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ABSTRACT 
 
The wings of dragonflies are highly compartmentalized as shown by the major and minor veins separating the different 
compartments or modules. There is a long term hypothesis that compartments of the wings as bounded by the veins may 
correspond to units of “gene regulation”. Are the different compartments 'units of gene regulation' and is there genetic 
conservatism on the wings of the dragonfly? This study was therefore, conducted to evaluate whether there is a number and 
pattern of developmental modules in dragonfly wings and determine whether there exists genetic conservatism based on intra 
and inter-modular variations in the wings. The study was conducted in two cosmopolitan species of Libellulid dragonflies. 
Different hypotheses were formulated and tested as to the possible spatial boundaries based on major wing venations. A priori 
models applying the tools of geometric morphometrics were constructed and statistically tested for the goodness of fit test 
(GoF) statistic by comparing the observed and expected covariance matrices. Jackknife support values for each variational 
model were also computed using γ* as the GoF statistic. Results showed fair consistency in the observed number and patterns 
of hypothesized developmental modules implying that the wings of these species of dragonflies are highly conserved. It is 
concluded that there is genetic conservatism in the morphological spaces in the wings of the two species. © 2011 Friends 
Science Publishers 
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INTRODUCTION 
 

The wings of all dragonflies are divided into 
compartments by a system of netted veins. A number of 
studies on insect wings suggest that such compartments, 
including small parts of the wings, could be considered as 
autonomous units of morphological variation. Hence, each 
of them can be seen as separate developmental module 
(Cavicchi et al., 1981; Thompson & Woodruff, 1982; 
Cowley & Atchley, 1990; Cavicchi et al., 1991; Guerra et 
al., 1997; Pezzoli et al., 1997; Baylac & Penin, 1998; 
Birdsall et al., 2000; Zimmerman et al., 2000). 
Compartments in insect wings have also been hypothesized 
to correspond to distinct cell lineages and domains of gene 
expression (Garcia-Bellido et al., 1973; Lawrence & 
Morata, 1976; Lawrence, 1992). But how many modules are 
really found in the dragonfly wing and Are the modules 
morphologically integrated? 

Morphological data have been used to characterize 
developmental, genetic, functional and evolutionary 
modules. Modules are sets of traits that are said to be 
internally integrated by interactions among traits but are 

relatively independent from other modules. Understanding 
the relationships between modules in the dragonfly wing 
can be informative about the underlying biological 
processes of compartmentalization in the wings. Since 
morphological structures are produced by developmental 
processes, understanding how development produces 
covariation between modules can have substantial 
implications for understanding genetic variation and the 
potential of the species for evolutionary change 
(Klingenberg, 2008). 

In this study, we used morphological data in the wings 
of two species of dragonflies in determining autonomous 
units of morphological variation that could be considered as 
developmental modules. The approach consists of fitting 
alternative models of modularity to shape datasets with the 
purpose of finding the modules that best account for the co-
variation structure in each dataset. In this approach, modules 
are defined as subspaces embedded within the overall 
phenotype space. Because the processes that produce those 
modules can overlap spatially, it is expected that modules 
show some degree of covariation, even if the processes 
responsible for them are effectively independent (Marquez, 
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2008). The patterns of variational modularity and 
integration are assessed by testing alternative a priori 
models, each of which hypothesizes a distinct modular 
structure caused by specific functional or developmental 
mechanisms (Marquez, 2008). 
 
MATERIALS AND METHODS 
 
Collection and processing of samples: Samples of 
dragonflies (Orthetrum sabina & Neurothemis ramburii), 
were randomly collected from different areas in Iligan City, 
Lanao del Norte, Tacurong, Sultan Kudarat and Zamboanga 
del Sur (Fig. 1). The wings were removed and placed in 
clear glass slides for scanning. Digital images were acquired 
from both sides of the fore-and hind wing using a HP 2400 
scanner at 1200 dpi. 
Analysis of the O. sabina and N. ramburii modules: 
Geometric morphometric tools that include landmark-based 
and procrustes methods were used to extract shape 
information from coordinate data in a set of steps that 
eliminate reflection and variation in scale, position and 
orientation (Rohlf, 2002, 2004, 2006, 2007 & 2008). The 
coordinates of 180 landmark points around the contour of 
the wings and the main veins were used as data. 

