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ABSTRACT 

The aim of this study was to analyze the 

structure of parasite community of crucian carp, 

Carassius carassius (L.) in three lakes of Kashmir, 

namely Dal, Manasbal, and Khushalsar.Variations 

in the infection pattern of metazoan parasites in 

fish were noted in relation to the aquatic habitat, 

with the highest parasite burden recorded in the 

fishes from hyper-eutrophic Khushalsar lake. The 

fishes collected from mesotrophic Manasbal lake 

were found to be least infected with parasites. The 

results provide the statistical evidence that the 

trophic status of the water bodies has a marked 

impact on the occurrence of parasites in fishes. 

These data also support the hypothesis that the fish 

parasites can be used as bioindicators of 

environmental stress. 

Keywords: Carassius carassius, parasite burden, 

eutrophication, Kashmir, lakes 

 

INTRODUCTION 

Fish parasites are an important part of the 

freshwater environment. Their presence 

becomes evident after a massive development 

causing diseases, leading sometimes to mass 

mortality, of infested hosts (Klempel et al., 

2003). Such events are often linked with 

perturbations in the aquatic environment 

(Moller, 1987). The physico-chemical habitat 

of the fish is influenced by natural as well as 

anthropogenic pressures (Snieszko, 1974) and 

in turn it may induce changes not only in the 

fish itself but also in the structure of the 

parasite community associated with it. 

Therefore, in addition to their pathological 

significance, the parasite community of fishes 

may reflect the ecosystem conditions and thus 

can be used as bioindicator of environmental 

quality (Siddall et al., 1994; Mackenzie et al., 

1995; Valtonen et al., 1997; Sures et al., 1999; 

Poulin and Valtonen, 2002; Schludermann et 

al., 2003; Sures, 2004). A considerable amount 

of literature is available on the helminth fauna 

of freshwater fish in Kashmir waters but 

studies with regard to impact of pollution on 

the parasitic community of fish are lacking. In 

the present contribution an attempt has been 

made to determine the relationship between 

the trophic status of lakes and the parasitic 

infection in crucian carp (Carassius carassius 

L.), a commercially important exotic fish 

inhabiting the lentic habitats of Kashmir. 

MATERIAL AND METHODS 

For assessing the impact of trophic 

conditions on the parasitic community of C. 

carassius (L.) three lentic water bodies of 

Kashmir, namely Dal, Manasbal, and 

Khushalsar lakes, depicting different levels of 

eutrophication, were selected. The assessment of 

trophic status of these lakes was based on the 

physico-chemical features of water carried out 

during June – August, 2003. For this purpose the 

water samples were collected and analyzed 

according to the standard methods (APHA, 1998 

and CSIR, 1974). Help was also taken from 

earlier reports on the trophic conditions of 

these water bodies (Pandit and Yousuf, 2002, 

2003). C. carassius L. was selected as the fish 

host for this study because of its occurrence in 
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all the three water bodies and also because of 

its diverse diet (Yousuf and Firdous, 1997) due 

to which it easily becomes the definitive or 

intermediate host of many parasites. The fish 

were collected with cast net with the help of 

local fishermen. A total of 116 specimens of 

fish were examined for parasites during the 

period June – August, 2003.  

The fishes were carried live to the 

laboratory where their external surface, including 

the fins, nostrils, gills and operculum, etc., 

were examined for ectoparasites. Thereafter, 

each fish was dissected, its alimentary tract 

separated from other organs and placed in a 

petri dish containing physiological saline and 

opened and examined for endoparasites. The 

body cavity and other visceral organs like 

liver, kidneys, etc., were also examined. The 

number and location of each parasite in/on the 

host were recorded on a data sheet. The 

helminth parasites were fixed in Carnoy’s 

fixative (Weesner, 1964) and preserved in 

70% ethyl alcohol, whereas leeches were first 

relaxed in weak alcohol and later fixed in 85% 

ethyl alcohol. Each group of parasites was 

classified to the species level using permanent 

whole mounts. 

The level of parasite infection was 

assessed according to the methods described 

by Bush et al. (1997) and Margolis et al. 

(1982). The following scale of infestation 

given by Zander et al. (1999) was followed 

1 - 1.9 parasites  =  low infestation,    

2 - 4.9 parasites =  moderate 

infestation, 

5-19.9 parasites =   strong 

infestation, and 

> 20 parasites =  mass infestation. 

