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Abstract

The aim of this work was to evaluate the spatial and temporal distribution of males and females of R.
palmarum using geostatistics as a tool. The experiment was carried out in a commercial oil palm plantation
area, in the municipality of Moju (PA), Brazil. Monthly samplings were performed, from June 2013 to May
2014. The sampling of insects was carried out through bucket-type traps with pheromone and food
attractant, all georeferenced. Population fluctuation, Pearson correlation and spatial analysis were
performed through geostatistics. Among the abiotic factors evaluated, only relative humidity and insolation
showed a significant correlation for the insect population. The spherical model was the one that presented
the best fit, with ranges for males of 240 to 550 meters and females of 300 to 550 meters. The Kriging maps
indicated for both sexes, a moderately pattern of aggregate infestation, located on the edges of the oil palm
plantation block, mainly close to the native forest. The results indicate that the traps should be distributed

on the edges of the oil palm plantations.
Keywords: Coleoptera, Agricultural Entomology, Ecology & Population Dynamics, GIS.

1 Introduction

The Oil Palm (Elaeis guineensis Jacq.), or popularly known as “dendezeiro”, is an african originary and in
Brazil, the largest cultivared areas are found in the amazonic region!. Branddo & Schoneveld (2015),
Studies in 2015 that the oil palm planted area identified by satellite was 250,000 hectares 2. From this whole
area, Pard has the largest share, accounting approximately 126,559 hectares and 86.44% of the national
production of bunches of oil palm, distributed in 18 municipalities, among them, Moju, Bonito, Castanhal,
Concordia do Par4, Igarapé-Acu, Moju, Santo Antonio do Taud, Tailandia and Tomé-Acu, in which 96.44%

of the planted area and 97.04% of the state's production are concentrated °.

However, phytosanitary problems are one of the limiting factors of the exploitation of the palm oil crop,
which has relevant economic expression *. Among the pests that attack this palm and cause economic losses
throughout Brazil, Coleoptera Rhynchophorus palmarum L. has been highlighted as the main pest of this
crop. This curculionid causes direct damage, caused by the larvae that feed on plant structures, and indirect,

since they are vectors of the nematode Bursaphelenchus cocophilus (Cobb) that causes red ring disease .

For the control of R. palmarum an association integrated actions is carried out, in accordance with the
principles of Integrated Pest Management (IPM). Among the control methods, are entomopathogenic fungi,

plant traps, eradication of the plants with symptoms of this insect attack, and the most used is the bucket



trap with food attractions associated with pheromone 7, with the main purpose of monitoring the pest. The
combination of sugarcane and pest aggregation pheromone increases the attractiveness of R. palmarum

males and females to the traps, proving the occurrence of synergism between these attractive sources .

However, geostatistics is an important tool to assist in any and all control methods adopted. Through this
tool, it is possible to determine the spatial dependence of the pest by means of the elaboration of
semivariograms, that are adjusted to a model that provides its radius of aggregation, elaborating from these,
maps that show the expansion of the pest in the area ®. Thus, geostatistics can be used to determine, among
other parameters, the spatial distribution, the elaboration of safe sampling methods and, especially,

localized insect control, such as R. palmarum in the field.

This way, the aim of the present study was to evaluate the spatial-temporal distribution of males and females
of R. palmarum in the oil palm plantation in the municipality of Moju; evaluate the fluctuation of R.
palmarum to show the behavior of each sex throughout the year; and evaluate the influence of abiotic

factors on R. palmarum population growth.
2 Material and Methods

2.1 Experimental area and population survey of insect pests

The experimental area is located in the municipality of Moju, mesoregion of the Pard Northeast. The
experiment was carried out in an oil palm plantation area belonging to the AGROPALMA group, located
in the rural area of the municipalities of Taildndia, Moju, approximately 150 km from Belém, having access

to the highway PA-150 (Fig. 1).
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Figure 1: Location Map of Agropar Farm and experimental area J 36 (in red) located at group
AGROPALMA S. A., Acar4, PA — Brazil.

The crop selected for the research is located at the Sector Agropar, block J 36, with the following geographic
coordinates: Longitude: -48°50°30,57” (West) Latitude: -02°34°37,51” (South). The climate is Ami type,
according to the classification of K&ppen, with greater rainfall in the months of January to May and lower
from August to November. The annual average temperature is approximately 26°C and relative air humidity

of 80%. Highly weathered soil with predominance of oxisol °.

The studied field, like others of this sector, has dimensions of 2,000 meters lateral and 700 meters in the
vertical. A total of 147 traps were arranged in 21 lines, 18 in the oil palm block and 3 in the forest, with 7
traps per line spaced 99 meters between traps and 110 meters between lines. The experimental design was

completely randomized.

