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Abstract: The life cycle of Ligula intestinalis, a pseudophyllidean cestode, was stud- 

stitute the hosts necessary for complete parasite development. In order to determine the 
actual species likely to be responsible for the very high level of parasitism observed, a 
two-year study was carried out. Our results show that the copepod Eudiaptonaus graci- 
lis, the roach (Rutilus rutilus) and the great crested grebe (Podiceps cristatus) were the 
most favourable hosts for continuation of the parasite life cycle. The study shows how 
alterations exerted by infective larval stages of L. intestinalis affect the population 
dynamics of roach. 

ied in a South-Western French gravel pit. Copepods, fish and piscivorous birds, con- . ~ . . .  
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Introduction 

Ligula intestinalis is a common and widespread pseudophyllidean cestode 
which is strongly pathogenic in many natural freshwater fish populations 
throughout Europe (DUBININA 1980). The complex life cycle of the parasite 
requises three hosts: a copepod as the first intermediate host, a cyprinid fish as 

^ I  the second intermediate host and an avian predator as the final host. Free- 
swimming coracidia larval stages are eaten by planktonic copepods and trans- 
form in the gut of their first host into six-hooked oncospheres, which rapidly 
mature into procercoid forms on entering the haemocoel cavity. Infected cope- 
pods are ingested by planktivorous freshwater fish, essentially cyprinids (Du- 

’ Authors’ addresses: C.E.S.A.C., U.M.R. C.N.R.S. 5576, Bâtiment IVR3, CNRS- 
Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse cedex 4, France. 
E-mail: loot@cict.fr (corresponding author). 

Centre d’Etudes sur le Polymorphisme des Micro-organismes, Centre I.R.D. de 
- -Montpellier, U;M;R. C.N.R.S.4;R.D. 9926, 91 1 avenue du Val de Montferrand, 34032 

Montpellier cedex 1, France. i ! 



512 Géraldine Loot et al. ’ 

BININA 1980) in which the procercoids develop into plerocercoid larvae in the 
host’s abdominal cavity. The final hosts in which the parasites acquire their 
sexual maturity are ichthyophagous birds (DUBININA 1980). 

Numerous reports have listed the pathogenic effects of such infections 
(DENCE 1958, h E  & OWEN 1968, 1970, WILSON 1971, SWEETING 1975, 
WYATT & KENNEDY 1989). The pathogen can have a detrimental effect on the 
host leading to high mortality rates in fish populations. 

Infections are subject to numerous factors which vary with the individual 
host, its taxonomic position, the local environment in which it lives, and time. 
In Lavernose-Lacasse gravel pit most individuals of roach become infested 
with an over-dispersed population of Ligula, whereas at other sites in South- 
Western France, the prevalence of Ligula never exceeded 15 % (LOOT, unpubl. 
data). 

The aims of the present study were i) to determine intermediate and final 
hosts which favour local parasite dynamics, ii) to quantify the magnitude of 
the pathogenic effects exerted by this tapeworm on fish populations and iii) to 
discuss its cost for intermediate hosts within the context of the adaptative 
“parasite increases trophic transmission” strategy (LAFFERTY 1999). 

Material and methods 

Stiudy site 

The Lavernose-Lacasse gravel pit is located near the city of Toulouse in South-West 
France (Fig. 1). This gravel pit belongs to the Garonne River alluvial plain and is 
190 m above sea level. Its total surface area is about 23 ha with a maximum depth of 
4 m and a mean depth of 2.7 f 0.4 m. The average annual water temperature is about 
14°C (range 5-25°C). 

For the purpose of this study, we decided to survey the three host compartments 
necessary for the complete L. intestirznlis parasitic life cycle, from April 1998 to April 
2000. In addition, experimental infestations of copepods by coracidia larvae and of 
fish by infected copepods were investigated. 

Zooplankton compartment 

Natural population survey 

Monthly samples were collected using a plankton net (mesh size 100 pm) vertically 
hauled from the bottom of the gravel pit to the surface of the water. The approximate 
volume of water which was filtered through the plankton nets each month is 120-130 
litres. Zooplankton samples were immediately plieserved in a final 4 % formaldehyde 
solution. In the laboratory, density and developmental stages (copepodites Cl, C2, C3, 
C4 and adults) of each cyclopoid and diaptomid species present in the samples were 
investigated using a binocular microscope (8 ~ 5 0 )  (DUSSART 1967). 



