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Abstract Resumen
he species of Scolytinae subfamily have a worldwide as especies de la subfamilia Scolytinae tienen una
distribution, and are found mainly in the Neo-tropic distribucion global, abundan principalmente en el Neo

regions. They usually dominate the communities of wood trdpico y dominan usualmente las comunidades de insectos
borer insects. The aim of the present study was to determine the ~ barrenadores de la madera. El objetivo del presente estudio
diversity among Scolytinae species associated with balsa, teak, fue determinar la diversidad de las especies Scolytinae
rubber and gamhar plantations located in the humid tropical —asociadas a plantaciones de balsa, teca, caucho y melina,
zone of the Ecuadorian littoral. In each plantation seven flight en la zona tropical humeda del litoral ecuatoriano. En cada
interception traps containing an ethanol / gel mixture were plantacion se instalaron siete trampas de interceptacion
installed, with a collection frequency of 15 days for three de vuelo conteniendo una mezcla de etanol/gel, con una
months in the dry period. A total of 1437 specimens were frecuencia de recoleccion de 15 dias durante tres meses en
collected, represented by Xyleborini, Cryphalini, Corthylini el periodo seco. En total se recolectaron 1437 especimenes,
and Ipini tribes. In the four plantations, 18 species of Scolitids  representados por las tribus Xyleborini, Cryphalini, Corthylini
were collected, of which 16 were recorded in the balsa e Ipini. En las cuatro plantaciones se colectaron 18 especies de
plantation, while in the other plantations 10 to 12 species were  escolitinos, de las cuales, 16 se registraron en la plantacion de
found. The most abundant Scolitids were Hypothenemus spp.,  balsa, mientras que en las otras plantaciones se encontraron
Corthylus spp., Xyleborus affinis, Xyleborinus bicornatulus  entre 10 y 12 especies. Los escolitinos con mayor abundancia
and Premnobium cavipennis. The Shannon-Wiener diversity — fueron Hypothenemus spp., Corthylus spp., Xyleborus affinis,
index was higher in the balsa culture (H’= 2.37) and lower  Xyleborinus bicornatulus y Premnobium cavipennis. El indice
in Teak (H’= 1.57). The Jaccard similarity index was higher de diversidad de Shannon-Wiener fue mayor en el cultivo
among the teak and rubber plantations (Cj = 0.9090) while de balsa (H'=2.37) y menor en teca (H'= 1.57). El indice de
the balsa plantation obtained less similarity with respect to  similitud de Jaccard fue mayor entre las plantaciones de teca
the other three plantations. The greatest diversity of Scolitids  y caucho (Cj= 0,9090) mientras que la balsa obtuvo menor
was recorded in the balsa plantation, which is a native species,  similitud con respecto a las tres plantaciones. La mayor
unlike the other forest species, which are exotic, indicating  diversidad de escolitinos se registro en la plantacion de balsa,
that the diversity would be influenced by the host tree and the — que es una especie nativa, a diferencia de las otras especies
location where they are found. forestales, que son éxoticas, indicando que la diversidad,

estaria influenciada por el arbol hospedero y la localidad
Key words: Scolitids, diversity, balsa, teak, Ecuador, gamhar, ~ donde estas se encuentran.
rubber.

Palabras clave: escolitidos, diversidad, balsa, teca, Ecuador,

melina, caucho.
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Introduction

orest masses play an important role in erosion control,

filtration (FAO, 2009), climate regulation (Balvanera,
2012), etc. In general, they can provide infinity of
imperceptible ecosystem services (MEA, 2003) such as
regulation (Maass ef al., 2005) of the impact of emissions
(IPCC, 2013). Strong pressures with possible recurrences on
the ecosystems (IUFRO, 2017), which alter the forest masses,
affect the health of the vegetation that could cause disease
occurrence, pest attacks toward mortality (Garcia de la Serrana
et al., 2015), with greater impact on forest masses in Latin
America and the Caribbean, due to their vulnerability (Cepal,
2010). In that sense, some approaches have been described
to improve the conditions of plants in nursery (Mufioz et al.,
2014), the nutritive condition enhancements for plantation
(Caballero, 2017), the orientation of the slope considering the
plantation in irregular areas (Carter and Klinka, 1990), and the
forest management protocols (Coronado, 2017), generally at a
productive level, in order to ameliorate plantation conditions
to take advantage of market prices (Lopez et al., 2014).

