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Abstract: The striped stemborer (SSB), Chilo suppressalis Walker, 1863 is a widely distributed pest
of the rice agroecosystem. It bores and feeds inside the stalks of the rice plant during larval stage
using its strong mandibles. Host-plant resistance has played a very important role in the management
of this pest however; many cultivated types have succumbed to infestation even those with hard stems.
Since the mandibles play a very important role in the entry of the larvae inside the stem, it is
hypothesized that larvae with morphologically strong mandibles are those specifically associated with
the genotypes of the plant. This study was therefore conducted to determine if mandibular variations
are associated with rice types.  We used an outline method of shape analysis, the elliptic Fourier
analysis of geometric morphometrics as a tool in describing mandibular variations in SSB. Independent
aspects of mandibular shape variation were identified where more than 91% were related to
symmetrical variations and 87% belongs to asymmetrical variations. Observable variations between
larvae associated with rice types include the form of the external and basal margins of the mandible,
the length and arrangement of teeth, degree of basal angle and the shape of the side of attachment
of the mandible to its body. While host-associated differentiation (HAD) may explain the variations
observed in the larvae, more populations need to be investigated especially those feeding on other host
plants.  
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INTRODUCTION

One species of stemborers that has become a problem for rice production is the striped stemborer (SSB)
Chilo suppressalis Walker, 1863. This is a phytophagous insect considered one of the most invasive rice pests
in East Asia, India and Indonesia thus making it a global pest of rice. They infest rice crops throughout the
growth from the sprout stage to ripeness. This rice borer is widespread in the Oriental region and its dispersal
range extends eastward to the Palearctic region (Khan et al. 1991). Historically, in Japan grain losses were
recorded reaching 100 % (Logothetis, 1951) and in Taiwan more or less 20% (Ou, 1959). In the Philippines,
grain yield losses reached almost 50% (Otanes and Sison 1947). 

Different host plant species across the geographic distribution have been the sources of food for the SSB
(Futuyama, 1976). They are often distributed in relation to the distribution of their host and may feed upon
a large number of host plant species throughout their geographic range (Futuyama, 1976). While host-plant
resistance has for years played a very important role in the management of rice stemborers, many of the
modern varieties resistant to the pest have become vulnerable to infestation leading to outbreaks. The strong
mandibles allow regular boring and feeding by the larvae resulting in severing the apical parts of rice drying
out the affected parts without bearing rice grains (Khan et al. 1991). Since the larvae of the stem borers are
the ones able to enter the stalks of the rice plant, it is hypothesized that the shapes of their mandibles vary
depending on the rice variety. This study was therefore conducted to determine if the shapes of the mandible
are associated with the rice variety. The method of elliptic Fourier analysis (EFA) of geometric morphometrics
(GM) was used to describe variations in shapes of the mandibles of SSB associated with different rice types.
The automatic procedure of mandible shape characterization using new developments in geometric
morphometrics such as elliptical Fourier methods combined with image analysis techniques was applied to
analyze the outline of left and right mandibles of those larvae associated with different rice types. 
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MATERIALS AND METHODS

Study Area:  
Insects were collected from different rice types three different provinces of Mindanao. They were Lanao

del Norte, Misamis Occidental and Zamboanga del Sur respectively (Fig. 1). The Misamis Occidental province
borders Zamboanga del Sur to the west and is separated Lanao del Norte by the Panguil Bay to the south. The
terrain is rising gently towards the hilly and rolling land west ward to Mount Malindang range which measure
600 meters to 2,404 meters above the mean sea level while Lanao del Norte is a rugged province that ranges
from the coastal shorelines in the north to the high plateaus and mountains in the south. They are known to
be a rice field community. A total of 120 larvae of SSB (40 samples for each variety of rice) were used in
this study (Table 1).  

Sampling period:
Sampling period was from April to November 2010. For each specific date and site, a maximum of

approximately five hours was allocated for collection of stem borers.

Collection of Samples: 
A mature stage of rice was chosen in the sampling site. Rice stalks that appeared pale yellowish and

having no grains compared to the others were uprooted. By the use of a knife, each stalk was longitudinally
divided. Hence, revealing a colony of stem borers inside of it. The samples were preserved in 95% ethyl
alcohol and mounted. In each site, a total of forty (40) specimens that were of similar sizes were collected and
studied.