The georeferencing of the blocks and traps was carried out with Geodetic GPS, Trimble brand, R6 model,
which has a precision of 3 mm + 0,1 ppm. Four points were tracked in the four corners of the selected court.
For traps inside the court, the GPS was positioned in the direction of the trap lines to locate the lines where
the trap lines are, each positioning being done in the 18 rows on the court. The GPS was positioned at a
pre-set distance from the trap at the edge. With this information and spacing it was possible to have the

location of each trap on the court with proper accuracy.



The trap is composed of a bucket of 20 L, with dimensions of 36 cm in height and 27.5 cm of medium
radius. In the bucket, 20 sugar-cane tots of approximately 20 cm in length were added. The cover has a
single hole 3 cm in diameter where the insects enter. This cap is hung by a copper wire, at most 10 cm, with
the porous micro plastic sachet containing Rincoforol aggregation pheromone. After 3 months another
sachet is added to the wire, totaling at the end of the experiment 4 sachets per trap. The aggregation

pheromone attracts and the cane keeps the insects in the bucket ’.
2.2 Obtaining climatic data and geostatistical analysis

The average monthly climatic data such as rainfalls (mm), average temperature (°C), maximum temperature
(°C), minimum temperature (°C), relative humidity (%) and solar radiation (W/m?) for that region, where
the block of planted oil palm studied is located, were obtained from the meteorological station of the
company AGROPALMA/AS. The correlations were determined, aiming to analyze the influence of the

climatic variables on the population of R. palmarum, and the test of probability of Tuckey to 5%.

In order to analyze the spatial distribution of the pest, the geostatistics was used, starting with the modeling
of the semivariogram for each time of analysis and later the creation of the Kriging maps. The number of
male and female beetles in the plot were considered the regionalized variable Z, which can vary
continuously in the geographic space. In this way, each sample was obtained the value of the variable and

the Universal Tranverse Mercator-UTM coordinate of each trap collected.

Experimental semivariograms were obtained for each sample, and then the adjustments of the following
mathematical models were tested: linear, spherical, exponential and Gaussian. Then, the surface maps were

obtained by means of kriging, and in these are represented the pest reeds in the field.

The most important step in geostatistics is the construction of the semivariogram that informs the type and
form of spatial dependence and, provides data for map construction '°. It is a graph of the semivariance as
a function of distance; in other words, it is a function that relates the semivariance to the distance vector,

evaluating the following parameters:

The range (a) as the distance between the pairs increases, the variability will tend to increase until reaching
a certain level; the distance where the variogram reaches this level is called the range !°. The plateau (C),
also called the sill, represents the level of variability where the variogram stabilizes. This threshold should
theoretically be equal to the sample variance. Spatial Variance (C1): Represents the spatial differences

between the values of a variable taken at two points separated by increasing distances. Pepita Effect (CO):



For distance equal to zero (h = 0), the variogram should have zero variability. However, several factors
such as sampling errors, measurement errors or even microregionalizations of the variable under analysis,
cause a discontinuity in the origin of the variogram, called the nugget effect. The construction of the

semivariogram is calculated by the equation:

2N1(h) Z?;(f)[Z(Xl') — (Xi + h)]? "

y(h) =
Where N(h) is the total number of pairs of beetles, separated by a distance /. The graph of y(h) versus the
corresponding values of A, called semivariogram, is a function of distance (4), being therefore dependent
on the magnitude and direction of the distance (equation 1). In cases of spatially dependent variables, it is

expected that the increments [Z(xi)-Z(xi+h)] increase with the distance to a stabilization point, a threshold

symbolized by C, which approaches numerically the variance of the data '!.

The semivariance increases as the distance between the samples increases, until it reaches a plateau sill,
where it stabilizes. This threshold should theoretically be equal to the sample variance. The distance at
which the semivariogram reaches the threshold is called the range, which corresponds to the dependence
radius of the variable. The models used within this group, which presented better adjustments to the data,

were:
y(h) =Co+ €, E(S)——(—)g] 0O<h<a )

y(h):C0+C1, hZa

The spherical model is obtained by selecting the values of the nugget effect, Co, and of the landing, Ci, then
passing a line that intercepts the y-axis in Co and is tangent to the first points close to 4=0. This tangent will
cross the plateau in the distance, a'=2/3a (equation 2). Thus, the range, a, will be a=3a’/2. The spherical

model is linear up to approximately 1/3 a.

