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RHYTHMIC EMERGENCE OF SOHISTOSOMA MANSONI CERCARIAE 

FROM BIOMPHALARIA GLABRATA: INFLUENCE OF THE TEMPERATURE 

Célio M. VALLE, J. PELLEGRINO and N. ALVARENGA 

SUMMARY 

Confirming previous observations it was shown that infected B. glabrata kept 
at constant temperature, but subjected to diurna! light variation, shed cercariar 
in a characteristic rhythrn where about 98 % of the cercariae are eliminated 
between 6 A. M. to 6 P. M.. This rhythm disappears when: a) infected. snails 
are kept at constant temperature and in darkness; b) the temperature is constant 
and the illumination continuous. Only variation in ternperature (snails kept in 
darkness) can induce a circadian rhythm although not as characteristic as when 
light and ternperature act in the process of cercaria! shedding. Infected snails 
kept at constant ternperature and in the dark continue to shed cercariae. Cercaria! 
counts performed within 24-hour periods demonstrated that the numbers of cer
cariae eliminated under this condition do not differ significantly from those found 
when infected snails are kept under normal laboratory conditions. 

INTRODUCTION 

It is well known that the ernergence of 
cercariae of Schistosoma mansoni from snail 
vectors follows a rhythmic pattern, the great 
percentage of cercariae being ernitted dur
ing the day (FAUST & HoFFMAN 5, GrnvAN
NOLA 6, MALDONADO 10

, BARBOSA & COE
LHO 3, PELLEGRINO & DE MARIA 12

, WEBBE 
& JORDAN 16

). There are evidences that the 
peak of emergence varies according to 
geographic conditions. Field observations 
revealed that in Brazil the peak ranges 
from 11 A.M. to 5 P .M. (BARBOSA 
& COELHO 3

) in Recife and from 3 :30 P. M. 
to 5:30 P .M. in Belo Horizonte (PELLE
GRINO & DE MARIA 12

). ln Africa, the expo
sure of animals to infested waters showed 
that the greatest infectivity occurs between 
10 A. M. to 2 P. M. . Cercaria! countings 
in the field by filtration of large volumes 
of water demonstrated that the greatest num-

ber of cercariae, in Puerto Rico, is found 
within 11 A.M. to 3 P.M. (ROWAN 13 ). 

The influence of light and temperature 
in the process of cercaria! shedding has been 
studied by KuNTZ 7, ScHREIBER & ScHu
BERT H and, more recently, by VALLE, PEL
LEGRINO & ALVARENGA 15 and AscH 1 • 

ln this paper a series of experiments have 
been designed: a) to study the rhythm under 
constant temperature; b) to follow rhythmic 
changes when infected snails are kept under 
complete darkness or continuous light and 
constant temperature; c) to investiga te the 
rhythrn pattern when infected snails are kept 
in the dark but are influenced by variation 
of the temperature during the day-night pe
riod; d) to make cercaria! countings in 24-
hour periods when snails are maintained un
der complete darkness and at constant tem
perature. 
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MATERIAL AND METHODS 

All experiments have been carried out with 
pigmented Bwmphalaria glabrata snails (Bar
reiro's strain, reared in the laboratory) and 
a strain of S. mansoni (L.E.) isolated from 
an infected patient in Belo Horizonte, Bra
zil and maintained through successive pas
sa~es in hamsters. The livers from 2 infect
ed hamsters were ground and repeatedly 
sedimented in saline. The saline was then 
replaced by dechlorinated tap water and 
exposed to light at 28°C. Miracidia were 
then concentrated according to the technique 
of CHAIA 4

• The water with miracidia was 
poured into a 5-Iiter glass aquarium contain
ing about 100 snails with a shell diameter 
of 8-12 mm. Snails after being exposed en 
masse were kept at 28"'C in a circulating
water aquarium. Fresh lettuce was used as 
the only source of food. lnfected snails were 
used within the period of 2 months after the 
beginning of cercaria! sheddiug. 

