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Abstract 

Leishmaniasis, a zoonotic disease, is a global 

health threat and the impact of the disease in 

Sri Lanka is also felt. Though the disease has 

been known in the country for decades, it was 

neglected for long and very few studies were 

carried out about the vectors; sandflies. The 

potential vector for the disease; Phlebotomus 

(Euphlebotomus) argentipes exists as a species 

complex. There are only a handful of studies 

focused on the discrimination of the sibling 

species based on a complete morphology 

analysis.  The current study aims to reveal the 

status of morphospecies found in the potential 

vector species; Phlebotomus (Euphlebotomus) 

argentipes sensu lato species complex using 

gross morphological analysis. The whole 

morphometric and meristic characters were 

recorded from the sandflies collected from 

various locations in Sri Lanka. They were 

analyzed statistically to discriminate the 

sibling species. The study revealed that more 

than three morphospecies shall be classified 

based on various morphological features. The 

features which can be used in the sibling 

species discrimination are also illustrated.   

Keywords: Phlebotomus argentipes; 

Leishmaniasis; Sri Lanka; Gross Morphology; 

Morphospecies. 

1 Introduction 

Leishmaniasis affects poor people, especially in 

tropical and warm temperate regions such as 

parts of Asia, Southern Europe, America, and 

Africa (Ilango, 2011b). There are three main 

types of leishmaniasis reported so far (Tapia, 

2014), namely, visceral leishmaniasis (VL), 

cutaneous leishmaniasis (CL), and muco-

cutaneous leishmaniasis (MCL). Visceral 

leishmaniasis is also called as Kala-Azar. This is 

the most dangerous and fatal form of the 

disease, if left untreated. VL affects internal 

organs such as spleen and liver. There is 

another condition known as post-kala-azar 

dermal leishmaniasis (PKDL) which may arise 

six months or more after an apparent cure 

from VL. The major symptom of PKDL is skin 
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rashes. PKDL is reported from parts of East 

Africa and the Indian subcontinent.  

Generally, the disease is known to be linked 

with environmental changes, such as 

urbanization, civil construction, and 

deforestation. Immune deficiency, nutrient 

deficiency and poor housing (Kariyawasam et 

al., 2015). Domestic sanitary conditions; such 

as, open sewerage and lack of waste 

management, poverty, lack of education, 

sleeping outside without proper protection, 

outdoor occupational exposure and 

displacement are some risk factors associated 

with the disease.  

According to the epidemiological report in Sri 

Lanka, there are 5 risk factors identified in the 

transmission of leishmaniasis in Sri Lanka; 

such as, socioeconomic conditions, 

malnutrition, population mobility, 

environmental changes, and climate changes 

(Shemshad et al., 2013). Moreover, the 

immune-suppressed people who have 

immunology disorders or Acquired Immune 

Deficiency Syndrome (AIDS) are more prone to 

get leishmaniasis than the others and are at 

higher risk of developing complications that 

affect efficient treatment (Ababa, 2007).  

The disease is caused by Leishmania sp. 

through sandfly vectors and reservoirs hosts; 

such as human, cattle, dogs, and rodents. Thus 

leishmaniasis can also be classified as zoonotic 

or anthroponotic, according to whether the 

natural reservoir of the parasite is animal or 

human (Thakur, 2006). The primary reservoir 

hosts of Leishmania sp. are sylvatic mammals; 

such as, forest rodents and wild canids. Two 

dogs have been infected with amastigotes of 

Leishmania sp. in Sri Lanka (Navaratna et al., 

2007). But the studies are not comprehensive 

to incriminate them as reservoirs. More 

comprehensive studies are needed as evidence 

to incriminate any reservoir hosts’ 

involvement in the country (Navaratna et al., 

2007).  

Phlebotomus (Euphlebotomus) argentipes is the 

potential vector for leishmaniasis in Sri Lanka 

and this species occurs as a species complex 

(Ilango, 2000) (Gajapathy et al., 2011). 

