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INTRODUCTION 

Background of the Study 

At its 67th (special) session, held November 6 
11, 1974, in Vientiane, the Mekong Committee approv 
tegrated approach to schistosomiasis control activi 
Lower Mekong Basin which included three aspects: (1 
training and epidemiological surveillance to obtain 
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The Committee suggested that part (3) could be performed 
under a contract with the University of Lowell (formerly, 
Lowell Technological Institute) with a subcontract to the 
Faculty of Tropical Medicine, Mahidol University, Bangkok, 
Thailand. 

Following established procedures, the relevant contracts 
were developed. The Work Plan, annexed to the prime Lowell 
Contract, was approved by the Committee at its 69th session in 
New Delhi, February 26 to March 7, 1975. It was the original 
intent, subject to availability of funds, to continue the 
contracts on an annual basis up to a total of three years. 
Events intervened, however, and in December, 1975, an amendment 
was signed by both contracting parties agreeing to limit the 
period of the project to a total of 18 months with a termination 
date of June 27, 1976. All items in the Work Plan which 
originally were projected for a three-year period were to be 
pursued by the contractor, but with a reduction in scope in 
line with reduced work time. 

Under the terms of the Work Plan, the University of Lowell 
agreed, in part, to undertake the following studies: 

I Population Dynamics. Additional base-line data would 
be collected on year-round aspects of natural snail biology 
including, if possible, data on the fate of the Mekong hy-
drobiid snail fauna at difficult collecting times (e.g. during 
periods of high water). 

II Life Cycle Studies of L. aperta. An attempt would 
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be made to complete the life cycle of this snail under con­
trolled laboratory conditions with the aim of providing 
perennial supplies of the snail for cyclical maintenance of 
the Mekong Schistosoma. 

III Molluscicide Testing. Tests would be carried 
out on the sensitivity of Lithoglyphopsis aperta toward 
conventional and novel molluscicides. Among the former 
were included copper sulphate, sodium pentachlorophenate, 
Bayluscide (Niclosamide), N-tritylmorphollne (Frescon), and 
yurimin. The latter included the organotin compound tri-
butyltinoxide (TBTO) dispersed in slow-release rubber pellets. 

IV Incrimination of Other Mekong Snail Species in 
the Transmission of Schistosomiasis. Snails sympatric with 
L̂ . aper ta would be tested as potential transmitters. 

The present final report incorporates the results of 
field studies made during the latter part of the dry season 
of 1975 (May) and the entire collecting season of 1976 (March 
through May), as well as laboratory studies conducted at 
the Faculty of Tropical Medicing, Bangkok, Thailand, and the 
Museum of Zoology, University of Michigan, Ann Arbor, Michigan, 
U. S. A. 

The conclusions drawn are based on necessarily incomplete 
data and must be viewed conservatively. 



FINDINGS 

I Population Dynamics of Lithoglyphopsis Aperta 

1. IJ. aperta snails were found and collected without 
difficulty in Thai areas of the Mekong and Mun Rivers. 

2. Two sites near the town of Khemmarat (Ubon Ratcha-
thani Province) supplied all the alpha and gamma snails used 
in the present study. 

3. These sites differed physically only in minor re­
spects, yet produced significantly different numbers of snails. 

4. Variation in physical parameters, with the exception 
of water velocity, may not play an important role in population 
dynamics. 

5. Some fluctuation in chemical components of the water 
occurred during the period of the study but there is a question 
whether this was enough to affect distribution of snails. 

6. The sudden appearance of large numbers of baby snails 
in the early part of the year, where a few days before there 
had been none, suggested that the high water period may be 
survived in the egg stage. 

7. Major elements of the mollusk population sympatric 
with L^ aperta at the two Khemmarat sites A and B included 
species of Lacunopsis, Jullienia, Hydrorissoia and Hubend ickia. 
The genera Manningiella and Paraprososthenia, although known 
to occur in this section of the river, were not represented 
in the present collections. 

