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Abstract: 

Mangroves are a forest resource of great importance in the wetlands, by its diversity and 

timber structure, as for the ecological values, socio-economic and environmental benefits 

that represent. Its composition depends on environmental factors, soil conditions, 

anthropogenic action and the ability to interact among themselves to share a space. For the 

state of Guerrero there are only records that indicate areas of distribution of mangrove 

forests and description of species. The objective was to know the ecological importance of 

the mangrove that is attached to the communities of El Carrizal and Playa Azul, at Coyuca 

de Benítez municipality, Guerrero State, through their density and relative abundance, 

diversity and timber volume. From July to December 2016, the structural composition of the 

mangrove vegetation was obtained, from 10 units of 10 ×10 m (100 m2) with a sampling 
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intensity of 4 %. Nine forest species were identified in the sampling area associated with the 

mangrove ecosystem. A total volume of 10.30 m3 total tree roll was obtained, Laguncularia 

racemosa species (the white mangrove) having the largest volume of 8.05 m3 total tree roll, 

obtaining for the total area of the wetland zone a total volume of 218.92 m3 total tree roll.  

This research was able to know the structural composition of the flora species in the study 

area, determining the ecological importance of the mangrove represented by L. racemosa, 

associating it as an alternative for conservation in the study area. 
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Introduction 

 
Mangroves are extensive and exist both on the coastlines of the Pacific Ocean and the 

Gulf of California in Mexico, and on the Atlantic side of the Gulf of Mexico and the 

Caribbean Sea; they are present in 17 Mexican states that have a coastline. For 2010 it 

was attributed a territorial extension of 764 486 ha, of which, the Pacific region has the 

lowest proportion, 0.9 % (6 857 ha); particularly in Guerrero, the mangrove cover is 8 

123 ha that lack state or federal protection (Rodríguez et al., 2013). 

Mangrove wetlands are important for their extension, diversity, composition and 

structure, as for the ecological values, environmental and socioeconomic benefits 

they represent (Oviedo and Labrada, 2006). In the mangrove swamp, the wild 

flora of the associated communities depends on environmental factors 

(temperature, precipitation, hydro-period, tides, contributions of fresh water, pH, 
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adequate substrate for colonization, exchange of salts, nutrients and gases), 

anthropic action and the ability to interrelate with each other to share a space. In 

the state of Guerrero there are only records of distribution areas of mangrove 

forests and description of species, so in this work we present data on the 

structural composition and diversity of this biome. The objective of the study was 

to know the ecological importance of the mangrove forest attached to the 

communities of El Carrizal and Playa Azul, of Coyuca de Benítez municipality, 

Guerrero, through its structural composition, density, relative abundance, 

diversity and timber volume. 

 

Materials y Methods 

 

Study area 

 

The study area is located 50 km west of Acapulco by Federal Highway No. 200 

Acapulco-Zihuatanejo at the height of the town of Pénjamo, located between the 

geographic coordinates 16º57'36'' N; 100º08'33'' O and 16º57'34'' N; 100º08'34'' 

O. The approximate surface of the wetland area is 212 434 m2 (21 ha). The 

climate is of the subhumid tropical type A (W0) with rains in summer and 

droughts in winter, with average annual temperature of 26 ºC and average 

annual rainfall between 900 and 1 750 mm (Rzedowski, 2006). There is a 

freshwater low-water system. The soils are of the Chernozem type. 

Fauna is made up by different species, among which are the white-winged 

pigeon (Zenaida asiatica Linnaeus, 1758), the Mexican pintail (Quiscalus 

mexicanus Gmelin, 1788), the vulture (Coragyps atratus Bechstein, 1793), 

the green iguana (Iguana iguana Linnaeus, 1758), the boa (Boa 



Revista Mexicana de Ciencias Forestales 

Vol. 9 (45)   
 

	

	

constrictor Linnaeus, 1758), the opossum (Didelphis virginiana Allen, 

1900) and the raccoon (Procyon lotor Linnaeus, 1758), among several 

species (Araujo, 2014). 

 

Structural composition of the flora species 

 

Some methods describe the floristic composition and biological functioning of 

mangrove ecosystems, and contribute to the development of conservation and 

protection programs (Bautista et al., 2004). 

