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Abstract: This study was conducted to determine wing shape divergence in several species of
Neurothemis dragonflies collected from Northern Mindanao, Philippines. These includes the species
N. terminata terminata (Ris, 1911), N. fluctuans (Fabricius, 1793), N. ramburii ramburii (Kaup &
Brauer, 1866). The identification of these species are sometimes difficult as the males of these species
have similarities in their colored wings ranging from red to brown. For the females, N. terminata
terminata also show extensive female-limited polymorphism expressed as intra-specific color
variations. Since the quantitative description, analysis and interpretation of shape and shape variation
in biology have become a fundamental area of research; the geometric method of morphometrics was
used in this study aimed at comparing the shapes themselves. In this methodology, the generalized
least square fitting analysis done via procrustes superimposition of landmarks from the fore- and hind
wings was used. The landmark data were converted to shape residuals via Procrustes-fitting and is
comprised of three steps: (1) translation to a common centroid, (2) rotation to a common centroid size
and (3) rotation to minimize sum of squared differences between landmark sets. To illustrate
ordination of the shapes’ consensus, the consensus shape data (mean shape) of the separate
populations was measured by a relative warp ordinations plot using tpsRelw 1.36. Results of the
relative warp analysis showed significant variation among the Neurothemis species. The first extracted
relative warp showed differences in the shape of the pterostigma and disparity in the distance between
the distal end of the radial planate supplement and the distal margin of the wings bounded by the end
points of the intercalary vein and the radial branch. Differences in the shape of the pterostigma were
also observed and accounting for the variations in the shapes of the hind wing. Distance matrices were
also constructed for the four data sets: left and right fore-wing; left and right hind wing. Results of
the comparison via correlation analyses of the four matrices of distances among the species are
indicative of the significant contribution of the shape of the fore-wing as compared to the hind wing
in discriminating among species. The results of the present study clearly show the importance of
geometric morphometric analysis and the utility of wing morphology in the taxonomy and
discrimination of sibling species of Neurothemis.
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INTRODUCTION

Many studies have shown that wings of many insect species including that of intraspecific groups or
populations and subspecies can be identified based on wing morphology alone (Baylac et al., 2003; Gaston
and O’Neill, 2004; Tofilski, 2004; Steinhage et al., 2007).  For example, the development of geometric
morphometric analysis defined as a statistical analysis of shape (Adams et al, 2003; Marcus et al., 1996; Rohlf
and Marcus 1993) has been employed to clarify the relationships of closely related taxa such as bees (Aytekin
et al., 2007; Schröder et al., 1995; Steinhage et al., 2001; Drauschke et al., 2007; Mendes et al., 2007;
Francoy et al., 2006, 2008), diptera (de la Riva et al 2001; Dujardin et al 2003, Gilchrist et al 2000; Haas
and Tolley 1998; Hoffmann and Shirriffs 2002; Klingenberg and Zaklan 2000; Klingenberg et al., 1998;
Moraes et al., 2004; Rohlf and Archie 1984) and Hemiptera (Gumiel et al 2003; Jaramillo et al., 2002;
Villegas et al., 2002). The tool has been successful in the taxonomy of honeybees subspecies and temporal
variations in populations of Africanized honeybees (Francoy et al., 2009).  The tool of relative warp analysis
of geometric morphometrics applied to the forewings of the different populations of Plebeia remota have
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shown that no gene flow between populations were observed indicating genetic differentiation (Francisco et
al., 2008).  It was found to be also useful in differentiating sub-populations of Nannotrigona testaceicornis
from a single locality, attaining 74% accuracy in identifying these sub-populations (Mendes et al., 2007). In
this study, we applied the tools of geometric morphometrics to understand the closely related species groups
of Neurothemis.

There are about 18 species of Libellulid dragonflies under the genus Neurothemis. Among these are the
three (3) species which displayed similarities in terms of color and patterns - N. terminata terminata (Ris,
1911), N. fluctuans (Fabricius, 1973) and N. ramburi (Kaup and Brauer, 1866). Some problems regarding their
identification were raised as the males of these species are among the most difficult to identify because of the
overall similarity of their colored wings ranging from red to brown. Only the males of N. terminata terminata
are somehow, distinct in terms of its wing tip pattern where, the red area of the hind wing is straight and
perpendicular to the wing margin. Both N. ramburii and N. fluctuans however can only be identified by having
the red-brown area of the hind wing abbreviated on the posterior side and rounded towards the external.
Females are equally difficult to identify as some species such as that of N. terminata terminata show extensive
female-limited polymorphism expressed as intra-specific color variation. One form is colored like the male but
less intensively; the other has subhyaline wings, and much more open venations (Needham & Gyger, 1937).
Females of N. ramburii have the brown area of the wings terminating about midway between the nodus and
the stigma (Needham & Gyger, 1937).

