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Abstract: 

Permanent Forest Area (AFP) in Álvaro Obregón, Calakmul has semi-evergreen 

tropical forests that have been exposed to forest management. Considering the 

importance of these tropical forests as reservoirs of carbon and biodiversity, the 

objective of this study was to analyze tree diversity, accumulation of biomass and 

carbon capture in different types of semi-evergreen tropical forests (medium forest 

- SMSP and floodable forest - SI). Circular plots of 1 000 m2 where used, in which 

tree species were tagged, measured (height and diameter at 1.30 m) and identified. 

The AFP that has been in the recovery period for more than 20 years. A richness of 
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90 species was found in the SMSP, with densities between 5 170 to 3 720 ind ha-1, 

with intermediate diversity (H) (2.8 to 2.65). In the IS, 75 species were found, with 

a high density (5 920 to 8 630 ind ha-1), and a high diversity (H) (3.02 to 3.06). 

The average structural diversity (Hsdh) was low for SMSP and SI, with carbon 

values between 16.6 and 37.17 MgCha-1 in SMSP and 36.44 to 44.58 in SI. It is 

concluded that the semi-evergreen tropical forests analyzed are in the process of 

recovery, with processes of regeneration and capture of carbon important for the 

conservation of diversity. 

 

Key words: Biomass, composition, conservation, structure, structure diversity, 

forestry management. 
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Introduction 

 

In Mexico, the southern region of the Yucatán peninsula is considered one of the 

largest rainforest areas; the rainforests in the region of Calakmul stand out because 

of their diversity, extension and conservation status (Martínez and Galindo, 2002). 

These have been exposed, from the Maya up to the new settlers who arrived at the 

end of the decade of the 1960s to various human activities among them are 

agriculture, stockbreeding and timber extraction (Aryal et al., 2014; García-Licona 

et al., 2014). This has resulted in a heterogeneous mosaic of vegetation in different 

successional stages, from mature forests to early stages of succession, which allows 

them to maintain a high floristic diversity (Martínez and Galindo, 2002; Vester et 

al., 2007), and to exhibit areas with different potentials as carbon reservoirs 
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(mature forests) or with high rates of carbon capture (early and intermediate 

successional stages) (Aryal et al., 2014; Aryal et al., 2017). 

The rainforests of Calakmul are home to 23 plant associations with more than 1 500 

species (Martínez and Galindo, 2002). A carbon storage of up to 99.56 mg C ha-1 is 

cited for mature forests; 40.89 - 55.52 mg C ha-1 have been estimated for the 

secondary forests aged 20 to 35 years, and 11.72 - 28.92 mg C ha-1, for secondary 

vegetation between 4 and 10 years of age. 

At the global level, that the loss of biodiversity and the increase in the concentration 

of carbon dioxide in the atmosphere is considered to contribute to global warming. 

These are the most important problems from an environmental point of view. It is 

therefore essential to analyze the potential of the forest areas to contribute to the 

maintenance of biodiversity and to reduce the concentration of atmospheric CO2. In 

this context, the objective of this paper is to analyze the tree diversity, the 

accumulation of biomass and carbon capture by the air component in different types 

of semi-evergreen (medium and floodplain) forests of the Permanent Forest Area 

(AFP) of Ejido Álvaro Obregón in Calakmul, Campeche. 

 

Materials and Methods 

 

Location 

 

Ejido Álvaro Obregón is located 10 km away from Xpujil, Calakmul municipality, 

Campeche, at 265 m of altitude, at the coordinates 18°35'33'' N and 89°25'04'' W. 

The area is bordered to the north by land owned by the nation; to the south, by 

Xpujil and the Sinaí; to the east, by Ejido Nuevo Becal, and to the west, by national 

land and by Ejidos El Porvenir and Valentín Gómez Farías. The soils in the ejido are 

rendzinas, Vertic and Gleic Gleysols, Gleic Vertisol, and Lithic Cambisol (García and 
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Pat, 2000; Márdero et al., 2012). The climate is warm sub-humid with summer 

rains (Aw1). The vegetation types correspond to medium semi-evergreen forests 

(SMQ), low semi-evergreen rainforests (SBQ), and low floodplain semi-evergreen 

forests (SBQI), known locally as lowlands (Martínez and Galindo, 2002). 

The history of forest management in the ejido began around 1940, with the 

extraction of gum and the consequent occupation of the territory by chicleros 

camps. By the end of the 1940s, the forestry company Caobas Mexicanas S.A. was 

established; this company extracted timber from Calakmul and Quintana Roo during 

almost 40 years (Martínez, 2010). In 1968, the ejido was officially constituted, 

maintaining its forest vocation. During the 1993-1996 period, a forest inventory 

system was developed for the Forest Management Program in an area of 10 000 

hectares, assigned as the Permanent Forest Area (PFA), which was evaluated in this 

study. The predominant vegetation of this area is the semi-evergreen forest, 

particularly the medium-sized and floodplain forests (Herrera-Gloria, 2007). 

 

Selection of plots and sampling design 

 

A tour was made to the PFA of Álvaro Obregón together with the person responsible 

for the management; six areas were selected: four in the medium semi-evergreen 

forest (MSEF) and two in the medium floodplain forest (IF). The selection took into 

account the accessibility of those areas that have not been used for agricultural 

activities and were excluded from forest utilization since 1990, so that the process 

of recovery exceeds 20 years. 

