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Abstract: The landmark-based geometric morphometric approach of relative warps (RW) was used
to determine the population structures of the rice black bugs (RBB), Scotinophara coarctata, from the
Philippines and in one site in Malaysia based on the shapes of the head and pronotum. The symmetric
and asymmetric components were used to analyze the direction of shape change for each structure.
However, multivariate analyses were conducted only on the symmetric components to infer the
relationships among the RBB populations.  The results showed that in many cases, the landmark
configurations are continuous. Landmark configurations of the pronotum separated the RBB from
Omar, Malaysia. Considerable shape differences between populations were also found locally within
Luzon, Iloilo, Palawan and Mindanao based from the results of the analyses. The results of the current
study strongly suggest the existence of morphological differences in the populations of RBB, which
may indicate possible genetic differentiation. Such variability may have direct bearing on the
management of the RBB as a pest of rice agroecosystem. 
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INTRODUCTION

The rice black bug (RBB), Scotinophara coarctata (Fabricius) is a new emerging insect pests of rice
(Oryza sativa). The most direct economic impact associated with the host results from yield loss related to
unfilled grains, decrease in number of tillers and fewer grains per panicle (Carter et al., 2004). Control of RBB
is achieved through a variety of techniques including light trapping and deployment of natural enemies (i.e.
the egg parasitoid, Telenomus triptus Nixon and the green muscardine fungus, Metarhizium anisopliae
(Metschnikoff) Sorokin). In most cases, however, the resurging pest populations tend to recover. Much has
been said of how such resurgences occur including the ability of the organism to adapt very well to variable
conditions; ability to stay alive for several months and between seasons in a relative humid atmosphere; and
the presence of alternate hosts when challenged with applications of pesticides in the field. 

Recently, there is renewed interest on RBB in the Philippines as it is believed to be composed of a
complex of morphologically distinguishable species based on SEM studies (Barrion et al., 2007).  Thus, RBB
in the Philippines is a ‘problem species’ with a ‘species problem’. Practical consequences of RBB cryptic
species complex may affect the design and management of the pest species, if the study of variation in
response to control strategies is carried out in the context of species taxa. 

These pentatomid insects belonging to the genus Scotinophara Stal (1867) have a highly cryptic nature
and some species are particularly invasive in rice agricultural systems. To date, there are already twenty-four
species of RBB in the Philippines classified into four groups – tarsalis, serrata, lurida, and coarctata. Of
these, 19 are considered new to science and endemic to the Philippines (Barrion et al., 2007). 

In an effort to mitigate RBB infestation in the country, the Philippine Rice Research Institute has led
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research activities geared towards understanding the insects migration pattern, behavior, taxonomy, and ecology.
Although there is already a wealth of information on the systematics of RBB in the Philippines, this study was
conducted to determine population differences in the shapes and sizes of selected morphological characters of
the RBB and infer relationships using the method of GM and multivariate analyses. It is believed that
population-level analyses such as this are deemed to contribute in the development of more effective control
measures as members of the same taxonomic species may show as much ecological plasticity as they have in
their morphology (Martín and Estebenet, 2002). This part of the study aimed at understanding the nature of
diversity within and among populations of RBB in the Philippines. These pentatomid insects belonging to the
genus Scotinophara Stal (1867) have a highly cryptic nature and some species are particularly invasive in rice
agricultural systems. To date, there are already twenty-four species of RBB in the Philippines classified into
four groups – tarsalis, serrata, lurida, and coarctata. Of these, 19 are considered new to science and endemic
to the Philippines (Barrion et al., 2007). 

Species delimitation using phenotypic markers is widespread in the scientific literature. As a rule, anything
observed on organisms is potentially useful in identifying species boundaries, provided that the extent to which
the features concerned is representative of the organism as a whole (Rojas, 1992; Zink and McKitrick, 1995;
Duffy, 1996; Turner, 1999; de Queiroz, 2005). This happens when variation in a phenotypic trait is caused by
underlying genetic variation and not due to plastic changes in response to environmental changes. Morphology
is the most generally used form of phenotypic marker for systematic purposes, but others exist as well. 

