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I. BACKGHOUND

The award of the project entitled "Biolagical Control of
Schiglosominsis tranamitting  Snails in Southeast Asia"  was
presented by Mo John Gunther Dean, Ambuassador of the United
Stnrtes  of Awmerien to Thailand, to Professor Dr., Natth
Bhamarupravati, Heotor of Mahido! Univerasity, at the
Hockefeller Foundation Conference Hoom, Faculty of  Secience,
Mahidol lintversity, on 5 March 19HA. The first payment of
Lhe  prant wns made available to the Faculty of  Science in
enrly April 1984, Three reports had been sutmitted, i.c¢. the
sixth -month  report of year one and the annual report of year
onee, and the sixth month report of year two. This is  the

annual report of year two covering the period from October

1985 to April UG,

1. IPHOJECT OBJECTIVE
The overall objective of this research project is  as

follows:

>

to study the efficacy of biological control of
snniig transmitting schistosomiasis in Southeast Asia using
biological agents, and

2. to study genelic variability of sneils transmitting
schistosomiasis in Southeast Asia in relation te degrees of

parasite compntibility and susceptibility.

[rt. EXPERIMENTAL GOALS
b Loborntory experiments, These studies will include
the biologicnl aupects of inasccts and snnil agents and  their

efficacy ngninst  the target snnil  species, The 1ife



historics of insvcets nnd soail agents will be  studied and
various doses of  biological agents and targel species  will
be tested, This phuase of stady will take approximately 16
months.

2. Simulated field experaiments, Brologica!l agents and

target  species will be tested in simutated field habitats,

This phase of atudy will tnke approximateiy H mont he,

3. Genetico and  susceptibility  studies. Genetic
varinbility of  sonils  transmitting schistosomiasis in
relation to deyrees of parasate compatibility nnd

susceptibitity will be studied undaer laboratory conditions.

This phase of study will take spproximutely 8 years.

q. Smali scale field experiments, Pending the r1esults
of  "goatla" one and two as debineated above, a o osmall seale
field irial will be  ymitinted. These  experiments  will
include only ’]m'ul target species, This last stege of study

will take approximntely one yeon

HESFARCH FINDINGS
l. Biological control of snnils
1.1 Mollusks
1.1.1 Biology of biological agents (mellusks)

The cultivation of the four species of snails employed
ns biolopgical agents  was continued to obsersve  the growth
rates and longevity of  the snails. The growth tables  f{or
the four uspecies  of snails, namely, Melanorides tuberculata,
Turebia granitera, Hrotioa costula costula and Prla ampullncea

have bheen completed for the 2 year period.



Among the four species of  biological agents, M.
tuberculata have the shovtest 1ife table due to their amnll
sizes. Maturity in M. tuberculata 15 reached within 67
months  while thoae in 7. granifera and H. o, costula are 12
months, and 8 months, roasprctively. All three species  of
annils  have  Jard theair younyg 1o the laboralory after the
previously mentioned periods of tauome, For & tuberculoata, the
younyg were laid after 67 months when the snails reached the
size of 102K com. inoshell length. oy I, gruantlery, the
youny were laid after 12 mouths when the soacls reached  the
qrze  of 1.8 cm, inoshell dfength. For .. costiula, the
young woere lard after ITH mooths when the snoils reanched  the
gize of 3.82 cm. in shell length. However, the snaily reared
in the laboratory  are consitderably  smaller  thaun  those
collected from the ficld.  Yor 2’0 agwmpulloacen, the sunils have
been  reaved  in the Jaboratory for 29 months from  the oggs
b by field collected snarls, and they hiave  reached  the
s1zee of 4,58 cm. after I8 montha and  had stopped iccreasing
in shell dength., No eyys hnve been Taitd in the laborantory

bred snoils.,

The detail results of the growth tables of the four

specics of anonila arve shown in Tables 14 and Figures |4,

. 1.2 Experimental work on biofogical control of

mol lusks in the laboratory

The experimental work on biological control of mollusks

in the laboratory has been completed, Since Lhe first annual
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report  submitted in Moy 1U8H, we have cempleted the rest of
the study to test the efficacy of the biological control
ngents  against the tnrget snoil species in the  laboratory.
They were s follows:
Control agent Target species
Farebia granitera Biomphalunria glabrata

Radix rubitygivosu

Melunotdes tuberculata H., glabrata
. ruliigrinosa
Reithynia siamensis
gontomphalaos

Tadoplanorbrs exustus

Hrotia costula costuln I rubiginosa

Robertsielly kaporensis

Pila ampul lncea A, glubrata

The resulta of the experiment nre shown in Tables 5-13 and

Figures H 134,

The biological controel studies between ' graniferao,
being the control aygent, and 7, ylabrata nond I2. rubiyginosa
being the target species have shown that T granifera could
not contraol H. gilabrata (Table 5 and Fig. 5) but did  have
some  effects  on the population of  another  pulmonate, .

rubiyinosa  (Table 6 and Fiy, 6). n. glabrata have been

reared in the laboratory for number of yeors and  they ave



cerlainly well adapted in terms of wmortality and numbers  of
offspring. [t uasually takes #. glubrata 3 4 months to become

fully mature, while it takes 7. ygranitera 12 months to reach

maturity. For I, rubiginosa, when put tnto contisiner, they
usuntly  started taying lorye numbers of ey nnd then  the
adult  snonils died. The eggs would hatch 1nto young snails
unt il they reached o cevtain siee, then they started to die
atf. Howewver, I rubirginosa  living  together with r.
granifera Aid rot leave any olfspring. it could be that 7.
granifera have exe ted some  conlrol  over N, rubiginosa,

especinlly  on the reproductive ability of the targel snoils,

The biological control studies between M, tuberculata,
being the control agent, nnd A, glabraty (Table 7T and Table
7), . rubiginosa (Table B and Fig., ), N.s. goniomphalos
(Table 9 and Fig. N !, evustus (Table 10 and Fig. 10),
bheiny Phe  taryget species  conld  be o concluded 1 hnd M.
tuberculatn  could not  control the  planorbid  soails, n.
glabrata and [, exustus, They apparently had some  control
over . rubiginosa, For RB.s. goniomplhalos, ceven thougn the
target  snails  seemed to be decrensed 1n pumbers,  but  the
control container  of  the target snntls also  behaved  in
similor fashion. Hence, M, tuberculata and Bos. goniomphalos

seemed to have no reaction with one another,

The biologreal  control studies bhetween  Hooo castula,
being the cantrol agent, and K. rubiginosa (fable L1 and Fig.
1) nand /. kaporensis (Table 12 and  Fig. 12), being the

target species  had  reveatled that . rubiginosa living
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together with the control angent, H. o, costula or alone

behaved in similar fashion, i.e. the adult snails would start

to  lay large  number  of  eggs  and  then died  off. The
offapriong  of #. rubiiginosn would grow to n certarn size,
then atarted to die off after 6 weeks, At the end of 16
weelks, Lhere  were  only  a few  number ot K. rubiginosa
tematned, H. . costula  and I nporensis did not sceem to

interact with one another,

The biologicnl control  study between  f, ampullacea,
beirny  the control aygent, and #, glabrata heing the  target
specivs appenred very promssing (Table 13 aud Pig., 134, lkven

though #, glabrata  did ot die otd completely, but they

uppearved Lo he uoder control ol 2, ampul tacea., The effect
ot I, ampullacca on B, ylabrata could be ayg an accidental
proedator on the ey magses ol N, wilubeata. Further atudy

capecially  using  the simulated Field conditions has  been

invest igoated.,

.13 Experimental  work on biological control  of

mollusks under simulated field conditions

For aimulated ficld conditions, the testing was performed
vutside the taboratory, at g oamall field station. Habitals
gsimnloating  sltonding  walters were constructed in such 0 way
that the experimental agenls and target species were not able

to cascape.,
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The testings were done in cement tanks with the diameter
a2f 120 -m. nnd the height of 35 em. The tanks were aerated
und furnished with  water plants and  rocks in order to
nimulate the anoalas’ habitats, The ralio between biologieal

ngent and taryet species was as follows:

Conirol agent Target species
0 100
50 50
100 0

Contro!l agents were T. granifera and M, tuberculata,

For #.c. costula and P, umpullacea being control agents,

Lhe following ratio has been uaed,

Control agent Targel spoeciss
0 50
2h 26
50 0

The {nrgel specics were:
. ygluabrata
[. exustus
1. rubrginosa
. apcrta
O.h. quadrasi

h.s. gouniomphalos



The general procedure, ohservation on mortnlity raves of
hoth  coptriaol nod targel apecrens wos done weelkly  while  the
counting of the sanil offspring  was done bhiweekly. The
originnl s las were marked with Cinger nard polish s that

the offapring could be distinguished from thew.

The experiments have bheen completed for the total period
of Ho montha. The results of the experaments are shown in

Tables 14 37 and Figures 14 47,

Hrotin costulu costula

Effecl on Hiomphalaria glabrata

The result of the biological control study belween #.c.
costula (control) and A, glabrata (Larget) is shown in Table
b and Fiag. 14. The  experimental tonk  contarned  equal
numboers of B0 costela and A, plabrata (25:25). Buving the
farst 29 months, the target snails started to meltiply to a
Tavge  nuember, while the control snmls did nol produce  any

ol fapring. Alfter 6 wecks the number of
I '

target apecies, M.
glabrata  hed  rveduced  due to overcrowding,  aml o remained
relatively constant until the end of B owonth period. It was

further ohserved, however, that the control ayent, H.c.

costula wtarted to multiply after 10 wmonths, producing  a

targe  number  of  offspring. Hence, it appeatred that
Veproduction of oo costula could be seasonal  under  the
simulated treld coendition. No competition interactions were
indicoted between Hoo. costula and B glabrata.  Both control

and target spnails maintained separately were mostly alive
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with an increase in their numbers. [t can be councluded that
1. c. costula wias not an effective biological control agent

for 8. pltubratu.

