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accelerated growth for 21-25 days after exposure before the death 

of the snail hosts. 

The first motile cercariae were seen 45 -47 days after exposure 

at 25° C and by 60 -65 days at 20° C. 
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EFFECTS OF TEMPERATURE ON THE DEVELOPMENT OF 
FASCIOLA HEPATICA LARVAL FORMS IN LYMNEA COLUMELLA 

INTRODUCTION 

Review of Literature 

Thomas (1883) first described the life cycle of Fasciola hepatica 

in the British snail host Lymnea truncatula. He was first to note the 

differential rates of larval growth with the changes of season. The 

sporocyst took approximately 20 days to complete its development 

during the summer and around 40 days during the fall. Thomas (1883) 

and Leuckart (1886) noted that the season of the year could be an im- 

portant factor in increasing the number of larval types produced. 

Infections occurring during the fall produced only daughter rediae 

from the rediae, and the second generation rediae formed cercariae 

during the spring. The summer infections produced cercariae direct- 

ly from the first generation rediae. Ross (1930) and Krull (1934) 

noted that the time necessary for the full development of the cercariae 

of F. hepatica varied considerably in individual snails infected at the 

same time and kept at different temperatures. Shaw (1932) did the 

original work with Lymnea columella in the Willamette Valley and re- 

ported the incubation period of F. hepatica larvae to vary between 40 

and 87 days under laboratory conditions. 

Roberts (1950) studied the rate of larval development of F. 
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hepatica in L. truncatula, comparing three laboratory temperatures 

with development in the field. In his laboratory studies, he found no 

development at 5o C. He did, however, find cercariae appearing by 

day 38 and 57 at the temperatures 25 and 17 degrees C, respectively. 

Stycznyska -Jurewicz (1958) confirmed that there was complete inhi- 

bition of larval development at 5o C, and prolongation of development 

at 16 -190 C. She noted a cessation of growth of the parasite in Galba 

when held at lower temperatures. 

Dinnik and Dinnik (1963, 1964) have shown a direct correlation 

between the seasonal variations of temperature and the larval develop- 

ment of Fasciola gigantica in Kenya Highlands. The development per- 

iod varied from 69 to 110 days depending on the time of the year. 

They noted that the sporocyst and mother rediae developing inside the 

sporocyst were the most susceptible stages with high mortality at 

winter temperatures. Dinnik and Dinnik (1964) stated that tempera- 

tures less than 16o C prevented cercarial production, but did not stop 

the development of generations of daughter rediae in the snail. With 

the passing of the cold season and the rising temperature of the water, 

all except the youngest rediae switched from redial to cercarial pro- 

duction. The authors raised the question whether there exist two 

kinds of germ cells in the parent larvae; one giving rise to redial em- 

bryos and the other to cercarial embryos; i.e. with temperature being 

the controlling factor determining the development of one or another 
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of these cells. 

Many species of schistosomes have been utilized in laboratory 

and seasonal temperature studies. Gordon, Davey, and Peaston 

(1934) did an extensive study in Sierra Leone on the effects of tem- 

perture on the larval stages of Schistosoma mansoni and S. hema- 

tobium in their respective molluscan hosts. They found that the 

effect of lowering the temperature by 5o C below normal increased 

the incubation time in the snail from 29 days to 35 days. Less than 

to C reduction in temperature maintained throughout the whole devel- 

opmental period caused a slight, but consistent lag in the rate of the 

development in the snail. With the lowered temperature, there was 

noted a slower rate of migration of the sporocysts to the hepatopan- 

creas. This resulted in a greater production of daughter sporocysts. 

Another effect of lowered temperatures was the number of cercariae 

discharged. Greater total numbers were released at lowered temper- 

atures (210 C), but at higher temperatures there was a greater num- 

ber maturing at the same time. 

Standen (1952) stated that (with all other factors controlled) the 

development of the parasite in the snail was directly related to tem- 

perature. He noted no seasonal rhythm of infection in Schistosoma 

mansoni, but a marked influence by the prevailing temperature. 