Therefore, it is crucial to differentiate the 

sibling species in order to find out the exact 

vector among species complex. According to 

(Ilango, 2000), there were two morphospecies 

identified in the species complex. This 

classification was based on the ratios of the 

lengths of second sensilla chaetica and second 

antennal flagellomere. Thus, a fly with this 

ratio of 50% or more was identified as 

morphospecies A and less than 50% was 

identified as morphospecies B (Ilango, 2000). 

However, the classification was reassessed 

again (Ilango, 2010). The morphospecies B was 

classified further into two species, with three 

species being reported (Ilango, 2010). Apart 

from the length ratios of second sensilla 

chaetica and second antennal flagellomere, 

overlap of wing, wing index, and the pattern of 

pharyngeal teeth were also used to 

differentiate the species complex (Ilango, 
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2010). The current study was designed to 

differentiate the sibling species from 

Phlebotomus (Euphlebotomus) argentipes 

species complex based on a more detailed 

morphology analysis and to find variable 

morphological features which can be used to 

separate them.  

2 Materials and methods 

2.1 Study sites and sampling 

Ethical approval was obtained from the Animal 

Research Ethics Committee of the University of 

Jaffna (AERC/2015/04). Verbal consent was 

obtained from house owners to collect 

sandflies in their homes or land. 

Sandflies were collected from Anuradhapura, 

Hambantota, Jaffna, Puttalam, and Jaffna 

districts including the associated islands (Delft 

and Pungudutivu) during the period from 2015 

to 2018. These dry zone areas were selected 

based on the previous studies reporting the 

sandflies and/or leishmaniasis. Sampling sites 

in each district were selected based on the 

accessibility. Therefore, locations such as 

Tangalle, Thanamalwila, Ambalantotta, and 

Mamadalla were selected from the 

Hambantota district. Pungudutivu (Ward 10) 

and Delft Island were selected from Jaffna 

associated islands. The Puttalam town area 

was selected from Puttalam district. 

Kahatagasdigiliya was selected from the 

Anuradhapura district. Chunnakam, Kokkuvil, 

Chulipuram, Chavakacheri, and Vaddukottai 

were selected from Jaffna district (Figure 1). 

 

 

Figure 1 : A map indicating the sand-fly sampling locations 
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Sampling was done between 7 pm to 2 am and 

from 4 am to 6 am from 2015 to 2018 on 

monthly basis. Samples were collected from 

dark walls, cracked walls, poorly constructed 

house, and animal sheds. Adult male and 

female sandflies were collected using Cattle 

Baited Nets (CBN), Cattle Baited Huts (CBH), 

and Mouth aspirator collection techniques. 

The cattle baited net was used to collect 

outdoor resting flies and the cattle baited hut 

was used to collect indoor resting flies. Usually, 

CBNC and CBHC were set up from 6 pm to 6 am. 

Sandflies were trapped inside the net. Mouth 

aspirator, with the help of light source was 

used to collect the resting flies within both 

cattle baited hut and cattle baited net. The 

collection was done with the help of 

entomology teams from Anti Malaria Campaign 

(AMC), Sri Lanka. 

Anthropophilic sandflies feed and rest inside 

the houses. Those were found on the wall of old 

or poorly constructed houses, cloth hanger, 

toilets, and bedrooms. Therefore, those 

sandflies were caught by mouth aspirator 

collection using mouth aspirator from 7 pm to 

9 pm and 1 am to 3 am. 

2.2 Sample preservation 

Collected Sandflies were usually anesthetized 

in the freezer for 5 minutes. They were 

preserved in 70% ethyl alcohol contained 

micro centrifuge tubes (1.5ml) with proper 

labeling once they were anesthetized. Labeling 

was done with the details of the collection site, 

collection methods, numbers, and date of the 

collection. Finally, they were preserved in a -

20OC freezer in the laboratory, Department of 

Zoology, University of Jaffna for further 

analysis. 

