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Abstract

A survey of beetle assemblages of the subfamily Scolytinae was conducted in habitat
gradients ranging from primary to secondary forests, cocoa plantations, and pastures in
the Amazonian biome. Sampling was carried out in 2015, during February/March (rainy
season), June (intermediary season), and September/October (dry season). A total of
4,534 Scolytinae were captured, comprising four genera and nine species. The most
abundant species were Xyleborus affinis and Xyleborus volvulus, representing approx-
imately 34% and 31% of the total abundance, respectively. Species of Scolytinae in
general showed seasonality and greater abundance and richness in regions with greater
coverage of plant litter.
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Resumo

Assembleias de besouros da subfamilia Scolytinae foram estudadas em gradientes de
habitats que variam de floresta primaria a secundaria, plantagdes de cacau e pastagens
no bioma Amazénia. A amostragem foi realizada durante o ano de 2015, nos meses de
fevereiro/margo (estagédo chuvosa), junho (estacéo intermediaria) e setembro/outubro (es-
tacéo seca). Um total de 4.534 Scolytinae foi capturado, compreendendo quatro géneros
e nove espécies. As espécies mais abundantes foram Xyleborus affinis e Xyleborus volvu-
lus, representando aproximadamente 34% e 31% da abundancia total, respectivamente.
As espécies de Scolytinae em geral mostraram sazonalidade e maior abundancia e rique-
za em regides com maior cobertura de serapilheira.

Palavras-chave: Amazonia, estudos de biodiversidade, preferéncia de habitat, insetos.

Introduction

The Amazon biome is a unique area; it holds the world’s largest rainfor-
est and is considered a biodiversity hotspot. It is also important for carbon
storage and regional/global regulation of the hydrological cycles and climate
(Fernandes, 2009). However, human action has caused, directly or indirectly,
the reduction and loss of biodiversity (Cajaiba et al., 2015; Cajaiba and Silva,
2017) due to changes in the natural ecological processes and the emergence of
new combinations of species, mainly by habitat transformation, fragmentation,
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and damage (Marques et al., 2002). Several factors have
been identified including the suppression of natural habi-
tats, ecosystem fragmentation, overexploitation of natural
resources, climate change, and introduction of alien spe-
cies. This biodiversity loss threatens the sustainability of
the region, with a consequent reduction of environmental
services such as pest control, nutrient cycling, and mainte-
nance of soil structure (Cajaiba and Silva, 2015; Valiente-
Banuet et al., 2015).

Predicting the ecological consequences of land-use/
land-cover changes is, therefore, a subject of great scien-
tific and political interest in order to support strategic op-
tions for sustainable development, land-use planning, and
natural resource management (Turner ef al., 2007). In this
context, ecological assessment and monitoring are impor-
tant tools to support effective management of ecosystems
and natural resources, and the use of pertinent indicators
is crucial to measure and evaluate the status and trends of
target environmental systems (Cajaiba and Silva, 2014).

Beetles have characteristics that qualify them as ap-
propriate for ecological studies (Carlton and Robinson,
1998; Didham et al., 1998; Cajaiba and Silva, 2015) and
for monitoring different compartments of the ecosystem
(Marinoni, 2001). Several studies suggest that beetles are
strongly associated with habitat structure and factors as-
sociated with microclimates (Schwarzkopf and Rylands,
1989; Bishop et al., 2009) that can be altered by anthropic
activities. For example, beetles respond to environmental
disorder, soil depth, local humidity, temperature, soil pH,
and pollution (Pearce et al., 2003; Kaiser et al., 2009; Gar-
cia et al., 2010; Negro et al., 2010; Vasquez-Velez et al.,
2010). Beetles have also been shown to indicate success-
ful management and restoration of habitats (Jacobs et al.,
2010; Paoletti et al., 2010; Gomez, 2010).