DeWitt (1954) stated that the motility of the schistosome miracidia 

was probably directly related to environmental temperature, and that 
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this relationship might vary with different strains. He also noted that 

the optimum temperature for larval development is generally limited 

by the maximum temperature tolerated by the snail host. Stirewalt 

(1954) reported a declining rate of infectivity of the Puerto Rican 

strain of S. mansoni for Australorbus glabratus. She related this 

directly to a two degree change below the optimum for the larval de- 

velopment. The lower rate of infection was paralleled by a longer 

incubation period in the snail. There was also fewer penetrations of 

cercariae and maturations to adults in the host when infected snails 

were incubated 3 to 5o C below the optimum temperature for develop- 

ment. 

In summary temperature can affect: (1) the miracidial penetra- 

tion and subsequent loss of infection from the snail; (2) the length of 

incubation period resulting in changes in mortality of larvae and num- 

ber of larval stages produced by the germ cells; and (3) the infectivity 

and development of the cercariae in the tissues of the mammalian 

host. It is the purpose of this study to determine the effects of tem- 

perature on the larval development of Fasciola hepatica in Lymnea 

c olumella . 
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MATERIALS AND METHODS 

Preparation of Fasciola hepatica Ova 

F. hepatica ova were obtained from both sheep and bovine gall 

bladders. The contents of the gall bladders were washed into a liter 

beaker which was then filled to capacity with tap water. The contents 

were allowed to settle; the ova collecting on the bottom. The super- 

natant was decanted and the beaker refilled with tap water. This 

washing process was continued until the supernatant was clear and 

the ova could be seen as a mass of brown particulate matter on the 

bottom of the beaker. The washed ova were then transferred to a 

250 ml Erlenmeyer flask, wrapped with a heating tape plugged into a 

Powerstat transformer which maintained a constant water tempera- 

ture of 25 -30o C for the incubation period. A slow stream of air was 

pumped into the water and one -half ml of phosphate buffer was added 

to maintain a pH of 7.0 -7.5. The incubation period at 300 C was ap- 

proximately nine days and at 250 C 10 -13 days. Maintenance of a con- 

stant temperature allowed fairly accurate prediction of time of mira- 

cidia emergence. 

Maintenance of Lymnea columella Host 

In order to maintain a large number of snails for this work, 

large earthen pots were maintained with all sizes of Lymnea 



6 

columella snails. The pots were 8 -10 inches in diameter and 8 -10 

inches high. The exterior of each was painted with nontoxic white 

paint to prevent loss of water through the unglazed surfaces. After 

the paint dried for 24 hours, the pots were filled with a screened 

mixture of sand and loam. The pots were autoclaved for one hour 

at 100° C to kill all organisms in the soil. Inoculation of the steril- 

ized soil with the mosses Leptobryum pyriforme and Funatia hygro- 

metrica is important since the young snails appear to maintain them-. 

selves entirely on these plants which grow on the surface of the soil 

and the surface of the unpainted pot. The surface of the soil was 

kept wet and at the consistency of soft mud. 

The snails were semi - aquatic air breathers which stay on moist 

surface; glass covers confined them to the pots. 

My original snail egg masses were obtained from snails main- 

tained by Dr. J. N. Shaw and Peter Nyberg for approximately one 

year before the starting of this project. The egg masses were 

covered with an inch of distilled water and aerated. After two weeks, 

"seed snails" were collected on the sides of the bowl near the water 

level. The 0. 25 -0. 5 mm Lymnea snails were then transferred to 

the earthen pots for approximately four weeks during which the snails 

grew to 1 -4 mm and began laying egg masses. Snails larger than 

1 mm were used for experimental infections with the F. hepatica 

miracidia. All snails and egg masses were maintained at 19 -20° C. 
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Snails approximately 2 mm move on to the mud and feed on lettuce, 

both of which are eaten by the snails. Gro -lux lights were suspended 

approximately 36 inches above the culture pots. The photo period 

was 13 hours and maintained automatically. 

