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Abstract: This study analyzes tree diversity and its ecological importance value in silvopastoral systems in the 
Sumaco Biosphere Reserve (SBR), Ecuador, along an altitudinal gradient of 400-2000 masl. Twenty-six plots 
distributed in low (400-700 masl), medium (701-1600 masl) and high (1601-2000 masl) zones were used. The 
Shannon index and the Importance Value Index (IVI), based on abundance, dominance and relative frequency, 
were estimated. The results show variations in the diameter structure of the trees, influenced by factors such 
as settlement history and pasture management. The lower and middle zones showed higher tree density and 
diversity, linked to regeneration and the presence of nearby forests. Species of high commercial value, such as 
Cedrela odorata and Jacaranda copaia, were common, reflecting knowledge of the local timber market. In the lower 
and middle zones, the 10 most important species accounted for more than 70% of the trees, and up to 96% in 
the upper zone, indicating the need for further research on abundance factors and promotion of diversification 
in pastures. A total of 51 tree species were identified, mostly native, 64.7% are classified by the IUCN as "Least 
Concern", 31.4% as "Not Evaluated", and 3.9% as "Vulnerable", specifically highlighting Cedrela odorata and 
Cedrela Montana. The study concludes with policy recommendations related to the importance of trees in 
silvopastoral systems for the conservation of species and the livelihoods of local communities, highlighting the 
need for responsible management of Amazonian pasturelands. 

Keywords: trees in grasslands; diversity indices; endangered species; Ecuadorian Amazon 
 

1. Introduction 

Tree diversity is a key element in ecological resilience and the provision of multiple ecosystem 
services in traditional silvopastoral systems [1–3]. These systems, which integrate dispersed trees in 
pastures, are being recognized for their environmental [4–6] and economic benefits [7–9], 
highlighting the importance of tree diversity, which motivates an intense analysis along the Andean-
Amazonian altitudinal gradient [7,10].  

The presence of trees in pastures favors the improvement of biodiversity [11,12] and soil quality 
[13,14], while enhancing carbon sequestration [7,15] and the provision of other key ecosystem 
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services [14]. The capture and storage of atmospheric carbon is essential for climate change 
mitigation, and trees on pastures contribute significantly to this process [4,16]. Several studies have 
demonstrated that trees in silvopastoral systems act as carbon sinks and store large amounts of 
carbon in the tree biomass and in the soil [12,15,17], not only reduces the concentration of carbon 
dioxide in the atmosphere, but also promotes the resilience of the systems to extreme climatic events 
by maintaining the stability of the microclimate [18,19]. 

On the other hand, trees generate a direct economic value, as a consequence of the production 
of fruits and wood of commercial interest [20,21]. The presence of fruit trees in silvopastoral systems 
not only diversifies the diet of livestock, but can also generate additional income for farmers [12,22]. 
Likewise, timber trees, such as those destined for the construction industry or furniture 
manufacturing, offer long-term sustainable economic opportunities [23]. This multifunctionality of 
trees in silvopastoral systems underlines their value as key elements for resilience and sustainability 
in both environmental and economic terms [2,12,15], emphasizing the need for a conscious 
management of tree diversity in forests [24]. 

According to Montagnini & del Fierro [25], the presence of tree species in silvopastoral systems 
can promote nutrient retention, reduce erosion and improve soil structure. The positive effect on soil 
health has direct implications for livestock productivity and the long-term sustainability of these 
systems. Therefore, the development of an exploratory study about tree diversity and its ecological 
importance value in silvopastoral systems is a priority step to optimize natural resource management 
and improve the resilience of agro-livestock activities in the current context of environmental and 
climatic challenges [1,2,26]. 

In this context, this study conducted in an area widely recognized as a hotspot of biodiversity 
and endemism [27–29], in the Ecuadorian Amazon Region (RAE) has the following objectives: (a) to 
know the tree diversity in grasslands with scattered trees; (b) to determine the abundance of tree 
species and their value of ecological importance; and (c) to analyze the density of trees and their 
conservation status in Ecuador and according to the International Union for Conservation of Nature 
(IUCN), in silvopastoral systems along the altitudinal gradient of the Sumaco Biosphere Reserve 
(BSR) in the Ecuadorian Amazon. 

