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SUMMARY

Biodiversity studies of the insect fauna are scarce for high 
Andean forests in Colombia and absent for agroforestry 
systems. To contribute to the knowledge of this specific 
group in these ecosystems, a study was conducted to survey 
the diversity of the insect fauna present in the Juaica’s hill at 
Tenjo, Cundinamarca. The ecosystem was divided into three 
landscapes: forest, agroforestry and pasture. Three native 
tree species were planted in the agroforestry system: oak 
(Quercus humboldtii), alder (Alnus acuminata) and magle 
or macle (Escallonia pendula) in order to observe their 
influence on the insect fauna diversity comparing it with the 
other two landscapes. In each landscape three insect capture 
techniques were employed per sampling site, arranged in 
transects: pitfall traps, sweep net and direct hand collection. 
During four months a total of 842 specimens were collected, 
represented by 87 insect morpho-species grouped into 49 
families and 12 Orders. The Order of highest numerical 
importance was Diptera with 13 families, which corresponds 
to 26.5% of the abundance of the insect fauna, followed by 
Hemiptera with twelve families (25%), Coleoptera with nine 
families (18%), and Hymenoptera with five families (10%). 
The analysis of the diversity indices, showed the highest 
value in rate for forest landscape with 3.50 for Shannon-
Wiener and 11.17 for Margalef. The agroforestry system 
can be considered as a positive arrangement for either the 
maintenance or the establishment of an insect fauna, already 
absent in pasture which replaced the native forests.

Key words: Biodiversity, insect fauna, Andean forest, agrofor-
estry system, pasture, diversity index.

RESUMEN

Los estudios de biodiversidad de la entomofauna son es-
casos para los bosques alto andinos en Colombia y aus-
entes para sistemas agroforestales. A fin de contribuir con 
el conocimiento de este grupo específico en estos ecosis-
temas, se realizó un estudio para conocer la diversidad de 
la entomofauna presente en el cerro de Juaica, en Tenjo, 
Cundinamarca. Este ecosistema, se dividió en tres paisajes, 
denominados bosque, sistema agroforestal y potrero. En el 
sistema agroforestal, se plantaron tres especies de árboles 
nativos: roble (Quercus humboldtii), aliso (Alnus acumi-
nata) y magle o macle (Escallonia pendula), para observar 
su influencia respecto a la diversidad insectil, en compar-
ación con el bosque nativo. En cada paisaje, se utilizaron 
tres técnicas de captura de insectos, por sitio de muestreo, 
distribuidos en transectos: trampas pitfall, red entomológica 
y colecta directa. Se colectaron 842 individuos durante cua-
tro meses, los cuales, se encuentran representados por 87 
morfoespecies agrupadas en 49 familias y 12 Órdenes. El 
Orden de mayor importancia numérica fue Diptera, con 13 
familias, que equivale al 26,5% de la abundancia de la ento-
mofauna muestreada; le sigue Hemiptera, con doce familias 
(25%); Coleoptera, con nueve familias (18%) e Hymenop-
tera, con cinco familias (10%). El análisis de los índices de 
diversidad mostró el valor más alto para el paisaje bosque, 
con 3,50, para Shannon-Wiener y 11,17, para Margalef. El 
sistema agroforestal se puede considerar como un arreglo 
positivo para el mantenimiento o el establecimiento de una 
fauna insectil, ya prácticamente ausente en los potreros, que 
reemplazaron el bosque.

Palabras clave: Biodiversidad, fauna insectil, bosque Andino, 
sistema agroforestal, potrero, índices de diversidad.
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INTRODUCTION

The growth of the agricultural sector in Latin America, under 
the use of conventional agricultural systems, is the source of 
degradation of natural resources, among which overgrazing, 
deforestation and biodiversity have been identified (FAO, 
2007). Ruiz-Guerra et al. (2010), Laurance et al. (2007) and 
Rosensweig (2005) mention that fragmentation and habitat 
change are highlighted as the greatest threats to biodiversity. 
The fragmentation process interrupts the movement of 
herbivorous insect species, changes the relationships 
between organisms, and degrades or completely destroys 
the habitat (Savilaakso et al. 2009).