Eftect on dodoplanoveliis exustus

The resull of the biologicnl control study between 1, c.
coestula (control) and [. exustus (Larget) is shown in Table
15 and  Fig. vh. The experimental tank contained 25 0o,

caostula and 25 . exustus. Two weeks atter the itmitiation of

culture, "o costula storted to maltaply to s very lurge

nunbee dur to their high veproductive rate After 2 months,
the Livrget apecyes, /. cvustus had prown up to sexuanl
maturity and begun to broed, A month later, adull snails of

both specics astarted to die until Lhere were no adult  snuils
e £t in the ecxporimental tank. There was  no o sign of

competition oboerved Lhetween the control apent and the target

Speeteg. Howevier, ihe  oumber of the control offspring had
alwnys been grenter Chan that of the target species., Iy the
end  of B months, the number of .o, costul offapring  was
almost five times the number ofl. exustus  offspring. Both

control  and target snatls maintained separately were mostly
alive with an incrense an their numbers, The result has
indicated  that the control apecies, .. costula had more
reproductive  potentianl and relatively tower mortanlity rate

than the target npecies, o exustus
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Elfect on Kadix rubiginosa

The resuit of the biological control study between A, e,
costula {control) and M. rubiginosa (target) is  shown  in
Table 16 and Fig. 16, The experimental tank contained 25
.o, costula and 26 K. rubiginosa, Three to four weehs after
the tnitiation of culture, .. costula began to  multiply.
Bue Lo overcrowding, Lhe youny #H.c. costula was reduced in
number  ant ol Levoming  relatively stable by the vend ol 6

monlhs., It took . rubiginosa in Uhe experimental tank 2

months to multiply, but the number of offoupring produced waos

th
ol as large as tant ol Moo, costula. AU the end of the 7
mouth, the youny snatls ol M tub g inosa sty ted to doe off
while those of #Hoc. costula emained relatively stable, By
the end of B month period, the number o e costula snails
Witk nlmost tenfold the  number  of It vuabiyinosa. The
control sl n.c. costula movntancned alone were  mostly
nlive with an tncerease in thevr unmbaer, Adult <nasls of Lhe
target species, . rubiginosy wmostly died but teft o number
of  younyg snatls behind, The experiment has  indicated  the
superior  reproductive ability ol Nl cosfula over 1.
rubiginosa, In addition, H.c. costula young snails scemed Lo

have better survival rate than those of #, rubiginosa due Lo

theiv b d shells and  opercula and  theic ability Lo
wilhutand  adversed  econvitonmental conditiocn better  than 2.
rubigtoosa. Owiny to the differences 1 their  habitat
preferences, i.e. f.¢. costula asnally stayed nnder water in

the sand while R, rubiginosa were mostly at  Lhe water


http:IIIIIl,.of

gurince, there seemed 1o be no interncel ion between these two

gpecies of anni Ia.

Effect on Tricula aperta

The resul. of the biologica! control study between e,
costulan (control) and . aperta (target) is shown in Table 17
and Fiyg. V7. Hoc. costula mointained together with 7. aperta
did uot produce any young sni s This is due to the foct
that when  the  experimental culture  wis initiated, n. .
costula were not o aun thee breeding senson. T, aperta v the
experimental toank and in the control tuank behnved in  similar
tashion, L. they had  very high mortality and no

reproduction ecour red.

In nanture, n.c. costula and T, npecta nre found in
ditfTerent habautats, n. e, costula nte tound in most ly slow:
running wnter embedded under Yhe sand, I'. aperta were found

in the river with strony carrent attached themselves to the

underside  of the rocks and he water is gquite cool most of
the year. n. . cosituln  could survive belbter under  the
simuinted faield condition thau 7. wprecr b, flowever, the two

gpecies  of snavls did not seem to internet with one another

as observed during the whole experimental period,

ECfect on Oncomelania hupensis guudeas:

The result of the biological control study between 8.c.
costula (control) and 0.0 quadras i (target) is  shown in
Table 18 and Fig. 18,  The data presented is much similar to

that of #.c. costula and T, aperta. N.c. costula and 0O.h.



Gquadras: live o didferent habatots, . c. costulas  are
gquatic  and O h,  quadrast are anphibious in pature. While

H.e. costuly survived and reproluced very well i+ the cement

tank, 0. h. quadrasy  could wot and they oll died aftes 4
monthi. Despite the superior deproductive nnd survival rates
ot ".c. costula over O b, quadras i, they did not seem to

interact with ene another during the experimental period,

Effect on Aithynra siomensis poniomphalos

The reasult of the biolog:enl control study belween /i, c.
costula (control) and A4, gontomphalos (Larget) is shown in
Yable 19 sod Fig. 19. Similar to the experimental work on
HB.o. costufa and 7. aperta, the experimestal  culture ot Boc.

costula und B.s. gonfomphalos woas initioted when Hoe. costula

woere not o in the bhreeding season, Neetther .. costula nor
B.os gontomphalos coeproduced but the forwer seemcd Lo have o
better survaival rat« than the ITatter. It is worth noted that
v e costula cultture  was anrbinted durang their hreeding

geuson,  ULhe gumber of 2.0, costala would be far greater than
that of  H.s. gownionphalos duc to their ovoviviparity and

better survival rate.

It con he concluded that B.e.  costula appear to  have

gome  possibility as an effective competitor in certain Lype

of  habitatl, The manjor faclor favoring .. costula as
bio control  agent  appean to be superior  reproduction  and
relatively low mortality rate. They seem to be  able  to

control the population of pulmonate snails, [. evustus and [,



ruliginosa. However, this is not the coase Tor A, glabrata.
There wits no interference observed hetween J.c, costula and
r. aperts and 0.4, quadrasi due to the different pre ferences

in habitatsy.
Melunoides tuberculnta

Effeet on Hiomphalarcia glabrata
The result of the biological control study between M.

tulberculata (control) and #, ylabrata (taryget) is shown in

Table Y0 and Firy., 20, In The expertmeninl tonk contuining &)
M. tubervew!atay sonils and H0 4, globrata snais after one
nanth, boti  speciecs  of  snoncts bhegan to auld iply. The

quantity of young snaila of bhoth species fluctaated, but they
appenred  to have siailar reproductron and  nmorial ity rates.
At the end  of 8 months, thee numbecs of both control and
tarpget snatls were almost the same. Both control and Larget
snaila maintoined separately  were mostly alive with an
tnerease in their numbers, ttocan be  concluded  that M.
tuberculata might not be a suitable bio control agent tor A,

glabrotu.

Lffect on Indeplanabhis exuxlus
The result of the biological control study belween M.

tuborculala  vionteol) and 1. exvustus (target) is shown in

Table 21 and Yoy 20 In the experimental tank containing
hoth  control ond target specien, M. tubercuinta started Lo
multiply much loeter than 7. exnstus. Six weeks after  tLhe

Satiation of celture, /. exustus atready Jaid egg mosses and
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produced  offsprang, while (t took A tubcerculata almost 1
monthe to start producing offapring. Ly ndditon, the number

of offuprinyg produced by M. tuberculatu was less than that by

l. exts s, Both control and tave ped suanils mmintained
sepanrately  were mostly  alive with an tncrease  in their
numbera, It can be concluded that M. tuberculata wight not

bee 5 sustable hio contral agent apgninst 1, exustous due  to
therr lower reproduction and high morlality rates  than  the

turget apecies,

Bffecl on Hadix rubrginosn
The result of the bioloegical conltrol study between M,

tuberculata (control) and &, rubiyginosay {target) is shown in

Tuble 22 and Fig. 29 Afler 6 woeoks, 2 tubercaluta v Lhe
same experimental tank ws 2. rabigroosag started to multiply

and the number of younyg snovls remoaned relatively  constant
untl the  end  of H month  peraod, On the contrary, Ir.
rubiginosn  produced very Few eyy massen and Lhey started to
die off. At the end of the B month pericd, the number of /.
rubiginosa was  drastically  reduced. The control snoils
maintained alone were mostly aliyve with an increase in their
number ., The  adult tarpet soailas maintained alone all  died
but left o number of young snistls behaind. It 15 apparent
that 4. rubiginosa wad lower growth and egy tayiayg rates when
in competiytion with A tubercalata than  when maintained
alone. Even though no interferepce was obhserved between the

control  and target species due to the different  preferences



of  hobitats, M. tuberculuta still showed  grealer adapta-

bility, hardiness and rapid multiplication.

Effect on Tricula aperta and  Oncomelania  hupensis
r[Ufldrnsi

The results of the biological control study between M.
tubervculata {control) and 7. aperta (target) s ahown in
Table 23 and Fig. AU nnd between M, toabercalata {contirol)
and 0.4h. guadras: (Lavget) is shown in Table 24 and Fig., 24,
After 8 months, the resulta were as follows o ol The target

snnils, T.oapecto and O b, quadras: started to dic of f after

th
one  month. By the end of the ¥ motut b, there were no T.
aperta snnala et whyle theve were only o Pew 0L h quadrasi
snails  present, {23 The target suatls did  not reproduce

(%) The control snnils, M. fvhercalata bhoth maintuined alone
or together with target  species  were  present n large

numbers.,

It wons  observed during the two  experiments  that no
comprlition interaction hetween  the conlrol  and  the lwo
turget  species was andicaled due to the tifference in their
habitats, The Larget suntla maintiined alone  behoaved  in

similar fashion ns those maintained wilh tne control snails,

Effect an Hithvnia siumensis poniomphalos

The rveasull of the biologicnl control study between M,
tubevculata (conteol) ana B.os. poniomphalos {(tarvet) is shown
in  Table 25 and Fig. 258, [n the experimental tank which

-

coentained 50 M, tuberculata snails and 50 #H.s5. goniomphalos
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snotls, six weeks after the initint ton  of  culture, M.
tubercutnta storted o mulbliply o petant tvely Ioarge  numbor
while A, q. sontomphalos wons decrenced drastionl ly. At t he
end of 4 months, no Hos. gontomphalos sniails present in the
experimentanl tank, Therve wen o couplet: displocement obf f, .
Kontomphalos, tarvet, by 'he cantrol snarls, Mo tuberculata.
The control cnarls maintained alone were mostly alive wilh nn
theranse tn thedir number . The target Sprecies o marntained
alone decrensed draet rewlby o numbier unt it fher e were only a
few taryet snails present at the ond of the B month  period.

No  concrete conclusion could e drawn from  this experiment
i

sance  hoth ".os. Kountomphados wointained alone and with M,
tuberculata bhehaved o roather simitlar fashiron. o should be
noted, howoever, that the control ngenlt, M. tubercalata nre
sencrally  very  hardy and have a much  higher  reprodoctive

potentianl than the target species, Ros. goniomphalcs.

Pt con be concluded Uhnt M. tuberculata appear to have
some  possibility as an effective competition in certain type
ol habitat, ILoas not an effective bio-control agent for #.
glubrata  and I, exustus,  hut they  seemed Lo hnvee  wome
tnterference with the ot heg pulmonate, . rubiginosa 1o terme
af superior reproduction and re Lt tveely tow mortality  rate.

There secemed Co e no inte Fertence botweon Af. tubereulatas and

7. apertas  ovo 0,4 quadrasi  dae tao  the diffnrencoes L n
habitats, Vor Hos. gooromphalos, Uhe conclusion could not bhe
drawn but a7, tuberculata coctainly had superior reproductive

potentinl and lower mortality rate {han Hos. goniomphalos,



Pila nmpullaocea

Fifects on pulmonate snoevls (Hromphaolario glabrats, Indopla-
norhis exustus and Kadix rubigirnosay.