2. Materials and Methods 

2.1.Á. rea de estudio 

The study was conducted among households engaged in livestock-based livelihood 
strategies[30] in an altitudinal gradient within the Sumaco Biosphere Reserve (SBR). The SBR is about 
one million ha in size [31] and, according to the last multi-temporal assessment conducted in 2013, it 
had about 53% primary forest, 28% secondary forest and 9% grassland (81,693 ha) [31]. Three 
Amazonian cantons located within the SBR were selected for this study: a) Arosemena Tola (low zone 
from 400 to 700 masl); b) Archidona (middle zone from 701-1600 masl); and c) Quijos (Amazon high zone 
from 1601-2000 masl) (Figure 1). The whole study area is part of the world's biodiversity hotspots 
(Western Amazon Highlands) [29,32]. The predominant bioclimatic conditions vary along the 
altitudinal gradient studied, with a mean annual temperature of 35.67 °C and annual precipitation of 
5209 mm in the low zone, 33.65 °C and 4728 mm in the middle zone; 26.70 °C and 2205 mm in the high 
zone [7]. 
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Figure 1. Study area location and temporary plots established along the altitudinal gradient. 

2.2. Sampling and data collection 

The selection criteria for farm selection were pasture area ≥ 0.5 ha, with at least one pasture plot 
with scattered trees, at a canopy cover ≥ 10% [4, 6, 7, 10]. Thus, 26 circular temporary plots of 2826 m2 
were installed, in pasture with scattered trees, distributed among the three zones (Figure 2 and Table 
1). 

 

Figure 2. Grassland system with scattered trees: a) Amazonian high zone, b) middle zone, c) low zone, 
d) team in the Amazonian high zone. 
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Table 1. Characteristics of livestock producers along the altitudinal gradient, Sumaco Biosphere 
Reserve, Napo Province, Ecuadorian Amazon. 

Variable 
Amazon Altitudinal gradient (zone) 

p-Valor 1 
Low Middle  High  

Elevation range (masl) 400 – 700 701 – 1600 1601 – 2000 - 

Average elevation (masl) 543.1a 1114.1 b 1778.0 c *** 

Year of settlement 1975 1984 1952 n.s 

Ethnicity of head of household (% 

Kichwa) 

0.0 a 56.1 b 0.0 a *** 

1 p-Value: *** p < 0.01; n/s = non-significance. Letters in superscript denote significant differences between 
altitudinal gradients. 

2.3. Data analysis 

Shannon's diversity index (H) and the Equity (E) of each species were determined to consider 
both the abundance and the variety of species present in each zone along the studied gradient. 
Rarefaction curves were used to statistically represent the accumulation of species in relation to the 
number of samples, which is useful in several sampling approaches [33]. 

 
The Importance Value Index (IVI) was calculated for each species [34] and  
[IVI = relative abundance + relative dominance + relative frequency] 
 
Where: 

• Relative abundance = number of individuals ha-1 
• Relative dominance = basal area (m2 ha-1) 
• Frequency = percentage of plots in which a species is present 

 
SPSS 22.0 for Windows software was used to perform the statistical analyses. Each sample 

collected was considered a priori as a discrete group. Prior to the statistical analyses, the normality 
of the data distribution was evaluated using the Kolmogorov-Smirnov test (with the Lilliefords 
correction). For those variables that did not show a normal distribution, the Bartlett test was applied 
to assess that the data had equal variances. Quantitative variables (original and adjusted) were 
analyzed by means of a one-way analysis of variance (ANOVA) qualitative variables were compared 
with the Kruskal–Wallis test [35]. 

On the other hand, regarding the uses of the analyzed species, a verification of the main uses 
(edible, medicinal, handicraft, material) was carried out in the useful plants of Ecuador published by 
De la Torre et al.[36]. Finally, with respect to the IUCN categories, the "iucn_summary" function of 
the taxize package was used [37] developed for the R programming language environment. 

