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 This study was conducted to describe variations in the populations of the coconut leaf 

beetle based on the shapes of the elytra, head and pronotum Based on the thin-plate 
spline (tps) grids and results of the correlation analyses based on distance marices 

(CORIANDIS), the shapes of the morphological structures were quantitatively 

described The shape residuals captured from the relative warp analyses (RWA) were 
used as variables in the analysis. Results showed CORIANDIS detected subtle 

variations among the populations. The vector plots showed the variation was confined 

largely within selected landmarks from the antero-lateral, postero-lateral and lateral 
sides of the elytra. Differences between sexes among populations were also observed 

suggesting that geographic distance may not be the only factor influencing phenotypic 

variations in B. longissima. 
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INTRODUCTION 

 

 The coconut hispine beetle, Brontispa longissima is an invasive and most damaging foliage feeder of the 

coconut tree Cocos nucifera and other palm plants with economic importance (Liebregts and Chapman, 2004; 

Konishi et al., 2007)). 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 (Liebregts. and Chapman 2004; 

Sindhusake and Winotai 2004; Lu et al., 2008).  As introduced pests, it has become invasive and was then 

difficult to control in many areas in the Philippines. It was believed that this could be due to the absence of 

natural enemies or have adapted to its new environment. Variations in the susceptibility of coconuts including 

well-adapted populations of the insects to the conditions of the coconut plantations may also have contributed to 

reported outbreaks. Adaptations may have resulted due to the existence of variant forms in the populations 

which can be observable in selected  morphological structures of the insect such as the 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). Understanding therefore variations in 

these structures will help understand the nature of the pest and  and their control. In the past, morphological 

structures are described qualitatively but with with advances in statistics, geometry and biology, decsribing 

variations have become quantitatively described. One of the currently used method is by 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 where the other components of variations such as size, position and orientation are 

removed, not to altering the shape (Dryden and Mardia 1998; Rohlf et al., 1996 and Goodall 1991). 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 correlation analyses based on Distance Matrices (CORIANDIS) (Marquezand and Knwles 2007). This 

method allows visualization of the systematic relationships of populations of organisms in compromised space 
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to minimize the dilemma of using only one character. These were therefore used in the current study to compare 

populations of the pest by analyzing the head, pronotum and elytra.  It is believed that understanding the nature 

of the pest can help manage or control infestation in many coconut plantations in the Philippines and other 

countries where coconuts are considered an important source of income. 

 

Methodology: 

Collection of Samples and Sampling Sites: 

 Opportunistic sampling was done in the collection of adult B. longissima (Gestro). Insects were randomly 

collected in selected coconut plantations in the Philippines (Table 1). The areas were: Banao in Guinobatan, 

Albay; Plaridel, Baybay, Leyte; Poblacion in Albuera, Leyte; Cambalatong in Albuera, Leyte and   Tandag City, 

Surigao del Sur. (Figure 1). 

 

Data acquisition and measurement: 

 The collected samples were placed in plastic containers containing prepared fixative (70% ethyl alcohol + 

30% glacial acetic acid) for preservation. Sexes were determined (Ayri & Ramamurthy, 2012) in the laboratory 

using a Leica dissecting microscope and photographed using GE digital camera. Images were store as jpeg and 

digitized using the tpsUtil and tpsdig (Rohlf, 2008) (Figure 1). 

 

 
 

Fig. 1: 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. 

