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STUDIES ON SURVIVAL, BIOLOGICAL ACTIVITIES AND BEHAVIOR OF
BIOMPHALARIA GLABRATA, THE HOST SNAIL OF SCHISTOSOMIASIS,
SUBMITTED TO INCREASED HYDROSTATIC PRESSURE: A TECHNIQUE
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To study changes in survival, in biological activities and behavior of planorbids submitted to
increased hydrostatic pressure, we developed a technique using two transparent chambers and a
hydraulic piston. The apparatus permitted renewal of the liquid medium without substantial
variations in pressure, thus eliminating excretion products and maintaining the desired O, level
and thereby permitting us to evaluate the effects of pressure independently of the occurrence of
anoxia. Pressure was maintained without any contact of the liquid medium with compressed air,
a situation which reproduced with relative fidelity what occurs in nature and assured the presence
of the same amounts of gases in the two observation chambers {Control and Experimental)
Biomphalaria glabrata was found to be able to survive at least 48 hours when submitted to
49.02 x 10* Pa {equivalent to a water depth of 48.8 m), continuing to lay egg masses and showing
few behavioral changes when compared with the control group.
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The failure of several campaigns focusing on
the chemical control of the transmission of
schistosomiasis has become evident by the
repopulation of breeding sites treated with mol-
luscicides (W. H. O., 1965). The survival of only
a few specimens is sufficient to repopulate a
site within a short period of time (Paraense,
1972), owing to the fact that these snails are
hermaphrodites and capable of self-fecundation
(Brumpt, 1941). The so-called protective
behaviors may play a relevant role in repopula-
tion, by contributing to their survival (Pieri &
Jurberg, 1981).

Migration to depths greater than usual could
be included among these behaviors, as long as
the snails are able to resist increased hydrostatic
pressure as well as decreased illumination, tem-
perature and concentration of dissolved O, .

The general acceptance of the fact that
planorbids normally inhabit shallow bodies of
water (Paraense & Santos, 1953; Andrade,
1959; Paraense, 1972; Appleton, 1978) or the
shallow marginal zones of deeper biotopes
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(Paraense & Santos, 1953) has frequently jus-
tified the application of molluscicides only to the
surface or to the margins. However, some
planorbids can reach higher depths as was re-
viewed by Jurberg et al. (1987).

From this it follows that there is a need to
investigate, in detail, the possibility of planor-
bids surviving at different levels of hydrostatic
pressure, by simulating ditferent depths, and to
observe the possible changes in biological activ-
ities and behavior caused by increased pressures.

The objectives of the present study are: 1) to
test a technique which would permit the main-
tenance of planorbids under pressures equiv-
alent to that of water at a depth of 48.8 m and
2) to investigate the survival ability, the perform-
ance of biological activities {(copulation and
egg-laying) and the occurrence of some behavior-
al patterns in B. glabrata submitted to this
increased pressure for 48 hours.

MATERIALS AND METHODS

Snails: We utilized 156 adult melanic spe-
cimens (14 to 16 m shell diameter; 0.45+0.09¢
weight, after 30 minutes on absorbing paper) of
Biomphalaria glabrata tfrom Touros, (State of
Rio Grande do Norte, northeast of Brazil),
maintained in our laboratory for several gener-
ations.
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Liquid medium.: We used a mineral solution
for snails SMC 1/2 (Jurberg et al., 1987) based
on “SSW2” (Thomas et al., 1976).

Fguipment (Fig. 1): Observing apparatus
(Fig. 1B) — We built two chambers, each con-
sisting of a transparent acrylic cylinder inserted
between two anodized aluminum plates. Inter-
nally, the metal parts of the chambers were
lined with white acrylic to facilitate observation
of the snails and to prevent the aluminum from
oxidizing. A nylon tube crossing the lid of the
upper plate permitted the introduction of the
liquid medium to the bottom of the chamber.
Drainage occurred through a valve placed on
the upper plate which forced the fluid to
circulate throughout the chamber. The pressure
inside each chamber was recorded with a mano-
meter communicating with a hydraulic piston
and with each chamber by means of valves.
Hydraulic piston (Fig. 1A) — This device was
used to supply the observation chambers with
liguid medium at a constant maximum pressure
of 49.02 x 10* Pa and consisted of a transpar-
ent acrylic cylinder positioned between two
plates of anodized aluminum. The lower plate
was crossed by a hollow anodized aluminum
stem whose upper end had a piston that could
be impelled in two different manners to modify
the pressure inside the cylinder: a) manually,
with the aid of a handle fitted to the lower end
of the stem, and b) with compressed air. In the
latter case, a valve regulated the passage of air
coming from a compressor or from a compres-
sed air cylinder through a nylon tube into the
stem, and then into the cylinder through a
small opening in the stem. The stem passed
through the middle of a cylindrical metal part
located on the lower plate, thus permitting
centralized dislocation of the piston. The lower
plate also had a vent that let compressed air out
when the piston was impelled downward. In the
upper plate there was an opening for introduc-
ing the liquid medium, which was closed with
a screw-on anodized aluminum cap, as well as a
valve regulating the passage of water from the
hydraulic piston to the observing apparatus.

