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Abstract

Resumen

The presence of diverse shade trees in cocoa agrosystems allows for the creation of suitable habitats for 
wildlife species, enabling them to thrive within the plantation environment. The objective of this research 
is to calculate the similarity indices of shade trees used in cocoa agrosystems in the region of Comalcalco, 
Tabasco, Mexico. Field sampling was carried out to collect data on breast height diameter, canopy diame-
ter and canopy height, these variables were used to calculate the Sorensen and Morisita-Horn similarity 
indices. The similarity between the study sites, Sorensen's qualitative index shows that SA 1 - SA 2 are the 
most similar in species composition, SA 1 - SA 2 with 27.46% similarity, followed by SA 2 - SA 3 with 27.27 
%, while SA 1 - SA 3 are the sites with a less similar structure of 26.52%. The role of shade trees in cocoa 
agrosystems is significant as it can serve as a variable in assessing and predicting the quality of available 
habitats for wildlife conservation, including birds, reptiles, and arboreal mammals, using ecological niche 
modeling techniques.

La presencia de diversos árboles de sombra en los agrosistemas de cacao permite la creación de hábitats 
adecuados para las especies de vida silvestre, lo que les permite prosperar en el entorno de la plantación. El 
objetivo de esta investigación es calcular los índices de similitud de árboles de sombra utilizados en agro-
sistemas cacaoteros en la región de Comalcalco, Tabasco, México. Se realizó un muestreo de campo para 
recolectar datos sobre el diámetro de la altura del pecho, el diámetro del dosel y la altura del dosel, estas 
variables se utilizaron para calcular los índices de similitud de Sorensen y Morisita-Horn. La similitud entre los 
sitios de estudio, el índice cualitativo de Sorensen muestra que SA 1 - SA 2 son los más similares en compo-
sición de especies, SA 1 - SA 2 con 27.46 % de similitud, seguido de SA 2 - SA 3 con 27.27 %, mientras que 
SA 1 - SA 3 son los sitios con una estructura menos similar del 26,52%. El papel de los árboles de sombra en 
los agrosistemas de cacao es importante, ya que puede servir como variable para evaluar y predecir la cali-
dad de los hábitats disponibles para la conservación de la vida silvestre, incluidas aves, reptiles y mamíferos 
arbóreos, utilizando técnicas de modelado de nichos ecológicos.
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¿Por qué se realizó el estudio?

Esta investigación permite identificar las especies arbóreas presentes en estos sistemas, lo cual es 
fundamental para conservar las especies nativas. Además, los árboles asociados en estos agrosistemas 
desempeñan un papel importante al proporcionar sombra, lo que contribuye a la sostenibilidad de la 
producción de cacao. En lugar de basarse únicamente en el cultivo de cacao, los productores obtienen 
beneficios económicos a través de los árboles asociados. Por lo tanto, investigar esta estructura y di-
versidad arbórea proporciona información valiosa para orientar las prácticas agrícolas y fomentar una 
convivencia armoniosa entre la producción de alimentos y la conservación del medio ambiente.

¿Cuáles fueron los resultados más relevantes?

A través del análisis de los índices de similaridad, se puede apreciar la diversidad presente en los agro-
sistemas de cacao. La introducción de diferentes especies de árboles en estos sistemas proporciona 
una serie de ventajas, como una polinización mejorada, un microclima más propicio, la conservación 
de la biodiversidad y la oportunidad de obtener productos adicionales. Estos beneficios contribuyen a 
fortalecer la capacidad de recuperación de los agrosistemas de cacao, así como un manejo más soste-
nible y rentable de los cultivos.

¿Qué aportan estos resultados?

La investigación sobre la estructura y diversidad de los árboles de sombra utilizados en los agrosiste-
mas de cacao contribuye significativamente a la conservación de especies nativas y al manejo soste-
nible de estos sistemas. Proporciona conocimientos clave para la toma de decisiones informadas en 
cuanto a la conservación de la biodiversidad, la restauración de paisajes, el manejo adecuado de los 
agrosistemas y la mejora de la productividad y calidad del cacao.

Graphical Abstract

Contribución
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Introduction

By intentionally managing shade trees alongside crops, agrosystems possess the 
capacity to create habitats and preserve wildlife species within extensively modified 
tropical landscapes (1). Coffee and cocoa agrosystems are widely recognized as the 
most familiar examples, frequently characterized by a diverse array of shade tree 
species forming a prominent and dense canopy (2). Hence, the significance of these 
shade trees is profound, and they exhibit considerable variation in their characteristics. 
They can be categorized into three main types: 1) Polycultural system: In this approach, 
multiple species of shade trees, including forest species, are intentionally planted 
alongside the crop trees. The shade trees are interspersed throughout the plantation, 
creating a diverse and mixed canopy that benefits the cocoa or coffee plants, 2) 
Monocultural shade: This type of system is characterized by a dominant shade tree 
species or a few selected species that primarily provide shade for the crops. The shadow 
cast by these trees dominates the agrosystem, 3) Diversity shade systems: These 
systems encompass a wide range of shade tree species, typically consisting of around 
30 to 40 different plant species. This diversity includes both fruit-bearing and timber 
species. The spine of these systems typically consists of fast-growing nitrogen-fixing 
legumes such as Erythrina spp., Gliricidia sepium, Samanea saman, and Inga spp. In 
all of these approaches, the shade trees play a crucial role in providing the necessary 
shade and microclimate for the cocoa or coffee plants to thrive, while also contributing 
to the overall ecological diversity and sustainability of the agrosystem (3).