From July to December 2016, a study of the structural composition of the 

vegetation in the mangrove zone was carried out; the sample size of 1 ha was 

chosen (10 000 m2) within which 10 units or 10 × 10 m2 quadrants were 

randomly delimited (Ortíz and Carrera, 2002; Mora, 2003; Bautista et al. 2004; 

Ramos et al. 2004; Castillo, 2010), and a sampling intensity of 4 %. 

In order to know the composition of the mangrove vegetation, the following 

structural characteristics of biological and forest diversity were measured: 

 

Density and relative abundance (ind ha-1) 

 

It was estimated by counting the number of individuals for each of the perennial 

species found in each sampling unit. The relative abundance per site was 

obtained by multiplying the frequency by the hectares occupied by the total 

extension of the sampled area of the wetland (21 ha). To know the abundance 

and relative density of each species, the following formula was used: 
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𝐷𝑅 =
𝑁𝑖 x 100
𝑁𝑡

 

 

Where:  

DR = Relative density 

Ni = Number of individuals of one species per hectare (ha) or frequence 

Nt = Total number of individuals 

 

The results of the relative abundance per site were obtained by multiplying the 

frequency by the number of hectares occupied by the total extension of the 

sampled area of the wetland, from 21 ha (212 434 m2). 

 

Richness of species 

 

The species richness (S) was calculated by counting the number of species per 

sampling site (Moreno, 2001, Seaby and Henderson, 2006, Villarreal et al., 2006) 

and the values of S were compared for each sampling unit. 

 

Accumulation curves 

 

To evaluate the representativeness of the sampling, according to Escalante (2003), 

species accumulation curves were elaborated, constructed from non-parametric 

models of specific richness and proportional abundances (number of species, 

number of individuals, species represented by an individual (singletons) and 



Revista Mexicana de Ciencias Forestales 

Vol. 9 (45)   
 

	

	

expected richness index "Chao1"). These curves show the number of species 

accumulated as a result of the sampling effort of a site, in such a way that the 

richness curve will increase until reaching a maximum and stabilize in an asymptote. 

 

Diversity 

 

Diversity was calculated by using the Shannon-Wiener (H') index (Seaby and 

Henderson, 2006). This index (or function) was considered to measure the 

amount of information present in a binary system and refers to the number of 

different species or taxa that make up a community, analyzing together their 

distributions of abundances by the following formula: 

 

Shannon-Wiener diversity index (H') based on proportional abundance. 

𝐻´ =  − 𝑝!𝑙𝑛 𝑝!  

 

Where:  

0-1 = Range of diversity (0=low; 1=great). 

pi = Proportional abundance of the i th species  

pi
 = Ni/N (abundance of the i th species divided into the total abundance of all the 

species)  

ln = Natural logarithm 
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Affinity among sampling units 

 

Conglomerate analysis was performed by using the similarity matrix of Bray and 

Curtis and the most distant neighbor of the sampling units, transforming the 

abundance data by species with fourth root (f) (Field et al., 1982); the 

classification was made using the simple average as a union strategy. 

 

Timber volume 

 

The volume of each of the arboreal specimens of the mangrove was obtained 

from its diameter or circumference at breast height (dap) at 1.30 m in height 

(Conap-Inab, 2004; González and Cuadra, 2004; Valdez, 2004; Menéndez et al., 

2006). The estimation of the volume (m3) per tree in each sampling station was 

by means of the equation: 

 

𝑉 = (𝐷²)(𝜋/4)(𝐶𝑀)(ℎ)(𝑉𝑈)(𝑁) = 𝑚!𝑟𝑡𝑎 

 

Where: 

V = Volume (m3) 

D2 = Diameter (m) dap 

𝜋 = 3.1416 constant 

CM = Natural morphic coefficient =0.5 

h = Average height 
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VU = Unitary volume 

N = Number of individuals per site 

rta = Total tree roll 

 

In order to obtain the estimation of timber volumen of the total area of the 

wetland zone, calculations were made with the following equation: 

 

𝑉𝑇 =
𝑉𝐴𝐶  𝐴𝑇

𝐴𝐶 =  𝑚³ 𝑟𝑡𝑎 

 