In each area of selected vegetation a rectangular plot of 20 × 50 m (1 000 m2), 

subdivided with a 20 × 20 m (400 m2) was established. The arboreal individuals 

with a diameter at breast height (DBH) of 1 cm or more were labeled, taxonomically 

identified and measured for height with a Vertex IV, Hanglöf and DBH with a 

Forestry Suppliers diametric tape model 283D/5m. In the rest of the 1 000 m2 
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plot, i.e. the remaining 600 m2, took the same data for individuals with DBH equal 

to or above 2.5 cm. 

The taxonomic identification was carried out with the help of two expert 

parataxonomists (Mr. Demetrio Álvarez Montejo and Mr. Manuel Arana) used the 

listing of Martínez et al. (2001).  

 

Floristic composition of species, structure of the arboreal 

vegetation and structural diversity 

 

Based on the data for taxonomic identity, a floristic list was made for each plot, and 

the taxonomic data were corroborated and, when appropriate, updated with the 

databases of the The Plant List specialized website (www.theplantlist.org) and of the 

Missouri Botanical Garden (www.tropicos.org) (The Plant List, 2013; Tropicos, 

2013). Both the richness and the number of species were estimated per sampling 

unit (plot). The diversity was calculated with the Shannon-Wiener index (H') using 

the formula (Magurran, 2004): 

 

𝐻 =  −  𝑃𝑖 ∗ 𝑙𝑜𝑔𝑃𝑖 

 

Where: 

H = Shannon-Wiener Index 

Pi = Relative Abundance 

Log = Base 10 logarithm 

 

The population density (ind ha-1) and the basal area (m2 ha-1) were estimated. 

Likewise, the value of the relative importance of the species per plot (RIV) was 
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calculated, as the sum of the relative abundance (number of individuals per 

species/total number of individuals of all species * 100), the relative frequency 

(frequency of a species/sum of the frequency of all species * 100), and the 

relative basal area (basal area of each species/total basal area of all species * 

100) (Magurran, 2004). 

The analysis of the horizontal (DPA) horizontal and vertical (height) structures of 

the vegetation was carried out with the frequency of distributions grouped by class, 

according to the following formula (Martínez-Sánchez, 2016): 

 

𝐾 =  1+ 3.33 × log𝑛 

 

Where: 

K = Number of classes 

N = Number of trees 

 

On the other hand, the structural diversity —i.e. the diversity estimated as the 

combination of the diversity of species and the size of the diameter and the height 

of the trees— was analyzed (Lei et al., 2009; Martínez-Sánchez, 2016). The 

assessed indicators were the Shannon-Wiener index for species (Hs), by diameter 

(Hd) and height classes (Hh), and the average structural diversity rate (Hsdh), all of 

which were calculated using the following formulas: 

 

𝐻𝑠 =  𝑝𝑖
!

!!!

 × 𝑙𝑜𝑔𝑝𝑖 
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Where: 

pi = Proportion of basal area for the species i  

m = Number of species 

log = Base 10 logarithm 

 

𝐻𝑑 = 𝑝𝑖
!

!!!

× 𝑙𝑜𝑔𝑝𝑖 

 

 

 

 

Where: 

pi = Proportion of basal area by the diameter class i 

d = The number of diameter classes 

log = Base 10 logarithm 

 

𝐻ℎ =  𝑝𝑖
!

!!!

 × 𝑙𝑜𝑔𝑝𝑖 

 

Where: 

pi = Proportion of basal area for the height class i 

h= Number of classes of height 

log = Base 10 logarithm 
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𝐻𝑠𝑑ℎ =  
𝐻𝑠 + 𝐻𝑑 + 𝐻ℎ

3  

 

Where: 

Hs = Diversity by species 

Hd = Diversity by diameter classes 

Hh = Diversity by height classes 

 

Estimation of biomass and stored carbon 

 

The biomass per individual was calculated with the allometric equations generated 

for the areas closest to the present study, i.e. those with similar conditions 

(vegetation type). The previously employed equations were chosen for estimating 

the biomass in the forests of the region (Aryal et al., 2014). 

The following formula was used for individuals with normal diameters equal to or 

above 10 cm (Cairns et al., 2003, modified by Urquiza-Haas et al., 2007): 

 

𝐴𝐺𝐵 =
(𝑒𝑥𝑝(−2.12605 + 0.868 𝑙𝑛 (𝐷!𝐻)) ∗ 𝜌!

𝜌!
) 

10!
 

 

Where: 

D = Stem diameter at breast height, i.e. at 1.30 m 

H = Total height of the tree 

ρ1 = Density of wood per tree (g cm-3) 

ρm = Average wood density of trees used to generate the equation (0.75 g cm-3) 
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In the case of individuals with normal diameters between 5 and 9.9 cm, the 

following expression was used (Chave et al., 2005):  

 

𝐴𝐺𝐵 =
(𝑒𝑥𝑝(−2.187+ 0.916 𝑙𝑛 (𝜌𝐷!𝐻))) 

10!  