8. Minor elements of the mollusk population, as re­
presented by the small numbers collected, included Pachydrob ia 
(Hydrobiidae), Stenothyra (Stenothyridae), Clea (Buccinidae) 
and small bivalves, chiefly the fresh water mussel, Limnoperna. 

9. Female L̂ . aperta were approximately twice as numerous 
as males during the middle and late periods of the dry season, 
suggestive of a rapidly maturing population with early male 
die-off. 

10. Site A was more productive of alpha snails and site 
B was more productive of gamma snails. 

11. Site B supported larger absolute numbers of snails 
than did site A. 
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12. Beta snails, collected only at Ban Hin Laht, were 
found in large numbers at new localities on the Mun River 
in Thailand. 

13. Beta snails were three times more susceptible to 
infection with miracidia than were gamma, and about 20 times 
more susceptible than alpha snails. 

14. The presence of beta 1̂ . aperta in the Mun River 
may constitute a health threat in Thailand within the frame­
work of future water management schemes (cf., the Pak Mun 
Dam) where the snails may be associated with an increase in 
riverine human populations. The "egg" hypothesis was strengthened 
by the finding of large numbers of eggs of beta L_. aperta in 
the Mun River a week in advance of finding many baby snails, 
but no adults of this race in the same area. 

II Maintenance of Lithoglyphopsis Aperta in the Laboratory 

15. The three races were successfully maintained in Petri 
dishes of 9 centimeter diameter, in the presence of silt or 
sand, fixed diatoms for food, and artificial (Fluorescent) 
light. 

16. An initial high mortality of snails in Petri dishes 
in June and July coincided with capture and transfer. A second 
peak of high mortality occurred after the egg laying period in 
January and February. 

17. In Petri dishes, eggs of alpha were laid between 
September and April, but eggs laid after November failed to 
hatch. Eggs of beta snails were laid between September and 
April, but few hatched from eggs laid after December. Gamma 
snails did not lay eggs in Petri dishes. 

18. F alpha snails reached mature size in about 18 
weeks, compared with about 20 weeks for beta snails. 

19. When snails were reared in round bottles, they were 
more active and growth was accelerated. However, observations 
of mortality, egg laying and development were more difficult 
to make. 

20. In nature, alpha and gamma L_. aperta reached sexual 
maturity at 6 weeks and full growth at 10 weeks. Under 
laboratory conditions, the snails needed about twice as much 
time to reach the same degree of development. 

Ill Molluscicide Testing 

21. Five conventional molluscicides (Bayluscide, copper 
sulphate, Frescon, sodium pentachlorophenate and Yurimin) and 
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one slow-release molluscicide (tributyltinoxide) were tested 
against wild caught alpha and gamma snails in the field labo­
ratory at Khemmarat. LC50 and LC90 values, 95% confidence limits, 
and slope functions were calculated. 

22. Among the conventional molluscicides, Frescon (N-
tritylmorpholine) and Bayluscide (Niclosamide) seemed to be 
most effective against I,, aperta, although Yurimin, NaPCP and 
copper sulphate also showed reasonable effectiveness. 

23. LC values for L̂. aperta and Oncomelania nosophora 
(hydrobiid vector of schistosomiasis in Japan) did not differ 
greatly with Bayluscide, Frescon, or NaPCP, but the LC50 with 
Yurimin was much lower for L̂ . aperta than for (5. nosophora. 

24. Lethal concentrations of Bayluscide for the aquatic 
pulmonate vectors (Biomphalar ia glabrata and B_. pf eif f eri 
were lower than for L_. aperta and 0_. nosophora. 

25. Lethal concentrations of Frescon for L_. aperta and 
_B. glabrata were similar. 

26. Lethal concentrations of TBTO for alpha and gamma 
snails decreased as the soaking time of the rubber pellets 
increased. LC50 and LC90 were reached at day 1 and 3 re­
spectively for alpha snails, and at day 2 for gamma snails. 

27. The gamma race snails were slightly more susceptible 
than alpha snails to the highest concentration of TBTO tested 
(5.12 ppm). At the lowest concentration tested (0.01 ppm) , 
gamma snails were killed in one half to one third of the time 
needed to kill alpha snails. 

