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Introduction

The findings of several workers who have

studied the effect of photoperiod inversion

on cercarial emergence, suggest that exoge

nous factors such as light and temperature

play an important role in the rhythmic

emergence of some species of cercariae from

their snail hosts. Giovannola (1936) studied

the effect of photoperiod inversion on the

emergence of nonschistosome cercariae,

Olivier (1951) examined on Schistosoma-

tium douthitti cercariae, and Luttermoser

(1955), Valle et al. (1971), Asch (1972) and

Glaudel and Etges (1973) investigated on

Schistosoma mansoni cercariae. However,

to our knowledge, no photoperiod inversion

studies have been reported with respect to

S. haematobium cercariae.

The present investigation was undertaken

to determine the combined effect of light

and temperature on cercarial emergence

and to elucidate the mechanism underlying

the diurnal emergence of 5. mansoni and

S. haematobium cercariae.

This study was financially supported in part by

the Japan-U.S. Cooperative Medical Science

Program, Ministry of Health, Japan.

Department of Medical Zoology, Faculty of Medi

cine, Kagoshima University, Kagoshima, Japan.

Materials and Methods

The emergence of a Puerto Rican strain

of S. mansoni and of a Kenyan strain of

S. haematobium cercariae from Puerto

Rican Biomphalaria glabrata and Kenyan

Bulinus globosus snails, respectively, was

studied for 14 days or more under controlled

photo- and thermoperiodic conditions.

Snails, individually infected with 5 mira-

cidia of S. mansoni or S. haematobium were

maintained in circulating-water (27-30 C)

aquaria under continuous 1,500 lux illumi

nation, so that they were not exposed to a

natural light cycle after infection. When

they began to release cercariae, several

groups of 4 snails each per experiment were

transferred to 15 cm diameter petri dishes

containing 200 ml of dechlorinated tap

water; these dishes were placed into an

incubator and changed into new at 8:30

a.m. and again at 8:30 p.m.

During the light period, illumination

(1,500 lux) was produced with a 20 W fluo

rescent lamp (National FL 20S-W); dark

ness was complete during the dark period.

After removal of snails, cercariae in the

old dish were counted by our method

(Nojima and Sato, 1978); briefly, the cer

cariae were formalin-fixed and counted
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under a dissecting microscope. If there were

too many cercariae to permit exact count

ing, the total count was estimated from the

number of cercariae on some parts of the

dish. Counts made at the inception of a

photoperiod were regarded as representing

the number of cercariae released during the

preceding dark period.

In the figures, the average of cercariae

released per snail, calculated from double,

identical experiments, is shown. Cercarial

emergence occurring in the 12 hr period

from 8:30 a.m. to 8:30 p.m. was compared

with that occurring between 8:30 p.m. and

8:30 a.m. throughout the experiments.

When during one of these periods emer

gence was greater than during the other

period, this was recorded as positive

rhythmic emergence.

Results

Diurnal emergence under laboratory con

ditions

Prior to these experiments, the snails

were transferred from an aquarium in con-
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tinuous illumination to dishes in diffused

sunlight near window at laboratory (24-

26 C, daytime; 22-24 C, night), and main

tained for 2 days.

The subsequent emergence of S. mansoni

and S. haematobium cercariae during the

15-day experimental observation period is

shown in experiments MD and HD (Fig. 1),

respectively. Under natural conditions,

cercarial emergence was quite diurnal and

photoperiodic in both species.

Photoperiodic emergence at 12-hr light J12-

hr dark exposure at a constant water tem

perature of 25 C

The emergence of S. mansoni and S. hae

matobium cercariae during an 18-day ob

servation period is shown in experiments

MP and HP (Fig. 2), respectively. In both

species, cercarial emergence during the light

period was always higher than during the

dark period, indicating photoperiodicity

under these conditions. Although ceieaiial

emergence of S. haematobium was greatly

suppressed during the dark period, this was

not the case with S. mansoni.

5 6 7 8 9 1O 11 12 13 14 15 16 1T

1 OOO

75O-

5OO
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O

5 6 7 8 9 1O 11 12 13 14 15 16 17

Time (days)

Fig. 1 Diurnal emergence of S. mansoni cercariae (MD) from B. glabrata and S.

haematobium cercariae (HD) from B. globosus under laboratory conditions.

O : Cercarial emergence during the daytime (8:30a.m.—8:30p.m.)