Beetles of the subfamily Scolytinae (Coleoptera: Curcu-
lionidae), with more than 6,000 described species, consti-
tute one of the largest groups of Coleoptera (Eroglu et al.,
2005; Sarikaya and Avci, 2011). These beetles, commonly
known as bark and ambrosia beetles, colonize living and
dead trees (Gandhi et al., 2010), with some species causing
widespread mortality of coniferous and deciduous trees in
forests (Oliver and Mannion, 2001; Gandhi ef al., 2010). In
general, bark beetle larvae feed on the phloem of their host
trees, whereas ambrosia beetle larvae feed on the symbiotic
fungus inoculated by the mother beetles when they bore into
the xylem of their host trees (Rabaglia et al., 2006). These
insects are well-known forest pests and also play an impor-
tant role in wood degradation (Gray, 1972). In the Amazon
biome, these beetles were also found to attack several forest
and fruit trees (Abreu, 1992; Barbosa, 1994; Dall’Oglio and
Peres-Filho, 1997; Abreu et al., 2012).

The factors that influence the biodiversity of bee-
tles are not clearly known, but the literature shows that
structural complexity of vegetation and different envi-

ronmental disturbances play major roles. Several studies
have shown the biology, ecology, and feeding behavior
of Scolytinae (Franceschi et al., 2005; Rabaglia et al.,
2006; Fettig et al., 2007). However, there is a gap in
the knowledge on the Brazilian fauna of Scolytinae, as
well as that in the Amazon biome. Thus, we conducted a
survey of Scolytinae assemblages, over a wide range of
habitats from primary forest to secondary forests, cocoa
plantations, and pastures in the Amazon biome, with the
aim of supporting future research and adding information
about these economically important insects. Specifical-
ly, we addressed the following questions: (i) Does the
composition of Scolytinae assemblages vary among the
different habitats? (ii) Does the diversity of Scolytinae in
the Amazon biome differ between seasons?

Material and methods

This study was performed near the city of Uruara, state
of Para, northern Brazil (Figure 1). The territorial exten-
sion of the municipality is 10796 km? and its population
encompasses circa 44789 inhabitants. The dominant land
use/ land cover (LU/LC) is natural forest (69% of the area)
and deforestation is concentrated mainly in the south-
central part of territory and near the main roads. Exten-
sive livestock production and the exploitation of timber at
a large scale (mostly illegal) are currently considered the
most serious environmental threats (Cajaiba, 2014). The
studied habitats contain pertinent gradients, in terms of
biophysical and ecological characteristics, for testing the
response of Scolytinae communities facing the main an-
thropogenic drivers. These gradients encompass: Native
Vegetation — NV, Early Secondary succession — ES (veg-
etation with five years of regeneration), Mature Secondary
succession — MS (vegetation with 15 years of regenera-
tion), Agriculture — Ag (cocoa plantations, Theobroma ca-
cao L.) and Pasture for extensive livestock — Pa. The cli-
mate is classified as Aw (Koppen), hot and humid and the
average annual rainfall is 2000 mm (Cajaiba et al., 2015).

Sampling was carried out during the year 2015, in the
months of February/March (rainy season), June (final of
rainy season and early dry season) and September/October
(dry season). This allowed integrating eventual seasonal
differences in the activity of Scolytinae. The sample points
were placed at a minimum distance of 100 meters from
ecotones, to ensure that most beetles captured were associ-
ated to the habitats in study. Pitfall traps with 75 mm diam-
eter and 110 mm deep were filled with preservative liquid
consisting of formalin, alcohol, water and a few drops of
detergent to break the surface tension. A roof was attached
to each trap to prevent rainwater from entering the trap,
remaining installed for 48 h prior to collection.

In each study site (NV, MS, ES, Ag and Pa) seven sam-
ple points were placed 100 m apart. Each sample point
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Figure 1. Location of the study area in the municipality of Uruara,
state of Para, northern Brazil with sampled habitats: Ag, Agricul-
ture; ES, Early secondary succession; MS, Mature secondary suc-
cession; NV, Native vegetation; Pa, Pasture.

contained four pitfall traps separated by 5 meters. This
protocol was applied to all areas and periods of collec-
tions, totalizing a sampling effort of 840 traps.

