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Abstract 
Current study was conducted on Gomphidae dragonflies in Hazara region of Pakistan. A total 125 
specimens were collected and identified in to 8 species and 6 genera. Five morphometric parameters were 
based to evaluate the variations and similarities among species. The results were obtained using the 
principle component analysis. Components PC1 and PC2 were observed positive correlated with all 
variables. Highest Euclidean distance was observed (5.14) between Platygomphus dolabratus and 
Anormogomphus kiritschenkoi, while the lowest Euclidean distance was found (0.27) between 
Onychogomphus biforceps and O. bistrigatus. Cladogram was showed two groups I and II and result of 
Line plot highly support the cladogram. Case wise variability showed 6 (75%) and 2 (25%) species were 
conspired in the same region between (0 to +2.5) and (0 to -2.5) respectively. The component/factors 
variability plot was observed the cumulative share for PC1 (60.60%) and PC2 (36.82%) respectively. 
Morphometry and its findings are very important for identification purposes. 
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1. Introduction 
Fish Gomphidae is family of dragonflies belonging to sub order Anisoptera and order 
Odonata. They are commonly known as Clubtails, body size is medium to large. Their eyes 
well separated and body with black and yellow colour. Anal appendages of Gomphids 
dragonflies have characteristic which help in identification of different genera. They inhabit a 
wide variety of aquatic habitats, but most dwell in running water like rivers and hill streams in 
forested habitat [1]. Dragonflies are well known bio-control agents and environmental 
indicators, they possess slender abdomen, large eyes, short antennae and long wings [2]. They 
are important predators of serious insect pests of crops, fruits and vegetables [3]. Their larvae 
are also voracious predators and consume mosquito larvae and other small crustaceans in large 
numbers [4, 5]. Besides this, Gomphids themselves may also be a significant prey of birds, 
fishes and few invertebrates thereby playing an important component in food chain of these 
organisms [6]. Previously 13 species were reported of Gomphidae from Pakistan [6, 7]. While 
from India 90 species of Gomphidae were recorded [8]. Therefore, purpose of the study was to 
find variation among species of the same as well as different geographical locations on the 
basis of morphometric parameters. The study will be helpful in determining the environmental 
influence on morphological characters. 
 
2. Materials and methods 
2.1 Study area 
Hazara division was selected as study area. The study area is located between 33º-44' and 35º-
35' north latitude and between 72º-33' and 74º-05' east longitude (Fig. 1), having 6 districts 
including newly established Torghar, with a total area of c.18000 Km2. The region is the 
joining point of Himalayas with Hindukush range providing unique climatic variations 
responsible biodiversity. Because of variations in topography and vegetation cover, climate 
shows marked variations. Even with in the same range inner and outer parts contrastingly 
differ. Altitude varies from less than 500 meters to 5000 meters. Rain fall has been recorded as 
500mm in the foot hills reaching up to 1400mm in subtropical zone. In temperate zone it 
varies from 1500-1800mm.Winter precipitation in the form snow remains prominent [9].  
At its eastern side lies the territory of Azad Jammu and Kashmir (AJ&K), at northern end of  



 

~ 184 ~ 

Journal of Entomology and Zoology Studies 
 

Hazara division is present Gilgit and Baltistan (Northern 
areas of Pakistan) Western border of Hazara division touches 

the areas of Malakand division At its Southern end comes the 
Potohar region of Punjab province (Fig. 1). 

 

 
 

Fig 1: Showing the study area and distribution of species Gomphid dragonflies 
 
2.2 Method of collection and identification 
Surveys were conducted during summer season of three 
consecutive years (2012- 2014) in Hazara region Pakistan. 
For sampling, methods [10]. With minor additions were 
followed. Collected specimens were brought to Zoology 
department, Hazara University Mansehra for pinning and 
mounting. Preserved specimens were sent to National Insect 
Museum, National Agriculture Research Centre (NARC) 
Islamabad for taxonomic identification. Identification was 
done by Taxonomic keys of [11]. Were followed to identify 
the collected specimens up to specific level. All identified 
specimens were deposited in Zoological Museum, 
department of Zoology, Hazara University Mansehra for 
future studies.  
 
2.3 Mophometry 
Measurements of fore and hind wings, abdomen, superior 
and inferior anal appendages were done by Divider and Scale 
method [12].  
 
2.4 Statistical analysis  
Statistical analyses of morphometric parameters were done 
using statistica-7 Ver.7.0 [13] and Past Ver. 1.62 software [14]. 
 