A total of 10 a priori models were constructed for both 
fore-and hind wings, which generated 4 alternative models 
for the fore-wing and 1 alternative model for the hind wing. 
This is already inclusive of the null model, which assumes 
the absence of modularity and integration. Each model 
hypothesizes a distinct modular structure caused by a 
specific functional or developmental mechanism (Marquez, 
2008). As shown in (Fig. 2 & 3), model 1 represented the 
null model; the second, third, fourth and fifth a priori 
models were set based on vein positions and wing 
compartments (Table I). Defined models were mixed by the 
software to produce variational or alternative models for 
analysis. 

To test the acceptability of hypothesized modules 
(Figs. 2, 3 & 4) MINT ver. 1.0b software was used. MINT 
assumes that the data themselves have modular structure, 
and by partitioning the entire data space into orthogonal 
subspaces, covariance matrices were computed based on the 
modified data structure. 
Estimating goodness of fit: The goodness of fit (GoF) 
tests, were employed to assess whether a pre�defined 
model or hypothesis will be good enough to explain 
variation in a dataset. In this approach, the γ* values were 
used to determine whether the best-supported model is the 
one from which the data was derived when fitted to the 
original set of 5 models each for the fore-and hind wing and 
to the complete set of 9 possible model combinations for the 
fore-wing and 6 for the hind wing respectively (Figs. 2 & 3). 
The lower the γ* value simply indicates high degree of 
similarity between the observed data and the proposed 
model. Meanwhile, a low (<0.05) P-value corresponds to 
large values of γ*, indicating a large difference between data 

and model and thus a poorly fitting model (Marquez, 2008). 
Determining model support: The best-fitted models were 
determined using jackknife support. The jackknife support 
values for each model were computed by resampling 1000 
replicates using γ* as the GoF statistic, dropping 10% of the 

Fig. 1: Pictures of dragonflies: (A) Wing parts and 
main veins of Orthetrum sabina;(B) Wing parts and 
main veins Neurothemis ramburii 
 

 

Fig. 2: Models used in this study for dragonfly fore-
wing (A) A priori/original proposed models and (B) 
Nonhierarchical/alternative models generated by 
MINT software 
 

 

Fig. 3: Models used in this study for dragonfly hind 
wing - (A) A priori/original proposed models and (B) 
Nonhierarchical/alternative models generated by 
MINT software 
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specimens per jackknife replicate and computing 95% 
confidence intervals for the statistic. Finally, a measure of 
model support called “jackknife support” was computed by 
counting the proportion of jackknife samples in which a 
model ranks first (i.e., has the lowest value of γ*) (Manly, 
2006; Marquez, 2008). 
 
RESULTS AND DISCUSSION 
 

Results showed that both species of dragonflies share 
the same best fit model as supported by the standardized 
gamma value (γ* value), P-value and Jackknife support 
values. The best fit model for the wings of the two 
dragonflies is Model 3 and 4 for the fore-and hind wings, 
respectively (Table II & III). These models yielded P-values 
greater than α=0.05; this accepts the hypothesis that these 

Fig. 4: Theoretical framework of hypothesized possible 
developmental modules on the (a) fore-wing and (b) 
hind wing of Libellulid dragonflies; component parts 
within modules are interconnected by many 
interactions whereas, there are fewer interactions 
between modules 
 

 

Fig. 5: Hypothesized possible developmental modules 
of best fit model#3 and #4 of fore-and hind wing of 
Orthetrum sabina; Component parts within modules 
are interconnected by many interactions whereas, there 
are fewer interactions between modules 
 

 
Fig. 6: Hypothesized possible developmental modules 
of best fit model#3 and #4 of fore-and hind wing of 
Neurothemis ramburii; Component parts within 
modules are interconnected by many interactions 
whereas, there are fewer interactions between modules 
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proposed models and the observed data are not significantly 
different. Model 3 and 4 also acquired the lowest (γ* value) 
and a jackknife support value of 100%, which qualifies it as 
a best-supported model among the five a priori models 
hypothesized for all samples tested. 