The Temperature-T, Humidity-H and Precipitation-P of
each point were measured during the traps installation and
removal with a portable weather station (model Oregon
Scientific WMR200A). Data about Percentage of Exposed
Soil-PES, Percentages of Leaf Litter Cover-PLC, Height
of Leaf Litter-HLL were also collected. To assess the en-
vironmental complexity of each sampling site, the quad-
rat-section method was adopted (Campos and Hernandez,
2015). Using a cross as a reference, four quadrants (north-
east, northwest, southeast, southwest) were marked and,
in each quadrant the following variables were measured:
the HLL was measured with a ruler in 1 m x 1 m marked
squares (using a PVC pipe), and the percentages of PLC
and PES were measured by visual estimation using the fol-
lowing classes, 0-5%, 6-25%, 26-50%, 51-75%, 76-95%
and 96-100% (Campos and Hernandez, 2015).

Richness (S) and abundance (N) of each sampling site
were measured and differences among sites were gauged
using One-Way-Analysis-of-Variance (ANOVA). ANOVA
was also applied to find differences in the seasonality of
Scolytinae, using a Tukey’s post-hoc test. The normality of
the data was verified by the Shapiro-Wilk test.

The Bray-Curtis cluster analysis was applied to verify
the similarity between different habitats, and UPGMA
algorithm was used to draw the distance based on Bray-
Curtis index. This index ranges between 0 (indicating no
similarity in community composition between sites) and
1 (indicating complete overlap), and it is considered one
of the most robust measures of community similarity
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(Magurran, 2004). The cophenetic correlation coefficient
was used to verify the result significance of the cluster
analysis. Multiple multivariate regressions were applied
to analyze the relationship between the dependent (abun-
dance and richness of Scolytinae) and predictive (T, H, P,
PLC, HLL and PES) variables.

Results and discussion

A total of 4,534 Scolytinae, distributed in four genera
and nine species, was captured. Of these, we identified 854
individuals of all species in natural vegetation (NV), eight
species (1116 individuals) in mature secondary succession
(MS), seven species (244 individuals) in early secondary
succession (ES), four species (2,028 individuals) in agri-
culture (Ag), and two species (292 individuals) in pasture
(Pa). The genus Xyleborus, with 4,514 individuals, was
prevalent in all ambrosia beetle communities, comprising
99.5% of all specimens captured. The most abundant spe-
cies were Xyleborus affinis EICHHOFF 1868, with 1,526 in-
dividuals (approximately 34% of the total abundance), and
Xyleborus volvulus FaBrictus 1775, with 1,386 individu-
als (approximately 31% of the total abundance). Xyleborus
volvulus was more abundant in Ag (506 individuals) and
NV (300 individuals), whereas X. affinis was more abun-
dant in MS (382 individuals), followed by Pa (210 indi-
viduals) and ES (58 individuals) (Table 1).

The fact that the genus Xyleborus presented the great-
est abundance and richness is consistent with the results
of several studies (Abreu ef al., 2012; Kendra et al., 2011,
Meurer et al., 2013). Although beetles of this genus may
be considered beneficial, because they favor natural dis-
branching and contribute to degradation of wood waste in
reforested areas, some species may cause high negative
economic impacts, damaging large amounts of fresh-cut
or stored wood (Wood, 1982; Meurer ef al., 2013).

The species X. affinis and X. volvulus were the most
abundant in all studied habitats, corroborating the results
of Meurer et al. (2013). X. affinis, considered one of the
most aggressive ambrosia beetle species in Brazil and
other tropical regions (Beaver, 1976; Meurer et al., 2013),
is abundant above the Tropic of Capricorn (Meurer ef al.,
2013). Beaver (1976), in a study conducted in a native for-
est of Mato Grosso, stressed the importance of X. affinis in
the area, noting that the wetter the region, the better was the
adaptation. According to this author, X. affinis apparently
has no preference for hosts and may attack a wide range of
plants, including herbs and lianas. The strong dominance
of X. affinis can be explained by interspecific competition,
considering that fast-growing species are more destructive
and reduce the resources available for other plant species
(Abreu et al., 1997).