Processing of the Mandibles: 
Each larva was place in the test tube which has 5% sodium hydroxide. By using an electric stove, they

were indirectly boiled under a medium heat. After 2-4 hours the body of the larvae can be transparently viewed
and the mandible is highly distinguishable due to its black appearance (Fig. 2). A stereomicroscope was used
to magnify the anterior portion of the larva. The anterior portion of the larva was viewed under a
stereomicroscope. The mandibles were separated to the body by using a dissecting needle and mounted on clear
glass slides. Glycerol was used to avoid accumulation of bubbles in the slides and finally sealed by transparent
nail polish.

Outline Analysis: 
This outline method automatically extracts and characterizes ordered series of harmonics, each harmonic

being described by four new parameters called elliptical descriptors. Step by step reconstructions of outlines
using an increasing number of harmonics were than performed. The simultaneous study of the elliptic
descriptors and of the step by step reconstructions allowed a considerably easier geometric and morphologic
interpretation of the harmonic contributions. Original parameters, called elliptical Fourier descriptors, allowed
for the quantification of the shape of an outline irrespective of its morphological complexity, and provided a
precise individual characterization. The use of step by step reconstructions with an increasing number of
harmonics allowed for demonstration of the morphological contributions of the elliptical Fourier descriptors,
and relationships to precise anatomical features will be established.  

The stripe stem borer's mandibles if microscopically viewed are brown in color. The outlines of the
mandibles were best analyzed using chain coding technique. The images produced by the MicronCAM attached
to the stereomicroscope are converted to 24-bit Bitmap type and change into gray scale pictures (256 gray
levels). The outlines of each mandible were digitized using the software package SHAPE v.1.3 (Iwata and
Ukai, 2002) to examine variation in shapes. The objects of interests were distinguished using the segmentation
technique through a "thresholding procedure" where a parameter called the brightness threshold is manually
chosen from brightness histogram and applied. The conduct of analyses as expected shows unwanted "noise"
in the form of marks such as holes were found in the binarized images. Erosion-dilation and dilation-erosion
filters were employed to eliminate these. Chain coding technique was used which basically, relies on a contour
representation to code shape information. The method tracks the shape of the mandible and represents each
movement by a chain code symbol ranging from 0-7. The set of possible movement depends on the type of
contour representation (Seul, et al. 2000) a pixel based contour representation was used in this study wherein,
eight movements were needed using an 8-connected chain code. 
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In this approach, the outline of each mandible was described using a number of chain codes wherein, the
number produced is dependent on the size of the mandibles. The codes were then analyzed using Elliptic
Fourier analysis, utilizing only the first 20 harmonics. Normalized elliptic Fourier descriptors (EFD) was used
to generate the shape descriptors via discrete fourier transformation of the chain codes, following the procedure
suggested by Kuhl and Giardina (1982). Orientation and size resulted in each outline were being represented
by the 80 elliptic Fourier coefficients for starting normalization. To summarize shape variation based on the
EFD coefficients for each mandible principal component analyses was used. Since each component represents
independent shape characteristics, mandible shape variations within species were analyzed using
box-and-whisker plots.

Fig. 1: Picture A exhibits the topographic view of the three provinces including Mt. Malindang and Panguil
Bay that serves as a blockage for geographic isolation while picture B shows the boundary of the
sampling sites, Misamis Occidental (black), Lanao del  Norte  (brown) and Zamboanga del Sur (blue).

Fig. 2: The basic morphology of a stem borer mandible (point of articulation with the head not shown). a:
external margin; b-d: parts of the internal margin: b: basal margin; c: basal angle; d:teeth. Similar
grooves and pits occur on the mandibles of many stem borers.

Table 1: The different type of host rice races wherein SSB is present together with its corresponding provinces and the number of
samples collected.

Type of Rice Province No. Of Samples
IR-74 Lanao del Norte 40
Masipag Misamis Occidental 40
IR-64 Zamboanga del Sur 40
Total 120

RESULTS AND DISCUSSION

Overall Variations in Mandible Shape:
Principal component analysis of elliptic Fourier descriptors as shape variables of the left and right

mandibles showed seven components providing a sufficient summary of data (Fig. 3, Table 2). Table 3 shows
the results of the Kruskal-Wallis test describing shape differences between populations.

Symmetrical and Asymmetrical Variations in Mandible Shape:
Overall sources of variation were disintegrated by separating symmetrical and asymmetrical sources of

variation. In the left mandibles, sixty seven percent (67.89%) of the total variance (x10-2) was attributed to
symmetrical variation while thirty one percent (31.33%) of the observed variation is due to asymmetries in the
shapes of the mandible (Table 5).
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In the right mandibles, seventy three percent (73.89%) of the total variance was credited to the symmetrical
variation and twenty six percent (26.11%) of it is due to asymmetrical in the shapes of the mandible.
Reconstruction of the left and right mandible using the symmetric and asymmetric components respectively,
are shown in Figure 4 and described in Table 4.  Differences in mandibular shapes between populations are
shown in 6.

