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ABSTRACT  

Andean forests are diverse and highly valued ecosystems, it is necessary to characterize 

their resources for their management. For this purpose, a permanent plot was studied 

in the Andean forest of Huashapamba, with the objective of determining the composition, 

structure and endemism of the woody component. A permanent plot of 1 hectare was 

installed, which was divided into 25 subplots of 400 m²; the diameter (1.30) and height 

of all individuals ≥ 5 cm were recorded. Floristic composition, endemism, Shannon index, 

density, abundance, frequency, dominance and importance value index were 

determined; basal area, volume per species and diameter structure were also calculated. 
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Fifty-four species were recorded within 39 genera, 27 families and six endemic species. 

The basal area was 30.24 m2 ha-1 and volume was 215.86 m3 ha-1. According to the 

Shannon index, diversity is medium (3.10). The species with the highest density are 

Cyathea caracasana, Hedyosmun scabrum and Verbesina lloensis, which are also the 

most abundant. Cyathea caracasana, Hedyosmun scabrum and Solanum goniocaulon 

are the most frequent species in the forest; and, Cyathea caracasana, Clethra revoluta 

and Schefflera acuminata are dominant species. The species with the highest IVI are: 

Cyathea caracasana, Clethra revoluta and Hedyosmun scabrum. The diameter classes 

reflect an inverted "J" characteristic of recovering forests. The vertical structure shows 

three strata: dominant, co-dominant and dominated. The Andean forest remnant studied 

is a representative sample of floristic diversity of this type of forest, which justifies its 

conservation under some management category.  

Keywords: Diversity; Montane forest; Huashapamba; Conservation; Endemism; 

Saraguro.  

 

RESUMEN  

Los bosques andinos son ecosistemas diversos y muy preciados, es necesario 

caracterizar sus recursos para su manejo. Para esto, se estudió una parcela permanente 

en el bosque andino de Huashapamba, con el objetivo de determinar la composición, 

estructura y endemismo del componente leñoso. Se instaló una parcela permanente de 

1 hectárea, que fue dividida en 25 subparcelas de 400 m²; se registró el diámetro (1,30) 

y altura de todos los individuos ≥ 5 cm. Se determinó la composición florística, 

endemismo, índice de Shannon, densidad, abundancia, frecuencia dominancia e índice 

de valor de importancia; también se calculó el área basal, volumen por especie y 

estructura diamétrica. Se registraron 54 especies dentro de 39 géneros, 27 familias y 

seis especies endémicas. El área basal fue de 30,24 m2 ha-1 y volumen de 215,86 m3 ha-

1. Según el índice de Shannon, la diversidad es media (3,10). Las especies con mayor 

densidad son Cyathea caracasana, Hedyosmun scabrum y Verbesina lloensis, que 

también son las más abundantes. Cyathea caracasana, Hedyosmun scabrum y Solanum 

goniocaulon son las especies más frecuentes del bosque; y, Cyathea caracasana, Clethra 

revoluta y Schefflera acuminata son especies dominantes. Las especies con IVI más alto 

son: Cyathea caracasana, Clethra revoluta y Hedyosmun scabrum. Las clases 

diamétricas reflejan una "J" invertida característica de bosques en recuperación. En el 

perfil vertical, se observa tres estratos: dominantes, codominantes y dominados. El 

remanente de bosque andino estudiado es una muestra representativa de diversidad 

florística de este tipo de bosque, que justifica su conservación bajo alguna categoría de 

manejo.  

Palabras clave: Diversidad; Bosque montano; Huashapamba; Conservación; 

Endemismo, Saraguro.  

 

RESUMO  

As florestas andinas são ecossistemas diversos e altamente valorizados, é necessário 

caracterizar os seus recursos para a sua gestão. Para este efeito, foi estudada uma 

parcela permanente na floresta andina de Huashapamba, com o objetivo de determinar 

a composição, a estrutura e o endemismo da componente lenhosa. Foi instalada uma 

parcela permanente de 1 hectare, que foi dividida em 25 subquadrantes de 400 m²; o 

diâmetro (1,30) e a altura de todos os indivíduos ≥ 5 cm foram registados. Composição 
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florística, endemismo, índice de Shannon, densidade, abundância, frequência, 

dominância e índice de valor de importância foram determinados; área basal, volume 

por espécie e estrutura de diâmetro foram também calculados. Cinquenta e quatro 

espécies foram registadas dentro de 39 géneros, 27 famílias e seis espécies endémicas. 