Insects, depending on the ecosystem and the measurement, 
comprise the most abundant animal group, inhabit 
many ecological niches and are considered essential for 
the dynamics of natural ecosystems; furthermore, they 
exhibit high sensitivity to anthropogenic interference and 
their composition reflects the stability performance of 
the ecosystem and represents the basis for the analysis of 
landscape structure (Fagundes et al. 2011; Thomazini & 
Thomazini, 2000; Rosenberg et al. 1986).

To establish the richness and diversity of arthropods in 
ecosystems located at elevation higher than 2600masl, 
may help to recognize their function in various ecological 
processes, among which stand out herbivory and pollination 
(Amat & Vargas, 1991). However, surveys of insects and 
other arthropods are scarce in high Andean ecosystems, 
moor (paramo) and sub-paramo. The most complete study 
published to date, covering species of all insect Orders was 
made in the “Entrenubes” Park, an area associated with the 
eastern hills that surround Bogotá (Departamento Técnico 
Administrativo del Medio Ambiente Corporación SUNA 
HISCA. s.f.). Other contributions to the knowledge of some 
insect Orders of the high mountains were made by Andrade 
& Amat (1996), Sturm & Rangel (1995), Salamanca & 
Chamorro (1995) and Amat & Vargas (1991). 

The detection and monitoring of changes in the local fauna 
between undisturbed and disturbed ecosystems is important 
to determine the impact of human activities on biodiversity 
(Phillips et al. 2006). Arthropods, including insects, 
correspond to the dominant taxa in forest ecosystems, have 
a high potential as indicators of habitat changes, and are 
also useful for recovery studies and are increasingly used 
in conservation studies (McGeoch, 1998). For this reason, 
among others, families such as Carabidae and Staphylinidae 
of Coleoptera, Formicidae (Hymenoptera), butterflies 
(Lepidoptera), have been used (Luo et al. 2013; Yu et al. 
2009; Bergmann et al. 2012; de Almeira Soares et al. 2010; 
Ribeiro-Troian et al. 2009; Andrade, 1998).

Agroforestry is considered a sustainable land management 
practice that increases its overall productivity, combining 
crop production, including forestry, and forest plants and / or 
animals, simultaneously or sequentially on the same land unit 
(Jiménez & Muschler, 2001). Originally, the implementation 
of agroforestry systems was considered a very important 
alternative to carbon sequestration in the tropics (Cassanova-
Lugo et al. 2011), but now it emerges also as a positive 
contributor to maintain and enhance biodiversity, primarily 
arthropods. Bhagwat et al. (2008) compared the arthropod 
species richness and composition in tropical forest reserves 
and agroforestry systems, concluding that agroforestry 
can help preserve a high proportion of tropical biodiversity, 
under current pressure for land use; so, according to the 
same authors agroforestry is an approach not only for the 
management of natural resources but also of biodiversity 
conservation in tropical areas.

Furthermore, Bichier (2006) concluded that agroforestry 
provides sustainable conditions, important for buffer zones 
between protected areas; agroforestry systems can be seen 
as an extension of natural habitats that can be managed 
according to the need of man.

Biodiversity assessments may provide information for 
conducting research later on, such as monitoring work in 
order to detect medium and long term changes or studies for 
the management of natural resources (Sánchez & Sánchez, 
2004).

Based on the need to obtain more information about 
the entomofaunal diversity, the present study sought to 
characterize the diversity of insect communities under three 
landscape conditions: high Andean forest, agroforestry 
system, and pasture, located at Juaica hill, municipality of 
Tenjo, Cundinamarca, Colombia.

MATERIALS Y METHODS

The research was carried out in the municipality of Ten-
jo, located at latitude north 04º53’58.92 and longitude 
74º7’26.37” west at an altitude ranging between 2714 and 
2765masl, in the village of Juaica, at the border zone of high 
Andean forest and the “sub paramo” (sub-moor).