Procedure - Before the experiment was
started, we left the animals for at least one
week in a container with SMC 1/2 and fresh
lettuce ad libitum. The experiment was carried
out in two stages: First stage: without renewal
of SMC 1/2 — We performed three tests, each
involving 26 snails subdivided into two groups,
each group in a chamber. The first group was

P.JURBERGET AL.

maintained under normal pressure conditions
(group 1), whereas the second group was sub-
mitted to the 49.02 x 10* Pa pressure increase

(group 2).

Before each trial, we filled the hydraulic
piston and the observing chambers with SMC
1/2 aerated for 10 min so that it would acquire
approximately 7.5 mg/l of dissolved oxygen
(Monitor II System, Beckman Instruments) at
laboratory conditions of temperature (20° to
269 C) and pressure (9.804 x 10% Pa). After the
animals had been placed inside, we would close
the chambers and fill them by compression ot
the hydraulic piston (Fig. 2A). Usually the
chambers had to be tilted to eliminate air
bubbles. The pressure inside the chamber
contaming zroup 2 was increased gradually
until the manometer of the observing apparatus
recorded a 49.02 x 10% Pa increase above am-
bient pressure in the laboratory (Fig. 2b). We
considered that once this pressure was reached,
the snails were actually submitted to a pressure
corresponding to a depth of 48.8 m.

We left the snails without food, at room
temperature and with artificial lighting repro-
ducing the day/night cycle. We observed the
snails every 12 hours. Second stage: with
renewal of SMC 1/2 — This stage differed from
the preceding one only in terms of renewal ot
SMC 1/2 (Fig. 2C).

To avoid exposure of the animal to exces-
sively low levels of dissolved oxygen, we
performed preliminary tests in which we found
that 13 specimens of B, glabrata weighing ap-
proximately 0.5 g can survive after 12 hours
inside an observing chamber with a capacity of
1.8 1 and containing 7.6 mg O,/1 SMC 1/2 at
laboratory conditions of temperature and pres-
sure. On the basis of these data, we decided
that, starting on the 12th hour of the experi-
ment, the mineral solution should be renewed
at the end of each observing session by introduc-
ing 3.61 of SMC 1/2 aerated for 10 minutes.

At both stages we observed the number of
survivors for each 12 hours, biclogical activities
(copulation and ovipositions) and the following
behavioral patterns:

Location — We subdivided the observing
chambers into three parts to facilitate recording
animal location: 1)} upper (ceiling and upperi
third part of the wall); 2) intermediate; 3) low-
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er part {lower third part of the wall and bot-
tom).

Occurrence of locomotion in general — We
recorded the number of snails moving and the
number of snails not moving.

Occurrence of behavioral patterns of loco-
motion — We observed two patterns of locomo-
tion; sliding and creeping; already described by
Jurberg et al. (1987).

Exposure of the cephalopodal mass — To
facilitate observation and to obtain better
agreement among different observers, we consid-
ered the exposure and distension of the cepha-
lopodal mass as a whole, representing a single
category divided into three subcategories:
100% — cephalopodal mass totally visible and
distended; 50% — cephalopodal mass partially
or totally visible but contracted; 0% — cephalo-
podal mass inside the shell.