Fig. 4. Variations explained by each principal component on C. suppressalis mandible shape shown as ±2
standard deviations from the mean mandible shapes. The numbers correspond to the significant principal
componentsrespectively. (A) Symmetrical variations of the left and right mandible from the symmetrical group
coefficients and (B) asymmetrical variations of the left and right mandible from asymmetrical group coefficient

It is deduced that there are two mechanisms that may be responsible for the observed pattern of variation
in the shapes of the mandibles of SSB. This is based on the significant differences observed in the arrangement
and length of the teeth, form of the basal and external margins and also the contour of the side of attachment
from the body. 

These two main factors which may account for the observed variation of SSB are geographic differences
in habitats and different races of rice (Zahiri et al. 2006).  Since the different rice types were collected from
different geographical locations, the possibility that the variations observed can be attributed to the nature of
SSB genotypes in the location cannot be discounted. To be able to determine where the variations can be
attributed, the symmetrical and asymmetrical sources of variations were separately evaluated. 

Variations of 73.89% attributed to symmetry among the mandibles of the SSB indicate a strong interaction
between the genotype of the insect and the host rice type.  Populations of SSB have the genotypes that were
able to overcome the resistance factors of the rice types.  Sources of these genotypes may be from several
geographical locations by way in dispersal flights of SSB. According to Khan et al. (1991), one is long
distance by emerging near crop maturity triggered to disperse by biochemical changes that occur in the plant
during maturity. These SSBs seek new rice growing areas many kilometers away and the succeeding
generations after colonization of a rice crop do not fly high. The SSB have one to five generations per year
depending on the availability of host plants and the occurrence of favorable temperature conditions (Khan et
al. 1991). This may explain the differentiation of the populations of SSB that were already able to feed on the
rice types.

It can be argued also that while the three provincial sampling sites are adjacent to each other, they
however are bounded by Mt.Malindang in the province of Misamis Occidental creating boundaries and limiting
dispersal and prohibits SSBs to emigrate to the two provinces. This phenomenon pave way for isolation of
populations that results to phenotypic and genotypic divergence. Thus the variations observed among mandibles
within the populations of SSB exist due to allopatric or geographical differences. These morphological
differences among the mandibles are caused by genotypic differentiation due to dissimilarities of environmental
factors in the different localities. The uniform divergence across the genome that evolved in allopatry might
be the genetic differentiation at many loci, or may be eroded by and on the other extreme conditions,
choreographed responses to environmental changes such as acquired immunity, learning, nutrition-dependent
modification of growth and reproduction or seasonal migration (Nijhout, 1999, 2003).

Another possible mechanism which contributes to the variation in the SSB mandibles associated with the
different rice type is the genotype of rice types themselves. Plant parts are vulnerable to SSB feeding from
the time of sowing until harvests. Distinct differences in susceptibility of rice host varieties to stem borers have
been recorded in the laboratory and found out that there are changes in mortality, sizes and growth rate (Khan
et al. 1991). Different rice genotypes act as selection pressures that led to only select genotypes in the SSB
in the form of mandibular shapes. Several individual cases of host-associated differentiation have been studied
in detail, for instance, in the apple maggot fly, Rhagoletis pomonella (Feder 1998), the goldenrod ball-gall fly,
Eurosta solidaginis (Abrahamson and Weis 1997) and the pea aphid, Acrytho siphonpisum (Via et al. 2000). 

The astonishing diversity of phytophagous insects is one of the most noticeable patterns in the biodiversity
of the Earth (Price, 1980; Strong et al. 1984; Mitter et al. 1988). It represents the interesting potential arena
for the diversification via ecological concentration and insect-host interactions have long been anticipated of
facilitating evolutionary change (Walsh, 1864, 1867; Ehrich and Raven, 1964; Funk et al. 2002). The
emergence of insect host-race conspecific populations exhibit newly evolved genetic differentiation with the
respect to the host plant use (Dres and Mallet, 2002) suggesting that this kind of variation is ongoing
(Emelianov et al. 2004).  At the level of a local population when a relatively restricted number of rice species
are found and if the rice hosts constitute different selective environments to herbivorous insects, adaptive
genetic differentiation could arise (Mopper and Strauss, 1998). 
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The selected genotypes will then be able to overcome the resistance factors making the rice plant
vulnerable to infestation leading to possible outbreaks. These may explain the results of our investigation of
variations in SSB that are able to feed on the three different rice types.