 

Where: 

D = Stem diameter at breast height, 1.30 m 

H = Total height of the tree 

p = Density of wood per tree (g cm-3) 

 

Finally, the following equation was used for individuals with normal diameters of 

less than 5 cm (Hughes et al., 1999): 

 

𝐴𝐺𝐵 =
(𝑒𝑥𝑝(4.9375+ 1.0583 𝑙𝑛 (𝐷!))×1.14) 

10!  

 

Where: 

D = Stem diameter at breast height, 1.30 m 

 

The density of the wood of each species corresponded to the values cited for 

tropical tree species by various authors (Chave et al., 2006; Zanne et al., 2009). In 

those cases when the datum was not available, the average density of wood for the 

sampling site was calculated using the following formula: 

 

𝐵𝐴! ∗𝑊𝑆𝐺!
𝐵𝐴  
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Where: 

BAi = Basal area per individual 

WSGi = Density of wood by species with known values (g cm-3) 

 

The basal area (BA) was estimated using the following equation: 

 

𝐵𝐴 =  𝜋 (𝐷𝐵𝐻!/2)! 

 

Where: 

DBHi = Stem diameter at breast height, i.e. at 1.30 m 

 

The biomass per plot was estimated based on the sum of each of the individuals 

present. The carbon content in the aerial component was estimated for each 

individual using the factor 0.47 for the conversion to carbon (Fonseca et al., 2011). 

 

Statistical Analysis 

 

An analysis of normality (Levin’s test) was applied to the calculated variables such 

as richness of species, density, basal area and carbon content. A univariate analysis 

of variance (ANOVA) was used to determine significant differences for the density of 

individuals between different plots, and a Kruskal-Wallis test was utilized to 

compare this parameter between vegetation types. In the case of the BA, the 

comparison between plots and between types of vegetal cover was carried out using 

the Kruskal-Wallis test, as it did not fulfill the assumptions of the ANOVA. These 

analyses were carried out using the Statistica 2007 software. 
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The Shannon index values were compared using the Student’s t-test modified by 

Hutcheson (1970) in order to detect significant differences (p<0.05) between pairs 

of conditions. The same test was used for the estimated Shannon indices in order to 

assess the structural diversity. 

 

Results and Discussion 

 

Floristic composition, diversity of species, structure of the 

arboreal vegetation and structural diversity 

 

A total of 3 146 individuals belonging to 126 species and 37 families were labeled 

and censused (Table 1); the following families stood out for the number of taxa that 

they include: Fabaceae (20 species), Polygonaceae (7), Rubiaceae (10), 

Euphorbiaceae (6), Sapotaceae (6), Sapindaceae (5) and Rutaceae (5), equivalent 

to 47 % of the species present in the study area. 

 

Table 1. Floristic list of tree species and their abundances in the floodplain forests 

(FF) and medium semi-evergreen forests (MSEF) analyzed in the Permanent Forest 

Area of Ejido Álvaro Obregón. 

Family / Species FF1 FF2 MSEF3 MSEF4 MSEF5 MSEF6 

Aquifoliaceae 
      

Ilex sp. 
     

2 

Anacardiaceae        

Metopium brownei (Jacq.) Urb. 4 45 2 
 

4 2 

Annonaceae        

Malmea depressa (Baill.) R.E. Fr. 9 
 

5 21 7 11 

Apocynaceae        
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Cameraria latifolia L. 

 
10 

    
The Plumeria obtusa L. 1 9 

    
Ahouai Thevetia (L.) A. DC. 

  
1 

   
Thevetia gaumeri Hemsl. 1 

 
1 7 10 3 

Araliaceae  
  

    

Dendropanax arboreus (L.) Decne. & Planch. 
  

2 2 
 

2 

Arecaceae 
    

  

Cryosophila stauracantha (Heynh.) R. Evans 
  

27 
  

1 

Sabal mexicana Mart. 
    

4 
 

Sabal mauritiiformis (H. Karst.) Griseb. & H. Wendl.  
    

1 

Bignoniaceae  
 

    
 

Crescentia cujete L. 
 

1 
    

Tabebuia chrysantha G. 
   

1 
  

Boraginaceae        

Bourreria pulchra (MIISP.) Miisp. 5 
     

Apodanthera undulata DC. 1 3 
    

Ehretia tinifolia L. 
     

2 

Burseraceae        

Bursera simaruba (L.) Sarg. 6 6 1 2 3 2 

Protium copal (Schltdl. & Cham.) Engl. 
  

5 5 4 4 

Canellaceae        

Canella winterana (L.) Gaertn. 2 
   

8 3 

Fumariaceae  
  

  
  

Capparis indica (L.) Druce 
  

4 
   

The Celastraceae 
      

Maytenus schippii Lundell 
    

2 
 

The Celastraceae     
   

Crossopetalum gaumeri (Loes.) Lundell 
 

1 
    

Hemiangium excelsum (Kunth) BC. Sm. 
 

7 
    

Maytenus schippii Lundell 2 3 1 
   

Ebenaceae        
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Diospyros bumelioides Standl. 

 
6 

    
Diospyros salicifolia Humb. & Bonpl. ex Willd.  6 3 4 

 
2 9 

Diospyros yatesiana Standl. 
   