Where: 

VT = Total volume  

VAC = Counting area volume  

AT = Total study area  

AC = Counting area 

rta = Total tree roll  

 

The counting area in each sampling station was 100 m2; the total counting area, 

10 000 m2 and the total study area, 212 434 m2. 
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Results and Discussion 

 

Structural composition of the mangrove zone in the study area 

 

Ten plant species were identified in the sampling area and associated with the 

mangrove ecosystem, with a total of 274 individuals (Table 1), which is different 

from the results of the study by Ramírez and Segura (1994) who recorded six 

(Laguncularia racemosa) (L.) C. F. Gaertn, Rhizophora mangle L., Conocarpus 

erectus L., Pachira aquatica Aubl., Cynometra oaxacana Brandegee and Paullinia 

pinnata L.) as floristic components of a mangrove zone of the Panzacola lagoon, 

Chiapas, in two different wetlands in the actual study area there is a low-flood 

freshwater system with a single dominant mangrove species (L. racemosa), while 

in Chiapas it is a hypersaline system with floods that allows dominance of more 

mangrove species, which suggests that the conditions of each site probably define 

the forest structure. 

Compared to this mangrove system, Ocaña and Lot (1996) described a 

community of mangrove vegetation of the lagoon system in Campeche with 133 

species; the dominant were herbaceous, followed by the red mangrove 

(Rhizophora mangle). The dominance pattern is similar in the present study, but 

the main species is Lacuncularia racemosa or white mangrove. 

The study of flora associated with mangroves carried out by Oviedo et al. 

(2006) coincides with the results obtained in the present study, since in 

both the herbaceous are the most representative due to the natural state of 

low disturbance by anthropogenic activities, followed by the arboreal 

elements. It also coincides with the presence of palms, in this case known 
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as tasistal (Acoelorraphe wrightii H. Wendl.) which play an important role in 

the landscape of wetlands and that generally in ecological studies are 

scarcely associated with this kind of ecosystems. 

Relative density 

In the sampled surface area (10 000 m2), the highest relative densities are recorded 

in the herbaceous stratum with 57.6 ind ha-1 of Crinum sp. (Crino); the arboreal 

species maintain greater representation by the white mangrove (Laguncularia 

racemosa) with 24.8 ind ha-1 followed by Acrostichium aureum L. (River fern) and 

Phyllanthus sp. (Maquilin) both with 6.2 ind ha-1 and Pithecellobium lanceolatum 

(Humb. & Bonpl. ex Willd.) Benth. (Timuchi) with 2.9 ind ha-1, secondary vegetation 

species derived from medium subperennifolio forest (Table 1). 

 

Table 1. Relative density, relative abundance and frequency of flora species.  

Dominant species Growth form 
Frequency  

(individuals ha-1) 

Relative 

abundance 

(21 ha) 

Relative 

density  

(%) 

Laguncularia racemosa (White mangrove) Tree 68 1 428 24.8 

Acrostichium aureum (River fern) Fern 17 357 6.2 

Phyllanthus sp. (Maquilin) Shrub 17 357 6.2 

Pithecellobium lanceolatum (Timuchi) Shrub/tree 8 29 2.9 

Ficus insipida Willd.(Amate) Tree 2 42 0.7 

Annona glabra L. (Anona) Shrub/tree 1 21 0.4 

Acoelorraphe wrightii (Tasistal) Palm 1 21 0.4 

Acacia cornigera (L.) Willd. (Cornezuelo) Shrub 1 21 0.4 

Cocus nucifera L. (Coconut tree) Palm 1 21 0.4 

Crinum sp. (Crino) Herb 158 3 318 57.6 

Total  274 5 615  
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Ramírez and Segura (1994) reported total densities of 1 700 ind ha-1 for a 

mangrove zone in the Panzacola lagoon, Chiapas; Domínguez (2009) recorded 

density values for the white mangrove of up to 200 ind ha-1 in a coastal area of 

the Gulf of California, Mexico. These contrasting figures can respond to local 

micro-topographic conditions that are very different from those of the study area 

that corresponds to the tropical moist forests of the South Pacific. 

