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RHEQTAXIS OF BIOMPHALARIA GLABRATA ON VERTICAL SUBSTRATES
AND ITS ROLE IN THE RECOLONIZATION OF HABITATS TREATED WITH
MOLLUSCICIDES

P. JURBERG, C. L. P. A, COELHO DA SILVA, M. G. M. BARRETO & M. 5. SOARES

Instituto Oswaldo Cruz, Departamento de Biologia, Laboratorio de Comportamento Animal, Caixa Postal 926,
20001 Rio de Janeiro, RJ, Brasil

The authors observed specimens of Biomphalaria glabrata climbing up the vertical wall of a
ditch against the current. The snails that showed this behavior during application of a molluscicide
in the breeding site survived and probably played a role in repopulation, which was observed three
months later. These observations motivated field and laboratory investigations which led the
authors to conclude that: a) this species is able to climb vertical surfaces both in field and laborato-
ry situations; b) the current of water, as a physical stimulus, is sufficient to trigger this behavior
(rheotaxis); ¢) rheotaxis on vertical surfaces depends on the presence of a necessarily moderate
current; d) there are indications that B. glabrata may undergo habituation with respect to
rheotaxis on vertical walls; e} the relationship between rheotaxis and habituation should be
considered as a factor causing snail grouping in water bodies which may contribute to therr
localization in the field; f) rheotaxis on vertical surfaces may facilitate population dispersal, and its
occurrence should be considered when campaigns for the control of schistosomiasis transmission
are planned. The authors present some proposals to avoid the manifestation of this behavior in
some field situations.
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The occurrence of Biomphalaria glabrata in
head water habitats may be explained in some
situations by the ability of these snails to
migrate upstream even along vertical surfaces.
However, in the literature there are only
reports of B. glabrata up and downstream
migration along non-vertical surfaces (Luter-
moser & Castellanos, 1945; Pimentel et al.,
1957; Scorza et al.,, 1961; Paulini, 1963;
Etges & Frick, 1966; Jobbin & Ippen, 1964).

In 1983, we observed that B. glabrata
specimens climbed vertically, the walls of a
rainwater draining ditch and of a spring located
at the campus of the Fundagdo Oswaldo Cruz
(Rio de Janeiro, Brazil), against a current of
water originating from flooded areas upstream.
Bayluscide was applied some time later inside
the ditch, apparently killing all the snails
present. At that time we noticed that the mol-
luscs present in the headwater marshes and
those that climbed against the water current
along the wall of the ditch at the time of ap-
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plication, survived and certainly contributed
to the repopulation of the breeding site, which
was noted three months later.

The objectives of the present study were:
1} to demonstrate the climbing behavior of
B. glabrata against water currents along vertical
surfaces and to discuss the role of this behavior
in dispersal and its implications in the popula-
tion of bodies of water as well as in the repopu-
lation of breeding sites treated with mol-
tuscicides; 2) to study the causal stimuli of this
behavior; 3) to investigate the responses to dif-
ferent types of water outflow; 4) to propose
solutions to prevent the dissemination of these
snails against vertical currents; and 5) to
determine the occurrence of habituation in
snails repeatedly subjected to the presence of a
vertical water current,

MATERIALS AND METHODS

Demonstration of the behavior

In the field — This stage of the study was
conducted in a ditch 196m long and 1m wide
with walls varying in height from 60 to 200cm
because of an inclination and of the presence of
two 25cm steps inside the ditch (Fig. 1).
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Fig. 1: Schematic representation of a man-made ditch showing the water being drained from the upper drenched
areas. 1. ordinary drainage tube; 2. drainage tube coupled with a curved end; 3. vertical migration of the snails on

the wall of the ditch.

Permanent water flow is provided by a
spring, whose water runs through the ditch
after passing through PVC tubes 10cm in diam-
eter (Fig. 2).

The B. glabrata population originates from
specimens introduced in 1917 (Magalhaes,
1966). Populations of Physa sp., Pomacea sp.
and of a species of the family Thiaridae are also
present at this site.