The vesults of the biological coutrol studres between P,
ampullocen (caontrol) und /. glabrata, . exustus and .
rubiginosa {targets) nre shown an Tables 26 28 and  Fiyures
26008, roesnectrvely., The competaition between P anpullaceas
and the three target specics of snaila has been  demonstroated
experimentally  unden the  simulated  faoeld conditvon., The
thaee targetl species, Hoplabrata (Table 26, iy, ), 1.

evustus (Tabbe 27, Figo 2710 and #. rubiginosa (Table 28, iy,

UK behanved in similnr fashion when maintained  with I,
ampul tacea, the control agent . Barinyg the Virst woenth, the
target species started to Toy epy mnunnes. A few weeks ot
the Firat sipgn of competition had appeared @ clutches of cpys
af all three  target  specices  failed to hatoh, S Ome
disappeonred, and  the  younyg of thene snails began  to  die,

After two months, 1t was noticed that all the yvyounger snails
had completely disappeared from the experimental  tanks, and
only o few of the originnl snoals were b il alive. in the
case of M. vcubagroosa, b of the adult snails died, By the
end ol the B month pe-rod, Lhe pumbere of the three  target
species were deastically reduced to the insignificant numbers
for competition, On the convrary, the  target  species
maintaitned alone were mostly alive with an increanse 1n thetir

numbers,

Bnsed on the results obtained from these experiments,



there  dn pood rtennon Lo belbieve that ampul loucen  compe b

for ftood and cause intertference with the hatehing of  egy

masses, Juvenile  and adult target snoaals, They  certainly
devour ey masses  of the  taryge! Speeies  causing the
disnppenrs co of the cpy massen present In nddictiron, due to
thett large srzes, they may exorete ceptaan waste  products

which mipght be lethal to dhe adult target sonils,

Effects  on prosobranch snavls (Fercula aperta, Oncomelania
hupens s quadeas wwd Bithyoon cramens s coniomphinlos ).

The tesultls of the biological control studies between /7

awpnul tacea ccontroly and T wperto, ah. guadr s aud s,
vontomphalos e ahown o Tables 29 U0E and  Figmies 29 31,
tespect pvely. In the  expersmental tanks  consaining  both

contral  and target sunils together, all three Larpel snanil
species had very high mortality, and did not reproduce. 7.
aperta wore very sensitive to water and temperature condition
and could not tolerate the simulated field condiotaon, Hence,
7. aperta amoantained with P ampoadlacea or o alone both o had
high mortality rate and atl died after 2 b months «Table 249,
Fig. 29). I oampullaces did not seem Lo have any interaction
with 0.5, quadrasi (Table 30, Fog.o 309, P ampullacea could
b found 10 Phe same paturas habitat an . s, wontomphalos,
hut the result hero sondieated no tnteraction saince . s.
poniomphalos matntained  alone did not reproduce and  had o«

very high mortality vate (Table 31, Fig. 31).

The conclugsions from the experiments on the  competition

between . ampullacea and the pulmonate toarget snail species
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of M. giluhratau, /. exustous and R, rubiginosa nre that the
competition resulta in n reduced growth nod reproduction  of
the thryget Speies, and these  offects onre baged on
competaition for food, physical tnterference boetueen snails or
predaotion  on ey masses ol the o geld Speeen, On  the
contrary, 1. ampul laceqs  did not have any interaction with
ecrther 1. aperta or 0O.h. quadras ., the prosobranch snails,
As for the other prosobrancy snail, H.s, gontomphalos, no
conclusion  could  he drawn. Fuarther work on faoeld trinl
experiment under onltural habitat should vield more conclusive

resulta,

Tarebhiu granilera

Effect on Riompholaria glabrata

The result of the biological control study between T.
pranifera (coutrol and /1, plabrata (target) 1 shown in
Toble 42 and Fyp .o 4. ATter D months, the control and tarpel
snaris maantatned together stavted to maltiply  producing  w
barge number of offspriog, However, the number of young 7.

granifera was  much  lower than that of o, wlubraty, all

throngh the experimental veriod. The result obtained here
was o simtlar to the result of the experiment done under  the
laboratory  condilbyan. So, b s apparent thot undoer 1t her
laboratory or sinulated field conditions, T granitera could
not contrel the population of #.  glabrata. H. gliuberala had

heen  loog cstablished and well adapted to the Jaboratory and

gsimulated field conditions much better  than 1. grantfera.



Both  contral  amd tnrget unanilas maintnined  separstely  were

mostly alive with nn increase in theic agumbers.,

Effect on fudoplanorbis exusius
The resull  of the biological control study between T,

granifera (control) and 1. exustos (Larget) is shows in Table

A8 and Fiy. 1. Six weeks alter the initiation of culture,
Loth control and target snail specics muintnined together  or
alone atorted to multiply, On the sixth week, the number of
voung pradoced by /. evuatus excecded thet proaduced by 7.
granilera. Durinyg the next 220 mont by, there were more r.
granttera  sanls than 1. exusius snnals. After thet the

numbers  of the two species becane slhightly  different,  with
Lh
more T, grant fern than 1. v, At tne end of the 8B

month, there were more . wgranifoera than 1. exustus. Both

control wund targel snails maiontained separately were  mostly

alive with wan incrense in their numbers, The  resalt has
indicated  that the control soaarls, 7. granifera scemed  to
have more  reproductive  potential and  relantively lower

mortality rate than the target species, . exustus,

Effect on Kadix rubiyginosa

The result  of the biologieal controt study between T
seani fere (controly and . rubiginosa (Larget) is shown in
Table 01 and Fig. 344, During the first two months, the
target  enails, . rubiyginesa maintained together with T.

sranttera started to multopiy. A few weeks Tater, ol the

adult  snaitls of . rubiginosn died, only young snails were
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preagent but the number wons decreasing gronduaily, After 4-56
months, there was  ono I, rub iyinosn present in the
experimental tank, On the contravy, 7. gronifera maointuined

together with N, rubiginosg started to multiply after 2

montha, and  they stoll maintianed the relaticely  constant

numher of voupny duriny the whaole  experiment. The control
species  matntained alone woere mostly alive with an incrense
[N theit number . Al ndult targed snot!ls maintained alone
died, only younyg snails were present, The result indicnted

the superaror reproductive potential and lower mortality rate

ot 7. ograntfera vver the target saoails, o rubiyginosa.

Effects  on prosobranch snarls (Fearcala aperta, Ouncomelania
hupensiy quudrasy, and Bothyoia stamensis gontomphalos).

The results of the baologieal control gtudies beltween 7.

grantfern fcontirol) and the dtorpet species U.ouperta, O.0h.
quadrasi and A.s5. yontomphalo: are shown in Tables 35 37 and
Figures 35 37, tespectively. All the prosobranch  target
sprecies  behaved tn ostm lar fashion. The targel snalls
mnintnined together with control snni ls had very  high
mortality rate ond no  reproduction  occurred, Stnce  the
tnrget  snni! apecics maintained aloue behaved in the  same
way, it might be concluded that no interaction exist between
the control  and  the three specics  of  target  snails, 7.
aperta, O.h. gqeadrasi and Bos. goniomphalos. Vor T, aperta

and O h. qundrusr, this ~ould be explained on the basis of

differeut habitat preferences,



1t can be concladed that T
possibality g an effective compe
rubiginosi, the patmonate anoals
potential and lew movtality rate,

the other pulmonnte, .

tulerference hetweon 7.

quudrasit ov B.os. pgoniomphalos.

Insecly

Scromyzid fly lurvoae

agont  against pulmonate and

of  a:0, d01, AN l: and

1,

conditions (condilions are same o

Hotios ab scrvomyraod fly
1.0 te 1 ey
Numbers of sciomyzid 1y
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Lampyrid [y larvae were

against pulmonate and operculate

silubrata.

grant

Wierp

apereulate
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stautfern nppeny ta hove gome
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0:4, wnder samulated field
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003060 U:400
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in the ratios of 4:0,
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follows:
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4:0 SR B 103 0:4
Numbers of lampyrid fly tarvae to snails
140:0 30:10 20020 10:30 0:10
The results of biological control testings  between

aciomyzid fly larvare (control

operculate snaila (target

Speares)

agent)  and  pulmonate and

are shown o Tobles 3841,
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Toables 30 and 49 show,

the  second snd third stage

plumbelln  on pulmonate snails,

caused  hagher  wortality  rales

The  best result of

snoils.,

Torvae

snai l

toegpect pvely, the effecta of

of sciomyzid fly Sepedon

The sciomyzid fly  larvae

itn guvenile  than  ia adult

control by sciomvuzid fly

tnrviae was obtuined at the ratio of 113 (snnils scionyzid
iy dorvae), (NN from HHY to 100X For juvenitle sonails oand
trom 70% to 98% for adull gsnails,

Tables 40 and 41 show, respectively, the offects of
the  necond nnd thivd stoge Tarvae of sciomyzid Fly  Sepoedon
plumbelln on opercalate snnils.,  The sciomyzid fly larvae did
not hove much oftfect on operculals snid s, possihly owing to
the  fact that the operculate snnile posscess opercula which
cun o he used Lo prevenl any attack trom the {1y tarvae, I'n
anddition, the  Tly tarva can be itled when the sonil closes
its opecculum,

The  results of biological contiol test ings between
laapyrid fly larvae (coutrol agent) and pulmonate  and

aperculate snnils (largel species) are shown, respectively,
in Tables 42 and a4, The lampyrid 1y larvae were  more
effective i killing sunils than Vhe sciomyzod iy larvaco,
T size  of the Jampyrid fly  larvae wag larger, and  the
larvae  were  seldom  killed while altacking  any operculate
snails., The tampyrid fly larvee cansed high mortal ity rates
at all ratios of pulmonntse cnng by, but were less  succegsful
with operculate snails.
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2. Genettos and susceptibilaty studies
2.1 Susceptibility napect
Susceptibility of Oncomelania hupensis quadrasi rom
different geodraphie tocations to infection with geographic

strnins ol Nchistosomn japoprcam,

Four groups  of 0.4, quadrast snails from  different

locantions 1n the Philippioes were used, i.c0 from Pulo, Levte
tsland; - rom Mindoro laland; from lroain, Luzon Taland and
f'vom Mindnnao inland, The snaits were collected 'rom the
respective  avens it the Phitippines ond were  examined  for

pntural schistosome infectionn prior to use by shedding., The
negative  snatls were asalated and  examined for cercarial
shedding for another ¢ months belore use ans brecders in the

Taboratory.