There are various geometric morphometric tools that can be used to distinguish between the species of
Neurothemis. This includes the landmark- and outline based methods. In this study, we use both landmark-
and outline based analyses in discriminating between species of Neurothemis dragonflies. The wings of
dragonflies were chosen as the wings has been the subject of most geometric morphometric analysis in many
species of insects. 

MATERIALS AND METHODS

Collection of Samples and Identification:
The samples of dragonflies used in this study were collected from selected areas in in Oroquieta City and

Iligan City (Fig. 1). 

Fig. 1: Map showing the study areas (a) Iligan City, (b) Oroquieta City.

Collection of samples was done using mist nets. Samples were then placed in envelopes with the wings
folded. The wings were then removed and placed in glass slides for scanning purposes. Classification of sexes
was done. Males are often identified by its wings, ranging from medium to intense red color and female wings’
often appear from yellow to transparent hues. Figure 2 shows color pattern variations between male and female
species of Neurothemis collected from Oroquieta and Iligan City.

Slide Preparation:
Each wing was cut off using a scalpel and mounted in between 2 glass slides.  Once the wings were fixed,

these were examined under a microscope to describe venation of both the left and right fore- and hindwings. 
Damaged wings were excluded from the analysis and only those complete sets of wings per individual were
used for the analysis.
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Fig. 2: Wing samples collected in Oroquieta and Iligan City (a) female N. fluctuans, (b) female N. ramburii
ramburii, (c) male N. ramburii ramburii, (d) N. terminata terminata, (e) male N. fluctuans, (f) male
N.terminata terminata, (g) female N. terminata terminata, (h) female N. terminata terminata. 

Wing Structure:
There were about 29 landmarks on forewing, and 35 landmarks on hind wing collected on the nodes of

wing venation (Fig. 3) using tpsDig2 (Rohlf, 2005). The land marks represented wing shape, and included all
those that could reliably be identified. 

Fig. 3: Right fore- and hind wings of Neurothemis terminata showing the assigned landmarks.
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Table 1a: Description of assigned landmarks on both left and right fore- wings respectively.
Landmark Anatomical Description landmark Anatomical Description
1 Proximal end of the Costa (C) 16 Distal end of the Radius (R)
2 Proximal end of the Subcosta (Sc) 17 origin of the Radial branches (R2 and R3)
3 Proximal end of the Radius + media (R + M) 18 Anterior end of the 2nd crossvein between 

Radial branches (R2 and R3)
4 Proximal end of the Cubitus (Cu) 19 Posterior end of the 2nd crossvein between Radial

 branches (R2 and R3); origin of Radial supplement
(Rspl)

5 Proximal end of the 1st anal vein (A/IA) 20 Proximal end of Radial supplement (Rspl)
6 Basal end of the Arculus (Arc) 21 Distal end of Radial supplement (Rspl)
7 Proximal end of the anterior margin of the triangle (T) 22 Distal end of anterior media (MA)
8 Distal end of the anterior margin of the triangle (T) 23 Distal end of Radial branch (R4)
9 Midpoint of the triangle (T) 24 Distal end of intercalary radial vein (IR2)
10 Midpoint of the triangle (T) 25 Distal end of Radial branch (R2)
11 Posterior end of the triangle (T) 26 Antero-lateral and distal end of the pterostigma
12 origin of Radial branches (R2 and R4) 27 Postero-lateral and distal end of the pterostigma
13 origin of intercalary vein (IR3) 28 Antero-lateral and proximal end of the  pterostigma
14 Nodus (N) 29 Postero-lateral and proximal end of the pterostigma
15 Distal end of the Subcosta (Sc)