IV Incrimination of Other Snails as Hosts of the Mekong 
Schistosome 

28. Six genera and possibly 12 species of snails sympatric 
with L_. aperta at the Khemmarat sites failed to release cer-
cariae after being suitably exposed to miracidia of the Mekong 
Schistosoma. These species were thus considered unable to 
transmit schistosomiasis. 

29. Although the attempted incrimination of other hy­
drobiid species merits continued effort (the above numbers 
represent only about 13% of all the hydrobiid species reported 
from the Lower Mekong Basin) it now appears unlikely that 
species other than L. aperta will prove to be efficient 
carriers of schistosomiasis. 

30. With present information, control efforts at Khong 
Island should continue to focus on control of I,, aperta and 
other snails can probably be ignored. 
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RECOMMENDATIONS 

1. Security conditions on the Mekong River prevented 
the exploration of many areas that could eventually prove 
to be productive of schistosome bearing snails. At present, 
such snails have been studied principally at Khemmarat, Khong 
Chiam (Ban Dan), and Khong Island in the Mekong River, and at 
Phibun Mangsahan and Kaeng Ta Tai in the Mun River. In the 
future, under more normal conditions, expanded efforts to 
locate and characterize all other L_. aperta sites in the Mekong 
and Mun Rivers should be made. 

2. The original plan to study the natural life cycle 
of L_. aper ta around the calendar year should eventually be 
completed, possibly utilizing the help and facilities of the 
Royal Thai Naval Station at Khemmarat, both as a work site 
and for protection of equipment. 

3. Strong evidence now supports the "egg hypothesis," 
i.e., that the transmitting I,, aperta snails survive periods 
of high water primarily in the egg stage. The evidence is as 
yet indirect. Direct evidence could be derived from stone 
trapping throughout the year. 

4. Beta L_. aperta have been found in two sites on the 
Mun River: Phibun Mangsahan and Kaeng Ta Tai. Predictably, 
other localities along this large tributary will be found. 
In view of plans to develop the Mun River at its confluence 
with the Mekong (Pak Mun Dam), the need to expand the search 
for this potentially dangerous snail species becomes evident. 

5. According to available evidence, I,, aperta is found 
only in the Mekong and Mun Rivers. It is not found in lakes 
or ponds and could not survive in such locations even if de­
liberately introduced. This point is, however, based on field 
observations, not experimental evidence. Since beta L̂ . aperta 
have now been collected close to the confluence of the Mun 
and Lam Dom Noi (and by extension, the Sirindhorn Dam) a 
field experiment should be devised to test the ability of L̂. 
aperta (of all three races) to survive in enclosed or impounded 
waters on the Korat Plateau. Such an experiment could be 
carried out in waters adjacent to the Mun or Mekong Rivers 
so as to minimize the danger of accidental spread to new 
areas. 

6. Future field work should be designed to make as 
much use as possible of such non-endemic areas as Khemmarat 
and Ban Dan in order to minimize risk. At the same time, it 
is necessary to note that there is no proof that schistoso­
miasis does not occur in these areas but, only that cases 
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have not come to light. In view of this gap, it is urged 
that in depth epidemiological surveys be conducted and that 
case finding studies be pursued in all areas where biological 
studies are planned. 

7. With regard to use of molluscicides to control 
snail populations, the sensitivity of jL. aperta to conventional 
as well as novel molluscicides tends to resemble that for 
classical transmitters of schistosomiasis (Oncomelania, 
Biomphalaria, Bulinu s). Thus, costs of conventional molluscicid 
ing operations in the Mekong River may not differ from those 
in similar localities elsewhere in the world. 

8 
L_. aper ta 

lasto 
er pe 
r imen 
or s 

s and 
utylt 
in ma 
Is wi 

in e 
Rubb 
expe 
sand 
rock 
trib 
ful 
tr ia 

In the river, where there is detectable current, 
will probably be best controlled by the use of TBTO 

meric formulations, in the forms of strings or sheets, 
llets maintained adequate levels of chemical under 
tal conditions but are likely to be covered by 
ilt in nature. Another possibility may be to paint 
embankments with a rubber-base paint containing 
influorlde (TBTF), an approach that has proved success-
rine antifouling operations for barnacles but, field 
11 be required in advance of application. 