Using the parameters defined in the semivariogram adjustment (Co and C;) was calculated the portion of
the variability resulting from spatial dependence or degree of spatial dependence (SDS), represented by &,
by the relation of Co/(Co+C1). The values obtained were classified in strong spatial dependence if k <0,25,
moderate spatial dependence if 0,25< k <0,75 and weak spatial dependence k >0,75 121314,

After the parameters were taken, the kriging map was constructed from the interpolation of the points

sampled to obtain an estimate, given by the following equation:

Z(xp) = ?]:1 AZ(xy) 3)



Where N represents the number of measured neighbors, Z (xi), used in the estimation of property and Ai are
the weights applied to each Z(xi) (equation 3), which are selected so that the estimate is not biased (Farias

et al., 2002).

For the elaboration and adjustments of the semivariograms to the mathematical models, and the

construction of the maps from the values estimated by kriging, the Surfer Versdo 11.0 software was used'.
3. Results
3.1 Temporal fluctuation of Rhynchophorus palmarum

According to the results obtained during the samplings of adults of R. palmarum, about 19,955 beetles were
collected, of which 10,142 were males and 9,813 were females. In general, the proportion of females in the
population was similar to that of males (sex ratio ranging from 0.47 to 0.57) in all months (Fig. 2). similar
studie in 2014, who observed that the female population of Sphenophorus levis Varrie, 1978 (Coleoptera:

Curculionidae) similar to that of males, presented value of sexual ratio ranging from 0.44 to 0.50 '°.
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Figure 2: Relation of the population fluctuation of Rhynchophorus palmarum with rainfall (mm) in the oil palm crop
from june 2013 to may 2014, Acard, PA — Brazil.

The population of R. palmarum varied during these 12 months of study. The pest presented its highest
values in the months of September, October and November, and in January of 2014 to May of 2014 the
behavior was irregular (Figure 2). A different situation occurred in an studie, who observed that in the forest
environment R. palmarum presented its largest populations in the period from May to August and in the

savanna environment in the months of July and August, in the municipality of Roraima (PA) 7.



In studie working with population fluctuation of R. palmarum in oil palm in the state of Amazonas verified
that the amount of insects did not vary throughout the year of 2013 . For the author this may be related to
the little variation of temperature and relative humidity of the air, characterized by pluviometric regularity

in that region.

The period from September to November needs more attention from palm oil producers, which is the time
when the population of R. palmarum is found to be more abundant in both sexes of the insect. After all, if
there is no effective control, the palm trees may suffer a severe attack, with a population outbreak of this
insect pest, as their insults can cause the transmission of the nematode causing the red ring. In the control
of the red ring, the producer must eliminate the infected field plant, as well as avoid injury to the plants
during the harvest, since the vector, R. palmarum, can transport the nematoid from a diseased plant to a

healthy one 8.

The influence of precipitation on the population of R. palmarum was shown to be inversely related. In the
driest months, mainly in August and September (29.60, 11.80 mm respectively), in the following month
the population of the beetle grew considerably presenting the largest quantities in relation to the months of

study.

It was observed that the precipitation presented a negative value (-0,418" and -0,319"), indicating an
inverse relationship with the beetle's males and females population, however, showed a non-significant
correlation in both cases, thus statistically the precipitation is not a limiting factor in the insect population
(Table 1). There was no significant correlation for the total number of males and females of R. palmarum
with the average values of maximum, minimum and average temperature. There was a significant
correlation, for solar radiation and for relative air humidity, except for insect females that did not present
significant correlation for solar radiation. The relative humidity presented negative values demonstrating

that these have an inverse relationship.

Table 1: Linear correlation matrix (r) for R. palmarum male and female adults and climatic variables, precipitation
(PP), mean temperature (T), maximum temperature (Tmax), minimum temperature (T min), Insolation (Ins) and
relative humidity (RH) from june 2013 to may 2014, Acard, PA - Brazil.

Male Female PP T T méx T min Ins RH

(mm) (°0) O O (W/m?) (%)
Male 1.000 0.979* -0.418™  0.580* 0.572m -0.497m 0.620* -0.698*
Female 1.000 -0.319™  0.563™ 0.541m -0.462™ 0.559 -0.685*
PP (mm) 1.000 -0.698* -0.501™ 0.354m -0.679* 0.752%*
T (°C) 1.000 0.737* -0.215™ 0.781* -0.920*

T méx (°C) 1.000 -0.094" 0.449™ -0.717*



T min (°C) 1.000 -0.659%* 0.487"
Ins (W/m?) 1.000 -0.831*
UR (%) 1.000

™ not significant (P >= 0,05); *significant at the 5% probability level (0,05 =< P)