Exposure of L. columella to F. hepatica miracidia 

Miracidia were transferred from the flask containing the F. 

hepatica ova. Lymnea snails were then transferred, one only to a 

2 -inch petri dish. Using a micropipette, 3 -5 miracidia were added to 

each petri dish containing a snail. The miracidia penetrated within 

20 -30 minutes. The dishes were then filled with distilled water, cov- 

ered, and allowed to stand approximately 24 hours. After this period, 

the snails were transferred to the constant temperature containers. 

In preliminary experiments it was found that 75 to 100 percent of 

snails exposed to 3 -5 miracidia under the conditions stated above de- 

veloped infections. 

Experimental Apparatus and Maintenance 

The temperatures maintained in the project were as follows: 

8 
o o 

15, 20 ®, 25e, 30 , and 35°C. This range included maximum and mini- 

mum temperatures -- likely to be encountered by the snail. The eight - 

inch by three -inch glass finger bowls were filled with sterilized soil 

and wetted to settle the soil. When a constant temperature had been 
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established in about two weeks, forty infected snails were trans- 

ferred into each container and lettuce was supplied when needed. 

The water was checked daily and changed whenever it became dirty. 

Starting at one day after infection, two snails were removed 

from each container. This was repeated every seventh day there- 

after. The live snails were dropped into a 10 percent neutral forma - 

lin solution for fixation. These were stored in screw -top vials for 

later sectioning. Snails were removed until and through the time 

when cercariae were present. 

The fixed snails were put through a standard sequence of dehy- 

drating agents and mounted in paraffin. Sections were taken through 

the hepatopancreas where the larvae develop after the first week of 

incubation at most temperatures. Early development of the sporo- 

cysts may occur in various parts of the snail. All measurements 

given were in microns. A tabulation of larval morphological develop- 

ment at temperatures; 20o, 25o and 30o C is given in Table I. 
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DATA 

At 8o C there were no Fasciola hepatica larval stages in the 

hepatopancreas of the snail. Exposed snails were examined each 

week for a total of 18 weeks after exposure to the miracidia. The 

exposed snails appeared to maintain a feeding activity and growth 

rate similar to the unexposed ones maintained at the control tempera- 

ture, i. e. 20o C. There appeared to be negligible mortality at 8° C. 

The snails maintained at 15° C likewise did not harbor any F. 

hepatica larvae in the tissues of the host during the same period as 

above. The exposed snails appeared to maintain normal feeding 

activity and growth rate. As in the 8o C culture, there was negligible 

mortality at 15° C. 

In the finger bowls maintained at 20o C, by day 29 the hepato- 

pancreas contained a large number of larval forms which appeared to 

be rediae containing undifferentiated ovoid bodies (Figure 3). It 

would appear that the bodies were germinal balls which would later 

differentiate to form cercariae. The germ balls appeared to grow on 

the inner walls of the rediae. The rediae measured 400 -l000µ in 

length and the muscular pharynx 50 -25Oµ. Some elongated germinal 

cells measuring 25Oµ in length and l00µ in width were free in the 

redial body cavity. Forty -two days after infection the presumptive 

cercariae bodies had no apparent differentiation of parts except for a 
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darker circular region anteriorly which appeared to be the precursor 

of the oral sucker. On the 49th day after infection I noted groups of 

2 -3 cercariae in rediae. The rediae were located in the liver and 

along the periphery of the intestine. Cross - sections of the cercariae 

were 130 -150µ in width. The oral suckers of the cercariae were 

50 -75p. and ventral suckers 40µ in diameter. By the 56th day there 

were developing penetration glands behind the oral and beside the 

ventral sucker (Figure 1). The masses appeared to be made up of 

globular cells each distinct from the others in the mass. At the 65th 

day fully developed cercariae were inside the rediae and also free 

within the cavities of the snail, the body of the cercaria measured 

280p, in length. No tails were evident in serial sections, but in whole 

mount preparations, the cercariae tails were 500 -6O0µ long. The 

oral sucker was 30p, in diameter and ventral sucker 50 -60p. in dia- 

meter. The penetration glands were 75 -100p, in length. The normal 

releasing time for cercariae at 20o C was 60 -65 days after exposure 

to miracidia. 