Table 1b: Description of assigned landmarks on both left and right hind wing respectively.
Landmark Anatomical Description landmark Anatomical Description
1 Proximal end of the Costa (c) 19 origin of the intercalary radial vein (IR3)
2 Proximal end of the Radius + media (R + M) 20 Nodus (N)
3 Proximal end of the media (m) 21 Distal end of the subcosta (sc)
4 Proximal end of the Cubitus (Cu) 22 Distal end of the radius (R)
5 Posterior end of the anal crossing (Ac) 23 origin of the Radial branches (R2 and R3)
6 Basal end of the Arculus (Arc) 24 Anterior end of the 2nd crossvein between Radial 

branches (R2 and R3)
7 posterior and proximal vertex of the hypertrigone (ht) 25 Posterior end of the 2nd crossvein between Radial

branches (R2 and R3); origin of Radial supplement
 (Rspl)

8 anterior and proximal vertex of the subtrigone (ht) 26 Distal end of the Anterior media (AM)
9 anterior and proximal vertex of the hypertrigone (ht) 27 Distal end of Radial branch (R4)
10 posterior and proximal vertex of the subtrigone (t) 28 Distal end of the Intercalary Radial vein (IR3)
11  (Cu2 + A2) 29 Distal end of Radial branch (R3)
12 Distal vertex of the subtrigone (t) 30 Distal end of intercalary radial vein (IR2)
13  Anal supplement (Aspl) 31 Distal end of Radial branch (R2)
14 Basal end of the Anal vein (A3) 32 Antero-lateral and distal end of the pterostigma
15 Second branch of cubital vein(Cu2) 33 Postero-lateral and distal end of the pterostigma
16 Distal end of the cubito-anal vein (Cu2) 34 Antero-lateral and proximal end of the  pterostigma
17 Distal end of the posterior cubital vein (Cu1) 35 Postero-lateral and proximal end of the pterostigma
18 Origin of Radial branch (R4)

Geometric Morphometric Analysis:
The landmark data were converted to shape residuals via Procrustes-fitting. This method is comprised of

three steps. (1) translation to a common centroid (2) rotation to a common centroid size (3) rotation to
minimize sum of squared differences between landmark sets. To illustrate ordination of the shapes’ consensus,
the consensus shape data (mean shape) of the separate populations was measured by a relative warp ordinations
plot using tpsRelw 1.36 (Rohlf, 2003). The relative warps correspond to the principal components and define
a shape space in which individuals are replaced (Alibert et al., 2001 as cited by Aytekin et al., 2007). Box
plots were generated using PAST (Hammer & Harper, 2007) from the relative warps of the forewing and hind
wing. Box plots are a powerful display for comparing distributions. They provide a compact view of where
the data are centered and how they are distributed over the range of the variable. Kruskal-Wallis test was used
to analyze whether or not the species differ significantly with regards to its wing shape. Thin-splate spline
deformation grid was generated to visualize wing shape differences (Rohlf, 2004 as cited by Sadeghi et. al.,
2009). Cluster analysis was used to investigate phenetic relationships between the 8 species of Neurothemis
sp. Cluster analysis includes a broad suite of techniques designed to find groups of similar items within a data
set (Holland, 2006).Moreover, to determine any associations between sexes of different species of dragonflies
examined, the CORIANDIS ver. 1.1. Beta (Marquez & Knowles, 2007) was used.

Results: 
Results of the relative warp analysis are graphically presented in figures 4 and 5 and described in Table

1.  Differences between sexes and species are based on the results of the Kruswall-Wallis test shown in Tables
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2 and 3. The extracted relative warps accounted for 26.78-42.28% (Fig. 4) of the variation in the shapes of
forewing and 27.98-44.18% in the variation in the shapes of hind wing (Fig. 5).  It can be seen from the
results that differences were observed in the shapes of the pterostigma among the three species of Neurothemis
(Table 3). Chang et al. (2010) posited that the pterostigma can greatly affect the flight performance of
dragonflies by influencing the degree of deformation of the wings under forced vibration. Thus, the deformation
of dragonfly wings can be modulated through the inertial effect of pterostigma and changing flapping
kinematics by the dragonflies (Chang, et al., 2010). In this regard, the differences in the shapes of the
pterostigma observed among the species of Neurothemis might reflect differences in their flight performance.