3. Results and Discussion 

3.1. Richness and floristic composition of silvopastoral system 

The results of the 26 temporary plots of 2826 m2 show a significant variation in species and family 
richness along the altitudinal gradient in the BS. In the lower zone (lower altitude), the highest species 
richness was recorded, with an average of 10.17 ± 3.21 species per hectare, followed by the middle zone 
with 6.63 ± 2.72 and the Amazon high zone with 5.53 ± 2.51 (Table 2). These differences are highly 
significant (p < 0.01) and show a decrease in species and family diversity with increasing altitude. 
This variation may be due to the fact that species distribution patterns are the result of multiple 
ecological processes [38], influenced by geographic differences and environmental factors such as 
climate and soil [39], but on the other hand, the dispersed trees in these pasture systems could be 
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established and managed by populations of mestizo settlers who came at different times and with 
different cultural backgrounds and different inheritance of the ecosystem, according to Torres et al. 
[40]. The first livestock settlements in the SBR occurred in the Amazon highland zone about 70 years 
ago, then in the lower zone about 45 years ago, and finally in the middle zone about 35 years ago, which 
is in agreement with Lei and Zhouping reports [41],  that different stages of succession showed 
different species composition in natural pastures studied in China.  

The Shannon index, which measures species diversity, shows no significant differences between 
the three altitudinal zones, indicating a similar relative distribution of species in all of them. Similarly, 
Simpson's index and Equity index do not show significant differences. Regarding tree density, it is 
observed that the low zone shows the highest density with an average of 193 ± 97.23 trees per hectare, 
followed by the high zone with 101 ± 41.54 and the medium zone with 83.25 ± 38.33. These differences 
are significant (p < 0.01) between the low zone compared to the medium and high zones. In contrast, 
basal area (m2), average diameter at breast height (DBH) and maximum DBH did not show significant 
differences between the three altitudinal zones studied. 

 Table 2. Averages and standard deviations of floristic composition, diversity index and structural 
parameters in plots (2826 m2) along the altitudinal gradient, Napo, Sumaco Biosphere Reserve, 
Ecuadorian Amazon. 

 

Variable 

Amazon Altitudinal gradient (zone) Average p-Value 1 

Low 

n=12 

Middle  

n=8 

High  

n=6 
  

Richness (species) 10.17 ±3.21a 6.63 ±2.72ab 5.53 ±2.51b 7.96 ± 3.49 *** 

Richness (family) 8.50 ±2.23a 6.13 ±2.58ab 4.67 ±1.63b 6.88 ± 2.68 *** 

Shannon  1.63 ±0.45 1.50 ±0.52 1.25 ±0.44 1.50 ± 0.47 n/s 

Simpson  0.7 ±0.14 0.68 ±0.16 0.62 ±0.19 0.67 ± 0.15 n/s 

Equity 0.57 ±0.19 0.73 ±0.09 0.71 ±0.12 0.65 ± 0.16 n/s 

Ha-1      

Tree density  193 ±97.23a 83.25 ±38.33b 101 ±41.54b 138 ± 87.50 *** 

Basal area (m2) 8.67 ±4.23 4.19 ±3.65 6.03 ±4.97 6.68 ± 4.53 n/s 

Average DBH (cm) 20.32 ±5.39 22.37 ±11.82 22.85 ±12.69 21.53 ± 9.24 n/s 

Maximum DBH (cm) 27.78 40.67 41.54 41.54  
1 p-Value: *** p < 0.01; n/s = non-significance. Letters in superscript denote significant differences between 
altitudinal gradients. 

Tree species rarefaction curves indicate lower tree species richness in grasslands in the high zone 
compared to the low and middle zones. These differences in species richness follow the same pattern 
both in the analysis by number of plots and by number of individuals. (Figure 3).  

Figure 3. Rarefaction curves: a) Tree species richness based on temporary plots of 2826 m2 and b) Tree 
species richness based on individuals (trees with DBH ≥10 cm). 