At 25o C the first evidence of larval development was noted in 

snails fixed 14 days after infection. Several bodies in the snail lung 

tissues appeared to be small rediae. The body length was l00µ and 

what appeared to be a pharynx measuring 15µ in diameter. The 

redial body was made up of compact cells with no evidence of a body 

cavity. two or three rediae in a group appeared to be surrounded in 
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a tissue layer which extended from the lung substance (Figure 2). 

By day 35, large rediae measuring 500 -100011 in length were 

present in the body cavity. The rediae contained cercariae with both 

ventral and oral suckers partially differentiated. The cercariae 

measured 200 -28O11 and had glandular masses. The larvae had des- 

troyed a large part of the hepatopancreas substance and were attached 

to the outside of the digestive tract. By day 45 -47 full -sized cer- 

cariae were released when the snail shell was cracked. The body of 

the cercariae measured l5011 in length and l70µ in width. Glandular 

masses l00µ in length with the ventral sucker between the masses 

measured 6011 in diameter. The oral sucker measured 3011 in dia- 

meter (Figure 4). 

At 300 C the first larval stages were noted by day 14 in the lung 

region of the snail. There appeared to be a small redial sac -like 

body with germinal balls. The bodies appeared to be similar to 

larger rediae seen in later larval development. One rediae measured 

7511 in length and at the anterior region had an oral sucker 711 in di- 

ameter. By day 21, I observed one redia in a liver section. The 

redia contained few cercariae with the oral suckers fully differen- 

tiated. One redia measured 40011 in length and had six small germ 

balls besides the three larger cercariae. The largest cercariae 

measured 18011 in length with oral sucker 3011 in diameter. In other 

rediae there were larger cercariae with the oral suckers 
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differentiated and some glandular areas already evident. By day 25 

all exposed snails at 30o C were dead. Another group was main- 

tained at this temperature and all snails were dead by day 30. No 

motile, fully developed cercariae were found in the snails maintained 

at 30° C. At 35° C the two groups of 40 each exposed snails were 

dead by the 6th day. No larval growth was detected at this tempera- 

ture before the snails died. 



TABLE I. LARVAL DEVELOPMENT OF FASCIOLA HEPATICA AT THREE TEMPERATURES. 

20° C 25° C 30° C 

Day 14 

Day 21 

Day 30 

Day 40 

Day 47 

Day 50 

Rediae present with ovoid 
bodies with no differentia- 
tion. 

Cercariae present with 
oral sucker present. 
Cercariae with oral and 
ventral suckers present, 
glandular masses evident. 

Hepatopancreas packed 
with cercariae. 

Day 60 -65 Release of cercariae. 

Rediae in lung tissues; l00µ Rediae in lung with germ 
pharynx present. balls. 7511 in length, pharynx 

pre sent. 

Rediae 400µ in length with 
cercariae present. Oral 
sucker. 

Rediae containing with Day 25 100% mortality of 
oral and ventral suckers; snails. 
gland masses present now. 

Release of motile cercariae. 



Figure 1. F. hepatica larval forms at day 56 at 20 °C. Cross 
section of rediae with cercariae inside capsule of 
hepatopancreas of L. columella. 

Figure 2. Redia in lung tissues at day 14 at 30 °C. Immature 
rediae enclosed in membranes of Lymnea branchial 
tissues. 

Figure 3. Redia containing developing cercariae, day 29 at 
20° C. 

Figure 4. F. hepatica cercariae dissected from snail on day 
47, 25° C. 
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DISCUSSION 

The data reported from this research lead to the conclusions 

that (1) Fasciola hepatica larval forms cannot undergo full develop- 

ment in the host Lymnea columella at temperatures below 150 C; 

(2) the optimum rate of larval development for F. hepatica is in cul- 

tures over 200 C and less than 300 C; and (3) larval development to 

motile cercariae cannot be maintained at temperatures 300 C and 

higher. It is assumed that all exposed snails used in this research 

had the same percentage of infection, i.e. 75 -100 percent. 