According to Nicholls (2017) some authors have analyzed
the impact of global warming on crop production. The increase
in temperatures above an optimum level for vegetation causes
decay (Arregui, 2016) and more vulnerability to be attacked
by pests (Kjohl e al., 2012) those in some cases are associated
with the climate (Iturre and Darchuck, 1996). In this case, one
of the main concerns related to any disturbance that affects
the health of plants is attack of drillers (Romanyk, 1961) like
Scolitids. Insects found in the forest ecosystems constituted of
247 genera and 5990 species (Hulcr ef al., 2015; Kirkendall et
al., 20195).

The beetles perforate the bark of trees and build galleries
(Coitia and Rosales, 2001). They are divided into two groups
depending on the food habit: the bark beetles (xylophages),
which feed phloem tissue, and those of ambrosia correlated to
symbiont fungi (xylomicetophages) (Hulcr ez al., 2015; Wood,
2007), which are mostly found in tropical zones (Wood, 2007).

Of the presented species diversity, 79% is found in
tropical and subtropical ecosystems (Kirkendall et al.,
2015), 38% are described in South America corresponding
to collections from Mexico, Central America, Colombia,
Venezuela and Brazil, and represent only one third of the
Scolitids of this region (Wood, 2007). Among those recorded
for bark and ambrosia beetles of the region, 50 species are
determined as Ecuador contribution, which does not represent
all the diversity of Scolitids in the region. Current studies have
described new species such as Akrobothrus ecuadoriensis
(Dole and Cognato, 2007), Coptoborus ochromactonus Smith
and Cognato for their economic importance (Stilwell et al.,
2014) and Coptonotus uteq Smith and Cognato in tropical
rainforest “Murocumba “(Cognato and Smith, 2016).

The Scolitids participate in nutrient recycling, as they
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firstly prefer to attack sick or injured plants (Wood, 2007).
However, 1% of species attack healthy standing trees
(Kirkendall et al., 2015). Although the massive attack of
Scolitids is rare in healthy tropical forests (Wood, 2007),
currently in South America and Europe some reports of
damage to forest plantations by native Scolitids such as
Corthylus zulmae attacking alder (4lnus acuminata) H.B.K.
in Colombia (Jaramillo ef al., 2011); Premnobium cavipennis
Eichhoff affecting Eucalyptus clones in Brazil (Zanuncio et
al., 2005), Tomicus destruens and Tomicus piniperda attacking
Pinus halepensi in Europe (Durand-Guilman, 2014) and
Coptoborus ochromactonus Smith and Cognato associated
with regressive death of balsa tree (Ochroma pyramidale
(Cam ex. Lam) in Ecuador (Stilwell et al., 2014) have been
published.

The stability of plantations, as well as wood quality
and regressive death of the balsa tree (Ochroma pyramidale)
associated with C. ochromactonus is a precedent that could
affect forest plantations in Ecuador. In addition to balsa tree,
teak (Tectona grandis L.), rubber (Hevea brasilienses (Willd.
Ex A. Juss.) Moll. Arg. and gamhar (Gmelina arborea Roxb.),
are crops of economic importance considered in the national
program of forest incentives, which in recent years have
reached to 6933.7 hectares of plantation (MAGAP, 2015).

Due to the importance of the Scolitids in the forest
plantations and diversity scarce information of species present
in the central area of the Ecuadorian coast, this work has
initially been aimed to identify the diversity of the Scolitids
associated with plantations of balsa, teak, rubber and gamhar,
in the months of the annual dry period in the central area of
the Ecuadorian coast, to later deepen in a second investigation
to molecular characterization level of the scolitids , which will
be descripted in next papers.

Materials and methods

he research was carried out in four sites: 1) A balsa

plantation located in the Guasaganda parish, La Mana
canton, Cotopaxi province at 590 masl 704909.18 m E,
9911842.22 m S; 2) a teak plantation located in La Cumbia,
Valencia canton, Los Rios province at 60 masl, 672584 m E,
990,833 m S; 3) a rubber plantation, Los Angeles campus,
Buena Fe canton, Los Rios province at 155 masl 675062.54 m
E, 9932004.16 m S, and 4) a gamhar plantation located in the
Bimbe del Toachi area, Valencia canton, Los Rios province at
276 masl 692038.62 m E, 9953921.93 m S.