2.3 Species identification  

External and internal morphological 

characters were carefully identified using 

published taxonomic keys (Lewis, 1978) (Lane, 

1993) (Ilango, 2004) (Ilango, 2010) (Ilango, 

2011a) (Gajapathy et al., 2011). Identified 

Phlebotomus (Euphlebotomus) argentipes were 

separated for further analysis. The sandflies 

were also separated and divided as males and 

females based on the external genitalia before 

the identification process.  

The identified sandflies were temporarily 

mounted in distilled water to study some 

morphometric characteristics such as; the total 

length of the wings (length from wing base 

until the end of the wing vein), the maximum 

width of the wing ( along the middle part of 

wings), the length of Radial vein 1 (R1), Radial 

vein 2 (R2), Radial vein 3 (R3), R2+R3, wing 

overlap (length of radial vein 1 overlapping the 

radial vein 2), lengths of thorax and halters, 

length and the maximum width of the abdomen 

(at 4th segment of the abdomen), lengths of 

femur, length of tibia and length of basitrasus. 

Flies were then dissected using a dissection 

needle and hook. Head, wing, and genital 
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organs were separated. The excess water was 

wiped out carefully before the mounting 

process. The permanent mounting was done in 

Berlese’s medium for further analysis. A drop 

of the medium was placed on the slide and 

covered carefully without air bubbles before 

drying.  

Mounted slides were observed under a 

trinocular microscope (CX21, Olympus, Tokyo, 

Japan), which is equipped with a moving 

Vernier scale and an ocular micrometer for 

measuring purpose. A datasheet was prepared 

to record the measurements. 

2.4  Morphometry  

Length of head, width of head, length of eye, 

width of eye, length of inter-ocular, total length 

of antenna, total length of maxillary palp, 

segments of maxillary palps (P1, P2, P3, P4 and 

P5), length of antennal flagellomere 1,2,3 and 

6, length of sensilla chaetica on AF1, AF2, AF3 

and AF6, length of labrum, length of cibarium, 

total length of pharynx, maximum width of 

pharynx and minimum width of pharynx were 

measured from the head region. The 

measurement of structures such as length of 

wing, maximum width of wing, length of wing 

veins; such as, Radial vein 1 (R1), Radial vein 2 

(R2), Radial vein 3 (R3), Radial vein 2+3 (R2-

+3) were taken ( 

Figure 2).  

 

 

Figure 2 : Dorsal view of the wing of Phlebotomus (Euphlebotomus) argentipes male, illustrating the 
measured characters such as; length measurements of the radial vein 1, radial vein 2, radial 
vein 2+3 and radial vein 3 (×100). 
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The male genitalia contain aedeagus, cerci, 

styles, genital pump, parameres, surstyle, and 

coxite. Width of genital coxite, length of genital 

coxite, length of style, length of surstyle, length 

of paramere, aedegal sheath, aedegal filament 

and aedegal pump were measured for males.   

Length of thorax, length, and width of 

abdomen, length of halter, length of femur, and 

length of tibia were measured.  

2.5 Statistical analysis 

Characters were measured and converted to 

millimeters (mm). Statistical analysis was done 

in two methods. Assuming two different 

hypotheses for the classification of the sibling 

species, based on the taxonomic keys proposed 

by (Ilango, 2000) (Ilango, 2010), which are 

illustrated below; 

Method 1 

Morphospecies were differentiated as A and B 

based on the antennal flagellomere and sensilla 

chaetica length ratio based on the classification 

scheme proposed by Ilango (2000).  

Method 2 

Morphospecies were differentiated based on 

the coxite/style ratio (Ilango, 2010).  

All the measured characters were analyzed 

using principal component analysis (PCA) in 

Minitab software (Minitab, Release version 

16). The student t-test, ANOVA, and Turkey 

tests (Minitab Release version 16) were also 

performed.  

3 Results and discussion 

A total of 1250 males and 400 female flies were 

identified as Phlebotomus (Euphlebotomus) 

argentipes based on the identification characters 

such as armed pharynx, tri-lobed paramere, 

differentiated spermathecal end segments, etc. 