To determine migration with and against the
current, we set up the apparatus shown in
Fig. 2 constructed with PVC tubing and 2 glass
flasks separated by a screen. The apparatus was
coupled to the exit of one of the drains,
permitting normal water flow but interrupting
snail migration to the headwater marsh. The
animals that moved upstream were captured In
flask B, and those moving downstream were
captured in flask A.

We also held direct and indirect observation
sessions with time-lapse cinematography
(Jurberg, 1978) and videotape.

In the laboratory — We performed 4 experi-
ments with replications (30 snails per experi-
ment for a total of 240 snails measuring 10 to
20mm in diameter). In the first two experi-
ments, we used snails from the ditch, and in the
other two, snails from the breeding colony of
the Department of Biology, Oswaldo Cruz
Institute, originally obtained from Touros, RN,
Northeastern Brazil.

The equipment (Fig. 3} consisted of an
aquarium (60 x 40 x 40cm) divided vertically
by two fibrocement plates into three compart-
ments (A, B and C). Water flowed constantly
on the experimental plate, forming a vertical
current. The control plate was kept moist by
dripping water.
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Fig. 2: Schematic representation of an apparatus for monitoring upstream and downstream migration by Biom-
phalaria glabrata in a man-made ditch. The snails moving down from the upper drenched area were caught in
flask A whereas those moving vertically upstream were caught in flask B. The arrows indicate the water flow in

the apparatus and (S) is the screen between the two flasks.

—

g 2cm

Fig. 3: Schematic representation of an apparatus for
monitoring vertical rheotaxis and habituation In
Biomphalaria globrata. A, B and C comportaments;
1. control wall; 2. experimental wall. See a detailed

explanation in the text.

Water filled compartment B and flowed
along the experimental wall filling compart-
ments A and C to a height of 10c¢m. During this
stage, flow was constant at 1 1/min.

We performed experiments with the two
groups of snails in the presence of food (fresh
lettuce ad libitum) in compartments A and B,
and under conditions of food deprivation.
Individuals were placed in compartment A and
their positions were recorded every 12 hours
in 48 hours. Snails that reached compartment
B were considered to have climbed up vertically.

Study of causal stimuli

In the field — To determine whether the
stimulus inducing upstream migration was
related to differences in conductivity, pH, total
hardness, hardness of calcium, chlorides and
temperature, we analyzed these physico-
chemical parameters in water samples collected
from the upper drenched areas, in the drainage
tubes and inside the ditch.

In the laboratory — The role played by
searching for food in vertical migration against
currents of water was evaluated using the data



168

obtained in the four previously cited experi-
ments in the laboratory.

Effect of different water flow rates — We
used water flow rates of 2 1/min, 4 I/min and
6 1/min in the same aquarium, modified so that
the water would flow only on a 10cm width of
the experimental wall.

We used 30 B. glabrata specimens from the
ditch for each flow rate and repeated the same
experiment as in the previous section, with
replication (n = 180) and with food supply.

Proposed control of behavior in the field —
To determine the possibility of preventing the
snails from climbing up the ditch wall we
coupled 10cm long PVC tubes with a curved
end to the outflow tubes so that the water
would fall away from the margin without
forming a current on the wall (Fig. 3).

Occurrence of habituation — We conducted
an experiment consisting of two stages of
3 days each, separated by a 3-day interval using
30 snails in the experimental aquarium at a
flow of 1 l/min. We placed the snails in com-
partment B and observed their positions 6,18
and 24 hours later. At the end of the last
observation session of each day, the snails were
returned to the original position and another
identical 72 hour stage was started.

To determine whether the possibility of a
snail starting to climb up was the same as the
possibility of no climbing behavior occurring
we used the MacNemar test (approximation by
chi-square distribution with correction of
continuity) (Siegel, 1975). If the animals
showed lack of climbing behavior more than
initiation of climbing behavior, this would be a
sign of the occurrence of habituation.