Location elytra head pronotum 

 male female male female male female 

Albay 149 159 149 159 149 159 

Cambalatong, Albuera, Leyte 38 14 38 14 38 14 

Plaridel, Baybay, Leyte 58 76 58 76 58 76 

Sitio, Polacion, Albuera, Leyte 37 53 37 53 37 53 

Tandag       

 

Data analysis:                                      

 The anatomical landmarks of the elytra, head and pronotum were chosen based on its operational homology 

(Bookstein, 1991; Adams, 1999). Point configurations (Figure 2) were set by tpsDig 2.12 (Rohlf, 2008) coding 

points as landmarks by tpsUtil 1.14 (Rohlf, 2008) (Figure 2). The description of the anatomical landmark points 

in elytra, head and pronotum are shown in Tables 2-4. 
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Table 2: 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   

2 left antero-lateral part of antennae 14 right antero-lateral part of antennae 

3 left posterior-lateral part of antennae 13 right posterior-lateral part of antennae 

4 left anterio-lateral most region of the 
compound eye 

12 right anterio-lateral most region of the 
compound eye 

5 

 

lateral most region of the compound eye 11 lateral most region of the compound eye 

6 
 

left posterior-lateral most region of the 
compound eye 

10 posterior-lateral most region of the 
compound eye 

7 left mid posterior part of the head 9 mid posterior part of the head 

8 posterior mid part of the head 11 lateral most region of the compound 

11,12,13,14,15,16, 17 located at the postero-lateral    of the 

insect 

23,22,21,20,19,18 the posterior mid axis of   symmetry 

 

 
 
Table 3: Location and classification of 32 anatomical landmarks digitized on the shape of pronotum of B. longissima. 

Landmark Anatomical Description Landmark 

   

1 the anterior mid axis of symmetry  

2,3,4 describe the shape of the anterior margin 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 

 
Table 4: Location and classification of 24 anatomical landmarks digitized on the shape of elytra of B. longissima  

Landmark Anatomical Description Landmark 

1 the anterior mid axis of symmetry  

2,3,4 anterio-lateral portion 22,23,24 

5,6,7,8 lateral sides of the elytra 18,19,20 

9,10,11,12 postero-lateral portion 14, 15,16,1 7 

13 the posterior mid axis of symmetry  

 

Shape analysis: 

 Relative warp analysis made use of the tps 1.46 software (Rohlf, 2008) where the the aligned configuration, 

centroid size values and relative warp scores were saved to describe the variations in shapes. Scatterplots of the 

elytra, head and pronotum within populations of B. longissima were summarized by relative warps 1 and 2 only. 

Thin-plate spline deformation grid was constructed to visualize patterns of shape variability. In order to 

determine intra-population variability, the samples were segregated and analyzed per tree (Hammer & Ryan, 

2001).  

 Vector plots were also used to determine localized shape variations to identify specific landmarks that 

contribute to the variations observed. The important landmarks were identified based on the length and the 

direction of the vectors. These are considered important in determining the amount and variations observed. Size 

variation was also determined by calculating a centroid size estimate and visualized in box-and-whisker plots. 

The paleontological statistics software (PAST) developed by Hammer and Ryan (2001) was used in the 

analysis. Differences in the centroid sizes among populations were tested using one-way analysis of Variance 

(ANOVA). 

 

Correlation Analysis Based On Distance Matrices (CORIANDIS): 

 The overall variations in the different populations of B. longissima was determined based on the combined 

analyses of the landmark data sets generated in the elytra, head and pronotum of the insects. The analysis made 

of the using correlation analysis based on distance matrices (CORIANDIS) ver.1.1 Beta software developed by 
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Marquez and Knowles (2008). The information generated is interpreted as a decomposition of a populations’ 

uniqueness from other populations in terms of a specific traits or characters (Abdi et al., 2005)   This type of 

analysis was used as it is able to detect minor variations in multiple data sets of characters. The results of 

CORIANDIS were also plotted in a scatter diagram to illustrate the relationships among the populations of the 

beetles.  