2 24 4 

Erythroxylaceae    
    

Erythroxylum rotundifolium Lunan 10 90 
    

Euphorbiaceae        

Mexican Bernardia (Hook. & Arn.) Mull. Arg. 
     

1 

Croton arboreus. 1 
 

11 4 7 9 

Croton icche Lundell 27 93 
    

Spathodea campanulata Sw. 2 
     

Jatropha gaumeri Greenman 2 3 
 

1 
  

Sebastiania adenophora Pax et K. Horffm. 
 

7 
    

Fabaceae        

Acacia angustissima (Mill.) Kuntze 2 
    

1 

Acacia centralis (Britton & J. N. Rose) Lundell 4 3 1 
   

Acacia cornigera (L.) Willd. 
   

1 
  

Acacia sp. 
     

2 

Ateleia gummifera (Bertero ex DC.) D. Dietr. 
 

19 
    

Bauhinia divaricata L. 
  

1 2 2 
 

Caesalpinia gaumeri Greenm. 
  

3 
 

8 
 

Caesalpinia mollis (Kunth) Spreng. 1 
     

Chloroleucon mangense (Jacq.) Britton & J. N. 
    

1 
 

Diphysa carthagenensis Jacq. 2 
   

1 
 

Gliricidia sepium (Jacq.) Kunth 1 4 
    

Haematoxylum campechianum L. 5 27 
    

Lonchocarpus castilloi Standl. 
    

3 
 

Lonchocarpus guatemalensis Benth. 40 4 11 7 8 17 

Lonchocarpus rugosus Benth. 1 
 

1 
 

2 
 

Lysiloma latisiliquum (L.) Benth. 
  

1 
   

Mimosa bahamensis Benth. 2 2 
    

Pithecellobium albicans (Kunth) Benth.  1 1 
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Platymiscium yucatanum Standl. 1 

     
Swartzia cubensis (Britton & P. Wilson) Standl. 

  
1 

  
1 

Lamiaceae       

Vitex gaumeri Greenm. 1 16 1 1 2 1 

Lauraceae        

Licaria coriacea (Lundell) Kosterm. 
     

1 

Nectandra salicifolia (Kunth) Nees 56 
 

10 17 16 64 

Malpighiaceae       

Byrsonima bucidaefolia Standl. 1 8 
    

Malpighia glabra L. 7 12 
   

9 

Malpighia lundellii Morton 1 
    

13 

Malvaceae        

La Ceiba schottii Britten & Baker f. 
  

1 
   

Hampea trilobata Standl. 6 1 
   

1 

Pseudobombax ellipticum (Kunth) Dugand 
   

2 
  

Meliaceae  
  

    

Swietenia macrophylla King 
  

2 
 

2 1 

Trichilia pallida Sw. 
  

2 
   

Menispermaceae    
    

Winzerlingii Hyperbaena Standl. 4 75 
    

Moraceae        

Brosimum alicastrum Sw. 1 
  

16 3 5 

Ficus obtusifolia Kunth 
     

1 

Trophis racemosa (L.) Urb. 
  

7 5 
 

4 

Myrtaceae    
    

Eugenia capulí Schltdl. & Cham. 14 15 
    

Eugenia ibarrae Lundell 41 44 
 

66 31 105 

Eugenia winzerlingii Standl. 5 146 12 13 27 24 

Myrciaria floribunda (H. West) O. Berg 42 
 

32 
   

Pimenta dioica (L.) Merr. 
  

2 
 

1 
 

Passifloraceae        
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Costaricana Guapira (Standl.) Woodson 6 

 
2 

   
Choriophylla Neea Standl. 

  
1 

   
Neea psychotrioides Donn. Sm. 

     
1 

Opiliaceae 
    

  

Agonandra ovatifolia Miranda 2 
   

1 5 

Piperaceae  
   

   

Piper yucatanense C. DC. 
   

59 
 

2 

Polygonaceae        

Coccoloba acapulcensis Standl. 1 
 

2 8 10 8 

Coccoloba cozumelensis Hemsl. 
 

1 1 
  

1 

Coccoloba reflexiflora Standl. 2 15 1 
  

2 

Coccoloba schiedeana Lindau 
 

26 
    

Coccoloba spicata Lundell 
  

2 
   

Gymnopodium floribundum Rolfe 9 24 3 
  

9 

Neomillspaughia emarginata (H. Gross) S.F. Blake 1 
     

Primulaceae        

Bonella macrocarpa subsp. Macrocarpa (Cav.) B. Stahl & Källersjö   
  

1 4 

Bonellia flammea (MIISP. ex Mez) B. Stahl & Källersjö 3 5 2 
   

Parathesis cubana (A. DC.) Molinet et M. Gomez 9 11 
   

1 

Putranjivaceae     
   

Drypetes lateriflora (Sw.) Krug et Urb. 14 
 

19 
   

Rhamnaceae        

Krugiodendron ferreum (Vahl) Urb. 8 1 7 6 12 10 

Rubiaceae        

Alseis yutanensis Standl. 
   

2 8 4 

Cosmocalyx spectabilis Standl. 1 
  

2 
 

2 

Exostema mexicanum A. Gray 1 
     

Combsii Guettarda Urb. 
  