I Lavemose 

Garonne River Basin 

Fig. 1. Geographical location of the Lavemose-Lacasse gravel pit. The stars on the 
gravel pit map represent the sampling stations of fish and copepods. 

Experimental infestation of copepods 

A grey heron was fed with an infected fish and parasite eggs were obtained after bird 
faeces sifting and centrifugation (see GERDEAUX 1986). Different species of living 
planktonic copepods were captured at Lavemose-Lacasse gravel pit in December 1999 
using the plankton net. We considered the copepods to be parasite-free since during se- 
vere ligulosis of fish in Lavemose gravel pit we found only one crustacean infested 
with one procercoid by the examination of 600 individuals. Hence the risk of having 
used naturally infected copepods was negligible. All copepods were kept in an experi- 
mental tank (100 x 50 x 50 cm) in water from Lavemose at a temperature of 18 "C and 
natural photoperiod. They were fed each day with algae from Lavemose and Para- 
mecium cultures. Experimental conditions were as similar to the environmental condi- 
tions as possible so as to avoid differences in the ability of the three copepod species to 
become adapted to the lab conditions. Mortality rates of E. gracilis, Mesocyclops 
leuckarti and Acanthocyclops robustus were not significantly different, e.g. 50 % when 
copepods were introduced into the tank and 5-6 % after 5 days of acclimation to the 
storage conditions. At this time the copepods were infected by introducing approximately 
10 Ligula eggs per individual copepod present in the experimental tank. Coracidia are 
formed on the sixth day of development of eggs in water and the calculated hatching 
rate was about 60%. Coracidia larvae which swim freely in the water are actively 
eaten by copepods. Twenty copepod specimens were taken each day after the date of 
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adding the eggs and for 30 days. Examination of living copepods anaesthetised with 
COZ solution proved to be the best method for the detection of procercoids (DUBININA 
1980). We determined, under a microscope, the presence of parasitic larval forms in 
the haemocoel of each copepod species and stage of development. 

Fish colmpartment 

Natural population survey 

Monthly overnight fish samples were taken with gill-nets. We used 30m long and 1.7 m 
high clear nylon monofilament gill-nets of different mesh sizes (10, 12, 14, 17, 21 and 
27") in order to capture a wide range of fish specimens. The total number of fish in- 
vestigated was 1651 over the two-year period. After their capture, the fish were dis- 
sected to determine the presence of L. intestinalis plerocercoids. In parallel, the fish 
specimens were aged using the scale measurements (HARTLEY 1947). The scales were 
cleaned in a 5 % KOH solution before the adhering tissues were rubbed off with a soft 
brush. Then, they were rinsed in water and mounted on microscopic slides for examin- 
ing under a scale viewer. To estimate host fish mortality due to parasites, we used a 
method described by LESTER (1984) based on changes in parasite prevalence with host 
age. For parasites with low virulence, prevalence increases in older fish because older 
hosts have been exposed to infection for a longer period of time (ANDERSON & GOR- 
DON 1982). With a virulent parasite, prevalence decreases in older fish because of the 
death of the most heavily infected hosts which are selectively removed from the pop- 
ulation. Maximum prevalence corresponds to the host age class (i.e. modal age class) 
subjected to the highest parasite impact (ROUSSET et al. 1996). 

Experimental infestation of fish 

Experimental infestations were performed on silver bream (Blicca bjoerkna (LIN- 
NAEUS, 11758)) and roach (Rutilus rzitilus (LINNAEUS, 1758)). Silver bream were taken 
from the Lavemose-Lacasse gravel pit where tapeworm infestation had not been ob- 
served in this fish for a number of years, and roach were taken from the Garonne river 
where ligulosis has never been recorded (LOOT, unpubl. data). Individuals of the two 
fish species were placed singly in different aquaria. The experimental infestation 
started on 15 March 2000. In each aquarium, we placed 10 infected diaptomids per 
fish, each copepod harbouring a total of 4-5 procercoids. The experimental fish speci- 
mens were killed after infestation in October 2000. We observed the presence/absence 
of plerocercoid larval forms in the hosts' abdominal cavity and in parallel the fish 
specimens were aged. 