Shade trees utilized in cocoa agrosystems globally share commonalities with those 
found in plantations in Mexico. In Ghana, for instance, shade tree species such as Persea 
americana, Citrus senensis, Gliricidia sepium, Ceiba pentandra, Cedrela odorata, and 
Spondias mombin are commonly employed in cocoa agrosystems (Abdulai et al., 2018). 
In Brazil, cocoa agrosystems make use of shade tree species like Spondias mombin, 
Cedrela odorata, Guazuma ulmifolia, Ceiba pentandra, and Genipa americana. These 
trees contribute to the shade and overall ecological dynamics of cocoa plantations in 
the country (4). In Colombia, cocoa agrosystems incorporate shade tree species such as 
Spondias mombin, Psidium guajava, Swietenia macrophylla, Cordia alliodora, Annona 
muricata, Guazuma ulmifolia, Artocarpus altilis, Pouteria caimito, Gliricidia sepium, 
Persea americana, Musa paradisiaca, Cedrela odorata, and Ceiba pentandra. These 
diverse trees contribute to the shade and ecological composition of cocoa plantations 
throughout the country (5). Cedrela odorata, Spondias mombin, and Guazuma 
ulmifolia are among the shade tree species utilized in cocoa agrosystems in Bolivia. 
These trees play a crucial role in providing shade and contributing to the ecological 
balance within cocoa plantations in the country (6). In Cameroon, cocoa agrosystems 
incorporate shade tree species such as Ceiba pentandra, Citrus reticulata, Citrus 
sinensis, Persea americana, Psidium guajava, Spondias mombin, Mangifera indica, and 
Musa paradisiaca. These trees are deliberately planted in cocoa plantations to provide 
shade and contribute to the overall ecological balance within the agrosystems (7). In 
Costa Rica, shade tree species commonly found in cocoa agrosystems include Carica 
papaya, Castilla elastica, Cedrela odorata, Cocos nucifera, Genipa americana, Gliricida 
sepium, Leucaena leucocephala, Spondias mombin, and Samanea saman. These trees 
are intentionally cultivated alongside cocoa crops to provide shade and contribute to 
the ecological dynamics of the agrosystems in the región (8). In Nigeria, shade tree 
species such as Citrus sinensis, Mangifera indica, Psidium guajava, Citrus reticulata, 

https://doi.org/10.1007/s10457-014-9777-3
https://doi.org/10.1111/j.1523-1739.2009.01220.x
https://doi.org/10.1590/S0100-84042002012000006
https://doi.org/10.18257/raccefyn.1183
https://doi.org/10.1007/s10457-016-9942-y
https://doi.org/10.1016/j.agee.2007.01.022
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Persea americana, Cocos nucifera, Ceiba pentandra, and Spondias mombin are 
commonly found in cocoa agrosystems. These trees are deliberately grown alongside 
cocoa crops to provide shade and contribute to the overall ecological balance within 
the agrosystems in the country (9). In Indonesia, cocoa agrosystems incorporate 
shade tree species including Mangifera indica and Swietenia macrophylla. These trees 
are intentionally planted alongside cocoa crops to provide shade and contribute to 
the ecological dynamics of the agrosystems in the country (10). In Ecuador, Cedrela 
odorata is a shade tree species commonly used in cocoa agrosystems. It is intentionally 
cultivated alongside cocoa crops to provide shade and contribute to the ecological 
balance within the agrosystems in the country (11). In Peru, cocoa agrosystems 
incorporate shade tree species such as Cedrela odorata, Persea americana, and 
Swietenia macrophylla. These trees are deliberately planted alongside cocoa crops to 
provide shade and contribute to the overall ecological balance within the agrosystems 
in the country (12).

The presence of diverse shade trees in cocoa plantations (Theobroma cacao) offers 
valuable habitats for the conservation of wildlife. These trees serve as crucial spaces that 
support a wide range of organisms, including insects, birds, amphibians, reptiles, and 
mammals (13). Cocoa is a prominent crop that is often associated with a wide array of 
shade trees, showcasing substantial diversity (14). Spondias mombin, Cedrela odorata, 
Persea americana, Mangifera indica, and Citrus sinensis are among the frequently 
employed shade tree species in cocoa plantations worldwide (15). Guazuma ulmifolia, 
Ceiba pentandra, Erythrina americana, and Samanea saman are the prevalent shade tree 
species found in cocoa plantations in Tabasco. These trees are commonly utilized to 
provide shade for cocoa trees in the region (16; 17). The objective of this research is to 
calculate the similarity indices of shade trees used in cocoa agrosystems in the region 
of Comalcalco, Tabasco, Mexico.

Methodology

Characterization of the study área
The research was conducted in three distinct cocoa agrosystems situated in the 
Comalcalco region of Tabasco, Mexico (Figure 1). For this study, three specific cocoa 
agrosystems were chosen as the designated research sites.