Figure 4 shows the distribution of trees at the diameter class level (DBH ≥10 cm) in the three 
altitudinal gradients. In the lower zone, there was a greater presence of trees with diameters less than 
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30 cm (DBH), with an average of 155 individuals /ha-1 in this range. In addition, 31 individuals were 
recorded /ha-1 with diameters between 30 and 50 cm (DBH), while only 6 individuals were recorded 
/ha-1 with diameters greater than 50 cm (DBH). In contrast, in the middle zone, trees with a DBH of less 
than 30 cm predominated, with an average of 68 individuals /ha-1. Trees with DBH between 30 and 
50 cm were an average of 11 individuals /ha-1, and those with an average DBH of 50 cm were 39 
individuals /ha-1. Finally, in the high zone, 87 individuals were identified /ha-1 with DBH less than 30 
cm. The presence of trees with DBH between 30 and 50 cm was an average of 8 individuals /ha-1, and 
with an average of 6 individuals with a DBH greater than 50 cm /ha-1. 

 

 

Figure 4. Stem diameter distribution (DBH ≥10 cm) at three altitude levels in silvopastoral systems. 
Letters in superscript denote significant differences between altitudinal gradients (p < 0.01). 

3.2. Abundance of tree species and value of ecological importance 

Among the most important shade tree species in the lower zone, Cordia alliodora (Cordiaceae) 
stands out with a high relative abundance (RA) of 27.37% and a relative density (RD) of 16.97%. In 
the middle zone, Cordia alliodora continues to be important, but there is an increase in the dominance 
of Jacaranda copaia (Bignoniaceae) with a RD of 21.12%. In addition, Piptocoma discolor (Asteraceae) 
has a high relative frequency (RF) of 11.32%. In the high zone, Ficus sp. (Moraceae) emerges as the 
most relevant species, with a RA of 5.85% and a RD of 53.51%. Heliocarpus americanus (Malvaceae) 
also stands out with an AR of 25.15% and a RD of 21.41% (Table 3). 

The importance value indices (IVI) reveal the most influential species in each altitudinal zone. 
In the low zone, Cordia alliodora, Jacaranda copaia and Psidium guajava have high IVIs of 17.24, 12.96 
and 9.91 respectively. Meanwhile, in the middle zone, Cordia alliodora and Piptocoma discolor are 
dominant with IVIs of 14.76 and 11.97, respectively. Finally, in the high zone, Ficus sp. and Heliocarpus 
americanus stand out with IVIs of 23.95 and 21.77, respectively. The IVI made it possible to identify 
the 10 tree species with the greatest ecological importance in the pasture systems with dispersed trees 
along the altitudinal gradient studied (Table 3). The abundance of species in the three zones should 
be studied further to determine associated factors such as seed production in the zone or the ease of 
propagation through natural regeneration as reported by Villanueva et al. [42] and Esquivel [43] in 
cattle ranches in Costa Rica. 

Table 3. List of the most important shade tree species with their relative abundance (R.A.), relative 
frequency (R.F.), relative dominance (R.D.) and important value indices (IVI) in 26 plots (2826 m2) 
along the studied gradient, Napo, SBR. 

Familia Species R .A. (%) R .F. (%) R.D. (%) IVIs 

Silvopasture low zone (400-700 masl) 

DBH <30 30< DBH <50 DBH <50

8b11b

31a

155a

68b
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66 5

Stem diameter distribution (DBH), cm 
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Low zone
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Cordiaceae Cordia alliodora 27,37 7,38 16,97 17,24 

Bignoniaceae Jacaranda copaia 12,84 4,92 21,12 12,96 

Myrtaceae Psidium guajava 17,58 8,20 3,94 9,91 

Vochysiaceae Vochysia braceliniae 4,43 4,92 10,92 6,76 

Meliaceae Cedrela odorata 3,21 5,74 4,68 4,54 

Fabaceae Piptadenia pteroclada 1,53 4,92 5,44 3,96 

Myristicaceae Virola flexuosa 2,60 1,64 6,99 3,74 

Lauraceae Ocotea spp. 1,99 5,74 3,16 3,63 

Lauraceae Nectandra spp. 2,45 4,10 3,23 3,26 

Asteraceae Piptocoma discolor 2,75 5,74 0,93 3,14 

Subtotal  76,76 53,28 77,37 69,14 

Silvopasture middle zone (701-1600 masl) 