1 1 
  

Guettarda gaumeri Standl 
 

23 
    

Machaonia lindeniana Baill. 2 24 
    

Psychotria nervosa Sw. 1 
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Randia aculeata L. 1 1 

  
5 1 

Randia longiloba Hemsl. 7 2 2 5 
 

4 

Simira salvadorensis (Standl.) Steyerm. 2 
  

3 1 5 

Rutaceae        

Amyris elemifera L. 8 
    

1 

Casimiroa tetrameria miisp. 
  

1 
  

4 

Esenbeckia sp. 
     

1 

Murraya paniculata (L.) Jack 
   

36 
  

Zanthoxylum caribaeum Lam. 1 
     

Salicaceae        

Casearia emarginata Wright ex Griseb. 3 
     

Thamnia Laetia L. 7 
 

6 
  

3 

Zuelania guidonia (Sw.) Britton & MIISP. 
  

1 
   

Sapindaceae        

Exothea diphylla (Standl.) Lundell 1 
 

5 
 

1 
 

Matayba oppositifolia (A. Rich.) Britton  
  

2 
   

Floresii Talisia Standl. 3 9 2 
   

Talisia oliviformis (Kunth) Radlk. 
  

9 5 2 
 

Paucidentata Thouinia Radlk. 
  

1 5 2 1 

Sapotaceae        

Chrysophyllum mexicanum Brandegee ex Standl. 1 
 

1 
  

2 

Manilkara zapota (L.) P. Royen 26 50 7 19 27 12 

Pouteria campechiana (Kunth) Baehni 
  

9 5 7 
 

Pouteria reticulata (Engl.) Eyma  153 
  

41 149 126 

Sideroxylon obtusifolium (Humb. ex Roem. & Schult.) T.D. Penn 1 7 
    

Sideroxylon salicifolium (L.) Lamarck 
  

155 
   

Solanaceae  
      

Nicotiana tabacum L. 
     

2 

 

Fabaceae (13), Rubiaceae (8), Polygonaceae (6) and Euphorbiaceae (5) were the 

best represented families in the FFs, while, Fabaceae (14), Rubiaceae (6), and 
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Polygonaceae (5) were the best represented in the MSEFs. These findings agree 

with the 10 most frequent families with largest number of species cited for the 

Yucatán Peninsula (Carnevali et al., 2010). 

The most frequent families in the plots have been reported as the most abundant in 

southern Mexico (Chiquini, 2016; Maldonado-Sánchez et al., 2016; Chiquini-Heredia 

et al., 2017). The most common families in the MSEF coincide with those of other 

studies in Calakmul (Lawrence et al., 2004; Vester et al., 2007; Zamorano-

Crescencio et al., 2012; García-Licona et al., 2014). The results suggest that the 

break of over 20 years from forest management has made it possible to maintain 

the composition, with regard to what would be expected in mature forests of the 

Yucatán Peninsula, based on the successional processes. 

The most abundant species in the FF plots were Pouteria reticulata (Engl.) Eyma 

(153 individuals), Eugenia winzerlingii Standl. (151 ind) and Croton icche Lundell 

(120 ind); in the MSEF: Pouteria reticulata (316 ind), Eugenia ibarrae Lundell (202 

ind) and Sideroxylon salicifolium (L.) Lamarck (155 ind). This agrees with the data 

documented in other works for both types of forests (Martínez and Galindo, 2002; 

Díaz et al., 2002; Lawrence et al., 2004; Vester et al., 2007; Zamora-Crescencio et 

al., 2012; García-Licona et al., 2014; Chiquini, 2016; Maldonado-Sánchez et al., 

2016; Chiquini-Heredia et al., 2017). Among the species identified in the study area 

are Cryosophila argentea Bartlett and Tabebuia chrysantha (Jacq.) G. Nicholson 

classified under the category of endangered species in the Official Mexican Norm 

NOM-059-SEMARNAT-2010 (Semarnat, 2010). 

The richness of species in the MSEF consisted of 90 taxa, with a variation between 

plots of 33 to 55 and a diversity that varied between 2.65 and 2.80, without 

significant differences between plots (Table 2). These values are above those 

indicated by Zamora-Crescencio et al. (2012) and García-Licona et al. (2014) for 

the MSEFs of Calakmul and below those reported for other MSEFs in the state of 

Campeche (Gutiérrez-Báez et al., 2015). 
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75 species were registered, with a variation between plots of 44 to 65 and a 

diversity of 3.02 and 3.06, but without significant differences between MSEF plots 

(Table 2). The richness and diversity of species in the FFs were higher compared to 

those reported by Díaz et al. (2002), Tun-Dzul et al. (2008), Vázquez et al. (2010), 

Chiquini (2016), Maldonado-Sánchez et al. (2016) and Chiquini-Heredia et al. 

(2017); this can be associated with the precipitation in the area (García et al., 

2002; Martínez and Galindo, 2002) and the topographical features that influence the 

flooding (Palacio et al., 2002; Cortés-Castelán e Islebe, 2005). 