Snaill infections were done by  exposting individual
laboratory bred gnaila to 4-6 mivacidia of &, japonicam of
41l ferent geographic  strains. Naturual snaetl houls  were

infected at the same time to serve as controls,

Three geographic strains of the purasites were  available

for use; the Mindoro, Leyte and  Mindanao strains, The

parasttes  were  maintained in  the Inboratory by  pussage
throuygh  white  mice and the natural snatl hosts, The mice

woere usually exposed to infection with 40 cercariane and  were

killed 6 7 weeks post inlestion.

The total numbaers of snatls Tor cach group  exposed  to

infection was variable because of the supply limitation.,
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Snails from Mindnano lutnnd  were limited due  to the
difficulty of obtninvay anoils, 5. Japonicum strain {from
lrosain  wons loaclkainyg dae to the scorcily of infected snnils in
the itreu. AT aurviving sonils were examined for cercariaoe H

weeks after exposure to miracidia by shedding,

Part of the result is shown in Table 44, 1t can be
concluded thot strnin of 8. Jgapourcum Yrom Mindoro wos able
ta develop  in all geographival sivain of snoil host, 0.h.
quadras . 1 developed best v 00 h. quadrast from [rosin
can aley, then Mindoro (20%0 Mindanno (13.70%) and pooreast
n Leyte snaitls (2.60%). The strain of 8. Japoricum  trom
Leybte wing ablte to deveelop in the soatls from Trosoo (60.49%),
Leyte 12000 and Mindoro  (7.14%). the  strain of 8.
Jupopicon  from Mindanno devejoped hest in its own snodls,
O h. quadrast Trom Mindanno (51.438%). 't developed poorly in

O h. quadrasi trom Irosing (3.06%) and from Leyte (0,90%),

2.2 Genetic aspeat

Within the context of the "Biological Contrel of
Schiglosomiasis transmitting Snails in  Southeast Asio"
project, the primory concern of the HoC.8.D. group 14 Lo
study  genetic variability of selected snail populations  wad
species tnorelation to degrecs of pnrasile compatibility and
susceptibility, To achiecve this objective, we are atudying
the genetre churacterization of the various upecies of snuils

and their parasites,
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2,21 Genetic varontaon an Oucomelanin hupensis o

the Philipproes and China
Our initinl gonl  winu 1o undertake o pilot gstuldy of
genetic variation in the medically important snail
Oncomeluania hupensis from the tsland of  Leyte, Phitippines.
Once  the techonieal aspects of allozyme identitication  were

resolved,  we bhegon o geographic survey of varyintion an thiy

species in other Philippine Lslands, he survey is too be
extended to  other  parts of Southeast Asin tateg in  the
proiect, One of the goonls of the studv s to try to resalve

the dsuae  of  whether 0. hupensis vs oo single  widespread
ppecies with nix recognized subspecies or reanlly . apeciey

complex  anto which several sibling specics are presently

Lumped.

Oncomelania  hupensis  quadrasi  was  chorac
terized on the basis  of 7 field collected gsamples
represent ing four Philippine istands and one Tauborntory stock
of mixed orrygin (Tabkle a0y, O h, hupensis was charocterized
on the basis of o stock derived from three lTarge samples from
Guichi on the Yangtze Hiver about 400 km west  of  Shanghai.
Thee  freld collected sunils were maintained in our laboratory
at the Center for applaied Malacology and Entomology, Faculty
of Science, Muhidol University until they were frozen on dry

O
ice, carried to San Diego, and held at 70 € until analysis.
Our clectrophoretic techniques are  described

in general terms  elsewhere  (Woodruff, 1975; Mulvey and
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Vrijenhoek, 19H1). Individual snnils were thoawed and quickly
homogenized whole in 0.1 ml of grinding solution (0,01 M
Tris, 0.001 M EBTA, 0.05 wM NADP, pH 7.0) with a gluss rod.
The homogenate was centeoi fuged at 10,000 ¢ For U mioutes, and
the  gupernatant winn nbaorhed anto Whntinn o, 4 chramanta
wraphy paper wicks (329 mm) ond ensected ato 1% horizontal
pols  made of Sugma storgh (Sogmn Chemical  Coly KA Louis,
Missout ). Flectrophoresis  wan carried ont for 16 hrs. by
which time o bromoptenol blue warker dye hat mirnted 100120
mm anodally, Four to five slhices were then cat I'vom each
goel, and  each slice winn  stained fo n specifie  enzyme
following standanrd methods (Shaw pod Prasad, 1970, Harris and
Hopkinson, 19770 . Flectrophoretic  conditions for the
resolution of the 21 allozymes reported here are desceribed in

Table 46.  The esterase substrvate was alpha naphthyl acetate,

and  Che peptidase aubsteate wis lJeueyl alomnine, Saail from
different samples  were  run on each o el o facilitate
comparisons: inozymes  were  numbered, and allozymes were
ansipgned  superscriapt Jeetters  a, b, s in order  of

decrensing anodal  mobility  of  the primary clect romorph.
Commonly  used  enzyme abbreviations are typeset in capilal
fetters to indiciate the protesn and in italics to  indicale

the presvwmed allele.

The mean number of alleles per locus, the
preportion  of  loci polymorphic, /' (n locus wos considered
polymorphic if morce than one allele was deitect ed), and the

meann  individual  hetrerozypgosity, H (by direct count) were
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culeulonted  for cench sample, Aldlozyme frequenciea fog thoe-
polymorphic  loct were tested for therr apgrecnent with Haody
0
Weinberyg  oxpectations for o panmictoc population by X‘ Lot
vhere  possaibhle and by the Fishe ot IEETS O Paopulatiyon
venetic structuring was astudied with Wrapht's hoerarchical F

statislica oF I npd P Vocadeuntred tor o each locus and

Is 5T i
samp L Cenelae distance coctUocarents oy ol N Py and
the  gepetic similarity coefficient (85 of hogers (1972) were
cnloculated  and clustered by the UPGMA algorvithm. The nhove

analyses  were pertfoemed with the BIOSYS 1 computer  program

rhwo bl tord aml Selnader, U811,

Consiatent and  penetienlly tnterpretable
results were  obtaitned for 20 21 loci  per sample. Al lede

frequencies are shewn for all polymorphic toci in Table 47,

fn the snails from the Philippioes, the mean
number  of alleles per locus (:’-) was 1.2 1ody Chinese snails
were  more variable, A - 2.0 2.4, The proportion ot loci
polynorphic (7)) wns 0.14 0.29 1ot o« field collectod samples

from the Philippines and slightly higher (f 0.3%) in the

mixed ortigin lubhoratory staock, In contrast, the Chinese
annils  were three bimes as polymovphice (F 0.5 -0.67) and
vieried  oat Y loct which were ixed or almos!t Fixed tn the
Phalippines, Menn individual hetoerosyposity also  daiffered
sipgnificantly between  the Philippines and China (17 0.02

0,10 va 0,00 0,21,
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Ho  sagniticennt departoace from  panmixin  wog

detected 10 the samples studied, Genolype frequencies woere

in close ngreement with Hordy Weinbery expectations in 35 of

$H tests  (polymorphic Pooraomnp b involving  Philippine
snndln, No  specinl significance s attached to the three
canes involving slight heterozypote deficiencies {Pey ) in
Luzon A, Gpiooin Lbuzon B oand Lap oin Lobostock) aso ool the

vemnining  variable loci (3-7) in vcach of these samplos  were
tnoequidlibram, Simitoriv, in the case of the move variable
Chineae somples, no significant departare from Hardy Wernbery
expectations was detected in 24 of 25 tests, {The renmnining
cnge,  Sordh in China A, alao dovolved o deliciency  of
heterczygotos; Fisher exaoct tests P 0.0484, fixation index
0.4%). With only these four minor exceptions amopy 63 lTests,
we  conclude  that in nature theoe sunds are outhreeding ol
random. This conclusion 1s asupported hy the  Cinding  that
Wright's multilocus ¥ sintistic was 0,092, o value pot
S

significantly different from zevao.

Study of Table 47 shows that the five samples
from Leyte and Luzon are practically indistinguishable at the
20 loci examined. Mindoro snaails differ from those on Leyte-
Lucson in haviong different allele trequencaies at 6 oof 19 locyg
the greatest diffevences involvanyg Lap  and  Pym-2. Snails
trom Mindanno  were  charncterized by slower Acp and  Tdh-1
alleles  but were otherwise similar to the other Philippine
anails. In contrast, Lthe Chinese snatls had unigue alleles

al 134 of the 21 loci examined. Philippine aud Chinese snails
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can he distinguished from  one wnother oo the basis  of

vaariation at Adat, Ks-I1, Fku J, Gpi and Pgm-1. The major

dif{tferences hetween  Chinease  sannils and  the  others in

underscaored by the couleuluted value of Weight''s F (0.64), »a
5

vinlue significantly different from zev.,

Wi catamnted  overall wmultilocus genectic
Qifferentiation hetween these  samples using  Near's  (1978)

wnbiased coeftficient of gencetic distance (Table AH; RHoger’s S

values  are  shown for  comparative  purposes). Within the
Phaalappines intersample M ovalnes were o the rnnpe 0,001
0.8 and 1 0.042. f between the two Chinese samples was a
very similar 0,035, i marked contrast, the China-
Philippines comparison yielded P 0,628,

The  first goal of the present study was  to
establish  whether Oncomelania were varitable enough to permit
the preporation of oo moleculnr or venelrce phylogeny., The
gamples  studied were found to be well sutted to this Lype of
ananlysis bnsed on sllozyme variation. 0. hupensirs and 0.
quadrasi differ in their Tevels of variabality (2 - 0.52-0.67
in the former I Juoil L2 an e tatter, 17 0.20 0.21 vs
0.02-0.10) but neither taxon s ununsual, approximiale  mean
levels  of  varintion in amphimict o molluscs are 7 S 0.47
(range 0 1.00) and l7 S0V Crange 0 0.030) (Selander  and
Ochman, VORS, Nevo ef al., 109H4). Our preliminary study haa

revenled up to 14 polymorphic loci per sample - well in excess

of the number needed to develop cobust molecular phylogenies,



In o subsequent feport, we will charncterized the vuarious
allelic variants quantitatively so  as to facilitate

compurative studics in ather laborataries.