Cordiaceae Cordia alliodora 12,23 5,66 26,39 14,76 

Asteraceae Piptocoma discolor 17,02 5,66 13,21 11,97 

Meliaceae Cedrela odorata 15,96 7,55 4,28 9,26 

Fabaceae Inga spp. 5,85 11,32 6,99 8,06 

Myrtaceae Psidium guajava 10,64 5,66 1,78 6,03 

Fabaceae Inga edulis 3,19 5,66 5,72 4,86 

Lecythidaceae Grias neuberthii 1,60 5,66 6,08 4,44 

Burseraceae Dacryodes peruviana 3,19 1,89 5,92 3,66 

Urticaceae Cecropia membranacea 1,60 5,66 3,10 3,45 

Lauraceae Nectandra spp. 5,32 3,77 1,25 3,45 

Subtotal  76,60 58,49 74,72 69,94 
 

Silvopasture high zone (1601-2000 masl) 

Moraceae Ficus spp. 5,85 12,50 53,51 23,95 

Malvaceae Heliocarpus americanus 25,15 18,75 21,41 21,77 

Myrtaceae Psidium guajava 38,01 9,38 6,38 17,92 

Lauraceae Ocotea spp. 11,11 15,63 5,07 10,60 

Fabaceae Inga spp. 9,94 9,38 5,56 8,29 

Lauraceae Nectandra spp. 4,68 9,38 0,99 5,01 

Rutaceae Citrus limon 1,75 6,25 0,33 2,78 

Meliaceae Cedrela montana 0,58 3,13 2,41 2,04 

Phyllanthaceae Hieronyma oblonga 0,58 3,13 1,80 1,84 

Euphorbiaceae Croton lechleri 0,58 3,13 1,55 1,75 

Subtotal  98,25 90,63 99,00 95,96 

3.3. Tree density, conservation status in Ecuador and IUCN 

Analysis of tree species density in the different altitudinal zones studied reveals notable patterns 
of distribution and abundance. In the lower zone (400-700 masl), Jacaranda copaia leads with the highest 
density, averaging 84 individuals per hectare (ind/ha). It is followed by Psidium guajava, with a 
density of 48 ind/ha, and Cordia alliodora with 18 ind/ha. In contrast, in the middle zone (701-1600 masl), 
Piptocoma discolor stands out as the dominant species, with an average density of 26 ind/ha. It is 
followed by Cordia alliodora with 18 ind/ha and Cedrela odorata with 12 ind/ha. These findings show 
on the one hand the knowledge of the timber markets on the part of the producers in these areas 
where, according to Torres et al. [44] and Mejía et al. [45] wood is still harvested as part of their 
livelihoods, both formally and informally [46]. Finally, in the high zone (1601-2000 masl), Sterculia 
tessmannii emerges as the dominant species, with an average density of 37 ind/ha, while Psidium 
guajava has 28 ind/ha and Inga spp. reports 16 ind/ha (Table 4). Regarding the species identified, their 
use in silvopastoral systems in the Ecuadorian Amazon is frequent [7] due to their high commercial 
value in terms of timber quality, such as Jacaranda copaia, Cordia alliodora, Cedrela odorata, Sterculia 
tessmannii, Cordia alliodora and Cedrela odorata [47–49], in addition to providing shade for livestock 
[50] and storing atmospheric carbon [12]. Meanwhile, Psidium guajava and Inga ssp. stand out for their 
importance in the production of fruits for both human and livestock consumption. [7,51,52]. In 
addition, several authors [53,54] suggest that these species contribute to the improvement of soil 
quality by means of nitrogen fixation, as in the case of Inga spp. 

Regarding biological distribution, it was observed that of the 51 species analyzed in the three 
different altitudinal zones, 49 were native and 2 were non-native: Citrus limon and Citrus sinensis 
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(Rutaceae). In relation to the number of native species, this may be related to the fact that the cattle 
ranchers of the SRB still conserve up to 40% of the area of forest around the pastures on their farms 
[10]. Meanwhile, as far as non-native species are concerned, the use of C. limon and C. sinensis in 
pastures is frequent, due to their benefits as a source of dietary supplementation for dairy cattle for 
their antioxidant, antimicrobial, anti-stress and anti-inflammatory properties [55,56].  