Standard non-parametric test (Kruskal-

Wallis test) was performed to compare inter-

lake variations in infection intensities of the 

fish hosts (Zar, 1996 and Morrison, 2002).  

RESULTS 

Abiotic Environment 

The three lakes differed in depth as well 

as water quality (Table 1). All the inter-lake 

variations were found to be statistically 

significant (Kruskal-Wallis test, P<0.05). The 

depth of the water bodies revealed large 

differences. The maximum depth was recorded 

in Manasbal lake (11.88 m) and minimum in 

Khushalsar lake (1.15 m). The water 

temperature, however, showed only slight 

variations in the three lakes with the highest 

value (28.7
o
C) recorded in Khushalsar lake 

and lowest (26.9
o
C) in Manasbal lake. The 

transparency values exhibited variations in the 

three lakes with the minimum value observed 

in the Khushalsar (0.40m) and the maximum 

in the Manasbal (2.58m). The pH of the water 

was on alkaline side in all the three lakes, with 

the average values as 8.00, 8.42 and 7.41 for 

Dal, Manasbal, and Khushalsar lakes 

respectively. The conductivity recorded the 

highest value (608µS) in Khushalsar followed 

by Dal (319.7µS) and Manasbal (274.3µS) 

lakes.  The concentration of dissolved oxygen 

also varied appreciably among the three lakes. 

The lowest value was recorded at Khushalsar 

lake (1.7 mgl
-1
) in comparison to Dal (6.9 mgl

-

1
) and Manasbal (7.7 mgl

-1
) lakes. The amount 

of free CO2 in Khushalsar was markedly 

higher than that of Dal and Manasbal lakes. 

The amplitude of other parameters also 

revealed a clear gradation (Table 1) from the 

Manasbal through the Dal to the Khushalsar.  
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Table 1: Physico-Chemical characteristics (average values ± SD) of the three lakes (June – 

August 2003) 

S. 
No 

Parameters Manasbal 
Dal                    

(Hazratbal Basin) 
Khushalsar 

1. Water temp (0C)  26.9 (±0.4) 27.8 (±0.15) 28.7 (±0.68) 

2. Depth (m) 11.88 (±0.15) 2.41 (±0.03) 1.15 (±0.04) 

3. Transparency (m) 2.58 (±0.03) 1.57 (±0.03) 0.04 (±0.02) 

4. pH 8.42 (±0.13) 8.00 (±0.16) 7.41 (±0.13) 

5. Conductivity (µS) 274 (±3.06) 320 (±5.03) 608 (±8.19) 

6. Diss. Oxygen (mgl-1) 7.7 (±0.85) 6.9 (±0.95) 1.7 (±1.70) 

7. Free CO2 (mgl-1) 0.6 (±1.04) 2.7 (±0.80) 22.9 (±3.5) 

8. Alkalinity (mgl-1) 118 (±7.09) 131 (±3.06) 225 (±5.03) 

9. Chloride (mgl-1) 20 (±4.58) 31 (±2.08) 41 (±1.53) 

10. Ammonia –N (µgl-1) 140 (±0.52) 192 (±0.93) 352 (±3.36) 

11. Nitrate –N (µgl-1) 173 (±4.38 330 (±5.8) 520 (±7.30) 

12. Orthophosphate P (µgl-1) 47 (±4.73) 85 (±12.58) 185 (±4.11) 

13. Total Phosphate  P (µgl-1) 176 (±5.75) 386 (±5.75) 683 (±11.55) 

 

Community Structure of Parasites   

Four parasite taxa were found in C. 

carassius from the three lakes. These included 

Clinostomum schizothoraxi, Diplozoon 

kashmirensis (Trematoda), Bothriocephalus 

achielognathi (Cestoda) and Helobdella 

stagnalis (Hirudinea), the last one being found 

only in specimens from Khushalsar lake. No 

nematode and acanthocephalan parasites were 

found. The prevalence, mean intensity and 

mean abundance values for each parasite are 

presented in Table 2. The prevalence of each 

parasitic species in the fish was found to be 

higher in the Khushalsar, followed by the Dal, 

and the Manasbal in a decreasing order. These 

differences were statistically significant 

(Kruskal-Wallis test, P < 0.05). With regard to 

differences in the intensity of the parasite 

species, the Kruskal-Wallis test showed 

significantly different values for the parasites 

in the three lakes (P< 0.05), the intensity 

recording significant increase with prevalence. 

