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Part 1 

INTRODUCTION 

1.1. Research rationale 

The mosquitoes (Diptera: Culicidae) are one of the most life-threatening species 

on the planet because of their ability to transmit many deadliest diseases. They are 

capable to bear the dangerous parasites or pathogens such as viruses, bacteria, 

protozoans, and nematodes from one vertebrate host and transmit them to another, 

which cause serious diseases such as malaria, yellow fever, dengue, as well as, 

filariasis, Japanese encephalitis and a hundred others maladies by virtue of their blood-

sucking habits (Kettle 1995; Beaty and Marquardt 1996; Lehane 1991; Eldridge and 

Edman 2000, cited by Becker 2010).  

According to the U.S. Centers for Disease Control and Prevention, Ohio State 

University and Texas A&M University (March, 2007), mosquitoes and the diseases 

they spread have been killing more people than all the wars in the past. Even 

nowadays, a great number of human beings in the world are still in danger of getting 

mosquito-borne diseases. It was reported by the American Mosquito Control 

Association that every year, over one million people die from mosquito-borne diseases 

throughout the world. Even though, humid tropics and subtropics are the favor habitats 

for roughly three quarters of all mosquito species, mosquito-borne diseases occur not 

only in these regions (Becker, 2010) but in other region as well. As a consequent of 

global trade and climate warming scenarios (IPPC), mosquito-borne diseases are 

currently explosive worldwide, and have also influenced the sustainable development 

of the world, not only in socio-economy but also in politics. The consequences of 



mosquitoes infection has been recorded in all continents, especially in South Africa 

and Asia. In Viet Nam, only Dengue fever (a mosquito-borne disease) caused by 

Dengue virus, there were approximately 150,000 cases reported each year. From those, 

it was about 50 to 100 people die, and most of them are children (The Eliminate 

Dengue Program). This trend is predicted to be increase dramatically in the far future, 

and become a horror for the country due to the fact that there are still no vaccine 

against dengue fever.  

In order to effectively control the mosquitoes-borne diseases, we need to have a 

good knowledge on mosquito’s systematics, morphology, and biology, which are still 

stayed limited in Viet Nam. Some developed countries, in particular Germany, have 

experienced the advancement in mosquito research, and control work. Over 3500 

mosquito species have been reported, as well as a rich background and varied 

information exist which were well documented. However, the ambition of having 

further comprehensive understanding of mosquitoes remain endless, particular in 

regard to biological and physiological distinctions, upon which the realities of 

subspecies depend on many variants causing remaining unsolved problems. 

 As not much threat as Anopheles and Aedes mosquitoes, the Culex (Cx.) 

mosquito is the third dangerous type of mosquito inhabiting our world. Though it takes 

the blood meal from bird instead of human, it is believed to translate its assortment of 

diseases vector which is potentially fatal to mankind. Floore & Tom (2002) describes 

Culex mosquitoes are painful and persistent biters, they prefer to attack wild birds in 

domestic and dark place, and rarely far away from human shelters, and living. They 

use to be active only for a few weeks during the summer seasons when the females 

search for the warm surface water to lay their eggs. Found in many temperate regions 



throughout urban and suburban area, Culex pipiens L. is one of the most common and 

widespread mosquito species (Weitzel et al., 2009). From Raymond (1995) references, 

Cx. pipiens and Cx. torrentium are two sibling mosquito species with a close 

resemblance in morphology and ecology, which was first discovered in Britain in 

1951. (Andersson & Jaenson 1987, Dahl 1988, Gillies & Gubbins 1982, Service 

1968). The recent works (Hesson et al., 2013; Rudolf et al., 2013) argued that the two 

species has become widespread and common in central Europe and predominate in 

Germany. Service (1968) indicated that the population size of Cx. torrentium is about 

a third of that for Cx. pipiens, from her specimens collection in some southern 

localities in England. Moreover, observations made by Service (1968), larvae of both 

species usually see altogether in the same habitats, and no differences were recorded in 

the morphology of their immature stages. Similarly, a comparative taxonomic study of 

Dahl C. (1988) showed that neither the egg rafts nor larvae of both species can be 

distinguished. It is, therefore, causing the confusion in many situations such as 

distribution, vector status, and particular in diseases control program. While Cx. 

pipiens is the main vector, or carrier, of St. Louis Encephalitis, West Nile Virus, 

Western Equine Encephalitis, Heartworm in dogs, and bird Malaria (Parreira et al., 

2007; Papa et al., 2013; Radrova et al., 2013); Cx. torrentium is a highly conveyor to 

Sindbis virus in Sweden, Norway, and Russia and turned out to be the main enzootic 

vector for Sindbis in Sweden (Lundström 1994; Lundström et al., 1990, cited by 

Börstler et al., 2014). Although their main victim has been bird, they are considered to 

be a “bridge” vector as it was found to be able to transmit viruses from bird to humans 

and other mammals.  



Taxonomic studies on these two species has been developed by morphologic 

methods since 1900s, however, it is often evaluated to be difficult, time-consuming, 

and often limited with certainty by characters of the male genitalia. In 1988, Dahl et 

al., argued that almost all morphological characters of males are variable and 

overlapping. This, together with the fact that in epidemiological studies, understanding 

the discrimination of adult females is very important as it is always known to be 

human blood- sucking and transmitted sickness & diseases.  

The gaps in our knowledge  about  the  quantitative,  spatial  and  temporal  

distribution  of  both  species  stay remained, and have been confused in many former 

studies, and not separated in many publications, for example, Schäfer et  al., 2004 

wrote Cx. pipiens/torrentium, even neglected the existence  of Cx. torrentium in some 

other publications (e.g. Rydzdanicz & Lonc, 2003 cited by Börstler et al., 2014). 

According to literature made by Börstler et al., 2014, wing morphology was first 

mentioned in Mahrig (1969) publication based on the wing vein r2/3 and vein r2, of Cx. 

torrentium & Cx. pipiens females, but no longer be rejected the reliability of this 

character by Service (1968) for specimens from Great Britain, as did Fedorova and 

Shaikevich (2007) for Muscovite specimens. 

Only recently, an advanced method was developed, as known as a multiplex 

real-time PCR protocol to distinguish various species and biotypes of Culex from both 

single and pooled specimens from mainly Germany. Börstler et al., (2014) recognized 

this method on his discrimination of Cx. pipiens and Cx. torentium, is fast clarify, 

cheaper, and more convenient without using a molecular laboratory, or genetic test. 

From his findings, he pointed that the length of wing radial vein r2/3 as a morphometric 



character of mosquito is reliable for the wing differences between the two sibling 

species of Culex.  

However, the wing morphology characters or genetic morphometric had been 

found to be varied in some Culicidaes as environmental factors change. Lyimo EO et 

al., (1992) are the pioneers in studying the relationship between the breeding 

conditions as rearing temperature and larval density and the mosquito morphology in 

Anopheles gambiae species, as he found significant influences of density and 

temperature in A. gambiae aldult size. The variability in the relationship between 

weight and wing length of Anopheles gambiae continued to demonstrate in the work of 

Koella JC & Lyimo EO (1996). Similar observations was seen in populations of Aedes 

(Stegomyia) aegypti by Jirakanjanakit et al., (2007). More recently, in a publication, 

Sanford et al., (2011) states that wing beat frequency mediating in A. gambiae mate-

choice resulting in morphological difference between the M and S molecular forms. 

It then appears necessary to better understand the natural causes of mosquito 

shape changes, particularly their effect on wing morphometry in two potential 

arbovirus vectors Cx. pipiens and Cx. torrentium from Germany, if any.  

1.2. Research’s objectives 

 The purpose of this study is to test the reliability of the wing morphometry method 

for taxonomy of Cx. pipiens and Cx. torrentium under different breeding 

condition. 

