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Abstract 
The findings under the present study are based on the adaptation of 
liverfluke cercariae in immature stages of An.culicifacies at altering 
temperature, light conditions and pH of the water. The prevalence of 
cercariae was maximum in 3rd instar larval stage at 320c followed by 4th 
instar larvae and 3rd instar larvae at 240c and 400c respectively. The 
pupae also exhibited antagonism efficiency but to a less extent in 
comparison to 2nd, 3rd and 4th instar larvae. There was no response to 1st 
instar larvae towards the cercariae at all the selected ecological 
parameters. The adaptation efficiency of cercariae was maximum in 4th 
instar larvae and that too in dim light conditions whereas in dark light 
and sharp light it was observed in 4th instar larvae and 3rd instar larvae. 
At 6.5 pH level, the prevalence was more in 4th instar larvae while at 7.5 
pH it was in 3rd instar larvae. With regard to distribution of metacercariae 
they insisted more in abdomen in comparision to thorax and the head 
region. The encystment has been found comparatively higher in 4th instar 
then 3rd instar and 2nd instars. 
Key words: Adaptation, Trematode cercariae, An.culicifacies, Immature, 
Antagonism. 

INTRODUCTION 
As per the available literature a number of papers related to intermosquito trematode 

larval antagonism starting from the work conducted by Van Thiel (1921) but only few of 

them (Rao et al., 1985; Dempster et al., 1986; Dempster and Rau, 1987 and 1990; 

Pokhriyal et al., 1997, 2004 and 2017) are related to the laboratory based results on the 

role of intermosquito trematode larval antagonism in the control of mosquito breeding. 

As per the views of Venketeswara Rao (1985) there are many natural enemies, both 
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predators and parasites of mosquitoes but no practical solution has been achieved so 

far on their control. In this regard Pokhriyal et al., (1997) undertaken studies on the 

deployment of liverfluke metacercariae in the larval stages of anopheles stephensi at 

laboratory conditions. Since then scatterd studies have been conducted on the 

malacofaunal diversity and the larval trematode associated with snails but there is no 

comprehensive study being conducted on inter-mosquito trematode larval antagonism. 

Present study is an attempt on laboratory experiments on adaptation of trematode 

cercariae in the immature stages of the culicine mosquito, An.culicifacies at altering 

ecological conditions.  

MATERIAL AND METHODS  

The following methods have been adopted: 

(A) Experimental inoculation of cercariae into mosquito larvae: A Known number 

of liverfluke cercariae were collected from laboratory oriented experiments and 

transferred into the petridishes containing the mosquito larvae of different instars, 

keeping the level of water constant. The mosquito larvae were examined 

microscopically for appearance of cyst inside the body. The mortality rates of the 

mosquito larvae were recorded at different time intervals.  

(B) Intermosquito trematode larval antagonism : This study is based on the 

laboratory experiments on the assessment of adaptation of mosquito larvae to 

liverfluke cercariae under the following ecological conditions. 

 At varying temperature 240C, 320C and 400C. 

 At intersity levels of light conditions such as darkness, dim and sharp light  

 At 6.5 and 7.5 pH.  

  

The prevalence of liverfluke cercariae in different larval stages of selected 

species of mosquito larvae has been calculated and the mortality of mosquito larvae as 

well as abundance of metacercariae in the mosquito larvae has been recorded at 

altering water temperature and light conditions. Average distribution of liverfluke 

metacercariae in different larval stages of mosquito has been worked out in relation to 

encystment of metacercariae in head, thorax and abdomen region of the larvae. The 

calculation of surface area (mm2) was done using modified Kavelaars equation:  

Surface area (mm2) =12    

where 1= length;  r = radius  
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RESULTS  

 The present findings are based on the adaptations efficiency of  liverfluke 

metacercariae in different immature stages of An.culicifacies at altering temperature, 

light condition and pH of the water as shown in table 1 to 4.  

The prevalence of liverfluke cercariae in different larval stages of An.culicifacies has 

been presented as under  

(a) At varying temperature : Table 1 provides results about the prevalence, intensity 

and abundance with regard to antagonism efficiency of liverfluke metacercariae in 

1st, 2nd, 3rd and 4th larval stages besides pupae at 240C, 320C and 400C. At all the 

temperature the 1st instar larvae did not shown any antagonism efficiency whereas 

other larval stages including pupae exhibited occurrence of liverfluke metacercariae. 