According to the scale of infestation, strong 

infestation (intensity>5) was found in host-

parasite combinations of Khushalsar lake, 

whereas a moderate infestation (2-4.9) was 

recorded in Manasbal lake. However, in Dal 

lake infestation was found to be strong for C. 

schizothoraxi and D. kashmirensis, whereas 

that for B. achielognathi it was moderate. The 

mean abundance values recorded for the 

parasite species were also found to be 

statistically significant (Kruskal-Wallis test, 

P<0.05) with higher values recorded in 

Khushalsar lake, followed by Dal lake, and 

decreasing to the lowest in Manasbal lake. 
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Table 2: Prevalence, mean intensity and mean abundance of parasitic communities of C. 

carassius (L.) from Dal, Manasbal, and Khushalsar lakes 

Name of Parasite Site NP P (%) MI (±SD) MA (± SD) 

Manasbal  14 11.9 2.8 (± 0.40) 0.3 (± 0.15) 

Dal   77 23.9 7 (± 3.57) 1.7 (± 1.79) 

Diplozoon kashmirensis 

Khushalsar  184 67.9 9.7 (± 4.96) 6.6 (± 3.19) 

Manasbal  24 21.4 2.7 (±0.15) 0.6 (±0.15) 

Dal   92 37.0 5.4 (± 4.05) 2 (±1.36) 

Clinostomum 
schizothoraxi 

Khushalsar  174 60.7 10.2 (±3.55) 6.2 (±3.10) 

Manasbal  16 16.7 2.3 (±0.25) 0.4 (±0.1) 

Dal  43 23.9 4.1 (±0.81) 0.9 (±0.21) 

Bothriocephalus 
achielognathi 

Khushalsar  78 42.9 6.5 (±0.67) 2.8 (±0.60) 

Manasbal  0 --- --- --- 

Dal  0 --- --- --- 

Helobdella stagnalis? 

Khushalsar  18 20 9 (±5.20) 0.6 (±1.04) 

NP = number of parasites; P (%) = Prevalence; MI = mean intensity; MA = mean abundance 

 

C. carassius populations from the three 

lakes recorded significant differences in 

respect of parasitic infection. 85.7% fish 

sampled from Khushalsar lake were infected, 

with 17.9% having 3 parasite taxa, 57.1% 2 

parasite taxa and the remaining 10.7% having 

1 parasite species. In case of fish from 

Manasbal only 31% were infected, with 23.8% 

having two parasite taxa and 7.2% having only 

one parasite species. Triple infections were not 

reported from Manasbal lake. In case of Dal 

lake, 45.7% fish sampled were infected, of 

which 4.4% had three parasite taxa, 30.4% two 

parasite taxa and 10.9% had only a single 

parasite species (Fig.1). 

                                                  

Error! 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Infra-communities of C. carassius from the three lakes 
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DISCUSSION 

The physico-chemical features revealed 

significant differences in the water quality of 

the three lakes. On the basis of transparency, 

Khushalsar lake has more turbid water than 

either Dal or Manasbal lakes. Increased 

turbidity indicates the presence of high amount 

of suspended organic and inorganic matter. 

The specific conductivity is an indicator of the 

total nutrient level of a water body and is, 

therefore, used to indicate the trophic status. 

Using specific conductivity as an index of 

enrichment (Rawson, 1960), values more than 

200 µS show higher enrichment level. The 

conductivity values in the present study reflect 

high ionic concentration of the lakes. The low 

dissolved oxygen content in the Khushalsar 

(1.7 mgl
-1
) is a clear indication that this water 

body has high load of autochthonous as well as 

allochthonous oxidisable organic matter. This 

is further substantiated by the data on chloride 

content. Thresh et al. (1944) attributed high 

chloride content of water to organic pollution 

of animal origin. The alkalinity recorded in 

Khushalsar lake was comparatively higher 

than that of Dal and Manasbal lakes. Spence 

(1964) categorized lakes with more than 60 

mgl
-1
 alkalinity as nutrient rich. The water 

bodies under investigation, having more than 

this value, can be considered as nutrient rich. 