The ANOVA test showed no significant differences in density (ind ha-1) between the 

FF plots and the MSEF plots (Table 2). However, when the tree density (ind ha-1) in 

the FFs was compared with that of the MSEFs by means of the Kruskal Wallis test,  

there was a significant difference (H(X2) = 12.16, p = 0.0077). In the case of the 

FFs, the values were higher than those mentioned by other authors for the FFs of 

Calakmul (Díaz et al., 2002; Tun-Dzul et al., 2008; Chiquini, 2016; Chiquini-Heredia 

et al., 2017), and similar to those indicated for other FFs in southern Mexico 

(Cortés-Castelán and Islebe, 2005; Maldonado-Sánchez et al., 2016). 

When the results were compared with those documented in other papers for MSEFs 

in Calakmul, the density (ind ha-1) turned out to be similar to that cited by Vester et 

al. (2007) and higher than that estimated by Zamora-Crescencio et al. (2012) and 

García-Licona et al. (2014) in Calakmul. 

As for the basal area (BA), the Kruskal-Wallis test showed no significant differences 

between the FF plots, whereas the MSEF_2 plot had a significantly larger BA than 

MSEF_4 (Table 2). When comparing between types of forests, there was a 

significant difference (H(X2) = 10.19, p = 0.0204). The studied FFs had a larger BA 

than that recorded for forests of this type in Calakmul (Díaz et al., 2002; Zamora-

Crescencio et al., 2012; Chiquini, 2016; Chiquini-Heredia et al., 2017) and a similar 

BA to that of other FFs in other regions in southern Mexico (Cortés-Castelán e 

Islebe, 2005; Maldonado-Sánchez et al., 2016). 
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The MSEFs exhibited lower values for BA than other forests in Calakmul (Read and 

Lawrence, 2003; Zamora-Crescencio et al., 2012; García-Licona et al., 2014), due 

to the impact of the forest management in the past (Martínez and Galindo, 2002; 

Martínez, 2010). 

 

Table 2. Diversity of species and structural diversity (HS, HD, Hh and Hsdh), 

richness of species, density and average basal area (BA) in the floodplain forests 

(FFs) and medium semi-evergreen forests (MSEF) analyzed in Ejido Álvaro Obregón. 

Variable FF_1 FF_2 MSEF_1 MSEF_2 MSEF_3 MSEF_4 

Richness 65 44 52 33 40 55 

Diversity 3.06 3.02 2.7 2.79 2.65 2.80 

Evenness 0.73 0.80 0.68 0.80 0.72 0.70 

Density 5920 8630 3940 3720 4080 5170 

BA (m) 30.83 34.26 25.11 37.42 31.11 22.66 

Hs 1.29 1.15 1.23 1.18 1.13 1.33 

Hd 0.94 0.92 0.96 0.88 0.91 0.95 

Hh 0.75 0.62 0.76 0.70 0.73 0.78 

Hsdh 0.73 0.80 0.68 0.80 0.72 0.70 

BA = Basal area, Hs = The Shannon-Wiener index for species, HD = The Shannon-

Wiener index by diameter classes, Hh = The Shannon-Wiener index by height 

classes, Hsdh = Average structural diversity rate. 

 

The species with the highest RIV were Pouteria reticulata, Haematoxylum campechianum L., 

Manilkara zapota (L.) P. Royen, and Eugenia winzerlingii (Table 3), which agrees with the 

findings of Díaz et al. (2002), Palaces et al. (2002), Chiniquini (2016) and Chiquini-Heredia et 

al. (2017) for FFs in central and southern Calakmul. While at the MSEFs, the highest RIVs 
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were: Sideroxylon salicifolium, P. reticulata, M. zapota and Brosimum alicastrum Sw., which 

have been registered by various authors as dominant and with high RIVs for the MSEFs in 

Calakmul (Read and Lawrence, 2003; Vester et al., 2007; Zamora-Crescencio et al., 2012; 

García-Licona et al., 2014). 

 

Table 3. List of the species with the highest RIV in each of the floodplain forests 

(FFs) and medium semi-evergreen forests (MSEF) analyzed in the Permanent Forest 

Area of Ejido Álvaro Obregón. 

Plot Species Ab_rel AB_rel Freq_rel RIV 

FF_1 P. reticulata 

M. zapota 

L. guatemalensis 

8.61 

1.46 

2.25 

6.39 

5.94 

1.63 

1.49 

1.65 

1.32 

16.49 

9.05 

5.20 

FF_2 H. campechianum 

E. winzerlingii 

H. winzerlingii 

1.04 

5.64 

2.90 

9.62 

1.17 

3.13 

1.47 

1.47 

1.47 

12.13 

8.28 

7.50 

MSEF_1 S. salicifolium 

D. lateriflora 

C. argentea 

13.11 

1.61 

2.28 

9.82 

4.01 

0.83 

2.19 

1.97 

1.97 

25.13 

7.59 

5.08 

MSEF_2 M. zapota 

B. alicastrum 

E. ibarrae 

P. reticulata 

1.70 

1.43 

5.91 

3.67 

6.46 

5.74 

1.10 

2.93 

1.53 

1.83 

1.83 

1.93 

9.69 

9.01 

8.85 

8.44 

MSEF_3 P. reticulata 

M. zapota 

M. brownei 

12.17 

2.21 

0.33 

7.14 

6.90 

4.10 

1.69 

1.69 

0.85 

21.01 

10.80 

5.27 
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MSEF_4 P. reticulata 

E. ibarrae 

M. zapota 

8.12 

6.77 

0.77 

6.75 

0.77 

5.09 

1.43 

1.43 

1.19 

16.31 

8.96 

7.06 

 