Bird compartment 

Natural population survey 

Waterbirds were counted every week during two hours in the morniqg, from April 
1998 to ,4pril2000 using a telescope (20x60) and binoculars (8 x30). The small area 
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and open character of the gravel pit permitted a complete census of the population (TA- 
MISIER & DEHORTER 1999). 

Results 

Zooplankton compartment 

Observational data 

In Lavernose-Lacasse gravel pit, the planktonic copepod community was rela- 
tively species-poor with four distinct species: Eudiaptonius gracilis (SARS, 
1863), Acanthocyclops robustus (SARS, 1863), Mesocyclops leuckarti (CLAUS, 
1857) and Cyclops vicinus vicinus (ULIANINE, 1875). The temporal variability 
during the two-year survey for these four copepod species is shown in Fig. 2. 
C. vicinus vicinus appears to be very rare at Lavernose-Lacasse with a peak in 
density (10 individualsfiitre) in October 1998. The three other copepod species 
occurred more often during this survey. M. leuckarti showed a bimodal distri- 
bution of density indicating that it was relatively more frequent from April to 
the end of October. A. robustus was more frequent in our survey from March 
1999 to April 2000, but this strongly contrasts with its relative scarcity from 
April 1998 to April 1999. Finally, E. gracilis was the most widespread cope- 
pod species present in almost all the samples during the two-year survey, and 
the most abundant species present within the planktonic community. 

Experimental infestation 

It was impossible to test the potential infectivity of Cyclops vicinus vicirius by 
coracidia larvae because of its rarity in natural conditions (Fig. 2). The three 
other copepod species showed different susceptibilities to infestation (Table 1). 
E. gracilis showed the greatest susceptibility to parasitic infection in terms of 
the total number of parasitized copepods obtained (prevalence 55 %). M. leuck- 
arti was only slightly sensitive to infestation. We frequently observed remains 
of digested oncospheres (i.e. chitin hooklets) in its gut indicating that infesta- 
tion had failed. In only one case did an oncosphere succeed in penetrating into 
the body cavity and then in developing into a procercoid. Infestation was 
never observed in the third copepod species, A. robustus. 

The success of infestation by oncospheres strongly depended on the devel- 
opmental stage of the host (Table 1). Although C4, C5 larval stages and adults 
of E. gracilis might have been infected when they were younger, no parasite 
was ever found in stages C1, C2 and C3. Only one adult M. leuckarti was 
found to be parasitized. 
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Fig. 2. Monthly changes (from April 1998 to April 2000) in copepod density (number 
of individuals per litre) of 4 species present within the Lavernose-Lacasse gravel pit. 
Only stages of development susceptible to parasitic infection by L. intestinalis (C4, C5 
and adults, see Table 1) were considered in this analysis. 

Fish compartment 

Observational data 

In Lavernose-Lacasse, the two most abundant cyprinid fish species were the 
roach, (65.7 % of the total number of fish) and the silver bream (31.9 %). The 
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Table 1. Experimental infestation of different copepod stages of three different spe- 
cies, Eudiaptomus gracilis, Mesocyclops leuckarti and Acanthocyclops roobustus, by 
coracidian larval stages of the pseudophyllidean tapeworm Ligula intestinalis. The co- 
pepod stages were C1, C2, C3, C4, C5 and adults. Ratio of the number of infected 
hosts to the number of exposed hosts is indicated for each copepod stage. 