 This study will help to bridge some gaps of the insufficient knowledge about the 

link of ecology resulted on the wing morphology of Cx. pipiens and Cx. 



torrentium which is not only important for biodiversity but also significant for 

mosquito-borne diseases control. 

1.3. Research questions and hypotheses 

If breeding conditions are related to wing morphology of mosquitoes, then as 

breeding density conditions change, the wing morphology will be modified. 

1.4. Limitations 

In this case study, the researcher agrees that rearing experiments with the egg 

rafts of Cx. pipiens and Cx. torrentium was a complicated task. Though there were 

enough specimens for the study, the mortality rate of reared larvae was relative high. 

Thus, the researcher believed that there were a number of factors affected the 

development from egg to adult of mosquitoes, and perhaps, the main reasons for low 

results of rearing mosquitoes are the temperature and humidity which were not 

controlled well in the experiment. This were limitations in this case study, while the 

author decided to rear mosquitoes in the conditions of laboratory environment. As 

consequently, the survival rate decreased dramatically, especially in the last stage of 

pupation.  

The interactions between the mosquitoes and its breeding conditions with more 

environmental factors, were not well studied. For example, there are many more 

mosquito species across different genera that can act as vectors for other diseases 

(reviewed by Stephen & Juliano 2012), and a similar morphometric shape analysis on 

them might prove productive. This research has to be done, before we should thought 

about mosquito-borne diseases interventions. 



Part 2 

LITERATURE REVIEW 

Characterize and discrimination of species are usually a laborious and 

complicated task, especially when it is driven under biological mechanisms. 

Nowadays, Geometric morphometric offered a powerful and cheap characterizing 

estimator which allowed us to estimate quantitative-genetic parameters of shape as 

wing morphology, as well as to statistically test hypotheses about the factors that affect 

shape. It is, therefore, a very important appliance in the identification of species, and 

quantify a trait of evolutionary significance for many organisms, including medically 

important insects (Dujardin & Slice 2007, cited by Jirakanjanakit et al., 2007). So far, 

it has been successfully applied to categorize various species and biotypes of Culex 

from both single and pooled specimens (Rudolf et al., 2013), differentiating two 

sympatric sibling species of Culex Complexes, Cx. pipiens and Cx. torrentium 

(Börstler et al., 2014 ; Fedorova and Shaikevich 2007; Service, M.W. 1968), and 

access the influence of environmental variation on the geometry of the wings in some 

mosquito species such as Aedes (Stegomyia) aegypti (N. Jirakanjanakitet et al., 2007), 

Aedes cantans (Renchaw M, Service MW & Birley MH 1993), or Anopheles gambiae 

(Lehmann et al., 2006), and so forth.  

The purpose of this literature review is to clarify the use of “wing morphology” 

tool in taxonomy of two close resemblance species of Culex, Cx. pipiens and Cx. 

torrentium, and investigate the link of mosquito ecology and the resulting wing 

morphometry on their population, as well as the finding of morphological changes 

revealed the habitats of mosquitoes for better control of vector borne-diseases. 



2.1. The use of wing morphometric in taxonomic mosquitoes 

The use of wing morphometric properties has been suggested in the work of 

Rohlf & Archie (1984). Their paper reports a study of 127 species of mosquitoes from 

America north of Mexico. The research concerned with outlines of wings methods to 

clarify the similarities and differences in wing morphology of the mosquitoes. In Rohlf 

& Archie’s time, outline method, which used to digitize points along a given outline 

with a certain mathematical function, was relatively a new methods. In general, the 

pattern of similarities and differences in wing shapes of mosquitoes were relative well 

identified and classified. However, as far as I reviewed, this is considered to be the 

first geometric morphometric application, therefore, though the findings suggested that 

it could be promising for future work in species identifications, it was limited to 

simple outlines. Moreover, according to this study’s results, the clusters of similar 

wings did not fit well with traditional taxonomic groupings. In fact, each research such 

as Rohlf and Ferson (1983) based on different outlines quantifying brought different 

statistical outcomes resulting no agreed upon theory. It then leaved challenges for the 

next researchers to select the best approach.  

While, based upon research, Calle et al., (2002) also used the features of wing 

morphometric in taxonomy of mosquitoes. The main goal in their study is to identify 

the discriminationof adult females from five species of Anopheles in Colombia, using 

wing morphometric analysis. The study was carried out with 115 adult females who 

were obtained after rearing larvae collected in naturalbreeding sites, as well as the 

progeny of females collected on human settlements. In order to examine the 

morphometric relations among those 5 species, multivariate analysis, or principal 

component analysis (PCA) was invested to analysis the lengths of wing spots of 



female mosquitoes. Approximate 90% of confidence level was reported for 

reclassification of all the females into their species. According to Landis & Koch 

(1977), 81% to 99% of concordance value is believed to be almost perfect. Thus, these 

findings have important outcomes for the broader domain oftaxonomic tool for not 

only this group but also for further studied on others mosquitoes. One limitation of this 

study is the use of wing length data can only reveal little information about the spatial 

distribution of shape changes among groups, which is now consumed to make the 

taxonomy science more accurate. The methods currently called traditional 

morphometric or multivariate morphometric.  

Wing morphometric methods was again proven to be an aid for taxonomy of 

mosquitoes in a study from Thailand. Jirakanjanakit & Dujardin (2005) examined the 

geometric morphometric techniques in relation to strain distinctiveness of four Aedes 

aegypti dengue vector-species which differed in geographic distributions and number 

of generations. Both larvae and adult mosquitoes of female Aedes aegypti mosquitoes 

from 4 different places in Thailand were used. However, in this research, an advanced 

technique called landmark –based geometric morphometric were carried out for 

specimens’ wings. Using a phase contrast microscope, sixteen landmarks by which 

chosen venation intersections and the junction of each vein was plotted on each wing 

provided a coordinates systems for each individual, therefore the change in wing shape 

was more accurate in comparing size and shape of the mosquitoes’ wings. These 

differences in data have also been then used in multivariate analysis in order to 

compare the shape variation among species. This method was improved almost all the 

limitations of traditional methods, while it supplemented the missing specification in 

spatial information in wing shape variations from traditional morphometrics. As a 



result, size of wings illustrated a significant decrease in number of generations spent in 

the laboratory, while the shape indicated an almost perfect classification of the 

mosquitoes. For this results, Jirakanjanakit & Dujardin (2005) demonstrated that wing 

geometric is a potential powerful tool in analyzing shape, particular in reclassifying 

different vector lines which would be useful in fields concerning to entomological 

surveillance and mosquito-borne disease control. 

In conclusion, though this review cited some notable studies only, the main 

remark from those studies is that wing geometric morphometrics encompasses an 

efficient tools allowing for shape change visualization among groups, which aid in the 

interpretation of data in way that traditional morphometrics impossibly provided. 

Furthermore, this method is relatively simple and cheap, and able to employ in the 

field without a molecular laboratory. 

2.2. The evolution of wing geometric morphometric in Culex 

taxonomic 

2.2.1. General Review on Culex p. pipiens and Cx. torrentium  

More than 750 Culex species from 24 subgenera have been reported worldwide 

(See Figure. 1), and most of them are tropical species which are reputed to transmit of 

lymphatic filariasis and diverse viral diseases (Becker et al., 2010). 

In Europe, member of this genus distribute mainly in central Europe or 

Mediterranean (Figure. 1). Becker et al., (2010) describes this genus are usually small 

to medium sized species. The head is as long as the antenna which is multiple-

branched, or slightly shorter. The comb scales are abundant, tiny and elongated. 



Savage et al., (2012) addressed 4 primary genetic entities of Cx. pipiens 

complexes from Mississippi River basin which are Cx. p. pipiens form pipiens, Cx. p. 

quinque fasciatus, hybrids between two of them, and Cx. p. pipiens form molestus.  