Fig. 4: Relative warp box plot showing variations in shape of the forewing. Up: left and right forewing,
down: left and right hind wing. Legend: (a) N. fluctuans, (b)N. ramburii ramburii, (c) N. ramburii
ramburii, (d) N. terminata terminata, (e) N. fluctuans, (f) N.terminata terminata, (g) N. terminata
terminata, (h) N. terminata terminata.

Fig. 5: Relative warp box plot showing variations in shape of the hindwing. Legend: (a) N. fluctuans, (b)N.
ramburii ramburii, (c) N. ramburii ramburii, (d) N. terminata terminata, (e) N. fluctuans, (f)
N.terminata terminata, (g) N. terminata terminata, (h) N. terminata terminata
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Table 2.a: Results of the Kruskal-Wallis test for significant differences in mean shapes of forewing among the Neurothemis dragonflies.
RW  a b c d e f g h
1 (a) N. fluctuans (male) 0.014 0.000 0.000 0.000 0.000 0.000 0.000

(b) N. ramburii (female) 0.095 0.243 0.749 0.619 0.269 0.241 0.144
(c) N. ramburii (male) 0.000 0.470 0.663 0.665 0.023 0.119 0.125
(d) N. terminata (female) 0.000 0.500 0.822 0.587 0.525 0.708 0.939
(e) N. fluctuans (male) 0.000 0.512 0.837 0.667 0.139 0.150 0.056
(f) N. terminata (male) 0.000 0.060 0.089 0.472 0.176 0.434 0.191
(g) N. terminata (female) 0.000 0.166 0.119 0.126 0.239 0.597 0.280
(h) N. termianta (female) 0.000 0.121 0.040 0.212 0.124 0.417 0.773  

2 (a) N. fluctuans (male) 0.000 0.000 0.286 0.000 0.000 0.040 0.070
(b) N. ramburii (female) 0.000 0.001 0.000 0.526 0.017 0.001 0.000
(c) N. ramburii (male) 0.002 0.001 0.000 0.000 0.446 0.112 0.000
(d) N. terminata (female) 0.260 0.000 0.000 0.000 0.000 0.040 0.176
(e) N. fluctuans (male) 0.000 0.007 0.163 0.000 0.008 0.000 0.000
(f) N. terminata (male) 0.409 0.003 0.023 0.079 0.002 0.054 0.000
(g) N. terminata (female) 0.000 0.000 0.694 0.000 0.270 0.013 0.002
(h) N. termianta (female) 0.000 0.000 0.000 0.086 0.000 0.000 0.000  

3 (a) N. fluctuans (male) 0.859 0.831 0.157 0.070 0.189 0.751 0.411
(b) N. ramburii (female) 0.414 0.709 0.014 0.001 0.000 0.017 0.001
(c) N. ramburii (male) 0.012 0.023 0.003 0.000 0.000 0.001 0.000
(d) N. terminata (female) 0.977 0.256 0.000 0.694 0.983 0.237 0.394
(e) N. fluctuans (male) 0.054 0.064 0.788 0.008 0.899 0.104 0.190
(f) N. terminata (male) 0.000 0.002 0.001 0.000 0.002 0.029 0.132
(g) N. terminata (female) 0.751 0.214 0.001 0.544 0.009 0.000 0.323
(h) N. termianta (female) 0.574 0.144 0.000 0.218 0.011 0.000 0.594  

4 (a) N. fluctuans (male) 0.166 0.000 0.260 0.239 0.007 0.002 0.066
(b) N. ramburii (female) 0.008 0.064 0.831 0.046 0.488 0.000 0.770
(c) N. ramburii (male) 0.001 0.812 0.090 0.000 0.041 0.000 0.009
(d) N. terminata (female) 0.341 0.006 0.006 0.031 0.849 0.000 0.820
(e) N. fluctuans (male) 0.010 0.222 0.246 0.064 0.000 0.000 0.002
(f) N. terminata (male) 0.034 0.076 0.104 0.024 0.602 0.000 0.627
(g) N. terminata (female) 0.141 0.000 0.000 0.003 0.000 0.000 0.000
(h) N. termianta (female) 0.553 0.000 0.000 0.369 0.002 0.000 0.000  