6
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Fig. 1: Schematic representation of the apparata (numbering is according to the order of appearance of the
parts of the equipament in the text. A — Hydraulic piston: 10. acrylic cylinder; 11. anodized aluminum plates;
12. aluminum rods; 13. aluminum belts; 14. hollow aluminum stem; 15. piston; 16. piston handle; 17. valve that
regulates compressed air passage; 18. rubber tube that conductes air from a compressor or from a compressed air
cylinder to the apparatus; 19. air filter; 20. nylon tube; 21. manometer; 22. cylindrical metal part that permits
centralized dislocation of the piston; 23. vent; 24. opening; 25. valve that communicates hydraulic piston with
the observing apparatus: B — Observing apparatus: 1. acrylic cylinder; 2. anodized aluminum plates; 3. aluminum
rods: 4. lid of the upper plate; 5. nylon tube; 6. drainage valve; 7. manometer; 8. valve that communicate the
manometer with the chambers: 9. valve that communicates the observing apparatus with the hydraulic piston.
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Fig. 2: Schematic representation of the situation in which the equipment was utilized (figure not in scale} 1.
Fulfilling of the chambers. a. chamber 1: Valves A B, C, D and F opened and valves E and G closed; Manometers
M1 and M2 rcgistering respectively 4.902 x 10* P2 and 0.0. Pa. b. chamber 2: valves A, B,C, E and G opened
and valves D and F closed; manometers M1 and M2 registering respectwely 4.902 x 104 Pa and 0.0. Pa. 2. In-
crease of the pressure in the chamber to be submitted to 49.02 x 10% Pa (supposing it is chamber 2): valves B, C
and A DpEﬂEd and valves D, ¥ and G closed; valves A bemg opened gradually, owing manometer M2 to increase
0.9804 x 10% Pa each minute until reaching 49.02 x 10* Pa. 3. Renewal of the liguid medium. a. chamber 1:
valve D closed; manometer M2 registering permanently 0.0. Pa; valve E completely opened; valve G bemg opened
partial and gradually b. chamber 2; valve E closed; manometer M2 registering permanently 495.02 x 10* Pa; valve

I' completely opened; valve D being opened partlal and gradually.

———— air flow
water flow

We tabulated the frequencies of some behav-
iors of B. glabrata, of biological activities and
survivors observed in each experimental situat-
ion for 48 hours and, when necessary, analyz-
ed them statistically by the chi-square test for
comparison of two situations (with or without
renewal; with or without increased pressure) in
cach observing session at the 5% level of sginit-
icance, These analyses, were carried out to
verify which factor was contributing more to
the changes: pressure or water renewal.

RESULTS

Survival — All of the 78 animals submitted

to increased hydrostatic pressure survived until
the end of the experiment {Table I). A single
case of death was observed in the group main-
tained at ambient pressure of the laboratory
during the stage with renewal of SMC 1/2.

Biological activities — No copulations occur-
red during the observing sessions at any stage.
The three ovipositions observed occurred when
we submitted the snails to increased pressure,
Two of them occurred in the group with
renewal and the other in the group without
renewal of SMC 1/2. It was possible to count
the number of eggs only in cne of the egg-
masses ot the group with renewal of the me-
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dium (32 eggs), because of their location on the
acrylic wall. The other two egg-masses occurred
on the bottom of the chamber and on the shell
of a snail, thus preventing the eggs from being
counted.

Behavior — Snails location in the observing
chambers (Table II) seemed to be affected more
frequently by renewal of the medium than by
pressure.

The frequency of locomotion (Table III) was
not affected by pressure increase, but was af-
fected by the liquid medium renewal in 5 of the
8 observing sessions (4 at each pressure).

In all groups, locomotion occurred by
creeping during the 12 hours of experiment
(Table IV) and practically all snails exposed
100% of the cephalopodal mass throughout the
experiment (Table V).

TABLE |

Influence of renewal of liquid medium and of hydrostatic pressure increase on survival of Biomphalaria
glabrata: frequency (I') and percentage (%) of survival after 48 hours of experiment

With renewal of SMC 1/2 Without renewal of SMC 1/2 Total
Meters
F % F % F %
0 38 97.4 39 100 77 98.7
48.8 39 100 39 100 78 100
Total 77 98.7 78 100
TABLE 11

Influence of renewal of liquid medium and of hydrostatic pressure increase on Biomphalaria glabrata snails
location in observing chambers

Number of snails

Results of chi-square tests

Effect of
pressure incrcase

Effect of
water renewal

Hours L ocation
With renewal Without renewal o 488 m With Without
0 m 48 8 m 0 m 48 8 m renewal renewal
S 21 13 6 12
12 M 3 4 8 4 12672* 0.062 3.350 3.342
I 15 22 24 23
S 21 8 18 17
24 M 1 5 2 3 0.580 4.829 10.378* (0.243
[ 17 26 18 19
5 12 16 22 23
36 M | 0 0 3 15.041* 5.630 2.233 3.900
| 26 20 6 13
5 12 6 24 20
48 M 1 0 3 4 27.072* 18.289* 3.830 1.109
I 26 33 11 15

= guperior part; M = middle part; I =inferior part; * = significant difference (2 degrees of freedom, 0.05 signi-

ficance level).
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TABLE III

Influence of renewal of liquid medium and of hydrostatic pressure increase on frequence of Biomphalaria
glabrata snails locomotion

Results of chi-square tests

Number of snails Effect of Effect of
Hours Location water renewal pressure increase
With renewal Without renewal o 188 With Without
Om  488m Om  48.8m ' renewal renewal
M 17 14 20 27
12 NM 33 25 18 12 0.630 8.690* 2.230 0.482
M 19 19 16 25
24 NM 20 20 27 14 0.338 1.877 3.741 0.000
M 5 5 21 14 . "
36 NM 24 34 17 75 15.55%7 5.636 2.911 0.000
M 2 1 16 9 "
48 NM 37 38 29 30 14.705* 7.933 3.178 0.347

M = moving; NM = not moving; * =significant difference (2 degrees of freedom, 0.05 significance level).