In each plantation seven circular plots of 500 m” were
delimited with a radius of 12.62 m, distanced at 200 m
in a straight line. At the center of each plot, a suspended
interception trap was placed at height of 1.3 m, using ropes
tied to the trees. The Bambara trap model ((Hulcr ef al., 2008)
was used, which consisted of placing a 1000 mL plastic bottle,
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with an opening side for the entrance of insects and a plastic
plate on top to avoid the entry of plant residues and water.
They were placed in a mixture of alcohol 70° / disinfectant gel
(Carbopol-Trieta-Ethanol 70% and water 30%) in a ratio of
3:1.

Sampling was carried out in the months of the dry
period, from June to August 2014. The collection and
replacement of attractants was carried out every 15 days.
The material collected in the traps was cleared by removing
the lid of the bottle and placing the material in other flasks,
which were labeled and taken to the microbiology laboratory
of the Universidad Técnica Estatal of Quevedo-Ecuador. Each
sample was placed in Petri dishes and an initial classification
was carried out according to the morphological characters in
order to count the insects. The identification was made at the
tribe level and in some cases at the level of genus or species,
by using dichotomous identification keys (Wood, 2007), which
are comparisons with a collection of Scolitids validated by the
entomology department of the Michigan State University.

To compare the diversity of Scolitids in the different
forest plantations, the Shannon-Wiener diversity index (H’)
and the Simpson dominance index (D) that measure the
structure of community; Jaccard similarity index, cluster
analysis, dominance and species richness were calculated
using the statistical program PAST version 2.15 (Hammer et
al., 2001).

Results and Discussion

Scolitids fauna

We collected 1437 individuals represented by the
Xyleborini, Corhtylini, Cryphalini and Ipini tribes. These
tribes are also reported by Ferreira (2016), Pérez (2008),
both in plantations and agroforestry systems, being the most

representative tribes in South America, in agreement with
what was indicated by Wood (2007). In the balsa plantation,
81% of the Scolitids corresponded to the Corthylini and
Xyleborini tribes. In the teak plantation, there was a greater
abundance of Scolitids of the Cryphalini tribe, which reached
to 43%, coinciding with what was stated by Ferreira (2016).
This finding indicates that Scolitids of the Criphalini tribe
predominated in the teak plantations. In the rubber plantation,
the Xyleborini and Cryphalini tribes were in the majority,
while in the gamhar plantation there were a greater number of
individuals of the Xyleborini tribe (Figure 1).

The Xyleborini tribe with 499 individuals and Corthylini
with 418 individuals presented five genera, these quantities
differ from the values reported by Pérez (2008), however, it
highlights the greater number of genera captured from these
tribes. While Cryphalini with 409 individuals and Ipini with
111 individuals had two and one genus respectively. 18
species were collected in the four forest plantations, with a
greater number of individuals of Hypotenemus sp, Corthylus
sp. (3) and Xyleborus affinis, Xyleborinus bicornatulus and
Premnobium cavipennis (Table 1). These Scolitids are likely
to adapt and take better advantage of resources, especially X.
affinis, which was the most abundant as indicated previously
(Rangel et al., 2012), due to the wide natural distribution and
host species (Pérez, 2008). The highest abundance of Scolitids
was recorded in the rubber plantation with 440 individuals.
However, the number of species (10) was lower than those
collected in the balsa plantation (16), which represents 88%
of the species diversity. The gamhar plantation had lower
abundance and was correlated with the lower number of
species (Table 1). The diversity of species present in the balsa
plantation could be linked to the fact that this species is native
to Ecuador and several countries of South America (Stephen
et al., 2010), while the other species have been introduced
into the country. On the other hand, the characteristics of balsa
tree among them the hardness (0.22 g/cm?), the chemical
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Figure 1. Abundance of Scolitids at the tribe level in the forest plantations of the

central area of the Ecuadorian littoral
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composition as the presence of sterols: B-sitosterol and
stigmasterol; coumarin scopoletin and cleomiskin in wood
(Fonseca da Paula et al., 1995) can be responsible for the
disclosed diversity seen in the balsa plantation. In addition,
the phytosanitary problems, which are greater in the culture
of balsa, and preference of many Scolitids to choose dead or
weakened trees for reproduction (Rudinsky, 1962) are other
factors in the diversity found for the balsa plantation.