Our way of thinking about a ‘species’ has been heavily affected by technological advancements. In the
last few decades, the use of geometric morphometric (GM) techniques has greatly advanced the ability to
discriminate taxa based on two-dimensional modeling of the organism’s morphology (Bookstein, 1997; Douglas
et al., 2001; Dos Reis et al., 2002; Singleton, 2002). Progress in image analysis allows one to sample the
organismal phenotypes more widely or in more detail than ever before. The beauty of GM approaches belies
on its ability to separately analyze the three components of biological form- size, shape and symmetry.
Practical advantages of using GM include objective interpretations of minor morphological variation and to
debates about species boundaries. The use of quantitative approaches in identifying discontinuities in shape
variabilities is relatively rare in Philippine literature. 

There is an array of GM methods one can use, the major differences among them being in the manner
of capturing shape data and in modeling the morphologies for multivariate analyses. Of the methods available,
one describes outline shapes using elliptic Fourier analysis and another model morphological variation by
recording the coordinates of landmarks or points that are assumed to be homologous from one organism to
another (Iwata et al, 2002; Iwata et al., 2004; Patterson and Schofield, 2005; Camargo-Neto et al., 2006;
Gómez et al., 2006). GM offers both exploratory and confirmatory methods which can be used to clarify
morphospecies boundaries and investigate infraspecific morphological variations. Such methods have not yet
been used for systematic research on S. coarctata species groups in the Philippines.   

To date, little is known about geographical variation in the shapes of the pronotum, and head in RBB.
Thus, this study is aimed at investigating phenotypic variation at, and around the S. coarctata group in the
Philippines and in identifying discontinuities in the shapes of the pronotum and head using the landmark-based
method of relative warp analysis (RW). Specifically, the aim of this study was to explore how variation in
these three features of the insect could be modeled using landmark coordinates and to determine the
relationships of rice black bugs from diverse geographic origins in the Philippines and in one site in Omar,
Malaysia.

MATERIALS AND METHODS

A total of 494 heads (M=212, F-282) and 500 pronotum (M=249, F= 251) of the rice black bugs were
collected from different locations in Mindanao, Philippines. Samples from Omar, Malaysia and other sites in
the Philippines were also examined. The heads and pronotum were prepared for 2-dimensional geometric
morphometric analyses. The images of the head and pronotum were taken using the MacronCam developed
by Nietzie Bebing of the Institute of Plant Breeding, University of the Philippines at Los Baños, College,
Laguna, Philippines.

Figure 1 shows the position of the landmarks collected from the head and pronotum of RBB. These
characters were chosen for the analyses as preliminary observations showed that these characters have object
type of symmetries and differences between the left and right sides can often be seen.

For the head (ventral view; Fig. 1a), the landmark pairs 1-14 are located at the sides of the tylus at the
tip of the head. Landmarks 2 and 13 define the shape of the jugum. Four landmarks, namely 3, 4, 11 and 12
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Fig. 1: Position of the landmarks collected from the (a) head and (b) pronotum of the rice black bug,
Scotinophara spp. 

describe the position of the antennifer on the lateral sides of the head. On the other hand, the landmarks 5,
6, 9 and 10 locate the position of the compound eyes of the insect. The landmark pairs found at the posterior
margin of the head defines the junction between the head and the prosternum.

For the pronotum (Fig. 1b), landmarks 1 to 5, and 15-18 describes the shape of the anterior margin. The
landmark pairs 4-5 and 15-16 are located at the base and tip of the anterolateral spine while 6-7 and 13-14
were positioned on the prehumeral spine. The remaining landmarks (8 to 12) are located on the posterior
margin. Landmarks 1 and 10 define the axis of symmetry.

