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 The study aims to describe dimorphism in the shape of the wings in Lucilia sericata 
using geometric morphometric methods. Images of the wings which were detached 

from the body of males and females of the insects were digitized and the coordinates 

taken were subjected to procrustes and relative Warp analysis using the TPS program 
software version 1.45. Multivariate methods of statistical analysis of the relative warp 

scores and euclidean distances show dimorphism in wing shapes. The variations 

observed between sexes could be genetic or could be mere reflections of the existence 
of high phenotypic plasticity brought about by varied environmental conditions or 

changes during growth and development of the larvae. Since the differences among the 

individual configurations of each sex were captured using mathematical functions 
varying according to the position of each landmark in the wing image, the geometric 

variation detected showed that these landmarks can be considered key characters to 

distinguish differences in wing morphotypes among the two sexes of L. sericata. These 
characters maybe important for insect dispersion, migration and sexual selection. 
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INTRODUCTION 

 

 One of the flies that was observed to be large in numbers in one of the piggery in Iligan City was the Lucilia 

sericata (Meigen).  This blow fly is a member of the family Calliphoridae. The common green bottle fly, Lucilia 

sericata, formerly Phaenicia sericata, is a common visitor to carrion, feces, and garbage. In addition, it has 

forensic, medical and veterinary importance [1-10]. Despite its importance in forensic and veterinary this blow 

fly once they are in significant numbers they become a nuisance in the community and even threaten animal 

production because they are transmitters of disease.In fact in other countries, it has been reported that over 80 

per cent of UK sheep flocks are affected by blowfly strike annually. The welfare of between 500,000 and 1 

million animals is compromised each year as a result of these infestations. For the farmers, this brings economic 

costs both in the loss of animals as well as in the treatment and control of the disease [11]. In this study, 

dimorphism in morphological shapes of the wings of this species was investigated since this morphological 

character is important in insect movement and epidemiology. 

 Male and female differences have been studied extensively in several aspects such as physiological [12-13], 

biochemical, movement [14], morphological and other traits. Sexual dimorphism in size (SSD) has attracted the 

attentions of numerous biologists after Darwin [15] and have been attempted to be explained in evolutionary 

biology [16]. Gender differences in lifespan and mortality rates have been recorded in two seed beetle species 

[17]. Color, development of some parts of the body such as horns in beetles[18], presence of sting in bees, the 

size of eyes[19-20] and morphologic differences in some instars[21] are some other sex specific differences. 

 This study used landmark-based geometric morphometry to describe wing variation among and between 

sexes of L. sericata which account sexual dimorphism. The study used geometric morphometry as a tool to 

analyze wing shape of Lucilia sericata population. Geometric morphometrics  is a relatively new technique that 

has generated valuable results in many fields of classic morphometry. In addition, it was used for the 
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discrimination of species, identification of the group variations, display of the evolutionary relations, 

discrimination of sexes and determination of the relationships between growth and figure [22]. Furthermore, a 

major advantage of the geometric framework is a comprehensive use of information about shape, available from 

a set of landmarks [23]. Variations in body shape (and wings as part of the body) have important fitness 

consequences because they can affect the ability to occupy habitats successfully [24-25] to prevail in predator-

prey interactions [26-27] to reproduce successfully and provides a link between the genotype and the 

environment [28]. Thus we can expect selection to act upon wing phenotype [29]. 

 In this study, the wing morphology of the L. sericata is an ideal model or an excellent object for qualitative 

or quantitative morphological studies. Furthermore, the wing is flat and has many morphological landmarks at 

the points where the wing veins intersect or meet the wing margin and is fairly distinctive and an important 

character for classification and identification of species which could help in the proper management and control 

of pest infestation [30]. 

 

MATERIALS AND METHODS 

 

Collection, Identification, and Preparation of Flies:  

 Adult flies were collected from the piggery located at Abuno, Iligan City, Philippines (Figure 1). The flies 

were collected using aerial nets. Sampling was done once only. In the laboratory, the collected flies were sorted 

and identified using taxonomic keys for the proper confirmation of the species. Male and female L. sericata 

(Figure 2) were utilized in this study. After which, the pair of wings of the male and female was detached from 

their body through the use of small scissors or tweezers. Male and female wings were mounted separately. The 

wings were captured using digital CANON camera (Power shot SX210 IS 14.1 Megapixels) under STL Leica 

microscope. Twenty one (21) landmarks were identified and tagged for geometric morphometric analysis 

following the method of Rohlf [31]. The landmarks identified are the intersections of wing veins with the wing 

margin, intersection of cross vein with major vein branch point.  The description and locations of the landmarks 

are presented in Table 1 and Figure 3.   