• : Cercarial emergence during the night-time (8:30p.m.—8.30a.m.)

( 16 )



407

3OOO-

2OOO.

- 1 OOO'

75O-

5OO-

25O-

O

2OOO

O123 456T8

1OOO

T5O

5OO

25O

O

1O 11 12 13 14 15 16 1718 19

2 3 4 5 7 8 9 1O 11 12 13 14 15 16 1T 18 19

Time (days)

Fig. 2 Photoperiodic emergence of 5. mansoni cercariae (MP) from B. glabrata and

S. haematobium cercariae (HP) from B. globosus exposed to a 12-hr light (1,500 lux)/

12-hr complete dark cycle at a constant water temperature of 25 C.

O : Cercarial emergence during the light period (8:30a.m.—8:30p.m.)

• : Cercarial emergence during the dark period (8:30 p.m.—8:30 a.m.)

2 3 6 7 8 9 1O 11 12 13 14 15 16

Time (days)

Fig. 3 Nonperiodic emergence of S. mansoni cercariae (MN) from B. glabrate and

S. haematobium cercariae (HN) from B. globosus exposed to continuous illumination

(1,500 lux) at a constant water temperature of 25 C.

— O —: Cercarial emergence from 8:30a.m. to 8:30p.m.

--O—: Cercarial emergence from 8:30p.m. to 8:30a.m.

These findings indicate that a 12-hr light/

12-hr dark cycle at constant water tempera

ture induced rhythmic emergence in both

cercaiial species and that photoperiodicity

is more pronounced in S. haematobium

than in S. mansoni.

Nonperiodic emergence at a constant water

( 17 )



408

temperature of 25 C under conditions of

continuous illumination

Prior to these experiments, the snails

were maintained for 14 days at a constant

water temperature of 25 C and exposed to

a 12-hr light/12-hr dark cycle. As indicated

to the left of day 0 in Fig. 3, cercarial

emergence in both species revealed photo-

periodicity.

The subsequent emergence of S. mansoni

and S. haematobium cercariae during the

15-day experimental observation period is

shown in experiments MN and HN (Fig. 3),

respectively. Under these experimental

conditions, cercarial emergence was non-

rhythmic in both species and the pre-ex-

perimental periodicity of emergence dis

appeared soon after inception of the ex

perimental continuous light exposure. In

S. haematobium, cercarial emergence was

markedly depressed during the first 2 days

of the experiment and recovered gradually

thereafter. In S. mansoni, no initial sup

pression of cercarial emergence was noted.

Temperature-induced periodic emergence

during continuous light exposure at cyclic

temperature variation

Prior to these experiments, the snails were

maintained for 14 days at a constant water

temperature of 25 C and exposed to con

tinuous illumination. As indicated to the

left of day 0 in Figs. 4 and 5, cercarial

emergence in both species was nonperiodic

during this period.

Two experiments were performed with

S. mansoni. In experiment MT-1 (Fig. 4),

the snails were exposed for 16 days to con

tinuous illumination. During this period,

the water temperature was 26.5 C during

MT-1 MR-4

1O1112 131415 161718 19 2O21 22

MR-5

2 3 45 1O11 121314151617 181920 21 22

Time (days)

Fig. 4 Thermoperiodic emergence of S. mansoni from B. glabrata exdosed for 16

days to continuous illumination (1,500 lux) and 12-hr cyclic temperature variations of

3C (MT-1) and 6C (MT-2).

0 : 26.5 C (MT-1), 28C (MT-2), continuous illumination; * : 26.5 C (MR-4),

28 C (MR-5), dark period

O : 23.5 C (MT-1), 22C (MT-2), continuous illumination; O : 23.5 C (MR-4),

22 C (MR-5), light period

( 18 )



409

the hours from 8:30 a.m. to 8:30 p.m. and

23.5 C from 8:30 p.m. to 8:30 a.m., i.e. the

temperature difference between the cycles

was 3 C.

In experiment MT-2 (Fig. 4), the snails

were exposed for 16 days to continuous

illumination. During this period, the water

temperature was 28 C from 8:30 p.m. to

8:30 a.m. and 22 C from 8:30 a.m. to 8:30

p.m., i.e. the temperature difference be

tween the cycles was 6 C.

As shown in Fig. 4, during the 16-day

continuous illumination period, with the

exception of days 6, 7 and 8 in experiment

MT-1, cercarial emergence of S. mansoni

was always higher at the higher tempera

ture, indicating thermoperiodicity.