9. Where I,, ape r t a occurs in pockets of quiet water with 
little current, such as can be found in the main transmission 
site at Khong Island, conventional molluscicides could be used 
with appropriate field testing. The chemical of choice would 
be Bayluscide which is little affected by the high pH and other 
physico-chemical conditions of the Mekong. Cheaper chemicals 
may lose effectiveness too quickly; copper sulphate is adversely 
affected by high pH; sodium pentachlorophenate is quickly 
destroyed in the presence of direct sunlight. Of course, such 
considerations could be offset by repeated application of 
chemical. 

10. With regard to other molluscan hosts of the Mekong 
Schistosoma, none tested has shown signs of being any sort of 
threat. This includes primarily the sympatric hydrobiids. It 
would be useful to test the susceptibility of unrelated snails 
such as the pond pulmojiates but, such an experiment would not 
have a high priority in any list of research projects still to 
be done. 

11. If eradication is envisaged, eggs as well as adults 
must be killed. There is no evidence that molluscicides are 
toxic to eggs of l±. aperta but, such evidence has not been 
systematically sought (Bayluscide is effective against eggs 
of Oncomelania, Biomphalaria, and Bulinus). Since egg laying 
may be a fairly continuous process, reaching a peak at the 
end of the dry season (there is a suggestion of two generations 
during each low water period), applications of chemical would 
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have to begin early and continue late. It will not be possible 
to achieve quick eradication of L̂ . aperta in any focus. Criteria 
of effectiveness will have to be sought by snail surveys in the 
following season. 

12. With regard to host parasite relations, it is recommended 
to initiate a study on the effects of miracidial numbers at the 
time of infection on cercarial output of the snail. This should 
be done varying such parameters as salinity, pH, and turbidity. 



RESULTS OF FIELD AND LABORATORY 

STUDIES 
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I Population Dynamics of Llthoglyphopsls Aperta 

A temporary snail laboratory was established in March, 
1975 in a rented house in Khemmarat, Ubon Ratchathani Province, 
Thailand, on the right bank of the Mekong River. Good col­
lecting sites for transmitting and other types of snails were 
to be found at short distances to the east (Thai side) and the 
west (Lao side). Field staff took up residence in the house 
in April, 1975 and rented a boat and the services of its boat­
man on a full-time basis. 

Collections of alpha race L_. aperta were made from islands 
in the middle of the river, 4 km. east of Khemmarat, at a site 
called Bang Koey,(also named site A in this report). 

In previous years, large collections of gamma race L^. aperta 
had been made close to the left bank shore (Lao side) of the 
Mekong about 5 km. west of Khemmarat. In 1975, visits to this 
side were risky and in 1976, the area could not be visited at 
all. An alternative gamma site was sought and eventually found 
near the town of ban Khi Lek on the Thai side of the river, about 
5 km. east of Khemmarat. This site, called Bung Kong, is also 
named site B in the present report. Sites A and B are identified 
in the map, Figure 1. 

Collections were brought to the field laboratory and es­
tablished in aerated aquariums. Only the L_. aperta sites were 
sampled and only species sympatric with L_. aperta are considered 
in this report. For example, the sand dwelling Stenothyra 
which predominate in most areas in the Mekong River are not 
truly sympatric with L_. aperta and the small numbers recovered 
in this study must have been accidental. The genus Manningiella, 
found elsewhere near Khemmarat, was not collected at either of 
the two sites mentioned above. 