  

 
 

Fig. 1: The map of Iligan City showing the sampling area. Legend: - Abuno 

 

 
 

Fig. 2: Lucilia sericata (a) unmounted (b) female (c) male. 
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Table 1: The description of assigned landmarks on Lucilia sericata wings. 

Landmark Description of the Landmark 

1 Humeral cross vein 

2 Subcostal vein 

3 Anterior branch of radius R1 vein 

4 R2+3 vein, the distal end of Radius 

5 R4+5 vein, the distal end of Radius 

6 Branching endpoint of Media vein 

7 Curve point of Media vein 

8 Intersection between Media vein and bm-cu vein 

9 Intersection between bm-cu vein and CuA1 vein 

10 Branching point of CuA1 vein 

11 Branching point of A1+CuA2 vein 

12 Intersection between A1+CuA2 vein and CuA2 vein 

13 Intersection between CuA2 vein and bm-cu vein 

14 Point of origin of A1+CuA2 vein and Median vein 

15 Intersection between bm-cu and Median vein 

16 Intersection between Median vein and r-m vein 

17 Intersection between r-m vein and R4+5 vein 

18 Branching point of vein Rs vein 

19 Intersection of Rs vein and R1 vein 

20 Intersection between humeral cross vein and R1 vein 

21 Subcosta vein 

Legend: Anal veins (A); Cubitus Anterior (CuA) vein; Radius (R) vein 

 

 
 

Fig. 3: Landmarks on Lucilia sericata wings used for geometric morphometric analysis. 

 

Geometric Morphometric Analysis and Statistical Analysis: 

 For geometric morphometric analysis, TPS Program of Rohlf [31] was used. TPS file was built for the 

captured wings and landmarks were placed using tpsDig. The landmark data were superimposed using General 

Procrustes Analysis for translation and rotation parameters [22]. After superimposition, the deformation or 

“warping” in shape of each individual from a consensus form is given by partial warp scores [22, 32]. The 

partial warp scores were analyzed using EXCEL 2007 and PAST 2.17c [33] for the multivariate analysis. 

Canonical Variate Analysis (CVA) was used to compare variation in shape within pooled left and right wings of 

female and male flies. On the other hand, Discriminant Function Analysis (DFA) was used to compare wing 

shape variation between sexes. Finally, the relative warps correspond to the principal components and define a 

shape space in which individuals are replaced [32]. Histograms were generated using PAST version 2.17c [33] 

from the relative warps of the left and right wings of both female and male samples. 

 

RESULTS AND DISCUSSION 

 

 The superimposed images showing the distribution of the landmark points for all the left and right wings of 

both sexes of L. sericata is shown in Fig. 4. It can be seen from the figure that variations in shapes between the 

left and right wings can be qualitatively seen mostly in landmark 11 although other landmark points also show 

differences between sexes. The mean shapes of the left and right wings of L. sericata based on thin-plate splines 

in Figure 5 show the wings show differences in shapes especially in the coastal region. The descriptions of the 

variations observed is summarized in Table 2. To further quantitatively described the nature of the variations 

observed, Euclidean distance matrix analysis (EDMA) was done and results show a total of 31 interlandmark 

distances were found significant to explain quantitatively the variations in shapes within and between the left 

and right wings of male and female L. sericata (Table 3, Fig. 6). Canonical variate analysis of the relative warp 

scores of the wings was also performed to further determine if the existence of dimorphism described in L. 

sericata was significant. Results show significant dimorphism in shapes for the left and right wings of the insect 

(Tables 4, 5, 6, Fig. 7,). Wings were also observed to be correctly classified (>70%) (Table 3) confirming the 

wings in L. sericata are sexually dimorphic.  
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Fig. 4: Procrustes-fitted landmark coordinates of the wings of L. sericata. (Legend: red- left female wing; blue- 

      right female wing; Green – left male wing, violet- right male wing)). 

 

 
 

Fig. 5: Morphological deformation grids showing the shape of the wings of the (a) left and (b) right wings of 

      female and (c) left and (d) right wings of male  L. sericata. 

 
Table 2: Descriptions of variations in the left and right wings in male and female wings of L. sericata. 

