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 A potential outbreak pest in the Philippines, P. reichei is an understudied coconut 

herbivore that is morphologically similar to the outbreak pest Brontispa longgissima. 

This study was conducted to determine variability in eight geographical populations in 
the pronotum of P. reichei using geometric morphometric tools. Analysis of variance, 

coordinate mapping, relative warp and Euclidean distance matrix were used to analyze 

24 pronotum landmarks. Results of relative warp analysis showed variations among the 
different populations. Comparisons between the populations showed that the mean 

shape of most of the populations were close to the consensus shape however some 

locations show indicating an adaptive capability in new environments particularly along 
the anterolateral region and basal margin (RW = 39.98%). Euclidean distance matrix 

analysis coupled showed that 30.4% of the variation occurs in the anterior margin of the 

pronotum. 
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INTRODUCTION 

 

The Philippines is considered world’s second largest producer of coconut (Cocos nucifera), a palm species 

known as the “Tree of Life” due to its multiple uses [1]. With monoculture however, the survival of the species 

is affected as plantations expand to meet the demand. One problem that has affected many of the coconut 

farmers is the evolution of virulent populations that have affected many trees in large coconut areas in the 

Philippines [2,3]. These populations may have undergone some morphological changes as a way of adaptation 

to the coconut. One morphological structure that can be an indicator of change is the shape of the pronotum 

which is often an important feature in the insect anatomy for propr identification of many insect groups. The 

pronotum in Coleoptera are greatly enlarged found between the head and mesothorax [4]. It serves primarily as 

the attachment of muscles for locomotion for the front legs but in winged insects it affords protection for the 

pterothoracic segments [5]. Thus it is central to the movement of the beetle and can be an indicator of variation 

as it moves from one place to another. It is for this reason that this study was conducted to determine the 

morphological variation in the pronotum of P. reichei. Alhough became an emerging pest in Malaysia, the 

species is potentially another outbreak pest in the Philippines [6]. The species is morphologically similar to 

Brontispa longissima but was observed to feed on the surface on the tender unfolded leaves [6,7]. Outbreaks of 

B. longissima have been prevalent in the Philippines since it was detected in 2005 however of similarity in 

appearance, outbreaks of P. reichei might have been misreportedas those cause by B. longissima. Continuous 

hot weather and low enemy populations have been observed as factors for outbreaks [8]. Understanding the 

nature of variability in the insect pest could be an important input not only in the nature of its evolution as a pest 

but also in the proper management of resources and forecasting outbreak areas [9,10]. 

 

MATERIALS AND METHODS 

 

A. Specimen Identification and Collection: 

Adult coconut leaf beetles, P. reichei, were randomly collected from coconut trees from eight different 

locations (Fig.1; Table1). Pure ethyl alcohol was used as a preservative during transport.  Identification of 
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specimens was done according to Staines [11]. Individuals were then labeled by location and stored individually 

in Eppendorf tubes with 3-5 drops of pure ethyl alcohol.  

 
Table 1: Geographical location of sampled populations with corresponding codens. 

Location Coden Latitudea Longitudea 

Bangko, Balo-i, Lanao del Norte BAL 8005'3''N 124013'27''E 

Central Mindanao University, Bukidnon CMU 7051'53''N 125003'03''E 

Napolan, Pagadian City NAP 7049'43''N 123020'4'' E 

Parang, Maguindanao PAR 7020'00''N 124019'00''E 

San Agustin, Surigao del Sur SNA 8043'52''N 126012'10''E 

Trento, Agusan del Sur TRE 8003'00''N 126004'00''E 

Walo-a-Datu, Lanao del Norte WAL 804'17" N 124010'16"E 

Wao, Lanao del Sur WAO 7041'00''N 124041'00''E 
a taken from Google Earth™ v7.1.2.2014 (2014) 

 

 
Fig. 1: Sampling locations with corresponding codens of P. reichei in Mindanao Island, Philippines. 

 

B. Imaging and Landmarking of Specimens: 

Imaging of the specimens was done using a digital camera enhanced using a stereomicroscope. A total of 24 

landmarks (Figure 2, Table 2) were established on the digitized images using tpsDig software v2.12[12]. These 

landmarks were chosen to represent major dimensions of the pronotum. The points are superimposed onto the 

image that generates two-dimensional coordinates. General Least Squares (GLS) Procrustes superimposition 

method was done to standardize the coordinates and to remove variation due to differences in translation, 

orientation and size [13,14]. 