The present results are close to those cited by Foroughbakhch et al. (2004) for 

the Gulf of Mexico as the highest density and value of importance corresponds to 

L. racemosa representing 24 % of the total density, and the remaining 76 % is 

distributed among the red mangrove (R. mangle), the black mangrove (Avicennia 

germinans L.), the mangrove botoncillo (C. erectus) and secondary species of 

halophytes and glycophytes. 

Basáñez et al. (2006) in Tuxpan, Veracruz State, calculated a relative density 

of 17 ind ha-1 in white mangrove compared to 24.8 ind ha-1 of the present 

study. The lower density of Tuxpan can be explained by the presence of other 

associated mangrove species (Rhizophora mangle and A. germinans) which 

favors competition for space and a very irregular distribution, depending on 

the conditions of flood, salinity, substrate and composition floristry of the 

area in which it was worked; this should be added to the disturbance of the 

mangrove area by anthropogenic activities that can negatively affect these 

communities since the study area was a tropical humid forest of the South 

Pacific and in Veracruz to the Gulf of Mexico. 
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Species richness 

 

In Table 2 is listed the species richness (S=10) for the sampling area (246 

individuals for the 10 sampling sites). 

 

Table 2. Species richness (S) in each sampling unit. 

Sampling unit Species total Individuals total 

1 4 35 

2 4 12 

3 5 45 

4 4 11 

5 4 12 

6 5 31 

7 2 12 

8 3 12 

9 4 36 

10 5 40 

 

The richness of sampling units 3, 6 and 10 was higher by number of species 

found by the number of individuals, which probably corresponds to the fact 

that in those sampling sites the conditions of nutrients, temperature and 

humidity were optimal for their permanence. This result confirms the 

importance of this mangrove area because it shows that the forest studied 
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gathers riches and high diversity, despite being affected by anthropogenic 

activities that limit the number of species, such as logging. 

In contrast to the abundance and species richness data, Ocaña and Lot (1996) 

in their study of mangrove vegetation of the lagoon system in Campeche, 

calculated an abundance and total richness of 133 species, which is much 

higher than the 10 species of the present study. The difference may be due to 

the fact that the territorial extension of the sampling area was 22 006.28 ha, 

of which the red mangrove vegetation (Rhyzophora mangle) occupies 9 889 ha 

and the tular, carrizal and R. mangle plant communities are outstanding from 

their extension and richness. 

 

Accumulation curves 

 

Through the species accumulation curves and the models used, it was observed 

that the sampling was representative, because in all cases, the indices of 

expected wealth (number of species, number of individuals, species represented 

by an individual or singletons and the index of expected richness Chao1), showed 

that more than 85 % of the species is present in each sampling unit. 

In addition, the curves generated from the estimators were very similar to the 

values of wealth (S = 10); the curves remained asymptotic (Figure 1 a, b, c and 

d), without decreasing, they were adjusted to the values and showed high 

representativeness. The number of species accumulated in the floristic inventory 

compared to the sampling effort used indicates that as the sampling progresses 

at the site, the number of species accumulates and increases until reaching the 

maximum stability in the estimation of the species richness obtained. 
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Riqueza de especies = Species richness; Muestras = Samples; Número de 

individuos = Number of individuals; Número de especies = Number of species; 

Especies representadas por un individuo (singletons) = Species represented by an 

individual (singletons); Riqueza esperada (Caho 1) = Expected richness (Chao1). 

A)Number of individuals; B) Number of species; C) Species represented by one 

individual; D) Index of expected richness “Chao1”. 

Figure 1. Species accumulation curves and the models used. 
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The curve of accumulation of singletons was the one that maintained a behavior 

of constant growth without ups and downs, followed by the number of individuals, 

the number of species and, lastly, the expected richness (Chaos). 

In all cases, a saturation of the area-species curve was obtained, which means 

that the sampling area is sufficient to measure the species richness at the 

sampling site, a result similar to the Yockteng and Cavelier (1998) study, when 

comparing the flora of the Gorgona Island (Colombia) and that of the forests of 

the biogeographic Chocó (Colombia and Ecuador). They used five accumulation 

curves from floristic inventories; they obtained saturation equivalences of the 

species-area curve by reinforcing a representative sample for the species richness 

of the tropical humid forests of the Pacific. 

