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Background: This study was conducted to describe variations in the shapes of the
elytra, head and pronotum of populations of adult Brontispa longissima (Gestro)
infesting coconut farms from selected areas in the Philippines using Cluster Analysis,
Relative Warp Analysis coupled with box plot and histograms and Procustean Analysis.
The data used in this study included shape residuals captured using the method of
landmark based geometric morphometrics.. Objective: This study was conducted to
describe variations in the shapes of the elytra, head and pronotum of populations of
adult Brontispa longissima (Gestro) infesting coconut farms from selected areas in the
Philippines using Cluster Analysis, Relative Warp Analysis coupled with box plot and

histograms and Procustean Analysis. write the main objective for your paper. Results:
The results of the cluster analyses based on the average shapes of the elytra, head and
pronotum shows no consistent pattern of similarity between and among five populations
of B. longissima. When localized variations using Relative Warp Analysis coupled with
box plot and histograms was done, the findings revealed that RWA was only successful
in summarizing variations using two relative warps in the shape of the elytra where the
first two warps contained 86.29% of the variations of the female and 85.48% for the
males. For the head and pronotum, the first two relative warps captured less than 50%
of the overall variation. Looking at the shapes of the frequency histograms, all were
found to follow a unimodal distribution. The box plots reveal no consistent results.
Among the three characters studied only the elytra were more robust and reliable
compared to head and pronotum and then Tandag differ from the rest of the other over-
lapping populations. On the other hand, Procustean Analyses revealed that elytra were
more spread in the posterior region both in male and female. The coordinates in head
and pronotum were evenly distributed. In the overlapping consensus configurations
show that variability was exaggerated in the right side of the elytra and the posterior
parts of the head and pronotum. Results also showed expansion among females while
compression among males in elytra. For males, expansion are localized in the posterior
part of the elytra, For the head, results showed asymmetry in the distribution of
expansion areas where expansion are observed in the right postero-lateral aspect of the
female head. Conclusion: The overall results may imply that they might belong to one
operational taxonomic unit or ecotype or biotype. Geography might not be the factor
responsible for the differentiation of the populations of B. longissima. Other important
factors might include the variety of coconut host and some other important
environmental parameters. This has yet to be established in future research.
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INTRODUCTION

THE coconut hispine beetle, Brontispa longissima (Gestro) is an invasive and most damaging foliage feeder
of the coconut trees, Cocos nucifera and other palms with economic importance [1], [2]. This beetle is believed
to be native of Indonesia and Papua New Guinea, and accidentally introduced to the Philippines through the
transport of ornamental palms [1], [3], [4]. As introduced pests, it has become invasive and was then difficult to
control in many areas in the Philippines which could be due to the absence of natural enemies or have adapted to
its new environment [5]. More so, this could be due to variations in the susceptibility of coconuts in some areas
or there were populations of the insect that are well-adapted to the conditions of the coconut plantations. Or
there might be some variations as a result of interactions with the environment in their morphological structures
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such as head (where equally important structures are located like mandible, eyes and antennae), pronotum
(which serves primarily as the attachment of muscles for locomotion of the front legs and at the same time for
protection of the pterothoracic segments) and elytra (which is very important not only for protection of the
inner wings and body but also in balance for flight and control in swerving in looking for another host tree),
hence a good characters for study. In this paper, morphological variations on elytra, head and pronotum among
populations of B. longissima based on cluster analyses, relative warp analyses coupled with box plot and
histogram and procrustean analyses was conducted. Understanding morphological variations of some structures
with functional significance is the core element in understanding the nature of the pest and would be of great
help for managers in managing the pests.

With advances in statistics, geometry and biology, variations in populations of these pests can be analyzed
based on individual differences in characters (shape and size of elytra, head and pronotum). This can be
achieved using a suite of analyses such as that of land-marked based Geometric Morphometrics. This method
captures shape differences in populations of organisms by subjecting landmark data to a method called
Procrustes-fitting. Only the shape information is extracted and the other components of variation in size,
position and orientation are removed, not to altering the shape [6], [7] and [8].These tools allow studying shape
and also size, providing sound graphic analysis to quantify and visualize morphometric variations within and
between populations.