Evaluated landscapes: The insect sampling was conducted 
on: high Andean forest, agroforestry system and pasture. 
The forest landscape did not undergo any transformation 
due to human interference during the study, while the agro-
forestry system was established; no grazing was allowed in 
the pasture areas.

The forest area is characterized by its ample vegetative biodi-
versity, standing out mainly shrubs, small trees, herbaceous 
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plants, epiphytes and cryptogams with abundant presence of 
mosses and lichens (Figure 1).

The agroforestry and pasture areas were located adjacent 
to the forest site. At the agroforestry site oak Quercus 
humboldtii Bonpland (Fagaceae), alder, Alnus acuminata 

 
 

Figure 1. Native vegetation present at the cerro de Juaica. From left to right: a bromelia, quiche (Guzmania sp.), Andean 
shrub, pegamosco (Befaria resinosa), capulí, raque (Vallea stipularis), encenillo (Weinmannia tomentosa), pig fern, helecho 
marrano (Pteridium aquilinum), saffron, azafrán (Clethra fimbriata).
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HBK (Betulaceae) and magle or macle, Escallonia pendula 
(Ruiz & Pav.) Pers. (Escalloniaceae) were established. These 
tree species were chosen because they are native trees that 
once dominated these territories, however, their existence 
is prone to extinction, due to the increment of the rural 
population and the agricultural development and livestock 
production (Pérez-Arbeláez, 1956).

The pasture site was dominated by Festuca sp. (Poaceae) 
and herbs such as dandelion, Taraxacum officinale 
(Asteraceae), nightshade, Solanum nigrum (Solanaceae), 
red clover, Trifolium pratense (Fabaceae), as well as some 
small unidentified legumes. Some shrubs of wild blackberry, 
Rubus floribundus (Rosaceae) were also present at this site. 
This area did not suffer alterations during the present study, 
since no additional plant species were sown, nor was grazing 
allowed.

Sampling: A 120m long transect was established in each 
site and in each five sampling stations, separated 30m, 
were marked. At each station, sampling was performed by 
installing one pitfall trap, making seven double sweep net 
passes and by direct collection during 15 minutes, with an 
entomological aspirator and manually in logs, on soil and 
stems of trees, at the site where these plants were available. 
Four samplings were conducted monthly, separated by seven 
days. The pitfall traps consisted of glass bottles 13cm high 
by 5.5cm in diameter, half filled with a solution of soapy water 
(Harwood, 2008; Beanland et al. 2006; Isard et al. 2000).

Specimen identification: The insects were identified in 
the laboratory of entomology at the University of Applied 
Environmental Sciences U.D.C.A. Under a stereoscope the 
specimens were identified to the family level using Johnson & 
Borror (2005) taxonomic keys. In this study the identification 
beyond family was not considered. Morpho-species (msp) 
within each family were grouped based on visual observations 
of the morphological characteristics under the stereoscope. 
In this way it was possible to define the existence of the same 
morpho-species in the three environments. For Diptera 
and Hymenoptera the identification was accomplished by 
removing their wings and mounting them on platelets for 
observation.

The collected specimens were preserved in 70% alcohol. The 
butterflies were stored in paper envelopes.

A representative sample of the collected material was 
mounted and deposited in the U.D.C.A´s entomological 
reference collection. 

Data analysis: The following variables for each sample were 
used: number of specimens, class, Order, family, morpho-
species, month and site. The Shannon-Wiener and Margalef 

biodiversity indices were calculated using the PAST program 
(0.45).

RESULTS AND DISCUSSION

At the 15 sampling stations 842 individuals were collected; 
291 specimens in the agroforestry landscape, in high Andean 
forest 235 and 316 in the pasture site. The diversity of the 
insect fauna was represented by 87 morpho-species, grouped 
into 49 families and 12 Orders (Table 1). The morpho-species 
recorded in this study represent a 60% of the total species 
richness estimated for the high Andean forests that surround 
the Bogotá plateau which correspond to 150 according to 
the study presented by Andrade & Amat (2000). 