The emergence of S. haematobium cer-

cariae during the 15-day observation period

following 14-day continuous light exposure

at a constant water temperature of 25 C is

shown in Fig. 5.

In this experiment (HT-1, Fig. 5), the

snails were exposed to continuous illumi

nation for 14 days. During this period, the

water temperature was 26.5 C from 8:30

p.m. to 8:30 a.m. and 23.5 C from 8:30 a.m.

to 8:30 p.m., i.e. the temperature differ

ence between the cycles was 3 C. As in

S. mansoni, cercarial emergence in S. hae

matobium was thermoperiodic during this

15-day observation period.

These findings indicate that rhythmic

emergence could be induced by temperature

cycles in both cercarial species.

Furthermore, in this series of experi

ments, we examined the effects of intro

ducing reversed cyclic temperatures (low

temperature during the light period, high

temperature during the dark period) on the

established thermoperiodicity of cercarial

emergence. Therefore, starting with day 17

(S. mansoni) or day 15 (S. haematobium),

cyclic 12-hr light/12-hr dark periods were

introduced.

In experiment MR-4 (Fig. 4), the water

temperature was 23.5 C during the light

period and 26.5 C during the dark period

(3 C difference). In experiment MR-5 (Fig.

4), the water temperature during the light

period was 22 C, during the dark period it

was 28 C (6 C difference).

In the experiment with S. haematobium

(Fig. 5), starting with day 15, the snails

were exposed to a constant water tempera

ture of 25 C during the succeeding light/

dark cycles.

Photoperiodic versus thermoperiodic emer

gence of cercariae

In these experiments, the effects of re

versed cyclic temperatures (low temperature

during the light period, high temperature

during the dark period) on cercarial emer-

3OOO-
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z O 1 2 3 4 5 6 T 8 9 1O 11 12 13 14 15 16 17

Time (days)

Fig. 5 Thermoperiodic emergence of S. haematobium cercariae from B. globosus

exposed for 14 days to continuous illumination (1,500 lux) and 12-hr cyclic temperature

variation of 3 C.

0 : 26.5 C, continuous illumination (HT-1); O : 25 C, light period (HP)

O : 23.5 C, continuous illumination (HT-1); • : 25 C, dark period (HP)
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Fig. 6 Photoperiodic (MR-1), nonperiodic (MR-2) and thermoperiodic (MR-3) emer

gence of S. mansoni cercariae from B. glabrata exposed for 14 days to 12-hr light

(1,500 lux)/12-hr complete dark periods and reversed cyclic temperatures.

+ : 26.5 C (MR-1), 27.5 C (MR-2) & 28 C (MR-3), dark period

O : 23.5 C (MR-1), 22.5 C (MR-2) & 22 C (MR-3), light period

gence were studied.

Prior to the experiments, the snails were

maintained for 14 days at a constant water

temperature of 25 C and exposed to a 12-hr

light/12-hr dark cycle. As indicated to the

left of day 0 in Figs. 9 and 10, cercarial

emergence in both species was photo-

periodic during this period.

In experiments MR-1, MR-2 and MR-3

(Fig. 6), B. glabrata were exposed for 14

days to a 12-hr light/12-hr dark cycle. In

experiment MR-1, the water temperature

during the light period was 23.5 C, and

during the dark it was 26.5 C (3 C differ

ence); in MR-2 it was 22.5 C during the

light- and 27.5 C during the dark cycle (5 C

difference); in MR-3 it was 22 C during the

light- and 28 C during the dark cycle (6 C

difference).

As shown in Fig. 6, while the pre-

experiment photoperiodic emergence of S.

mansoni persisted under reversed cyclic

temperature conditions if the temperature

difference between the light- and dark cycle

(20)
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was 3 C (MR-1), it disappeared when the

temperature difference was greater than

3 C (MR-2, MR-3). With the exception of

days 3 and 1, thermoperiodicity was clearly

manifested in MR-3 where the temperature

difference was 6 C.

We ascribe the difference between the

number of cercariae released in experiments

MR-1 and MR-2 and those released in ex

periment MR-3 to the size difference of

their snail hosts.

In the experiments shown in Fig. 4, upon

introducing the light/dark cycle and re

versed cyclic temperatures on day 17, S.

mansoni cercarial emergence from snails of

experiment MR-4 (3 C difference) changed

from thermoperiodic to photoperiodic,

while that from snails of experiment MR-5

(6 C difference) remained thermoperiodic.