While, in Russia, Shaikevich reported 4 others taxa as Cx. pipiens Linnaeus and the 

autogenous Cx. pipiens form molestus forskal, Cx. torrentium Martini and Cx .vagans 

Wiedermann. In overall, the Cx. pipiens complex includes various species, subspecies, 

forms, races, physiological variants, or biotypes (Weitzel et al., 2009) as reported by 

different scientists. As a result, the potential role of the various complex members 

which are significant vectors of diseases must be identified clearly their geographic 

distribution as well as behavioral characteristics. 

Members of Cx. pipiens Complex are responsible for many serious diseases of 

human and animals, especially as West Nile virus (WNv) St. Louis, periodic lymphatic 

filariasis, avian malaria and other related encephalitis as cited in Savage & Kothera 

(2012) literatures. According to Petersen et al., (2002), WNv outbreaks among humans 

have been well-known worldwide-spread, especially in Morocco and Romania, Italy, 

Israel, USA, France and in the southern of Russia since 1996 up to now. 

 



Figure 1. Distribution of the Cx. pipiens complex and its sibling species  

(the map of Smith et al., 2004) 

As noted by Smith et al., 2004, Light gray = Cx. pipiens; black = Cx. quinque 

fasciatus; dark gray = overlapping ranges ofCx. pipiens and Cx. quinque fasciatus; 

region marked by dotted line =  Cx. torrentium; region marked by solid line = Cx. 

australicus; region marked by dashed line = Cx. pipiens pallens; New Zealand marked 

by dotted and dashed line = Cx. pervigilans 

Kirkpatrick (1925) expressed Cx. pipiens from Egypt that they are whole day- 

biters, but most active at night, sometimes it occurs frequently in cool weather by day. 

Savage et al., (2012) emphasized that the most favor bloodmeal hosts for members of 

theCx. pipiens Complex are mostly domestic pets and animals, as well as human 

who’s feeding accounted approximate 16% of bloodmeals in Cx. pipiens across wide 

range of sites in the world. These findings from those researches emphasized that this 

species can bring a potential lost to human health as well as economic lost.  

Belonging to the pipiens group of the subgenus Culex, but not to the Cx. pipiens 

Complex (Harbach 2011),  Cx. torrentium was first found by Martini in England till 

1925, although some authors took evidences that it had been presented since at least 

1900 (Service MW, 1968 cited by Becker et al., 2010). Later, a number of authors 

(e.g., Harbach 1985; Dahl 1988; Harbach 1988; Miller et al., 1996) confirmed that 

they are 2 separate sibling species defined by genetic characteristics and different 

morphology in some development stages. Service(1968) has first seen the dissimilarity 

in larval seta 1-T, Harbach et al., (1985) found the morphology differences in the 

prealar scalepatch, and Dahl (1988) found the pattern of the egg chorion differences 

between Cx. p. pipiens and Cx. torrentium; and latest, Becker et.al (2010) hunted out 



the pointed and twisted apex of the dorsal arm of the aedeagus and the curved ventral 

arm of the paraproct distinctions in the male genitalia (Figure 2 & 3) which are now 

most common, and reliable due to the agreements of many specialists in taxonomy 

between the two species.  

 

Figure 2. Hypopygium of  Cx. 

Torrentium (Becker et al., 2010) 

 

 

Figure3. Aedeagus and paraproct 

of: (a) Cx. p. pipiens;(b)  Cx. 

torrentium;(Becker et al., 2010) 

Becker et al., 2010 clearly redescribed the characteristics for distinguishing Cx. 

torrentium from Cx. p. pipiens from (see fully detailed descriptions in page 275 & p 

279; Becker et al., 2010). In the hypopygium of Cx. torrentium (Fig. 2), the dorsal arm 

of the aedeagus is pointed and twisted at the apex and not blunt as in Cx. p. pipiens. In 

Cx. pipiens the ventral arm of the paraproct usually weekly developed and sickle 

shaped, with much variability in shape and never recurved as in Cx. torrentium. The 

shape of the cercal sclerite of the paraproct in Cx. torrentium is broader and shorter 

than in Cx. pipiens. However the characters are very difficult to use, usually can only 

see by specialists. 



Speaking about the custom similarities between them, many authors have 

mentioned that they are both being an autogenous which means that they cannot  

reproduce eggs without first taking a blood meal, and the male are unable to mate with 

the female in confined spaces as known to be eurygamous, and may diapause in winter 

or hetero dynamic, their distributions are always overlapping when they often occur 

together (Shaikevich, E. V. 2007), in diverse habitats such as ponds, irrigation canals, 

small and large natural and artificial containers, polluted and unpolluted water bodies 

in human settlements, where the proportion of  Cx. torrentium population may 

approach to 80% (Gilles & Gubbins, 1982, cited by Vinogradova, 1997). For this 

reason, Cx. torrentium is more effective in the transmission of deadly virus than Cx. 

pipiens, especially vector of Sindbis virus in Africa, India, Malaysia, Philippines, 

Australia (Vinogradova, 1997). 

2.2.2. Historical development of taxonomic Cx. pipiens and Cx. torrentium 

methodology 

Basically, the discrimination of the female Culex was very hard burden. Dealing 

with this task, Matheson (1929, p. 160) even said that: “It is impossible to recognize these 

sub-genera in the females with any degree of certainty.” Hence, the morphological 

separation of these mosquitoes can only use for male, even more this techniques is 

extremely difficult and unsure, due to time-consuming microscopic diagnosis of male 

genitalia characters.  

Consequently, the gaps in knowledge about the true spatial and temporal 

distribution, quantitative of these mosquitoes have caused many problems in both 

biological studies and vector surveys & control programs. Thus, it appears the high 

demand of clearly separation of the Cx. torrentium and Cx. pipiens. 



The historical development, from 1948 to today, have been experienced many 

taxonomic methods as analysis of morphological, genetical, and ecological variations 

or geographical populations with the hope of better understanding of the relatedness 

between these members of Culex complexes.  

By the evolution of science technology, many advanced tools has been use in 

systematics of the females of Cx. torrentium and Cx. pipiens. Enzyme electrophoretic 

methods used to use for discrimination between morphologically similar Culex species 

(Lopatin 1993; Chevillon et al., 1995; Byrne & Nichols 1999; cited by Weitzel et al., 

2009). According to Weitzel et al., (2009), diagnostic enzyme markers have been 

found by Urbanelli et al., (1981) in Italy. Allozymic differentiation among 3 Swedish 

populations of Cx. pipiens and Cx. torrentium was also mentioned in Dahl (1988). 

With regards to molecular techniques, Miller et al., (1996) using internal transcribed 

spacers (ITS-sequences) of ribosomal DNA which showed that  Cx. torrentium is 

phylogeny of Cx. pipiens Complex, moreover, this statement was one more time 

confirmed by Weitzel et al., (2009) as a comprehensive set of allozyme markers to 

distinguish between  Cx. torrentium and Culex pipiens. Recently, Börstler et al., 

(2014) used a simple, cheap routine tool called multiplex real-time PCR protocol 

regarding with molecular typing with multivariate and bivariate of wing morphometry 

which allowed to quickly separate various species and biotypes of Culex from both 

single and pooled specimens (Rudolf et al., 2013, cited by Börstler et al., 2014).  

While based upon tools, in 1948, Natvig have first used the wing-venation for 

the systematics of the females of Cx. torrentium and Cx. pipiens. He examined the 

slide-preparations of female palpi of these subgenus. He described the wing venation 

which is the stem of the fork r2/3 placed in about one fourth to one third of the fork. 