Landmark – based analysis. The landmarks digitized using the TpsDig ver. 2 (Rohlf, 2004) was
superimposed using the generalized Procrustes analysis in TpsRelw, ver. 141 (Rohlf, 2004). This procedure
was used to standardize the size of the structures and optimize their rotation and translation to ensure minimal
distances between corresponding landmarks (Bookstein, 1991; Dryden & Mardia, 1998; Zelditch et al., 2004;
Neustupa & Š�astný, 2006). The residuals are in the form of shape variables that were used in the succeeding
analysis.

Shape Symmetrization:
Structures with perfect symmetry are rare in nature. In fact, Klingenberg et. al. (2002) argued that real

organisms hardly ever are perfectly symmetric and that small asymmetries affect the structural features that
lie in the midsagittal plane of the idealized body plan. For example, the tylus and other midline structures of
the head can either bulge to the left or right to some extent. Mardia et al. (2000) named two types of bilateral
symmetry - object symmetry and matching symmetry. Matching symmetry comprises structures such as the
wings of the RBB that are present in two separate copes as mirror images of one another, one each located
on either side of the body (Klingenberg et al., 2002). The head and pronotum of the RBB are examples of
structures with object symmetry. These structures are inherently symmetric with an internal line or plane of
symmetry, so that the left and right halves are mirror images of each other. 

Symmetrization was done following the procedure by Klingenberg et al. (2002). Neustupa & Š�astný
(2006) provided a simplified outline of how symmetrization is done. Symmetrization of the structures involved
reflecting the left and right sides of the structures (by multiplication of the x-coordinates of all landmarks by
-1), re-labelling of the paired landmarks and averaging the original and mirrored configurations in the
Procrustes superimposition. The average shapes produced are ideally symmetric shapes that contain information
regarding the shape of the symmetric object. 

The symmetric and asymmetric components were used to analyze the direction of shape change for each
structure. Vectors of landmark displacements were drawn after principal component analysis (PCA) of the
shape variables to show regions of greatest morphological variability. The paleontological statistics (PAST)
software (Hammer et. al. 2001) provides a platform for drawing plots of the most influential landmarks. The
length of the vectors or lines indicates the relative contribution of each landmark to shape variability whereas
its direction indicates the direction of shape changes. After PCA, the eigenvalues and the principal component
scores for each individual were obtained. The eigenvalues indicate the amount of variation explained by each
principal component. 

Visualizing Shape Differences. Shape differences between and among configurations were depicted in many
ways in this study. Leaf shape differences were drawn after PCA of the normalized elliptic Fourier coefficients.
For the landmark-based analysis, thin-plate splines used to illustrate shape differences between and among
populations of the organisms. These deformation grids are based on the classic D’ Arcy Thompson
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transformation grids. The PAST ver. 1.77 and TPSRelw (Rohlf, 2004) softwares were used in this study.
These grids take into account information regarding shape differences at discrete points (landmarks) and from
those data interpolate shape differences between those points.     

Phenetic relationships of the populations based on the shapes of the structures. The uniform (affine) and
non-uniform (non-affine) components of shape variability were subjected to Discriminant Function analysis.
Then the group centroids for each function were used in determining the phenetic relationships of the
populations using non-metric multidimensional scaling.

This study is a preliminary step in an effort to understand how variability is distributed within and among
RBB populations (Fig 2). A list of the number of samples collected from the sites is provided in Table 1. 

Fig. 2: Map of the Philippines and Malaysia. Letters correspond to locations of the different sampling sites.

RESULTS AND DISCUSSION

Geometry of the Head:
Head shape is sexually dimorphic in RBB. Morphometric analyses was also done based on landmarks

collected from both sides of the head which show object symmetry (Demayo et al., 2007). Principal component
analysis of the asymmetric components revealed some extent of directional asymmetry involving the landmarks
at the based of the head as described by PC1 and PC2 totaling to more than 40% of the observed between-
sides variation in both sexes (Figures 3). The length of the displacements vectors describe pairs of landmarks
that vary among the samples of RBB reflecting between-sides variation. The effects of this intra-individual
variability were removed from the analyses.  Studies have shown that heritability of asymmetrical variation
is low (Furuta et al., 1995; Iwata et al., 2002). 