Experiments were designed as to have con
trolled environmental conditions of light and 
temperature. Artificial illumination was 
supplied by 5 daylight fluorescent tubes 
(Phillips 15-watt frosted tubes TLl54IL4) 
within a diffusing globe maintained at 40 
cm above the surface of the water. When 
alternating 12-hour periods of light and dark
ness was required, infected snails were trans
ferred to a light-tight room in which the 
temperature could be controlled as desired. 
Temperature inside the light-tight room was 
recorded throughout the experiments with a 
recorder thermograph. A multiple-channel 
thermistor was used for checking the tem
perature at the points of special interest. An 
electric timing <levice was set so that the 
light within the room was on from 6 A.M. 
to 6 P.M. and off from 6 P.M. to 6 A.M .. 
This cycle approximated the light conditions 
under which the infected snails had been 
maintained previously. 

Unless otherwise specified, an estimate of 
the number of cercariae was made every 12 
hours, at 6 A.M. and at 6 P.M.. For this 
purpose each snail was transferred at the 
end of each 12-hour period to a clean beaker 
containing dechlorinated tap water kept at 
the sarne temperature and thereafter return-
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ed to the original environmental conditions 
<lictated by the correspondent experimental 
design. 

The method described by RowAN 13 was 
used for cercaria! countings. After removing 
the snails from the containers and gently 
stirring the water, a sample corresponding to 
20 percent of the liquid was filtered through 
a Büchner funnel fitted with an S & S 404 
filter paper. The damp filter paper was 
transferred to a shallow pie pan containing 
5 ml of ninhydrin reagent and finally dried 
over a hot pia te ( about 70ºC). After staining, 
each paper was placed between two glass 
plates in which parallel lines had been dr~wn 
with a diamond glass marker. Countmgs 
were made under a dissecting microscope 
using reflected light and a 20 ?'- magnif~c
ation. Cercariae of S. mansoni are eas1ly 
identified and appear dark blue against a 
white background. The data provided by 
serial countings from a standardized cercaria! 
suspension showed that the discrepancy 
between countings range d from 10 to 20 % . 

When the number of cercariae from snails 
was expected to be low. ( for instance those 
emerging from 6 P.M. to 6 A.M.) or when 
a previous examination of the containers 
showed only a few organisms, all cercariae 
were counted. For this purpose, after the 
snails had been removed, sufficient 5 % for
malin was added to fix the cercariae. The 
supernatant was carefully decanted and the 
cercariae were then counted under the low 
power of a dissecting microscope. . As 
otherwise stated, the results of the countmgs 
were expressed as the percentage of cercariae 
emerged during the "subj ective day" ( 6 
A.M. to 6 P.M.) and "subjective night" (6 
P.M. to 6 A.M.) for each 24-hour cycle. 
Actually, the data concerning the total num
bers of cercariae emerged appear to be 
meaningless to give a clear picture of the 
rhythm of cercaria! shedding. Nevertheless, 
some data in connection with the mean num
ber of cercariae which emerge per day per 
snail will be presented. 

ln all experiments infected snails were 
kept individually in beakers containing about 
100 ml of dechlorinated tap water. Before 
starting any experiment the snails were 
maintained for at least 8 days under labora-
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tory conditions (natural vanat10n of light, 
and temperature ranging from 19° to 29ºC). 

A series of experiments were designed to 
confirm that: a) there is a circadian rhythm 
of emergence of cercariae when temperature 
is maintained constant and snails are influenc
ed by light variation; b) that the rhythm 
disappears when infected snails are kept un
der complete darkness or continuous light 
and constant temperature; c) the emergence 
continues to be rhythmic when snails are 
kept under complete darkness but with va
riation in the temperature; d) cercariae are 
shed in comparable numbers when snails, 
kept under normal laboratory conditions, are 
transferred to complete darkness and cons
tant temperature. 

RESULTS 

lnfluence of normal variation of light in
tensity during the day on the emergence of 
cercariae when snails are kept at constant 
temperature 
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Fig. 1 - Rhythmic emergence of cercariae of 
Schistosoma mansoni: infected Biomphalaria gla
brata kept at constant temperature but inf!uenc-

ed by light variation of the day-night cycle. 

ln this experiment 5 snails were put indi
vidually in small beakers immersed into a 
large water-bath (100 x 50 x 20 cm) maintain-

ed at constant temperature (27 + 0.5°C). 
The water bath was placed near a glass 
window, in order to receive illumination 
from the light following its normal circadian 
variation. 