The most abundant Scolitids among balsa trees were
Corthylus sp. (2) (23.3%) and Corthylus sp. (3) (17.6%),
reaching to more than 40% among all. This genus was also
recorded in the other crops in smaller quantity. This wide
distribution and abundance is due to the fact that this genus is
numerous and possesses Neotropical distribution as indicated
by Wood (2007). In addition, Hypotenemus sp. (15%) and
C. ochromactonus (6.7%) are highlighted. The latter was
collected only in the balsa plantation, as done for Theoborus
sp., Microcorthylus vietus, Corthylus insigni, Corthylus
pigmaeus and Corthylus sp. (4) (Table 1). Species such as
C. insigni present in both balsa and rubber plantation, and C.
pvgmaeus only in the balsa trees, are reported for Colombia and
Costa Rica, correlated with Inga and Theobroma respectively
(Wood, 2007). We report that the species C. pygmaeus is
recorded for the first time in the balsa plantation for Ecuador.
In this study, C. ochromactonus was captured only in the balsa
plantation, considered as a pest of economic importance.
Although the plantation under study is in a location whose
characteristics correspond to pre-mountain humid forest,
this species is reported to be related to the balsa plantation
in other locations whose characteristics correspond to tropical
and tropical dry forest in the dry and rainy period respectively
(Stilwell et al., 2014). In the case of Theoborus sp. and C.
pygmaeus captured only in the balsa plantation, there are no
previous studies indicating that it is correlated with the other
crops and important to carry out studies on these forest crops.

In the teak plantation, 414 individuals represented
in 10 species were collected, of these, Hypotenemus sp.
(44%), P cavipennis (21.5%), Corthylus sp. (3) (16.4%)
and X. affinis (8.2%) were presented in greater quantity.
In a smaller proportion, Xyleborus spinulosus (3.6%),
Xyleborinus bicornatulus (3.1%), Xylosandrus sp. (2.6%)
and Xyleborus ferrugenius (0.5%) (Table 1) were also found.
In the teak plantation, the species with the highest number
was Hypothenemus sp. Although no damage was observed
in the trees to determine its attack as a primary or secondary
pest, its quantity in this plantation is relevant. Studies on
the physiological conditions of the tree and the abundance
of the insect should be related to the degree of destruction
(Rudinsky, 1962). In Ghana, Hypothenemus pusillus is
considered as stem borer in teak plantations (Nair, K. S. 2000).
Premnobius cavipennis, presented also a considerable number
of individuals. This association is reported in teak forests in
Brazil, in the state of Do Paran4, although its multitude was
low (Ferreira, 2016).
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In the rubber plantation, 440 Scolitids were collected,
with a number of the species Hypotenemus sp. (25.5%), X.
bicornatulus (25.5%), X. affinis (17.3%) and Corthylus sp. (3)
(14.1%). Cryptocarenus hevea with 5.2% was present only
in this plantation (Table 1). The population of Scolitids was
biased towards the species of the Xyleborini tribe, differing
from that found in Brazil, where the population of Scolitids
was concentrated in the Cryphalini tribe (Pereira et al., 2015).
However, the species Hypotenemus sp. and C. hevea, collected
in Ecuador are also reported in the rubber plantations in Brazil
(Pereira et al., 2015). Although the population of C. hevea was
not high, this species was only recorded in this crop. Among the
species Xyleborinus bicornatulus and Xyleborus affinis linked
to this plantation is also reported in the rubber plantations
in Brazil (Pereira et al., 2015). Likewise, Xyleborus affinis
is reported attacking rubber lumber in Thailand (Sittichaya
and Beaver, 2009, Kangkamanee et al, 2011). X. affinis
and X ferrugineus are considered as economic important
species because they can cause large infestations in tropical
wood with similar characteristics, however, in the studied
plantations the population of X. ferrugineus was low. As
rubber is comparatively free of pests and insects in natural or
established forests, this is attributed to the production of latex
in all parts of the plant.

In the gamhar plantation, 209 Scolitids were collected.
The species with the greatest number were: X. affinis (40.7%),
Xylosandrus morigerus (14.8%), Corthylus sp. (3) (14.4%),
and Hypotenemus sp. (13.9%). In lower abundance, X.
Serrugenius (1.4%), X. bicornatulus (1.4%) and Tricolus sp.
(1.4%) (Table 1) were found. Although the attack is secondary,
these species can cause damages of economic importance due
to their abundance and wide variety of hosts (Beaver ef al.,
2014). X. affinis is reported in gamhar (Vasquez, 2003). The
genus Xyleborus is present in all the studied plantations, this
group of species has been considered of great importance in
tropical ecosystems (Morales et al., 2000). Xylosandrus spp.
has been found abundantly in gamhar. This genus representing
an economic important species can attack and reproduce in
healthy branches and shoots of forest trees; as they can also
transmit pathogenic fungi (Beaver et al., 2014).