The residuals after the asymmetric components were removed describe inter-individual variability among
the RBB samples and were used to determine patterns of variability. Symmetric components of shape variation
structures with object symmetry are thought to have high heritability values (Iwata et al., 2000). However,
since there are no studies yet on the heritability of head shapes in RBB, it is not entirely clear to what extent
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Table 1: Rice black bugs used in this study.
CODE SITE HEAD  PRONOTUM

-------------------------------- -------------------------------------
F M  F M

A Balangao, Zamboanga Sibugay - 49 - 22
B Dipolo, Zamboanga del Sur 6 3 7 3
C Kapatagan, Lanao del Norte 49 48 31 50
D Gansing, Sultan Kudarat 10 9 10 6
E New Iloilo, South Cotabato 9 9 9 10
F Palongalogin, North Cotabato 10 11 10 12
G Bucac, Agusan del Sur 10 10 10 7
H Agusan del Norte - 49 52 51
I Magpayang, Surigao del Norte 2 6 2 6
J Dapitan, Iloilo 12 17 12 16
K Ajuy, Iloilo 29 19 29 18
L Bonobono, Palawan 7 9 8 10
M Maasin, Palawan 8 7 8 6
N Poblacion, Camarines Sur 11 13 14 12
O Balading, Albay 5 5 5 5
P Jupi, Sorsogon 7 - 7 -
Q Gadgaran, Sorsogon 18 9 22 9
R Otavi, Sorsogon 17 4 14 3
S Omar, Malaysia 2 5  1 5

Fig. 3: Vectors of the landmark displacements corresponding to the first significant few axes of intra-
individual variation (Asymmetry PCs) in the shape of the head among the (a) female and (b) male
samples (amplitude = 0.2). 

the shape variation represented by the principal components has a direct genetic basis and to what extent it
is a consequence. 

The variation due to asymmetry is spread more evenly over multiple dimensions than is symmetric
variation in figure 3 as indicated by the percentages of the total variation taken up by the principal components
of the matrix mean squares. The analysis of symmetric variation shows that PC1 alone takes up more than
45% of the total variation observed (Fig. 4). Compared to the consensus configuration, a head with a high PC1
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Fig. 4: Vectors of the landmark displacements corresponding to the first significant few axes of inter-
individual variation (Symmetrical PCs) in the shape of the head among the (a) female and (b) male
samples (amplitude = 0.2). 

score has a wider yet more truncated head base. The dominant features of variation concern the placement of
landmarks 6 to 8 relative to the neighboring landmarks found at the middle half and tip of the structure. 
  The present study showed that the head of the RBB could be measured quantitatively using the relative
warps matrix. The variation in head shape could be decomposed into these mutually independent quantitative
characteristics. The relative warps generated though TpsRelw were analyzed singly using univariate methods
to explore shape differences among the populations. 

Of the first four relative warps, the largest proportion of variance was found in the first relative warp
(RW1) which described differences in the shapes of the tip of the head among the female samples (Fig. 5).
However, the variation as described by the results of the relative warps analysis is spread over multiple
dimensions as shown by the total variance explained by each relative warp. For the female samples, an
individual with a high positive RW1 score has a truncated and more attached antennifer. This structure holds
the antennae of the RBB. Tests for normality using Shapiro-Wilks W test showed that the distribution of the
RW1 scores deviated from normality (W = 0.9418, P < 0.05, Shapiro-Wilks W test).  On the other hand, the
distribution of the other relative warp scores followed a normal Gaussian distribution (W > 0.9919, P > 0.05
in all cases, Shapiro-Wilks W test).

Figure 5 also shows that the second relative warp defines variation in the shape of the base of the head
with samples that have higher positive RW2 scores having narrower and more pronounced base. The results
of the analysis using the other relative warps also indicate the higher contribution of the landmarks at the base
of the head to shape variability. 