Diptera was the Order with highest abundance divided within 
13 families and 19 morpho-species, followed by Coleoptera 
nine families and 18 morpho-species, Hemiptera twelve 
families and 20 morpho-species, Hymenoptera five families 
and 15 morpho-species. Lepidoptera contributed with three 
families and six morpho-species. Orthoptera presented 
two families and four morpho-species. The remaining 
orders Odonata, Dermaptera, Blattaria, Phasmatodea and 
Thysanoptera participated each with one family and one 
morpho-species. 

Although there are no publications that would have enabled 
an accurate comparison with our results, it is interesting to 
point out that in the Entrenubes Park study (DTAMA, s.f.), 
the Order with the greatest abundance was also Coleoptera, 
followed by Hymenoptera and Lepidoptera. But other studies 
in similar landscapes have found that the highest abundance 
was obtained for Diptera followed by Coleoptera at the moor 
“La Parada del Viento” (Morales-Castaño & Amat-Garcia, 
2012).

The most common families in the three environments 
were Carabidae, Curculionidae, Ichneumonidae, Apidae, 
Vespidae, Muscidae, Syrphidae, Nymphalidae, Miridae, 
Cicadellidae and Acridiae. Among the families that harbor 
beneficial insects, specimens of Carabidae were absent 
at the pasture site, Syrphidae were collected in the three 
environments, while members of Vespidae were absent in the 
agroforestry system. Parasitoids of the family Ichneumonidae 
were abundant in the three biotypes. These bio-controllers 
can count on abundant prey and hosts, represented by the 
adults, larva and nymphs of the other families.

In table 1, the diversity of families and morpho-species shared 
between environments can be observed. In the forest and 
agroforestry their diversity is not significantly different, while, 
the richness within the pasture site was reduced (Table 2). 
The similarity between forest and agroforestry supports the 
theory, previously mentioned, of the benefit of agroforestry 
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Table 1: Landscape distribution of orders, families and morpho-species. A.F.S: agroforestry system; F.: high Andean forest, 
P.: pasture.

ORDER FAMILY Mopho-spe-
cies

LANDSCAPE

A.F.S F. P.

Blattaria Blattidae 1 x x x

Coleoptera

Carabidae

1 x x
2 x
3 x

Chrysomelidae
1 x x
2 x

Cleridae
1 x x x
2 x

Coccinellidae
1 x x x
2 x

Curculionidae

1 x
2 x x
3 x x

Lycidae 1 x x

Melolonthidae
1 x
2 x

Scarabaeidae
1 x x x
1 x

Staphylinidae 1 x x
Dermaptera Forficulidae 1 x x

Hymenoptera

Braconidae 1 x x x

Ichneumonidae

1 x x x
2 x x x
3 x
4 x x

Apidae

1 x
2 x x
3 x x
4 x x
5 x x
6 x

Vespidae

1 x x
2 x x
3 x

Formicidae 1 x x

Diptera

Bibionidae 1 x x
Culicidae 1 x x x

Dolichopodidae 1 x x x
Drosophilidae 1 x x x

Empididae
1 x x x
2 x x x

Muscidae

1 x x
2 x x
3 x x

Phoridae 1 x x
Piophilidae 1 x
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Diptera

Pipunculidae 1 x

Syrphidae
1 x x x
2 x x
3 x

Tabanidae 1 x
Tachinidae 1 x

2 x
Tipulidae 1 x x

Lepidoptera

Hesperiidae 1 x x

Nymphalidae
1 x x
3 x x
3 x

Pieridae 1 x x x
2 x x x

Hemiptera

Berytidae 1 x x x
Coreidae 1 x x
Largidae 1 x

2 x x
Lygaeidae 1 x

2 x x

Miridae
1 x
2 x x x
3 x

Pentatomidae 1 x x
Reduviidae 1 x
Tingidae 1 x

Cercopidae 1 x x
2 x

Cicadellidae 1 x x x
2 x x x
3 x x

Cicadidae 1 x x
Membracidae 1 x x

2 x x
Odonata Aeschnidae 1 x

Orthoptera
Acrididae

1 x x x
2 x x x
3 x x

Gryllacrididae 1 x
Phasmatodea Phasmidae 1 x x
Thysanoptera Thripidae 1 x

Continuation Table 1.
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Table 2. Number of insect families and morpho-species present in the three landscapes.