From the 51 species analyzed, according to the IUCN conservation categories, the findings 
indicate that a total of 33 species (64.7%) could currently be classified as "Least Concern" (LC). In 
addition, 2 species (3.9%) were identified as "Vulnerable" (Vu): Cedrela odorata (in the three zones) 
and Cedrela Montana (in the high zone). It was an important finding, given that in the Ecuadorian 
Amazon 7 species of genus Cedrela have been reported in primary forests [57,58] from which two are 
found in pastures with dispersed trees, contributing to their conservation. 

Regarding the percentage of trees classified as LC, this is similar to that reported by López-Tobar 
et al. [48], who analyzed 214 of the most commercialized timber species in the Amazon and found 
that 67.6% (142 spp.) are currently classified as LC. Likewise, 16 taxa (31.4%) were recorded as being 
in the "Not Evaluated" (NE) category according to the latest IUCN update. Of these, 7 have been 
taxonomically identified down to the species: Apeiba membranaceae, Bactris gasipaes, Croton lechleri, 
Ceiba samauma, Ficus cuatrecasana, Citrus limon, Citrus sinensis. This suggests the need for further 
research efforts to catalog unassessed species, which according to our results corresponds to 31.4%. 

In addition, 9 of the taxa are described at the genus level: Annona spp., Rollinia spp., Inga spp., 
Nectandra spp., Ocotea spp., Miconia spp., Ficus spp. This pattern of non-evaluated species is similar 
to that reported by Guevara et al. [59], who reported that 89% of the lowland tree species in the RAE 
have not been evaluated by the IUCN. Similarly, López-Tobar et al. [48] suggest that 28% (60 spp.) of 
the most traded timber species in the last 10 years (2012-2021) do not have a current conservation 
category according to the latest IUCN red list update. 

In addition, the wood density for the 51 species reported in the three altitudinal zones of the SBR 
is presented in Table 4. In general terms, the species with the highest density was Pouteria caimito 
with an average density of 0.81 g/cm3. In addition, species with notable density were identified as 
Piptadenia pteroclada with 0.76 g/cm3, followed by Psidium guajava, Citrus limon and Citrus sinensis, all 
with the same average density of 0.71 g/cm3. The values for species with higher density were obtained 
from the results obtained by Ketterings et al. [60]. On the other hand, the presence of these species in 
pastures may be related to the fact that their weight and hardness make them highly desirable in the 
production of materials used for the manufacture of doors and floors in the construction and fine 
cabinetmaking industries. [49,61]. 

Table 4. Tree species density, status in Ecuador with their IUCN conservation status, and wood 
densities for tree species in silvopastoral systems in Low Zone (N=12), Middle Zone (N=8), High Zone 
(N=6), total 26 plots (2826 m2) along the studied gradient, Napo, SBR. 

 

Familia  

 

Species 

Tree density  

(Ind ≥10 cm DAP/ha)  

Status 

 

category 

IUCN 

Wood 

density 

g/cm3  Low Middle High 

Annonaceae 

  

Annona papilionella 0 1 0 Native LC 0,48 

Annona sp. 9 1 0 Native NE 0,47 

Rollinia sp. 0 0 1 Native NE 0,61 

Arecaceae 

 

  

Apeiba membranaceae 1 0 0 Native NE 0,27 

Bactris gasipaes 9 0 0 Native NE 0,43 

Iriartea deltoidea 3 1 0 Native LC 0,27 

Wettinia maynensis 0 5 0 Native LC 0,31 

Asteraceae  

Piptocoma discolor 6 26 0 Native LC 0,47 

Vernonanthura patens 2 0 0 Native LC 0,54 

Bignoniaceae  

Crescentia cujete 1 0 0 Native LC 0,70 

Jacaranda copaia 84 3 0 Native LC 0,60 
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Boraginaceae Cordia alliodora 0 18 0 Native LC 0,51 

Burseraceae  

Dacryodes peruviana 0 6 0 Native LC 0,61 

Protium nodulosum 0 4 0 Native LC 0,55 

Calophyllaceae Calophyllum brasiliense 1 1 0 Native LC 0,47 

Combretaceae Terminalia oblonga 1 0 0 Native LC 0,69 

Cordiaceae Cordia alliodora 122 0 0 Native LC 0,51 

Euphorbiaceae  

Croton lechleri 0 0 1 Native NE 0,47 

Sapium glandulosum 0 1 0 Native LC 0,44 

Fabaceae 

 