Different characters can also be combined and analyzed all together using cluster analyses, relative warp
analyses coupled with box plot and histogram and procrustean analyses These methods allow visualization of
the systematic relationships of populations of organisms in compromised space to minimize the dilemma of
using only one character in inferring inter- and intra- specific relationships.

Such methods have not been used for describing variations in shapes and size of head, pronotum and elytra
among populations of B. longissima especially in managed coconut plantations in the Philippines. At present,
little is known about variations in shape and size of elytra, head and pronotum of B. lonissima. Thus, this study
aimed to describe variability among populations of B. longissima based on cluster analyses, relative warp
analyses coupled with box plot and histogram and procrustean analyses.

MATERIALS AND METHODS

Collection of Samples and Sampling Site:

Opportunistic sampling was done in the collection of adult B. longissima (Gestro). Insects were randomly
collected in selected managed coconut plantations in selected provinces of the Philippines (Table I). The areas
were: Banao in Guinobatan, Albay; Plaridel, Baybay, Leyte; Poblacion in Albuera, Leyte; Cambalatong in
Albuera, Leyte and Tandag City, Surigao del Sur. (Fig. 1).

MAP OF THE
PHILIPPINES

Fig. 1: Map of Philippine Island showing the locations of the sampling sites.

Date Acquisition and Measurements:

The collected samples were placed in plastic containers containing prepared fixative (70% ethyl alcohol +
30% glacial acetic acid) for preservation. Sexes were determined [9] in the laboratory using Leica Dissecting
Microscope and photographed using GE digital camera. Images were store as jpeg and digitized using the
tpsUtil and tpsdig. [10] (Fig. 2)
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Fig. 2: Digitized image of the (a) pronotum ;( b) head and (c) elytra of Brontispa longissima showing the
location of 32, 14 and 24 anatomical landmarks respectively.

Table 1: Number Of Elytra, Head And Pronotum Of B. Longissima Per Location Analyzed In The Study.

Location elytra head pronotum
male female male female male female
Albay 149 149 141 185 150 321
Albuera, Leyte 47 41 41 40 41 41
Baybay, Leyte 58 78 54 66 58 78
Tandag 16 50 16 34 16 34

Table 11: Location And Classification Of 14 Anatomical Landmarks Digitized On The Shape Of Head Capsule Of B. Longissima.

Landmark Anatomical Description Landmark Anatomical Description
1 Anterior part of head
5 Left anterior-lateral part of the 14 Right anterior-lateral part of the antennae
antennae
3 Left posterior-lateral part of the 13 Right posterior-lateral part of the antennae
antennae
4 Left anterio-lateral most region of the 12 Right anterio-lateral most region of the
compound eye compound eye
5 Lateral most reglé);eof the compound 11 Lateral most region of the compound eye
6 Left posterio-lateral most region of 10 Right posterio-lateral most region of the
the compound eye compound eye
7 Left mid posterior part of the head 9 mid posterior part of the head
8 Posterior mid part of the head

Table 111: Location And Classification Of 32 Anatomical Landmarks Digitized On The Shape Of Pronotum Capsule Of B. Longissima.

Landmark Anatomical Description Landmark
1 The anterior mid axis of symmetry
2,34 Describe the shape of the anterior region 32,31,30
5,6,7,8 Located at the anterior lateral of the insect 29,28,27,26
9,10 Located along the insertion of the first pair of appendages 25,24
11,12,13,14,15,16, Located at the postero-lateral of the insect 23,22,21,20,19,18,
17 The posterior mid axis of symmetry 10

Table 1V: Location And Classification Of 24 Anatomical Landmarks Digitized On The Shape Of Elytra Capsule Of B. Longissima.