 
 

Fig. 2: Pronotum landmarks in P. reichei. 
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C. Image Analysis: 

Relative warps analysis using tpsRelW [15], following the algorithms developed by Bookstein [13] was 

used to determine and compare the variation of the pronotum within the populations from a consensus or mean 

shape. Thin plate splines were then used to visualize the transformation of each specimen using the same 

software. Box plots were generated to show the distribution of the populations away from the mean shape. 

 
Table 2: Descriptions of anatomical landmark points on the pronotum of P. reichei. 

Landmark  
no. 

Description 
Landmark  
no. 

Description 

1 First LM at the anterior apex of pronotum 13 Align to LM1 

2 Left Distal point of sclerotized anterior margin 14 Tip of right sulcus 

3 Anterior base of left anterior spine 15 Tip of right posterior spine 

4 Tip of left anterior spine 16 Anterior base of right posterior spine 

5 Posterior base of left anterior spine 17 LM in pronotum margin between LM 16 and 18 

6 Anterior base of left lateral spine 18 Posterior base of right lateral spine 

7 Tip of left lateral spine 19 Tip of right lateral spine 

8 Posterior base of left lateral spine 20 Anterior base of right lateral spine 

9 LM in pronotum margin between LM 8 and 10 21 Posterior base of right anterior spine 

10 Anterior base of left posterior spine 22 Tip of right anterior spine 

11 Tip of left anterior spine 23 Anterior base of right anterior spine 

12 Tip of left sulcus 24 Right distal point of sclerotized anterior margin 

 

Euclidean Distance Matrix Analysis (EDMA) was done using PaST software 1.91 [19] . EDMA is a 

coordinate free approach in determining the correspondence between landmark points to further evaluate the 

changes between landmark points [16,17]. Principal Component Analysis (PCA) inherent in the EDMA method 

reduces data to determine which components retain the highest degree of the variation in the point to point 

analysis[18].  

 
Fig. 3: Interlandmark distances used in compring populations of P. reichei. 

 

D. Statistical Analysis: 

The mean differences in pronotum centroid size among populations were determined and subjected to 

Analysis of Variance (ANOVA) using PaST software 1.91 [19]. Tukey’s test was then used to show significant 

interactions between the populations. Canonical Variate Analysis (CVA) was also used to visualize the 

Procrustes transformed coordinates among populations. A heatmap was also generated using the same program 

to illustrate points of contraction and expansion. Cluster Analysis was used to compare similarities among 

populations based on Procustes-transformed landmarks. 

 

RESULTS AND DISCUSSION 

 

Canonical Variate Analysis (CVA) of the Procrustes transformed landmark coordinates illustrates the 

distribution of the points along the X-Y axes (Figure 4). While there are overlaps observed indicating 

commonality in centroid size, variations between populations can be observed. ANOVA showed significant 

differences in the mean shapes of the pronotum between the populations of P. reichei (Chapui) (p<0.05; Table 

3).  
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Fig. 4: Plot of the Canonical Variate Analysis of Procrustes transformed landmark data of the pronotum of P. 

reichei. 

  
Table 3: Results of ANOVA test for significant variation in the centroid sizes of the pronotum between eight populations of P. reichei.  

 Sum of squares 
Degrees of 
freedom 

Mean 
squares 

F P(same) 

Between groups 6.47 x 1006 7 923897 43.68 2.64 x 10-42 

Within groups 6.35 x 1006 300 21153   

Total 1.28 x 1007 307    

 

Variations in shapes were evaluated using relative warp analysis of procrustes-fitted landmarks (Table 4). 

Five significant relative warps show the nature of variations in the pronotum. The first four warps showed 

variation along the margins of the pronotum (Fig. 4).  

 
Table 4: Variation in the pronotum between eight population of P. reichei explained by the significant relative warps and its corresponding 

percentage variance. 

Relative Warp % Variance Description 

1 39.98 Variation in the anterolateral region and basal margin 

2 13.95 
Variation in lateral margins 
Describes assymetry in the shape of pronotum 

3 10.81 

Variation in anterior and basal pronotal region 

Describes assymetry in the anterior and basal pronotal regions 

Variation in size 

4 7.69 
Variation in lateral margins 

Describes assymetry in the shape of pronotum 

5 5.58 
Variation in anterior and basal pronotal region 
Describes assymetry in the anterior and basal pronotal regions 

 

The deviation from the consensus image for the different populations are illustrated in Fig. 5 with a 

corresponding compression and expansion of points. 