Ouwr wecond gonl wos to explore the extent  of
venetic  ditfferenctaintion wilhia Oncomelunin quadrast in the
Philippines, Hol surprisindgly we found o strong relat tonship

betweoen thee deyrec ot physical rnolation and  the genet o

dratance between any two samples, Phyical 1solation 1n the
catie  of ducomedanra s selated to bot Yyeogragphy. distanee
and  saltwater barcrers. Ihus, the three samples colledUed

Wwithin o tew dm of one snother on Leyb e ape denctieanlly
todbist yngarahab e, The Luzon sumples,  collected 140 km and
three tolands ta the north, nre very weoakly difterentiated
From  those on Leyte;  map distance helies the fact Lhat Lhe
snotls ol Luzon  and the  nlmaat contanuounlty  distribhuted
populations of Leyte-Samar are only separated by the ghallow
(145 my, narrow M0 kmy San Bernardino Strait. Mindoro
sunoails  ave more ditfecentiated from those of  Luzon Leytoe
having  higher frequencries of certain alleles ol Lap and Dygm
2. The Mindoro sample was collected 250 km from Leyte  and
1O km from sonthern Luzon, and although Mindnro s only 20

b Yrom coentoal fozon Vhe bwa pslands are separaled by o deep

and  permanent naltwalen struaut, Mindonno 15 the mast
distinctive  of the samples (with a nnigue Aopi; the sample
wits  taken 300 km south of Leyte. Today, Leyte and Mindanao

are  gepnrated by oo 40 km o wide strait with water HO @ deep.

Additional samples of snails from throughout the archipelago



wre to  Tully document the apparent patiern of isolution

relnted ditferentintyon, In nddition, future studies  will
need to  relate the alleles found in various  Philippine
populations to thone occeurring an and possably 1ntroduced by
migintory bicds Drom China, Toatwan and Jopan. We, oursielves,
plan to test the hypothests that the Sulnwest Oncomelania wre

derived trom Mindanaoun stock.

Our final ponl wus to nitinte o study of
hoat parnsi be coevoiution belween  tie  snatly af the
Oncomelanin hupensis superspeoies and the remntodes referred
to inn Schistosoma Japonioum. As 0, hupensis is the sole or
ablipnte intermediante host of 8. Japonicum the schistosome
could  nat have established ptoaelf an an aren until after the
st ln were it rodiced, I purasate and  host cvolve ol
dimilar  rates, we  would predict that the gonet distance
between source (Chinay and devived (Philrppines) populntions
would be less Tor the parasite than for the hast This in,
in Fact, the cnse: D O.a45L between &, gaportoam from Ching
and Leyte (baged on 11 loon, Fletcher of al., 1980, Woodrufl
et al.. in preas) and P 0.64 faor 0. hupensis O. quadrusi.
The wvelatively lTarge 2 value betweern Chinese and  Philippine
atrains  of the parasite sugpgents that the schistosomes  were
introduced  to the archipelago an bard boroe infected  snails
lonyg before man nrrived. This would explnin why S, Japonrcum
has an unusually wide range of mammalian Lhosts (Mao and Shao,
1942y compored with most other  schistosomes. Clenrly, the

yenetie  and  evolubionary internctions of  Oncomelnnian  and
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Schistosemn merit closer ottention both ot the level of  the
gonetic regalati o of compatibility (Yuan, 1968  Davis  and
Rut'f, POT74: Chiw o ul., P81 and at the populntion genetic
level (Rollinson and Southygoate, POHS . Woodruff, 1985). The
present  prelaiminary study indicates that some more taxonomic

aurpraises may be tartheoming.

oYL Y fenetio o varintion in the Triculini

We nre now applying the insights gained 1n our successful

pilot study of Oncomelapia to the smaller snails of the genus

Tricula. Degpite ohvious limitatrons reloted to their size,
we  have already resolved ysosyne paltterns for more than 12
Pernes Preliminary resultys andioate that Tricala and
Oncomelania hase wo common nlteteg Such n o genetic finding

would be in agrecment with present hypotheses regoarding the

greal antiquity of the divergence of these two subfamilies,

Samples repregentat pve of  the following taxa are
currently  bheiny exnmined: Tercula aperta (alpha, beta  and
gamma racesdy, T o holling), Maluysian Robertsiclla haporensis,
and  unknown  triculines  from Pitsanulok  and  Xanchanaburi,

Thailand.

2.2.8 Genetic variation in Asian Schkistosoma
Four strains of 8. Japonicum fron the
Philippine islands of Leyle, Luson and Mindoro were sxamined.
All  were vycled throuyh Oncomelania hupensis quadrasi snnils

nnd Swigs albino outbred mice. LEYTY LAB was founded 1in 1980
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with 20-30 infected snails collected from severnl sitea neay
Palo, Leyte, anmd supplemented with schistosomnes from about 20
additional tnfected snoils collected tn the sume  wren in

tane, LEYTE FIELD wiao founded o P98 with about 10 1ntfected

snntls and possed through mice anee, Apain, Several sites
clase Lo Palo were represented amony the founders MINDORO
Wiy founded oo 1983 with about 50 ntected snuals collected

1n o churchyard in Vaiclaria, Mindaro, and passaged  through
mice once. LUZON wos fonnded to 1984 with schistanomes from
49 tnfected snaals collected ot lrouin, near Sorgdogan, in

southern Luzon island and possed Lhrough mice once.,

Onee  slraan  of 8, mekong il owas  examined:
MEKONGT . Originnlly collected in Tricula aperta snnils  at
Khonyg laland, Laog, in 1971 and maintarned anitially al the
Deponrtment of  Tropical Medicine, Facalty of Tropical
Medictoe, Mohidol Unrversity,  This strain han been ryeled in

Do Bpathaom's laboratory aince 149749,

One strain of Lhe Malaysian schistosome  was
examined:  MALAYSIa. Founded in 1982 with aboul 10 infecled
Robertsiells kaporensis snoils collecled near Kunla  Koyan,
Pabhoang  State, novthern Peninsular Malaysia  and  passaged

through Swiss albino mice,

All schistosomes were cultured at the Center
for Applied Malacoloyy and Entomology (Department of Biology,
Faculty of Science, Mohidol University, Bangkok), and the

older stroins were cyeled at o rate of 2-3 passages o year,
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Adult  worms were recovered by perfusion snd  dissceclion of
nnesthetized  infected wmice and were briefly washed in
0O
distilled wiater betore being frozen at 30 . They were then
O

flown to  San Dicgo and stored at 70 € for up Lo 3 months

belfore electrophoresis,

Horizontal stoarch  gel evlectrophoresis  was

performed  to separate each sanimals structural gene  products

and  histochemienl  stvaining technigques  resolved  specific
allozyme  potlerns. Techniqued  were very simidlar to tLhose
deseribed  elsewhere (Fletcher of al., 198 L) except that w

used TUUHY gels made of Sigma strach (Sigma Chemical Co., St.
Louis, Missourti). Prior to electrophorestis, the adult wornms
were  thawed, qraackly  separated by sen, and  homogenized
individually i 7 uwl (femnles) or 10wl fmaltes) of chilled
distilled water, The homogenate wasg immediately  absorbed
onto o single 10 x 4 mm tab of  chromatuyraphy  paper  and
tnserted an the gel, The electrophoretic buffer and  stain
recipes e diven  clsewhere  except thit superoxidagse
dehydrogenase  (S0D) was resolved on yel slices stained  for
malate dehydrogennse  (MDH), dinphorase (D1A) was resolved
using  the VYechnrque of Harevis and Hopkinson (1977)  and  the
peptidase S appenred with n feueylglyeylglycine
substrate, We o employed s discontinuous Poulik buffer (pH
B.2/8.7Y to reasolve aldolase  (ALD, E.C. 4.1.2.13), DIA
(1.6.2.2), glucose b-phosphate dehydrogenase (G6PD,
1.1.1.49), hexokinonge  HK,  2.7.1.1) and phosphoglucomutase

(PGM,  2.7.5.1), »n discontinuous citrate with aminopropylmor-
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pholine buftfer (pH 6.4/7.4) to vesalve ndenylate kinase  (AK,
2.7.4.3), munnose phosphate isomerase "MPEL, H.3.1.9) and pPEP
(4.4.1.35, and o continuous citrate with aminopropylimorpho-
line buffer (pH 7.0) (or glncose phosphate  1somerase  (GP1,
H5.4.1.9, formerly  called  phosphoplucose  isomerasc ),  MDHI

(1.1.1.37) and S0D (11600, 1).

The number of individunla clectrophoresed and
the  mean  and range of the number of individuals scored  per
locus were: LEYTE LAB 397, 90 (32 161y, LEYTE FIELL 69, 32
CIH O 69),  MINDORO 360, 85 (13 V66),  LUZON 4, 1.5 (1 2y,

MEKONGT 249, L6 b 2y MALAYSIA 201, 48 (7 121). Schisto

somes ot difterent strains were run on Lhe  soeme  gel to
focibitote  comparison  of  electromorphs, Allozymes  were
degiguated b, e din order  of  decreasing electrophoretic

mobility and by the use of the same abbvevintions employed to
represent the  enzymie:, set in lower  case and tralicized,
nbinsed  estamates of genetio distance between the  various
stroing were  calculated using Nei's vevised formula {Nei,
LOTH) and the BIOSYS computer program (Swofford and Selander,

1anl) .

Consistent and  anterpretable clectromorph
patterns were  obtuained o 1l ecnzymes  rvepresenting 11
structuranl  yene loci. Patterns Tor Dia nod Pep in Agian
achigtosomes  ore degoribed here for the first Lime: DTA

resolved  as o single  sharnly  defined band  of activity

migratbting anodally, FEP vesolved as series of  2-3  intense


http:1.1.1.37

cvenly apnced bands migrating nnodnlly., The presumption ta

that weach of these enzymes s coded ng o a single nonomorphic

Tocus. All  other  ceneymes gave potlerng simi Lo to  thowe
reported  previously exoept as noted. MOH } resolved  as a
single band of netivity in all stratng, this band varied in
relative mobility between tarn, When MU 1 i denontured, 1t

brenks down to  give w3 hoanded  pattern sometimes  indis
Linguishable from the patterns of helerozygotes for dimeric

onvinced, however ther these  Mdh

allozymes. We o o
paendo heterozygotes  are avtually deantured  homozygotes as
affected individuntl schistosomes also showed blurred patterns

for PEP, MPL and GPL and generally no activity for AK.

Our genetic results, puoled where approprinte
wWwith those previously published,  are summarized in Tables 19
and 50, he proportion of loci polymorphic (#) nnd the mean
individunt heterozygosity per locus (H) were bolh zero in nll
four strains  of 8. Japoarcum, in &, mekonygi and  in the

Malaysian schistogone.

Four strains of &, Jjaponicum trom the Philip-
pines were examined, The LEYTE LAB and LEYTE FIELD slrains
were identicnl at all 11 loci. The LUZON strain in not well
characterized (hased on number of loci aud number of  worms),
but  was  identical to the LEYTE strains at 21l B loci
exumined, in contrast, Sthe strain from MINDORO was  weakly
differentiateld from th others being fixed for o different

allele nt G6Epd and al Pep.