A área basal era de 30,24 m2 ha-1 e o volume era de 215,86 m3 ha-1. De acordo com 

o índice de Shannon, a diversidade é média (3,10). As espécies com maior densidade 

são Cyathea caracasana, Hedyosmun scabrum e Verbesina lloensis, que são também as 

mais abundantes. Cyathea caracasana, Hedyosmun scabrum e Solanum goniocaulon são 

as espécies mais frequentes na floresta; e, Cyathea caracasana, Clethra revoluta e 

Schefflera acuminata são as espécies dominantes. As espécies com a IVI mais elevada 

são: Cyathea caracasana, Clethra revoluta e Hedyosmun scabrum. As classes de 

diâmetro refletem um "J" invertido característico da recuperação das florestas. No perfil 

vertical, são observados três estratos: dominante, codominante e dominado. O 

remanescente florestal andino estudado é uma amostra representativa da diversidade 

florística deste tipo de floresta, o que justifica a sua conservação sob alguma categoria 

de gestão.  

Palavras chave: Diversidade; Floresta montana; Huashapamba; Conservação; 

Endemismo, Saraguro. 

 

INTRODUCTION  

Neotropical forests are the most diverse in the world in terms of species richness, and 

much of this is concentrated in the Andean forests, considered the global epicenter of 

biodiversity (Meyers 1990; Gentry 1982; 1995). There are 31 million hectares of forests 

distributed in the Andes of Peru, Colombia, Ecuador, Venezuela, Chile and Argentina. In 

Ecuador there are 12 631 198 ha of forest and approximately 1 353 671.91 are Andean 

forest (MAE 2017) and, much of the diversity is located in the Andean region, with 4 537 

species of vascular plants (Jorgensen and León 1999).  

Andean forests are located in areas with steep environmental gradients associated with 

the complex topography of the Andes. They are considered fragile ecosystems and 

vulnerable to the combined effects of climate change, deforestation and degradation 

(MAE 2017). At the same time, they have the potential to contribute to climate change 

mitigation, restore ecosystem functions and provide environmental goods and services 

(Herzog et al., 2012).  

These ecosystems are threatened, especially in southern Ecuador. The high level of 

vulnerability of these ecosystems to climate change requires actions for their 

conservation, not only because of their biological richness, but also because of the 

amount of non-timber forest products that people harvest and because of their 

fundamental role in the provision of ecosystem services: scenic beauty, biodiversity, CO2 

capture, and especially the regulation and maintenance of water. Currently only 5 to 10 

% of its original extension remains. (Cuesta et al., 2009; Brown and Kappelle 2001; 

Peralvo et al., 2013).  

Studies in Andean ecosystems of southern Ecuador show the important and high floristic 

diversity of these ecosystems, as well as the difference in flora, apparently due to the 

influence of the Huancabamba geological depression. In addition, they show their 

problems, the fragmentation, the area that currently remains and the few studies 

conducted (Yaguana et al., 2012; Aguirre et al., 2017; Aguirre et al., 2018).  



ISSN: 2310–3469 RNPS: 2347                                                                                  
CFORES Journal, January-April 2021; 9(1):1-16 

                                                                                                     

 

  

http://cfores.upr.edu.cu/index.php/cfores/article/view/670 

In the western part of the Saraguro canton, is located the forest remnant of 

Huashapamba, owned by several indigenous communities of the Saraguro people, this 

ecosystem is a space for research on flora and fauna, and can become a reference for 

scientific information and tourist attraction (GAD Saraguro et al., 2008).  

In this context, the research was carried out to determine the floristic composition, 

structure and endemism of the woody component of the Huashapamba Andean forest, 

data that will serve as a baseline for studies of forest dynamics and sustainable 

management of this fragile ecosystem.   

 

MATERIALES Y MÉTODOS  

Study area  

The study area is located in the Tenta parish, Saraguro canton, Loja province, Ecuador. 