In the experiment shown in Fig. 5, intro

ducing the 12-hr light/12-hr dark cycle and

maintaining the water temperature at 25 C

effected a change from thermoperiodicity

to photoperiodicity in S. haematobium

cercarial emergence.

In experiments HR-1, HR-2 and HR-3

(Fig. 7), B. globosus were exposed for 14

days to a 12-hr light/12-hr dark cycle. In

1 23456T89 1O11 12 13 14

T 8 9 1O 11 12 13 14 16 16 1T 18

Time (days)

Fig. 7 Photoperiodic (HR-1, HR-2 & HR-3) and thermoperiodic (HR-4) emergence

of S. haematobium cercariae from B. globosus exposed for 14 days to 12-hr light

(1,500 lux)/12-hr complete dark periods and reversed cyclic temperature.

+ : 26.5 C (HR-1), 27 C (HR-2), 28 C (HR-3) & 29 C (HR-4), dark period

O : 23.5 C (HR-1), 22 C (HR-2), 22 C (HR-3) & 21 C (HR-4), light period
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experiment HR-1, the water temperature

during the light period was 23.5 C, during

the dark it was 26.5 C (3 C difference); in

HR-2 it was 22 C during the light- and

27 C during the dark cycle (5 C difference);

in HR-3 it was 22 C during the light- and

28 C during the dark cycle (6 C difference).

Furthermore, in experiment HR-3, starting

with day 15, the temperature difference be

tween the light/dark cycle was increased

further by exposing the snails during the

light period to a water temperature of 21 C;

during the dark period, the temperature

was 29 C, resulting in an 8 C temperature

difference (HR-4 in Fig. 7).

As shown in Fig. 7, the pre-experiment

photoperiodic emergence of S. haematobium

persisted under conditions of reversed cyclic

temperatures if the temperature difference

between the light and dark cycle did not

exceed 6 C. However, at a temperature

difference of 8 C (HR-4 in Fig. 7), the previ

ously manifested photoperiodicity of emer

gence changed to thermoperiodicity. In ex

periment HP (Fig. 5), upon introducing on

day 15, a light/dark cycle and exposing the

snails to a constant 25 C water temperature,

a photoperiodic pattern of emergence be

came manifested.

These findings indicate that in both

cercarial species, light conditions have a

greater effect of cercarial emergence than

temperature conditions. Furthermore, in

S. haematobium, photoperiodicity of emer

gence is more strongly expressed than

thermoperiodicity.

Discussion

In the present study we investigated the

combined effect of two variables, light

and temperature, on the emergence of

S. mansoni and S. haematobium cercariae

from their snail hosts during observation

periods of at least 14 days. Throughout

the experiments, light was a constant in

tensity of complete darkness (0) or 1,500

lux, and the range of water temperature

was from 21 C to 29 C. Therefore, as in

tensity of natural diffused sunlight gradu

ally rises up to 5,000 lux or more, the

possibility that there are other factors like

a day-night gradient of light and a certain

degree of light, seems to be warranted.

And, as snail hosts in tropical areas such

as Ethiopia and Kenya are often exposed

to the low temperature of 21 C during the

night-time, the range of 21-29 C in this

study may refer to natural variation in

temperature.

It is well known that S. mansoni and S.

haematobium release cercariae during the

daytime. Our observations under labora

tory conditions showed that cercarial emer

gence was quite diurnal and photoperiodic

in both species (Fig. 1), referring as natural

control throughout the experiments in this

study.

Cercarial emergence was photoperiodic

in both species when their respective hosts

were maintained at a constant water tem

perature of 25 C and exposed to a 12-hr light

/12-hr dark cycles (Fig. 2). However, when

the experimental conditions were changed

after 14 days from a 12-hr light/12-hr dark

cycle to continuous illumination, maintain

ing the same 25 C water temperature

throughout, cercarial emergence became

nonperiodic in both species (Fig. 3). These

findings agree with those of Valle et al.

(1971, 1973), who reported that the emer

gence of 5. mansoni cercariae was non-

periodic when their snail hosts were ex

posed, at constant temperature, to either

continuous illumination or continuous

darkness. On the other hand, when their

hosts were exposed to continuous illumina

tion and 12-hr cyclic temperature variations

of 3 C, the emergence of both 5. mansoni

(MT-1 in Fig. 4) and S. haematobium (HT-1

in Fig. 5) cercariae was thermoperiodic.