The results of the RW analysis on the female samples showed that head shape is a continuous character
as defined by the range of the box plots. Also, head shape variation is spread across populations. It is difficult
to define groups of female populations that differ markedly in the shape of the head as the ranges of the box
plots tend to overlap in most cases and head shape was seen to vary more around the consensus configuration.
The results also showed that most of the samples had heads similar to that defined by the average
configuration. 
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Fig. 5: Summary of the geometric morphometric analysis showing the consensus morphology (uppermost
panels) and the variation in head morphology among the female samples produced by the first four
relative warps (RW) explaining more than 9% of overall variation in shape (RW = 26.19%, RW2 =
22.17%, RW3 = 14.88%, RW4 = 13.24%. The distribution of the first RW scores deviated from a
normal distribution (W = 0.9418, P < 0.05, Shapiro-Wilks W test). The distribution of the other RWs
statistically followed a normal distribution (W > 0.9919, P > 0.05 in all cases, Shapiro-Wilks W test).

In contrast, the results of the RW analysis for the males samples showed that the shapes of the head of
the samples collected from Dipolo (Zamboanga del Sur; b) and Kapatagan (Lanao del Norte; c) were different
when compared to the other populations (Fig.5) Male RBB samples from these areas are seen to have more
pronounced tylus and jugum at the tip of the head.  On the other hand, the shapes of the head of the samples
from Gansing (Sultan Kudarat; d), New Iloilo (South Cotabato; e), Bucac (Agusan del Sur; g) and Ajuy (Iloilo;
k) differed markedly from the overall consensus configuration (at RW = 0). The distribution of the third and
fourth relative warp scores deviated from normality (W < 0.8336, P < 0.05, Shapiro-Wilks W test) and are
seen to be skewed to the right and skewed to the left, respectively. The result of the analysis of the third
relative warp showed that the male samples from Balading (Albay; o) could be separated from the other
populations. 

The results showed that differentiation is more apparent between the male samples than do the female
populations. There were also observable differences in the mean shapes of each population of RBB indicated
by differences in the position of the line inside each of the box plots.

Thin-plate spline reconstructions of the changes in the shape of the head were obtained from the overall
consensus of the average configurations of each RBB populations (Figures 6). 

It appears that the mean symmetric shapes of the heads of the Ajuy (Iloilo, k) samples of both sexes are
different from that of the other populations. The grids showed that some of the populations have broader base
at the posterior end of the head (females - Balading, Albay, o; males - Dipolo, Zamboanga del Sur, b). The
grids also show that there are differences in the mean symmetric shapes between the sexes in some of the
populations. The mean symmetric shapes of the head between the female and male members of the RBB from
Dipolo (Zamboanga del Sur, b) were shown to be different. 
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Fig. 6: Summary of the geometric morphometric analysis showing the consensus morphology (uppermost
panels) and the variation in head morphology among the male samples produced by the first four
relative warps (RW) explaining more than 10% of overall variation (RW1 = 31.34%, RW2 = 20.48%,
RW3 = 12.59%, RW4 = 12.10%). The distribution of each RW statistically deviated from normal
distribution (W < 0.8336, P < 0.05, Shapiro-Wilks W test).

The general clustering pattern of all the variation contained in the shape data are illustrated by ordinations
maps generated using non-metric multidimensional scaling technique of the group centroid after discriminant
function analysis (DFA) of the partial warps (PW). Results showed that if one were to consider only the
symmetric components of shape variation (as defined by the uniform and non-uniform components of the
symmetric coefficients), the samples from Ajuy (Iloilo, 11) and Balading (Albay, 15) differed in the shape of
the head when compared to the other populations (Fig. 7). These results imply differentiation of the populations
based on the shape of the head. The samples from Omar (Malaysia, 19) clustered with most of the Philippine
populations. This result is suggestive of the existence of clear-cut differentiation in populations of RBB from
the Philippines. 