In studie evaluating variables associated to the population fluctuation of R. palmarum associated to the area
of influence of palm and caiaué, from the results of multiple regression, did not observe significant linear
correlation between the climatic variables and the capture of R. palmarum in the two areas of influence

considered '°.
3.2 Spatial distribution of adults of Rhynchophorus palmarum

There was spatial dependence of the data of population density of adults of R. palmarum in both sexes. The
adjusted semivariograms parameters for males and females can be seen in Table 2, respectively. The degree
of spatial dependence (parameter K), given by the relation Co/(Co+C1), of R. palmarum males ranged from
0.323 to 0.573 and females from 0.319 to 0.599 (Table 2). The spatial dependence of the pest was moderate
for all evaluated months of adult males and females. In a study observed the spatial dependence of S. levis,

which presented values varying from weak to moderate for larvae and adults 2°.

Table 2: Parameters of semivariograms adjusted to spherical (Sph) model (Md), nugget effect (Co), sill (C1), range in
meters (a), determination coefficient (R?) and degree of spatial dependence (K), for geostatistical analysis of the
population of R. palmarum in oil palm plantation, from june 2013 to may 2014, Acard, PA - Brazil.

Male Female
Month Parameters Parameters
Md R? K Md R? K*
Co Ci a (m) Co Ci a (m)

jun/13  Sph 8.80 11.82 407 096 0.573 Sph 9.70 6.30 520 0.97 0.394
jul/13 Sph 2220 1320 400 0.93 0.373 Sph 13.00 11.00 350 0.96 0.458
aug/13  Sph 15.50 7.40 525 0.96 0.323 Sph 16.00 7.50 450 0.95 0.319
sep/13  Sph 24.55 16.59 550 0.98 0.403 Sph 19.50  20.00 385 0.98 0.506
oct/13  Sph 30.00 31.00 500 0.99 0.508 Sph 3250  48.60 550 0.99 0.599
nov/13  Sph 25.00 25.00 500 0.99 0.500 Sph 3350 2450 540 0.99 0.422
dec/13  Sph 18.60 10.40 360 0.98 0.359 Sph 15.00 14.40 460 0.99 0.490
jan/14  Sph 4.70 2.90 500 0.97 0.382 Sph 4.40 3.08 355 098 0.412
feb/14  Sph 16.50  12.30 250 0.93 0.427 Sph 2140 2640 545 0.99 0.552
mar/14  Sph 5.00 2.66 336 0.99 0.347 Sph 5.10 4.85 520 0.99 0.487
apr/14  Sph 2430 15.70 240 0.97 0.393 Sph 2650  17.50 300 0.99 0.398
may/14  Sph 3.44 2.62 480 0.99 0.432 Sph 3.15 3.00 530 0.98 0.488

aRelationship between Co/(Co+C1)

The mathematical model that presented the best fit in all experimental semivariograms evaluated was
spherical (Table 2). These models presented good values for the coefficient of determination (R?), being

that this parameter indicates the quality of the semivariogram model, values close to 1 (one) indicate good
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fit of the model '. It was observed in the present study that the coefficient showed amplitude in males from
0.93 t0 0.99 and in females from 0.95 to 0.99, indicating that the spherical models are well adjusted for the

distribution of R. palmarum.

In study realized observed the spatial distribution of Metamasius hemipterus Linnaeus, 1758 (Coleoptera:
Curculionidade), described by the spherical model, with formation of reefs !>, In studies the spatial
distribution of Cyrtobagous salviniae Calder & Sands, 1985 (Coleoptera: Curculionidae) and observed that
in the months when the insect population was smaller, there was a random distribution in the field, while
in the months in which the largest number of insects were observed in the field, adults and larvae presented

an aggregate spatial arrangement 2!,

Another parameter provided by semivariogram is range (a). The range value indicates the parameter's
aggregate radius representing the distance at which spatial dependence occurs between the samples in the
field, it must be the minimum distance considered between the sample units so that they are independent of
each other and are therefore important in the detection of of this dependency (Leal et al., 2010). In the
present study, the radius of the reefs found for males varied from 240 to 550 m and in females ranging from
300 to 550 m, indicating that there is no difference in the spatial dependence between the sexes of this

insect.