BAL shows expansion in the anterior region particularly the left anterior region and in the margin between 

the right anterior and lateral projection. Compression is found in the posterior pronotum. 
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Fig. 5: Variations in the pronotum of P. reichei collected from different locations in Mindanao, Philippines. 

Population variations are illustrated based on compression and expansion of landmark points with 

refence to the overall consensus morphology. 

  

The pronotum of CMU population shows a varied pronotum compression areas and is strong in the anterior 

projections and the right posterior projection. Expansion is seen on the left posterior projection. Anterior, lateral 

and posterior margins show mild expansion. 

NAP has strong expansion in the anterior margin and mild expansion is seen in the posterior margins. 

Strong compression is seen in the margins between the lateral and anterior projections. 

The anterior projections of PAR show strong expansion in the anterior projections. Compression is mainly 

seen in the pronotum and is strongest in the left anterior region, mid posterior area and in the left posterior 

projection. 

TRE, WAL and WAO shows most of the pronotum to be under compression.  WAL is the most strongly 

compressed among the other populations. Expansion is seen in the anterior projections.  

Contrary to the other populations, SNA shows expansion in most of the pronotum area. Strong compression 

is seen in the anterior projections and left posterior projections.    

Cluster analysis of the Procrustes-transformed landmarks showed 4 groups according to compression and 

expansion areas of each population (Fig. 6). The first cluster composed of PAR, BAL, WAL, WAO, 

TREshowing lesser compression values and strong expansion in the anterior projections while the other 3 

groups were those of CMU, NAP and SNA where strong compression in the anterior projection in the pronotum 

were observed.  
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Fig. 6: Dendrogram showing the differences in populations based on cluster analyses of Procrustes transformed 

consensus landmark using Ward’s method. 

 

Based on Euclidean distances, 20 out of 267 possible interlandmark distances were found to be the major 

sources of variations between populations (Table 5, Fig. 7 and 8), The distance between anterior pronotum 

spines account for 30.4% where the distances in landmarks in left lateral margin had the least variation in PC1. 

Principal component scores show that the variation is found in the antero-lateral margins of the pronotum. Point 

to point distances are reduced in the left lateral regions particularly between the anterior and lateral spines.  

 
Table 3.6: Interlandmark (Inter-LM) distances with the top- and bottom ten PCA loading values for the significant component of the 

Procrustes transformed landmark coordinates of the pronotum of P. reichei (Chapui) from eight locations in Mindanao. 

PC1. v = 0.00931728. % var = 30.4% 

Interlandmark (Inter-LM) distances Value Interlandmark (Inter-LM) distances Value 

3-23 0.198 4-7 -0.1122 

3-24 0.1752 4-9 -0.1144 

3-22 0.1743 4-8 -0.1223 

4-23 0.1736 4-11 -0.1224 

5-23 0.1611 4-10 -0.1238 

3-21 0.1603 3-9 -0.1299 

4-22 0.1499 3-7 -0.1324 

4-24 0.1488 3-11 -0.1349 

2-23 0.1384 3-10 -0.1363 

1-3 0.1382 3-8 -0.1413 

Joliffe cut-off = 0.0000777 (Legend: Eigenvalue = v; % variation = %var) 
 

 
 

Fig. 7: Significant interlandmark distances as source of variations between pop[ulations of P. reichei. 
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Fig. 8: Box plot showing the variations between populations based on20significant interlandmark distances. 
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It is suggested from the results that geographical distance is not only the major source of differences 

between populations of the beetle. Variations within populations are clearly observed (Fig. 6) indicating 

phenotypic plasticity in the species. Differing environmental conditions arising in these areas may have 

contributed to the variations observed in pronotum shape. Taravati et al. [20]for example have found that in the 

beetle, Eriodontes sp., a gradient of environmental conditions produces a gradient of changes in the pronotum. 

Geographical separation may produce differentiation of P. reichei into new species over time [21]. Moreover, 

nutrition may also have provided differences in pronotum morphology [22]. The intraspecific variation observed 

in this species may confer different attributes in individuals of a population that can lead to better predator 

defenses, parasite resistance, resource use or competitive ability [23].   

 

Conclusion: 

The results of the geometric morphometric analysis of P. reichei showed that the pronotum varies in shapes 

between populations. The significant variations within and between populations observed primarily in the 

anterior pronotumsuggest phenotypic plasticity which may be due to differences in environmental gradients. 

Which may be important in the species ability for predator defenses, resistance to parasitism, resource use or 

competitive ability. 
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