More flies were caught between 7 pm to 2 pm 

as well as 4 am to 6 am. A previous study 

(Senanayake et al., 2015) also indicated the 

aggregation period of sandflies was between 8 

pm to 11 pm. Moreover, the collection was low 

during the windy seasons (May, June, and July) 

in the Northern Province, Sri Lanka. It can be 

due to the wind speed is highly influencing in 

sandfly movement. Besides, the sandfly 

collection was high at the animal sheds, near 

toilets, near wells, bathrooms, cracked old 

walls, and poorly constructed houses. It can be 

due to its habitat preferences with moisture 

and shade. Phlebotomus (Euphlebotomus) 

argentipes species were mostly caught with 

cattle baited hut and cattle baited net.  Number 

of flies collected from indoor hand collection 

using mouth aspirator was comparatively low 

than the outdoor hand collection. However, 

more sandflies were caught using cattle baited 

collection. It is because Phlebotomus 

(Euphlebotomus) argentipes are provided with 

an easy and large food source in cattle. 

Morphospecies A and morphospecies B were 

differentiated based on the lengths ratio of 

sensilla chaetica on antennal flagellomere 2 

(AF2) (Ilango, 2000). A fly with this ratio of 

50% or more was classified as morphospecies 
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A and less than 50% was classified as 

morphospecies B (Ilango, 2000), (Figure 3). 

According to the Table 1, 422 males and 242 

females were identified as Phlebotomus 

(Euphlebotomus) argentipes species and 

mounted with Berlese medium for gross 

morphological measurements. According to 

Ilango’s (2000) classification, 506 flies were 

identified as morphospecies A whereas 158 

flies are morphospecies B. 

 

 

Figure 3:  Antennal flagellomere and sensilla chaetica of Phlebotomus (Euphlebotomus) argentipes 
male morphospecies B (left) and male morphospecies A (right) 

Table 1 :  Number of prepared microscopic slides according to the classification proposed by Ilango 
(2000) for gross morphology analysis. 

Measured 
samples 

Male Female 

A 267 239 

B 155 3 

 

The number of female morphospecies B was 

very less compared with male 

morphospecies B. Delft Island was reported 

with predominant morphospecies B 

distribution in earlier studies (Gajapathy et al., 

2013). Therefore, different sampling sites and 

techniques were focused to catch them in Delft 

Island. However, it was observed that the 

population in the Delft Island also shifted 

towards dominant morphospecies A as more 

than 80% of the samples belongs to 

morphospecies A in male flies, in the different 

collection methods as well. 

3.1 Gross morphology analysis 

Female Phlebotomus (Euphlebotomus) 

argentipes contains a pair of maxillae, 

mandibles, and a hypopharynx in between a 

dorsal labrum and a ventral labium. However, 

the male sandflies’ mouthparts were smaller. 

The labrum can be identified based on its 
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sword shape. Labium is thick in its structure. 

Phlebotomus (Euphlebotomus) argentipes 

species has a pair of 16-segmented hairy 

antennae. The first segment of antenna is ring-

shaped whereas the second one is globe 

shaped. However, the third antennal segment 

is the longest one. The fourth and fifth 

segments are nearly equal in length. The rest of 

the segments from six to sixteen become 

gradually shorter. Therefore, the last segment 

is the shortest one. Each antennal segment (3 

to 15) has one or more sensilla chaetica or 

antennal ascoids which is a transparent, 

modified sensory hair. The palps are another 

important structure found in the head. Palps 

consist of five segments. It is attached to the 

base of the labrum. The cibarium is an internal 

structure located in the head between 

proboscis and pharynx. The pharynx is present 

posterior to the cibarium and consists of two 

dorsal and one ventral plate. The base of the 

pharynx has pharyngeal armature which is 

made up of spicules and teeth. The abdomen of 

the sandfly contains ten segments. The final 

three segments of the abdomen are 

transformed into genitalia in males. Coxite is 

paired and the largest part of male genitalia.  

Surstyles are paired, long and cylindrical and 

found on the ventral side. Parameres are also 

paired with three lobes; tri-lobed parameres. 

Aedeagus is a dark chitinous part that contains 

aedeagus sheath, aedeagus filament, and 

genital pump.  The styles are paired with five 

spines which are attached to the ends of 

coxites.  