 
Variance 

% 
Male Left Wings 

Variance 

% 
Female Left Wings 

RW 1 37.32 
Variations in the costal part and 

median of the wing 
25.17 

Variations in the costal, median part, distal 
and posterior part of the wings 

RW 2 12.31 
Variations in the costal part of 

the wing 
15.30 Variations in the median part of the wing 

RW 3 8.72 
Variations in the costal part of 

the wing 
12.61 Variations in the median part of the wing 

RW 4 .88 
Variations in the posterior part 

of the wing 
8.60 Variations in the proximal part of the wing 

RW 5 5.96 
Variations in the posterior part 

of the wing 
6.45 Variations in the proximal part of the wing 

RW 6 5.18 
Variations in the median part of 

the wing 
5.43 Variations in the proximal part of the wing 

RW 7   5.01 Variations in the distal part of the wing 

  Male Right Wings  Female Right Wings 

RW 1 27.80 
Variations in the costal part of 

the wing 
28.70 

Variations in the costal and median part of the 

wing 

RW 2 18.51 
Variations in the costal part of 

the wing 
14.57 Variations in the median part of the wing 

RW 3 11.22 
Variations in the costal part of 

the wing 
9.42 Variations in the median part of the wing 

RW 4 8.68 
Variations in the costal part of 

the wing 
8.36 Variations in the    proximal part of the wing 

RW 5 6.30 
Variations in the costal part of 

the wing 
6.12 Variations in the proximal part of the wing 

RW 6 5.08% 
Variations in the costal part of 

the wing 
5.55 Variations in the median part of the wing 

 

 The variations observed in the wing morphology of L. sericata indicate that this population has a diverse 

gene pool. It can be assumed that the variations in wing shapes between sexes could be genetic but some authors 

argue these are mere reflections of the existence of high phenotypic plasticity brought about by varied 

environmental conditions [35] or changes during growth and development of the larvae [36-38]. Since the 

differences among the individual configurations of each sex were captured using mathematical functions 

varying according to the position of each landmark (landmarks 4-8, 11-15 and 18-21) in the wing image, the 

geometric variation detected showed that these landmarks can be considered key characters to distinguish 
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differences in wing morphotypes among the two sexes of L. sericata. These characters maybe important for 

insect dispersion, migration and sexual selection [39-43]. 

 
Table 3: Interlandmark distances which show the sources of variations between the wings of the male and female L. sericata. 

INTERLANDMARK DISTANCES VALUES  INTERLANDMARK DISTANCES VALUES 

1-4 0.1188  5-18 0.1131 

1-5 0.1338  5-19 0.1301 

1-6 0.1381  5-20 0.136 

1-7 0.1131  6-11 0.1183 

4-11 0.1061  6-12 0.1297 

4-12 0.1133  6-13 0.1232 

4-13 0.1063  6-14 0.1404 

4-14 0.1227  6-15 0.1209 

4-15 0.1031  6-18 0.1172 

4-19 0.1156  6-19 0.1343 

4-20 0.1213  6-20 0.1404 

5-11 0.1158  6-21 0.102 

5-12 0.1261  7-19 0.1075 

5-13 0.1195  7-20 0.1145 

5-14 0.1365  8-20 0.1004 

5-15 0.1169    

 

 
 

Fig. 6: Interlandmark distances which showed the sources of variations in the wings of L. sericata. 

 

 
 

Fig. 7: Scatterplot showing the distribution of individuals along the the CVA axis.  

 
Table 4: CVA of RWA scores of procrustes-fitted landmark coordinates of the wings of L. sericata. 

Wilk’s Lambda 0.1097 Pillai trace 1.479 

df1 108 df1 108 

df2 243.5 df2 249 

F 2461 F 2.241 

P(same) 4.094E-09 P(same) 1.125E-07 

 

Table 5: Pairwise comparison. 

 Female right wing Male left wing Male right wing 

Female left wing 0.65207 0.094461 0.01680 

Female right wing  0.110734 0.03108 

Male left wing   0.71907 

 
Table 6: Confusion Matrix showing the percentage reclassification of the wing. 

 Female left wing Female right wing Male left wing Male right wing Total 

Female left wing 23 (77%) 3 (10%) 4 (13%) 0 30 (100%) 

Female right wing 3 (10%) 26 (87%) 1 (3%) 0 30 (100%) 

Male left wing 2 (6.67%) 0 24 (80%) 4 (13.33%) 30 (100%) 

Male right wing 0 1 (3%) 5 (16.67%) 24 (80%) 30 (100%) 
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Conclusion and Recommendation: 

 The use of other geometric morphometric tools to determine wing variation of L. sericata population is also 

highly recommended to further support its result particularly wing variability for proper identification and 

control of L. sericata population. 
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