Figure. 1. Cocoa agrosystems were used as study sites

https://doi.org/10.1016/j.agee.2007.01.022
https://doi.org/10.1088/1755-1315/276/1/012037
https://doi.org/10.14483/udistrital.jour.colomb.for.2016.2.a01
https://doi.org/10.1007/s10457-013-9654-5
https://doi.org/10.29312/remexca.v0i14.440
https://doi.org/10.1590/S0100-204X2011001000004
https://doi.org/10.29312/remexca.v0i14.439
https://doi.org/10.1002/ajp.20211
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Sampling procedure
To assess the vegetation structure within the cocoa agrosystems, the three study sites 
(listed in table 1) were utilized. In each of these sites, a total of 10 plots measuring 25 
× 10 meters were selected, resulting in a plot area of 250 square meters. This approach 
followed the recommendations proposed by (18). In total, 30 Temporary Sample Plots 
(TSPs) were established, and measurements including diameter at breast height (DBH), 
total height, and crown diameter were recorded for all individuals with a DBH of 1.3 
meters or greater.

Table 1. Sites used in this study
Study 
sites Location Coordinates (UTM)

X                 Y Área

SA 1 Aldama 461830 2017193 21.08 ha
SA 2 Carlos Greene 454416 2016030 49.59 ha
SA 3 Zapotal 471172 2023367 57.82 ha

Characterization of the dynamic of shade trees in cocoa agrosystems
The cocoa agrosystems are characterized by their integrated polycultivation approach, 
where different plant types are strategically arranged in layers and tiers, spanning 
from the sun-exposed areas to the shaded regions (as depicted in figure 2). This multi-
layered system promotes biodiversity and provides varying levels of light and shade for 
the different plants grown within the agrosystems.

Figure. 2. Dynamic of the cocoa agroecosystem with shade trees. Source: (19)
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Dasometric variables
The trees within the cocoa agrosystems were taxonomically identified and marked 
with GPS coordinates for georeferencing purposes. Various dasometric variables 
were recorded, including the diameter at breast height (DBH) at 1.3 meters above the 
ground, crown diameter measured using a tape, and total height (Ht) measured using a 
clinometer, following the methodology outlined by (20).

Diameter at breast height (DBH)
 After establishing the plots, a direct measurement of the diameter at breast height 
(DBH) was conducted for all trees within each Temporary Sample Plot (TSP). Only one 
reading of DBH was taken for each tree present in the TSPs, where .

Determination of canopy height
To overcome the challenges associated with directly measuring canopy heights, an 
indirect approach was employed. A clinometer was utilized to measure the angles 
of the tree base (θ), the canopy (θ), and the horizontal distance (hd). This method 
allowed for an estimation of canopy heights in situations where direct measurements 
were impractical, using the following basic trigonometric formula: 

).

Determination of crown diameter (CD)
To determine the crown diameter within each Temporary Sample Plot (TSP), the 
projection of the crowns was measured in two directions: primarily North-South and 
East-West. This approach allowed for the assessment of crown dimensions within the 
TSPs in multiple orientations, taking as reference the projection of the ends of the same 
on the ground [11].

Using the collected measurement data, a database was created to facilitate the 
calculation of Basal Area (BA), which represents the cross-sectional area of a tree 
measured at a height of 1.30 meters. The Basal Area was computed using the following 
formula:  where BA = Basal area in m² and DBH = 
diameter at breast height in m².

Sorensen Similarity Index
In order to assess the floristic similarity among the three study sites included in this 
investigation, the Sorensen Similarity Index (ISS) was employed. This index allowed for a 
comparison of the shared plant species between the study sites, providing insights into 
their floristic resemblance. ISS = [(2C) /(A+B) *100]

Morisite-Horn Index
The Morisita-Horn model is widely utilized as a means to quantify similarity between 
ecological communities. This model possesses certain attributes that render it valuable, 
such as its ability to minimize the influence of species richness and sample size. 
However, it is worth noting that the model is greatly influenced by the abundance of 
the most common species within the communities being compared. Where, IM-H = 2 θ 
(ani bni) / [(da + db) (aN) (bN)]. Where, aN = number of individuals of community A, 
and ani = number of individuals of the ith species in A. is = θ an² /aN².
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Statistical analysis
The mean values of vegetation height, diameter at breast height, and crown diameter 
per plot were analyzed using the t-student test for independent samples. This statistical 
test was employed to compare the means and determine the presence of significant 
differences in the 

dasometric variables among the study sites. By applying this test, we obtained an 
indicator of the observed significant differences in the dasometric variables between the 
different study sites.

Results

Average height and diameter
The shade trees associated with cocoa in SA 1 and SA 2 exhibit larger dimensions, with 
an average height of 16.40 m and 15.47 m, and a crown diameter of 7.55 m and 7.38 
m, respectively, as indicated in table 2. In contrast, the trees in SA 3 are comparatively 
smaller in terms of height and diameter.