RESULTS

Demonstration of behavior

In the field — Over a period of 17 days of
observation, 54 specimens of B. glabrata moved
downstream, being caught in flask A, 2 speci-
mens moved upstream, being caught in flask B,
and 9 climbed the vertical wall of the ap-
paratus, but without reaching flask B. We also
observed 8 specimens of Physa sp. climbing
upstream along the vertical wall of the =ap-
paratus and reaching the collection flask. On
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several occasions we recorded locomotion of

B. glabrata and of the other mollusks both on
the wall of the ditch and on the steps.

When it rained, the volume of water leaving
the tubes increased and the snails only were
able to climb up along the borders of the flow
(where the intensity of the current was lower).
On these occasions, the portions of the ditch
walls, that were normally dry, started to have
a moderate current which favored the climbing
behavior of the snails. Those that succeeded in
climbing up and leaving the ditch bed escaped
from being washed downstream by the rain-
water, which increased the outflow inside the
ditch.

In the laboratory — In all experiments there
were snails that climbed against the water cur-
rent (Table I). Snails coming from the field
(78.3%) climbed up more than the snails
proceeding from laboratory experiments
(41.4%) (Table II). When field and laboratory
animals are considered as a whole, 52.1%
climbed up in the presence of food and 68.4%
did so in the absence of food (Table III).

In all phases of the study, the snails climbed
up against the current of water on a vertical
surface using a behavioral pattern similar to
crawling with a hanging shell discribed by
Jurberg et al. (1987).

Filming permitted us to observe that the
animals often climbed up the vertical wall
following the trail of other snails that had
climbed previously.

Study of causal stimuli

In the field — The physico-chemical analysis
of the water revealed differences in conductivi-
ty between the ditch water, from which the
snails climbed, and the upper drenched areas
from which the water came. There was no dif-
ference between the steps of the ditch, where
vertical climbing by the snails was also observed.

In the laboratory — We analyzed the data by
summing the result of each experiment with
that of its replication after determining that
they did not differ significantly at the 5% level
(chi-square, DF = 1, a = 0.05).

The snails coming from the field climbed up
at a significantly higher frequency than those
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proceeding from the laboratory (chi-square
33.609; DF = 2, a = 0.05) (Table 1I).

The frequency of climbing behavior was
significantly lower in the presence than in the
absence of food (chi-square = 6.521; DF = 2;
a = 0.05) (Table III).

In all experiments, some of the snails that
had climbed up to compartment B climbed
down again retuming to compartment A (Table
IV).

In the presence of food, the frequency of
snalls that descended was significantly lower
than the frequency of those that did not
descend both in the experiments with field
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animals (chi-square = 8.805,DF =1, a = 0.95)
and in the experiments with laboratory animals
(chi-square = 17.191, DF = 1, a = 0.05). In the
absence of food there was no significant dif-
ference between the frequencies of snails that
descended and did not descend in the field
experiments (chi-square = 2.283, DF =1, a =
0.05) or in the laboratory experiments (chi-
square = 0.926, DF = 1, a = (.05).

Effect of different water flows — The fre-
quency of climbing up animals was not the
same for all water flows. At the lowest flow
rate (2 l/min), the frequency of climbing-up
behavior was sharply higher than at higher flow
rates (4 and 6 1/min), with the latter flow rates
giving similar results (Table V).

TABLE 1

Frequency (F) and percentage (%) of Biomphalaria glabrata which climbed against current reaching
the compartment B

% (snails under

E : ¢ % in each % (snails from Feed;
xpetimen experiment the same ongn hame weeding
regimen
1. Field snails with
food in compartments
Aand B 683 0 4l e mmmmmmmeeee .
78.3 .
2. Field snails without “\
food in compartments AN
Aand B 883 = 83tF---m—mememeooee By 5 52.1
¥ s
3. Laboratory snails with 1}:
food in compartment AN
A and B 356 2lsgmmtt T o ommo " 684
’
/
4. Laboratory snails without 41 .4 7
food in compartments s
Aand B 47.4 P e
TABLE Il
Location of the non<limbing Biomphalaria glabrata in different sites of the aquarium
Compartment Water Compartment - Water
Expcriment A C?;ﬁﬂl surface C Expc‘?ﬁmtﬂl surface
(initial) {control) {(control) experimental
1 7 1 0 0 9 2
2 0 0 0 2 5 0
3 37 0 0 O 1 0
4 17 2 1 0 7 3
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TABLE I
Frequency (F) and percentage of Biomphalaria glabrata which went down and which remained up*®
: Went down Remained up
Experniment P o P % P
1 11 26.8 30 73.2 0.34**
2 21 39.6 32 604 0.1254
3 1 4.8 20 95.2 0.0002
4 16 593 11 40.7 0.2311