The horizontal structure (DBH distribution), in all plots of both the FFs and MSEFs 

exhibits a distribution in the form of an inverted "J", with more than 70 % of the 

individuals in the first two diameter categories; that is to say, between 1 and 7.7 

cm (Figure 1). The distribution in the form of an inverted J indicates that these 

forests maintain natural replacement processes that guarantee the replacement of 

the trees that have been removed for a variety of reasons (Zamora-Crescencio et 

al., 2012; García-Licona et al., 2014; Maldonado-Sánchez et al., 2016). 

The vertical structure (distribution of heights) exhibited a bell-shaped distribution, 

in which more than 60 % of the individuals were included in the categories 2 to 4, 

(3.3 and 9.6 m) (Figure 2). A similar pattern was followed by the plots of the 

MSEFs, except in the case of the MSEF_6, in which the first category included 

approximately 40 % of the individuals. These results agree with those documented 

by Díaz et al. (2002), Zamora-Crescencio et al. (2011), García-Licona et al. (2014), 

Chiquini (2016) and Chiquini-Heredia et al., (2017), who point out that the pattern 

in question shows the recovery of the vegetation through the successional process. 
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Número de individuos ha-1 = Number of individuals ha-1 

Figure 1. Vertical structure (heights) of the floodplain forests (FFs) and 

medium semi-evergreen forests (MSEFs) in the Permanent Forest Area of 

Ejido Álvaro Obregón. 
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Figure 2. Horizontal structure (DAP) of the floodplain forests (FFs) and 

medium semi-evergreen forests (MSEFs) analyzed in the Permanent Forest 

Area of Ejido Álvaro Obregón. 

 

When the structural diversity indices Hs, Hd, Hh and Hsdh were compared between 

the studied plots of both the FFs and the MSEFs (Table 2), significant differences 

were found between the Shannon-Wiener indices for the species (Hs). FFs 

registered a significantly greater diversity at FF_1 than at FF_2 (Hutchenson’s t= 

4.23, p= 0.001). In the case of the MSEF plots, the Hs of MSEF_4 was calculated 

and found to be significantly higher than the estimates for MSEF_1 (Hutchenson’s 

t= 3.14, p= 0.001), MSEF_2 (Hutchenson’s t= 4.40, p= 0.001) and MSEF_3 

(Hutchenson’s t= 6.13, p= 0.001). There were no significant differences in the Hh 

(diversity index by height classes) between the FFs and the MSEFs; whereas, for the 

HD (diversity index by diameter classes) there were significant differences only 

between the plots MSEF_2 and MSEF_3 (Hutchenson’s t= 1.72, p= 0.05). In the 

case of the Hsdh (average structural diversity index), the highest value was 

estimated for MSEF_6 and for FF_1. 

When we compare the results between types of forest, we find that MSEF_4 has a 

significantly higher value for diversity of species (Hs) than FF_2 (Hutchenson’s t= 

5.48, p= 0.001); however, FF_2 has a significantly lower value for diversity by 

height classes (Hh) than MSEF_1 (Hutchenson’s t= 1.67, p= 0.001) and MSEF_4 

(Hutchenson’s t= 2.01, p= 0.001). 

The structural diversity estimated for the MSEFs was lower than indicated by 

Martínez-Sánchez (2016) for the same type of forests in Tabasco; for the FFs, the 

values were similar to those cited by Chiquini-Heredia et al. (2017). 
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Estimation of biomass and stored carbon 

 

The biomass estimates for the FFs were 94.85 t ha-1 for FF_1 and 77.53 t ha-1 in 

FF_2; in the MSEFs, they ranged between 72.70 and 35.31 t ha-1 (Table 4). The 

calculation of the carbon content in the aboveground biomass in the FFs was of 

44.58 and 36.44 mg C ha-1, while in the MSEFs it varied between 34.17 and 16.60 

Mg C ha-1 (Table 4). At the FFs, the species with the highest values for biomass 

and, therefore, for carbon were H. campechianum, M. zapota, Canella winterana 

(L.) Gaertn. and Metopium brownei (Jacq.) urb. At the MSEFs, they were M. zapota, 

M. brownei and S. salicifolium; at the FFs and the MSEFs (except in the case of the 

MSEF_3) the species and values are similar to those indicated by other authors for 

secondary vegetation derived from forests with 20 - 25 years of recovery in the 

Region of Calakmul (Lawrence and Foster, 2003; Eaton and Lawrence, 2008; Aryal 

et al., 2014) as well as for other areas (Urquiza-Haas, et al., 2007; Berenguer et 

al., 2014). 