 

Results: 

 Describing variations within and between populations of B. longissima based on the results of the relative 

warp analysis are shown graphically in the scatter and vector plots (Figures 2-5). For the elytra, results of the 

principal component analysis showed differences in the distribution of the colored points along the first two 

axes which is indicative of population differentiation between and among populations (Fig. 2a). Variation is 

confined in the on the lateral sides of the elytra, antero-lateral portion and posterior most part. Looking at the 

plots of the vectors to identify landmarks that contribute to the variation observed within each population 

showed that the bulk of the variations are captured by the first relative warps in all populations studied. The rest 

of the relative warps explain lesser percentage variances. The results of the analyses showed that variation is 

confined in three landmarks on the lateral sides of the elytra (landmarks 6,7,8,18,19 and 20), in the antero-lateral 

portion (2, 3, 4, 22, 23 and 24) and the posterior most part (landmarks 10 to 16). The direction of the vectors 

involved vertical translations which means that the differences. The direction of the vectors involve vertical 

translations which means that the differences observed can be traced largely to differences in the lengths of the 

elytra and less on the width.  

 

 
             

Fig. 2: Scatter plot showing differences in the shapes of the elytra, head and pronotum among populations of B.  

longissima.  

 

 
 

Fig. 3: Vector plots showing the landmark displacements in the elytra of several populations of (a) female and  

(b) male B. longissima.  
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 For variations in the head, Figure 2b show the results were similar to those observed in the elytra where 

there are variations within and between populations of the pest. The vector plots however shown in Figure 4 

were not able to detect localized shape variations in the head of this insect pest as the direction and magnitude is 

too small to be observation indication very small variations in the head.  

 

 
 

Fig. 4: Vector plots showing the absence of landmark displacements in the head of several populations of (a)  

female and (b) male B. longissima.   

 

 Results in the pronotum were also similar to that of the head (fFig 2c). The vector plots shown in figure 5 

were not able to detect localized shape variations in the pronotum of this insect pest also indicating minor 

variations.  

 

 
 

Fig. 5:  Scatter plots showing limited variation in the shapes of the pronotum among the populations of(a)  

female and (b) B. longissima.  

 

 We also evaluated if the sizes of the three characters of B. longissima differ by calculating them using a 

centroid size estimate and compared using box-and-whisker plots and a one-way analysis of variance (ANOVA) 

(Figure6 and Table 5). Results show differences in populations where beetles from Tandag differed from the rest 

of the populations in having significantly larger elytra, pronotum and head. Male population from Albay 

differed significantly from those collected from three areas in Leyte, while the females only differed from those 

in Tandag when compared from the rest. Also observable were the differences between sexes for the head size 

for the Albay populations. For the pronotum size, only the females from Tandag differed significantly from the 

others.    
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Fig. 6: Box-and-whisker plots showing differences in the centroid sizes of the B. longissima collected from five  

localities. Legend: CAL- Cambalatong, Albuera, Leyte;   PBL- Plaridel, Baybay, Leyte; SPAL- Sitio  

Poblacion, Albuera, Leyte. 

 
Table 5: Test for significant differences in the centroid sizes of the elytra of B. longissima collected from five different localities.  

   Albay CAL PBL SPAL Tandag 

Elytra Males Albay  0.09849 0.0004 2.03E-05 1.72E-05 

  CAL 3.487  0.4759 1.72E-05 1.72E-05 

  PBL 5.797 2.31  1.72E-05 1.72E-05 

  SPAL 7.208 10.7 13.01  1.72E-05 

  Tandag 116.5 120 122.3 109.3  

 Females Albay  0.9941 0.5975 0.7339 1.72E-05 

  CAL 0.579  0.3416 0.4722 1.72E-05 

  PBL 2.045 2.624  0.9995 1.72E-05 

  SPAL 1.739 2.318 0.3063  1.72E-05 

  Tandag 78.66 78.08 80.7 80.4  

Head Males Albay  0.0026 1.73E-05 1.72E-05 1.72E-05 

  CAL 5.146  0.1873 0.0292 1.72E-05 

  PBL 8.228 3.083  0.948 1.72E-05 

  SPAL 9.27 4.124 1.041  1.72E-05 

  Tandag 98.84 104 107.1 108.1  

 Females Albay  0.001 1.72E-05 1.72E-05 1.72E-05 

  CAL 5.428  0.04111 0.06255 1.72E-05 

  PBL 9.386 3.957  0.9999 1.72E-05 

  SPAL 9.169 3.74 0.2168  1.72E-05 

  Tandag 94.18 99.6 103.6 103.3  

 

