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 Differences in the mandibular structure of three groups of grasshoppers were assessed 

via outline-based analysis. A total of 100 landmark points were used to summarize the 
shapes of the mandible. The Cartesian coordinates of these outline points in both the 

left and right mandibles from both sexes of the insect were generated using the TPS 

software programs. The procrustes-fitted outline coordinates and the component scores 
were subjected to Canonical Variates Analyses (CVA) and Multivariate Analysis of 

Variance (MANOVA) to describe the variations within and between sexes and variant 

forms of the insect. The results showed significant differences in the shapes of the 
mandible among the variant forms of the grasshopper which may be due to the role of 

trophic diversification in the morphological differentiation of insect. 
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INTRODUCTION 

 

 The relationship between mouth part structure and diet has been known for years. This connection between 

mouthpart morphology and specific food types is incredibly pronounced in class insecta [1]. As insects have 

evolved and adapted to new food sources, their mouthparts have changed accordingly. This is an extremely 

important trait for evolutionary biologists as well as systematics [2] 

 The relationship between grasshopper mouthpart and foods is far from precise. Mulkern (1967) was 

convinced that only the grossed determinations could be made between mandibular structure and diet. (i.e., 

graminivorous, forbivorous and herbivorous)[3][4][5][6][7]. Occasionally, grasshoppers with forb-feeding 

mandibles regularly feed on grasses or vice versa [8]. Nevertheless, there is some value in assessing mouthpart 

structure relative to predicting diet and habitat of grasshoppers, especially for many rare economic species that 

are unlikely to be studied in detail [1]. It is argued that as grasshopper evolved and adapted to new food sources 

the mouth parts have changed accordinglythus assessing the variability in the mandibles of will allow us explore 

the possible factors that contributes to such variations especially those collected from different geographical 

locations. The study made use of tools in geometric morphometrics (GM) which combine the powerful and 

flexible tool of multivariate statistics with explicit consideration of spatial relatives of parts and therefore make 

it possible to investigate morphological variation with different reference to the anatomical context of the 

structure under study [9][10][11]. 

  

Methodology: 

 The sample insects collected from Maguindanao, North Cotabato and Lanao Del Norte, Philippines were 

classified into male and female sexes and the left right mandibles per individual were dissected and mounted in 

a glass slide. Using forceps and dissecting needles, the head capsules were first removed followed by the 

separation of mandibles. Individual images of the mandible were captured using a stereomicroscope with 

Macron Camera attached to its eyepiece. Images were cropped and saved in JPEG format for outlining using 

100 points in the structural image.  

 The shape of the mandible was determined following the tools of GM which combine the powerful and 

flexible tools of multivariate statistics with explicit consideration of spatial relations of parts making it possible 
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to investigate morphological variation [3]. TPSDig2 ver. 2.12 [12] was used to digitized a total of 100 specified 

landmark points for outlining the shape of the mandible. After outlining, the TPS curve was then converted into 

landmark points (XY) using TPSUtil ver 1.44 [12] which served as raw data for the analysis. Data were 

subjected to statistical analysis using the Past software ver 2.13[13]. Multivariate Analysis of Variance 

(MANOVA) was used to obtain the Wilk’s Lambda and its p value and also the Pillai trace’s p value which 

when will approach near zero would indicate a high discrimination or difference on variation between 

populations [14]. 

 

 
 

Fig. 1: Image of the mandible with (a) and with the landmark points (b). 

 

RESULTS AND DISCUSSION 

 

 There was no sexual dimorphism in the mandible shape in the grasshopper (data not shown) but canonical 

analysis show significant variations within, between and among the left and right mandibles of the populations 

of the grasshopper (Tables 1-3 and Figure 2). 

 
Table 1: Canonical variates analysis of RW scores. 

Wilk”s Lambda = 0.09744 Pillai trace =1.685 

df1 = 75 df1 = 75 

Df2 = 555 df2 = 595 

F = 4.633 F = 4.032 

P (same) = 1.708E-26 P(same) = 4.693E-22 

 

 
 

Fig. 2: Distribution along the first two canonical variate axes of the left and right mandibles from individuals of  

the two sexes of grasshopper collected from three geographical populations of Oxya sp.  

 



125                                                            Kimverly Hazel I. Coronel et al, 2015 

Advances in Environmental Biology, 9(19) Special 2015, Pages: 123-126 

Table 2: Pairwise comparisons between mandibles of Oxya sp. based on RW scores. 

 left mandible 

(North Cotabato) 

left mandible 

(Maguinadanao) 

right mandible 

(Lanao del Norte) 

right mandible 

(North Cotabato) 

right mandible 

(Maguindanao) 

left mandible 

(Lanao del Norte) 

0.000401448 0.00052383 0.241781 0.00185339 2.87432E-05 

left mandible 
(North Cotabato) 

 0.00343195 0.000356015 0.570868 0.00544924 

left mandible 

(Maguinadanao) 

  2.20057E-05 0.0236719 0.0300935 

right mandible 
(Lanao del Norte) 

   0.000591525 4.82271E-06 

right mandible 

(North Cotabato) 

    0.0138552 

 
Table 3: Confusion matrix between mandibles of Oxya sp. based on RW scores. 

 left mandible 

(Lanao del 

Norte) 

right mandible 

(Lanao del 

Norte) 

left mandible 

(North 

Cotabato) 

right mandible 

(North 

Cotabato) 

left mandible 

(Maguinadanao) 

right mandible 

(Maguindanao) 

left mandible 

(Lanao del 

Norte) 

17 1 1 7 0 1 

right mandible 
(Lanao del 

Norte) 

0 14 0 1 3 1 

left mandible 
(North 

Cotabato) 

0 2 15 0 0 3 

right mandible 
(North 

Cotabato) 

7 1 0 21 0 1 

left mandible 

(Maguinadanao) 

1 1 0 0 16 0 

right mandible 

(Maguindanao) 

0 1 3 0 0 17 

Legend: 1 – left mandible (Lanao del Norte); 2- right mandible (Lanao del Norte); 3- left mandible (North Cotabato); 4- right mandible 

(North Cotabato); 5- left mandible (Maguinadanao); 6 - right mandible (Maguindanao) 
 

 The observed variation between the left and right mandibles of the grasshopper collected from three 

geographical regions can be attributed to differences in diet that would simply affect both body sides and 

therefore contribute to the observed asymmetry [15]. The differences in mandibular shape of the grasshopper 

between geographical might be associated with differences in biological and environmental factors in the area 

such as location, altitude, longitude, climatic variables, rainfall, human population density and vegetation 

[16][17]. Differences in foraging habitat, ecological factors and environmental changes such as destruction or 

habitat disturbances that could affect their food preferences and patterns of feeding may also explain the 

variability observed [17]. The observed variations in mandibular shapes might also be a result of genetic 

differences and phenotypic plasticity of individuals growing in different environments [18].  

 

Conclusion: 

 Differences in mandible shape of grasshopper found in different areas of Mindanao assessed via outline-

based analysis of geometric morphometrics could be due to differences in the consumption of food and foraging 

locations with varying environmental conditions. The use of geometric morphometric tools in this study 

contributed to a more quantitative way in describing the differences. 
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