 

Diversity 

 

The values for diversity are very similar among the Sampling Units (UM). The 

values of Shannon-Wiener (H') were for UM5 = 0.521 and for UM6 = 0.597, a 

difference that may be attributable in part to the number of registered species. In 

contrast, in the sampling unit 2 values of 0.486 were calculated; in the 4, 0.487 

and in the 8, 0.417. In the 1, 3, 9 and 10 were 0.339, 0.335, 0.381 and 0.362, 

respectively, which reveal less diversity. The sampling unit 7 shows a marked 

difference with the lowest value of 0.244 (Table 3 and Figure 5). 
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Table 3. Shannon-Wiener (H’) diversity index. 

Index UM-1 UM-2 UM-3 UM-4 UM-5 UM-6 UM-7 UM-8 UM-9 UM-10 

Shannon H' Log 10 base 0.339 0.486 0.335 0.487 0.521 0.597 0.244 0.417 0.381 0.362 

Shannon Hmax Log 10 base 0.602 0.602 0.699 0.602 0.602 0.699 0.301 0.477 0.602 0.699 

Shannon J' 0.563 0.807 0.479 0.809 0.865 0.854 0.811 0.873 0.634 0.519 

UM = Sampling Unit  

 

 

Valores = Values; Índice de Shannon-Wiener (H´) = Shannon-Wiener index (H´); 

Unidades de muestreo = Sampling units 

Figure 2. Graphic of the Shannon-Wiener Diversity Index (H’). 

 

The previous results are similar to those of Foroughbakhch et al. (2004) for the 

Gulf of Mexico in which maximum values of Shannon diversity index of up to 

0.510 stand out for the arboreal mangrove stratum in the study sites. 

The structural data on biological diversity obtained in the present study are 

similar as well to those of Ramírez and Segura (1994) and Foroughbakhch et al. 



Revista Mexicana de Ciencias Forestales 

Vol. 9 (45)   
 

	

	

(2004); the last authors mention that the white mangrove, which is a species of 

great timber importance, is dominant in the indices of relative density, 

abundance, richness and diversity. This approach is contrary to that of Menéndez 

et al. (2006), who cite this condition for Conocarpus erectus or mangrove 

botoncillo, and to a lesser extent, for L. racemosa, with variations in the height of 

the canopy, the basal area and the density of trees; all of the above depends on 

the conditions of flood, salinity, substrate and floristic composition of the study 

area, as well as indiscriminate pruning that can negatively affect these 

communities. 

 

Affinity among sampling units 

 

Through the cluster analysis (Table 4) and the Similarity Matrix (Table 5), three 

integrated groups were identified as follows: the first block by UM8 and UM2 with 

a similarity percentage of 91.66 %; the second block by UM10 and UM3 with a 

percentage of similarity of 91.76 % and a third group made up of UM9 and UM1 

with a percentage of similarity of 90.14 %. 
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Table 4. Conglomerate analysis. 

Step Cluster 
Similitude 

(%) 
Union 1 Union 2 

1 9 91.76 3 10 

2 8 91.66 2 8 

3 7 90.14 1 9 

4 6 86.95 2 4 

5 5 86.95 2 5 

6 4 84.21 1 3 

7 3 75 2 7 

8 2 74.62 1 6 

9 1 55.81 1 2 

Table 5. Similitude Matrix. 

 UM-1 UM-2 UM-3 UM-4 UM-5 UM-6 UM-7 UM-8 UM-9 UM-10 

UM-1 * 29.7872 77.5 26.087 25.5319 63.6364 34.0426 29.7872 90.1408 82.6667 

UM-2 * * 24.5614 86.9565 83.3333 51.1628 66.6667 91.6667 41.6667 26.9231 

UM-3 * * * 25 28.0702 60.5263 28.0702 21.0526 79.0123 91.7647 

UM-4 * * * * 86.9565 52.381 60.8696 86.9565 42.5532 27.451 

UM-5 * * * * * 55.814 75 75 37.5 30.7692 

UM-6 * * * * * * 41.8605 51.1628 74.6269 64.7887 

UM-7 * * * * * * * 58.3333 33.3333 30.7692 

UM-8 * * * * * * * * 41.6667 23.0769 

UM-9 * * * * * * * * * 84.2105 

UM-10 * * * * * * * * * * 
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The results of the affinity index of the sampling sites are opposite with respect to 

the report by Foroughbakhch et al. (2004) for the Gulf of Mexico with affinity 

values between mangrove sites ranging from 0.154 to 0.667. 