TABLE IV

Frequency of occurrence of each locomotion pattern of Biomphalaria glabrata

0 m 48.8 m
Hours Patterns
With renewal Without renewal With renewal  Without renewal
12 creeping 14 15 22 26
sliding 2 3 0 0
14 creeping 18 14 16 22
sliding 0 2 0 0
16 creeping 5 19 9 16
sliding 1 2 1 0
48 creeping 5 16 1 9
sliding 0 0 0 0
TABLE V
Frequency of each percentage of exposure of the cephalopodal mass of Biomphalaria glabrata
(J m 48.8 m
Hours Percentage
With renewal Without renewal With renewal Without renewal
0 ( 0 0 {
24 50 0 0 0 0
100 39 38 39 39
0 O 0 1 0
24 30 1 0 2 0
100 38 38 36 39
0 0 0 2 0
36 50 0 0 1 0
100 39 38 36 39
0 0 2 1 2
48 50 0 0 0 1
100 39 36 38 36
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DISCUSSION AND CONCLUSIONS

The apparatus presented in this study is ef-
fective to observe adult Biomphalaria snails
behavior at pressures up to that corresponding
to 48.8 m of water depth. It permitted renewal
of the liquid medium without substantial varia-
tions in pressure, thus eliminating excretion
products and maintaining the desired O, level
and thereby permitting us to evaluate the et-
fects of pressure independently of the occur-
rence of anoxia. It was possible to maintain
pressure without any contact of the liquid
medium with compressed air, a situation wich
reproduced with relative fidelity what occurs
in nature, and assured the presence of the same
amounts of gases in the two observation
chambers.

The development of special pressure cham-
bers has permitted the study of deep-sea organ-
isms, such as zooplancton (McDonald &
Gilchrist, 1969), amphipods (Yayanos, 1978,
1981; McDonald & Gilchrist, 1982}, and small
groups of Crustacea, submitted to pressures of
more than “100 atm” (1013 x 10* Pa). Blaxter
& Tytler (1972 according to McDonald 1973)
maintained fish at pressures up to 202.6 x
10% Pa. Sommer (1981) subjected barnacles to
pressures corresponding to a depth of 20 m.
Dale (1984) standardized a method for main-
taining macrophytes at a pressure correspond-
ing to a depth of 23 m. Nojima & Sato (1981)
maintained egg-masses of Biomphalaria glabra-
ta, B. pfeifferi and Bulinus globosus in a syr-
inge, subjecting them to a maximum pressure of

“4 atm” (40.52 x 10* Pa).

However, none of these would be appar-
atuses fully satisfactory for the observation of
adult planorbids submitted to pressures cor-
responding to those occurring at the bottom ot
dams. Thus, the technique described by Som-
mer (1981) would necessitate a 50 m height
column to add 49.0 x 10* Pa. The apparatuses
described by Nojima & Sato (1981) and Dale
(1984) maintained pressure through direct con-
tact of the water with compressed air, and did
not allow water renewal at constant pressure to
eliminate excreta. The technique of Dale
(1984) had the advantage of, at least, permit-
ting O, renewal. The dimensions of the ap-
paratus used by McDonald & Gilchrist (1969,
1982) and Nojima & Sato (1981) are incompa-
tible with the size and mobility of adult pla-
norbids. Except for the pressure chambers

described by Dale (1984), no equipment, accord-
ing to the descriptions, appears to have a suf-
ficiently extensive transparent surface to permit
accurate observation of the snails.

The 100% survival of the snails subjected to
increased hydrostatic pressure for 48 hours in
the present study, points to the neced to eval-
unate in detail the possibility that B. glabrata
can live and occasionally form populations at
depths greater than usual, thus being able to
repopulate breeding sttes.

it is important to call attention to the pos-
sibility of snails surviving at the bottom of
dams. Although it is not frequent to find dis-
solved oxygen at high depths, we must consider
that B. glabrata is able to live without O,
during 16 hours (Von Brandt et al., 1948) and
that some lakes such as Don Helvecio lake at Rio
Doce Valley, (Mitamura & Hino, 1985) have
dissolved oxygen (3.86 mg/l) at the bottom
(22 m).