The best fit model for the fore- wings (Model 3) 
hypothesizes that anterior and posterior compartments 
represent distinct modules such that the genes controlling 
each module was further hypothesized to affect the 
developmental and genetic modularity of the wings. The 
anterior portion of the wings encompasses all the 
compartments bounded by the veins Costa (C) and Media 
anterior (MA) and includes the veins Subcosta (Sc) vein, 
Pterostigma, Radius and Media (R+M), branches R1-R4 
touching the wing margin; the IR2 and IR3 are intercalary 
veins behind R2 and R3, respectively. The posterior portion 
comprises of all the compartments bounded by the MA vein 
and the posterior margin of the wing. This compartment 
includes all the veins Cubitus (Cu) (5th longitudinal vein, 
Cubitus posterior (CuP) and the Anal veins (IA). 

The best fit model for the hind wing (Model 4) divides 
the hind wing into three distinct modules. The first module 
is bounded by the Costa (C) vein, the Radius and Media 
(R+M) and encompasses the the Subcosta (Sc) vein and 
Pterostigma. The second module is bounded by the R+M 
and the Media anterior (MA) veins. The third module 
covers the area bounded by the MA, Anal vein (IA) and the 
posterior margin of the hind wing (Fig. 5 & 6). 

The hypothesized modules may be viewed as units of 
gene regulation and the main veins serve as possible 
boundaries. The fair consistency of the observed number 
and patterns of hypothesized developmental modules imply 
that the wings of these species are highly conserved 
indicating genetic conservatism in the morphological spaces 
in the wings of the two species. 

The genotype-phenotype map has a modular structure 
implies that pleiotropic effects tend to be restricted to 
discrete subsets of phenotypic traits (Wagner & Altenberg, 
1996), otherwise known as variational modules, which are 
again recognized by strong statistical associations among 
their component traits, in contrast to their weak associations 
with traits in other modules (Olson & Miller, 1958; 
Cheverud, 1982; Magwene, 2001; Klingenberg, 2005; 
Marquez, 2008). Modularity of the genotype-phenotype 
map has become an important focus for empirical and 
theoretical research, largely, because it is viewed as a 
condition of evolvability i.e., the ability to produce 
selectively useful variation (Wagner & Altenberg, 1996; 
Marquez, 2008). In addition to being building-blocks, 
modules are also the characters and homologs that unite 
phenotypes through evolution (Raff, 1996; Wagner, 1996; 
Eble, 2005; Scholes, 2008). This aspect of variational 
modularity describes the condition of varying in modular 
fashion (Eble 2005; Scholes, 2008) and results from the 
operation of several unique evolutionary process that 
operate on phenotypic development (Raff, 1996; Scholes, 
2008). The prevailing theory is that pleiotrophy evolves 
under natural selection to match the patterns of functional 
and developmental interdependencies among traits (Reidl, 
1977; Cheverud, 1982; Wagner, 1988; Ehrich et al., 2003; 
Pavlicev et al., 2008; Marquez, 2008). Nonetheless, 
although there is genetic overlap across modules, on average 
each module is unique both in its set of expressed genes and 
in the way these genes interact among themselves and with 
their environment (Callebaut & Rasskin-Gutman, 2005). 