The biomass and carbon accumulated at the MSEF_3 coincide with those 

registered for the secondary vegetation derived from forests in early phases of 

the succession (10 years of recovery) in Calakmul (Lawrence and Foster, 2003; 

Eaton and Lawrence, 2008; Aryal et al., 2014). These results probably relate 

to the long period during which wood was extracted in the PFA, and show the 

manner in which they have been recovered since their exploitation ceased 

(Eaton and Lawrence, 2008; Berenguer et al. 2014). 
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Table 4. Average accumulated biomass and carbon by categories in the floodplain 

forests (FFs) and medium semi-evergreen forests (MSEFs) analyzed in the 

Permanent Forest Area of Ejido Álvaro Obregón. 

 FF_1 FF_2 MSEF_1 MSEF_2 MSEF_3 MSEF_4 

Biomass (t ha-1) 94.85 77.53 72.70 63.22 35.35 50.63 

Carbon dioxide 

(MgCha-1) 

44.58 36.44 34.17 29.71 16.60 23.79 

Diameter Categories (biomass / Carbon) 

1 to 4.3 0.36 

0.17 

0.77 

0.36 

0.24 

0.11 

0.30 

0.14 

0.24 

0.11 

0.36 

0.17 

>4.3 to 7.7 1.64 

0.77 

1.99 

0.94 

1.39 

0.65 

0.75 

0.35 

1.23 

0.58 

0.63 

0.29 

>7.7 to 11.1 2.63 

1.24 

2.04 

1.13 

6.06 

2.85 

2.08 

0.98 

3.03 

1.43 

3.46 

1.63 

>11.1 to 14.5 12.27 

5.76 

4.85 

2.28 

8.75 

4.11 

4.00 

1.88 

1.99 

0.93 

5.83 

2.74 

>14.5 to 17.9 3.55 

1.67 

4.74 

2.23 

8.20 

3.85 

17.19 

8.08 

2.53 

1.19 

5.47 

2.57 

>17.9 to 21.3 17.00 

7.99 

5.06 

2.38 

12.71 

5.98 

12.99 

6.11 

2.77 

1.30 

17.95 

8.44 

>21.3 to 24.7 1.33 

0.63 

4.51 

2.12 

9.18 

4.32 

2.67 

1.25 

0.86 

0.40 

6.47 

3.04 

>24.7 to 28.1 7.90 

3.71 

0.00 

0.00 

6.07 

2.85 

8.84 

4.16 

1.84 

0.87 

0.56 

0.26 

>28.1 to 31.5 1.33 

0.63 

9.19 

4.32 

9.21 

4.33 

6.50 

3.06 

4.78 

2.24 

4.70 

2.21 

>31.5 46.85 

22.02 

44.02 

20.69 

10.87 

5.12 

7.88 

3.70 

16.05 

7.54 

5.20 

2.44 
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In relation to the estimation of biomass and carbon by diameter categories, it 

was noted that if the largest amount of biomass and therefore of carbon dioxide 

is concentrated in the last category (>31.5 cm diameter) with percentages close 

to 50 % of the total accumulated carbon of the sampled plots (FF_1= 49.39 % 

and FF_2= 56.78 %). Whereas the MSEFs have the highest percentages of the 

accumulated carbon in the intermediate categories, with a DBH between 11.1 

and 21.3 cm, in three of the plots (MSEF_1= 40.80 %, MSEF_2= 54.09 % and 

MSEF_4= 57.78 %), and only the MSEF_3 is in the last diameter category 

(45.45 %). These values are similar to those cited by other authors 

(Santamaria, 2014; Berenguer et al., 2014), who point out that the highest 

amount of carbon occurs in individuals of intermediate (10 to 20 cm) and higher 

(more than 20 cm) diameter categories. 

By observing the relationship between the structural diversity (Hd and Hh) and the 

amount of carbon stored in each plot (figures 3a, 3b, 4a and 4b), it was noted that 

in both the FFs and the MSEFs there was a positive and significant correlation 

between the Hd and carbon stored and HH and the stored carbon. These results 

agree with the findings of Wang et al. (2011), who point out that there is a positive 

relationship between the structural diversity rates and the carbon reservoirs, i.e. the 

carbon storage increases with higher diversity rates. 
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Carbono = Carbon 
Figure 3. Relationship between the stored carbon and the structural diversity 

(diversity index by diameter classes) in the floodplain forests (FFs - 3a) and in the 

medium semi-evergreen forests (MSEFs - 3b) analyzed in the Permanent Forest 

Area of Ejido Álvaro Obregón. 
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Carbono = Carbon 
Figure 4. Relationship between the carbon stored and the structural diversity Hh 

(index of diversity by height classes) in the floodplain forests (FFs - 4a) and in the 

medium semi-evergreen forests (MSEFs - 4b) analyzed in the Permanent Forest 

Area of Ejido Álvaro Obregón. 
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Conclusions 

 

The diversity of the Permanent Forest Area of Ejido Álvaro Obregón allows us to 

conclude that both the MSEFs and the FFs exhibit a good conservation status, with 

appropriate plant regeneration processes for this type of forests. The characteristics 

of richness of species, abundance, basal area, biomass and carbon show that the 

MSEFs are those with the greatest impact in relation to the exploitation. Both the 

FFs and the MSEFs maintain good structural conditions, composition and carbon 

content, which are similar to those of the old secondary vegetation (aged 25 to 30 

years), i.e. they are in recovery after the period of exploitation to which they were 

subjected. 
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