Though he did not found a significant distinct in this characters between 2 of them, a 

slight differences in the shape and vein length segments has been proposed to 

systematic work. In such context, Mohrig (1969) developed this work by using similar 

methods, and detected that the wing vein r2/3 of Cx. pipiens which is only about 1/5-1/6 

of r2, whereas in  Cx. torrentium females it is measured about 1/3, rarely 1/4 of vein r2 

as did Grodnitsky (1999) (Börstler et al., 2014). Signal conflict started in the same 

year of 1999, when Ribeiro and Ramos, found out that the r2/r2/3 ratio is more than 4 in 

Cx. pipiens but less than that in Cx. pipiens (Fedorova & Shaikevich 2007). 

Subsequently, Börstler et al., 2014 reassessed the taxonomic value of the ratio r2/3 in 

the female specimens from Germany, instead of using r2 as standard in the previous 

studies, vein length r3 was used. It resulted in the r2/3/r3 indices of the both species 

which are 0.185 and 0.289 for Cx. pipiens and Cx. torrentium, respectively. They 

confirmed that their findings were in agreement with Mohrig (1969) who gave the 

r2/3/r3 indices of 0.167 vs 0.33 (the means values mostly close). They concluded that 

the classification by using linear discriminant analysis reached to 97% of confidence 

degree.  

By way of contrast, the reliability of this characters had been rejected by 

Service (1968) for specimens from Great Britain, as well as Fedorova and Shaikevich 

(2007) did for Muscovite specimens, as they cannot find the differences in 

classification using this radial vein length r2/3. 

It seems to have no common opinions in this case, identification of Cx. pipiens 

and Cx. torrentium remain problematic and confusing. It, then addressed a question for 

us whether geographical distribution conditions of these species affected the above 

scientists’ outcomes. In the next part, a number of typical and notable studies in the 



link between the ecology and the resulting wing morphometry of mosquitoes will be 

discussed. 

2.3. The link between the ecology of mosquitoes and the resulting 

wing morphometry 

The development of wing shape associated with plentiful genes which plays 

important role during the growth of mosquitoes, so it is expected that density/stresses 

on larval stage could modify the shape in a certain way (Hoffmann et al., 2005). 

Agnew et al., (2000) examined this hypothesize on the wing length of Culex 

pipiensquin quefasciatu. In their experiment, the larvae was treated under 4 control 

density-dependent which ranged from one to four individuals. They found that the 

wings length of both sexes tended to longer as density decreased, and inversely. 

Moreover, in the females between the ones were reared in no competition and ones 

reared in highest competition, there was a 17% reduction in the wing length between 

them, similar in male who was treated in the same conditions, there was only 8% 

reducing in the wing length. The authors believed that the conditions designed to 

examine the influences of larval density-dependent results similar in natural case 

which contains larger population of mosquitoes. Therefore, it could be offered a 

potentially useful hypothesis for future works on conducting the effects of the stress on 

mosquito growing conditions. 

The raised suggestion in the previous study had been pushed Mpho et al., 

(2002) conducted the research of assessment the temperature on the wing asymmetry 

in Cx. pipiens mosquitoes. They recognized that temperature is an influential 

environmental factors during the development stages of mosquitoes. The fluctuating 



asymmetry (FA) of mosquito wings which was considered to be an indicator of 

environmental stress had been applied in this work. Again, they found the significant 

change on the wing shape as presented by FA according to developmental temperature 

of mosquitoes. As the temperature increased, the FA of Cx. pipiens wings proportional 

increased. There was also a considerable dissimilarities between the sexes in this 

respect, with less sensitive in male but strong increase in females. The findings from 

here were in agreement with their previous studies in 2000, 2001.  

Many works had been done later on this field, and in the wide range of insects 

in general, and in the mosquitoes in particular. The most up-to-date and notable ones 

should be works done by Debat et al., (2003), Hoffmann et al., (2005), Hoffmann et 

al., (2005), Aytekin et al., (2009) and Russell et al., (2011).  

Debat et al., (2003) measured the phenotypic of the Drosophila wings in 

responding with differently temperature during the entire development egg-to-adult on 

the specimen’s simulants by using the well-known method of Procrustes geometric 

morphometric. In agreement with previous studies, the wing size clearly declines as 

the thermal range increases. The changes in wing shape of Drosophila was shown in 

the sets of landmarks, and though there is lighter variation change in the wings in 

accorded with temperature, he suggested that it is not a key for influential wing 

morphology instead of larval density-dependent.  

In insect, Hoffmann et al., (2005) noted that wing-shape monitoring may be 

helpful in detecting larvae breading conditions during different stages of insects, at 

least under controlled experiments. Due to his findings in four of the five data sets, 

there was certain changes in wing morphometric. 



Inheriting the above studies, Aytekin et al., (2009) stated that temperature 

affects both the morphology and biology of mosquitoes. They conducted an 

experiment examining the effects of larval rearing temperature on the malaria vector 

Anopheles. The methods they used in this was designed to be similar with Hoffmann 

et al., (2005). The Anopheles population were both collected from wild and natural 

environment, and treated at six different constant temperatures ranging from 15° to 35° 

C. Both male and female adults were used to landmark 22 coordinates on the wing in 

relation to thermal parameters, as well as development rate. They found that the 

rearing temperature affects entire development of the Anopheles including egg, larval, 

and pupal and also the life traits of them. Longevity reduced in both sexes when 

rearing temperatures increased, correlated with a significant gradual deformations in 

the wing shape and size. In particular, the PCA and UPGMA analysis phenograms 

showed that the wings of male became broader in both sides as the temperature 

increased while in females, it became narrower. A relative deformation in the wings 

were illustrated by landmarks in both sexes. From here, we can conclude that 

environmental factors can alter the genetic and phenotype of mosquito vector which 

implicates that in today scenario of global warming and climate change, the modified 

population of vector illness mosquitoes could cause an imaginable effects on the 

human health and social.  

However, not all scientific researchers found the changes in wing morphometric 

regarding to the effects of environmental variables. Morales Vargas et al., (2010) 

found that altering temperature during larval development resulted no significant 

changes in adult wing morphology of vector Ae. Aegypti. Likewise, Griffiths et al., 

(2005), concedes that the change across geographical latitude did not effect on the 



wing morphometric of the rainforest species Drosophila birchiifor. Alternatively, 

Stephens and Juliano (2012) acquired the low success rate of discrimination of larval 

rearing competition and temperature based on the wing shape for Ae. Albopictusor and 

Ae. Aegypti form Florida. Nevertheless, he still suggested that this approach could be 

successfully used in future studies under different situations such as different mosquito 

species. Over and above, it addressed problematic stuffs for grasp the species 

identification under the environmental influences.  

Understanding the internal causes that drive the population dynamics of 

mosquitoes is therefore very important. If this burden can be solved, it will assist the 

progress of more accurate forecast outbreaks and effective control of sickness, social 

concerns, and more important our ability to adjust or destabilize the growth of either 

low- or high-density insect populations (Russell et al., 2011). 

  



Part 3 

MATERIALS AND METHODS 

3.1. Mosquito collection  

3.1.1. Artificial breeding sites 

On June 12, 2014, three black buckets (13.68 liters) were set in the main 

campus - Haarentor of Oldenburg University, Germany (Figure 4). 

 

 

 

 

 

 

 

 

 

 

Figure 4. Location of the study areas for mosquito collections on the main campus –

Haarentor of Oldenburg University, Germany (Google Map, 2014) 

These sampling buckets used as ovi-traps had been installed near a drainage 

channel and a pond in the university campus (Fig 5 & 6). According to Becker et al., 

1



2012, these areas are perfect for both Cx. pipiens and Cx. torrentium to reproduce their 

eggs, while they are founded mostly in water pools near human settlements. 

Each of buckets contained two liters of tap water and eutrophic hay infusion in 

which mosquito mothers could make sure that its larvae have enough food, and 

developed normally. According to literature, female Culex mosquitoes were supposed 

to oviposit within 2 days in the artificial breeding sites. Culex egg rafts, which were 

floating on the surface water, would be then collected by an iron spoon. They would 

be contained in glass/rearing beakers (400ml) and brought to the laboratory.  