1. Description of the Collecting Sites 

Site A. A series of temporary islands in the Mekong River, 
east of Khemmarat, called Bang Koey (see map, Figure 1). Snails 
were found on stones in 60-130 cm depth. Fluctuations in water 
level are shown in Table 1. Stones measuring between approximately 
400 and 1,000 square centimeters in surface area were brought 
up and all snails collected. Early in March (March 4) the stones 
bore clusters of snail eggs and filamentous green algae as well 
as snails. All surfaces of the stones were found to support 
snail populations but, Lithoglyphopsis aperta were found only 
on the under surfaces. Snail eggs were also deposited on all 
surfaces. The eggs were of different sizes and were deposited 
singly in the clusters that are typical of aquatic Hydrobiidae. 
Each egg was protected by a capsule composed of silt particles. 
Colors of the various types of eggs ranged from black and gray 
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rough current 
sand bar 

<-"^> island 
^7T^> pond on island 
/ S French channel marker 

Fig, 1,—Collecting sites A and B 
in the Mekong River between Khemmarat 
and Ban Khi Lek. 
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Table 1 Fluctuations in water depth between March 4 
and May 13, 1976, at collecting sites A 
(Bang Koey) and 3 (Bung Kong) in the Mekong 
River (in centimeters). 

Week Site A Site B 

1 

2 

3 

4 

5 

6 

7 

60-70 

60-70 

50-60 

60-70 

70-90 

60-80 

60-70 

60-80 

9 

10 

11 

70-90 

70-130 

80-100 
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to reddish brown and yellow. Laboratory observations later 
determined which of these various types of eggs had been laid 
by L_. aperta (see below) but no attempt was made to determine 
the specific origin of all egg types. 

During the 5th week (April 1), the water level at collecting 
site A subsided by half a foot. During the 7th week (April 15), 
the level rose again by about 4 inches. At this time, there 
seemed to be a reduction in the quantity of filamentous green 
algae at the collecting site. Sand appeared at the edges of 
the small islands. The stones then appeared clean, although 
a few still bore traces of algae. Most snails were found 
clustering beneath the stones at this time. 

Site 
Khi Lek, 
and conne 
(see map, 
growth of 
11), snai 
deposited 
(March 25 
thus expo 
Underwate 
neath the 
with the 
edge of t 
covering 
rose 4 in 
this time 
faces o f 
stones we 

B. 
a ser 
ct ing 
Figu 
fila 

1 egg 
on t 
) , th 
sed w 
r, sn 
laye 

advan 
he wa 
them, 
ches , 
, mos 
still 
re bl 

Near 
ies 
obi 

re 1 
ment 
s of 
he u 
e wa 
ere 
ails 
r s o 
cing 
ter 

Du 
car 

t sn 
sub 

ack 

the r 
of isl 
iquely 
). St 
ous gr 
var io 

ndersu 
ter le 
then c 
were 
f gree 
dry s 

were 1 
ring t 
rying 
ails w 
merged 
and mu 

ight 
e t s 
wit 

ones 
een 
us s 
r f ac 
vel 
over 
f oun 
n al 
easo 
eft 
he 8 
away 
ere 

sto 
ddy. 

bank 
energ 
h the 
und e 

algae 
izes 
es of 
had c 
ed wi 
d era 
gae . 
n , mo 
dry w 
t h we 

much 
found 
nes ; 

of 
ent 
sho 

r wa 
D 

and 
sto 

ome 
th t 
wlin 
As 

re a 
ith 
ek ( 
of 
on 

the 

the Meko 
during 1 
re , call 
ter supp 
uring th 
colors w 
nes. By 
down 3 i 
hick mat 
g on sto 
the wate 
nd more 
drying m 
April 22 
the dead 
the side 
und er sur 

ng R 
ow w 
ed B 
orte 
e 2n 
ere 
the 

nche 
s of 
ne s 
r le 
ston 
at s 
), t 
alg 

s an 
face 

iver 
at er 
ung 
d a 
d we 
disc 
4th 

s . 
dri 

ur f a 
vel 
es n 
of a 
he w 
ae. 
d up 
s of 

at Ban 
periods 

Kong 
luxuriant 
ek (March 
overed 
week 
Stones 
ed algae, 
ces be­
fell 
ear the 
lgae 
ater level 

At 
per sur-
the 

Differences between sites A and B. In spite of their 
relative proximity, separated by only about 1 kilometer on 
the same river, sites A and B differed from each other with 
respect to water depth (Table 1, Figure 2 ) , water velocity 
(Table 2 ) , total mollusk populations (Tables 3, 4 and Figure 
3 ) , and relative abundance of alpha and gamma race L_. aperta. 