It is owned by three indigenous communities: Lagunas, Ilincho and Gunudel. The 

Huashapamba forest is located 5 km from the Saraguro cantonal capital (Figure 1). It 

covers an area of 217.42 ha, at an altitudinal range of 2,800 to 3,000 m a.s.l., between 

UTM coordinates: X = 9595044, Y = 692148 (GAD Saraguro et al., 2008).  

 

Figure 1. - Map showing the location of the Huashapamba forest area in the national 

and provincial context  

 

 



ISSN: 2310–3469 RNPS: 2347                                                                                  
CFORES Journal, January-April 2021; 9(1):1-16 

                                                                                                     

 

  

http://cfores.upr.edu.cu/index.php/cfores/article/view/670 

Sampling unit  

A permanent plot of 100 x 100 m (10 000 m2) was set up and subdivided into 25 plots 

of 400 m² (20 x 20 m); the vertexes of the plots were marked with milestones of cement 

and PVC pipes. In each subplot, all individuals with a diameter ≥ 5 cm at 1.30 m from 

the ground were measured and recorded. Each individual was identified with aluminum 

plates with an alphabetical-numerical code placed at 1.45 m from the ground. The total 

height was measured with a Sunnto hypsometer. The marking, recording and collection 

of the woody individuals followed the methodology of Phillips et al., (2016) and Aguirre 

(2019).  

Botanical samples of all individuals were collected and identified in the LOJA herbarium 

of the Universidad Nacional de Loja, where they were deposited. The nomenclature of 

the scientific names follows the APG IV system.  

Calculations and data analysis of the woody component of the forest  

The dasometric and structural parameters of the vegetation and the Shannon-Wiener 

diversity index were determined, applying the formulas proposed by Moreno (2001) 

(Table 1).  

Table 1. - Parameters and formulas used for the analysis of data from the permanent 

plot of the Huashapamba forest, Saraguro, Loja  

 

Endemism  

To determine the endemism and conservation status of the species, the red book of 

endemic species of Ecuador (León et al., 2011) and the red list of threatened species of 

the International Union for Conservation of Nature (IUCN) were reviewed.  
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RESULTS  

Floristic diversity of the Huashapamba forest  

Fifty-four species, 39 genera and 27 families were recorded. According to life forms 37 

are trees and 17 are shrubs (Table 2). The most diverse families were Melastomataceae 

(7 species), Asteraceae (5), Solanaceae (4). The Shannon index was 3.10 which is 

interpreted as average diversity according to the homogeneity of the samples and 

individuals sampled.  

Table 2. - Trees and shrubs present in the permanent plot of the Huashapamba forest  

Scientific name  Family Growth habit 

Axinaea oblongifolia (Cogn.) Wurdack Melastomataceae tree 

Axinaea sclerophylla Triana  Melastomataceae tree 

Beilschmiedia sp. Lauraceae tree 

Clethra revoluta (Ruiz & Pav.) Spreng Clethaceae tree 

Clethra obovata (Ruiz & Pav.) G. Don Clethaceae tree 

Clethra fimbriata Kunth  Clethaceae tree 

Clusia elliptica Kunth Clusiaceae tree 

Cornus peruviana J.F. Macbr. Cornaceae tree 

Critoniopsis pycnantha (Benth.) H. Rob.  Asteraceae tree 

Cyathea caracasana (Klotzsch) Domin Cyatheaceae tree 

Freziera sp.  tree 

Geissanthus vanderwerffii Pipoly Primulaceae tree 

 Hedyosmum scabrum (Ruiz & Pav.) 

Solms 

Chlorantaceae tree 

Meliosma arenosa Idrobo & Cuatrec. Sabiaceae tree 

Miconia hexamera Wurdack Melastomataceae tree 

Miconia sp. Melastomataceae tree 

Miconia theaezans (Bonpl.) Cong Melastomataceae tree 

Myrcianthes rhopaloides (Kunth) McVaugh Myrtaceae tree 

Morella pubescens (Humb. & Bonpl. ex 
Willd.) Wilbur 

Myricaceae tree 

Myrsine andina (Mez) Pipoly Primulaceae tree 

Myrsine coriacea (Sw.) R. Br. ex Roem. & 
Schult. 