Indeed, the buckets were checked twice times per days at 8.30 a.m. and 5.30 

p.m. for the egg deposition within 4 days from June 17 to June 20, 2014. 

 

 

 

 

 

 

 

3.1.2. Rearing of mosquito 

All egg rafts containers were filled with 200 ml eutrophic hay infusion (Figure 

7). According to Becker et al., (2010), each egg rafts would contain from 200 to 300 

instar larvae depending on size of the rafts. After larval hatching，the first instars 

Figure 5. A black bucket exposed 

near a water body containing dry hay 

infusion 

Figure 6. Two black buckets 

exposed near a pond containing dry hay 

infusion 

 



were gently transferred to glass tube (10 ml) with a plastic pipette (VWR©, Pasteur 

pipet 7 ml, non Sterile). 

These progeny mosquitoes were then assigned to one of two interspecific 

competition treatments, which are 1:0 (low larval density), and 1:9 (high larval 

density). For each egg raft, 110 larvae were reared in which 10 larvae were choose for 

10 replicated experiment combinations of low density (1:0), and 100 larvae were for 

10 replicates of high density (1:9) (Fig 8). 

 

 

 

 

 

 

Figure 7. All egg rafts were kept in rearing glass filled with the eutrophic hay 

infusion. 

All larval rearing racks are housed inside a rearing rooms (Fig. 9) under the 

same surrounding temperature, and humidity until all individuals emerged or died. 

 

 

 

 



 

 

 

 

 

 

 

 

 

According to Eugene (1970), non-absorbent cotton were used from the pupal 

development to plug the glass tube in order to prevent the escape of any emerging 

adults. Cadavers, adults and exuviates, were removed from the rearing tube, only some 

of them were preserved in 70% ethanol, simultaneously, the remaining was fed with 

amount of hay infusion upon the taken quantity every 24 hours.  

The entire of mosquito information as date and time of collecting, hatching and 

adult emergence, or survivorship was recorded every day, and the dataset were 

organized in an Excel database file. 

3.2. Morphometric data collection 

3.2.1. Wing preparation 

Emerged adults were pushed on a 500 µm black mesh net (frame height and 

width 250 mm) (Fig. 10), and killed in a lab freezer at minus 20 Celsius degree (based 

Figure 8. For each egg raft, 

110 larvae were reared for 10 

replicates of 2 experimental 

combinations. 

Figure 9. All larval rearing 

racks are housed inside the rearing 

rooms, glass tube were plugged with 

cotton since the fifth day.  



on a recorder of the refrigerator) for more than 2 hours. In the total of 160 individuals, 

the typical males from each egg raft were choose to identified for sex by using the key 

morphological characters of the hypopygia, thus, we can later know the species 

identity of each egg raft according to Becker et al., (2012). 

Those specimens were gently removed the wings, thereafter submerged in 

absolute ethanol for a second. Both wings were gently removed from adult 

mosquitoes, for 132 wings in total. In case one side-wing was injured, another side 

was used, but if both wings were damaged, the specimen was expelled from the 

experiment as in Stephens and Juliano (2012). Beneficial to easier landmark procedure 

afterward, the attached wing scales were carefully scraped off using a tiny broom (Fig. 

11) before mounting according to Börstler et al., (2014). The smooth wings were 

mounted on glass slides mounted with Euparal 3C 239 (Waldeck GmbH & Co. KG, 

Muenster, Germany) (Fig. 12). 

Figure 10. 

Emerged adults were 

pushed on a black net 

Figure 11. 

Using a tiny broom to 

scrape off the wing 

scales 

Figure 12. 

Euparal 3C 239 

(Waldeck GmbH & Co. 

KG, Muenster) 



3.2.2. Wing morphometry collection 

The mounted wings were then photographed under the Leica MZ 7.5 

Stereomicroscope and imported into Adobe Photoshop software version 7.0 for saving 

pictures. Then, the pictures were loaded into the program CLIC (http://mome-

clic.com/the-clic-package/). Each specimen was selected a set of 13 raw landmark 

coordinates (Figure 13.a) & b)), and converted into a digital form (format.txt) that 

could be processed by a computer. 

Figure 13.The positions of the 13 morphometric landmarks on the Culex 

complexes  

a) right wings b) left wings 

Based on Stephens & Juliano (2012), landmarks were plotted at intersections of 

wing veins or intersections of veins and the wing margin. In this experiment, for the 

entire of 160 mosquito specimens, there were 17 specimens taken only right wings, 21 

a ) 

b)  

http://mome-clic.com/the-clic-package/
http://mome-clic.com/the-clic-package/


specimens taken only left wings and 94 specimens taken both wings (Table 3). All raw 

landmarks were translated, re-scaled and rotated to produce the procrustes residuals.  

3.3. Bivariate analyses 

For this parts, the researcher used bivariate studies to examine the relationship 

between two dependent variables as r2/3 and r3 (Grodnitsky 1999). According to the 

literature, r2/3 is the length from landmarks 12 to 13, while r3 is the length of landmarks 

13 to 4. Though in some studies, the authors (e.g. Mohrig 1969) used r2, which is the 

length of the straight line from landmark 13 to 3, the researcher used the r3 because of 

its reliable illustrated by some previous researchers (such as Börstler et al., 2014).In 

fact, the radial veins r2 and r3 are almost equal length, therefore, no significant changes 

in both cases are recorded. The lengths of r2/3 is about 1/3 to 1/4 of r2 in Cx. 

torrentium, and approximately 1/6 to 1/5 of vein r2 in Cx. pipiens (Natvig 1948; 

Mohrig 1969, cited by Börstler et al., 2014). The calculation vein length r2/3 and the 

ration of r2/3 and r3 used to use to separate two species as in Börstler et al., 2014 would 

be also use in this case of two different density competition.  

By using stereomicroscope, all mounted wings were ocular scored under 35x 

magnification. For further reading, these methods was basically followed by Börstler 

et al., (2014) in almost all methods. 

3.4. Multivariate analyses  

Overall wing shape based on the 13 landmarks was compared among all 

specimens across different density, sex, and species groups through discriminant 

multivariate analysis. Following this analysis, Principal component analysis (PCA) 

was used to analyze the shape differences on the wings among 46 Cx. torrentium and 



114 Cx. torrentium. PCA scatterplots were generated for reclassification tests of each 

pair of samples based on 2 vein length r2/3 and r3.  

PCA is well-known for the shape discriminations among Culex species, and 

because of its ability to eliminated non-shape variation in the analysis. The crossed of 

PCA components in the chart would be mean shape of all analyzed individuals of Cx. 

torrentium and Cx. pipiens. The function of vegan package (Oksanen 2013) of the 

program R (R Core Team 2012) was conducted to multivariate static analysis. The 

number of principal analysis components were used to examine the significant shape 

change between both species for multivariate analysis of variance (MANOVA).  

To avoid the inter- or intra-observer variation of landmark collection (e.g., by 

memorizing it, etc.), the researcher asked 10 students from different majors of 

Oldenburg University collected the same 10 wing specimens. 



Part 4 

RESULTS 

4.1. Rearing mosquitoes 

There were 13 egg rafts had been collected resulting 1430 reared larvae. 

Though all of them developed very well in the first stages of development, there were 

only 160 larvae enclosed to adults in total (Table. 1). It means that there were only 

approximately 11.2 % of larvae survived, whereas 88.8% larvae died or not enclosed. 

The mortality of larvae was quite high due to a number of reasons which will be 

discussed in the next parts.  