Nitrogen and phosphorus are important factors 

in aquatic system because they play a key role 

in the productivity of water. Comparatively 

higher values of inorganic nitrogen and 

phosphorus in Khushalsar lake are a clear 

indication of its higher nutrient status due to 

heavy anthropogenic pressures in the 

catchment area.   

Though on the basis of water quality all the 

three lakes were found to be eutrophic, yet 

they differed in the levels of eutrophication. 

Khushalsar lake recorded the highest 

enrichment, thereby indicating its advanced 

stage of eutrophication. The second place was 

taken by the Dal lake, while the Manasbal lake 

was the least eutrophic among the three 

(Pandit and Yousuf, 2002). The difference in 

the water quality of the three lakes reflects the 

varied anthropogenic stresses in their 

catchment. 

The infection dynamics of the parasites 

showed inter-lake variations in the fish hosts. 

The higher population density of the 

pseudophyllidean cestode B.  achielognathi in 

Khushalsar lake seems to be related to the 

higher trophic status of the lake. The lake is 

characterized by very low dissolved oxygen 

levels due to heavy input of organic matter 

which may be providing a more suitable 

habitat for the intermediate hosts. Further, 

temperature also seems to play an important 

role in Bothriocephalus infection. This is in 

agreement with the findings of Riggs and Esch 

(1987) who observed higher prevalence of B. 

achielognathi in polluted waters characterized 

by high temperatures. 

 Significant inter-lake variations were also 

observed in the infra-community structure of 

metacercarial cysts of C. schizothoraxi. The 

higher infection of this trematode in 

Khushalsar lake can be explained by the 

shallow depth, small size and abundance of 

macrophytes in the lake. According to 

Sandland et al. (2001) variations in the depth, 

size of lakes and presence of macrophytes 

affect differences in water temperature and 

snail densities and thereby influence 

transmission rate of cercaria. Mackie et al. 

(1983) also observed high incidence of 

metacercariae in shallow waters. Similar 

findings were reported by Morley et al. (2003) 

in polluted habitats. 

The level of infection by the ectoparasite 

D. kashmirensis in C. carassius also revealed 

significant variations among the lakes. The 

fish exhibited a marked difference in the pitch 
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of parasitism with the individuals from the 

Khushalsar being more heavily infected than 

those from the other waters. Anderson (1974) 

reported that the number of parasites increases 

with increase in water temperature. According 

to Chubb (1977) water temperature is the most 

important abiotic factor that influences the 

reproductive activity of monogenean 

trematodes. The present study indicates that 

the differences in water temperature as well as 

ammonia and chloride concentration in the 

water bodies affect the parasite density. This 

view is also supported by Lafferty (1997) who 

reported that monogeneans respond positively 

to eutrophication by exhibiting a high degree 

of resistance to environmental pollution. 

Skinner (1982) also reported an increase in the 

number of D. paradoxum in response to 

pollutants mainly ammonia. 

The presence of ectoparasitic leech H. 

stagnalis on the fish was restricted to the 

Khushalsar lake population only. It seems to 

be related to the increased turbidity and high 

organic load vis-à-vis nutrient richness. In 

muddy waters with growth of macrophytes, 

conditions are particularly favourable for the 

leech to multiply (Sawyer and Hammond, 

1973). The higher incidence of multiple 

infections in the Khushalsar lake as compared 

to the other two water bodies can be attributed 

to the environmental stress on the fish in the 

lake. These results are in agreement with 

Kadlee et al. (2003) who proposed that 

increase in water pollution lowers fish 

resistance and makes them more susceptible to 

parasitic infection, leading to greater parasite 

acquisition. Poor water quality has also been 

reported to promote increased parasitism in 

fish due to decreased host immune response 

(Khan and Thulin, 1991; Poulin, 1992). While 

comparing the rate of parasitization, the fish 

population of Manasbal lake was found to be 

least infected with parasites and hence in a 

better state of health followed by that of Dal 

lake. On the other hand, the fish population of 

the Khushalsar was found to be highly infected 

with parasites and diseased. 