Table 2. Average height and diameter of cocoa and associated trees

Sites Cocoa shade trees
Height 

(m)
Diameter 

(m)
Height 

(m)
Diameter 

(m)

SA 1 5.16 4.82 16.40 7.55
SA 2 4.87 4.91 15.47 7.38

SA 3 5.53 3.88 11.67 4.72

Basal area
The average basal area of cocoa trees within the 3 to 7-meter stratum is recorded as 
21.7 m2, as presented in table 3. In comparison, the associated plants in the other strata 
of SA 1 and SA 2 exhibit larger average basal areas of 156 m2 and 208 m2, respectively, 
within the agrosystems. Notably, the basal area of cocoa trees and shade trees in SA 3 is 
significantly smaller when compared to the other study sites.

Table 3. Total basal area of cocoa agrosystems

Height 
stratum

SA 1 SA 2 SA 3

Basal 
Area 
(m2)

Trees m2 
ha-1

Basal 
Area 
(m2)

Trees m2 
ha-1

Basal 
Area 
(m2)

Trees m2 
ha-1

3-7 m 21.88 3321 23.15 7494 20.25 1254
8-11 m 38.71 565 28.44 2718 28.44 678
12-15 m 79 159 79 656 63.99 267
16-19 m 240 24 255 126 79 141
>20 m 270 12 470 49 11



Ingeniería y Competitividad vol 25(3) 2023, e-20112482 , Sept-dic 8 /15

Field sampling
A total of 16 families were identified within the three cocoa agrosystems selected 
as study sites, as indicated in table 4. Among these families, Fabaceae displayed the 
highest number of species, with a total of six species. Sapotaceae was represented by 
three species, while Malvaceae, Anacardiaceae, Bignoniaceae, Lauraceae, Meliaceae, 
Moraceae, and Rutaceae each had two species within the agrosystems.

Table 4. Tree species are found in three cocoa agrosystems in Comalcalco, Tabasco

Family Scientific name
Common 

name

Height 

(m)
Agrosystems

SA 1 SA 2 SA 3

Anacardiaceae Mangifera indica Mango
10-30

X

Spondias mombin Jobo 10-30 X X X
Spondias purpurea Ciruela 3-8 X

Annonaceae Annona muricata Guanábana 3-8 X
Annona reticulata Annona 6-8 X

Bignoniaceae Tabebuia rosea Maculis 10-30 X X X
Burseraceae Bursera simaruba Palo mulato 20-35 X
Fabaceae Erythrina americana Mote 10-30 X X

Inga jinicuil Jinicuil 12-15 X X
Gliricidia sepium Cocoite 12-20 X
Tamarindus indica Tamarindo 10-30 X X
Samanea saman Samán 25-50 X X
Leucaena 

leucocephala
Guaje 3-6 X

Lauraceae
Cinnamomum 

zeylanicum
Canela 10-15 X

Persea schiedeana Chinin 8-25 X
Persea americana Aguacate 10-20 X X

Malpighiaceae Byrsonima crassifolia Nance 3-7 X
Malvaceae Ceiba pentandra Ceiba 20-70 X X

Guazuma ulmifolia Guácimo 8-15 X
Meliaceae Cedrela odorata Cedro 10-35 X X X

Swietenia 

macrophylla
Caoba 35-50 X

Moraceae Artocarpus altilis Castaña 12-21 X
Castilla elástica Hule 20-25 X

Myrtaceae Pimenta dioica Pimienta 6-8 X
Psidium guajava Guajava 3-10 X
Syzygium jambos Pomarrosa 10-16 X

θRutaceae Citrus latifolia Limón 3-6 X
Citrus sinensis Naranja 9-10 X
Citrus nobilis Mandarina 2-6 X

Citrus aurantium
Naranja 

agria
3-5 X

Sapindaceae Talisia olivaeformis Guaya 15-20 X
Nephelium 

lappaceum
Rambutan 12-20 X

Sapotaceae
Chrysophyllum 

cainito
Caimito 10-25 X

Manilkara sapota 25-30 X
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Pouteria sapota Zapote 15-45 X X

Oxalidaceae Averrhoa carambola Carambola 3-5 X

Bixaceae Bixa orellana Achiote 2-5 X
Boraginaceae Cordia alliodora Laurel 7-25 X
Caricaceae Carica papaya Papaya 2-8 X
Musaceae Musa paradisiaca Platano 1-3 X
Muntingiaceae Muntingia calabura Capulin 3-8 X
Rubiaceae genipa americana Jagua 15-25 X

Similarity indices
In terms of the similarity between the study sites (as shown in table 5), Sorensen’s 
qualitative index indicates that SA 1 and SA 2 exhibit the highest similarity in terms of 
species composition. On the other hand, the Morisita-Horn index suggests that the 
three study sites have a similar overall structure, considering both species composition 
and their relative abundance. SA 1 and SA 2 demonstrate a similarity of 27.46%, 

followed by SA 2 and SA 3 with 27.27%, while SA 1 and SA 3 exhibit a slightly lower 
similarity in structure at 26.52%.

Table 5. Pairwise similarity of study sites

Sites Sorensen (Qualitative) Morisita-Horn (Quantitative)

SA 1 - SA 2 69 27
SA 2 - SA 3 48 27
SA 1 - SA 3 40 26

Statistical analysis of dasometric variables
Among the dasometric variables examined, the diameter of the tree crown was the only 
one that exhibited statistically significant differences (p < 0.05) when comparing the 
means between the study sites, as presented in Table 6.