The results obtained are shown in Fig. 1. 
About 98 percent of the cercariae emerged 
during the day and only 2 percent at night. 
Cercarial countings showed a mean of 1,977 
cercariae/snail/24 hours (range from 784 to 
3,277). 

Lack of rhythm when infected snails are 
kept at constant temperature and complete 
darkness or continuous illumination 

The experiment was carried out m 17 
days. ln the beginning ( 4 days) the infect
ed snails ( 15) were kept at room conditions 
with normal variation of light and tempe
rature. Under these conàitions the circadian 
rhythm was clearly established, 98 % of the 
cercariae being shed during the day ( 6 A.M. 
to 6 P.M.). The mean number of cercariae 
per snail, shed within 24-hour periods, was 
1,900 ( range 530-5,970). From day 5 on, 
the snails were kept under complete darkness 
and at constant temperature. As shown in 
Fig. 2, the rhythm disappeared although 
cercariae continued to be shed. During the 
period of complete darkness and constant 
temperature the mean number of cercariae 
shed in 24 hours per snail was 2,980 (range 
from 340 to 10,080). On day 16 and 17 
the snails were again submitted to normal 
variation of light and temperature and the 
rhythm of emergence returned promptly. 

ln the experiment depicted on Fig. 3, 
during 4 days 15 infected snails were kept 
under laboratory conditions with variations 
of light and temperature. Under these con
ditions, the classic pattern of cercaria! 
emergence is clearly seen. From day 5 on 
the snails were kept under constant tempe
rature (27"-28'ºC) and continuous illumin
ation. As shown, the rhythm was still appar
ent during the first two days but disappear
ed thereafter. On day 14 the snails were 
again submitted to the influence of light
dark of the day-night period but the tem
perature was kept constant. The rhythm 
returned gradually to the normal pattern. 
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Fig. 2 - Loss of the rhythmic emergence of cercariae: within day 5 and 15, infected snails 
were kept uncter complete darkness and at constant temperature. Note that the cercaria! 
shedding followed a regular rhythm at the beginning and at the •end of the experiment 

(normal variation of light and temperature) 
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Fig. 3 - Loss of the 
snails were kept under 
beginning and end of 

rhythmic emerg-ence of cercariae: within day 5 and 13, infected 
continuous illumination at constant temperature. Note that at the 
experiment the rhythm of cercaria! shedding followed a normal 

pattern 

Maintenance o/ the rhythm o/ emergence in 
snails kept under complete darkness but 
influenced · by temperature variation 

Five snails were maintained individually 
in small beakers ( 100 mi of water) . The 
first day they were kept under laboratory 
conditions ( variation of light and tempe
rature). On the next day, the snails were 
put in the light-tight room in order to be 
in complete darkness but still continuining 
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to be influenced by the variation in tempe
rature during the day-night period (26º-28°; 
19º-23ºC). As can be seen from Fig. 4, the 
temperature alone was able to maintain a 
rhythm with more cercariae emerging dur
ing the "subjective day". Nevertheless, the 
difference in the percentages of cercariae 
emerged during the day and at night was 
not as clear when both light and tempe
rature acted on the shedding process ( days 
10, 11, and 12). 
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Fig. 4 - Persistence of rhythmic emergence of cercariae when infect·ed snails were kept 
under complete darkness (day 2 to 10) but influenced by the variation of temperature 

during the day-night cycle 
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Fig. 5 - Mean number of cercariae emerged per 
day when inf•ected snails were kept under normal 
laboratory conditions ( •) and under complete 

darkness and constant temperature (0) 

lnfluence of the suppression of light and of 
temperature variation on the number of cer
canae emerged in 24-hour p.eriods 

Ten infected snails were used for this 

experiment ( Fig. 5). ln the 3 first days 
the snails, placed individually in small beak
ers of 100 ml, were kept under laboratory 
conditions, near a glass window. Cercariae 
were counted separately for each snail after 
a 24-hour period. From day 4 to day 17 
the sarne snails were kept in complete dark
ness and at constant temperature (27° + 
O. SºC). On days 18, 19 and 20 the snails 
returned to the initial conditions. For the 
first period, the mean number of cercariae/ 
snail per 24 hours was 5,257. At complete 
darkness and constant temperature the mean 
number was 4,870 and, for the last period 
( days 10, 11, and 12), 4,605. 