Although modularity is expected to contribute only to 
statistical associations within modules, covariances between 
modules are rarely equal to zero, which means that more 
than one pattern of modularity may be supported by the data 
and intermodular associations are sometimes explained by 

Table I: A priori developmental and functional modules of modularity tested in this study. Modules correspond to 
regions of the fore- and hind wings of dragonflies (Family: Libellulidae) as hypothesized 
 

 Model  Description 
 fw hw   
H0: {1} {1} No modules “Null” model, predicting absence of modular structure 
H1: {2} {2} Single module The wing is considered as a single homogenous developmental module. 
H2: {3} {3} Two modules The wing is divided into anterior and posterior compartments, the anterior portion encompass the 

area from the Costa (C) vein towards the Media anterior (MA) vein, this is inclusive of the 
Subcosta (Sc) vein (2nd longitudinal vein), Pterostigma and the Radius and Media (R+M) (the 3rd 
& 4th longitudinal veins) with branches R1-R4 reaching the wing margin; the IR2 and IR3 are 
intercalary veins behind R2 and R3 respectively. The posterior portion comprises of the 
compartments from the MA vein towards the posterior edge margin of the wing where, Cubitus 
(Cu) (5th longitudinal vein, Cubitus posterior (CuP), Anal veins (IA) are covered. 

H3: {4},{6},{7},{9} {4},{6} Three modules The area from Costa (C) vein towards the Radius and Media (R+M) (the 3rd & 4th longitudinal 
veins) inclusive of the Subcosta (Sc) vein (2nd longitudinal vein) and Pterostigma, black portion 
near the wing tip is considered as one module, then the area from R+M vein to Media anterior 
(MA) vein served as another module; from the MA to the Anal vein (IA) of the posterior edge of 
wing margin inclusive, of  Cu, CuP served as one module. 

H4: {5},{8} {5} Four modules The area form Costa (C) vein towards Subcosta (Sc) (2nd longitudinal vein) serve as one module. 
Then, from Subcosta (Sc) toward the Radius and Media (R+M) (the 3rd & 4th longitudinal veins) 
inclusive of Pterostigma, black portion near the wing tip is considered as another module. The 
area from R+M vein to Media anterior (MA) vein inclusive of Intercalary veins (IR) served as 
one module; from the MA to the Anal vein (IA) of the posterior edge of wing margin inclusive, of 
Cu, CuP served as one module. 
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factors spanning all modules (Wright, 1932; Magwene, 
2001; Mitteroecker & Booktein, 2007 & 2008; Marquez, 
2008). This is reflected in the results of the analyses wherein 
the other models also explain the modularity of the 
dragonfly wing, albeit to a lesser extent when compared to 
Model 3 for the fore-wing and Model 4 for the hind wing. 

Observed covariance structure is expected to reflect 
the cumulative effect of a number of embedded dimensions 
(Orr, 2000; Mezey & Houle, 2005; Hine & Blows, 2006; 
Marquez, 2008) each of which correspond in turn to a 
specific set of genetic, developmental, or functional 
interactions (Wagner, 1988; Marquez, 2008). These 

interactions can vary and thus evolve semi-independently 
from other similar processes such that covariance structures 
can be hypothesized to diverge even if they maintain a 
conserved intrinsic structure (Klingenberg, 2005; Marquez, 
2008). 

The patterns of modularity and integration observed 
for the wings of O. sabina and N. ramburii may be 
explained by the collaborative interactions among: (1) 
developmental, genetic and functional modularity, resulting 
from processes occurring within extant individuals and 
populations; and (2) evolutionary modularity, resulting from 
the history of divergence among evolutionary lineages in an 
entire clade. These types of modularity are mutually 
influencing each other through various processes within 
individuals or within populations (Klingenberg, 2008). 