Primulaceae tree 

Nectandra laurel Klotzsch ex Nees Lauraceae tree 

Oreopanax andreanus Marchal Araliaceae tree  

Prumnopitys montana (Humb. & Bonpl. ex 
Willd.) de Laub. 

Podocarpaceae tree 

Prunus opaca (Benth.) Walp.  Rosaceae tree 

Ruagea glabra Triana & Planch. Meliaceae tree 

Saurauia bullosa Wawra Actinidiaceae tree 

Schefflera acuminata (Pavon) Harms  Araliaceae tree 

Styloceras laurifolium (Willd.) Kunth  Buxaceae tree 

http://www.theplantlist.org/tpl1.1/record/kew-43338
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Symplocos nuda Bonpl. Symplocaceae tree 

Symplocos sp. Symplocaceae tree 

Symplocos coriacea A. DC. Symplocaceae tree 

Ternstroemia macrocarpa Triana & Planch. Pentaphylacaceae tree 

Vismia baccifera (L.) Triana & Planch. Hypericaceae tree 

Weinmannia glabra L.F.  Cunoniaceae tree 

Weinmannia latifolia C. Presl.  Cunoniaceae tree 

Weinmannia rollottii Killip  Cunoniaceae tree  

Abatia parviflora Ruiz & Pav Salicaceae shrub 

Cestrum sp. Solanaceae shrub  

Gynoxys nitida Muschl. Asteraceae shrub 

Liabum sp. Asteraceae shrub  

Meriania tomentosa (Cogn.) Wurdauk Melastomataceae shrub  

Miconia denticulata Naudin Melastomataceae shrub  

Palicourea sp. Rubiaceae shrub   

Piper ecuadorense Sodiro Piperaceae shrub  

Psychotria sp. Rubiaceae shrub  

Solanum goniocaulon S. Knapp Solanaceae shrub  

Solanum hypacrarthrum Bitter Solanaceae shrub  

Solanum torvum Sw.  Solanaceae shrub  

Tournefortia fuliginosa Kunth Boraginaceae shrub  

Tournefortia sp. Boraginaceae shrub  

Verbesina lloensis Hieron Asteraceae shrub  

Verbesina pentantha S.F. Blake Asteraceae shrub  

Viburnum triphyllum Benth. Adoxaceae shrub  

 

Endemism of the woody component of the Huashapamba forest  

Six endemic species were recorded: Oreopanax andreanus (category of less concern); 

Verbesina pentantha and Geissanthus vanderwerffii (threatened); Miconia hexamera, 

Axinaea sclerophylla (vulnerable) and Prumnopitys montana have shared endemism in 

South American countries.  

Diametric structure of the Huashapamba forest  

The woody component has a basal area of 30.24 m² ha-1 and a volume of 215.86 m3 ha-

1 (Table 3). The species with the largest basal area were Cyathea caracasana, Clethra 

revoluta and Schefflera acuminata (Figure 2). The species with the greatest volume were 

Clethra revoluta, Cyathea caracasana and Schefflera acuminata (Figure 3). Three tree 

strata are observed: dominant, co-dominant and dominated.  

 

http://www.theplantlist.org/tpl/record/gcc-3686
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Table 3. - Diameter classes of the woody component of the species recorded in the 

Huashapamba forest, Loja, Ecuador  

 

 

Figure 2. - Species with the largest basal area in the woody component of the 

Huashapamba forest, Loja, Ecuador  

 

Figure 3. - Species with the greatest volume in the woody component of the 

Huashapamba forest, Loja, Ecuador  
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Diametric structure of the Huashapamba forest  

The diameter distribution has the shape of an inverted "J"; in diameter class I (5 to 10 

cm) and II (10.1 to 15 cm) the largest number of individuals is recorded with 395 ind. 

ha-1 and 328 ind. ha-1 respectively (63.75 % of the total number of individuals recorded). 

Diameter classes XI (55.1 to 60 cm) and XII (> 60 cm) have 5 individuals in each class, 

with mature trees of Ruagea glabra, Clethra revoluta, Weinmannia rollottii, Schefflera 

acuminata, Abatia parviflora and Myrcianthes rhopaloides (Figure 4).  