3. Results and discussion 
The results obtained from the PCA indicated clearly that the 
increase in the number of factors or components was 
correlated with the decrease in Eigen values. The values for 
the different variables were showed that the trend reached its 
maximum at level of first component (Table1). The 
percentage contribution of the each factor to the analysis 
with transformation showed that as in the squared cosines of 
the factors, it is clear that the first and second factors (PC1 
and PC2) have contributed more to the variability and they 
are indicated by the bold values. Current results as per 
accordance to the observations of [15]. Basic statistics and 
correlation values of current studies were significantly 
agreed with slightly differences to the earlier morphometric 

analysis as elaborated by [16]. Present findings were similar as 
previously reported morphometric data of Odonata species 
by [17, 18]. 
 

Table 1: Basic statistics for the morphometric parameters 
 

Traits PC1 PC2 PC3 PC4 PC5 
Eigen value 3.79 0.90 0.24 0.07 0.00 

Cumulative Eigen 
value 

3.79 4.69 4.93 5.00 5.00 

%cent of variance 75.87 18.01 4.77 1.30 0.04 
Cumulative 

variance 
75.87 93.89 98.66 99.96 100.00 

 
Basic statistics with minimum, maximum and standard 
deviation were presented in (Table 2). It is evident that the 
first and second factors (FW and AB) were comes up with 
high variations and were contributed more in PCA analysis, 
they are indicated by the bold values. 
 

Table 2: Basic statistics for the morphometric parameters 
 

Variable 
Valid 

N 
Mean Minimum Maximum 

Std. 
Dev. 

FW 8 34.75000 25.00000 46.00000 8.908263 
ABD 8 38.87500 30.00000 50.00000 9.140764 
HW 8 33.12500 24.00000 45.00000 8.773947 
SAA 8 3.58750 1.20000 6.00000 1.635706 
IAA 8 2.31250 0.50000 6.00000 1.667708 

 
Correlation showed that the factor one (PC1) was positively 
correlated with the fore wing (FW), hind wing (HW), 
abdomen (AB) and inferior anal appendages (IAA) while this 
component has negative correlation with superior anal 
appendages (SAA). In case of component two (PC2) the 
correlation with the fore wing (FW), hind wing (HW), 
abdomen (AB) and inferior anal appendages (IAA) was 
positive while there was negative correlation of this factor 
with superior anal appendages (SAA), (Table 3). 
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Table 3: Correlations among the variables on the basis of 
morphometric parameters at (p< 0.05) 

 

Variable PC1 PC2 PC3 PC4 PC5 
FW 1.00 1.00 0.98 -0.21 0.03 
HW 1.00 1.00 0.97 -0.23 0.03 
ABD 0.98 0.97 1.00 -0.14 0.03 
SAA -0.21 -0.23 -0.14 1.00 0.88 
IAA 0.03 0.03 0.03 0.88 1.00 

 
Euclidean distance was estimated on the basis of 5 

morphometric parameters/factors i.e., length of fore and hind 
wings, abdomen superior and inferior anal appendages. The 
highest Euclidean distance was observed (5.14) between 
Platygomphus dolabratus Selys, 1854 and Anormogomphus 
kiritschenkoi Bartenef, 1913, followed by Mesogomphus 
lineatus (Selys, 1850) and Ictinogomphus rapax, Rambur, 
1844 O. bistrigatus Selys, 1854 and Ictinogomphus rapax 
(4.85) and (4.74) respectively. While the lowest Euclidean 
distance was found (0.27) between Onychogomphus 
biforceps (Selys, 1878) and O. bistrigatus Selys, 1854. 

 
Table 4: Euclidean distance matrix on the basis of morphometric parameters 

 

 A.k G. t-n I. r I. a M. l O. bif. O.bis. P. d 
A. k 0.00        

G. t-n. 3.49 0.00       
I. r 3.88 1.35 0.00      
I. a 3.99 0.72 1.76 0.00     
M. l 2.90 3.70 4.85 3.83 0.00    

O. bif. 2.09 3.57 4.55 3.79 0.93 0.00   
O.bis. 2.10 3.77 4.74 4.00 0.95 0.27 0.00  
P. d 5.14 3.41 4.68 3.26 3.16 3.84 3.96 0.00 