Analysis of the diversity of Scolitids associated with forest
plantations

The number of Scolitids varied in each plantation. The
rubber cultivation had the highest abundance of Scolitids, but
where the greatest species richness occurred was in the balsa
plantation with 16 species. This is reflected in the diversity
index of obtained species. In the balsa cultivation where a
normal diversity was found according to the Shannon index,
it ranges between 2 and 3 (H’=2.37) while the teak plantation
showed low diversity (H’= 1.57). In the plantation of rubber
and gamhar, the diversity of Scolitids was quite similar (Table
2). The variation of the diversity obtained in the different
forest crops would be related to what was stated by Gohli et
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Table 1. Fauna and abundance of Scolitids in forest plantations in the central area of the

Ecuadorian littoral

Species Balsa Teak Rubber Gamhar Total Percentage
Xyleborini

Coptoborus ochromactonus 25 0 0 0 25 1.70
Xyleborus affinis 13 34 76 85 208 14.50
Xyleborus spinulosus 12 15 4 0 31 2.20
Xyleborus ferrugineus 0 2 2 3 7 0.50
Xyleborinus bicornatulus 22 13 112 3 150 10.40
Xylosandrus morigerus 10 11 18 31 70 4.90
Theoborus sp. 8 0 0 0 8 0.60
Ipini

Premnobius cavipennis 13 89 9 0 111 7.70
Corthylini

Microcorthylus vietus 20 0 0 0 20 1.40
Tricolus 5 0 2 3 10 0.70
Corthylus insigni 6 0 0 2 8 0.60
Corthylus pygmaeus 14 0 0 0 14 1.00
Corthylus sp. (1) 12 1 9 10 32 2.20
Corthylus sp. (2) 87 1 4 13 105 7.30
Corthylus sp. (3) 66 66 62 30 224 15.60
Corthylus sp. (4) 5 0 0 0 5 0.30
Cryphalini

Hypotenemus sp. 56 182 119 29 386 26.90
Cryptocarenus hevea 0 0 23 0 23 1.60
Total individuals 374 414 440 209 1437 100.00
Total species 16 10 12 10 18

al. (2017) who indicate that genera that exhibit interspecific
variation in the type of host, have higher rates of species
diversification.

This suggests that the change of host is a factor of
species diversification or that certain types of hosts or forest
compositions facilitate colonization and, therefore, allopatric
speciation. In addition, the plantations under study were

located in different parts, where the climatic conditions differ,
although this information was not recorded, these results
allow us to infer that the conditions of a site influence species
diversification. Using the Simpson index, the values were close
to 1, implying that in the different plantations the communities
were represented by more than one species. Regarding the
equity index (J), the maximum value was obtained in the balsa

Table 2. Analysis of the diversity of Scolitids captured in the forest plantations of the central area of the

Ecuadorian littoral

Diversidad Diversidad Equidad

Plantaciones forestales Abundancia Riqueza (H) (D) J)

Balsa 374 16 2.372 0.874 0.855
Teak 414 10 1.570 0.725 0.682
Rubber 440 11 1.717 0.779 0.716
Gambhar 209 10 1.747 0.766 0.759

Ciencia y Tecnologia. 2017. 10(2): 25-32 29
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Figure 2. Scolitids similarity dendrogram captured in the forest plantations
of the central area of the Ecuadorian littoral

plantation (J = 0.8554), indicating that there was a greater
probability that all the species present in the crop were equally
abundant, unlike the other crops, which present lower values,
especially in the teak plantation (Table 2). The Similarity of
species among the plantations showed different values. In the
teak and rubber cultivation the similarity of species was high
(0.909), while the most distant was for the balsa plantation in
relation to the other trees (Figure 2).

Conclusion

he Scolitids present in the four studied plantations are

distributed in the tribes Xvleborini, Corthylini, Cryphalini
and Ipini. The greater diversity of Scolitids recorded in the
balsa plantation and the difference in similarity with the
Scolitids present in the other plantations could be related to
the fact that balsa tree is a native species in Ecuador, and
both the host tree and the Scolitids have adapted to each
other based on their environment. The presence of Scolitids
like Coptobrus ochromactonus and Cryptocarenus hevea
in the balsa and rubber plantation respectively, allow us to
deduce that the diversity of Scolitids could be determined by
the forest species.
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