The surface maps of the population densities of R. palmarum, obtained by kriging, indicate that the insect
population level in both sexes varied between months in the studied court (Fig. 3 and 4). These maps allow
the visualization of areas with different levels of infestation, that is, the pest reeds in the field. From June
2013 onwards, it is possible to observe the beetles formed by beetle adults, both males and females (Fig. 3

and 4).
4. Discussion

It can be noted that the formed reefs are related to population of individuals, because in the month of June
there was a greater amount of males than of females, being that the aggregation of males presented a greater
amount of individuals than that of females. Observing all the studied months, these results indicate that
with the passage of time, the pest insects of the field tend to differ in relation to the population of the insects
in the area, and the months from September to November are more worrisome, because they presented

greater quantity of the pest and is distributed throughout the block of the palm oil plantation.
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Other results obtained through the kriging map are related to the formation and location of R. palmarum
formed reefs (Fig. 3 and 4). It is observed that in all months studied there was a greater presence of beetles,
both males and females, located in the peripheries of the experimental area with later dissemination to the
whole planting area. The highest intensity is located at the boundary between forest and the oil palm
plantation block, in which it is divided by a road that serves as drainage for the harvest of bunches to the

industrial processing area and smaller quantities in the center of the palm oil field.
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Figura 3: Kriging map of the spatial distribution of R. palmarum adult males in june (A), july (B), august (C),

september (D), october (E), november (F) and december (G) of 2013, january (H), february (I), march (J), april (K),
may (L) of 2014 at oil palm planting, Acard, PA - Brazil.
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Figure 4: Kriging map of the spatial distribution of adult R. palmarum females in the months of june (M), july (N),
august (O), september (P), october (Q), november (R) and december (S) of 2013, january (T), february (U), march (V),
april (W), may (X) of 2014 at oil palm planting, Acard, PA - Brazil.

The maximum range reached is explained mainly in coleoptera, due to its ability to fly long distances, being
able to reach 1,500 meters per day 22. The M. hemipterus presented range values ranging from 78 to 199 m
13 In other hand, S. levis in a sugarcane crop observed in the first cut, average reach of 21 m, increasing to
26, 37 and 56 m, for the second, third and fourth cuts of sugarcane 20 The Diloboderus abderus Sturm 1826
(Coleoptera: Melolonthidae), found a range ranging from 125 to 195 m, the sample size used (70 m x 70
m) which was adequate and enabled the correct detection of the spatial distribution of the pest, considered

with strong spatial dependence 3.

Other studies have been carried out with geostatistics, demonstrating that the aggregation pattern is present
in several phytophagous insects. Souza et al. (2013) studied the spatial distribution of nymphs and adults

of Euschistus heros Fabricius, 1798 (Heteroptera: Pentatomidae) in two areas of soybean, showed moderate
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to aggregate to random behavior in both experimental areas 2*. The Opsiphanes invirae Hiibner, 1808
(Lepidoptera: Nymphalidae), presented its spatial distribution best described by the spherical model,

forming reeds from 990 to 3,700 m radius in an oil palm plantation '*,

As the minimum range found in the work was 240 m, it is suggested to obtain a reliable sampling method
of the pest population, and modify the distribution of the traps, being interesting to put 1 trap every 240 m,

in the palm oil, located mainly at the border ends with native forest area.
5. Conclusion

There was no difference between the R. palmarum male and female population, remaining in balance in all
months studied. Precipitation has been shown to influence inversely the R. palmarum population, but is not
significantly correlated. Among the abiotic factors evaluated in the present study, only relative humidity
showed significant correlation for both sexes and solar radiation showed significant correlation, only in

males.

Both sexes of R. palmarum presented a moderately aggregated spatial distribution. The spherical model
presented the best fit in all experimental semivariograms, with ranges varying for males from 240 to 550

meters and for females from 300 to 550 meters.

Kriging maps indicate an aggregate pattern of R. palmarum infestation, located on the edges of the oil palm
plantation block, mainly near the native forest. The traps should be distributed 1 every 240 m, located in

the peripheries of the blocks.
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Figure 1

Location Map of Agropar Farm and experimental area J 36 (in red) located at group AGROPALMA S. A,
Acard, PA — Brazil. Note: The designations employed and the presentation of the material on this map do
not imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.
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Relation of the population fluctuation of Rhynchophorus palmarum with rainfall (mm) in the oil palm
crop from june 2013 to may 2014, Acara, PA — Brazil.
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Figure 3

Kriging map of the spatial distribution of R. palmarum adult males in june (A), july (B), august (C),
september (D), october (E), november (F) and december (G) of 2013, january (H), february (1), march (J),
april (K), may (L) of 2014 at oil palm planting, Acard, PA - Brazil.
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Figure 4

Kriging map of the spatial distribution of adult R. palmarum females in the months of june (M), july (N),
august (0), september (P), october (Q), november (R) and december (S) of 2013, january (T), february (U),
march (V), april (W), may (X) of 2014 at oil palm planting, Acara, PA - Brazil.