Table 1. No. of adults Cx. torrentium and Cx. pipiens in the rearing 

experiments 

Species 

No. 

adults 

Sex No. adults in 2 density treatments 

Male Female Low density (1:0) High density (1:9) 

Cx. torrentium 46 21 22 14 32 

Cx. pipiens 114 29 72 19 95 

Total 160 50 94 33 127 

 

We can see that the number of Cx. pipiens consisted in this study were almost 

double of number of Cx. torrentium. The sex proportion was about 1 male: 1 female in 

Cx. torrentium, but it was roughly 1 male: 2 female in Cx. pipiens. 72 Cx. pipiens 

females accounted 76.6 percentage of total females detected in this study. Not 



surprising when the proportion of emerged adults in high density treatments was lower 

than ones reared in low density due to its optimal rearing conditions or no competition 

among larvae. 33 mosquitoes were alive in total of 130 larvae reared in low 

competition, accounting 25.4 % of survival rate for the low competition. The 

percentage of adults reared in the high density was only 9.77% as results of 127 

individuals survived in total of 1,300 original larvae reared.  

Furthermore, based on the checking schedule presented in Part 3, Cx. pipiens 

and Cx. torrentium females often deposited at night, and the size of eggs raft is 

variable resulting diverse number of eggs per rafts (see Fig 14. a)) 

 

 

 

 

 

Figure 14. The development stages of Cx. pipiens and Cx. torrentium a) Egg 

raft and b) fourth instar larvae. The photos were taken under the Leica MZ 7.5 

Stereomicroscope and seen by Adobe Photoshop software version 7.0 

Eggs of both species usually hatched in 40-50 hours in the summer weather of 

Oldenburg city, Germany (from 18-29 degree Celsius in the day time, and 8 to 15 

degree Celsius in the night time) (see instar larvae in Fig 14. b)). The Cx. pipiens 

required longer days for the whole enclosing from larvae to adults, in which its larval 

a) b) 



development required 16 to 19 days and 2 to 5 days were needed for the pupal 

development. In comparison with Cx. pipiens, the Cx. torrentium required only 10 to 

18 days for larval completion, and maximum 3 days for pupation. The Table 2 below 

presented the time-life of both species.  

Table 2. Number of days required for the development stages of Cx. torrentium 

and Cx. pipiens 

  No. days required for 

Species 

Egg 

hatching 

Larval 

development 

Pupal 

development 

Cx. torrentium 2 10 - 18 2 - 3  

Cx. pipiens  2 16 - 19  2 - 4  

 
Note: The pupal development was detected for the each rearing glass tube, not for each 

individuals, because I did not separate them until they became matured. 

4.2. Morphometric Differences between Treatment Groups 

4.2.1. Bivariate analyses 

Since r2/3 and r3 used to be a reliable indicators for the taxonomy of Cx. 

torrentium and Cx. pipiens, I used bivariate analysis for these 2 vein lengths to 

examine how well they can classify the species. In this analysis, I used both male and 

female, the right and left wings of the both species. All individuals of each groups 

were statistically in the Table 3 below.  

 

 

 

 



Table 3. Population of each groups with only one side wings or both. 

Densit
y 

Species Sex 
only 
left 

only 
right 

both 
wings 

total_lef
t 

total_righ
t 

1 

Cx. 
torrentium 

Male 0 1 2 2 3 

femal
e 

2 0 17 19 18 

Cx. pipiens 

male 1 2 2 3 4 

femal
e 

1 1 11 12 12 

10 

Cx. 
torrentium 

male 0 0 14 14 14 

femal
e 

1 1 10 11 11 

Cx. pipiens 

male 5 1 19 24 20 

femal
e 

11 11 19 30 30 

 Total  21 17 94 115 112 

The number of individuals used both wings were dominated (94 ind.) compared 

with the ones had only one left wings (21 ind.) or right wings (17 ind.) because of the 

carefully removed wing preparation. In overall, the total number of left wings (115 

wings) or right wings (112 wings) were almost equal (Table 3). 

The index r2/3/r3 was 0.411 ± 0.088 (mean ± SD) in Cx. torrentium, and was 

0.294 ± 0.096 (mean ± SD) in Cx. pipiens. The average distance from the mean of the 

index among individuals was not significant resulted the high convergence or close 

spread in both species, especially in Cx. torrentium the value was relative small 

(±0.088 accounting about only 21 percentage of distance).  

However, the results from the scatterplots of absolute measures vein lengths r2/3 

versus r3 did not show the significant differences. Chart 1 below presented the 

bivariate relationship of the vein lengths on the left wings between 2 species.  



 

Chart 1. Pairwise distribution scatterplot of absolute measures of vein length r3 

vs. r2/3 on the left wings of both species. Each dot presented for 1 individual. 

We can see that all individuals in this case of both species were overlapping, 

and neither r2/3 nor r3 were seen the clear separation between 2 species who reared in 

both high and low competition. The similar results was observed as the researcher 

sorted them in different density treatments (Chart 2 a) & b)). 

 

 

 

 

 

 

a) b) 



Chart 2. Pairwise distribution scatterplot of absolute measures of vein length r3 

vs. r2/3 on the left wings of both species in a) low competition treatment and b) high 

competition treatment. Each dot presented for 1 individual. 

In the low density Chart 2. a), the vein length r3 was slightly differed between 

the 2 species, whereas, the 2 species in high density Chart 2.b) differed from the r2/3, 

though they was still overlapped. 

Indeed, the right wings, which is well-known for discriminating of Cx. 

torrentium and Cx. pipiens, were also tested in this bivariate analysis (Chart 3). 

 

Chart 3. Bivariate distribution scatterplot of absolute measures of vein length 

r3 vs. r2/3 on the right wings of both species. Each dot presented for 1 individual. 

Likewise the above results, the expected classification between the two species 

could not be illustrated in this group, even there was a minor changes in r3.  

Later, the researcher sorted only the females for the right wings’ indicators 

(Chart 4). 

 



 

Chart 4. Pairwise distribution scatterplot of absolute measures of vein length r3 

vs. r2/3 on the right wings of both species treatment. Each dot presented for 1 

individual. 

The number of significant outcomes for this group of females were only 

reported. 

In the next steps, I also used the discriminant analysis of the female right wing 

to test the reliability of the vein length r3 and r2/3 which are compiled in the Chart 5 

and Chart 6. a) & b) following.  

 



Chart 5. Results of the discriminant analysis of the female right wing. The grey 

color indicates Cx. torrentium and the white ones present Cx. pipiens.  

Both of them were not classified correctly in 2 sides of the chart, even though I 

categorize them to their density rearing conditions (Chart 6 a) & b)), the similar 

outcomes were obtained.  

 

 

Chart 6. Results of the discriminant analysis of the female left wing. The grey 

color indicates Cx. torrentium and the white ones present Cx. pipiens in a) low density 

(left) & b) high density (right) 

 

Chart 6 shows the frequency of correct classification of Cx. pipiens and Cx. 

torrentium. However, the result of separation was consistently low for the 2 species. In 

both chart Chart 6. a) & b) the Cx.pipiens and Cx. torrentium lied on both negative 

and positive side, and no clear discriminant score was found.  



Finally, by using bivariate analysis I conclude that the vein length’s indicators 

r2/3 and r3 was not able to correctly classify the 2 species of Cx. pipiens and Cx. 

torrentium when they are affected by environmental factors within the situation of this 

study. 

4.2.2. Multivariate analyses 

The results of this part was not contrasting to the bivariate statistic concerned. 

Unlike the above examination, I tested for only female in this case analysis, and all 

specimens were together analyzed by PCA below. Figure 15 a) & b) showed the PCA 

of the mosquito female left wings in 2 different density treatments.   

 

 

 

 

 

 

 

Figure 15. Principal component analysis of the shape variance of the mosquito female 

left wings in a) low density (left) b) high density (right). Grey point indicates Cx. 

pipiens and Black dots indicate Cx. torrentium.  