5 (a) N. fluctuans (male) 
(b) N. ramburii (female) 0.696
(c) N. ramburii (male) 0.541 0.985
(d) N. terminata (female) 0.471 0.256 0.213
(e) N. fluctuans (male) 0.694 0.298 0.202 0.955
(f) N. terminata (male) 0.597 0.368 0.290 0.983 0.989
(g) N. terminata (female) 0.507 0.696 0.568 0.977 0.837 0.916

 (h) N. termianta (female) 0.207 0.073 0.022 0.456 0.430 0.411 0.323  

Table 2.b: Results of the Kruskal-Wallis test for significant differences in mean shapes of hindwing among the Neurothemis dragonflies.
RW SPECIES a b c d e f g h
1 (a) N. fluctuans (male) .943 0.030 0.005 0.722 0.133 0.000 0.000

(b) N. ramburii (female) 0.214 0.093 0.051 0.556 0.095 0.021 0.000
(c) N. ramburii (male) 0.004 0.681 0.330 0.075 0.862 0.016 0.000
(d) N. terminata (female) 0.000 0.546 0.501 0.018 0.300 0.260 0.091
(e) N. fluctuans (male) 0.096 0.319 0.036 0.059 0.132 0.000 0.000
(f) N. terminata (male) 0.026 0.662 0.646 0.300 0.172 0.330 0.001

 (g) N. terminata (female) 0.000 0.696 0.148 0.624 0.005 0.112 0.369
(h) N. termianta (female) 0.000 0.855 0.405 0.867 0.001 0.314 0.254  

2 (a) N. fluctuans (male) 0.000 0.000 0.078 0.000 0.000 0.040 0.018
(b) N. ramburii (female) 0.000 0.009 0.000 0.161 0.006 0.012 0.000
(c) N. ramburii (male) 0.000 0.005 0.000 0.146 0.349 0.115 0.000
(d) N. terminata (female) 0.040 0.000 0.000 0.000 0.001 0.024 0.988
(e) N. fluctuans (male) 0.000 0.161 0.081 0.000 0.013 0.033 0.000
(f) N. terminata (male) 0.000 0.001 0.104 0.000 0.001 0.719 0.000
(g) N. terminata (female) 0.403 0.002 0.021 0.157 0.002 0.169 0.005
(h) N. termianta (female) 0.000 0.000 0.000 0.855 0.000 0.000 0.012  

3 (a) N. fluctuans (male) 0.006 0.289 0.286 0.054 0.001 0.053 0.016
(b) N. ramburii (female) 0.002 0.000 0.001 0.013 0.700 0.414 0.100
(c) N. ramburii (male) 0.010 0.000 0.009 0.000 0.000 0.005 0.000
(d) N. terminata (female) 0.026 0.000 0.443 0.239 0.002 0.977 0.157
(e) N. fluctuans (male) 0.116 0.000 0.163 0.443 0.001 0.722 0.394
(f) N. terminata (male) 0.409 0.000 0.003 0.054 0.317 0.280 0.010
(g) N. terminata (female) 0.312 0.043 0.334 0.795 0.955 0.459 0.964
(h) N. termianta (female) 0.229 0.001 0.009 0.140 0.388 0.480 0.533  
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Table 2b: Continue
4 (a) N. fluctuans (male) 0.972 0.011 0.004 0.001 0.001 0.001 0.039

(b) N. ramburii (female) 0.374 0.108 0.012 0.013 0.068 0.012 0.306
(c) N. ramburii (male) 0.275 0.896 0.067 0.003 0.088 0.004 0.698
(d) N. terminata (female) 0.885 0.859 0.330 0.866 0.485 0.977 0.040
(e) N. fluctuans (male) 0.016 0.556 0.099 0.210 0.033 0.852 0.002
(f) N. terminata (male) 0.033 0.368 0.037 0.040 0.811 0.040 0.084
(g) N. terminata (female) 0.100 0.214 0.001 0.157 0.000 0.000 0.003
(h) N. termianta (female) 0.027 0.798 0.113 0.094 0.934 0.494 0.000  

5 (a) N. fluctuans (male) 0.214 0.000 0.061 0.026 0.001 0.471 0.018
(b) N. ramburii (female) 0.014 0.016 0.696 0.556 0.085 0.070 0.715
(c) N. ramburii (male) 0.000 0.167 0.080 0.016 0.985 0.000 0.000
(d) N. terminata (female) 0.002 0.337 0.646 0.852 0.320 0.061 0.988
(e) N. fluctuans (male) 0.007 0.684 0.290 0.359 0.078 0.005 0.350
(f) N. terminata (male) 0.000 0.227 0.585 0.949 0.455 0.000 0.003
(g) N. terminata (female) 0.000 0.030 0.238 0.341 0.303 0.262 0.005

 (h) N. termianta (female) 0.001 0.324 0.096 0.574 0.771 0.129 0.110  

Table 3: Shape differences among the Neurothemis dragonflies as explained by the first set of relative warps with more than 5%
contribution to global shape variation.