Internal organs of female genitalia such as 

genital fork, spermatheca, and the 

spermathecal duct are taxonomically 

important. Paired spermatheca with ducts and 

paired cerci which are attached to the 10th 

abdomen segment are important characters 

from a taxonomic point of view.  

Prothorax, Mesothorax, and Metathorax are 

three regions in thoracic segments. Each of 

these three segments has one pair of legs. 

Metathorax has a pair of reduced wings which 

is also known as halters. Mesothorax has a pair 

of wings.  

3.2 Statistical analysis 

The following tests are based on the 

classification method as proposed by Ilango 

(2000). A two tail student t-test was performed 

with the following hypothesis: 

Null hypothesis H0:  

Particular morphological character is 

not different among morphospecies A 

and morphospecies B.  

Alternative hypothesis H1:  

Particular morphological character is 

different between morphospecies A 

and morphospecies B.  

Statistical analysis could not be performed for 

female sandflies due to the lack of females 

caught in the collection. 

Table 2 shows the significantly varying 

morphometric characters (P values<0.05) 

among morphospecies A and B in males 

according to the classification scheme propose 
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by Ilango (2000). Seventeen characters were 

significantly varied (P values < 0.05) among 

morphospecies A and morphospecies B.  

Principal component analysis (PCA) was done 

to check the variations and groupings among 

morphospecies A and morphospecies B. PCA is 

a dimensionality reduction technique that 

enables to identify correlations and patterns in 

a data set so that it can be transformed into a 

data set of significantly lower dimension 

without loss of any important information.

Table 2 : Values obtained from student t-test (Microsoft excel, 2010) for male morphospecies A and B. 

Character P-value 

Sensilla chaetica on AF2 3.21E-22 

Sensilla chaetica on AF1 1.33E-15 

Sensilla chaetica on AF3 6.42E-13 

Sensilla chaetica on AF6 2.58E-11 

Wing venation R3 3.88E-05 

Pharynx  minimum width 0.000742 

Third Maxillary palp segment 0.001764 

Inter ocular Length 0.002172 

Wing venation R1 0.002704 

Pharynx maximum width 0.003328 

Total Length of Maxillary palp 0.005188 

Fifth Maxillary palp segment 0.024369 

Length of abdomen 0.028585 

Wing venation R1 overlaps R2. 0.04975 

Pharynx total length 0.005547 

Length of Cibarium 0.006033 

Wing venation R2 0.009494 

 

 

Figure 4 :  Score plot of all measured characters of male Phlebotomus (Euphlebotomus) argentipes 
morphospecies A and morphospecies B based on SC2/AF2 ratio (Ilango,2000) in the study 
(sandfly) population. 
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The clusters obtained from PCA score plot for 

first two principal components revealed that 

there might be another group found within 

cluster represented by morphospecies B. The 

new cluster was named as group C (Figure 4). 

A Student t-test (Microsoft excel 2010) was 

performed again to analyze the variation 

between morphospecies B and newly 

identified group C with the following 

hypothesis: 

Null hypothesis H0: Particular 

morphological character is not different 

among morphospecies B and 

morphospecies C.   

Alternative hypothesis H1:  

Particular morphological character is 

different between morphospecies B and 

morphospecies C.  

The results are shown in Table 3. 

Table 3.shows the significant difference (P 

values lower than 0.05) between the 

characters of morphospecies B and newly 

named morphospecies C. Twenty-five 

characters showed significant variations.  

Table 3  The P values among clusters B and C obtained from student t-test (Microsoft Excel 2010). 