Neither principal component 1 (PC1) nor PC2 can be able to classify both 

species without any overlapping. In the Figure 15. a) Cx. pipiens mostly lied in the 



lower side according to the y-axis (PC2), and the Cx. torrentium lied on the above. 

Whereas, in Figure 15. b), most of Cx. pipiens laid on the left side according to the x-

axis (PC1), and vice versa Cx. torrentium lied on the right side. Therefore, I continued 

to conduct PCA with the right wings of female mosquitoes in 2 different density 

(Figure 16 a) & b)). 

 

 

Figure 16. Principal component analysis of the shape variance of the mosquito 

female right wings in a) low density b) high density. Grey point indicates Cx. pipiens 

and Black dots indicate Cx. torrentium.  



A stronger overlap were seen in this expected groups. Both species spread on 

the same wide range of x and y-axis, and PC1 and PC2 did not separate 2 species well. 

In this conclusion, the results of altogether tested methods were very similar for 

discrimination of Cx. pipiens and Cx. torrentium. It means that there were a significant 

change in the relationship of the wing morphometric and influences of larval rearing 

condition as result of low success in classification. Because species classification is the 

main goal of this study, the researcher do not look further into the relationship between 

wing shape and density treatments, or how tight they correlated to each other. 

  



Part V. DISCUSSION AND CONCLUSION 

5.1. Discusion 

5.1.1. Development and survival of rearing larvae 

The  efficiency  and  problems  of  larval  mosquito  sampling in overall were  

discussed  in  many studies. In this case study, the researcher agrees that rearing 

experiments with the egg rafts of Cx. pipiens and Cx. torrentium was a complicated 

task. Though there were enough specimens for the study, the mortality rate of reared 

larvae was relative high (88.8%). Thus, the researcher believed that there were a 

number of factors affected the development from egg to adult of mosquitoes, and 

perhaps, the main reasons for low results of rearing mosquitoes are the temperature 

and humidity which were not controlled well in this experiment. According to Eugene 

et al., (1970), rearing water temperature of mosquito larvae should be maintained at 

27ºC (80ºF), when in fact the temperature experiences in this study was fluctuated 

from day to night time, and though the humidity should also keep at 60-80% humidity, 

this factor changed along with temperature during the experiment. Even more, the light 

was also an important factors that affected to the survival rate of mosquitoes. A 

number of scientist suggested that mosquitoes should be reared in a standard manner 

of light intensity, for Culex species, Eugene et al., (1970) suggested that they required 

14 hours of daylight and an hour dusk period. Stephens & Juliano (2012) kept all the 

larvae rearingcontainers in temperature-controlled environmental chambers, with a 

photoperiod of 14:10 (Light: Dark) hours, however, unfortunately the chambers did 

not work in the time study. This was a missing point in this experiment, the researcher 

decided to rear them in the conditions of laboratory environment which was in the 

summer time of Oldenburg city, Germany (from 18-29 degree Celsius in the day time, 



and 8 to 15 degree Celsius in the night time). As consequently, the survival rate 

decreased dramatically, especially in the last stage of pupation.  

Moreover, feeding is also very important for the larval and pupal development, 

and it could be a reason for the mortality rate. An abundance of literature mentioned 

about the food for larvae rearing mosquitoes. Concluding from slower development of 

both species, eutrophic and food lacking consumption may be assumed (Table 2). As 

illustrated, the Cx. pipiens required 16 to 19 days for larval development and 2 to 5 

days were needed for the pupal development. By the same longer taken, the Cx. 

torrentium required 10 to 18 days for larval completion, and maximum 3 days for 

pupation. It was longer because according to the manual for rearing mosquito of 

Eugene et al., (1970), while he found that the Cx. pipiens only need 8-13 days for 

larval development and maximum 3 days for pupation, and 5-10 days for larval 

development, and 2-3 days for pupal stages of Cx. torrentium. By the researcher’s 

observation, before and after fed them, there were a difference between the two 

groups, the groups of low density increased their mortality, whereas the high density 

increased their survival rate. For the first group, the researcher think the larvae died is 

due to eutrophic (too much food) in water with the minimum of rearing individuals, 

and vice versa the mortality rate decreased in the high density group due to the food 

balance in water, because there were many larvae reared, the higher energy 

consumption is expected. This hypothesis is consistent for Ae. Aegypti by 

Timmermann & Briegel (1998) as they tested the effect of starvation and feeding for 

larvae. With crowded conditions and minimal food supplies, most larvae were starved, 

even completely died. Much less, the larvae grown in optimal conditions was also 

started to decrease the population after they fed. Additionally, Reisen et al., (1984) 



found a delay in median ages at pupation dropped from 13 days to 17 days, and an 

incredible reduction from larval to adult survival which was original at 47% at larval 

survived to only 3% when he increased the inter-competition among larvae of Culex 

tarsalis Coquillett population. These findings are consistent with the assumption and 

explanations mentioned above. 

As a matter of fact, the effect of competition treatment was significant for both 

species. The percentage of adults reared in the high density was only 9.77% survival 

rate, while it was 25.4 % for ones reared in low density. This findings is logical with 

the works of Jirakanjanakit et al., (2007), as he also found that a simple reduction in 

larval density couldconsiderably increase the rate of survivors, as well as the size of 

individuals, turning them to better vectors. The possibilitythat a mosquito, or any 

vector competence can be influenced by its environment, consisting the breeding larval 

conditions were demonstrated in the works of Alto et al., (2005), or Bevins (2008). 

They altogether found that a significant higher of infection and dissemination with 

virus as result of higher density treatment. Alto et al., (2005) did not deny that there 

were a strong effects of larval competition on vector competence for dengue virus in 

Ae. Albopictus and Ae. aegypti. The researcher acknowledges that density-dependent 

competition among larvae is a key factor which is regulating the growth of mosquito 

populations. 

From all the hypothesis and result above, it is concluded that the mortality rate 

as well as differences of mortality between groups were caused by the inter- and intra-

environmental factors such as temperature, humidity, light intensity, feeding and 

competition in breeding conditions. 



5.1.2. Morphometric Differences between Treatment Groups 

The low classification success yielding from different breeding conditions by 

using multiple methods made the researcher believed that the environmental influences 

was modified both genetic and morphology of mosquitoes, especially the wing shape. 

This hypothesis was not unfamiliar in some well-known publications, for example 

Debat et al., (2003), Hoffmann et al., (2005), Hoffmann et al., (2005), Aytekin et al., 

(2009) and Russell et al., (2011), when they confirmed that there were a significant 

change in the mosquito species, and more clearly yielding on the wing shape.  

This present study used both multivariate and bivariate wing morphometry 

analysis for the identification of the two sibling mosquitoes Cx. pipiens and Cx. 

torrentium. Contrasts were performed within each density treatment to determine 

whether shape could be used to distinguish between high and low inter-competition.  

A bivariate morphometric analysis of mosquito species with 2 variable as the 

vein length r2/3 and r3. Both male and female, the right and left wings of the two 

species were used for analysis (Table 3). This present study found that the univariate 

wing morphometry analysis of index r2/3/r3 was 0.411 ± 0.088 (mean ± SD) in Cx. 

torrentium, and was 0.294 ± 0.096 (mean ± SD) in Cx. pipiens. The average distance 

from the mean of the index among individuals were relative small, means that all 

specimens had high correlation to each other. Though, these two siblings had a closer 

index to each other, which may revealed a reliable character for their genus taxonomy, 

this result in the present study is consistent with other publications (Börstler et al., 

2014, Mohrig 1969) about the proportion of the index in both species in which Cx. 

pipiens had higher value in the indices r2/3/r3. However, the findings did not fall closely 

in the range given by Börstler et al., (2014), as he found that the indices of wing 



morphometric was 0.185 in Cx. pipiens, and 0.289 in Cx. torrentium, or equally values 

were found by Mohrig (1969), in which Cx pipiens had the indices value of 0.167, and 

Cx. torrentium was only 0.33. Still, the researcher think it can be a trustworthy index 

to discriminations of both species. 