At 240C and 320C the prevalence was more in 3rd mstar larvae then the 4th. On the 

other hand at 400C it was more in 4th instar larvae than the 3rd. Further, the 

prevalence was comparatively less in pupae than the 2nd, 3rd and 4th instar larvae. At 

320C the results were good from prevalence and efficiency point of view.  

(b) At different intensity levels of light conditions: The findings related to prevalence 

of liverfluke metacercariae in different larval stages of An.culicifacies at dim light, 

sharp light and darkness have been mentioned in table 2. The prevalence was 

maximum in dim light then the darkness and sharp light. The 1st instar larvae did not 

shown any response towards the antagonism efficiency. In dim light and sharp light 

the prevalence was maximum in 4th instar than 3rd and 2nd instar larvae. In sharp 

contrast to this in sharp light, the prevalence was more in 3rd instar then 4th and 2nd 

instar larvae in dim light and sharp light the prevalence was minimum in pupae 

whereas in dark light it was to a minimum level in 2nd instar larvae. 

(c) At altering pH : Table 3 shown the prevalence of liverfluke metacercariae in all the 

different forms of larval stages and pupae of An.culicifacies at pH 6.5 and 7.5 At pH 

6.5, the prevalence was more in 4th, 3rd and 2nd instar larvae, followed by pupae, 

whereas at pH 7.5 it was more in 3rd and 4th instars followed by 2nd instar larvae and 

pupae. The 1st instar larvae did not shown any response towards antagonism 

efficiency at both the levels of pH. 

(d) Average distribution of liverfluke metacercariae in different larval stages of 

An.culicifacies : The distribution of metacercariae in different stages of 

An.culicifacies with particular emphasis on the region of body has been shown in 
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table 4. It was observed that the metacercariae encysted more in abdomen of the 

larvae in comparison to thorax and the head region. Further, the encystment was 

comparatively higher in 4th instar than 3rd and 2nd. In a single specimen of 1st instar 

larvae, the occurrence of metacercaria was recorded and that too in abdomen only. 

Table : 1 Prevalence of liverfluke metacercariae in various larval stages of 
An.culicifacies at different water temperatures 

Larval stages n (%) prevalence Intensity Abundance 
At 240C     

I 120 0 0 0 
II 240 23.33 1.32 0.30 
III 120 73.33 3.04 2.20 
IV 120 62.50 4.66 2.91 

Pupa 150 18.66 2.28 0.42 
At 320C     

I 120 0 0 0 
II 240 20.83 1.62 0.26 
III 120 85.00 4.95 4.20 
IV 120 76.66 5.88 4.50 

Pupa 150 15.33 2.69 0.41 
At 400C     

I 120 0 0 0 
II 240 18.75 1.15 0.21 
III 120 59.16 2.67 1.58 
IV 120 71.66 3.02 2.16 

Pupa 150 13.33 3.90 0.51 
Table : 2 Prevalence of liverfluke metacercariae in various larval stages of 
An.culicifacies at different intensity level of light conditions  

Larval stages n (%) prevalence Intensity Abundance 
Dim light     

I 120 0 0 0 
II 240 32.50 0.80 0.26 
III 120 70.0 2.97 2.07 
IV 120 81.66 2.77 2.26 

Pupa 150 21.67 2.06 0.44 
Sharp light     

I 120 0 0 0 
II 240 21.66 1.38 0.29 
III 120 54.16 7.43 4.02 
IV 120 30.00 15.02 4.50 

Pupa 150 18.00 2.88 0.51 
Dark light     

I 120 0 0 0 
II 240 17.90 1.72 0.30 
III 120 61.66 3.43 2.11 
IV 120 65.00 2.69 1.74 

Pupa 150 26.66 1.55 0.41 
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Table : 3 Prevalence of liverfluke metacercariae in various larval stages of 
An.culicifacies at different level of pH  

Larval stages n (%) prevalence Intensity Abundance 
pH 6.5     

I 120 0 0 0 
II 240 22.50 1.18 0.26 
III 120 60.00 3.95 2.37 
IV 120 71.66 4.91 3.51 

Pupa 150 17.34 2.76 0.47 
pH 7.5     

I 120 0 0 0 
II 240 21.66 1.30 0.28 
III 120 81.66 3.10 2.53 
IV 120 70.00 5.78 4.04 

Pupa 150 17.33 3.15 0.54 
Table : 4 Distribution of liverfluke metacercariae in different larval stages of 
An.culicifacies. 

