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Abstract

Results obtained in studies can contribute to the advancement of science and innovative methods and techniques for
developing practical activities. Reporting conditions that may restrict the implementation of research is critical to ensure
the optimal development of further technical studies. The objective of this study was to assess the walking stability
of R. dominica on a flat and smooth surface. The study was based on the determination of mortality, morphology and
walking stability of the insect outside the grain mass, on a flat and smooth surface. Mortality of adults of this Coleoptera
in conditions with and without food was similar, which explains the difficulty that this insect had for accessing the
food source on the flat and smooth surface. The measurements of body length (BOL), width (BOW) and height (BOH)
of R. dominica were compared with those of Tribolium castaneum (Coleoptera: Tenebrionidae), which showed good
ability to walk in these conditions. This study indicated that the former presents lower BOL and BOW, and greater
BOH than the second, and all these variables showed differences when analyzed simultaneously by means of the
construction of multivariate morphometric indices (Width x Height, Length x Height and Height x Length x Width).
These morphometric variables, together with the definition of the geometry most similar to the body shape, resulted
in determination of the center of gravity (CG) and static rollover threshold (SRT gmm) for both species. Rhyzopertha
dominica and T. castaneum presented CGs considered high and low, respectively, and together with the values obtained
for SRT _ , may justify that R. dominica can be considered a less stable species during movement, and presents greater

geom’®

risk of rollover on flat and smooth surfaces.
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Estabilidade de caminhamento de Rhyzopertha dominica (Fabricius, 1792)
(Coleoptera: Bostrichidae)

Resumo

Resultados obtidos em pesquisas podem contribuir com o avango da ciéncia e inovar métodos e técnicas para o
desenvolvimento de atividades praticas. Relatar condigdes que podem restringir a execugdo de pesquisas ¢ fundamental
para garantir que seja observada a técnica ideal para o desenvolvimento de estudos posteriores. O objetivo deste
trabalho foi estudar a estabilidade de caminhamento de R. dominica em superficie plana e polida. O estudo se baseou
na determinacdo da mortalidade, morfologia e estabilidade de caminhamento do inseto fora da massa de graos, em
superficie plana e polida. A mortalidade dos adultos desse Coleoptera nas condi¢des com e sem alimento foram
semelhantes, o que justifica a dificuldade que esse inseto tem em acessar a fonte alimentar andando em superficie
plana e polida. As medidas obtidas do comprimento (BOL), largura (BOW) e altura (BOH) do corpo de R. dominica
foram comparadas com as de Tribolium castaneum (Coleoptera: Tenebrionidae), que pode ser considerado um bom
caminhador nessas condigdes. Esse estudo mostrou que o primeiro ¢ menor no BOL ¢ BOW, e maior BOH que o segundo,
e que, todas essas variaveis apresentaram diferencas quando analisadas simultaneamente por meio da construg@o de
indices morfométricos multivariados (Largura x Altura; Comprimento x Altura e Altura x Comprimento x Largura).
Essas variaveis morfométricas, juntamente com a defini¢do da forma geométrica que mais se aproxima do formato
corporal, proporcionaram a determinagdo do centro de gravidade (CG) e do limite lateral de tombamento (SRT wm) para
ambas as espécie. Rhyzopertha dominica e T. castaneum apresentaram CGs considerados alto e baixo, respectivamente,
€ juntamente com os valores obtidos para os SRT, , podem justificar que R. dominica pode ser considerada uma espécie

geom

menos estavel durante o caminhamento, e que, apresenta maiores riscos de tombamento em superficies plana e polida.

Palavras-chave: bioensaios, centro de gravidade (CG), coeficiente de atrito, tombamento, pragas de graos.
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1. Introduction

Reporting experimental errors and methodologies
that do not obtain results consistent with those predicted
in the objectives, due to problems not identified during
the design stage of a study, is as important as publication
where the results perfectly expressed the tested hypotheses.

A proposal that should be prioritized by the scientific
community is the need to promote the dissemination of
experimental errors and methodologies where non-conformities
are observed during data collection, which are able to
undermine research, and can therefore prevent another
researcher from making the same error during both design
and performing of a study.