The Scolytinae species richness varied significantly
among the study sites (F,, . =223.1, p <0.0001). The av-

4415



Diversity of Scolytinae (Coleoptera: Curculionidae) in different landscapes in northern Brazil

Table 1. Species of Scolytinae collected in different habitats and their abundance in different seasons in the municipality of Uruara, state
of Para, northern Brazil. Ag, Agriculture; ES, Early secondary succession; MS, Mature secondary succession; NV, Native vegetation; Pa,
Pasture. The letters R, | and D following the vegetation types correspond to the rainy, intermediary and dry seasons, respectively.

Species NV MS ES Ag Pa

R 1 D R | D R 1 D R | D R 1 D
Xyleborus volvulus 104 196 32 144 116 24 34 20 18 260 246 110 34 38 10
Xyleborus affinis 74 130 38 210 156 16 38 20 18 250 238 128 110 90 10
Xyleborus ferrugineus 32 64 16 58 64 18 24 0 2 156 136 48 0 0 0
Xyleborus sp.1 14 38 30 72 56 8 18 8 0 134 132 38 0 0 0
Xyleborus sp.2 18 12 24 58 42 8 12 0 0 70 82 0 0 0 0
Xyleborus sp.3 8 6 8 24 30 6 18 10 0 0 0 0 0 0 0
Xylosandrus sp. 0 4 0 0 2 0 4 0 0 0 0 0 0 0 0
Coccotrypes sp. 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
Hypothenemus sp. 2 2 0 2 2 0 0 0 0 0 0 0 0 0 0

erage species richness was significantly higher in NV and
Ag (p <0.01) than in the other habitats. The second largest
species richness was observed in MS (p < 0.05). The low-
est species richness was found in Pa (p <0.05) (Figure 2a).
The Scolytinae abundance also varied significantly among
the study sites (F, , ;= 123.8, p <0.0001). The mean abun-
dance was significantly higher in Ag (p < 0.01) than in the
other sites. The second largest mean abundance rate was
observed in MS (p <0.05) (Figure 2b).

According to Bray-Curtis similarity index and clus-
ter analysis, a greater similarity was observed between
NV and MS (0.77) (cophenetic correlation coefficient =
0.90) (Figure 3).
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Predictive variables were significant for Scolytinae
abundance (F_, . =84.5, R*=0.55,p <0.001) and richness
(Fy = 1589, R?=0.70, p < 0.001). The variable HLL
best explained the abundance and richness of Scolytinae
(Table 2).

The fact that Ag had the highest abundance and species
richness can be explained by the high HLL in these areas.
On the other hand, ES and Pa are typically characterized
by a relatively more open canopy with reduced occurrence
of sub-forest warm and dry environment, as well as lower
amounts of litter on the ground, which may explain the
impoverishment observed in the Scolytinae communities.
The influence of environments with greater litterfall rates

8424
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Figure 2. Box and Whisker plots expressing the differences in the projected values for (a) species richness (+ SE) and (b) number of
individuals (+ SE) of Scolytinae in different habitats in the municipality of Uruara, state of Para, northern Brazil. The values followed by the
same letters are not significantly different according to Tukey test. Ag, Agriculture; ES, Early secondary succession; MS, Mature second-
ary succession; NV, Native vegetation; Pa, Pasture. Circles in the figures indicate the outliers.
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Figure 3. Bray-Curtis similarity index for the different habitats sam-
pled (cophenetic correlation coefficient = 0.90) in the municipality
of Uruard, state of Para, northern Brazil. Ag, Agriculture; ES, Early
secondary succession; MS, Mature secondary succession; NV,
Native vegetation; Pa, Pasture.

on the distribution of the Scolytinae community can be
confirmed by the high density of these individuals in Ag,
MS, and NV. These habitats have greater amounts of ma-
terial that can favor the development of vegetable debris,
trunks, and broken branches, providing ideal conditions
for the rapid population growth of Scolytinae species. The
diversity of arthropod communities is related to the struc-
tural complexity of the habitat. More complex environ-
ments have a greater number of beetle species because of
the greater supply of ecological niches for these organisms
(Schaffers et al., 2008).