However, in accordance with the older literature such as Natvig (1948), Mohrig 

(1969) it cannot be reconstructed whether r2/3 was the only or the most variable vein, 

the researcher conducted a bivariate approach for taxonomic value of wing vein r2/3 

and r3 in Cx. pipiensand Cx. torrentium. In fact, this characterseem to be neglected 

for both species more than 40 years (Börstler et al., 2014). This character has been 

first defined by Natvig (1948) for Scandinavian populations of Culex pipiens and Cx. 

torrentium, and subsequently Mohrig (1969) for the populations in German. 

Nevertheless, both of them used vein r2 as standard, the researcher used the 

differential vein r3 instead following Börstler et al., (2014), as the most up-to-date 

research on the discrimination of the two species. But even so, the radial veins r2 and 

r3 are almost equal length, therefore, the changes in both case is not significant. The 

scatterplots of pairwise distribution of differential length of vein r3 vs. r2/3 on the left 

and right wings of both species demonstrated the absent of any differences between 

female and male of both species in the vein r2/3 and r3. In both cases of male and 

female, the only difference between the groups was a slight shift on the vein length 

r3. However, the shift on the wing morphology, which has already been discussed by 

Börstler et al., (2014), was the switch on the vein length r2/3 instead of r3 as this 

present study found.  

Because shape did not differ between the male and female, discriminant 

analysis of the two density treatments was used to test the reliability of the vein length 



r3 and r2 contrasts, or determine whether shape differed solely because of density. 

According to Stephen & Juliano (2012), a higher successful classification were 

resulted as they categorized the specimens into the same breeding conditions, 

however, in my case study within both density, the two species were not better 

classified. In fact, this result agreed with the findings of Service (1968) and Fedorova 

and Shaikevich (2007), when they also did not find a difference in the wing shape vein 

length of populations from Britain and Russia respectively. However, the results from 

the study are inconsistent with other work on the effect of density rearing treatments 

on adult wing shape as Morales Vargas et al., (2010) found that altering larval 

competition produced no significant changes in adult wing shape of Ae. aegypti, in a 

like manner Griffiths et al., (2005) reported that the wing shape in mosquitoes had 

been not affected by the latitude, or Stephen et al., (2012) found only change in semi-

landmark position but not in overall shape, whereas the differences in my study was 

resulted from the altering of the reliable of the differential vein r2/3, and r3, as it used to 

use for separate the two species.   

The low classification success was not improved by the multivariate of 

landmarks positions using PCA, and female mosquitoes which was prefer to 

distinguish were the only use for this analysis. The successful classification rate 

increased only slightly or even decreased compared with bivariate analysis 

In the same way, PCA analyses were in agreement with the bivariate analyses 

outcomes. Both species spread on the same wide range of x and y-axis, in other words, 

both PC1 and PC2 did not capable to separate the two species well, even a stronger 

overlapping were seen in the expected groups of mosquito female right wings in low 

density or high density which were already sorted/separated analysis. Success 



classification did not increase when the specimens were classified into different 

density treatments. This visualizations of shape differences between the corresponding 

inter-competition groups in each species were not persistent with the findings from 

Börstler et al., (2014). They concedes the tendency of well classification for both Cx. 

pipiens and Cx. torrentium by using the evaluation of multi-, bi- and univariate wing 

morphometry. In the univariate measure of only r2/3, they emphasizes that it can allow 

more than 90% of correct identification for mainly German specimens, and likewise in 

the bivariate analysis the correct classification can reach to more than 91% of all tested 

specimens. Furthermore, PCA component of the right wing, as well as left wings 

illustrated PC1 can be represented the part of shape variability that is most responsible 

for species differences, and the classification accuracy of discriminant analysis 

exceeded 97%, whereas the researcher did not found these high rate of accurate 

classification of the two species in my experiment. In case of Börstler et al., (2014), 

they conducted a varied and large population of Cx. torrentium and Cx. pipiens across 

different Federal States of Germany, and also artificial breeding sites, but in the 

present study, artificial breeding site with a small area of Oldenburg university campus 

was the only conducted. For that reason, it is claimed that in overall cases with varied 

specimens, the analysis of the vein length r2/3 and r3 still a reliable indicators for 

discriminating both species. Alternatively, this experiment was only focused on a 

small area with less specimens, therefore, the specimens can be more sensitive with 

the change of environmental factors.  

Although the findings were not correctly discriminating the 2 species by using 

the vein length r2/3 and r3 as it used to be known in solving taxonomic problems, the 

author’s own view is the vein length r2/3 and r3 by themself could not be enough for 



discriminating the larval competition and density environment for Cx. pipiens and Cx. 

torrentium. 

Lastly, it is concluded that the breeding condition on the larvae stages would 

influence the genetic or morphology of Cx. pipiens and Cx. torrentium, resulting the 

low successful classification of them by using only the vein length r2/3 and r3. 

5.2. Conclusion 

The results from the rearing larval mosquito experiment from the egg rafts of 

Cx. pipiens and Cx. torrentium was a complicated task. Though there were enough 

specimens for the study, the mortality rate of reared larvae was general relative high 

(88.8%) due to the inter- and intra-environmental factors such as temperature, 

humidity, light intensity, feeding and competition in breeding conditions. Because 

some external factors were not controlled well in this study, the author suggested to 

use Environmental chambers which can simulate a full range of environmental 

conditions designed to test like temperatures, humidity, wind and light, etc. From this 

study, it can be concluded these factors are very important for the development of 

mosquitoes, therefore, to better rear them in laboratory, these climatic conditions 

should be managed well. Further, this study indicates that in today scenario of climate 

change, the climatic factors could affect to the mosquitoes population, and resulting 

problematic in taxonomic study of mosquitoes, as well as some possibly unexpected 

effects on the vector diseases control.  

For this reason, the author argues that these artificial environmental 

characteristics in this study could make potential mosquito breeding places unsuitable 

resulting the change in both biology and morphology of the two species Cx. pipiens 

and Cx. torrentium. In the course of this study, the discriminant analyses, the r2/3/r3 



indices, the bivariate and even the multivariate analysis are all in agreement and 

yielding the low classification success of mosquitoes from the same or different 

breeding conditions. Concluding from this low classification success, the wing 

morphometry of both male and females sibling mosquitoes Cx. pipiens and Cx. 

torrentium  presented by the indices wing vein r2/3 and vein r2 were not stable when 

larval density change. In broader words, this character modifiedunder different 

breeding conditions from the specimens of Oldenburg University’s campus, Germany. 

This study bridges some gaps of the insufficient knowledge about the link of 

ecology resulted on the wing morphology of Cx. pipiens and Cx. torrentium. The  

results  implies a possibility  to  predict  species occurrence  in  other  parts  of  the  

breeding  range,  and  to  determine  possible  breeding places in further surveys.  

Mosquitoes  are  commonly studied  in  the  context  of  nuisance  and  the  vector  

competence,  but  they  are  also  an important part of the biological diversity. The 

interactions between the mosquitoes and its breeding conditions with more 

environmental factors, are not well studied. For example, there are many more 

mosquito species across different genera that can act as vectors for other diseases 

(reviewed by Stephen & Juliano 2012), and a similar morphometric shape analysis on 

them might prove productive. This research has to be done, before we should thought 

about mosquito-borne diseases interventions  

Moreover, if larval rearing conditions of this species influence vector 

competence, then wing shape may be a useful indicator of vector competence in the 

superpictus. Alternative approaches may involve morphometric analyses on the shape 

of a mosquito’s entire body, not just the wings. 
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