Pronotum:
The symmetric and asymmetric components of variation in the shape of the pronotum were also

decomposed via the method of Klingenberg et al. (2002). Results showed that the PC1 described more than
35% of the total asymmetric variation corresponding to the placement of the landmarks 9, 10 and 11 in both
sexes (Fig. 8). The direction of the vectors is suggestive of the existence of directional asymmetry in the
populations of RBB from the Philippines and those from Omar (Malaysia) involving the positions of the
landmarks at the posterior end of the pronotum. This corresponds to the junction between the pronotum and
the scutellum in the RBB. 

The same set of landmarks defined regions of greatest morphological variability in the shape of the
pronotum when only the symmetric components were analyzed (Fig. 9). For the female samples, the
contributions of the landmarks 9, 10 & 11 can be observed. Samples with lower PC1 scores have slightly
truncated posterior ends of the pronotum. On the other hand, samples with higher PC1 scores have more
pronounced posterior pronotum ends. The variation described by the PC1 can also be seen as differences in
the aspect ratio (length-width ratio) of the pronotum.
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Fig. 7: The thin-plate splines illustrating the changes in the shape of the head obtained from overall consensus
of average configurations of each population of (I) female and (II) RBB. For abbreviations see table
1. 

 Subtle differences in the shapes of the anterolateral spine and the anterior angle at the anterior part of
the head can also be observed as defined by the second principal component accounting for 17.07% of the total
symmetric variation. This result corroborates with the findings of Barrion et al. (2007). The same sets of
landmarks vary among the male populations (Fig. 9).

Relative warp analysis of the partial warp scores (uniform and non-uniform transformations) derived from
the Procrustes-fitted coordinates of the pronotum showed differences in the shapes of the pronotum across the
populations of RBB. For the female samples, the variation described by the relative warps is spread over
multiple dimensions with the first four relative warp axes explaining more than 10% but less than 24 of the
total symmetric variation (Fig. 10). 

The first relative warp describes differences in the shapes of the anterior margin of the pronotum. Samples
with higher positive RW scores have widely concave anterior margin. This translates to differences in the
anterior angle that is found adjacent to the head of the RBB and forms a junction between the pronotum and
the head. The mean RW1 scores of the female samples from Balading (Albay, o) and Jupi (Sorsogon, p) were
observed to be higher when compared to the other populations. 

The second relative warp (RW2) describes shape variability in the pronotum in reverse, with samples
having higher RW2 scores having convex anterior margin. This plot explains 18.29% of the total symmetric
variation. The distribution of the RW2 scores deviated from normality (W <0.9884, P < 0.04, Shapiro-Wilks
W test).  As with the other RW scores plot, there seems to be overlaps in the scores among the populations
of RBB. 

The third relative warp explains 16.28% of the total symmetric variation and is able to separate the female
Magpayang (Surigao del Norte, i) samples from the rest of the populations. The distribution of the third RW
scores followed that of the Gaussian curve (W > 0.9903, P > 0.09, Shapiro-Wilks W test). This relative warp
carries with it the same biological meaning as the first two relative warps.

The fourth relative warp, on the other hand, expresses differences in the shape of the anterolateral spines.
Samples with higher positive RW4 scores have more pronounced anterior laterial spines 
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Fig. 8: Relationships of the RBB populations in morphospace produced by nonmetric-multidimensional scaling
of sample variation in head morphology decomposed into uniform and non-uniform partial warps
(PW). 

Fig. 9: Vectors of the landmark displacements corresponding to the first significant few axes of intra-
individual variation (Asymmetry PCs) in the shape of the pronotum among the (a) female and (b)
male samples (amplitude = 0.2).
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Fig. 10: Vectors of the landmark displacements corresponding to the first significant few axes of inter-
individual variation (Symmetry PCs) in the shape of the pronotum among the (a) female and (b) male
samples (amplitude = 0.2). 

As for the male samples, the variation described by the relative warps is also spread in multidimensional
space with the first RW containing less than 29% of the total amount of information regarding symmetrical
variation in the shape of the pronotum (Figure 11). In contrast with the results obtained for the female samples,
the variation described in the first relative warp (RW1) translates to differences in the shape of the posterior
margin of the pronotum. Samples with higher and positive RW1 scores have widely concave posterior margins
as opposed to individuals with lower negative RW1 scores that have nearly concave posterior margins. 