Larval stages Body region Area (mm2) 
No. of metacercariae 

observed 
I Head  - - 
 Thorax - - 
 Abdomen  0.12 02 

II Head  0.34 07 
 Thorax 0.63 10 
 Abdomen  1.06 15 

III Head  0.51 19 
 Thorax 0.91 05 
 Abdomen  2.62 39 

IV Head  0.80 54 
 Thorax 1.39 75 
 Abdomen  3.42 120 

 

DISCUSSION  

 The larval trematode antagonism between An.culicifacies larvae along with the 

liverfluke cercariae reveals many new ideas on the basis of laboratory based results. 

The study reveals no efficiency in the 1st instar mosquito larvae at all the three chosen 

temperatures, pH levels and at altering intensity levels of light conditions. There is a 

close similarity between the findings of the present study and Dempster & Rau (1987) 

with regard to average distribution of metacercariae in different larval stages of 

mosquito larvae. The only difference with the present investigation is that the 

observations conducted by Dempster & Rau (1987) are related to other species of 

trematode larvae as well as mosquito larvae.  
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 The present findings are close to Van Thiel, (1921 & 1930), Christophers (1952), 

Kavelaars & Bourns (1968), Rao et al. (1985), Dempster et al. (1986), Webber et al. 

(1986 & 1987) and Pokhriyal et al. (2001, 2004 and 2017) in the fact that all of them 

have recorded the occurrence of encysted metacercariae in mosquito larvae. However, 

there is a difference with regard to mosquito and cercariae species. Rao et al. (1985) 

reported that Xiphidiocercariae of the genus Prosthogonimus killed Culex 

quinquefasciatus larvae. While Dempster et al. (1986) and Dempster & Rau (1987, 1989 

& 1990) exhibited reduced survival in the developmental stages of Ae. aegypti larvae 

infected with Plagiorchisnoblei mctacercariae. In the present investigation a mortality 

has been recorded in the immature stage of An.culicifacies larvae infected with 

liverfluke cercariae. 

 Further, Pokhriyal et al. (2001) found that the distribution of liverfluke 

metacercariae in Anopheles fluviatilis was more in 4th instar larvae than 3rd and 2nd 

instar larvae. The present findings are in accordance with the results of Pokhriyal et al. 

(2001). As far as distribution of metacercarial cyst is concerned, it was more in 

abdomen than thorax and head. It may be due to the fact that the area of the abdomen 

was comparatively more than thorax and head. Similar studies were conducted by 

Pokhriyal et al. (2004) on the antagonism efficiency between immature Aedes aegypti 

larvae and trematode cercariae at altering temperature, light and pH conditions and it 

was observed that the prevalence of trematode metacercariae was more in 4th instar 

than 3rd and 2nd instar larvae. 

 From the above observations it can be said that the cercariae shed from the host 

snail may encyst within another host that may be a mosquito larvae. Once cercariae 

have attached themselves to the cuticle of the mosquito larvae, the grooming responses 

dislodge the penetration of the parasites. Finally, the periodic feeding activity of the 

mosquito larvae, particularly the movement of the head forward along the bottom of the 

habitat by means of their labial brushes, is effected. This results to an abnormality in the 

metabolism of the larvae and finally the death of larvae occur.  

CONCLUSION  

In view of all these, it is certainly evident that the biological control of mosquito larvae 

using cercarial infected snails is a new concept. One of the major concerns is the 

selection of the species of the cercariae which should not be harmful to other animals 

while completing the life cycle. Another concern is that the snails can very well survive 
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in less amount of water in comparison to fishes and other bioagents. Finally, it can be 

said that due to this strategy semi- permanent to permanent changes can be 

incorporated in the environment to make the area unsuitable for mosquito breeding on 

a long term basis.  
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