Landmark Anatomical Description Landmark
1 The anterior mid axis of symmetry
2,34 Anterio-lateral portion 22,23,24
5,6,7,8 Lateral sides of the elytra 18,19,20
9,10,11,12 Posterior-lateral portion 14,15,16,17
13 The posterior mid axis of symmetry

Landmark-based geometric morphometric:

The landmark- based geometric morphometric analysis was employed. With this method, the morphology
of an object is represented by the coordinates of a set of landmark points. [11]. [11] In this study, we focused on
three external morphological traits: the elytra, head and pronotum. Description of landmark points were
summarized in tables 2, 3 and 4). File data were constructed using the program tpsUtil [12]. Landmarks were
placed and digitized using the program tpsDig2 [13]. The landmarks of each object were submitted to a
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generalized procrustes analysis (GPA) to remove the non-shape effects of translation, rotation and scale [11] and
[14]. The GPA iteratively estimates a mean shape by aligning and making the superimposition of all landmark
configurations. After superimposition, each landmark configuration corresponds to a single point in a non-
Euclidean multidimensional space, the Kendall’s shape space. Each point is then projected into a Euclidean
space tangential to a reference point (the mean shape) in the shape space [14]. Cluster analyses, box plot,
histogram, x and y graphs, overlapping graphs and expansion - compression graphs were generated in PAST
ver. 3 software [15].

RESULTS AND DISCUSSION

The results of the cluster analyses based on the average shapes of the head, elytra and prosternum are
shown in figure 3 that follows. The results show no consistent pattern of similarity between and among the five
populations. For example, when the shapes of the heads were analyzed for all the male populations, the
population from Sitio Poblacion in Albuera clustered with the populations from Albay and Tandag. However,
when the shapes of the heads of the females were used, all Leyte populations clustered together in the diagram.
When the shapes of the elytra were analyzed, the male and female populations from Plaridel, Baybay, Leyte did
not group together with the two other Leyte populations. On the other hand, those collected from Albay and
Tandag had high degree of similarity in the shapes of the elytra. Different patterns can also be observed when
the shapes of the pronotum were analyzed. This resulted to Sitio Albuera being clustered separately from the
two Leyte populations for the females. This time Albay and Tandag were not plotted close in the cluster diagram
as the latter clustered closer with the females from Plaridel in Leyte. As for the analyses on the shapes of the
pronotum of the males, the population from Cambalutang Leyte clustered with Tandag and Albay. The results
mentioned above only shows that geography might not be the factor responsible for the differentiation of the
populations of B. longissima. Other important factors might include the variety of coconut host and some other
important environmental parameters. This has yet to be established in future researches.
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Fig. 3: Cluster Analysis Of Elytra, Head Pronotum Both Sexes Of B. Longissima Collected In Selected
Provinces In The Philippines.
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The results mentioned above describes global or over-all variation in the shapes the head, elytra, and
pronotum. Another way to describe variability in morphological traits is by looking at localized variations using
the method of Relative Warp Analysis coupled with box plots and histograms. In the analyses conducted,
localized variations in the shapes of the three characters are presented using frequency histograms and box-and-
whisker plots (Fig. 4). Here, variability was defined using a total of six relative warps. The results show that
relative warp analyses was only successful in summarizing variations using two relative warps in the shape of
the elytra where the first two warps contained 86.29% of the variation for the females and 85.48% for the males.
For the head and the pronotum, the first two relative warps captured less than 50% of the over-all variation.
Another way of interpreting the result is by looking at the shapes of the frequency histograms where all were
found to follow a unimodal distribution. This result might mean that all the B. longissima collected belong to
only one operational taxonomic unit, or to one ecotype or biotype to be exact. The box plots below the
histograms reveal the per-relative warp differences among the five populations. Again, no consistent results
were generated. However, if we stick to the idea that the results for the elytra were more robust and reliable
compared to the head and pronotum, then Tandag can be seen to differ from the rest of the other over-lapping
populations. Here, Albay seems to be more similar to the three populations from Leyte. This could be due to the
functional significance of elytra being hard and rigid whose primarily function is to protect the beetle’s body
when they burrow on the hearth of young unopened fronds of the palm and the delicate flexible hind wings as
well as covers the reproductive parts of the insects. Furthermore, this also maintains flight balance and control
swerving [7] and may have contributed for the insects transfer from tree to tree. Its color also functions as a
signal of chemical defense [8] aside from having high intensity and toughness, anisotropy, ability to self-heal,
and as a good bionic object thus a good character choice in population analysis [9]
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Fig. 4: Summary Of Relative Warp Analyses Coupled With Box Plots And Histograms Of The Elytra, Head
And Pronotum Of Both Sexes Of B. Longissima.