Characters P-Values 

Labrum 0.001 

Total Length of Maxillary palp 0.010 

First Maxillary palp segment 0.031 

Third Maxillary palp segment 0.026 

Fourth Maxillary palp segment 0.013 

Fifth Maxillary palp segment 0.001 

Antennal Flagellomere AF1 0.038 

AF3 0.009 

Total Antenna 0.000 

Length of Cibarium 0.055 

Pharynx total length 0.000 

Wing venation R1 0.000 

Wing  R1 overlaps R2 0.031 

Coxite width 0.000 

Coxite length 0.000 

Style 0.017 

Aedegal Sheath Filament 0.008 

Genital Pump 0.016 

Thorax 0.000 

Halter 0.000 

Length of Abdomen 0.000 

Width of abdomen 0.000 

Femur 0.000 

Tibia 0.000 

Basitarsus 0.000 
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Figure 5  Score plot for all measured characters of male Phlebotomus (Euphlebotomus) 
argentipes morphospecies A, morphospecies B and morphospecies C in the study 
sandfly population. 

The principal component analysis was done 

again for those three morphospecies (Figure 5), 

with the variable morphometric characters  

Figure 5 revealed that there are 3 different 

clusters among Phlebotomus (Euphlebotomus) 

argentipes complex. 

In the results, the first 15 principal 

components have Eigen values greater than 1 

and they explain 67.7% of the variation in the 

data. 

To check the variation in morphological 

characters between three morphospecies (A, B 

and C) one-way ANOVA test was done with the 

following hypothesis: 

Null hypothesis H0:  

A particular morphological character is 

not different among all three species . 

Alternative hypothesis H1:  

Particular morphological character is 

different in at least one species.  

Based on the ANOVA test following 5 

morphometric characters were found to be 

different among three species.  

 Table 4 :ANOVA test results for group A, group B, and group C. 

Characters F values P values 

Fifth Maxillary palp segment 30.19 0.000 

Pharynx total length 42.61 0.000 

Genital coxite width 9.67 0.000 

Length of abdomen 48.87 0.000 

Width of abdomen 15.24 0.000 

B 
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ANOVA test is not useful to differentiate exact 

variations among all the 3 groups. It only 

means at least one group is different from the 

other groups. So, Turkey test was performed as 

a mean separation technique.  

According to the results, the mean values of 

length of fifth maxillary palp segment, total 

length of pharynx, width of genital coxite, total 

length of abdomen, and width of abdomen are 

varied among all morphospecies (A, B and C). 

It can be proposed that, the above mentioned 

characters can be used to differentiate the 

morphospecies A, B, and C for Sri Lankan 

Argentipes complex (males). 

In the method 2, all the morphospecies were 

differentiated based on the coxite/style ratio 

(Ilango, 2010). Ilango (2010) reassessed the 

classification of the complex based on 

coxite/style ratios.  According to the ratio 

between coxite and style, the complex was 

classified as 3 species; namely, Ph. annandalei: 

Ph. argentipess.s. and Ph. glaucus. Thus the 

ratio between coxite and style for Ph. 

annandalei: Ph. argentipes s.s.: Ph: Ph. glaucus 

are more than 1.75, in between 1.65 to 1.75, 

and less than 1.5, respectively.  

But the current research has found males with 

an intermediate value (1.5-1.65) for the ratio of 

coxite/style. So, it was further classified as four 

groups based on this reassessment by Ilango 

(2010).  Values equal or less than 1.5 was 

named as group 1, in between 1.5 and 1.65 was 

named as group 2, in between 1.65 and 1.75 

was named as group 3 and more than 1.75 was 

named as group 4. The principal component 

analysis was done based on this assumption 

and the results are shown in Figure 6. 

  

 

Figure 6 : Score plot for all measured characters of male Phlebotomus (Euphlebotomus) argentipes 
morphospecies based on coxite/style ratio (Ilango,2010) in the study (sandfly population) 



Gross morphology analysis for the discrimination ….. 21 

Journal of Jaffna Science Association   Volume 3, Issue 1 

. 

According to figure 6, there is no clear 

grouping found. Therefore, the coxite/style 

ratio cannot be applied to Sri Lankan male 

sandflies. So, all following tests and analysis 

were done based on the method 1; assuming 

that the morphospecies are classified based on 

the length ratio of the sensilla chaetica and the 

antennal flagellomere of the fourth antennal 

segment or second antennal flagellomere. 