Results also confirmed a number of studies suggesting 
that the compartments, or even smaller parts of the wing, are 
autonomous units of morphological variation, and 
consequently, each of them is a separate developmental 
module (Cavicchi, Pezzoli & Giorgi, 1981; Thompson & 
Woodruff, 1982; Cowley & Atchley 1990; Cavicchi et al., 
1991; Guerra et al., 1997; Pezzoli et al., 1997; Baylac & 
Penin, 1998; Birdsall et al., 2000; Zimmerman et al., 2000). 
Moreover, the results are in conformity with a number of 
studies that each wing vein has its own identity yet 
interconnected to the others and that signals originating 
from compartment boundaries initiate regulatory 
interactions that subdivide the wing into series of sectors 
with discrete boundaries such that different sectors are 
distinguished by the expression of a different combination 
of genes and specific genes are activated at their boundaries 
to initiate vein formation (Chew, 2009; Sturtevant & Bier, 
1995; Biehs et al., 1998; de Celis, 1998; Lunde et al., 1998; 
Milan & Cohen, 2000). The specificity of this process gives 
each vein its identity (Gonzalez-Gaitan et al., 1994) such 
that wing compartments bounded by veins had been 
promising candidates for being separate developmental 
modules. Hence, a module occupies a specific 
morphological domain and corresponds to a single 
“morphogenetic field” or they can be viewed as units of 
gene regulation (von Dassow & Munro, 1999; Gilbert et al., 
1996). Thus, studies regarding the subdivision of the wings 
into anterior and posterior compartments have attracted 
special attention, because these compartments may 
correspond to distinct cell lineages and domains of gene 
expression (Garcia-Bellido et al., 1973; Lawrence & 
Morata, 1976; Lawrence, 1992). 
 
CONCLUSION 
 

The results of this study suggest that the fore- and hind 
wings of dragonflies might comprise of 2 and 3 
developmental modules, respectively. These hypothesized 
modules may be viewed as units of gene regulation and the 
main veins serve as possible boundaries. The fair 
consistency of the observed number and patterns of 

Table II: Jackknife support and γ- values computed for 
each of the 9 models of variational modularity of 
Orthetrum sabina and Neurothemis ramburii fore-wing. 
Only the top best fit models are tabulated for the male 
and female fore-wing 
 
Species and site N Best ranked %JS γ- Value P value
Male      
Orthetrum sabina      
LANAO DEL NORTE 12 3 67.1 0.39415 1 
Iligan City      
SULTAN KUDARAT 6 3 100 0.24576 1 
Tacurong City      
ZAMBOANGA DEL SUR 50 3 100 0.18144 1 
Neurothemis ramburii      
LANAO DEL NORTE 60 3 100 0.19241 1 
Iligan City      
Female      
Orthetrum sabina      
LANAO DEL NORTE 12 3 100 0.49139 1 
Iligan City      
ZAMBOANGA DEL SUR 50 3 97.4 0.35164 1 
Neurothemis ramburii      
LANAO DEL NORTE 16 3 100 0.23300 1 
Iligan City      
 
Table III: Jackknife support and γ- values computed 
for each of the 6 models of variational modularity of 
Orthetrum sabina and Neurothemis ramburii hind wing. 
Only the top best fit models are tabulated for the male 
and female hind wing 
 
Species and site N Best ranked %JS γ- Value P value
Male      
Orthetrum sabina      
LANAO DEL NORTE 12 4 50.3 0.47745 0.536 
Iligan City      
SULTAN KUDARAT 6 4 100 0.42906 0.975 
Tacurong City      
ZAMBOANGA DEL SUR 50 4 93.1 0.28671 1 
Neurothemis ramburii      
LANAO DEL NORTE 60 4 100 0.32504 1 
Iligan City      
Female      
Orthetrum sabina      
LANAO DEL NORTE 12 4 76.4 0.45926 0.858 
Iligan City      
ZAMBOANGA DEL SUR 50 4 73.7 0.39377 1 
Neurothemis ramburii      
LANAO DEL NORTE 16 4 100 0.296070 1 
Iligan City      
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hypothesized developmental modules imply that the wings 
of these species are highly conserved indicating genetic 
conservatism in the morphological spaces in the wings of 
the two species. It is recommended that further studies on 
the modularity and integration of other species of 
dragonflies be tested before any robust conclusion be made 
regarding the number of modules comprising each wing. 
Acknowledgment: The researcher would like to extend her 
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