*  These frequencies were obtained from snails which reached the experimental compartment.
** Significant difference (chi-square Test, GL =1, &« =0.05).

TABLE 1V

Effects of the absence of food on the frequency of the climbings: chi-square test comparing field and
laboratory snails

With food Without food P
Field snails 40 53 0.2119
Laboratory snails 21 27 0.6160

Proposed control of the behavior - With this
prolongation of the outflow tubes and the
consequent abolition of a water current on the
wall, the snails no longer climbed up. However,
they apparently started to concentrate where
the water dripped.

Occurrence of habituation — The results are
given in Table V. When the first two days of the
experiment were compared, we found that
there was no decrease in the probability of each
snail climbing up within 24 hours (chi-square =
1.455;DF =1, a = 0.05).

During the second stage which started 3 days
later we confirmed what we had noted during
the first, i. e. during the first 24 hours there was
no decrease in the probability of each snail
climbing up (chi-square = 1.070; DF = 1, a =
0.05) and those that had climbed up at least
once during the first 2 days tended to show
lack of climbing behavior on the third day
(chi-square = 15.588; DF = 1, a = 0.05).

When we compared the snails that climbed
up during the first stage with those that
climbed up on the first day of the second stage,
we noted that, after 3 days without any contact
with the vertical current of water, the snails
started to climb up again regardless of their

experience during the first stage (chi-square =
0.000; DF = 1; a = 0.05).

Considering the total period of 6 days during
which the animals were in contact with the
vertical current, we observed that of the 30
snails tested, 10 did not climb up, 8 climbed
only once, 6 climbed twice and 6 climbed three
times.

DISCUSSION AND CONCLUSIONS

Demonstration of the behavior — The field
and laboratory observations showed that both
the B. glabrata specimens from the ditch and
those originating from Touros and maintained
in the laboratory for several generations showed
the behavior of climbing against a water current
on vertical surfaces, demonstrating that this
behavior is not limited to the population
inhabiting the FIOCRUZ campus or to condi-
tions specifically occurring in that particular
ditch.

This behavior represents an adaptative
advantage for this species since it may facilitate
snail dispersal even at breeding sites with steep
walls and may eventually protect the animals
from being washed away by rainwater and from
the action of molluscicides or of other control
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TABLE V

Frequency with which each Biomphalaria glabrata climbed against current

1st stage 2nd stage Total climbings/
Numb;f of 1 D?S 3 Total climbing/ 1 D?S 3 Total climbings/ in the 2 stage/
snal day/snail day/snail snail
1 0 ¥ 1 1
2 * 1 * * 2 3
3 0 3 0 0
4 * 1 * 1 2
5 0 D * 1 1
6 * * pA a * 1 3
7 * X 2 y * 1 3
8 * 1 8 * 1 2
9 0 0 0
10 * 1 I ¥ % 1 2
11 * 1 n * 1 2
12 * 1 t 0 1
13 0 e 0 0
14 * * 2 I * 1 3
15 * 1 v * * 2 3
16 0 a * 1 1
17 0 | * 1 1
18 0 * 1 1
19 0 0 0
20 x 1 0 1
21 0 {; 0
22 0 0 0
23 * 1 * 1 2
24 0 * & 2 2
25 0 0 0
26 * 1 * 1 2
27 0 0 0
28 0 0 0
29 0 ¥ 0 0
30 0 0 0
Total
Climbings/
Day 10 5 1 13 8 1

* QOccurrence of climbing.

measures. This favors repopulation, since the
survival of only one specimen is sufficient to
reconstitute an entire population within a short
period of time (Paraense, 1972).