Forewing Hindwing
-------------------------------------------------------------------------------- --------------------------------------------------------------------------
Left Right Left Right

RW1 Male N. ramburii differs Female N. fluctuans differs Females of N. fluctuans Females of N. fluctuans 
significantly from female significantly from female differ significantly from differ significantly from 
N. terminata on the shape N. ramburii on the shape of males of N. ramburii males of N. ramburii and 
of pterostigma. The former the pterostigma. The former N. terminata. The former females of N. terminata. 
has elongated pterostigma. have narrower pterostigma. has narrower pterostigma. The former has narrower

On the other hand, male Males of N. ramburii also pterostigma. Females of N
N. ramburii differs significantly have more elongated ramburii have a more 
from male N. terminata with pterostigma compared elongated pterostigma 
the latter having more to the males of compared to the females of
elongated pterostigma. N. fluctuans. Males of N. terminata and males of

N. fluctuans differ N. ramburii. Males of N. 
significantly from fluctuans differ significantly 
females of N. terminata from the females of N. 
for it has a more terminata; the males having 
elongated pterostigma.  a more elongated pterostigma.

RW2 Female N. fluctuans Female N. ramburii differs Females of N. fluctuans Females of N. ramburii 
differs significantly from significantly from male N. differ significantly from differ significantly from the
male N. ramburii in the ramburii in the length of the females of N. terminata males in the shape of 
length of radial supplement. the radial supplement with in the shape of pterostigma. pterostigma. The latter
Females of N. ramburii has the later being more The latter has elongated has a narrower pterostigma.
more elongated radial elongated. Females of pterostigma. Females of Males of N. terminata 
supplement compared to N. ramburii also have a N. ramburii have more differ significantly among 
the males N. ramburii. significant difference with elongated pterostigma the females of N. ramburii 
N. ramburii female has the males of N. terminata. than the males. N. and N. terminata. The 
narrower radial supplement The latter is narrower. On ramburii females have former has a narrower
compared to  N. fluctuans the other hand, N. terminata more elongated pterostigma. Females of N.
male. Males of  N. terminata females differed from pterostigma than N. fluctuans and N. ramburii 
has narrower radial the females of N. fluctuans, terminata males while also have a narrower 
supplement than females N. ramburii and N. terminata N. terminata females pterostigma than the 
 of N. ramburii. N. in the length of radial have more elongated females of N. terminata. On
terminata male has more supplement, the former pterostigma compared the other hand, females of 
elongated radial supplement being more elongated to N. ramburii females N. terminata have a more
 compared to N. terminata among the three. N. ramburii males differ elongated pterostigma 
female. Males of N. fluctuans significantly from N. compared to the males
have narrower radial terminata females; of N. fluctuans. 
supplement than the N. ramburii males
males of N. terminata. having narrower 

pterostigma. Females 
of N. terminata on 
the other hand have 
more elongated pterostigma 
than the males. 