The first relative warp shows that the male RBB collected from Poblacion (Camarines Sur, n) had lower
mean RW1 score. However, the same population had a wide range of RW1 score spanning both the negative
and positive axes. This means to say that a wide variety of pronotum shape cane be observed in this
populations of RBB. This variation concerns the positions of the landmarks at the posterior margin of the
pronotum. 

The second relative warp (RW2) separates the samples from Omar (Malaysia, s) from the Philippine
populations. The samples from this population all have low negative RW2 scores which translate to having
a deeply concave posterior margin of the pronotum. The second relative warp explains 18.6% of the total
symmetric variation. In contrast to the Omar (Malaysia, s) population, the Palongalogin (North Cotabato, f)
samples had higher positive RW2 scores and have slightly convex posterior margin of the pronotum. The
Balangao (Zamboanga Sibugay, a) population showed a wide range of RW2 scores which means that samples
from this locality have pronotum that varies from slightly concave to slightly convex. The same is true with
the other populations such as those collected from Magpayang (Surigao del Norte, i) etc.

The third relative warp explains differences in the position of the prehumeral spine. Samples with higher
positive RW3 scores have their prehumeral spine located near the posterior margin of the pronotum. The
reverse is true with samples having lower negative RW3 scores. There is an observable overlap in the range
of RW3 scores across all populations suggesting that each variant forms can be seen in each population. The
RW3 seems to describe within-population variability in the male RBB samples.

Figure 12 is a comparison of the thin-plate spline reconstructions of the changes in the shapes of the
pronotum across all RBB populations. The results showed that the Omar (Malaysia, s) samples had mean
symmetric shape different from that of the Philippine samples. The mean shape for the Omar (Malaysia, s)
samples shows a pronotum with a widely concave posterior margin. 

The shape variables in the form of the affine (uniform) and non-affine (non-uniform) transformations were
subjected to discriminant function analysis and the group centroid of the functions were used in multivariate
nonmetric multidimensional scaling analysis (Fig. 13). Results of the nonmetric multidimensional scaling of
the group centroids revealed that the Omar (Malaysia, 19) samples had pronotum that differed in shape from
the  Philippine populations of RBB. The neighbor-joining tree connects populations that have low Euclidean
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Fig. 11: Summary of the geometric morphometric analysis showing the consensus morphology (uppermost
panels) and the variation in pronotum morphology among the female individuals produced by the first
four relative warps (RW) explaining more than 10% of the overall variation in shape (RW1 = 23.4%,
RW2 = 18.29%, RW3 = 16.28%, RW4 = 12.51%). The distribution of RW1 and RW3 followed a
normal distribution (W > 0.9903, P > 0.09, Shapiro-Wilks W test). On the other hand, the distribution
of the RW2 and RW4 scores deviated from normality (W <0.9884, P < 0.04, Shapiro-Wilks W test).

Fig. 12: Summary of the geometric morphometric analysis showing the consensus morphology (uppermost
panels) and the variation in pronotum morphology among the male individuals produced by the first
four relative warps (RW) explaining more than 10% of the total variation in shape (RW1 = 28.34%,
RW2 = 18.6%, RW3 = 13.39%, RW4 = 11.55%). The distribution of the third RW followed a normal
distribution (W = 0.9919, P = 0.1846, Shapiro-Wilks W test). On the other hand, the distribution of
the other RW scores deviated from normality (W < 0.9847, P < 0.05, Shapiro-Wilks W test). 



Aust. J. Basic & Appl. Sci., 4(10): 4655-4670, 2010

4667

Fig. 13: The thin-plate splines illustrating the changes in the shape of the pronotum obtained from overall
consensus of average configurations of each population of (I) female and (II.) male RBB. For
abbreviations see table 1.