Landscape No. Families No. Morpho-species

High Andean forest 40 60

Agroforestry System 40 63

Pasture 27 41

systems to mitigate the destruction of habitat due to the 
conversion of forests into pastures (Bhagwat et al. 2008). 

Shannon-Wiener and Margalef diversity indices presented 
values in the forest site of 3.50 and 11.17, respectively. 
However, the agroforestry landscape had similar values 3.39 
(Shannon-Wiener) and 11.1 (Margalef). The lowest values 
were recorded in the pasture landscape with 2.66 (Shannon) 
and 6.95 (Margalef). According to Margalef (1981), many 
ecosystems showing a lower diversity compared to the 
estimated undisturbed can be seen in invading ecosystems, 
corresponding to what we found in the pasture site in this 
study.

There is an equal representation of families in the different 
landscapes; some families exist in the high Andean forest 
and the agroforestry landscapes, some in the forest and 
pasture and others in pasture and agroforestry. Figure 2 
shows the presence of families in each of the landscapes in 
the study area. The insect families collected in all of the three 
landscapes are equivalent to the 35% of the sampled family 
richness. The interaction forest-agroforestry system share 
15 families, representing 31% of the total family richness. 
The presence of families within the forest and the pasture 
landscape was of only two-families Tipulidae and Vespidae, 
equivalent to 4%, while the share of families in the interaction 
agroforestry system-pasture was five, representing 10% of the 
total family richness. This relatively high percentage can be 
explained by the existence of grasses within the agroforestry 
system.

Based on this result, it is concluded that the implemented 
agroforestry system can be considered as a reservoir of insect 
biodiversity provided that is adjacent to a natural forest. This 
system could provide support for native plants and insects 
associated with them that depend on the forest habitat. 

There is an increasing interest in the search for suitable 
agroforestry systems for conservation purposes (Monge 
& Russo, 2009; Bichier, 2006). The results of the present 
study indicate that the artificially established agroforestry 
system landscape was beneficial for the existence of the 
insect fauna; showing a high presence of families (40) and 
morpho-species (63). Furthermore, it shared 15 families 
with the forest landscape, equivalent to 31% of the total 

family richness, compared with the pasture landscape which 
shared only five families, equivalent to 10% of the total 
families collected. The beneficial impact of the agroforestry 
system can be attributed to the fact that the planted tree 
species in this site may have met the insect´s requirements 
for their development; harboring insects, food for other 
species, generating shadow and also providing protection 
and attraction for predatory insects. It could be assumed 
that agroforestry systems, within small forest areas can also 
serve as biological corridors, that facilitate the movement of 
insects and other animals, birds, reptiles, mammals; issue 
to be studied and tested through other long term research.

From this research it can be concluded that agro-forestry 
provides valuable natural habitat for many wild plants and 
animals, including possibly some endangered species. This 
type of system could possibly prevent the extinction of some 
species, especially in regions where little natural forest is left, 
due to its replacement by pasture. 

The results of this research conducted in three different 
landscapes of the Cerro de Juaica, should provide a basic 
and preliminary idea about the composition of their insect 
fauna. Specific studies aimed to understand the structure 
of arthropod communities in high mountain environments 
have to be performed, and compared with studies to be 
developed in other similar geographic regions. Research that 
may address the current state of arthropod communities 
inhabiting high Andean forests and surrounding areas, may 
serve to monitor and recognize threaten species.

Finally, it is considered that the richness of the insect fauna 
found in the Cerro de Juaica is largely due to the diversity 
of microhabitats present in the different landscapes and 
vegetation. The preliminary estimate of 87 morpho-species 
is a reflection of indicative value in terms of the abundance 
of insects in these environments and their numerous 
specializations towards ecological niches.
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