Potentialhost C1 C2 C3 C4 c 5  Adults Total 
E. gracilis. 0110 0130 0128 25144 68190 1131174 2061376 
M. leuckarti 013 013 019 0115 0115 1120 1165 
A. robustus 011 012 012 014 015 0112 0126 

common carp, Cyprinus Carpio (LINNAEUS, 1758) (0.7 %), and the bleak, Al- 
burnus alburitus (LINNAEUS, 1758) (0.5 %) were more sparcely represented. 
Despite the inspection of roach eyes, skin, abdominal cavity, digestive system 
and other organs Ligula was the only cestode parasite detected in this fish spe- 
cies. In natural conditions, roach was the only fish observed to be parasitized 
by plerocercoid larvae. The silver bream, which could have been a suitable 
host for L. intestinalis (BARUS & PROKES 1994), notably because this cyprinid 
species is abundant at Lavernose-Lacasse, was never found to be infected. The 
rare specimens of common carp and bleak caught were also never parasitized. 

At first, parasitic prevalence increased rapidly with roach age (Fig. 3). 
Three-year old roach were strongly affected by plerocercoid forms (mean par- 
asite intensity 5.98 * 0.25, making up about 17.5 % of the total fish weight). 
They were the host age class subjected to the highest mortality (ANDERSON & 
GORDON 1982, ROUSSET et al. 1996). The oldest individuals were weakly in- 
fected. Patterns of prevalence changes with host age were similar for both 
years of the study. We observed seasonal differences in prevalence for both 
years (Fig. 4). The prevalence values increased in spring and decreased in win- 
ter. 

Experimental infestation 

Roach appears to be a suitable second intermediate host of Ligula intestinalis 
according to the total number of fish parasitized during the experiment (preva- 
lence 18.2 9%). Prevalence was maximum for two and three-year old fish. We 
failed to infest the oldest roach and the silver bream (Table2). 

Bird compartment 

Observational data 

Five species of aquatic birds were censused during the surveys: the great 
crested grebe, Podiceps cristatus (LINNAEUS, 1758), the cormorant, Phalacro- 
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Fig. 4. Monthly changes (from April 1998 to April 2000) of prevalence in roach speci- 
mens infected by plerocercoid worms of L. intestinnlis. 
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Table 2. Experimental infestation of different fish age groups of two cyprinid species, 
Rutilus rutilus and Blicca bjoerkna by infected copepods. Ratio of the number of in- 
fected hosts to the number of exposed hosts is indicated for each group. 

Potential host 1+ 2+ 3+ 4-1- 5+ 6+ 
R. rutilus 1110 9/22 1/21 1/12 0113 0115 
B. bjoerkiia 012 O l l  0112 0116 0115 014 

corm carbo (LINNAEUS, 1758), the grey heron, Ardea cinerea (LINNAEUS, 
1758), the night heron, Nycticorm nycticorm (LINNAEUS, 1758) and the yel- 
low herring gull, Larus cachinnans (PALLAS, 1811). All five are known to be 
potential final hosts for L. intestinalis (ROSEN 1920). In the Midi-Pyrénées re- 
gion, the cormorant is known to be a wintering species (BOUSQUET 1992). It 
was present in the Lavernose-Lacasse gravel pit during the winter season from 
December 1998 to March 1999, whereas during the 1999/2000 winter cormo- 
rants were only observed in December (Fig. 5). 

Both the grey heron and the night heron were very rarely observed at the 
study site and when so, in low numbers (Fig. 5). Finally,~both the yellow her- 
ring gull and the great crested grebe were the two commonest birds over the 
two-year survey. The grebe is a sedentary bird species at Lavernose-Lacasse 
(SANTOUL & TOURENQ 2000), and it occurred in all counts with a fairly even 
number of specimens throughout the survey (3.60 & 1.10). 

Discussion 

In this work, the question was posed as to how Ligula intestinalis can com- 
plete its life cycle in the Lavei-nose-Lacasse gravel pit and what are the com- 
munity members which facilitate parasitic transmission and impart a high 
level of Ligula abundance at this site. Both field and experimental studies 
were conducted. 