Schistosomn mekougt nppunrently shares o Gpid
nllele with Philappine 8. gaponticum, but otherwine  the  two
tnxuy  differ ot P oaut ot 12 o948 oo, The  Malaysiun
sehigstesome  anloo ditfers foom S Japonicum at the same 11

locr: it shnres 65 of these 1L nllozymes with & wmekonyi.
;

Eitectrophoretically detected allozyme
varintion s described in astratnyg of &N, Juponicum {4 Philip
ptne  stlrains), 5. mokong i (Laowsg, and  an undescribed

anthropophilic & gapoutcur Trke schistosome from Pentnsalar

Malaysia, Reasults, together witn those reported previoustsy
fon B other strains (G Juponicum Chiinan, Forwosa, Jdapan,
Phiitippines; S, mekongi - 2 subslraions; Malaysion schistosome

9 strains) permit o composite genctic characterization  of
15 ntruins of Asiun schistosomes ot 9 I8 presuaptive  foci,
The  proporvtiaon of polymerphic locy (' and the mean hetoro
zyvosity  per locus /7) were zZzero oan oall strasns, Although
this wonn  expected for stranine thoat hod bheen an Taboratory
culture Lor 4-50 yeara, we expected to detect  variation o
straing  based  on 10 50 recently  fiedld collected infectoed
snnils, We expecled 8. Japonicum Lo be as vaviable as 8,
muansoni F’ SO0 (0 0,488y, " 0.04, t8 loci, 22 strains) as
it reproduces  sexually, has  an  evolutionary history of
scevernl million  years, inhabaits o wide  geogrophic  range,

convolved with o genetically variable antermediate  host

snnil, and hos n diversity of mammalian hosts,

No differences were detected hetween the 5 08,

Juponicum strains from Leyte and Luzon (Philippines), the 3
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N, mekonyr straina,  or the 4 Malaysinn scaistosome strains;
fheoo Hrowps  nnd the remninng N Japonicum strniag

tepresent g Mindoro (Phidlippainen) China, Formosn nnd Jupan
y

all have  ddistinetive multilocus  electromorphie patterng,
Neei P genclic distances (Y were  cnleuloted to  estimote
inleratrain and  interspecilic divergence, lnterstrain

penctic distances oo S gaponicum averaged > 0.4 much higher

than  those rteported previously for 8. mansoni (D 0.06, 17
frnx) P § X1 I I S, Japonicum  (Mindoro)  wuas o moderantely
diftfoerent iated from the Luzon stvarus 0+ 0,29, [ laoaci).
Estimntes of the S, Japonicum Chainn Philippine distonce (0

oo 0a, 11l loci) arc high for conspecific populations, and
further studices  of the still poorly charscterized Chinese
parasite may veveal that 1l oag, i Fact, o oseparate specices,

) Juponicum 15 shoun to be only distantly related to S

mekongi nnd the Malaysian schistosome {0 2 1), Lhe latter is

closely related to, bul gencetically quite distinct from, &.
moekomgtr 0.61 + 0.14, Il tocr) and warrants  recognition

a5 i new spoecies,

The  report  has  the following medical - nd
public heslth condequences, First, the possible medical
correlates  of the increansingly compley taxonomic  situation
meri b more  attenlion than they have recejved, It is

rensonable to expect the different specien and species groups
of schistosones to differ in their epidemiology, pothology
and response to various treatments, Second, our continued

failure to find dntrasteain  variastion in Lhe Asian
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schistosomes has itmportant ramificantions, although isogenic
atrains  are  ideal for some  investigntions  {(immunologicnal
experiments  and  sources for monoclonnl antibodies), single
isogenic stenins may be inappropriate models tor wide ranging
apecies, Bevelopment of hroundly applicabie disense
daingnosis, trentment and  contirol techiniques tnvolving
vaceines  and  drugs moy be more difficalt in o view of  thig
pattern  of marked geographice  variation (Woodruflfl, 1auh) .
There 14, after  all, npparently  much  more |'1-p,i(mnl‘
differentiation within &, Japonicum, as presently defined,

thiun within Homo sapirens.
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TANLE 1

Growlh Lable Tor Mcoclunoides tuberculate,

Weok Ave, shell length Ave. shell growth
per week (mm.) per week (mm, )

| 0.4 0.4
2 1.2 0.3
K] 1.5 0.3
q b.n 0.4
) 2.2 0.3
6 2.5 0.5
7 3.0 0.6
# 3.6 0.4
9 4.0 0.5
10 1.5 0.6
11 5.1 0.8
12 5.9 0.6
13 6.5 0.5
14 7.0 0.5
th 7.5 0.6
16 H.0 0.F
17 H.h 0.5
(Rl 9.0 0.5
19 9.6 0.4
20 10.0 0.4
21 10.3 0.7
22 11.0 0.6
23 1.5 0.6
24 12.0 0.8
25 12.8
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TABLE

9
‘e

Graowth table for Tarebio granifera.

Munth” S Avd«vzb. nhell dJength
4 per week (cal)
! 0.30
d 0.61
3 0.75
1 0.82
0 0.96
6 1.08
1 1.13
] .41
9 1.56
10 1.61
11l 1.70
12 1.89

Mean shell growth per month = 0.14

Ave. shell ygrowth

per week (em,)

.14

0.05

0.28



TABEL 3

Growth table for 8rotin costuls costula,

Momth  Ave. shell leagth CAve. shell groath

per werk (om.) per week (om.)
[ .29 0.146
2 0.45 0.18
3 0.63 0.28
1 0.91 0.21
H 1.20 0.38
6 1.5658 0.023
) 1.61 0.30
8 1.91 0.19
9 2.10 0.16
10 2.26 0.07
1 2.338 0.25
12 2.58 v.19
13 2.11 0.256
14 $.02 0.18
15 1.20 0.22
16 3.42 0.18
17 3.60 0.22
18 3.82

Mean shell growth per month = 0.20 cm.



o

6

Growth table

Ave. ahell length

0.76

3.34
3.18

3.482
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TARLE 4

for

per month (onm.

Mean shell growth per month

3
J

Pilau ampullacen.

0.28 cm.

Ave., shell growth
per week (cm.)

0.33

0.30
0.14
0.34

0.34



Biological

and

Weaok

Qiomphalaria glabrata (target) under taboratory condition.
- Numberv of “““;;;'““'"“““"“ o
1 2 B 4
Ty Ry Ty By Ty By Ty By Ty By
a0 0 30 10 20 20 10 a0 {} 40
40 0 30 10 20 20 10 30 0 40
90 0 29 40 20 2h 2 a8 0 52
643 0 0 94 0 106 0 He 0 76
324 0 0 161 0 306 0 255 0 134
77 0 0 70 0 114 0 77 0 108
84 0 0 65 0 102 0 86 0 96
.95 0 0 63 0 96 0 93 0 87
102 0 0 58 0 94 0 101 0 75
T = Tarehiao granifoera
Bg = fMiomphalaria glabrata
Ratio of 7. granifera . gltabrata
1 z 40 0
2 = 30 10
3 = 20 20
4 = 10 : 30
5 = 0 : 40

contr

ol study
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TABLE

bhe

tween

h

Turebia granifera (control)
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TARLE ©

Biologicnl control study Letwsen Tarebin Kranifera {(control)

and Radix rubiginosn (tnrget) undeg loborntory condition.

Wc;k - Number of snanils
S _A-IA,_... P Z e ‘ e 1 S — -

Ty Rr Ty Ity T M_IT: T Itr T4 Rr
0 10 0 30 10 20 20 10 40 0 10
A 10 0 a0 § 17 K 9 {2 0 6
4 90 0 56 0 13 4 6 0 0 180
6 450 0 3B 0 20 ] 63 0 0 182
1] 424 0 #1 0 62 | 24 ! 0O 112
10 717 0 137 0 B4 0 31 0 0 100
12 76 0 168 0 95 0 16 0 0 94
14 84 0 97 0 BB 0 11 0 0 72
16 81 0 53 0 B4 0 15 0 0 70

Tad = Tarebin graunifera

Rr = fadix rubiginosn

Ratie of T. granifera : K. rubiginosa

1 e 40 : 0
2 = 30 : 10
3 = 20 : 20
4 = 10 : 30

5 = 0 : 40
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TABLE 7

Biological control atudy between Melanoides tuberculatea
(control) wnd Aiomphaloarian glubruta (target)
urder laboratory condition.

Week Numbnx of snails

Mt By Mt vy Mt Hyg Mt By Mt By
0 40 0 30 10 20 20 10 30 0 10
2 50 0 30 10 20 20 10 30 0 10
1 53 0 30 90 19 50 10 32 0 52
6 79 0 24 108 16 64 8 15 0 76
fl 102 0 15 112 15 76 5 80 0 134
10 65 0 8 125 10 87 3 112 0 108
12 37 0 2 139 5 4h 2 135 0 906
14 46 0 2 135 5 144 2 107 0 87
16 44 0 I 11l I L16 2 78 0 75

Mt = Melanoides tuberculnta

By = Riomphuluria glabrota

Ratio of M. tuberculata : B. glabrata

1 = 40 : 0
2 = 30 : 10
3 = 20 : 20
q = 10 : 30

5 = 0 : 40
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Biologicnl

(control)

TABLE H

study bhelweon A

and Hudix rulbiyg

control

cluncides tuborculuta
nosn {(tnrget)

under Iaboratory condition.
;”;;""'“" Number of “““””‘ -
H ’ WL{ Rt 1 H
Mt ir M>l_ e ML fr Mt Hr Mt Rr
0 10 0 30 10 20 20 10 30 0 10
2 a2 0 30 6 20 12 10 19 0 0
1 H3 0 41 0 20 0 10 0 0 140
H 79 0 657 v 52 0 24 3 0 142
B 102 C 69 0 51 0 50 3 0 11z
10 66 0 66 0 H6 0 13 2 0 100
12 47 0 10 0 o4 0 40 2 0 a9
14 16 0 50 0 a7 0 16 7 0 72
16 14 0 17 0 417 0 I8 2 0 70
Mt = Melanoides tuberculata
nr Hadix rubirginoesa
Raito of M, tuberculata K. rubiginosa
1 40 0
2 = 30 10
3 = 20 20
4 = 10 30
5 = 0 40



TABLE 9

Biological control study between Melanoides tuberculata
(control) and Aithynia sinmensis Konitomphulos (target)
wnder laboratory condition.