The clustering analysis allowed to distinguish the maximum homogeneity in each 

group of individuals and the biggest difference between the sampling units from 

the floristic composition and the density of the species, at a similarity level of 90 

% between sampling units, as shown in the Bray-Curtis similarity dendrogram. A 

first group formed by the units 7, 5, 4, 8 and 2 was linked and a second group 

was the 6, 10, 3, 9 and 1. Figure 3 illustrates the location of the sites sampled to 

have the comparison of both groups. 

 

 

Figure 3. Sampling units in the wetland area. 
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The behavior of these groups is represented graphically in Figure 4 through the 

Bray-Curtis dendrogram, which shows the branching of the sampling units and 

the similarity between the abundance and density of the individuals. The grouping 

of sampling units in terms of composition of plant species and population of each 

one is observed, which eliminates any subjective criterion about the cataloging of 

a plant formation based only on visual inspections or physical characteristics of 

the sampling area. 

 

 

Similitud = Similitude; Matriz de similitud de Bray-Curtis = Bray-Curtis similarity 

matrix. 

Figure 4. Bray-Curtis similarity analysis dendrogram. 

 

Timber volume 

 

The volume of only the timber species was calculated, adding a total of 

10.30 m3 to 1 ha of land (Table 6); the white mangrove provides the 

largest volume (8.05 m3 rta). 
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Table 6. Timber volume in 1 ha of sampling area. 

Sampling units 
Volume 

m3 rta 

Individuals with 

timber features 

1 1.01 3 

2 0.47 4 

3 1.89 4 

4 0.468 4 

5 0.48 4 

6 1.72 4 

7 0.85 2 

8 0.60 3 

9 1.18 3 

10 1.61 4 

 

Therefore, the estimate of the total volume of timber species of 218.92 m3 rta 

was obtained for the total area of the wetland area, based on the count area 

equivalent to 10 000 m2 and the total area of study of the area of wetland 

corresponding to 21 ha (212 434 m2). 

 

𝑉𝑇 =
10.305553  212 434

(10 000) = 218. 92 m³ rta 
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The data obtained are similar to those reported by Oviedo et al. (2006) in the 

sense that the white mangrove is of great timber importance for the estimated 

volume, followed by other timber species also; the herbaceous species are best 

represented. 

In relation to the research conducted by Valdez (2004) in mangrove areas of the 

Ejido de San Blas, Nayarit, the wood volumes of Laguncularia racemosa were 26 

595.8 m3, which contrasts with 8.05 m3 of the present study. In this site the total 

area is 1 897 ha and, therefore, the population of the white mangrove species is 

much higher; in the present study the surface area is 21 ha, which influences the 

density of trees and therefore the floristic composition of the study area. 

 

Conclusions 

 

The species of flora found in the sampling area associated with the mangrove 

ecosystem are representative of the place, 274 individuals corresponding to 10 

species among tree, shrub, fern, herbaceous and palms forms. 

The highest relative densities were found in the herbaceous stratum represented 

by Crinum sp. with 57.6 % and in the arboreal stratum the white mangrove (L. 

racemosa) with 24.8 %, which is the most representative timber species with a 

volume of 8.05 m3 rta. 

The diversity (Shannon-Wiener H ') reached maximum values of 0.597 for the 

arboreal stratum of mangrove in the sampling stations, difference attributable to 

the number of species. 

With the description of the structural composition of the mangrove vegetation in 

the study area through the structural characteristics of biological and forest 

diversity, the ecological importance of this ecosystem was determined by its 
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dynamics of plant community represented by the species of mangrove white (L. 

racemosa), as an ecosystem that should be subject to conservation and 

protection. 
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