Fig. 3: Box-and-whisker plots showing the variation in the shape of the left and right mandibles among the
three populations of C. suppressalis. (A) Left and (B) Right.

Fig. 4: Variations explained by each principal component on C. suppressalis mandible shape shown as ±2
standard deviations from the mean mandible shapes. The numbers correspond to the significant
principal componentsrespectively. (A) Symmetrical variations of the left and right mandible from the
symmetrical group coefficients and (B) asymmetrical variations of the left and right mandible from
asymmetrical group coefficient

743



Aust. J. Basic & Appl. Sci., C(): CC-CC, 2011

Table 2: Shape differences among the mandibles as explained by the first set of principal components with more than 5% contribution
to global shape variation.

PC % Variance Left Mandible % Variance Right Mandible
1 57.58 Variation in the shape of the mandibles 49.86 Variations of the number of teeth and the shape

was largely due to the differences in the of the side of attachment of mandible to the body 
mandible aspect ratio and side 
of attachment of the mandible to the body. 

2 17.66 Variations in the length of the protrusion 15.13 Change of the length of the teeth, the number of
of the teeth.  teeth, basal margin and the side of attachment. 

3 6.94 Variations are inferred by the degree 9.82% Variations of the side attachment and the length 
of the basal angle and the number of of the teeth. 
teeth on the mandible.

4 3.61 Difference in the external margin of the 6.29 Difference among the position of teeth, form of basal
mandible and the number of teeth. margin and the side of attachment

5 2.01 Variations in the external margin and the 2.51 Variations in the orientation of the shapes of the
distinction of teeth. mandibles and the arrangement of teeth. 

6 1.63 Variations due to the form of the 2.18 The shape difference, form of attachment and the
attachment of the mandible to the head distance between the teeth 
and the length of the teeth.

7 1.26 Variations in the external margin, the 1.77 Variation of the form of the external margin and
formed of the attachment of the mandible the shape of the side of attachment.
to its body and the number of teeth.

Table 3: Results of the Kruskal-Wallis test testing for significant differences in the shapes of the mandible among the three
populations of stem borers.  Upper triangular matrix  - left mandible; lower matrix - right mandible.

Principal Component IR-74 Masipag IR-64
PC1 IR-74 0.269 0.829

Masipag 0.881 0.15
IR-64 0.641 0.269

PC2 IR-74 0.111 0.173
Masipag 0.023 0.002
IR-64 0.644 0.005

PC3 IR-74 0.368 0.485
Masipag 0.002 0.825
IR-64 0.003 0.474

PC4 IR-74 0.541 0.802
Masipag <0.000 0.4
IR-64 0.008 0.183

PC5 IR-74 0.023 0.814
Masipag 0.262 0.163
IR-64 0.306 0.015

PC6 IR-74 0.012 0.052
Masipag 0.024 0.501
IR-64 0.836 0.024

PC7 IR-74 0.897 0.806
Masipag 0.821 0.784

 IR-64 0.224 0.16

Table  4: Shape differences among the mandibles as explained by the first set of principal components with more than 5% contribution
to global shape variation.

SYMMETRICAL
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Component Left Mandible Right Mandible
1 Variations in the arrangement of the teeth Variations in the side of attachment of the mandible to the

and protrusion on the anterior external margin.  body and the height of the teeth. 
2 Variations in the shape of the external margin and Variation in the shape of the mandible and the number of

the number of teeth were found in the second teeth. 
principal component. 

3 Variation of the basal margin. Variations in the basal margin, basal angle and the overall
shape of the mandible 

4 Variation of the basal margin. Variations in the projection of the teeth and degree of the basal
margins. 

5 Variations in the projection of the teeth and degree of the
basal margins.
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Table 4: Continue.
ASSYMETRICAL

1 Variations in the protrusion of the teeth Variations in the side of attachment of the mandible to its
and the basal and external margin of the mandibles. body. 

2 Variations of the length in teeth and the overall Variations in the external margins and the distance of the teeth
shape orientation. to the external margins.

3 Variations in the arrangement and the length of the Variations in the basal margin and the form of the shape of
teeth and the angle of basal margins. attachment. 

4 Variations in the number and length of teeth as The number and length of the teeth as well as the differences
well as the differences of the basal margin of the basal margin.

