by diameter class in two mature mangrove ecosystems: a) black mangrove, and b) red mangrove, 
both in Paraíso, Tabasco, Mexico.

a) b)
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(2016) consider that the height in itself is not a limitation for their exploitation; however, it 
suggests that trees with mean heights lower than 10 meters are still not profitable for their 
exploitation, which is why respecting them and caring for their growth until they reach an 
adequate height is the suggestion.
	 Chemical properties of the soil associated to mangrove ecosystems. The 
average values of the chemical properties of soils at 0-50 cm depth in the ecosystems 
studied and in the two seasons (dry and rainy) are shown in Table 1. The pH showed 
values classified as neutral for black mangrove, and strong to moderately acid in red 
mangrove (SEMARNAT, 2002). The pH tends to be acid in tropical soils, and even 
more in those of mangrove (Sánchez-Arias et al., 2010); the anaerobic metabolism in 
the natural mangrove ecosystem occupied with f looded soils rich in sulfates, where its 
reduction is the dominant process, making the soil generally acid (Senior et al., 1982; 
Palma-López et al., 2007; Adame et al., 2018).
	 The percentages of organic matter (OM) found were middle in black mangrove and 
high in red mangrove (SEMARNAT, 2002); this behavior seems to be due to the larger 
population and therefore the higher deposition of organic residues, with an increase of 
OM observed in both ecosystems during the rainy season. The seasonal variations of 
temperature, hours of sunshine, and level of f looding influence the fall of different parts 
of the plants, primarily leaves, and therefore in the increase of OM (Bernini et al., 2010; 
Alongi et al., 2014).

Table 1. Soil chemical properties of red mangrove (Rhizophora mangle) and black mangrove (Avicennia germinans) ecosystems spanning two 
seasons a year.

Season Ecosystem pH (H2O)
Rel. 1:2

OM N P
mg kg1

K Ca Mg CEC HA FA
% cmol(c) kg1 %

Dry
Black mangrove 6.5 2.4 0.10 5.7 0.2 12.5 3.2 27.1 0.9 2.3

Red mangrove 4.9 4.6 0.17 8.2 0.3 14.9 5.3 32.3 1.3 2.57

Wet
Black mangrove 6.7 3.5 0.17 6.8 0.4 15.0 5.5 30.8 1.1 2.40

Red mangrove 5.2 8.1 0.35 10.7 0.5 15.3 8.0 33.3 2.1 3.42

OMOrganic matter; Nnitrogen (Kjeldahl); PPhosphorus (Olsen); KPotassium; CaCalcium; MgMagnesium; CECCation 
Exchange capacity; AFFulvic acids; HAHumic acids.

Figure 2. Tree height in sampled mangrove communities (two transects per season).
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	 The N contents in black mangrove were middle and in red mangrove high (Table 1), 
being higher in the rainy season, and these values have correspondence with the levels 
of OM. Red mangrove (R. mangle) remains f looded longer during the rainy season and 
has higher OM deposition (Sánchez-Junco et al., 2011; Fernandes et al., 2012, Romero 
et al., 2012). 
	 Phosphorus presented middle values in the two mangrove ecosystems and in the two 
seasons, dry and rainy (Table 1); however, the highest average values were found in red 
mangrove (9.5 mg kg1) (SEMARNAT, 2002). Phosphorus is an element that in tree 
agroecosystems tends to present middle values, and this is related to the property that 
trees have to extract this element from great depths in the soil (Middleton & Mckee, 2001; 
Sánchez et al., 2016).
	 The exchangeable bases presented variations that seem to be influenced by the season, 
showing an important increase in K (40% in the two ecosystems) and Mg in its content for 
the rainy season (58% black mangrove and 66% red mangrove), and also in Ca for that 
same period, showing a higher concentration although less pronounced. The contents of 
K in the two ecosystems during the dry season were very low to low, while during the rainy 
season they were middle to high. And in seasons they were very low to low, contrary case 
to Mg and Ca, which had high contents (SEMARNAT, 2002).
	 The cationic exchange capacity (Table 1) in the soils studied was high (SEMARNAT, 
2002). The presence of the mangrove species, the type of soil, the constant contributions 
of residues from deposition, as well as those related to plant coverage, favor soil fertility 
(Dinesh et al., 2004). In this regard, Bautista-Cruz et al. (2004) mention that the cationic 
exchange capacity increases when there is high presence of organic matter and the CEC 
presents higher values, which vary from 25 to 40 Cmol kg1.
	 The contents of humic and fulvic acids (Table 1) in the agroecosystems studied were 
high. These are part of the complex organic matter system of the soil (SOM), they are 
product of the partial decomposition that results from the microbiological and chemical 
transformations, and present a high buffering capacity (Singh et al., 2005; Kida & 
Fujitake, 2020).  

CONCLUSION
	 The soil from the two mangrove ecosystems corresponded to saline soils dominated 
by the gleization processes, stagnation, and in both sites it was classified as Solonchaks. 
In diametric aspects, the species of R. mangle presented values with higher DBH, height 
and plant coverage. The analyses generated indicate that the vegetation and the type of 
species influence the nutritional results of the soil, since each fulfills a specific function that 
provides good development of the mangrove species, and they also influence the seasons of 
the year in each ecosystem, and the greatest development of R. mangle when comparing its 
dasometry with A. germinans.
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