When looking for the first potential intermediate hosts of L. intestinalis at 
Lavemose-Lacasse, we found that not all the planktonic copepods present in 
the local community were potential agents of parasitic transmission. Firstly, in 
the experimental infestations of copepods only E. gracilis was infested. All ex- 
perimental infestations of M. leuckarti except one failed although this copepod 
species eagerly swallowed a very large number of infective stages of the para- 
site. Interestingly, by feeding upon and consuming free-swimming coracidia, 
M. leuckarti presents a positive practical effect in controlling ligulosis, as pre- 
viously hypothesised by DUBININA (1980). Under experimental conditions, 
GERDEAUX (1986) demonstrated that individuals of C. vicinus vicinus from 
Créteil Lake near Paris could be easily infected by L. intestinalis infective sta- 
ges. However, it should be noted that even though the experiment demon- 
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Fig. 5. Monthly changes (from April 1998 to April 2000) in numbers of individual 
birds of five species present within the natural community of Lavernose-Lacasse 
gravel pit. The bars represent mean values over 4 weeks. 

strated that this copepod species is a suitable parasite host, it does not demon- 
strate its actual role in the zone investigated. 

Secondly, infestation of various copepod species by the tapeworm larvae 
was shown by WATSON & PRICE (1960) to depend very closely on their mode 
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of life. Diaptomid copepods usually filter out the tiny particles of detritus and 
microplankton suspended in the water (RYLOV 1930 a, b, LOWNDES 1935, MA- 
LOVITSKAYA 1961). Interestingly, the spherical free swimming coracidia larvae 
roughly mimic, in body size and shape, common phytoplankton items such as 
flagellates and Protococcaceae which represent some of the favourite food 
items for diaptomids. On the contrary, most cyclopoids are predators (DZYU- 
BAN 1937, RYLOV 1948, FRYER 1957, MONAKOV 1959) actively attacking their 
prey which are essentially zooplankton and other benthic animals like pro- 
tozoa, rotifers, crustaceans or their own larvae. Thus, under natural conditions, 
diaptomid copepods are logically more prone than cyclopoid copepods to par- 
asitic contamination by infective stages of L. intestinalis for behavioural rea- 
sons. 

Thirdly, some copepod species are not so numerous in the local community 
and cannot, or could only very occasionally, contribute to the parasitic life cy- 
cle. For instance, C. vicinus vicirzus, is certainly too scarce to be considered as 
an important agent of transmission. The widespread occurrence of E. gracilis 
in the Lavernose-Lacasse gravel pit throughout the two-year survey makes it a 
serious candidate as first intermediate host for the transmission of L. intestiaa- 
lis. 

Then, when considering the second intermediate host in the parasitic life 
cycle, i.e. fish, tests demonstrated that older roach were refractory to any para- 
sitization by L. intestinalis. Older hosts may cease to acquire parasites as a 
consequence of immunity acquisition. Silver bream specimens were entirely 
refractory and this strongly contrasts with other studies demonstrating that the 
silver bream is a suitable host for infection by plerocercoids (DUBININA 1980, 
BARUS & PROKES 1994). It is therefore suggested that the inability for procer- 
coids to develop into plerocercoid forms in silver bream from the Lavernose- 
Lacasse gravel pit is under physiological control, and that the host’s immune 
system is involved in the inactivation of the parasite life cycle (ARME & 
OWEN 1968, TENORA et al. 1997). Given this, we must accept the hypotheses 
that other strains of L. intestinalis are able to colonize silver bream in other 
local communities or that L. intestinalis foims a complex of different species 
locally parasitizing different populations of fish. 

The development of the plerocercoid phase occurs within the host fish’s 
body cavity where it requires a long time, sometimes over a year, to achieve 
maturation. L. intestinalis greatly compresses the internal organs and simulta- 
neously has a strong toxic influence, disrupting the normal activity of the 
host’s individual organs and its general metabolism (AME & OWEN 1968). In 
addition, the tapeworm modifies the normal swimming behaviour of the fish 
into a jerky movement and makes infected roach appear fat (LOOT et al., un- 
publ.) which seems to be an excellent way to attract predatory birds’ attention. 
Moreover, in reducing the fish swimming and the probable escape ability the 
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parasite increases its present host’s value as prey (LAFFERTY 1997). In the 
gravel pit studied, the three-year-old infected roach become easy prey for pis- 
civorous birds. The decline of prevalence levels in winter may reflect death of 
more heavily infected roach and a lower transmission rate at this period. The 
high mortality of this strongly affected class of fish might be due to preferen- 
tial predation exerted by some bird foragers, a scenario entirely compatible 
with the adaptative parasite-induced manipulation of the host that increases 
parasite trophic transmission (LAFFERTY 1997, LAFFERTY et al. 2000). 