Fig. 14: Relationships of the RBB populations in morphospace produced by nonmetric-multidimensional scaling
of sample variation in pronotum morphology decomposed into uniform and non-uniform partial warps
(PW). 
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distances. The plot for the female samples also showed that the populations of RBB from the Philippines
differed in the shape of the pronotum. Among the female RBB Philippine samples, only those collected from
Bucac (Agusan del Sur, 7) had similarities in the overall symmetric shapes of the pronotum.   

The same is true with the male populations of RBB which showed that the samples from Omar (Malaysia,
19) had pronotum that differed from those which can be observed among the Philippine samples. A common
observation between the two plots is the separation of the Magpayang (Surigao del Norte, 9) and Poblacion
(Camarines Sur, 14) populations from the other Philippine samples. These results conform with the idea that
the RBB from the Philippines show a wide range of variability. 

Conclusions:
Studies on the extent of variability of invasive species are very important as these organisms contribute

to the continuing decline in biodiversity as well as compete with man as most are pests and weeds of
agricultural systems. 

It is within the framework of variability as a fundamental and basic characteristic of life that this study
was conducted. Specifically, this study was conducted to describe patterns of morphological differentiation in
the rice black bugs. 

The rice black bug is believed to have been accidentally introduced. However, the result of the study is
suggestive of differentiation populations from the Philippines that have features absent in the Malaysian
samples. The reasons for such differentiation should be addressed in future studies. 

The practical importance of determining the nature of variability in populations of this organism lies in
the fact that inadequate taxonomic knowledge of target pest is one of the reasons for failure of management
programs. Consequently, the lack of awareness of the differences between and among populations may cause
added problems in formulating guidelines and policies against pests and weeds

The results of the current study strongly suggest the existence of morphological differences in populations
of RBB.  The existence of morphological differentiation within, among, and between populations of indicates
possible genetic differentiation.  As to the argument whether population differences indicate speciation remains
to be further investigated.  Are the variations observed an indication of the existence of infraspecific categories
or geographical races?  More data on important variables such as environmental heterogeneity and sample
position within the population’s distribution should be further explored.  

Are the variations in the various morphological structures indication of phenotypic plasticity in the species?
Are the variations observed due to the ability of an organism with a given genotype to change its phenotype
in response to changes in the environment? Many cases of such plasticity express several highly
morphologically distinct results.  Organisms of fixed genotype may differ in the amount of phenotypic plasticity
they display when exposed to the same environmental change. Hence phenotypic plasticity can evolve and be
adaptive if fitness is increased by changing phenotype. 

There is really a need for more studies that will involve the determination of the genetic basis of variations
observed among the local populations of the pest. There are questions also as to how can these variations be
maintained?  Are the variations due to multiple niche polymorphism, or mutation which is considered to be
sufficient to maintain observed levels of genetic variance in polygenic characters?  Or are the populations have
reduced recombination where there seem to be a high level of distinctness of the various populations?  

The reasons for the existence of variations and the degree to which they represent are still unknown.
Genetically-based geographic differences in morphometric characters including the relative contribution of
environmental and genetic components to geographic variations in such morphometric characters are also not
known yet.  

It is recommended that more genetic and behavioral evidences be accumulated to support the species level
status of the morphometric groups, and more can be done to investigate the evolutionary barriers among these
putative species. Careful scrutiny of morphological and genetic divergence in these species should be done and
continuous genetic sampling and analysis should be pursued. This is because the patterns of covariation
between morphology and molecules are not often uniform. In some groups, it seems that high levels of genetic
divergence do not necessarily predict clear-cut morphological divergence, just as clear-cut levels of
morphological divergence do not necessarily indicate high levels of genetic distance. It will also be very
important to sample more individuals from the putative species across their geographic ranges to more fully
address their hypothesized species status and to have a better understanding of patterns of intra- and inter-
specific variation. Although the advent of geometric morphometrics continues to advance out knowledge of
the extent of diversity in pests and weeds, molecular methods should also be used to uncover cryptic genetic
lineages. 
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There is also a need to assess how control programs such as insecticide 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.  Ideally, populations should be surveyed before; during and after control practices have been
applied.  
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