 

Figure 4. - Diametric structure of the woody component of the Huashapamba forest  

Structural parameters of the woody component of the Huashapamba forest  

The species with the greatest presence in the forest are Cyathea caracasana, Hedyosmun 

scabrum and Verbesina lloensis, which are also the most abundant. Cyathea caracasana, 

Hedyosmun scabrum and Solanum goniocaulon are the most frequent species in the 

forest, while Cyathea caracasana, Clethra revoluta and Schefflera acuminata are the 

dominant species.  

The species with the highest importance values were Cyathea caracasana with 45.02 %, 

Clethra revoluta with 22.26 % and Hedyosmun scabrum with 16.99 % (Table 4).  
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Table 4. - Structural parameters of the 15 main species of the woody component of 

the Huashapamba forest, Loja, Ecuador  

 

Absolute Density (D); Relative Abundance (RA); Relative Frequency (RF); Relative Dominance (RD); Importance 

Value Index (IVI).  

 

DISCUSSION  

Floristic composition of the woody component  

In Huashapamba, 54 species of 39 genera and 27 families were recorded, results 

dissimilar to those reported by Aguirre et al. (2017) in a permanent plot of one hectare 

in the Hoya de Loja, who report 45 species, 39 genera and 29 families; to Rasal et al. 

(2012) who evaluated two sites in Los Molinos finding 41 species, 33 genera and 25 

families; and, at the La Antena site with 86 species, 67 genera and 41 families and, very 

different to that reported by Maldonado et al. (2018) in a tropical montane forest who 

found 81 tree species.  

The Shannon index of 3.10 in Huashapamba indicates a medium diversity, a result 

similar to that reported by Aguirre et al. (2017) in the Hoya de Loja (3.16), a result that 

demonstrates the importance of the Huashapamba forest for the conservation of floristic 

diversity in the Saraguro canton and in the Southern region of Ecuador.  

The families with the highest number of species in the Huashapamba forest are: 

Melastomataceae, Asteraceae, Solanaceae, Clethraceae, Cunoniaceae, Primulaceae, and 

Symplocaceae; results different from those reported by Aguirre et al., (2017) who 

recorded: Rubiaceae, Araliaceae, Asteraceae, Melastomataceae, Primulaceae, Lauraceae 

and Proteaceae. Similarly, Lozano et al., (2012) highlight families such as Rubiaceae, 

Lauraceae and Melastomataceae. Gentry (1995) and the Atlas of the Northern and 

Central Andes (2009) indicate Melastomataceae, Lauraceae and Rubiaceae as the most 
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diverse families. Similarly, Alvear et al., (2010) indicate that the most ecologically 

important families were: Melastomataceae and Asteraceae in the Colombian Andes; and 

in the Peruvian Andes, according to Rasal et al., (2012), Asteraceae, Lauraceae, 

Melastomataceae and Solanaceae stand out. The data themselves have no similarity, 

but it is important to insist that, in the Andes of Ecuador, Colombia and Peru, the 

outstanding families are: Melastomataceae, Asteraceae, Lauraceae and Solanaceae.  

Basal area and volume of the woody component  

In the tree stratum, 1 134 ind. ha-1 were recorded, with a basal area of 30.24 m² ha-1 

and volume of 215.86 m3 ha-1, values higher than those reported by Quizhpe et al. 

(2017) in this same forest, but in 0.75 ha of sampling, 434 trees, with a basal area of 

13.37 m² and volume of 31.25 m3, this difference is due to the sampling area and that 

the sampled individuals are greater than 10 cm D1,30. Comparing with Yaguana et al. 

(2012) in the Tapichalaca forest there are differences in the number of individuals 544 

trees ha-1 and medium similarity in basal area and volume: 25.68 m² ha-1, 255.24 m3 

ha-1; and, with the Numbala forest shows difference with 1 091 ind. ha-1, 47.13 m² ha-1 

of basal area and 651.89 m3 ha-1 of volume. These differences are probably due to the 

degree of disturbance and the structural difference of the investigated forests.  