W3 Male N. ramburii differs Females of N. ramburii Females of N. fluctuans Females of N. fluctuans 
significantly from their differ significantly from differ significantly from differ significantly from the
female counterparts and the females of N. terminata in the females of N. ramburii females of N. ramburii in 
from the females of having a narrower radial and N. terminata and the shape of pterostigma. 
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Table 3: Continue
N. fluctuans in having supplement. Also, male males of N. ramburii in the The former has a more 
a more elongated N. ramburii differs shape of pterostigma. The elongated pterostigma. 
pterostigma. Males of significantly from female former has a more elongated Females of N. terminata
N. terminata also have N. terminata in having a pterostigma but narrower have a narrower 
more elongated narrower radial supplement. compared to N. ramburii pterostigma compared to 
pterostigma when On the other hand, male males. Females of N. the males and females of
compared to female N. fluctuans have more terminata have a more N. ramburii. Males of
N. ramburii. Male elongated radial supplement elongated pterostigma N. ramburii have more 
N. ramburii has more compared to female compared to N. ramburii elongated pterostigma than
elongated pterostigma than N. ramburii. Female females. Males of N. the females of N. terminata.
male N. terminata. Females N. ramburii differs terminata have a narrower N. terminata males have
of N. terminata also has significantly from female pterostigma than N. narrower pterostigma than 
elongated pterostigma N. terminata having ramburii males. On N. fluctuans females but are
compared to N. ramburii more elongated radial the other hand, N. more elongated compared 
males. N. terminata female supplement. Males of ramburii males have a to N. terminata females. 
has narrower pterostigma N. ramburii differ more elongated Males of N. ramburii 
than N. fluctuans male. significantly from females pterostigma compared to have narrower pterostigma
Male N. fluctuans differs of N. terminata having N. terminata females.  than females of N. 
significantly from the length more elongated radial terminata. On the other 
pterostigma of the females supplement. Another hand, females of N. 
of N. terminata. significant difference is terminata have more 

between the males and elongated pterostigma than
females of N. terminata, females of N. ramburii but
the male having more is narrower compared to
elongated radial supplement. males of N. terminata. 
Females of N. ramburii and 
N. termianta differ significantly, 
the former having more 
elongated radial supplement. 

Table 3: Shape differences among the Neurothemis dragonflies as explained by the first set of relative warps with more than 5%
contribution to global shape variation.
Forewing Hindwing
-------------------------------------------------------------------------------- --------------------------------------------------------------------------
Left Right Left Right

W4 Females of N. fluctuans Females of N. ramburii Females of N. fluctuans Females of N. terminata 
differ significantly from differ significantly from differ significantly from differ significantly from the
males and females of N. males of  N. fluctuans in the males and females males of N. ramburii and 
 ramburii in the length of the length of radial of N. terminata in the females of N. fluctuans in
the radial supplement. The supplement. The former is shape of pterostigma. the length of cubital vein.
former is more elongated. more elongated. Females N. fluctuans females The former has longer 
The radial supplement of of N. terminata differ have more elongated cubital vein. On the other
N. fluctuans male is significantly from males pterostigma. On the other hand, N. terminata females 
narrower compared to that of N. fluctuans; male hand, males of N. have shorter cubital vein
 of N. fluctuans female. N. terminata having ramburii have more compared to N. ramburii 
Female N. terminata has narrower radial supplement. elongated pterostigma females. The males of N. 
more elongated radial N. fluctuans females have than the males and fluctuans differ significantly 
supplement than the females more elongated radial females of N. terminata. from the females of N. 
of N. ramburii. Male supplement compared Males of N. terminata fluctuans, N. ramburii and
N. ramburii differs to N. terminata males. have a narrower males of N. ramburii with 
significantly from female Males of N. ramburii pterostigma compared regards to the length of
N. terminata. The latter also have more elongated to its females. cubital vein. The former
has narrower radial radial supplement from have shorter cubital vein. 
supplement. Another N. terminata males. The males of N. terminata 
difference is between the Females of N. fluctuans have shorter cubital vein 
 male N. flctuans and have more elongated radial compared to the males and
female N. terminata. The supplement from females females of N. fluctuans. 
female N. terminata has of N. terminata. Females Females of N. terminata
more elongated radial of N. terminata have have longer cubital vein
supplement. Same species significant difference from compared to the females of 
of female N. terminata  males of N. ramburii. N. fluctuans and males of 
differed significantly in The former has more N. ramburii and of its
the length of radial elongated radial supplement. same species but is shorter
supplement. The other Also, females of N. terminata compared to the females of
one has a narrower have more elongated radial N. ramburii.  
radial supplement. supplement compared to 

the males of N. fluctuans.
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Table 3: Continue
RW5 Females of N. terminata Females of N. fluctuans On the other hand, Females of N. ramburii 

differed significantly differ significantly from females of N. ramburii differ significantly from its
from males of N. the males of N. ramburii, have more elongated males with regards to the 
ramburii in the length N. fluctuans and females pterostigma compared to shape of pterostigma. The 
of the endpoints of the of N. terminata in the the females of N. terminata. females have more 
distal end of anterior shape of pterostigma. elongated pterostigma. The
media and radial branch. The former have more males of N. fluctuans have
Female N. terminata elongated pterostigma narrower pterostigma 
is more elongated but is narrower compared compared to its females and 
compared to male to the females of N. terminata. males of N. ramburii. On 
N. ramburii. the other hand, N. fluctuans

females have more elongated
pterostigma than males of N.
terminata.  