These observations coincide with those re

ported by Valle et al (1971, 1973), who

noted that in S. mansoni cercariae, varia

tion in temperature (snail kept in darkness)

( 22 )
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can induce a circadian rhythm.

Our results indicate that rhythmic cer

carial emergence of S. mansoni and S. hae-

matobium can be induced individually by

either the prevailing light- or the tempera

ture conditions.

Furthermore, we found that cercarial

emergence was photoperiodic in S. mansoni

when their hosts were exposed to a 12-hr

light/12-hr dark cycle and reversed cyclic

temperature, the difference of which did

not exceed 3 C (MR-1 in Fig. 6, MR-4 in

Fig. 4). In S. haematobium, photoperio-

dicity persisted to a reversed cyclic tempera

ture difference of 6 C (HR-1, HR-2 and

HR-3 in Fig. 7). These findings suggest

that while the prevailing light conditions

have a greater effect on the diurnal emer

gence of both species than the temperature,

photoperiodicity is more strongly expressed

in S. haematobium than in S. mansoni.

Comparison of the results shown in ex

periments MN and HN (Fig. 3) revealed

that the emergence of S. haematobium was

markedly reduced during the first 2 days

after changing the exposure conditions from

12-hr light/dark cycles at 25 C to continu

ous illumination at the same water tempera

ture. This suggests that the interjection of

a dark period plays an important role in

the emergence of S. haematobium cercariae.

Our recent study (Nojima and Sato, 1982)

had revealed that in both species, cercarial

emergence is affected by the duration of the

preceding dark period.

Pitchford and Visser (1966) and Pitchford

et al. (1969) referred to diurnal nature in

the emergence of S. mansoni, S. haema

tobium and S. bovis cercariae; diurnal that

in S. mattheei, with some nocturnal shed

ding between September and June (greatest

28% in January); nocturnal that in S.

rodhaini. As to the emergence of 5. japo-

nicum, it seemed that there were some

strain differences in cercarial nature; they

were diurnal in Philippine (leyte) strain,

diurnal in Chinese strain and nocturnal in

Japanese (Kurume) strain of S. japonicum,

reported by Nojima et al. (1980), Mao et al.

(1949) and Kifune and Takao (1970), re

spectively. To date, it is unknown the

diurnal or nocturnal emergence of Schisto-

soma cercariae from their snail hosts is

circadian. However, our present study

suggests that under field conditions, the

diurnal emergence of S. mansoni and S.

haematobium cercariae is affected by the

prevailing light- and temperature condi

tions and that the rhythm is not circadian,

if circadian rhythm is defined as by

Pittendrigh (1960) who stated that circadian

nature is innate and/or endogenous and

almost completely temperature-indepen

dent. This hypothesis regarding the non-

circadian nature of cercarial emergence was

also supported by our previous study

(Nojima and Sato, 1978) and our recent

study (Nojima and Sato, 1982). The former

indicated that the hourly emergence of

S. mansoni and S. haematobium cercariae

after inception of the photoperiod was

affected by the prevailing temperature and

that the emergence peaked at an earlier

hour at the higher temperature, and the

latter showed that the hourly emergence of

both cercarial species during the photo-

period was affected by the duration of the

preceding darkness period and that the

hourly emergence was nearest the regular

pattern during the photoperiod which had

been preceded by a darkness period ranging

from 10 to 14 hours.

Summary

The cercarial emergence of Schistosorna

mansoni from Biomphalaria glabrata and

S. haematobium from Bulinus globosus was

photoperiodic when the snails were exposed

to 12-hr light/dark cycles at a constant

water temperature of 25 C. However, when

their hosts were subsequently exposed to

continuous illumination, cercarial emer

gence became nonperiodic. Temperature-
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induced periodicity was manifested when

the hosts were maintained at continuous

illumination and exposed to 12-hr cyclic

temperature variations of 3 C. Photoperiod

inversion resulted in photoperiodic emer

gence of S. mansoni if the cyclic tempera

ture difference did not exceed 3 C and of

S. haematobium up to a cyclic temperature

difference of 6 C. In both cercarial species,

rhythmic emergence could be induced by

either prevailing light- or temperature

conditions, and the illumination affected

emergence more than the temperature, es

pecially in S. haematobium.
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