DISCUSSION 

The data provided by the literature show 
that the pattern of emergence of cercariae 
varies according to the species of trematode. 
ln two species zoologically related to S. man
soni, LENGY 8 demonstrated that cercariae of 
S. bovis comes out both in dark and light, 
and for Schistosomatium douthitti ÜLIVIER 11 

showed that cercariae are shed mainly in the 
dark and that the emergence pattern can be 
readily reversed by keeping snails in the 
dark during normally daylight hours. This 
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revers10n ( emergence of cercariae during 
normally night hours) was also achieved in 
experiments performed by LuTTERMOSER 9

, 

VALLE, PELLEGRINO & ALVARENGA 15 and 
AscH 1 with S. mansoni cercaTiae. 

It was demonstrated by AscH 1 that ex
posure of B. glabrata to different portions 
of the light spectrum, within the range of 
visible light, does not affect the shedding 
phenomenon. A threshold intensity of appro
ximately 100-200 ergs/cm2/sec. was requir
ed to induce emergence. 

From the data here presented and taking 
into consideration the observations of pre
vious workers it seems clear that light re
presents the most important factor govern
ing cercaria! emergence and the circadian 
rhythm of cercaria! shedding in B. glabrata. 
However, it was shown that when infected 
snails are kept in the dark but are affected 
by day-night variations of temperature, the 
rhythm is maintained, a great percentage of 
cercariae being shed during normally day
light hours. Although AscH 1 considers that 
periodic application of light fits most of the 
criteria for control over cercaria! emergence, 
and that illumination is a "Zeitgeber" accord
ing to the definition of AscHOFF 2, it is 
clear from our experiments that diurnal 
variation of temperature alone can keep the 
cycle when snails are maintained under com
plete darkness. However, there is no doubt 
that light is more important than tempera
ture in governing the cercarial rhythm. 

It is important to note that the rhythm 
disappears when snails are kept under com
plete darkness or continuous illumination and 
constant temperature. However, cercariae 
continue to escape from snails. It was also 
demonstrated that cercarial shedding occurs 
regularly when snails are kept under com
plete darkness and constant temperature. 
Actually, the total number of cercariae shed 
per day under these conditions does not differ 
significantly when the sarne snails were ma
intained under normal conditions of the la
boratory, i. e., with variation in light and 
temperature. 

Although the data existing in the litera
ture seem to favour the hypothesis that the 
circadian rhythm of cercarial emergence is 
environmental-dependent ( exogenous rhythm) 
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it is also probable that cercariae are respond
ing to a rhythm of the snail which is controll
ed at least by illumination and temperature. 

RESUMO 

Ritmo de emergência de cercárias do Schis
tosoma mansoni eliminadas por Biomphalaria 

glabra ta: influência da temperatura 

Comprovando observações prévias de 
outros Autores foi mostrado que quando 
exemplares de B. glabrata são submetidos à 
temperatura constante mas são influenciados 
por variações de luz no período dia-noite, 
estabelece-se um ritmo regular no qual 98 % 
das cercárias são eliminadas entre 6 e 18 ho
ras. Esse ritmo desaparece quando: a) ca
ramujos infestados são submetidos à tempe
ratura constante e mantidos no escuro; b) 
quando a temperatura é constante e a ilu
minação contínua. 

A variação de temperatura pode, isolada
mente, manter um ritmo circadiano em ca
ramujos mantidos no escuro, embora não 
seja tão nítido quando temperatura e luz 
combinados agem no mesmo processo. 

Caramujos mantidos no escuro e à tempe
ratura constante continuam eliminando cer
cárias, sendo que contagens feitas em pe
ríodos de 24 horas mostraram que esse nú
mero não difere significativamente quando os 
caramujos são mantidos em condições nor
mais de laboratório. 