Site B was generally more productive of mollusks, 
particularly hydrobiids, than site A, although initial 
collections at site B were somewhat smaller than site A. 
Given the method of collecting with its capacity for human 
error, the fact that the sizes of the weekly collections 
remained well with a degree of magnitude of each other at­
tests to the stability of the populations sampled and suggests 
that no catastrophe occurred to these snails during the 
periods of field study that might have influenced the in­
terpretation of results. 
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Fig. 2.--Fluctuations in water depth from March 
4 to May 13, 1976, at collecting sites A and B in the 
Mekong River (in centimeters). 



-15-

Table 2 Water velocity in the Mekong River at sites 
A (Bang Koey) and B (Bung Kong) in 1976, in 
feet per second. 

Date 

3-11 

3-18 

3-25 

4-1 

4-8 

4-15 

4-22 

4-29 

5-6 

5-13 

1 Site A(1> 
Surface 

_ 

2.00 

2.08 

2.08 

-

2.50 

-

2.56 

-

2.78 

Site B ( 2 ) 

Surface 

4.57 

-

4.39 

-

1.30 

-

1.41 

-

1.46 

. . . . . . i 

Bottom 

0.91 

-

0.73 

-

0.71 

-

0.61 

-

1.06 

-

Measured by calculating the time necessary 
for a plastic float to move 10 feet downstream. 

Measured by a Price type AA Current Meter 
(Arline Precision Instruments, Inc., Baltimore) 
calibrated by the U. S. Bureau of Standards 
according to the formula: V=2.218N + 0.022, 
where N = revolutions of wheel per second and 
V = velocity in feet per second. 
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Fig. 3.--Total numbers of mollusks collected at 
sites A and B in the Mekong River from March 4 to 
May 13, 1976. 
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2. Time of Collections and Field Work. 

Field work commenced in April, 1975 when funds became 
available and continued for 4 weeks to the beginning of 
June. At this time, the work was forcibly interrupted by 
high water and bad collecting conditions. 

In 1976, the field laboratory at Khemmarat was re­
established in February, and collections began again the 
first week in March when water levels had subsided sufficiently 
to permit hand collecting. At this time, problems of security 
dictated a change in collecting methods. Fishermen were hired 
to collect stones from the Bang Koey site, replacing the two 
technicians who had done this work in 1975. Each rock was 
placed in a separate bucket and was brought to the temporary 
laboratory in Khemmarat for separation and identification. 
Molluscicide studies were done in the laboratory. Work con­
tinued for a period of 12 weeks and was suspended after the 
third week of May because of the early onset of the wet 
season and the rising water. 

3. Physical and Chemical Parameters of the Water 

Physical and chemical parameters were observed and re­
corded regularly during the period of study. Normally, these 
were conducted weekly when the field work was in progress. 
At other times they were done monthly. 

Physical Conditions 

1. Temperature. Air and water temperatures were 
recorded at 10 A.M. on the days that water analyses were 
conducted (Table 5). The air temperature usually was between 
26 - 34 C; however, in summer the air temperature often 
reached 38°C. In 1976, there was an abnormal cold spell in 

o 
March when the temperature dropped to 23 C. Unfortunately, 
records of air and water temperature during the past few 
years were not available for comparison but, in general, 
air temperatures in this region rarely drop below 20 C. 

The water temperatures were measured at 5 cm. 
below the surface. During the study period, water tempera­
tures ranged between 24 - 28 C. The temperature dropped 
to 21°C one week in March, 1976 (Table 5). 

2. Turb idity. In dry season the water in the 
river was low and clear. It gradually became turbid as the 
rain started to fall. From June, in association with the 
heavy rains, the current was fast and the turbidity rose 
to 300 - 400 F.T.U. (Table 5). At this time, the water 
was rising rapidly and, despite many attempts, snails could 
no longer be collected. 