 

  

Dussia tessmannii 2 0 0 Native LC 0,47 

Erythrina poeppigiana 1 0 0 Native LC 0,47 

Inga edulis 2 6 0 Native LC 0,51 

Inga spp. 0 8 16 Native NE 0,57 

Piptadenia pteroclada 9 0 0 Native LC 0,76 

Lauraceae 

  

Nectandra spp. 14 3 3 Native NE 0,53 

Ocotea spp. 12 0 14 Native NE 0,54 

Persea americana 1 0 0 Native LC 0,60 

Lecythidaceae Grias neuberthii 8 3 0 Native LC 0,62 

Malvaceae 

  

Ceiba samauma 2 0 0 Native NE 0,57 

Heliocarpus americanus 0 0 0 Native LC 0,47 

Sterculia tessmannii 2 2 37 Native LC 0,47 

Melastomataceae Miconia spp. 7 0 0 Native NE 0,63 

Meliaceae 

  

Cabralea canjerana 5 0 0 Native LC 0,53 

Cedrela montana 0 0 1 Native VU 0,47 

Cedrela odorata 16 12 1 Native VU 0,44 

Moraceae 

 

  

Brosimum guianense 2 0 0 Native LC 0,47 

Ficus cuatrecasana 0 0 1 Native NE 0,47 

Ficus maxima 2 1 0 Native LC 0,47 

Ficus spp. 6 0 10 Native NE 0,42 

Myristicaceae Virola flexuosa 16 0 0 Native LC 0,47 

Myrtaceae Psidium guajava 48 5 28 Native LC 0,71 

Phyllanthaceae Hieronyma oblonga 0 0 1 Native LC 0,47 

Rutaceae  

Citrus limon 1 1 2 No Native NE 0,71 

Citrus sinensis 7 0 0 No Native NE 0,71 

Sapotaceae  

Pouteria caimito 6 2 1 Native LC 0,81 

Pouteria spp. 0 0 0 Native NE 0,77 

Urticaceae 

  

Cecropia membranacea 0 3 0 Native LC 0,33 

Cecropia spp. 1 0 0 Native NE 0,36 

Pourouma cecropiifolia 4 1 0 Native LC 0,36 

Vochysiaceae  

Vochysia braceliniae 28 0 0 Native LC 0,39 

Vochysia ferruginea 6 0 0 Native LC 0,36 
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3.4. Main reported uses of tree and palm species 

Table 5. Use of plants reported in trees, palms and fruit trees in silvopastoral systems in the low zone 
(N=12), middle zone (N=8), high zone (N=6), total 26 plots (2826 m2) along the studied gradient, Napo, 
SBR. 

Scientific name Family Use 

Human and 
livestock feed 

Medicinal 

use 

Craft 

use 

Material for 

construction 

Annona papilionella Annonaceae x x x x 

Annona sp. x x x x 

Rollinia sp. x x x x 

Apeiba membranacea Arecaceae x x x x 

Bactris gasipaes x x x x 

Iriartea deltoidea x x x x 

Wettinia maynensis x x x x 

Piptocoma discolor Asteraceae x x 
 

x 

Vernonanthura patens 
 

x x x 

Crescentia cujete Bignoniaceae x x 
 

x 

Jacaranda copaia 
 

x 
 

x 

Cordia alliodora Cordiaceae 
 

x 
 

x 

Dacryodes peruviana Burseraceae x x x x 

Protium nodulosum x x x x 

Calophyllum brasiliense Calophyllaceae 
 

x 
 

x 

Terminalia oblonga Combretaceae 
  

x x 

Croton lechleri Euphorbiaceae 
 

x 
 

x 

Sapium glandulosum x x 
 

x 

Dussia tessmannii Fabaceae 
  

x x 

Erythrina poeppigiana 
   

x 

Inga edulis x x 
 

x 

Inga spp. x x 
 

x 

Piptadenia pteroclada 
 

x 
 

x 

Nectandra spp. Lauraceae 
   

x 

Ocotea spp. 
 