Table 6. Significant differences in the averages of the diameter of the Crown

Mean N TREAT
A 6.1742 10 SA 2
A 5.9353 10 SA 1
B 4.5151 10 SA 3

Based on the calculated values for the sites Aldama-Zapotal, Zapotal-Greene, and 
Aldama-Greene, the obtained values of TT = ± 2.2622 and FT = 3.18, with θ = 0.05, 
indicate the presence of statistically significant differences, as indicated in Table 7.
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Table 7. Average comparison values for the variables height, diameter at breast height, 
crown diameter and basal area.

Variables SA 1 - SA 3 SA 2 - SA 3 SA 1 - SA 2
t Value Value F t Value Value r F t Value Value F

DHB 2.11 4.52 -1.11 4.76 0.02 7.24
CROWN 4.66 2.09 -5.11 2.19 -0.33 4.58
HEIGHT 1.58 4.40 -0.14 4.36 1.29 4.91
BA 2.54 3.22 -1.03 53.73 -0.32 16.67

Discussion

As a result of habitat fragmentation and loss, certain species including insects, 
birds, amphibians, reptiles, and mammals have sought refuge in cocoa and coffee 
agrosystems (21). It is important to acknowledge that these available habitats cannot 
be compared to pristine rainforests, which offer ideal conditions for many species 
due to their biotic and abiotic processes. However, for some endangered species, 
agrosystems represent their only available habitat. These agrosystems possess the 
potential to provide suitable habitats for wildlife conservation due to their tree diversity 
and canopy structure across different strata (1). The presence of various strata within 
cocoa plantations offers numerous benefits and ecosystem services, including water 
collection and purification, soil conservation, crop pollination, carbon sequestration, 
decomposition of organic waste, species conservation, protection against ultraviolet 
rays, partial climate stabilization, and the aesthetic appeal of natural environments 
(22). Consequently, it is important to consider providing economic incentives or 
implementing payment programs for environmental services to small-scale producers. 
This approach would encourage them to conserve and enhance tree cover in their 
cocoa plantations (23).

The presence and behavior of shade trees in cocoa agrosystems play a significant role 
in plant-animal interactions, population dynamics, and the evolutionary processes 
of animals that rely on plants for sustenance (24; 25). Both abiotic and biotic factors 
influence the structural characteristics of agrosystems, such as canopy height and 
species distribution, which are crucial for maintaining diverse strata and the abundance 
of trees (26). The dynamic of shade trees in cocoa agrosystems holds great importance 
due to their composition, structure, and diversity, as they create favorable conditions 
to support the conservation of wildlife species (14). The dynamic of shade trees in 
cocoa agrosystems is commonly classified into five levels, including the emerging layer, 
canopy, undergrowth, and soil layer (27; 28). Additionally, the dynamic of shade trees 
in cocoa agrosystems is classified as high, medium, low, and floor, indicating different 
levels of presence and distribution (29).

Certain tree species found in these study sites serve as fruit trees, including Citrus 
sinensis, Mangifera indica, Annona muricata, and Persea americana. Other trees present 
are valued for their use in forestry, such as Tabebuia rosae and Tabebuia guayacan. 
Notably, species like Cedrela odorata and Swietenia macrophylla, categorized as 

https://doi.org/10.1002/ajp.22276
https://doi.org/10.1007/s10457-014-9777-3
https://doi.org/10.22201/fesi.20072082.2013.6.76105
https://doi.org/10.1007/978-94-007-1309-3_5
https://doi.org/10.1590/S0100-84042000000100002
https://doi.org/10.15446/abc.v20n3.46721
https://doi.org/10.1080/07303084.2003.10608377
https://doi.org/10.1139/x00-050
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vulnerable according to the IUCN, are also found in these areas. Promoting the 
presence of shade trees in cocoa agrosystems is crucial for the conservation of wildlife 
species, as they create biological corridors that facilitate the movement and shelter 
of birds, insects, and mammals (30). Diversification in agrosystems has become an 
important strategy for producers to mitigate economic losses resulting from price 
fluctuations and low coffee and cocoa production (31). These strategies primarily 
involve diversifying the range of crops, including staple crops, vegetables, fruits, timber, 
ornamental plants, and even animals (32). 

By incorporating shade trees and enhancing biodiversity within the system, 
diversification can improve the provision of ecosystem services without compromising 
coffee production (33).

In this study, the average height of trees was recorded as 11.67 m, with an average 
basal area of 38.71 m2 and a tree density of 49 m2 ha-1. These characteristics are similar 
to those observed in Mexico, where the average height is 11.28 m, the basal area is 
34.1 m2, and the tree density is 45.75 m2 ha-1 (34). In Cameroon, on the other hand, the 
mean height is 55.5 m, the basal area is 48.7 m2, and the density is 51.3 m2 ha-1 (30). In 
Indonesia, the mean height is reported as 11.56 m, the basal area as 56.87 m2, and the 
density as 77.5 m2 ha-1 (10). Ghana shows a mean height of 15.1 m, a basal area of 42.8 
m2, and a density of 49 m2 ha-1 (35). In Ecuador, the mean height is reported as 12.1 m, 
the basal area as 37.7 m2, and the density as 54.6 m2 ha-1 (11). Lastly, in Costa Rica, the 
mean height is 21.1 m, the basal area is 25.5 m2, and the density is 61 m2 ha-1 (36).