Experiments conducted in laboratory conditions
are intended to anticipate possible problems or verify
operation of certain situations that may occur under
field conditions, allowing for acquisition of results via
simulation, which analyzes and describes in controlled
conditions the events in controlled situations, as close as
possible to real conditions found with the object of study
(Marconi and Lakatos, 2003).

In the grain storage sector, insects are considered the
main pest organisms and may be basically classified as
primary and secondary pests, ranked according to their
ability or otherwise to cause damage to intact products.

The order Coleoptera includes a group of insects that
present great importance in the grain storage industry,
due to the damage they cause in these products, which
impairs their quality (Faroni and Silva, 2008). Among
the representatives of this group, the species Rhyzopertha
dominica (Fabricius, 1792) (Coleoptera: Bostrichidae)
and Tribolium castaneum (Herbst, 1797) (Coleoptera:
Tenebrionidae) are highlighted. The first due to its ability
to attack, injure and nest in intact and healthy grains,
and the second due to the large variety of products in
which it is found (Athié and Paula, 2002). Rhyzopertha
dominica can be considered the main insect pest species
in grains stored around the world (Edde, 2012; Faroni and
Garcia-Mari, 1992).

Problems associated with the occurrence of these
Bostrichidae have been reported, mainly in tropical and
subtropical regions, and may also develop in temperate
zones during the warm seasons, where there optimal
conditions for their establishment are encountered (Athié
and Paula, 2002; Edde, 2012).

Tribolium castaneum is one of the most important
secondary species in storage of cereals in tropical and
subtropical regions (Athié and Paula, 2002), one of the
factors that confer this status. Adults of this species can live
for many months or even years under optimal conditions
of temperature (35 °C) and relative humidity (75%).
Females oviposit 2 to 10 eggs per day for most of their
lives (Subramanyam and Hagstrum, 1996).

Both species, R. dominica and T. castaneum are the
reasons for studies seeking to evaluate responses to the use
of insecticides (Aguiar et al., 2010; Furiatti et al., 1999;
Pereira et al., 1997, 2003; Pimentel et al., 2012; Pinto
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Junior et al., 1997; Santos et al., 2011), control measures
(Gongalves et al., 2000, 2006, 2007; Mariano et al., 2006),
forms of repellency (Beckel et al., 2004, 2005; Parvin et al.,
2012) and damage caused (Alencar et al., 2011; Silva etal.,
2003). In general, these studies present the common fact
that they are conducted under simulated conditions in the
laboratory, testing the species in the different situations
observed in the storage units.

Rhyzopertha dominica and T. castaneum have been
studied under different climatic conditions, with variations
as needed (Aguiar et al., 2003, 2010; Beckel et al., 2005;
Fontes and Arthur, 1994; Gongalves et al., 2006, 2007;
Moino Junior and Alves, 1997; Oliveira et al., 2003, 2006;
Silvaetal., 2003), and care with the method of simulating
the physical structure of the storage unit should be taken
into consideration so that the results may express the
condition closest to the actual condition (Beckel et al.,
2005; Gongalves et al., 2006, 2007; Ortiz et al., 2012;
Pacheco et al., 2009).

In an attempt to simulate the physical conditions of
a storage structure are used glassware and recipients that
facilitate handling in the laboratory, observing (at the time
of its selection) conditions such as material used (glass
bottle/jar, Petri-dish, plastic pot/recipient, raffia bag), size
of the recipient/arena (height, width, length, diameter),
information which can be confirmed in several studies
(Aguiar et al., 2003, 2010; Beckel et al., 2005; Belchol and
Teixeira, 2007; Fontes and Arthur, 1994; Gongalves et al.,
2006, 2007; Moino Junior and Alves, 1997; Oliveira et al.,
2003, 2006; Pereira et al., 2003; Silva et al., 2003).

Studies have been developed on the behavioral response
of R. dominica, as a function of movement when subjected
to compounds for the purposes of control. Some results
have shown that these insects may present reduced mobility,
remaining at rest for longer periods and also moving shorter
distances at slower speeds (Pimentel et al., 2012); others
may impair coordination so as to interfere with locating
of food, dispersal and migration (Haynes, 1988). Studies
submitting these Coleoptera to the control method utilizing
an atmosphere modified with ozone (O,) showed that this
gas does not affect their mobility or movement activity
(Grisales, 2013).