The landmarks collected from the digital images were further analyzed by subjecting them to Procustean
Analyses. The results are presented using (a) X and Y graph (b) overlapping consensus graphs and (c) expansion
graphs. For the XY graphs, the Procrustean coordinates were overlapping whilst the coordinates were more
spread in the posterior regions of the elytra for both sexes. The coordinates were evenly spread in the head and
prosternum. The results presented using overlapping consensus configurations show that variability is
exaggerated in the right side of the elytra and the posterior parts of the head and prosternum. The result also
showed that for the elytra, expansions can be seen among the females (Fig. 6) while compressions are evident
among the males (Fig. 5). This result might reflect the reproductive role of the females where a bigger and
expanded body can accommodate more eggs. For the males, expansions are localized in the posterior part of the
elytra (Fig. 5). For the head, the results showed asymmetry in the distribution of expansion areas where
expansions are observed in the right postero-lateral aspect of the female head (Fig. 8). A more balanced
distribution of expansion areas can be seen for the males (Fig.7). For the pronotum, more expansions can be
observed for the females (Fig. 10) while localized expansions in the right lateral aspects can be seen among
males (Fig. 9)
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Legend: a) x and y graphs b) overlapping consensus graphs c) compression-expansion graphs of elytra
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Legend: a) xand y graphs b) overlapping consensus graphs ) expanssion-compression graphs of the head of B. longissima
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Fig. 5: Summary Of Procrustean Analyses Of The Elytra, Head And Pronotum Of Both Sexes Of Brontispa
Longissima Collected In Selected Provinces In The Philippines.

The lack of phenotypic diversity can be traced to a variety of reasons. First, the lack of diversity may
indicate that B. logissima has an all-purpose phenotype which could readily get adapted to varying
environmental conditions. In this case, the lack of phenotypic plasticity is not a hindrance to being adaptive to
local environmental realities. Secondly, the apparent morphological stasis observed may also be suggestive a
lack of genetic diversity. This means that the gene pools for these populations of insects could be genetically
depauperate. In a study conducted by [16], populations of B. longissima from Hainan, China were tested for
genetic diversity using a total of eight polymorphic satellite markers. The study found low-level genetic
diversity in the populations which the authors explained to be caused by a series of bottleneck effects.
Bottlenecks are common among invasive pest species because these organisms experience founding effects that
reduce genetic diversity. Paradoxically, most invasive pests still manage to adapt to new environmental realities
as the effects of bottlenecks could be countered by (1) the occurrence of multiple introductions (2) high
reproductive rates (3) and subsequent migration between locally bottlenecked populations that are genetically
differentiated as cited by [16] .These two hypotheses should be tested to be able to determine the lack of
observable variations in the shapes of the elytra.

Conclusion and recommendations:

Cluster analyses failed to detect consistent pattern of similarity between and among five populations (Albal,
Cambalatong in Leyte, Praridel, Baybay, leyte, Sitio Polacion in Albuera, Leyte and Tandag in Surigao del Sur)
in B. longissima. Geography might not be the factor responsible for the differentiation of the populations in B.
longissima . Other important factors might include the variety of coconut hosts and some other important
environmental parameters. This has yet to be established in future researches. For the description of localized
variations using Relative Warp Analysis coupled with box plot and histogram, RWA was only successful using
two warps in the shape of the elytra and less than 50% in head and pronotum. A unimodal distribution depicted
by histogram might indicate that all the collected B. longissima belong to only one operational taxonomic unit
or to one ecotype or biotype. Again the box plots generated showed no consistent results. Only the elytra can be
considered more robust and reliable compared to head and pronotum.

There is a need to assess how control programs such as chemical applications, biocontrol agents, and other
practices would affect the genetic structure of the pest populations. Comparison of manipulated populations
with natural ones would help in determining how number reduction, or suppression, influences variability. In
addition, populations should be surveyed before; during and after control practices have been applied.
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