 
A. k =Anormogomphus kiritschenkoi, G. t-n= Gomphidia t-
nigram, I. a= Ictinogomphus angulosus, I. r= I. rapax, M. l 
=Mesogomphus lineatus, O. bif= Onychogomphus biforceps, 
O. bis= O. bistrigatus, P.d= Platygomphus dolabratus 
Cladogram was constructed on the basis of five variables 
among 8 species of Gomphid dragonflies. All species were 
clustered in to two groups I and II, group I comes up under 
three genera with four species i.e., Anormogomphus 
kiritschenkoi Bartenef, 1913, Mesogomphus lineatus (Selys, 
1850), Onychogomphus biforceps (Selys, 1878) and O. 
bistrigatus Selys, 1854, in this cluster M. lineatus was found 

to grouped with genus Onychogomphus. Group II clustered 
in to three genera and four species viz., Gomphidia t-nigram 
Selys 1854, Ictinogomphus angulosus Selys, 1854, I. rapax 
Rambur, 1844 and Platygomphus dolabratus Selys, 1854 
(Fig.1). Phylogram/Cladogram was earlier generated by [19] 
on the basis of geometric morphometrics data to determined 
differences/similarities among taxa and suggested as a novel 
method to visualize morphological variations in a type of 
profile/shape [20]. was constructed phylogram/cladogram on 
basis of Color variants among the species of damselflies 
genus Enallagma. 

 

 
 

Fig 1: Cladogram constructed on the basis of morphometric variables 
 

Line plot was constructed on basis of five morphometric 
components i.e., wing (FW), hind wing (HW), abdomen 
(AB) and inferior anal appendages (IAA) and superior anal 
appendages (SAA). Four Gomphids dragonflies’ species i.e., 
were observed align in the same line and having similar node 
at all variables. While remaining four species viz., were 
observed align in the same line and having similar node at all 

variables. The result of Line plot highly supported the 
observations of cladogram (Fig.2). On the basis of variables 
[21, 22] were evaluated the difference in the population of 
genus Ischnura. The current findings from Line plot as per 
accordance to the studies of [23], who determined the 
hybridization of different morphometric variables along with 
wing spot Cerigrion splendens. 
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Fig 2: Line plot on the basis of morphometric variables among species. 
 
The case wise (species) based variability plot was also 
generated on the bases of two principal component (PC1 and 
PC2). The 8 species of from different geographical location 
were chosen to generate this plot. The observation plot 
showed that almost 6 (75%) of the species were plotted in the 
same region (0 to +2.5) while the remaining 2 (25%) in the 
same region (0 to -2.5) (Fig. 3A).While alternately this 
process was repeated on the bases of another two principal 
component (PC2 and PC3) to constructed plot. The 
observation plot showed that 5 (62.5%) of the species were 
plotted in the same region (0 to +2.0) while the remaining 3 

(37.5%) in the same region (0 to -2.5) (Fig. 3B). This is clear 
that component/factors 1 and 2 are more important for such 
type of elaborations. Present case wise (species) findings 
based on variability plot as per similar to the observations 
were reported by [24], while [25]. Elaborated the positive 
relationships between different variables/parameters of 
arthropods such as aphids and copepod crustaceans [26]. 
Studied the morphologically different species Odonata, 
especially their wing differences [27]. And [28]. Measured 
different geometric and morphometric sighns of dragonflies 
species. 

 

   
 

Fig 3(A-B): Species (observations) variability plot on the basis of morphometric variables.
 
On the basis of variables (Morphometric parameters) the 
variability plot was generated among the variables. This bi-
plot was determined the degree of resembles among the 
species from different geographical locations. It is evident 
that PC1 and PC2 factors based graph between the variables 
were showed the cumulative share of these variables was 

97.42% while the PC1 was contributed 60.60% and PC2 was 
shared 36.82%. It is recorded from the variables plot that on 
the basis of morphometric parameters all the species were 
plotted in the same area (0 to +1.0) with slightly differences 
(Fig. 4A).Present morphometric analysis on basis of PCA as 
per accordance to the earlier recorded data of [29-32]. 
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Fig 4A: Morphometric parameters (variables) variability plot 
 
Variability plot was repeated on the bases of another two 
principal components (PC2 and PC3) to determine the 
validity of component. It is observed that the cumulative 
share of these variables was 39.31% while the PC1 was 
contributed 36.82% and PC2 was shared 02.49% (Fig. 4B). It 
is strongly clear that component/factors PC1 and PC2 are 
more valid than PC2 and PC3 for such type of elaborations. 
 

 
 

Fig 4B: Morphometric parameters (variables) variability plot 
 
4. Conclusion 
These morphometric characteristics may be used in as a 
determination tools. They make primary imputs into other 
analysis, e. g. impact of various habitats and environmental 
variables on phenotype of any taxa such as means in future 
for monitoring of changing environmental variables.  
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