The field animals climbed proportionally
more than the laboratory animals, probably
because these were different populations reared
in different environments and subjected to
different selective pressures.

Study on the causative stimuli — We observed
that a moderate water current, regardless of
other factors, stimulates the climbing behavior
of these animals along vertical surfaces. This
conclusion was reached due to the fact that if
the snails climbed up both in the presence -and
in the absence of lettuce, the search for food

probably is not the causative stimulus of this
behavior. Since the water was the same at all
points in the aquarium as well as above and
below the steps inside the ditch, we conclude
that the quality of the water was not responsi-
ble for snail migration upstream along vertical
surfaces. However, the possibility that other
factors in addition to the current attracted
these snails in a secondary manner should not
be ruled out.

With respect to water currents on non-
vertical surfaces, Bousfield (1978, 1979), in a
laboratory experiment, concluded that in
B. glabrata positive rheotaxis is triggered by
chemoattractants. According to Etges & Frick
(1966), the snails show positive rheotaxis in
the presence of chemical stimuli, but, in the
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absence of such stimuli, their movements
predominantly follow the current. Paulini
(1963) proposed that other stimuli in addition
to the current may play an important role in
the migration of B. glabrata against the current.
Radke & Ritchie (1961), after releasing marked
B. glabrata snails at a given site, found 27% ot
the animals above and 3% below this site,
showing a clear upstream climbing behavior.

Etges & Frick (1966), Bousfield (1978,
1979) and Thomas (1982) relate the attraction
for chemical stimuli to the term rheotaxis,
which has been defined by Fraenkell & Gunn
(1961) as the response to a physical stimulus
(the current itself). According to these authors,
rheotaxis is ‘“‘a reaction in which in rapid cur-
rents, some animals align their body with the
water flow Kkeeping their face turned against
the current™.

We consider rheotaxis to be locomotion of
the snails against the current of water motivated
only by the presence of such a current, inde-
pendently of chemical or social stimuli.

Pimentel et al. (1957) reported that these
animals migrate with and against the current,
and the downstream locomotion should not be
attributed only to “tropism™ but alsc to the
physical force of the water. Bovbjerg (1952), in
a study of Campeloma decisum, Say (Vivipa-
ridae), noted that these snails cluster at sites
where a water current exists and that they
respond to this stimulus either by geotaxis or
by an interaction of both stimuli.

In the present study the number of climbing-
up behaviors was proportionally larger than the
number of descending behaviors, except for the
experiment with laboratory animals in the
absence of food. The snails probably started
climbing up in response to the current and
continued climbing. However, when they found
no food or any other stimulus that would keep
them in the experimental compartment they
descended again. This apparent tendency to
climb up more than to descend, as well as the
observations of snails climbing up the ditch
walls on rainy days, may indicate another
adaptative advantage which would compensate
for the snails being washed away downstream.

It was not possible to determine whether the
snails followed the trails of other snails, whieth-
er they followed the same trail because of the
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existence of more approprnate conditions at the
sites selected for the climbing up behavior, or
if this behavior was oriented by mucus trails
(Townsend, 1974). In the present study we
found that rheotaxis can occur in the presence
of water current as a physical stimulus.

Effect of different water flows — Environ-
ments with moderate water currents are consi-
dered to be more favorable for the development
of B. glabrata (Cridland, 1958; Andrade, 1959).
Scorza et al. (1961), in a study on Australorbis
glabratus (= Biomphalaria glabrata), observed
that the velocity of the current was the main
factor causing a habitat to become populated,
with currents of more than 29cm/s representing
a limiting factor for the establishment of these
snail populations. Luttermoser & Castellanos
(1945) observed experimentally that B. glabrata
specimens can move against a water current
having a maximum velocity of 50cmy/s, and are
paralized and washed away by currents above
this limit. Harry & Cumbie (1956) concluded
that “populations of Australorbis glabratus, the
vector for Schistosoma mansoni in Puerto Rico,
are not maintained in reaches of streams steeper
than 20 meters fall per 1000 meters of length™.