x 
 

x 

Persea americana x x 
 

x 

Grias neuberthii Lecythidaceae x x 
 

x 

Ceiba samauma Malvaceae 
  

x x 

Heliocarpus americanus 
 

x x x 

Sterculia tessmannii 
  

x x 

Miconia spp. Melastomataceae 
 

x 
 

x 

Cabralea canjerana Meliaceae 
   

x 

Cedrela montana 
   

x 

Cedrela odorata 
 

x 
 

x 

Brosimum guianense Moraceae x 
  

x 

Ficus cuatrecasana 
   

x 

Ficus maxima x x 
 

x 

Ficus spp. x x 
 

x 

Virola flexuosa Myristicaceae 
   

x 

Psidium guajava Myrtaceae x x 
 

x 

Hieronyma oblonga Phyllanthaceae x 
  

x 

Citrus limon Rutaceae x x 
 

x 

Citrus sinensis x x 
 

x 

Pouteria caimito Sapotaceae x x 
 

x 

Pouteria spp. x x 
 

x 

Cecropia membranacea Urticaceae x x 
 

x 

Cecropia spp. x x 
 

x 

Pourouma cecropiifolia x 
  

x 

Vochysia braceliniae Vochysiaceae 
 

x 
 

x 

Vochysia ferruginea 
  

x x 

Source: From De la Torre et al. [36]. 
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4. Conclusions 

The tree characterization across altitudinal zones showed significant differences. Factors such as 
zone use, age, production system and pasture management influence tree diameter distribution, 
density, and floristic composition. The low and middle zones of the altitudinal gradient showed a 
greater number of individuals and floristic richness in the silvopastoral systems; this positive 
relationship was associated with a positive regeneration of tree species and their abundance, given 
that in these zones there is a greater amount of remnant forest surrounding the pastures. In these 
areas, species of high commercial value such as Cedrela odorata, Jacaranda copaia, Piptocoma discolor and 
Sterculia tessmannii predominate, which indicates the knowledge of the timber markets by the 
producers in these areas. 

The use of the IVI helped to identify that only the 10 most important tree species in the pastures 
with trees dispersed along the altitudinal gradient studied represented approximately more than 70% 
of the IVI in the low and middle zones, and up to 96% in the high zone. This suggests further studies 
focused on the factors associated with the abundance of these species, as well as for the design of 
strategies for greater species diversification in pastures as measures to promote valuable species in 
an area of high diversity and endemism such as the SBR. 

In this study, a total of 51 tree species were recorded, of which 49 are of native origin and 2 are 
exotic species. Among the most frequent species throughout the altitudinal range were Jacaranda 
copaia, Psidium guajava, Cordia alliodora, Piptocoma discolor and Sterculia tessmannii, which are widely 
known for their use in terms of timber and fruit for human consumption and livestock. In addition, 
the presence of Citrus limon and Citrus sinensis was identified, which are frequently used due to their 
nutritional and biological benefits for livestock. On the other hand, it was found that Cordia alliodora 
reports the highest density recorded in the study area. Regarding the conservation categories of the 
International Union for Conservation of Nature (IUCN), 64.7% of the species analyzed were classified 
as "Least Concern" (LC), followed by 31.4% as "Not Evaluated" (NE) and 3.9% as "Vulnerable" (VU).  

The results support the importance of adapting sectoral policies to different altitudes in 
silvopastoral systems, especially focused on the protection of vulnerable species such as C. odorata 
and C. montana, which are crucial for the conservation of forest biodiversity in pastures. The 
significant presence of species not evaluated by the IUCN, which constitute 31% of the identified 
forest species, reveals a vital opportunity for their inclusion in future evaluations and deepening of 
their knowledge. This approach is crucial not only to understand the ecology and distribution of these 
species in silvopastoral systems, but also to identify those at risk and develop appropriate 
conservation strategies, thus ensuring the protection and sustainable management of both species 
already identified as vulnerable, particularly Cedrela species, as well as those that remain to be 
evaluated in these dynamic and essential ecosystems. 
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