Kendall (1964, 1965) reported at Weybridge, England, that 

10o C was the limit below which no larval development occurred in 

F. hepatica. Above 10o C the rate of development increased up to 

about 280 C when it was difficult to maintain the snails in a healthy 

condition. In Australia, Boray (1961) made observations on the de- 

velopment of F. hepatica in L. tomentosa grown in the temperature 

range of 150 -350 C. At 150 C cercariae were released 56 -86 days 

after exposure and at 350 C cercariae were released 24 -28 days after 

exposure. Roberts (1950) using controlled conditions found no devel- 

opment at 50 C. However, growth was resumed when the exposed 

snails were transferred to higher temperatures. It appeared that low 

temperatures suspended larval development rather than killing the 

parasites. Gordon et al. (1934) came to similar conclusions in work 
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done in Egypt and Europe. They noted that winter temperatures of 

5 -6o C in Egypt suspended all development in larval trematodes, but 

in Central Europe the same temperature only retarded the growth. 

Dinnik and Dinnik (1963), working with Fasciola gigantica larval 

stages in the Kenya Highlands, reported temperatures of 5 -15o C in 

outdoor aquaria were unfavorable for development of sporocysts and 

rediae. During the cool season, i.e. June, July and August, the 

sporocysts either did not grow at all or their growth was delayed, and 

later ceased before they could reach the normal size observed in 

sporocysts which developed in the snails kept in the laboratory at 

26o C. Dinnik and Dinnik (1963) noted that the death rate of the spor- 

ocysts in the cool season of the year was always high and in some in- 

fected snails all the sporocysts died before they could produce rediae. 

They observed the rediae that did not escape the sporocyst had longer 

gut ceca, but contained no liver tissues from the host. The same 

rediae did not contain germinal cells which should be present. The 

authors also noted that with a rise in temperature there was an im- 

mediate acceleration of growth in all living sporocysts and rediae. 

In the field, Dinnik and Dinnik (1963) were able to find larval develop- 

ment of F. gigantica taking place at all times of the year. Dr. J. N. 

Shaw (personal communication) observed F. hepatica larval stages in 

L. bulimoides in ponds in the Willamette Valley during the entire 

year. However, the laboratory data presented herein does not 
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substantiate those field observations. 

To the contrary exposed snails in the 8o and 15o C temperatures 

appeared to maintain a steady rate of growth and with rather low mor- 

tality. The rate of growth appeared to be greater than that of unex- 

posed snails grown in the laboratory at 20o C. This accelerated 

growth might be due to cooler water or both temperature, loss of par- 

asite infection or both. It would appear that the lack of any larval 

forms in snails serially sectioned from the two low temperature 

groups would be sufficient evidence that the parasite infection was lost 

rather than only retarded as reported by Dinnik and Dinnik (1963), 

Roberts (1950) and Gordon et al. (1934). Stirewalt (1954) in her work 

with Schistosoma mansoni larval forms, noted loss of infection as a 

partial cause for low cercariae production. She had almost no loss of 

infection at higher temperatures (26 -28° C) which gave optimum pro- 

duction of cercariae at Bethesda, Maryland. 

Roberts (1950) using F. hepatica in the host L. truncatula noted 

definite differences in rates of development with a 5 degree change in 

culture temperatures. At 190 C he first noted large rediae containing 

daughter rediae 26 days after exposure and the first sign of cercarial 

forms on day 30. He noted cercariae released by day 57. At 25o C 

Roberts noted rediae 1 mm in length growing in the esophageal region 

of the host by day 7. Germ balls were seen in the rediae by day 8 

and daughter rediae were formed by day 14. After 
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20 days of development he noted cercariae in the rediae and destruc- 

tion of the hepatopancreas with filling up of the hemocoel by cercariae 

on day 27. Cercariae were shed from day 38 to 42 at 25° C. Roberts 

noted a larger number of daughter rediae at higher temperatures. 

He suggested that the higher temperatures assist in faster regenera- 

tion of lost hepatopancreas tissue supplying more food for more 

parasites thus giving a greater number of cercariae when the tem- 

perature goes up during the summer. 