Diametric structure of the woody component  

In this study, the first six diameter classes group 93.92 %, demonstrating that the forest 

is in the process of recovery, this coincides with what was stated by Aguirre et al. (2017); 

Yaguana et al. (2012), Aguirre et al., (2018) which indicate that the trees that make up 

this type of forest are thin and abundant, being scarce large individuals.  

The diameter distribution of the Huashapamba forest adopts the shape of an inverted 

"J" (Figure 4). This is a frequent characteristic found in tropical forests, also indicated 

by Lozano et al. (2009) and Aguirre et al., (2017). The trend of the inverted "J" curve 

also indicates that the plant community is developing towards more advanced stages of 

growth and productivity, as stated by Lamprecht (1990), where abundant young 

individuals are replacing specimens that are in the senescent phase, confirmed by 

Aguirre et al., (2017); Yaguana et al., (2012); Aguirre et al., (2018) in studies in Andean 

forests in southern Ecuador.  

Structural parameters of the woody component  

The results of the densest and most abundant species in the forest (Cyathea caracasana 

and Hedyosmun scabrum) is particular only for this forest, as other studies, such as 

Aguirre et al. (2018), Yaguana et al., (2012), Aguirre et al., (2017) refer to other species 

in similar ecosystems. Regarding the frequent species Cyathea caracasana, Hedyosmun 

scabrum and Solanum goniocaulon, they exist in other studied forests, but they are not 

frequent. Cyathea caracasana, Clethra revoluta, Schefflera acuminata are dominant 

species in the Huashapamba forest. In Andean forests of southern Ecuador these species 

exist, but are not dominant, this is also corroborated by studies in the Hoya de Loja such 

as Aguirre et al. (2017) and Yaguana et al., (2012).  

The ecologically important species by highest IVI are: C. caracasana, Clethra revoluta 

and Hedyosmum scabrum, results different from those reported by Aguirre et al. (2017) 

that indicate Alnus acuminata, Palicourea amethystina, Phenax laevigatus and C. 

revoluta as the species with the highest IVI in forests of the Hoya de Loja; to Yaguana 
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et al. (2012) in Tapichalaca where the ecologically important species is Ficus insipida. 

While the plot in Numbala the ecologically important species are Retrophyllum rospigliosii 

and Prumnupitys hamsiana. The difference found is possibly due to the degree of 

anthropic intervention and maturity of the vegetation.  

Endemism of the woody component of the forest  

In the Huashapamba forest, six endemic species are recorded. Oreopanax andreanus, 

Verbesina pentantha, Miconia hexamera, Axinaea sclerophylla, Geissanthus 

vanderwerffii, are national endemics (León et al., 2011); and, Prumnopitys montana 

presents shared endemism, being found in several South American countries. These 

results are congruent with those reported by Gentry (1982) who states that the greatest 

richness in number of plant species occurs in the neotropics and especially in the Andes 

mountain range.   

 

CONCLUSIONS  

The floristic diversity is medium, expressed in the presence of 54 species of 39 genera 

in 27 families; 37 tree species and 17 shrub species. The most diverse families are: 

Melastomataceae, Asteraceae, Solanaceae, Clethraceae, Cunoniaceae, Primulaceae, and 

Symplocaceae.  

The ecologically important species of the woody component of the forest are: Cyathea 

caracasana with the highest value of abundance and dominance, it is a tree fern 

scattered throughout the sampling plot; followed by Clethra revoluta and Hedyosmun 

scabrum, small species typical of Andean forests.  

The woody species of the forest accumulate a basal area of 30.24 m² ha-1, and volume 

of 215.86 m3 ha-1; the species with the largest basal area is Cyathea caracasana and 

Clethra revoluta is the species with the largest volume; these data show that the forest 

is not susceptible to forest harvesting.  

The diametric structure of the forest is plotted with an inverted "J", characterized by the 

abundance of thin individuals and few large and scattered trees, which shows that the 

forest is young and is in the process of self-recovery.  

The structure, floristic composition of the forest and the presence of six endemic species 

justify the need to conserve this forest, as one of the last Andean forest remnants, 

located in the Saraguro canton of the province of Loja.   
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