The present results, concerning a water cur-
rent on a vertical surface were similar to data
reported in the literature about horizontal or
slanted locomotion, since in the experiment
with lower water flow the frequency of climbing
behavior was much higher.

Proposed control of behavior — Sanitation
engineering measures have been proposed for
the control of water speed (Lutermoser, 1945;
Jobin & Ippen, 1964), and changes in water
levels in canals (Jobin, 1970) and water distri-
bution in sewers (McJunkin, 1975) have been
proposed for the control of these snails.

As an additional contribution to snail con-
trol, on the basis of our results we suggest that
draining ditches, water tanks and other water
reservoirs for human use should be constructed
taking into consideration rheotaxis along
vertical surfaces. This would prevent the occur-
rence of favorable conditions for the intercom-
munication of these environments with bre-
eding sites of vector snails, since the presence
of a moderate water current even on vertical
surfaces facilitates the dispersal of these animals.
In the particular case of water drainage tubes,
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we suggest that they should be prolonged and
their ends curved.

Occurrence of habituation — The present
study suggests the occurrence of habituation
after 48 hours, since after this period of time
the snails tended to aveid climbing up. Experi-
ments of longer duration and including more
than one stimulus would be needed to exclude
with certainty the occurrence of fatigue.

After a 3-day interval following the first
72-hour stage, the snails responded to the water
current as if they were facing it for the first
time. This fact also indicates the occurrence of
habituation, because, according to Willows
(1973), “Spontaneous recovery of the response
occurs over time when the habituating stimulus
is no longer presented”.

Habituation is a form of learning which is
extensively diffuse among several taxa. In mol-
lusks, habituation has been detected in various
groups, as reported in reviews by Willows
(1973) and Carey & Samley (1986).

Habituation may be of great adaptative value
for planorbids which are vectors for schistoso-
miasis in relation to upstream climbing, since 1t
may act by reducing permanent dispersal
towards biotopes located above the breeding
sites. Thus, if on the one hand climbing against
the current may facilitate the occupation of a
body of water, on the other, habituation
moderates this behavior by preventing upstream
concentration by the snails.

The relationship between rheotaxis and
habituation should be considered as a factor
causing snail clustering in water collections,
although Simpson et al. (1973) and Thomas
(1977) consider clustering to be due to environ-
mental heterogeneity, to social attraction or to
a combination of the two.

RESUMO

Reotaxia de Biomphalaria glabrata em super-
ficies verticais e seu papel no repovoamento de
habitats tratados com moluscicidas — Os auto-
res observaram exemplares de Biomphalaria
glabrata subindo contra corrente em uma pare-
de vertical de uma vala, constatando que os ca-
ramujos que apresentavam esse comportamento
durante a aplicacio de moluscicida neste cria-
douro sobreviveram ¢, provavelmente, tiveram
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papel no repovoamento, que foi observado trés
meses apOs. Essas observagOes suscitaram inves-
tigacOes de campo e de laboratorio, através das
quais concluiram que:a) esta especie € capaz de
subir em superficies verticais em situagBes de
campo e de laboratorio; b) a corrente da agua
enquanto estimulo fisico, € suficiente para de-
sencadear esse comportamento (reotaxia); c) a
reotaxia em superficies verticais depende da
existéncia de uma corrente de dgua necessaria-
mente moderada; d) hd indicios de que B. gla-
brata sofra habituacdo em relacdo a reotaxia em
paredes verticais; e) a reotaxia em superficies
verticais pode facilitar a dispersio das popula-
¢Oes, devendo sua ocorréncia ser considerada no
planejamento das campanhas de controle da
transmissdo da esquistossomose. Os autores
apresentam propostas para evitar a manifesta-
¢d0 desse comportamento em algumas situagses
de campo; f) a relagdo entre a reotaxia e habi-
tuagio deve ser considerada um fator de agrupa-
mento dos caramujos nas cole¢des d’agua, que
pode contribuir para sua locatizagao.

Palavras-chave : Biomphalaria glabrata —
esquistossomose — moluscicida — reotaxia —
comportamento e controle
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