To investigate in detail the survival ability,
biological activities and behavior ot Biompha-
laria glabrata subjected to increased hydrostatic
pressure, it is necessary to perform long-lasting
studies under different conditions of lighting,
temperature, feeding and dissolved O,, CO,
and N, levels, in order to simulate as accurately
as possible the conditions present at great
depths in planorbid breeding sites. Adequate
levels of lighting -and temperature can be
obtained as long as the apparatus is maintained
in a place with controlled conditions.

To study the effects of pressure in an envi-
ronment in which anoxia and the accumulation
of toxic wastes will not be critical, the liquid
medium must be circulated without any subs-
tantial changes in pressure, since, as shown by
statistical analysis, the behaviors studied during
48 hours of experiment were often affected
not only by increased pressure, but also and
mainly by maintaining the snails without
renewal of the liquid medium. By using the
present technique, which permitted renewal ot
the medium without great changes in pressure,
it is possible to approach ideal conditions by
simply reducing the interval between renewals.

Maintaining pressure with no contact be-
tween the liquid medium and compressed air, in
addition to reproducing more faithtully what
occurs in nature, guarantees an identical gas
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supply to the two observing chambers, so that
the effect of pressure can be investigated se-
parately with no interference from the oxygen
supply. However, fundamental differences exist
between the two chambers concerning the ease
with which the animals in each group can take
in O, and give off CO, into the medium.

This technique is limited in terms of the pos-
sibility of supplying food fo the animals, since
food should be renewed periodically to prevent
it from decaying without significant changes in
pressure. Under the present conditions, in order
to perform experiments without tood depnva-
tion it is strictly necessary to utilize germ-free
animals, sterile liquid medium and decontami-
nated food. These will remain in good condi-
tion until the end of the experiment.

The fact that no copulation was observed
does not exclude the possibility of copulations
having occurred during the intervals between
obscrving sessions.

[t is premature to assume that the egg-masses
observed were expelled from the genital ducts
because of the increased pressure, cven though
only animals submitted to 49.02 x 10* Pa. Pres-
sure laid eggs, because the reduced number of
ovipositions did not permit reaching any
conclusion in this respect. Since temperature
was in the range compatible with the survival
and reproduction of B. glabrata (Brumpt, 1941;
Paraense, 1972) and prolonged immersion does
not prevent oviposition (Jurberg et al., 1982),
food deprivation, which lasted throughout the
experiment, probably affected oviposition in
both groups. Furthermore, preliminary tests
have demonstrated that the apparatus does not
prevent oviposition, since animals provided
with fresh lettuce lay eggs at the observing
chambers when these are opened (animals with
free access to the surface).

The possibility of counting eggs and observ-
ing embrvo development can be considered
fairly good, depending on the location of the
cgg-masses,

These results indicatec the need to continue
the investigations on planorbids under different
levels of hydrostatic pressurc, in different con-
ditions of food supply, temperature and con-
centration of dissolved O, .

P. JURBERG ET AL.
RESUMO

Estudos sobre a sobrevivéncia, atividades
biologicas e comportamento de Biomphalaria
glabrata hospedeiro intermedidrio da esquistos-
somose, submetido a aumento da pressio hidros-
tatica: uma técnica — Para estudar mudancgas na
sobrevivéncia, atividades biologicas e comporta-
mento de planorbideos submetidos a aumento
de pressdo hidrostdtica, desenvolvemos uma téc-
nica que utiliza duas cdmaras transparentes ¢
um pistdo hidrdulico. O aparetho permitiu a re-
novagdo do meio liquido sem varia¢hes substan-
ciais na pressdo, eliminando assim os produtos
de excrecdo e mantendo o nivel de O, dissolvi-
do desejado, e desse modo permitindo-nos ava-
liar o efeito da pressdo independente da ocor-
rencia de anoxia.

A pressdo foi mantida sem nenhum contato
do meio liquido com o ar comprimido, situagio
que reproduziu com relativa fidelidade o que
ocorre na natureza, € assegurou a presenca da
mesma quantidade de gases nas duas camaras de
observacgio.

Biomphalaria glabrata foi capaz de sobrevi-
ver pelo menos 48 horas quando submetida a
49,02 x 10? Pa (equivalente a 48 m de profun-
didade) continuando a pdr massas oviferas, e
mostrando poucas modificagdes comportamen-
tais quando comparada com o grupo de contro-
le.

Palavras-chave: comportamento — Biomphalaria
glabrata — Xistosomose
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