It is important to state that in none of the methodologies
listed above are there descriptions that relate care with
the assurance of insect movement inside the “artificial
environment”, outside the bulk food substrate. Measures
taken to guarantee that these Coleoptera are able to move
are those obtained from experimental experience with
the insect, for example, always maintaining a thin layer
of grain or bran to facilitate its displacement, or covering
the surface of the arena with paper or cloth. However,
existing studies that relate the movement of insects in the
stored product only consider the fact that they are already
in contact with the grain mass in the arena (Beckel et al.,
2005; Oliveira etal., 2003, 2006). There are no studies that
discuss the behavior of adults on flat and smooth surfaces,
to which they may be submitted and required to walk or
move in laboratory studies.
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Movement of the insect outside the grain mass, on a flat
surface presents the need to consider some conditions such
as smoothness and roughness of the surface, morphology
of the body and locomotor appendages of the insect, which
result in the coefficient of friction and stability of walking.

The surfaces of objects, although they appear smooth
from a macroscopic point of view, present roughness when
microscopically examined, which tends to offer a resistance
to movement, called frictional force (Mossmann et al.,
2002). This is directly related to the coefficient of friction of
the surface, being a relative measure to both bodies (static
and dynamic), and dependent on the surface, displacement
speed and temperature (Mossmann et al., 2002).

The friction coefficient is relatively small on a smooth
surface, and it increases with roughness, just as adherence
and stability are better in locations where the coefficient
of friction is higher (Serway and Jewett Junior, 2007).

Stability is defined as the state of equilibrium in
which the center of support of a body oscillates in a
preferred position without changing its orientation with
regards to the axis to which it is subjected (Assis, 2008).
These axes are imaginary lines that pass through the rigid
body, dividing it into three longitudinal plains (related to
capacity of frontal displacement), transversal (which act
in modification of orientation of the displacement) and
vertical (associated with responses of the body to surface
irregularities) (Gillespie, 1992).

The axis on the vertical plane, when the body is not at
rest, has its oscillation “regulated” by friction (Assis, 2008),
and it is on this axis that the major influences on stability
of the body are concentrated, and this defines the height
of'the center of gravity (CG) (Assis and Ravanelli, 2008).

The ratio between width and stability of the body are
directly proportional, and the height of the CG is inversely
related to stability, i.e., stability is greatest when the CG
is as low as possible for a situation of equal widths (Assis
and Ravanelli, 2008).

To estimate stability, when it can be demonstrated
that the dimensions of the body are very small relative
to the size of Earth, they allow the adoption of simple
mathematical models (Assis and Ravanelli, 2008).

Similarly to the study of insect stability, the theory
applied to the movement of vehicles in critical situations,
can aid in understanding the physical processes involved.
The parameter known as the Static Rollover Threshold
(SRT) is defined as the maximum lateral acceleration
(expressed in g’s) in a stationary regime supported by the
body before rollover occurs, and is highly influenced by
body geometry which decreases with increasing height of
the CG for a body of equal width (Wormley et al., 2002).
Mathematically, the SRT can be obtained (Equation 1) from
the relationship between half the base width by height of
the CG (Wormley et al., 2002).

b
SRTgeom = — 1
g o (1)

where: SRT weom = static rollover threshold geometric;
b =width of the base; andh = height of the center of gravity.
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This index is expressed as the maximum lateral
acceleration before lateral rollover of the vehicle occurs,
where lower values represent the highest risk of rollover
(NHTSA, 2002), potentially ranging from 0.4 to 0.6 g’s
(g’s = times the acceleration of gravity) for heavy trucks,
from 0.8 to 1.1 g’s for pickup trucks, from 1.1 to 1.5 g’s
for normal automobiles and higher than 1.5 g’s for sports
vehicles (Gillespie, 1992). Thus, it can be observed that the
higher the SRT eom of the object, the more acceleration it
supports before rollover, which implies in greater stability.