In my experiments I found that at 20o C, during the summer 

there was a greater rate of cercariae production than during other 

times of the year. This did not support Robert's explanation for 

increased summer production. Comparing my metacercariae col- 

lections made during winter and early spring months with those made 

in late spring and summe r months, the summer production was ten- 

fold that of the winter months at 20o C. During the entire 12 month 

period, the temperature was kept at 20o C and the photoperiod and 

light source remained constant. Thus the increased production oc- 

curred without increased temperatures or change of the photoperiod. 

No conclusions regarding increased rediae and daughter rediae during 

summer at 20o C was possible from my experiments. However, at 

30o C there definitely were fewer rediae than at lower temperatures. 

One could assume that along with an increased rate of mortality at 

temperatures of 30o C and above, there is also a definite decrease 

. 
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in numbers of larval forms in surviving rediae at the elevated tem- 

perature. 

With a five degree increase above 20° C, the time necessary for 

cercarial development was cut from 60 -65 days at 20° to 45 -47 days 

at 25° C. It would seem possible that the time could be reduced 

further by increasing the culture temperature above 25° but not over 

29° C. The mortality at 25° was somewhat higher than that at 20° 

but not as high as that observed at 30° C. Therefore, increased 

mortality rates appear to set in above 20° C and reach a level that 

stops larval development at 30° C, evidently somewhat above the 

maximum at which complete larval development can occur. There 

was accelerated development up to 21 -25 days after exposure, but 

the extremely high mortality which prevailed, precluded use of the 

high temperatures in culturing these parasites. 

At 30° C the first formation of a cercarial oral sucker was seen 

21 days after exposure. Similar development did not occur at 250 C 

until day 20, and at 20° C not until approximately day 40 (Table I). 

Development of the ventral sucker and penetration glands occurred 

by day 30 at 25° C, but this same development was not reached at 

20° C until day 47 (Table I). The release of motile cercariae 

occurred on days 45 -47 at 25° C, but release of cercariae did not 

occur at 20° C until days 60 -65 (Table I). By using the morphologi- 

cal changes as evidence of rates of growth, there is acceleration of 
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nine or more days of morphological changes with each five degree 

rise in temperature. One might speculate that if the exposed snails 

could be maintained at 300 C for a longer time, motile cercariae 

would be released by day 35. Boray ( 1963) observed release of F. 

hepatica cercariae by day 24 -28 in Australia at 300 C. Such results 

would be impossible to reproduce in the Willamette Valley using the 

local strain of F. hepatica and L. columella. It is difficult to cor- 

relate the data from research done at different locations in the world 

without first considering the differences in climate and strains 

adapted to particular temperature ranges. It would seem logical that 

the host -parasite system could be maintained at higher temperatures 

with shorter development times if strains became adapted to the 

higher temperatures of the environment. A lower temperature with 

longer developmental times appears to have resulted in a strain 

adapted to the climatic conditions in Oregon. While temperature 

ranges for optimum larval development may differ with species, 

ranges in temperature due to latitude will have similar effects on 

rate of larval development. Thus, other temperature studies show 

similar results and are supported by the conclusions made in this 

paper. 
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SUMMARY 

1. Fasciola hepatica larval development can take place in snail tis- 

sues other than the hepatopancreas. This fact was shown in 

sections taken from the lungs of Lymnea columella grown at 250 

and 300 C. 

2. There was an apparent loss of parasite infection or complete 

suspension of larval development at temperatures of 15o C and 

less. There was no evidence of development in any snails sec- 

tioned or dissected which were grown at 80 of 15o C. 

3. Exposed snails kept at 80 C and 15o C maintained a steady 

growth rate with negligible mortality. The combination of low 

temperatures and loss of infection might account for these ob- 

servations. 

4. Larval development of F. hepatica to the motile cercariae was 

not maintained at temperatures of 30 °and 35°C. Larval develop- 

ment was maintained until 25 days after exposure, but the high 

mortality rate at this temperature prevented completion of lar- 

val development at 30°C. All exposed snails maintained at 35 C 

died within 6 days after exposure. 

5. Optimum temperature for the snail was about 200C; the maxi- 

mum rate of larval trematode development was between 25 and 

29°C.. The optimum temperature for this snail -trematode re- 

lationship was between 20 °and 25°C. 
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