Werk Number of asnnilsy

1 VA Kt 4

Mt Bay Mt Buy Mt Bay Mt. Bag Mt Bsy

o

40 0 10 10 20 20 10 30 0 40
12 0 30 10 20 20 10 30 0 40
53 0 39 6 24 16 17 22 ¢ 29
79 ] 63 6 39 11 66 17 0 25
102 0 55 5 32 10 GO 15 0 22
65 0 54 5 16 1o 65 15 0 20
317 0 53 & a8 10 72 13 w20
16 0 30 i 42 8 37 13 0 11
449 0 36 4 52 8 54 13 0 20
MU = Melanoides tuberculata

Bag = HBithynin siamensis Koniomphalos

Ratio of M. tuberculata @ f.s. goniomphalos

1 B 10 : 0
2 = 30 : 10
3 = 20 : 20
4 = 10 : 30

5 = 0 : 10



Biological control
(control) and

Week

3]

10

12

16

I'A

alurdy

tndoplanor b i

a
b ¥ A

BLE i

Lot Weeen

Melunoides
exustus

laborntlory condition.

Number of snusils

Mt = Mulanoides

Te = Indoplanorbis exustus

Hatio of M.

1 .
2 =
3 =
4 =

under
] 2
Mt T Mt Lo :“
40 ) 30 10 20
42 0 30 10 12 -
53 0 11 77 13
749 0 30 26 ]
102 0 17 92 3
65 0 35 15 3
317 0 32 HE 2
16 0 31 26 2
14 a 35 253 2

tuberculsta

40

16
84

55

130

363

tuberculata

I.

tuberculute
(turget)

4 H
Mt le Mt te
19 10 0 10
10 30 0 10
10 64 0 131
2 150 0 43
2 81 0 60
2 656 0 60
P4 §2 0 27
2 103 0 64
2230 0 1123

0

10

20

30

40

exustus



TARLE 11

Blologicul control study between lrotin costula costula
(conivaol) owod Madix rubiginose (Larget)
under luberatory condition.

w”'”;(“ ‘ Huwber of sanils
| 2 ! a 5

'H_(: r:~ —l:l' 1!(( '_*;( 1~‘ Th( l{;~ Bee  Hre Bee o Kr
0 20 0 15 5 10 10 5 15 0 20
¢ g 0 10 3 7 6 2 G 0 3
q 18 0 6 150 6 80 1 160 0 90
6 17 0 6 76 5 90 1 67 0 96
H 15 0 1 11 5 11 1 15 0 56
10 15 4] G 18 H 14 ] 7 0 42
12 14 0 H 2 5 0 1 4 0 39
14 14 0 H 2 4 0 1 3 0 32
16 24 0 5 2 4 ) ] 2 0 30

Bee = Brotia costuln costula

Hr = adix rubiginosa

Ratio of B.c. costuln : #. rubiginosa

1 - 20 : 0
2 = 15 ; 5
3 = 10 : 10
4 - 5 : 15

5 = 0 : 20



14

16

=Y

TABLE 12

Biologicnl control study hetween firotin costula caostula
(control) and Robertsicolla knporensis (target)
under laboratory condition.

k Number of anails

1 o e 4 q H

Bee o itk Bee o Hk Bee o Rk Bee o Rk Bee Rtk
20 0 15 5 10 10 5 15 0 20
20 0 156 5 10 10 6 15 0 20
20 0 15 5 10 10 5 15 . 0 20
20 0 16 5 10 9 5 14 0 19
20 0 24 4 10 9 5 14 0 17
20 0 14 4 10 2 5 12 0 17
20 0 14 4 10 9 5 12 0 17
20 0 14 4 10 9 5 11 0 15
20 0 Ia 4 10 9 5 Il 0 15
Bee  Brotin costuln costula

th = Robertsiclla kaporensis

Ratio of B.c. costula : R. kaporensis

1 = 20 : 0
2 = 15 : 5
3 = 10 : 10
4 = 5 : 15

20

o
fr
o



Biologlcal
(control) and Hiowmphaluria Klabratu (target)

control

under

[&al

TABLE

study

Inborantory

13

belween

Pila unmpulluces

condition,

Week Numllvr of snoily
1 e 5

A[’u By Pa By Pu By Pa By Pa By
0 20 0 15 5 10 10 5 15 0 20
2 20 0 16 5 10 10 5 14 0 20
4 20 0 156 5 10 10 5 14 0 99
6 I8 0 14 5 10 10 5 14 0 108
4 18 0 14 5 6 29 5 32 0 151
10 17 0 13 5 ) 19 5 14 0 74
12 17 0 10 q 5 19 1 15 0 67
14 16 0 10 3 q 20 4 12 ¢ 66
06 15 0 10 K] 4 156 4 12 0 56

Pa = Pila appullncea

By = Niomphalarian glabrata

Kntio of P, ampullacea . glabrata

1 = 20 0

2 15 5

3 = 10 10

1 = 5 : 15

5 = 0 20



Biological

20

control

study

TARLY

hestwern

14

Heotin

coustula

costula

(control) and Biomphalurio glubrata (Larget)

under simuloted fiecld condition,
Number of snmils

S -_l , e j____.

Bee bk Bee mg o deo by
50 0 25 25 0 50

1274 0 25 26 0 50
16480 0 24 23 0 47
1483 0 23 76 0 495
985 0 23 212 0 176
9756 0 23 276 0 95
743 0 22 302 0 180
723 0 22 336 0 137
748 0 20 394 0 173
748 n 20 a6 0 65
736 0 20 223 0 125
706 0 20 256 0 367
732 0 19 206 0 507
543 0 19 2717 0 468
529 0 19 275 0 392
638 0 18 1360 0 364
321 0 17 155 0 342

" bee = Brotin costulu comtata
Bg = Riomphalariov glubruata
Ratin of #.c. costuln : B. glubrata
1 = 50 0
2 = 25 25
3 = 0 50




TARLE Ih

Biologlcul control natudy belween Hrotin coalula costula
(control) and Indoplonorbrs exustus (target).
under simulated field condition.

Q;nkwv Humber of sunils
e MAH.,M B , B )

Bee Ie Bee h [e Bee [e
0 50 0 25 25 0 50
pa 1274 0 876 21 0 50
4 1680 0 645 20 0 a8
6 1483 0 804 26 0 162
8 g5 0 642 22 0 115
10 976 0 429 116 0 128
12 7143 0 522 2156 0 166
14 723 0 387 142 0 160
16 748 0 378 169 0 149
18 748 0 383 142 0 114
20 736 0 372 124 0 166
22 706 0 364 118 0 128
24 732 0 360 105 0 142
26 6543 0 349 98 0 160
28 529 0 33as 79 0 112
30 638 0 337 51 0 142
32 321 0 297 69 0 151
 hce - Brotia costula costuls

le = Indoplanorbis exuvstusg

Hatio of N.c. costulu ! 1. exustus

1 z 50 0
2 = 25 25
3 0 50



TABLE 16

Biological control study between frotra costuln costula
(control) and Zadix rubiiginosa (ta rget ),
under gimulated field condition.

Wook Number of snails
e = e e %:Mﬂ, e _"_i. e ‘
wee e mee we wee i
0 50 0 26 25 0 50
2 12748 0 25 25 ) 45
4 1680 0 707 23 0 37
6 1483 0 980 21 0 37
8 985 0 548 21 0 37
10 976 0 411 78 0 123
12 743 0 176 230 0 199
14 723 0 285 69 0 147
16 748 0 371 124 0 188
I8 718 0 341 226 0 262
20 736 0 341 226 0 197
22 706 0 212 165 0 130
24 732 0 238 153 0 95
26 643 0 219 101 0 64
28 529 0 138 63 0 l4¢
30 638 0 1343 32 0 81
42 321 0 122 18 0 90
- | Uéﬁ = Hrotia costulu costula T
Rre = Radix rubiginosa

tntio of H.c. costula @ R, rubiginosa
l = H0 : 0
2 = 25 : 25
3 & 0 : 50



MLE

14

Bliological control atudy bLetwee:n
{control) and Tricula uperta (target ).

under simulnted

Weaek

field

Arotia costula costula

condition.

Humber of sonils
1 | g 3

};;;— o ;: *;:;-” ) Ta Bece Ta
0 50 0 25 256 50
2 1278 0 25 25 50
4 1680 0 25 18 40
6 1483 0 24 17 36
B 984H 0 24 14 28
10 974 0 23 10 24
1z 743 0 22 B 19
141 723 0 22 6 16
16 748 0 20 3 9
14 748 0 20 0 5
20 736 0 20 0 0
22 706 0 20 0 0
24 732 0 19 0 0
26 543 0 19 0 0
28 529 0 19 0 0
30 638 0 18 0 0
32 321 0 18 0 0
O Thee - Bretin costuln costuta T

Ta = FPricula nperta

Ratio of #A.c. costula T. aperta

1 = 50 0

2 = 25 25

3 = 0 50
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TARLE IH

Biological control study Lhetween Hrotiu costuia costula
(control)y aud Oncomelunin hupenais gundrasi (Larget).
under stmuloted field condition,

Q#;k V Humbier ;f nnuila
o g

-lji‘(:(‘ ~“W“-Q(—)—v.]‘_ ) '7‘ .l : l" - 0q Bee - Oq
0 50 0 25 25 0 50
2 1278 0 25 25 0 40
4 1680 0 25 8 0 32
6 1183 0 113 10 0 30
t 985 0 106 6 0 29
10 975 0 163 6 0 19
12 743 0 18) 2 0 16
14 723 0 137 2 0 15
16 748 0 141 2 0 12
8 748 0 121 1 0 1)
20 736 0 112 0 0 1
28 706 0 119 0 0 11
24 732 0 127 0 0 11
26 543 0 141 0 0 11
28 629 0 148 0 0 11
30 648 0 1456 0 0 10
32 321 0 137 0 0 10

Oq = Oncomelanin hupensirs quadrasi

Ratio of #.c. costula @ 0. h. quadrasi
1 : 50 : 0
2 = 25 : 25
3 - 0 : 50
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TAKLE 14

Blologicul contvol nludy bealween Hrotiao costula cogtuln
(contraol) aud Hithyuin siomensis Kontomplhalos (turget ),
under gimulated field condition.

Qéé;” Number uf snaily
e ‘

Bee ek hee teg pee o
0 50 0 25 25 0 50
2 1278 0 20 20 0 50
4 1680 0 25 25 0 18
6 1483 0 20 25 0 48
B 985 0 22 20 0 44
10 a75 0 20 20 0 ay
12 743 0 20 17 0 26
14 723 0 20 14 0 24
16 748 0 20 12 0 24
18 748 0 20 8 0 21
20 736 0 19 4 0 17
22 706 0 19 2 0 13
24 732 0 19 2 0 12
26 6543 0 1B 2 0 12
28 529 0 1B 1 0 11l
0 638 0 14 1 0 10
32 321 0 1y 0 0 10
O Mo mretin contatn costuta T

Bsg « Bithynin siamensis goniompnlos

Ratio of N.e¢. costula @ H.s, goniomphalos
l : 5() : 0

2 : 25 : 25
3 = 50

g

[ I o



Biological
(contral)

HWeek

16

18

20

26

28

30

contro
un
under

100
100
100
236

286

246
267
300
662

643
Mt =
Ny

Ratio of
l -
2

d =

1 study
d Hriomphuluria ylohrata
gimulated

0

0

M.