Thus, this study was developed in order to study the
walking stability of R. dominica on a flat and smooth surface.

2. Material and Methods

A study on feeding preference of the beetles Rhyzopertha
dominica and Tribolium castaneum was initiated in the
Laboratory of Energy and Stored Grain Pests (LEPGA) of
the Universidade Federal de Mato Grosso (UFMT), Sinop
University (CUS), municipality of Sinop, Mato Grosso,
Brazil. In this work, it was studied the selection behavior
of Coleoptera in three conditions. In the first treatment
(T1) the Brazil-nut (Bertholletia excelsa Humboldt &
Bonpland) and rice (Oryza sativa L.) were provided as
attractive foods in the second (T2) the Brazil-nut and
corn (Zea mays L.), and in the third (T3) Brazil-nut and
soybeans (Glycine max L. Merril). This experiment was
mounted in transparent plastic trays with lids (arenas),
measuring 20 x 20 x 30 cm (length x width x height),
where 30 g of each substrate were offered to the insects
in each condition, and positioned at the two diagonally
opposite ends.

In each treatment 25 replicates for each species were
established, and 10 adult insects of R. dominica and
T. castaneum were placed at the center of the tray, where
their position was monitored for a period of 10 days with
evaluation at every 24 hours. However, this study did not
present conditions to be completed, since the specimens
of R. dominica were not able to access the food due to the
observed difficulty of locomotion.

Therefore, the researchers decided to study the reasons
for why R. dominica presented difficulties in walking,
which made the original research proposal unfeasible.

Study on the difficulty of walking of R. dominica
adults was initiated by subjecting these insects to two
conditions. In treatment 1 (T1), 10 adults of this Coleoptera
were placed at the center of transparent plastic trays with
a cover on the flour (arenas) measuring 20 x 20 x 20 cm
(length x width x height), being offered 30 g of soybean
as food, placed at each diagonal extremity. In treatment 2
(T2 or control), the arena was established without food, to
verify mortality due to lack of food. A total of 25 repetitions
were performed for each treatment.

Amorphological study of R. dominica was also initiated
in an attempt to determine if the limited mobility was due
to the flat, smooth surface of the arena.

Twenty-five unsexed specimens of R. dominica were
separated and fixed on entomological pins by the use
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of triangles. Next, the body length (BOL), body width
(BOW) and body height (BOH) of the insects were
measured (Figure 1) using an ocular micrometer coupled
to a stereoscopic microscope. Measurements were also
made and confirmed by the images generated by the
stereoscopic microscope Model Leica EZ4 HD using the
software GIMP 2.8.10 on the Windows platform, as well
as values obtained from the study of walking stability of
the Coleoptera R. dominica.

For comparison purposes, unsexed adults of 7. castaneum
were used as a control according to the same procedure
performed with R. dominica, since it was found that this
Coleoptera presents greater ability to move on the flat and
smooth surface of the arena.

In the study on walking conditions of R. dominica,
mortality of this Coleoptera was evaluated to verify if
the difficulty in mobility resulted in death of the insects
because they were unable to access food. The insect was
considered dead when it presented no movement which
stimulated by contact with a paintbrush. Data obtained in

BOL

/]
Wy

the treatments (T1 and T2) were analyzed in the ASSISTAT
7.7 program (Silva, 2013), submitted to the normality test
with 0< 0.05, and then the treatments were compared by
the F-test with p< 0.05.

In study of the morphometric parameters of R. dominica
and 7. castaneum, the body measurements (BOL, BOW
and BOH) were individually compared among the species
using the F-test p< 0.05; and also by the morphometric
indices estimated by the discriminant function or first
canonical variable (PROC GLM, MANOVA OPTIUM
and PROC CANDISC of SAS INSTITUTE, 2005) for
the variables, where the morphometric indices were tested
by means of the Scheffé test p< 0.05 (Pimentel-Gomes,
2000). Preceding the analysis, data was submitted to a
normality test with a< 0.05.