The presence of arboreal fauna at different levels of stratification is closely associated 
with the structural diversity of trees, making them vital components for biodiversity 
richness. In our study site, cocoa agrosystems serve as the primary habitat for wildlife, 
representing the closest resemblance to a natural forest due to the dynamic of shade 
trees within the cocoa agrosystems. Within these agrosystems, various habitats can 
be identified: 1) house gardens and cover crops: These areas support a wide range of 
fauna, including insects, spiders, and some mammals such as anteaters, wild boars, 
tapirs, and jaguars. The substantial amount of litter that falls to the ground in these 
areas is rapidly decomposed by termites, worms, and fungi, 2) ornamental shade 
and fruit trees: These trees provide habitats for snakes and certain bird species. They 
contribute to the diversity of fauna found within the agrosystems, 3) managed foliage 
and nitrogen-fixing legumes: These areas attract a variety of birds, including toucans, as 
well as mammals, reptiles, and amphibians. The presence of foliage and legumes creates 
suitable conditions for their survival, 4) emergent production palms and trees: These tall 
trees are particularly important for bird species like the scarlet macaw and other unique 
species. They serve as essential habitats within the 

agrosystems. The dynamic of shade trees in cocoa agrosystems plays a crucial role in 
providing these diverse habitats for wildlife, compensating for the loss of natural forest 
habitats.

Conclusion

Field measurements were conducted to determine the dasometric variables of shade 
trees within cocoa agrosystems. These variables included canopy height, crown 
diameter, and diameter at breast height. The information obtained from these 
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measurements is crucial for calculating the index of importance and forest value of 
the shade trees. These attributes are significant as they can serve as input variables 
or parameters for predicting available habitats using ecological niche models and 
assessing habitat quality, particularly for birds and arboreal primates. Cocoa plantations, 
thanks to the presence of shade trees, have the potential to serve as important refuge 
areas for various species, including insects, birds, amphibians, reptiles, and mammals. 
This is especially evident when comparing them to more intensive agricultural practices 
that lack such diverse habitats. To enhance the assessment of shade tree dynamics in 
cocoa agrosystems, the use of LiDAR technology is recommended. This tool allows 
for the measurement of parameters related to shade tree dynamics and enables 
the quantification of species-habitat relationships. Such information is valuable for 
supporting conservation efforts and promoting the persistence of local populations.

1. McDermott, M. E., Rodewald, A. D., & 
Matthews, S. N. (2015). Managing tropical 
agroforestry for conservation of flocking 
migratory birds // Agroforestry Systems, 
89(3), 383-396.
https://doi.org/10.1007/s10457-014-
9777-3.

2. Bisseleua, D. H. B., Missoup, A. D., & 
Vidal, S. (2009). Biodiversity conserva-
tion, ecosystem functioning, and econo-
mic incentives under cocoa agroforestry 
intensification // Conservation biology, 
23(5), 1176-1184. doi: 10.1111/j.1523-
1739.2009.01220.x
https://doi.org/10.1111/j.1523-
1739.2009.01220.x

3. Greenberg, R. (2014). Biodiversity in the 
Cacao Agroecosystem: Shade Manage-
ment and Landscape Considerations // 
Migratory Bird Center Website. Smithso-
nian Institution, Washington, DC, 1-12.
 
4. Cattanio, J. H., Anderson, A. B., & Car-
valho, M. S. (2002). Floristic composition 
and topographic variation in a tidal floo-
dplain forest in the Amazon Estuary // 
Brazilian Journal of Botany, 25, 419-430.
https://doi.org/10.1590/S0100-
84042002012000006

 

5. Ordoñez, C. M., & Rangel-Ch, J. O. 
(2020). Composición florística y aspec-
tos de la estructura de la vegetación en 
sistemas agroforestales con cacao (Theo-
broma cacao L.-Malvaceae) en el depar-
tamento del Huila, Colombia // Revista 
de la Academia Colombiana de Ciencias 
Exactas, Físicas y Naturales, 44(173), 
1033-1046. doi: 10.18257/raccefyn.1183
https://doi.org/10.18257/raccefyn.1183
 
6. Somarriba, E., & Orozco Aguilar, L. 
(2005). Árboles maderables en fincas de 
cacao orgánico del Alto Beni, Bolivia // 
Agroforestería en las Américas.