In nature, ichthyophagous birds serve as the final hosts for L. intestinalis. 
The pseudophyllidean plerocercoids found in fish and swallowed by piscivo- 
rous birds develop into mature worms in less than a week, and live only some 
days in the hosts’s intestines. Mature pseudophyllidean cestodes are so ephem- 
eral that infected piscivorous birds are scarcely observed in natural conditions. 
Consistent with this observation, there is scant evidence to demonstrate in na- 
ture, which bird species really serve as final hosts for L. intestinalis. Moreover, 
protected bird species cannot be used in experimental infestation tests. Rather, 
ecological surveys of the different bird species occupying a site as we did in 
the present work may be a convenient and simple way to evaluate the likeli- 
hood that a bird species is a final host for L. intestinalis. We observed that both 
grey and night herons occurred in very small numbers in the study site, where 
they only feed. These two species could not contribute to the persistence of the 
Ligula intestinalis life cycle. 

The cormorant which occurs on the gravel pit during the winter season is 
an acceptable candidate for the final transmission of the parasite. However, the 
mode of life and occurrence of cormorants imply a limited dispersion of tape- 
worm eggs in the gravel pit. Indeed, the cormorant occurred irregularly 
throughout the study period. The birds occupy the open water for their forag- 
ing alctivities but have resting areas and a night refuge zone often far from the 
gravel pits (SANTOUL 20001). The yellow herring gull might also be a final host 
for L. intestinalis. However, it is an erratic winter visitor and its main activ- 
ities are feeding in open water. If contamination did occur via this bed, it 
might only be due to chance events. 

Finally, the great crested grebe showed stable numbers at the site through- 
out our two-year survey. Compared to that of other bird species, its behaviour 
including activities such as grooming, resting and feeding, is mainly restricted 
to water, implying the likelihood that more bird faeces containing parasite 
eggs may be released into the water than from other birds. Grebes usually con- 
sume 150-200g of fish a day, with cyprinids such as roach, dace and bream 
forming the major part of their diet (SQBCZYK 1975). Roach specimens of 100- 
120” length (three years old) are preferentially eaten by these birds, thus 
making the great crested grebe the ‘“ideal final host” responsible for L. intesti- 
nnlis infestation in this locality. 
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The line of biological reasoning developed above may be supported by 
considerations on the physiological characteristics of bird species. DUBININA 
(1980) observed that in bird species with strong peristalsis, e.g. herons and 
cormorants, massive pseudophyllidean plerocercoid worms could not easily 
attach to the hosts’ intestinal walls. In experiments, plerocercoids were ex- 
creted within one or two hours after infestation by parasitized prey (DUBININA 
1980), rendering mating success with other sexually mature Ligula individuals 
highly improbable. In contrast, in gulls and grebes, weaker peristalsis may faci- 
litate parasitic infection, maturation and reproduction of plerocercoid worms. 

Conclusion 

We showed both in natural and experimental conditions that the copepod spe- 
cies, E. gracilis, is the main and probably unique first intermediate host in the 
life cycle of L. intestinalis at Lavernose-Lacasse gravel pit. The involvement 
of roach as the second and also single intermediate host species of the tape- 
worm is also demonstrated by both observational data and experimental tests 
of infestation. We further demonstrated that three year old roach specimens 
were the most infected by plerocercoid larval forms. They are by far the speci- 
mens most probably preyed upon by the piscivorous birds that serve as final 
hosts. At the study site, the great crested grebe is the most likely target bird of 
L. intestinalis. However, we cannot discard the hypothesis that other bird spe- 
cies are also involved in the life cycle of L. intestinalis. Finally, we suggest 
that a review of regional host species involved in the parasite life cycle might 
provide answers to questions that remain open. Possible local adaptation, de- 
pending on the predictability of the three host compartments, should be further 
investigated using biological markers to detect possible local differences in 
strgns of tapeworms. 
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