Body width and height were employed in determining
the SRT eom and the values were compared between them
and with the range of variation of the static rollover
threshold proposed to verify the stability of vehicles, which
relates the lateral stability with height of the CG. For the

Figure 1. Scan lines of the body measurements of Rhyzopertha dominica (Coleoptera: Bostrichidae) (top) and Tribolium
castaneum (Coleoptera: Tenebrionidae) (bottom), on the largest body length (BOL), body width (BOW) and body height

(BOH).
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purposes of determining the height of the center of gravity
(h) of the insect, in function of its body morphology, it
was considered similar to a semicircle, calculating h for
this geometric model (Figure 2).

The insect was considered to be overturned when
it did not present all its legs supported on the surface,
indicated by only the legs on one side or none in contact
with the ground plane.

3. Results

Mortality of Rhyzopertha dominica adults evaluated in
arenas with a flat and smooth surface in the presence and
absence of food sources was similar (F=1.018; p<0.05),
which may justify that insects died because they were
unable to access the food source (Table 1).

|

. Height of
center of gravity (h)

Width of body (b)

Figure 2. Frontal representation of Rhyzopertha dominica
(Coleoptera: Bostrichidae) indicating the similarity of a
semicircle with its morphology.

In the morphometric study, it was found that R. dominica
and 7. castaneum showed differences in all variables
measured: BOL (F= 19.62; p< 0.05), BOW (F= 20.36;
p<0.05) and BOH (F= 46.60; p< 0.05) when evaluated
separately, and also as a function of morphometric indices
(Table 2). In this comparison, R. dominica has lower BOL
and BOW, and greater BOH than the species 7. castaneum.
Still, in the results observed regarding the morphometric
indices generated for the body variables, in all conditions
(W-H=0.530383*W —0.068296 x H), (L-H=0.188674 x
L + 0.001212 x H) and (H-L-W= -0.017281 x H +
0,158761 x L+0,199343 x W) there were differences in the
morphology of the species (Table 2). Along the same lines,
the SRT o index showed that R. dominica may have less
stability when walking on a flat and smooth surface when
compared with 7. castaneum (Table 3). The differences
observed in the morphology of these insects showed that
R. dominica presented difficulty walking in these conditions,
and therefore presented restricted movement, reducing its
ability to reach the food substrate.

Regarding morphology of the locomotor appendages
(legs and tarsal claws) of R. dominica and T. castaneum,
morphological differences were not observed to the point that
they could be brought into question as the main hypothesis
of this study and are considered non-contracting, and are
therefore neglected in study of the walking stability.

4. Discussion

It was found in this study that adults of R. dominica
presented difficulties in moving on the flat and smooth
surface, spending most of their time turned sideways. This
may best explain the observed values related to mortality
in the two conditions evaluated (with and without food
offered).

Table 1. Mortality of Rhyzopertha dominicain arenas with smooth surface with and without offer of food.

Recipient/arena

Mortality (days) (Mean + SD)

Without cover on the flour and with food available

Without cover on the flour and no food available (control)

5.00£1.04a
552+1.04a

Means followed by the same letter do not differ by the F-test with p< 0.05.

Table 2. Morphometric parameters (length, width and height) and comparison of the relationships between body
measurements (L= length, W= width, H= height,) of Rhyzopertha dominica (Coleoptera: Bostrichidae) and Tribolium

castaneum (Coleoptera: Tenebrionidae).

Species
Index Rhyzopertha dominica Tribolium castaneum
(Mean = SD) (Mean = SD)
Length (mm) 2.2524+0.206 b 2.483+0.161 a
Width (mm) 0.758 £ 0.046 b 0.816 +0.045 a
Height (mm) 0.617+0.042 a 0.539+0.038 b
Variable (W x H) (dimensionless) 19.23+1.10B 2440+ 0.87 A
Variable (L x H) (dimensionless) 23.58+0.75B 3193 £ 1.19A
Variable (C x W x H) (dimensionless) 2736 £0.79 B 3632+ 1.17A