On the basis of the present data on 

parasitic infection in C. carassius, it may be 

concluded that the trophic status of a water 

body has a marked influence on the rate of 

parasitization in fishes. Conversely, the 

present data clearly support the view that the 

pattern of parasitic infection can reflect the 

health status vis-à-vis environmental quality of 

the fish host and, therefore, can be used as 

indicator of trophic condition of the ecosystem 

in which the fish live.  

ACKNOWLEDGEMENTS 

We are thankful to Prof. M. K. Raina, Ex-

Head, P. G. Department of Zoology, The 

University of Kashmir, whose comments 

helped greatly in giving the manuscript its 

present shape. Thanks are also due to Prof. M. 

Z. Chishti and Dr. Fayaz Ahmad Raja of the 

same Department for their help. 

REFERENCES 

Anderson, R. M. 1974. An analysis of the 

influence of host morphometric features on 

the population dynamics of Diplozoon 

paradoxum (Nordmann, 1932). J. Animal 

Ecol., 43:873- 887. 

APHA 1998. Standard Methods for the 

Examination of Water and Wastewater. 20
th
 

ed. American Public Health Assoc. 

Washington, D.C. 

Bush, A.O., Lafferty, K.D., Lotz, J.M. and 

Shostak, A.W. 1997. Parasitology meets 

ecology on its own terms: Margolis et al. 

revisited. J. Parasitol., 83:575-583. 

Chubb, J.C. 1977. Seasonal occurrence of 

helminths in freshwater fishes. Part I 

Monogenea. Adv. Parasitol., 15:133-199. 

CSIR 1974. Analytical Guide (Laboratory 

Techniques). CSIR, Pretoria, South Africa. 



J. Himalayan Ecol. Sustain. Dev. Vol. 2 (2007)                                                                                       ISSN 0973-7502 

 53 

Halmetoja, A., Valtonen, E.T. and Koskenniemi, 

E. 2000. Perch (Perca fluviatilis L) parasites 

reflect ecosystem conditions: a comparison of 

a natural lake and two acidic reservoirs in 

Finland. Int. J. Parasitol., 30(14):1437-1444. 

Kadlee, D., Simkova, A., Jarkovsky, J. and Gelnar, 

M. 2003. Parasite communities of freshwater 

fish under flood conditions. Parasitol. Res., 

89:272-283.  

Khan, R.A. and Thulin, J. 1991. Influence of 

pollution on parasites of aquatic animals. Adv. 

Parasitol., 30:201-238. 

Klempel, S., Seehagen, A. and Palm, H.W. 2003. 

Metazoan parasites and feeding behaviour of 

four small-sized fish species from the central 

North Sea. Parasitol Res., 91: 290-297. 

Lafferty, K.D. 1997. Environmental parasitology: 

What can parasites tell us about human 

impacts on the environment? Parasitol. 

Today, 13:251-254. 

Mackenzie, K., Williams, H.H., Williams, B., 

McVicar, A.H. and Siddali, R. 1995. Parasites 

as indicators of water quality and the potential 

use of helminth transmission in marine 

pollution studies. Adv. Parasitol., 35:85-144. 

Mackie, G.L., Morton, W.B. and Ferguson, M.S 

.1983. Fish parasitism in a new impoundment 

and differences upstream and downstream. 

Hydrobiol., 99:197-205. 

Morley, N.J., Irwin, S.W.B. and Lewis, J.W. 2003. 

Pollution toxicity to the transmission of larval 

digeneans through their molluscan hosts. 

Parasitology, 26:S5-S26 

Margolis, L., Esch, G.W., Holmes, J.C., Kuris 

A.M. and Schad, G.A. 1982. The use of 

ecological terms in parasitology (report of an 

adhoc committee of the American Society of 

Parasitologists). J. Parasitol., 68:131-133. 

Moller, H. 1987. Pollution and parasitism in 

aquatic environment. Int. J. Parasitol., 

17:353-361. 

Morrison, D.A .2002. How to improve statistical 

analysis in parasitology research publications? 

Int. J. Parasitol., 32:1065-1070 

Pandit, Anil K. and Yousuf, A. R. 2002. Trophic 

status of Kashmir Himalayan lakes as 

depicted by water chemistry. J. Res. Dev. 2:1-

12 

Pandit, Anil K. and Yousuf, A. R. 2003. Rotifer 

community in some Kashmir Himalayan lakes 

of varied trophic status. J. Res. Dev. 3:97-108.   