7. Sonwa, D. J., Weise, S. F., Nkongme-
neck, B. A., Tchatat, M., & Janssens, M. J. 
(2017). Structure and composition of co-
coa agroforests in the humid forest zone 
of Southern Cameroon // Agroforestry 
systems, 91(3), 451-470.
https://doi.org/10.1007/s10457-016-
9942-y
 
8. Oke, D. O., & Odebiyi, K. A. (2007). 
Traditional cocoa-based agroforestry 
and forest species conservation in Ondo 
State, Nigeria // Agriculture, Ecosystems 
& Environment, 122(3), 305-311. doi: 
10.1016/j.agee.2007.01.022
https://doi.org/10.1016/j.
agee.2007.01.022

References



13/15 The dynamic of forest value index of shade trees in cocoa agrosystems

 9. Oke, D. O., & Odebiyi, K. A. (2007). 
Traditional cocoa-based agroforestry and 
forest species conservation in Ondo State, 
Nigeria. Agriculture, Ecosystems & Envi-
ronment, 122(3), 305-311.
https://doi.org/10.1016/j.agee.2007.01.022
 
10. Tolangara, A., Ahmad, H., & Liline, S. 
(2019). The Composition and Important 
Value Index of Trees for Wildlife Feed in 
Bacan Island, South Halmahera // In IOP 
Conference Series: Earth and Environmen-
tal Science (Vol. 276, No. 1, p. 012037). 
IOP Publishing. doi: 10.1088/1755-
1315/276/1/012037.
https://doi.org/10.1088/1755-
1315/276/1/012037
 
11. Jadán, O., Torres, B., Selesi, D., Peña, 
D., Rosales, C., & Günter, S. (2016). Diver-
sidad florística y estructura en cacaotales 
tradicionales y bosque natural (Suma-
co, Ecuador) // Colombia forestal, 19(2), 
5-18. doi: 10.14483/udistrital.jour.colomb.
for.2016.2.a01
https://doi.org/10.14483/udistrital.jour.
colomb.for.2016.2.a01

12. Vebrova, H., Lojka, B., Husband, T. P., 
Zans, M. E. C., Van Damme, P., Rollo, A., & 
Kalousova, M. (2014). Tree diversity in ca-
cao agroforests in San Alejandro, Peruvian 
Amazon // Agroforestry systems, 88(6), 
1101-1115.
https://doi.org/10.1007/s10457-013-
9654-5
 
13. Gutiérrez, F. S., Pérez-Flores, J., Olan, 
J. J. O., Sánchez, A. S., & Ruiz-Rosado, O. 
(2017). Árboles maderables en el sistema 
agroforestal de cacao en Cárdenas, Tabas-
co, México // Revista Mexicana de Cien-
cias Agrícolas, (14), 2711-2723.
https://doi.org/10.29312/remexca.
v0i14.440
 
14. Salgado-Mora, M. G., Ibarra-Núñez, 
G., Macías-Sámano, J. E., & López-Báez, O. 
(2007). Diversidad arbórea en cacaotales 

del Soconusco, Chiapas, México // Inter-
ciencia, 32(11), 763-768.
 
15. Bolfe, É. L., & Batistella, M. (2012). 
Análise florística e estrutural de siste-
mas silviagrícolas em Tomé-Açu, Pará // 
Pesquisa Agropecuária Brasileira, 46(10), 
1139-1147.
https://doi.org/10.1590/S0100-
204X2011001000004
 
16. Sánchez-Gutiérrez, F., Pérez-Flores, 
J., Obrador Olan, J. J., Sol Sánchez, Á., & 
Ruiz-Rosado, O. (2016). Estructura arbórea 
del sistema agroforestal cacao en Cárde-
nas, Tabasco, México // Revista Mexicana 
de Ciencias Agrícolas, (14).
https://doi.org/10.29312/remexca.
v0i14.439
 
17. Muñoz, D., Estrada, A., Naranjo, E., 
& Ochoa, S. (2006). Foraging ecology of 
howler monkeys in a cacao (Theobroma 
cacao) plantation in Comalcalco, Mexico 
// American Journal of Primatology, 68(2), 
127-142. doi: 10.1002/ajp.20211
https://doi.org/10.1002/ajp.20211
 
18. Rugnitz T, Chacon M, Porro R. Guia 
para la determinacion de carbono en 
pequeñas propiedades rurales (No. F61 
R8). Ministerio de Agricultura, Lima (Peru). 
2009.

19. Somarriba, E. (2004). ¿ Cómo evaluar 
y mejorar el dosel de sombra en cacao-
tales?. Agroforestería en las Américas, 
números 41-42 (2004), páginas 120-128.
 
20. Scheelje, B. J. M. (2009). Índice de la 
legislación sobre el aprovechamiento del 
recurso maderable en sistemas silvopas-
toriles de Costa Rica // CATIE. 177 p.
 
21. Zárate, D. A., Andresen, E., Estrada, A., 
& Serio‐silva, J. C. (2014). Black howler 
monkey (Alouatta pigra) activity, foraging 
and seed dispersal patterns in shaded 



Ingeniería y Competitividad vol 25(3) 2023, e-20112482 , Sept-dic 14/15

cocoa plantations versus rainforest in 
southern Mexico // American Journal 
of Primatology, 76(9), 890-899. doi: 
10.1002/
ajp.22276
https://doi.org/10.1002/ajp.22276
 
22. Macip Ríos, R., & Macip, R. F. (2013). 
Pago por servicios ambientales (ecosis-
témicos) en México ¿Una alternativa para 
la conservación de la biodiversidad y el 
desarrollo? // Biocyt biología, ciencia y 
tecnología, 6, 375-387.
https://doi.org/10.22201/
fesi.20072082.2013.6.76105
 