5 Variations in the external and basal margin and the form of
the attachment. 

6 Variations in the form of the side of attachment and the
external margin.

7 Variations in the orientation of the teeth, size and number of
teeth as well as the external variations. 

Table 5: The Eigenvalues and percentage of the total variance for the left and right mandible inthe overall distribution as well as the
symmetrical and asymmetrical group per Principal Component.

PC Eigenvalue Proportion(%) Cumulative(%) Total Variance (x 10-2)
LEFT Overall

1 4.41E-02 57.583 57.583 7.66 (100%)
2 1.35E-02 17.660 75.242
3 5.32E-03 6.942 82.185
4 2.77E-03 3.611 85.796
5 1.54E-03 2.014 87.809
6 1.25E-03 1.626 89.435
7 9.62E-04 1.255 90.690

Symmetrical
1 4.01E-02 77.120 77.120 5.2 (67.89%)
2 5.10E-03 9.811 86.931
3 2.21E-03 4.253 91.184

Asymmetrical
1 1.60E-02 64.974 64.974 2.4 (31.33%)
2 2.62E-03 10.617 75.591
3 1.22E-03 4.967 80.558
4 9.51E-04 3.858 84.416
5 7.37E-04 2.988 87.405

RIGHT Overall
1 2.37E-02 49.856 49.856 4.75 (100%)
2 7.19E-03 15.130 64.987
3 4.66E-03 9.816 74.802
4 2.99E-03 6.287 81.089
5 1.19E-03 2.513 83.603
6 1.03E-03 2.175 85.778
7 8.42E-04 1.772 87.549

Symmetrical
1 2.32E-02 66.002 66.002 3.51 (73.89%)
2 6.43E-03 18.317 84.319
3 1.65E-03 4.705 89.024
4 9.01E-04 2.568 91.591

Asymmetrical
1 5.36E-03 43.213 43.213 1.24 (26.11%)
2 2.16E-03 17.434 60.647
3 9.97E-04 8.041 68.688
4 8.39E-04 6.769 75.457
5 6.09E-04 4.909 80.366
6 4.90E-04 3.956 84.322
7 3.73E-04 3.012 87.334

Table 6: Results of the Kruskal-Wallis test testing for significant differences in the shapes of the symmetrical and asymmetrical group
of mandible among the three populations of SSB. Upper triangular matrix - left mandible; Lower matrix - right mandible.

IR-74    Masipag   IR-64
SYMMETRICAL

PC1 IR-74 0.338 0.977
Masipag 0.966 0.297
IR-64 0.600 0.288
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Table 6: Continue
PC2 IR-74 0.498 0.109

Masipag 0.425 0.519
IR-64 0.156 0.028

PC3 IR-74 0.036 0.672
Masipag <0.000 0.064
IR-64 0.022 0.005

PC4 IR-74 0.985 0.016
Masipag l 1 0.018
IR-64 0.048 0.055 0

ASYMMETRICAL
PC1 IR-74 0.088 0.202

Masipag <0.000 0.001
IR-64 0.084 0.020

PC2 IR-74 0.950 0.973
Masipag 0.002 0.954
IR-64 0.015 0.315

PC3 IR-74 0.248 0.224
Masipag 0.046 0.950
IR-64 0.766 0.192

PC4 IR-74 0.450 0.127
Masipag 0.006 0.422
IR-64 0.077 <0.000

PC5 IR-74 0.394 0.495
Masipag 0.950 0.985
IR-64 0.403 0.326

PC6 IR-74 0.658 0.373
Masipag 1 0.655
IR-64 1 1

PC7 IR-74 0.504 0.627
Masipag 1 0.353
IR-64 1 1

Conclusion:
The striped rice stem borer is a well-known pest of rice. The SSB larvae use its strong mandibles as

chewing mouthparts to bore and feed on the different parts of the rice causing infestation. Outline of the
mandibles generated by the software package SHAPE v.1.3 and by the statistical analyses of the overall,
symmetrical and asymmetrical group showed that variations among the parts of the mandibles of the three
populations of the SSB associated with different rice types exist. The variations observed can be attributed to
the role of the rice types in selecting the SSB that are able to feed on them. The type of rice host type is
acting as a sieve in the selection of SSB genotypes whose mandibles are able to overcome the physical
characteristics of the rice stem. While geographical variations in the genotypes of the SSB cannot be
discounted as the host rice types were collected from different geographical locations, results from the study
show that variations in the mandibles have strong affinity with the rice type. It is possible that the differences
observed might be due to differences in the genotypes of population of the pest that have the ability to feed
on different rice types.
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