 

 

Pronotum Males Albay  0.0562 2.00E-05 4.10E-05 1.72E-05 

  CAL 3.797  0.1081 0.257 1.72E-05 

  PBL 7.229 3.432  0.9942 1.72E-05 

  SPAL 6.651 2.854 0.5778  1.72E-05 

  Tandag 133.9 137.7 141.1 140.5  

 Females Albay  0.8366 0.7246 0.586 1.72E-05 

  CAL 1.471  0.1494 0.0896 1.72E-05 

  PBL 1.761 3.233  0.9995 1.72E-05 

  SPAL 2.07 3.542 0.3091  1.72E-05 

  Tandag 116.5 115.1 118.3 118.6  

 

 The overall variation in the populations of B.longissima assessed based on the combined analyses of three 

landmark data sets of the elytra, head, and pronotum using CORIANDIS are presented in Figures 7 and 8. 

Results are shown as stacked bar graphs where the sizes of the boxes are graphically used to measure disparity 

between and among populations (Figure 7). The blue boxes infer disparity in the shapes of the elytra while the 

green and brown boxes show disparity in the shapes of the head and pronotum. The results were also presented 

in the scatterplot to have a clearer understanding of the differences. Based from the sizes of the boxes and the 

scatterplots, differences between sexes in some populations were observed. When different geographic 

populations were compared, the differences cannot be attributed to geographic distances alone. This was also 

true with the results comparing both male and female populations based on the results of the scatterplot (Fig. 8). 

There were geographically-distant populations that were found to be similar in the shapes of the elytra, head, 

and pronotum but were more pronounced in the females.  It can be seen from the results that geographic 

distance is not a factor for the variations detected.  
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Fig. 7: Disparity boxes showing differences in five populations of Brontispa longissima based on combined  

analyses of the shapes of the elytra, head and pronotum.  

 

 
 

Fig. 8: Scatter diagram illustrating the systemic relationships among the populations of B. longissima. 

 

Discussion: 

 The result of the analyses suggests that geometric morphometric methods and CORIANDIS are useful in 

detecting minor variation in the shapes of the three characters. The results of the current study have shown 

variations between populations of the beetle attacking coconuts in the Philippines. The variations however, were 

not greatly pronounced and were mainly observed on the size of the morphological structures. Symmetry in the 

elytra, minor changes in the direction and magnitude of the vectors in the head and pronotum were the minor 

variations observed in the shapes of these structures. It is however worth noting also from the results of the 

study that variations in shapes may or not vary between sexes in selected populations of the pest. There were 

populations that were sexually dimorphic but not true to all based on shapes. The observed sex-differences in 

some populations could be products of a lot of factors such as (a) sexual selection mechanisms, (b) maternal 

patterns of inheritance of traits and (c) sex-influenced traits as females might have characters that are important 

for reproduction.  Accordingly, most of the morphological variations of insects are due to effects associated with 

the environment, either phenotypic responses (plasticity) or particularly those which act during ontogenetic 

development (Cepeda et al., 2003 as cited by Benitez 2013). 

 In general, while variations were observed between populations, results show there is still not enough 

phenotypic diversity in the pest populations. These are clearly shown in the relative warp and CORIANDIS 

results. First, the lack of phenotypic 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 Ma et. al. (2011), populations 

of B. longissima from Hainan, China were tested for genetic diversity using a total of eight polymorphic satellite 
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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 (Frankham, 2005 as cited by Ma et al, 2011.) 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: 

 This study have shown that relative warp analysis coupled with CORIANDIS are useful in describing subtle 

variations among the populations based on individual and combined analysis of characters. These tools maybe 

used in conjunction with other tools to have a clearer understanding of the variations in organisms of specific 

interest. 
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