23. Idol, T., Haggar, J., & Cox, L. (2011). 
Ecosystem services from smallholder 
forestry and agroforestry in the tropics // 
In Integrating agriculture, conservation 
and ecotourism: examples from the field 
(pp. 209-270). Springer, Dordrecht.
https://doi.org/10.1007/978-94-007-
1309-3_5
 
24. Talora, D. C., & Morellato, P. C. 
(2000). Fenologia de espécies arbóreas 
em floresta de planície litorânea do 
sudeste do Brasil // Brazilian Journal 
of Botany, 13-26. doi: 10.1590/S0100-
84042000000100002
https://doi.org/10.1590/S0100-
84042000000100002
 
25. Vílchez, B., & Rocha, O. (2004). Feno-
logía y biología reproductiva del naza-
reno (Peltogyne purpurea Pittier) en un 
bosque intervenido de la Península de 
Osa, Costa Rica // América Central. Re-
vista Forestal Mesoamericana Kurú, 1(1), 
47-60.
 
26. Llambí, L. D. (2015). Estructura, diver-
sidad y dinámica de la vegetación en el 
ecotono bosque-páramo: revisión de la 
evidencia en la Cordillera de Mérida // 
Acta Biológica Colombiana, 20(3). doi: 
10.15446/abc.v20n3.46721.
https://doi.org/10.15446/abc.
v20n3.46721

 27. Minton, S. (2003). Using movement 
to teach academics: An outline for suc-
cess // Journal of physical education, 
recreation & dance, 74(2), 36-40. doi: 
10.1080/07303084.2003.10608377
https://doi.org/10.1080/07303084.2003.1
0608377
 
28. Pelt, R. V., & Franklin, J. F. (2000). In-
fluence of canopy structure on the un-
derstory environment in tall, old-growth, 
conifer forests // Canadian Journal of 
Forest Research, 30(8), 1231-1245.P. doi: 
10.1139/x00-050
https://doi.org/10.1139/x00-050
 
29. Somarriba, E., Domınguez, L., & Har-
vey, C. (2004). ¿Cómo evaluar y mejorar 
el dosel de sombra en cacaotales // 
Agroforestería en las Américas, 41(42), 
120-128.
 
30. Mbolo, M. M. A., Zekeng, J. C., Mala, 
W. A., Fobane, J. L., Chimi, C. D., Nga-
vounsia, T., Nyako, C. M., Menyene, L. F. 
E., & Tamanjong, Y. V. (2016). The role of 
cocoa agroforestry systems in conserving 
forest tree diversity in the Central region 
of Cameroon // Agroforestry systems, 
90(4), 577-590.
https://doi.org/10.1007/s10457-016-
9945-8
 
31. Allinne, C., Savary, S., & Avelino, J. 
(2016). Delicate balance between pest 
and disease injuries, yield performan-
ce, and other ecosystem services in the 
complex coffee-based systems of Costa 
Rica // Agriculture, Ecosystems & En-
vironment, 222, 1-12. doi: 10.1016/j.
agee.2016.02.001
https://doi.org/10.1016/j.
agee.2016.02.001
 
32. Meneses, F. H., Vargas, A. L. L., Por-
tilla, E. P., Solano, V. M. C., & Cárdenas, 
S. D. (2012). Diversificación productiva 
café-plantas ornamentales en La Sidra, 
Atzacan, Veracruz // Revista de Geografía 
Agrícola, (48-49), 39-50.



15/15 The dynamic of forest value index of shade trees in cocoa agrosystems

 
33. Rodríguez, P. A., & Delgado, J. R. M. 
(2014). La diversificación en sistemas 
agroforestales cafeteros del Tolima: una 
respuesta a la crisis // Revista Agrofores-
tería Neotropical, (4).
 34. Valencia, V., García-Barrios, L., West, P., 
Sterling, E. J., & Naeem, S. (2014). The role 
of coffee agroforestry in the conservation 
of tree diversity and community com-
position of native forests in a Biosphere 
Reserve // Agriculture, ecosystems & 
environment, 189, 154-163. doi: 10.1016/j.
agee.2014.03.024
https://doi.org/10.1016/j.
agee.2014.03.024
 
35. Abdulai, I., Jassogne, L., Graefe, S., 
Asare, R., Van Asten, P., Läderach, P., & 
Vaast, P. (2018). Characterization of co-
coa production, income diversification 
and shade tree management along a 
climate gradient in Ghana // PLoS One, 
13(4), e0195777. doi: 10.1371/journal.
pone.0195777
https://doi.org/10.1371/journal.
pone.0195777
 
36. Cerda, R., Deheuvels, O., Calvache, D., 
Niehaus, L., Saenz, Y., Kent, J., & Somarri-
ba, E. (2014). Contribution of cocoa agro-
forestry systems to family income and 
domestic consumption: looking toward 
intensification // Agroforestry systems, 
88(6), 957-981.
https://doi.org/10.1007/s10457-014-
9691-8
 


	Titulo
	Abstract
	Keywords
	Cómo citar
	Correspondencia
	Contribución
	Graphical Abstract
	Introduction
	Methodology
	Results 
	Discussion
	Conclusion
	References