Four distance matrices were calculated based on Euclidean distances of the eight dragonfly groups. These
include two distance matrices for both the left and right fore- wings and two for the hind wings. Then, a
correlation based on these four distance matrices was done to determine the overall relationships of the
dragonflies in compromise space. Stacked bar graphs were also used to measure disparity among the
dragonflies (Fig. 6a). The heights of the stacked bars indicate the relative contribution of each wing character
in discriminating among the eight dragonflies. The heights of the stacked bar graphs were different between
sexes in N. terminata, N. ramburii and N. fluctuans, implying sexual dimorphism in shapes of the wings.
Results showed intra- and inter-species differences in the shapes of the forewings, which entailed that forewing
shapes could not be used to discriminate between species. The heights of the bars for the shapes of the hind
wings were consistent in only two out of three color morphs of N. terminata terminata indicating intra-specific
diversity in hind wing shape within this species. Males of N. fluctuans and N. terminata terminata had similar
hind wing shapes.  

The overall relationship among the dragonflies on compromise space is shown as a dendrogram in Fig.
6b. The dragonflies are divided into two groups based on their sex. The members of the first cluster comprised
of c, e and f are all males. The other cluster is composed of all the female dragonflies. This shows sexual
dimorphism between the species.

Fig. 6: Results of the test for morphological disparity among the eight species of Neurothemis dragonflies.
(a) Plots  of  the  squared  distances  to centroid of all four character sets:           left  forewing
          right forewing              left hind wing            right hind wing (b) Cluster diagram
based on the compromises scores showing the systematic relationships of the eight species. 

Discussion:
Sibling species are expected to show high morphological similarity and discriminating between them is

difficult. Advances in imaging techniques, computer science, statistics, geometry and biology which led to the
development of the tools of geometric morphometrics, some differences in morphology that allow
discrimination can be found when these morphometric approaches are used. Since the quantitative description,
analysis and interpretation of shape and shape variation in biology have become a fundamental area of research
(Rohlf 1990), unlike the analytical approaches, the geometric method of morphometrics is aimed at comparison
of the shapes themselves (Pavlinov 2001) thus was important in the current study of understanding variations
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in the morphologically closely related species of Neurothemis. The use of several diTerent statistical methods
for describing variations of some Neurothemis species by this methodology resulted to the observation of
morphological (shape) diTerences between the wing shapes of male and female Neurothemis. The global shape
differences in the overall shape of the fore-wing while not species- specific and could not be used as diagnostic
characters for the identification and discrimination of the three species.  However, sex differences can be
observed based on the shapes of the fore- and hind wings. The overall wing shape differences can be explained
not as interspecies disparity but by disparity between sexes as males and females differing in the shapes for
the fore and hindwing. Such differences might translate to differences in the flight kinematics of the two sexes.
Likewise, the observed sex-related wing divergence may be an indication that sexual conflict may have
enhanced the rate of divergence of the selected Neurothemis species because of male-mating harassment. Sexual
conflict in this system may have played a role in maintaining a female polymorphism, enhancing the rate of
population divergence through co-evolutionary arms races and sexual runaway processes (Svensson et al.,
2005).  

Results of the study generally show that the tool of geometric morphometrics is a good tool in elucidating
variations in organisms.  Likewise, the tool can be complementing other tools to be able to understand the
nature of species differentiation not only in Neurothemis but can also be applied in other organisms of interest.

Conclusions:
Description of wing shape differences in several species and colormorphs of Neurothemis dragonflies

collected from Iligan and Oroquieta City was made possible through the use of geometric morphometric
analyses of landmark data from the fore- and hind wings. N. terminata terminata, N. ramburii and N.
Fluctuans show immense similarity in color and wing pattern which makes them difficult to identify in the
field but results of the study show that localized shape variation in the wings of these dragonflies are features
that could be used to diagnose between species. 
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