Means in the line followed by the same capital letters do not differ by the Scheffé-test with p< 0.05. Means in the
row followed by the same lowercase letters do not differ by the F-test with p<0.05.
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Submitting insects to food restriction is a common
practice in laboratory studies seeking to study aspects
such as the occurrence of cannibalism (Pires et al., 2011),
population movements to avoid competition, and also to
favor gregarious behavior (Oliveira et al., 2003), mortality
or survival time in periods of food restriction (Mourdo et al.,
2003; Vianna et al., 2010) and the ability to search for new
foods (Siekmann et al., 2004). Studies along this same line,
but developed with other groups, provided information on the
effect of different carbohydrate sources and food deprivation
on the biology of wasps of the family Scelionidae and
concluded that the food response influences the longevity
of the insects, since individuals in this groups presented
longevity of at least five times greater when compared
to those under food restriction (Meirelles et al., 2009).
Females of Cephalonomia stephanoderis (Hymenoptera,
Bethylidae) also showed a marked increase in mortality
among individuals maintained in experiments with food
shortages (Gomez et al., 2012).

Factors such as the flatness and smoothness of the
surface provide less friction, and the effect of oscillation
on lateral displacement of the body mass with respect
to the support surface may increase the risk of rollover
(Costa and Leite, 2010). The high CG of R. dominica also
adds difficulty in moving when there is lack of roughness
on the surface, which prevents that this species grab or
hold on to the substrate during movement, which is a
condition that may guarantee that it does not rollover.
This is because during movement the insects have several
patterns of movement, even within the same species, but
most of the time the movement is made on only three legs
so the CG is maintained within the area of influence of the
legs (Wilson, 1966). When there occurs movement with
change in direction, the insect slows its leg movements
on the inside and the legs outside the line curve move
faster (Wilson, 1966). In this condition the increase of
centrifugal force shift the CG to the external side of the curve
(Figure 3), reducing the stability of movement (NHTSA,

Table 3. Static rollover threshold, in g’s, of Rhyzopertha dominica and Tribolium castaneum calculated by the Static Rollover
Threshold (SRT,, ) model and compared by the confidence interval with p<0.05.

Rhyzopertha dominica

Tribolium castaneum

Static Rollover Threshold (SRT, ) (g’s)

geon

1.446 b

1.782 a

Centrifugal

Height of
center of gravity (h)

L

Width of body (b)

Figure 3. Stages of rollover of Rhyzopertha dominica (Coleoptera: Bostrichidae), due to the lateral action of centrifugal
speed as the resistance factor to change in the direction of movement.
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2002). Association of the high CG factor, associated with
morphology of R. dominica and especially the lack of
surface friction, can provide conditions in which there
is insufficient force to negate the effects of fluctuations
promoted by the change in direction of the insect (Assis,
2008). Moreover, the study on stability by employing
the SRT “zeom €A1 aid in confirming the hypothesis that this
Coleoptera is little stable when walking on a flat and smooth
surface, since the morphometric values observed for BOH
and BOW establish a direct relationship with the SRT' J
which may explain the lower stability of R. dominica as
a result of having a high CG.

The walking stability of R. dominica and T. castaneum
compared with the Static Rollover Threshold model SR T om
proposed for vehicles, reveals that proportionalities of the
morphological measures of the first insect are similar to a
passenger car, while the second insect has the proportional
dimension that resemble a sports car, with a lower risk of
rollover than the first.

Knowledge of the limitations and utilization of the
methodology presented is also important at the time of the
laboratory experimental design with R. dominica because
it influences selection of recipients or adaptations that have
greater coefficient of friction when the objective requires
that movement/walking of the insect is guaranteed.

The beetle R. dominica, although considered a good flyer
since field research showed that adults of this Coleoptera
dispersed on average up to 375.50 m from the point of
release in a wooded environment and 333.97 m from the
point of origin in locations without trees (Mahroof et al.,
2010), when there are limitations to its movement by air
it is required to walk. On flat and smooth surfaces, similar
to those of laboratory bioassays, care must be taken since
movement of this Coleoptera is highly impaired by factors
related to adherence in relation to its body shape, due
to the fact of its displaced CG, resulting in imbalance
and consequent rollover while walking. Thus, it may
be suggested that greater care is taken in studies on this
species, especially in relation to the type of surface on
which the individual will be evaluated.
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