3.3 Validation of grouping results. 

According to the results, the male Phlebotomus 

(Euphlebotomus) argentipes was classified into 

three morphospecies based on the following 

characters. 

1. Length of fifth maxillary palp segment 

2. Pharynx total length 

3. Genital coxite width 

4.  Length of the abdomen  

5. Width of the abdomen  

Hence, the lengths shall vary based on the age 

of the sandflies, the ratio of these lengths with 

the total length of the respective sandfly was 

taken to verify the above results. 

 
Table 5 :  ANOVA test results for the ratio of significant characters with the total length of sandfly; 

F value and P values are shown. 

Characters F-value P-value 

Length of fifth maxillary palp / Total length of sandfly 179.71 0.000 

Length of Pharynx/ Total length of sandfly 203.92 0.000 

Width of genital coxite/ Total length of sandfly 168.21 0.000 

Length of abdomen/ Total length of sandfly 58.90 0.000 

Width of abdomen/ Total length of sandfly 11.83 0.000 

 

From the Table 5, it was clear that all the 

characters have shown significant variation 

regardless of the size of the sandfly. A Turkey 

test was performed to confirm this. Except for 

the width of abdomen, mean for all the other 

characters showed distinct variation for three 

morphospecies.  

Total mean value of the width of fifth maxillary 

palp segment/ total length of sandfly for 

morphospecies B is higher than A and C. 

Therefore, the ranking based on the mean 

value for the length of fifth maxillary palp is 

B>C>A. The mean value based on the total 

length of pharynx/total length of sandfly is 

B>C>A. Total mean value of width of coxite/ 

total length of sandfly for morphospecies B is 

higher than A and C. Therefore, the ranking 

based on the mean value for width of 

coxite/total length of sandfly is B>C>A. Total 

mean value of length of abdomen/ total length 

of sandfly for morphospecies A is higher than B 

and C. Therefore, the ranking based on the 

mean value for the length of abdomen is 

A>C>B. 
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ANOVA test revealed that at least one species is 

different from the other two species based on 

width of abdomen/ total length of sandfly for 

morphospecies A, B, and C. According to Tukey 

test, the mean of ratio of width of abdomen/ 

total length of sandfly of morphospecies C 

different from A and B. However, there is no 

significant different in mean of ratio of width of 

abdomen/ total length of sandfly between 

among morphospecies A and morphospecies B. 

Thus, the abdomen width is identified as an 

improper character for discrimination of 

morphospecies. All the other characters such 

as, fifth maxillary palp, total length of pharynx, 

width of coxite and length of abdomen can be 

used in morphospecies discrimination for 

Argentipes complex.  

shows the minimum and maximum lengths of 

measured significant characters (fifth 

maxillary palp, total length of pharynx, width of 

coxite and length of abdomen) for all three 

morphospecies.  

Table 6 :  Maximum and minimum lengths (mm) of identified significant characters for all three 
morphospecies. 

Characters Morphospecies A Morphospecies B Morphospecies C 

Min Max Min Max Min Max 

Fifth maxillary palp 0.07 0.205 0.1275 0.2275 0.1275 0.195 

Total length of pharynx 0.12 0.2 0.17 0.2175 0.1575 0.205 

Width of coxite 0.075 0.125 0.09 0.125 0.09 0.107 

Length of abdomen 0.18 1.35 0.1 0.8 0.18 1.3 

4 Conclusion 

In this research, females were not used for 

statistical analysis due to a lack of females 

belong to morphospecies B in all samples. 

There were only three female flies from 

morphospecies B were identified. PCA analysis 

for male samples shown a new third group lies 

within the complex based on the score plot. The 

third group was termed as morphospecies C. 

Based on the statistical analysis, it was found 

that the fifth segment of maxillary palp, total 

length of pharynx, width of coxite and length of 

abdomen can be used to separate Sri Lankan 

male Phlebotomus (Euphlebotomus) argentipes 

morphospecies. It was found that the 

classification based on coxite and style ratio 

cannot be applicable for Sri Lankan male 

Phlebotomus (Euphlebotomus) argentipes.  
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