Poulin, R. 1992. Toxic pollution and parasitism in 

freshwater fish. Parasitol. Today, 31(19):919 

– 932. 

Poulin, R. and Valtonen, E. T. 2002. The 

predictability of helminth community 

structure in space: a comparison of fish 

populations from adjacent lakes. Int. J. 

Parasitol., 32:1235-1243. 

Rawson, D.S. 1960. Limnological comparison of 

twelve large lakes in Northern Saskatchewan. 

Limnol. Oceanogr., 5:195 – 211. 

Riggs, M.R. and Esch, G.W. 1987. The 

suprapopulation dynamics of Bothriocephalus 

acheilognathi in a North Carolina reservoir: 

Abundance, dispersion and prevalence.  J. 

Parasitol., 73(5):877 – 892. 

Sandland, G., Goater, C. and Danychuk, A. 2001. 

Population dynamics of Ornithodiplostomum 

ptychocheilus metacerariae in fat-head 

minnows (Pimephales promelas) from four 

Northern Alberta lakes. J. Parasitol., 87:744 – 

748.  

Sawyer, R.T. and Hammond, D.L. 1973. 

Observations on the marine leech Calliobdella 

carolinensis (Hirudinea: Piscicolidae), 

epizootic on the Atlantic Menhaden. Biol. 

Bull., 145: 373 – 388. 

Schludermann, C., Konecny, R., Laimgruber, S., 

Lewis, J.W., Scheimer, F., Chovanec, A. and 

Sures, B. 2003. Fish macroparasites as 



J. Himalayan Ecol. Sustain. Dev. Vol. 2 (2007)                                                                                       ISSN 0973-7502 

 54 

indicators of heavy metal pollution in river 

sites in Austria. Parasitology, 126:S61 – S69. 

Siddall, R., Pike, A.W. and McVicar, A.H. 1994. 

Parasites of flatfish in relation to sewage 

sludge dumping . J.Fish Biol., 45:193 – 209.   

Skinner, R.H. 1982. The interrelation of water 

quality, gill parasites and gill pathology of 

some fishes from South Biscayne Bay, 

Florida. Fishery Bull., 80(12):269 – 280. 

Snieszko, S.F. 1974. The effects of environmental 

stress on outbreaks of infectious diseases of 

fishes. J. Fish Biol., 6:197 – 208. 

Spence, D.H.N. 1964. The macrophytic vegetation 

of freshwater lochs, swamps and associated 

ferns. In : The Vegetation of Scotland, 

Edinburgh. 

Sures, B. 2004. Enviromental parasitology: 

relevancy of parasites in monitoring 

environmental pollution. Trends Parasitol.,  

4:170-177. 

Sures, B., Siddall, R. and Tarachewski, H. 1999. 

Parasites as accumulation indicators of heavy 

metal pollution. Parasitol. Today, 15: 16 – 21. 

Thresh, J.C., Sucking, E.V. and Beale, J.E. 1944. 

The Examination of Water and Water 

Supplies. 6
th
 ed. (E.W. Taylor, ed.), London. 

Valtonen, E.T., Holmes, J.C. and Koskivaara, M. 

1997. Eutrophication, pollution and 

fragmentation: effects on the parasite 

communities in roach (Rutilus rutilus) and 

perch (Perca fluviatilis) in four lakes in 

Central Finland .Can. J.  Fish. Aquat. Sci., 

54(3): 572 – 585. 

Weesner, F.M. 1960. General Zoological 

Microtechniques. The Williams and Wilkins 

Company, Maryland, USA. 

Yousuf, A. R. and Firdous, Gazala 1997. Food 

spectrum of crucian carp, Carassius carassius 

(Linnaeus) in Anchar lake, Kashmir. Oriental 

Sci. 2: 35 - 40. 

Zander, C.D. Reimer, L.W. and Barz, K. 1999. 

Parasite communities of the Salzhaff 

(Northwest Mecklenburg, Baltic Sea). 1. 

Structure and dynamics of communities of 

littoral fish, especially small-sized fish. 

Parasitol. Res., 85: 356 – 372. 

Zar, J. H. 1996. Biostatistical Analysis. 3
rd
 ed. 

Prentice-Hall, Inc. Simon and Schuster/A 

Viacom Company, New Jersey. 

 