REFERENCES 

1. ASCH, H. L. - Rhythmic emergence of 
Schistosoma mansoni cercariae from Biom
phalaria glabrata: control by illumination. 
Exp. Parasito!. 31:350-355, 1972. 

2. ASCHOFF, J. - Zeitgeber der Tierisch in 
Tagensperiod. N aturwissench. 3: 49-56, 1954. 

3. BARBOSA, F. S. & COELHO, M. V. -
Qualidades de vetor dos hospedeiros do S. 
mansoni no nordeste do Brasil. II. Dura
ção da infestação e eliminação de cercá
rias em A. glabratus. Publ. Avul. Inst. 
Aggeu Magalhães 3: 78-93, 1954. 

4. CHAIA, G. - Técnica para concentração de 
miracidios. Rev. Brasil. Malar. Doenças 
Trop. 8:355-357, 1956. 



VALLE, C. M.; PELLEGRINO, J. & ALVARENGA, N. Rhythmic emergence of Schistosorna rnansoni 
cercariae from Biornphalaria glabrata: influence of the temperature. Rev. Inst. Med. trop. Silo 
Paulo 15: 195-201, 1973. 

5. FAUST, E. C. & HOFFMANN, W. A. -
Studies on schistosomiasis mansoni in Puer
to Rico. III - Biological studies. 1. The 
extra mammalian phases of the life cycle. 
J. Publ. Health Trop. Med. 10:1-97, 1934. 

6. GIOVANNOLA, A. - Inversion in the perio
dicity of emission of cercariae from their 
snail hosts by reversal of light and dark
ness. J. Parasit. 22:292-295, 1936. 

7. KUNTZ, R. E. - Effect of Jight and tem
perature on emerg•ence of Schistosorna rnan
soni cercariae. Trans. Arn. Micr. Soe. 66:37-
49, 1947. 

8. LENGY, J. - Studies on Schistosorna bovis 
(Sonsino, 1876) in Israel. I. Larval stages 
from egg to cercaria. Bull. Res. Gouncil 
Israel lOE:1-36, 1962. 

9. LUTTERMOSER, G. W. - Studies on the 
chemotherapy of experimental schistosomia
sis. III. Harv,est of Schistosorna rnansoni 
cercariae by forced nocturnal emergence 
from A ustralorbis glabra ta. J. Parasit. 41: 
201-208, 1955. 

10. MALDONADO, J. F. - The daily emer
gence of the cercariae of Schistosorna rnan
soni. Bol. Asoc. Med. Puerto Rico 51:336-
339, 1959. 

11. OLIVIER, L. - The influence of light on 
the emergence of Schistosornatiurn douthitt: 

cercariae from their snail host. J. Parasit. 
37:201-204, 1951. 

12. PELLEGRINO, J .. & DE MARIA, M. - Re
sults of exposing mice to natural pound 
water harboring a colony of Australorbis 
glabratus highly infected with Schistosorna 
rnansoni. Arner. J. Trop. Med. Hyg, 15: 
333-336, 1966. 

13. ROWAN, W. B. - Daily periodicity of Schis
tosorna rnansoni cercariae in Puerto Rico 
waters. Arner. J. Trop. Mecl. Hyg. 7 :374-381, 
1958. 

14. SCHREIBER, F. & SCHUBERT, M. - Expe
rimental infection of the snail A ustralorbis 
glabratus with the trematode Schistoscrna 
rnansoni and production of cercariae. J. 
Parasit. 35: 92, 1949. 

15. VALLE, C. M.; PELLEGRINO, J. & ALVA
RENGA, N. - Ritmo circadiano de emer
gência de cercárias (Schistosorna rnansoni 

Biornphalaria glabrata). Rev. Brasil. 
Biol. 31:53-63, 1971. 

16. WEBBE, G. & JORDAN, P. - Recent advan
ces inknowledge of schistosomiasis in East 
Africa. Trans. Roy. Soe. Trop. Med. d, Hyg. 
60:279-306, 1966. 

Recebido para publicação em 26/12'/1972. 

201 