With respect to the seasonality of Scolytinae, of the
nine species sampled, six (approximately 67%) were avail-

able in the three periods surveyed. Hypothenemus sp. was
collected only in the rain season, whereas Xylosandrus sp.
and Coccotrypes sp. were exclusive to the intermediary
season (Table 1). A statistically significant difference in
abundance was noted among the sampling seasons (F,, =
81.76, p < 0.001), but no differences were noted between
the averages of the rainy and intermediary seasons (p >
0.05). The dry season showed lower abundance, being sta-
tistically shorter than the other seasons (p < 0.001) (Figure
4a). Species richness also showed differences between the
sampling seasons (F, ,, =21.53, p <0.001). No differences
were noted between the averages of the rainy and interme-
diary seasons (p > 0.05), but the dry season showed lower
species richness, being statistically shorter than the other
seasons (p < 0.001) (Figure 4b).

The abundance and richness of Scolytinae tended to
show a seasonal distribution in a year, with less number
of individuals and species occurring during the dry sea-
son than during the heavy rainfall season. This significant
difference in the population of Scolytinae throughout the
year was also observed by Flechtmann et al. (2001). Ac-
cording to Wood (1982), temperature and humidity are
the two most important factors in the micro-climate of
the galleries of Scolytinae species. Those belonging to
the genus Xyleborus, in particular, reduced the growth
of fungi they feed on. However, additional studies are
needed to understand the extent of these changes, espe-
cially in light of the potential effects of climate change
(Maveety et al., 2014). Seasonal variations in diversity
and composition emphasize the influence of phenology
on survey timing in studying Scolytinae/habitat asso-
ciations. Moreover, seasonal information on Scolytinae
beetle is essential to understand the relevant ecological
processes and, thus, the related management aspects.
Asynchronous seasonal cycles may contribute to the re-
duction of interspecific competition among Scolytinae.

Our study should be complemented by ecological and
behavioral studies to understand and assess the preserva-
tion status of the habitats considered (Brown, 1997). Eco-

Table 2. Multivariate regressions between environmental variables and ecological indices (abundance and richness) of Scolytinae col-
lected in the municipality of Uruara, state of Para, northern Brazil. H, Humidity; HLL, Height of Leaf Litter; P, Precipitation; PES, Percent-
age of Exposed Soil; PLC, Percentages of Leaf Litter Cover; T, Temperature.

Variables Abundance Richness

Coeff. (+ SE) T P R2 Coeff. (+ SE) T p R2

T -0.718 (+0.37) -1.92 0.53 0.12 0.135 (+0.04) 2.72 0.001 0.24

H -0.050 (+0.05) -0.88 0.05 0.12 0.074 (+0.00) 9.83 0.001 0.28

P 0.032 (+0.00) 5.89 0.37 0.08 -0.002 (+0.01) -3.79 0.0001 0.04
HLL 6.750 (+0.43) 15.35 0.001 0.35 0.776 (+0.05) 13.28 0.000 0.44
PLC -0.130 (+0.02) -5.39 0.001 0.17 0.020 (+0.01) 6.40 0.001 0.41
PES 0.964 (+0.22) 4.23 0.01 0.18 0.333 (+0.03) 11.02 0.001 0.25
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Figure 4. Scolytinae community in different periods of sampling in the municipality of Uruara, state of Para, northern Brazil: (a) number
of individuals (+ SE) and (b) number of species (+ SE). The values followed by the same letters are not significantly different according to
Tukey test. D: Dry; I: Intermediary; R: Rain. Circles in the figures indicate outliers.

logical assessment and monitoring are important proce-
dures to ensure effective management of ecosystems and
natural resources. The use of indicators of ecosystem in-
tegrity is considered crucial to measure and assess the sta-
tus and trends of target environmental systems (Kandziora
etal.,2013).
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