Melanoides
Riomphalurin gltabrata

TABLE 20
e lween

field

Moelanoiden

condition,

Mt

76
131
G/
165

162

675
606
511
199
154
210

184

tuberculata
100
50
0

125

48
140
324
288
568
433

186

227
220
193

162

tuberculata

.

Number of wsnoils

tuberculata
(target).

Y

glabrata
0
50
100

100

100

95

990

189

361

273

736

684



Biological

Week

TABLE U

under gumulnted faeld condition.

Number of nnails

control gtudy between Melunoides tubercutata
(contiol)y wnd Indopluncorbs evostus (turget )y,

Mt

Mt

100
100
100
236
286
224
312
384

514

le

le

100

100

a0

297

227

312

259

286

230

1 2
e e owmC e
0 50 50 )
¢ 60 50 0
0 143 49 0
0 40 333 0
0 40 460 0
0 IH 262 0
0 24 297 0
0 23 368 0
0 167 97 0
0 93 127 0
0 164 202 0
0 96 161 0
0 73 184 0
0 78 162 0
0 B35 146 0
0 92 215 0

0 1056 226 0

Melanoides tuberculata

= Andoplavorbirs exustus

Katio of M. tuberculonta @ 1. oxustus

]
2
K|

100 : 0
50 : 50
0 : 100



Week

Number of annils
I 2 K]
Mt Hr Mt He Mt
0 100 0 50 50 0
2 100 0 14 13 0
4 100 0 a8 43 0
t 236 0 136 KE) 0
b3} 286 0 190 23 0
10 223 0 223 12 0
12 312 0 298 B 0
14 84 0 286 ] 0
16 514 0 202 12 0
18 656 0 195 12 0
20 504 0 184 19 0
22 264 0 192 14 0
249 246 0 [ §331] 12 0
26 267 0 176 12 0
24 300 0 183 10 0
49 662 0 175 10 0
32 643 0 187 10 0
MU - Melanoides tubercalata
Rr - Radix rubiginosa
Rotio of M. tuberculata : IR, rubiginosa
1 oo : 0
2 = 50 : 50
3 0 : 100

Biological

- HY -

TAWLE 270

(control) and Kadix rubiginosn (target ),
under sinulated fietd condition,

control study between Melanoides tuberculuata

Rr

100
100
100

73

73
180
194

196

394
334
261
191
136

296



TAantl 2%

Biological control study between Melanoides tuberculata
(control) aund Tricuta aperta (Anrget).
under simulonted field condition.

Mook Humber o a1y
et e l" : , ;. —
Mt 'y Mt Tn Mt Ta
0 100 0 50 50 0 160
2 100 0 50 50 0 190
4 100 0 49 42 0 80
6 2386 0 19 30 0 72
B 286 0 131 18 0 56
10 223 0 145 10 0 18
12 312 0 194 5 0 38
14 4 0 258 0 0 32
16 514 0 334 0 0 18
IR 656 0 308 0 0 10
20 504 | 0 288 0 0 0
22 2G4 0 205 0 0 0
24 246 0 200 0 0 0
26 267 0 174 0 0 0
28 300 0 185 0 0 0
30 662 0 181 0 0 0
32 643 0 193 0 0 0
C ME < Melanoides tubercatata
Ta = Tricuala aperta

Ratio of M. tubercalata @ 7. aperta

1 = 100 : 0
2 = 50 : 50
3 = 0 : 100



Biovlogica)
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TABLE

control study bhetween Melanvides tuberculata
(tnrget).,

(control) and Oncomelonia hupensis guadroasi
under simuluted ficld condition.
i;;r:l;» Number of :‘;nnl ls
| 3
Mt —(hl M;( “m";: Mt
0 100 0 50 50 0
P 100 0 H0 ] 0
4 100 0 50 3B 0
6 2386 0 277 26 0
H 286 0 378 26 0
10 223 0 627 23 0
12 312 0 801 19 0
14 384 0 1428 15 0
16 Hl4 0 825 16 0
18 656 0 748 15 0
20 504 0 636 15 d
22 264 0 198 15 0
24 246 0 580 14 0
26 267 0 677 14 0
28 300 0 722 13 0
a0 662 0 H37 10 0
32 643 0 526 10 0
MU < Melanoides tubercutata
O0q = Oncomelanian kupensis quadrasi
Ratio of M. tuberculaty @ 0O.h. quadrasi
] = 100 : 0
2 = 50 : H0
3 = 0 100

63
60
11

38

30
24
20
20
14
14
14
14
14

14



TANI R

Biological control study

(contrvol) und dithynira siomennis goniogphalos (target),
voder srmalated ebd condition,
Hc«lr‘ » .‘mmh:’:r of snails ) -
{ o 2 3

Mt Bug ﬁhl Bag Mt By
0 100 0 50 50 0 100
2 100 0 50 50 0 100
4 100 0 50 50 0 95
£ 236 0 1656 40 0 a6
8 286 0 221 16 0 87
10 224 0 208 8 0 56
12 312 0 225 2 0 51
B a84 0 238 2 0 a4
16 514 0 238 0 0 18
18 6566 0 215 0 0 42
20 504 0 204 0 0 34
22 261 0 186 0 0 26
24 246 0 178 0 0 24
26 267 0 189 0 0 24
28 300 0 192 0 0 22
3o 662 0 174 0 0 22
32 643 0 179 0 20
MU - Melansides tuberculata

- 67 -

betweon

2
Va

Melunoides

tubecculata

Bsy Hithynia

Ratio of M. tuberculata

) !
2 =
Ki =

stamensis gontomphalos

0o
50
0

h.s

goniomphalos
0

50
100
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TARLE 26

Biological control study between Pila ampul lacea
(control) and Aiomphalarin globrota (A arget ).
wnder simulated field condition.

Week Humber of anails

1 wé.'r 3
e owe ve we re wn
C 50 0 25 25 0 100
2 50 0 26 20 0 100
1 18 0 25 20 0 95
6 a8 0 25 20 0 990
8 48 0 25 1y 0 353
10 14 0 25 9 0 189
12 40 0 25 9 0 361
14 40 0 23 9 0 274
1G 38 0 23 9 0 345
18 38 0 22 9 ¢ 131
20 38 0 22 9 0 251
22 | 38 0 22 9 0 734
24 38 0 22 9 0 1014
26 6 0 22 8 0 936
24 36 0 22 8 0 784
40 6 0 21 7 0 736
32 36 0 21 7 0 684

By = RBiomphalarin glabrata

Ratio of 2. ampullacea : A, glabrata
1 = 5o : 0
2 & 25 : 25
3 = 0 : 50



Biologiend
(control)
under

and

Waeek

conloeol
Indoplanorh s

i

e e
0 50 0
2 50 0
1 18 0
6 4 ¢
8 48 0
10 44 0
12 40 J
14 40 0
16 as 0
8 an 0
20 an 0
22 as 0
24 JsB 0
26 36 D}
28 36 0
30 a6 0
12 36 0
e _l.);.._ -

Ie

Ratio

of P.

LN —

nmpul lacea @ 1.
h)

- 6Y -

TABLE

sludy

Nllmhux

simulated

RS
hetweon

exuvatuy
fveld condition,

aof snails

Pilan ampullucen
(target ).

9

Pa

20

20

Pila ampulloc
tndoplaporh s

25

0

le Pn
25 0
25 0
12 0
7 0
7 0
7 0
6 0
6 0
6 0
2 0
2 0
2 0
7 0
2 0
2 0
2 0

oen
exustusg

exustus
0
25
50

50

48

152

115

190

149

114

142

160

112

151
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TABLE uH
Blological control study between 2ila ampul lacen
{econtrol) and Kadix rubiyinosa (1 arget ).

under simnluted field condition.

Wowk b ot v L
1 2 3

Pu Iy 'u lr ' Rr
0 50 0 25 25 0 50
2 50 0 25 25 0 45
4 18 0 24 17 0 37
6 18 G 24 11 0 37
8 18 0 24 6 0 37
10 14 0 24 0 0 123
12 40 0 24 0 0 199
14 40 0 23 0 0 147
16 a8 0 23 0 0 188
31 as 0 23 0 0 262
20 38 0 22 0 0 197
22 34 0 22 0 0 130
24 38 0 22 0 0 95
26 36 0 21 0 0 68
28 36 0 20 0 0 148
30 36 0 18 0 0 81
a2 36 0 18 0 0 90
e

Rr = Padix rubiginosa

Ratio of P. ampullacea @ R. rubiginosa
1 = 50 : 0
2 = 25 : 25
3 = 0 : 50



Blologienl conteol
nnd
gimulated

(control)
under

- 71 -

TABRLE 24

study

betweon

Piln ampullacea
Tricula aperta (target).,
tfield condition,

;é;% o - Number of snails
] 2
Pn Ta P Tn Pa Tn

0 50 0 25 26 0 50
2 50 0 25 2h 0 50
4 48 0 22 16 0 10
6 48 0 22 10 0 36
B 48 0 22 3 0 248
10 14 0 20 0 0 24
12 140 0 20 0 0 19
14 40 0 19 0 0 16
16 38 0 19 0 0 9
18 38 0 19 0 0 H
20 3B 0 19 0 0 0
22 KR 0 18 0 0 0
24 B 0 18 0 0 0
26 36 0 18 0 0 0
28 6 0 18 0 0 0
30 36 0 18 0 0 0
32 36 0 18 0 0
b ite empullaces 7

T = Vricula aperta

Rntio of P. ampullacea T, apecrta

1 - 650 0

2 S 25 25

3 = 0 50
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TANLE 30
Biological control study between Prla ampullacen

{control) wnd Oncomelunin hupensis quadrasi (target ),
undor almulated tield condition.

ook __ __Humbr of by -
1 A 3
re 04 ve o4 Pa og
0 50 0 25 25 0 50
2 50 0 25 25 0 40
1 a8 0 25 18 0 32
6 18 0 24 10 0 30
8 48 0 22 4 0 29
10 44 0 20 0 0 19
12 40 0 20 0 0 16
14 40 0 19 0 0 16
16 3n 0 19 0 0 12
[§31 38 0 19 0 0 11
20 38 0 19 0 0 11
22 38 0 19 0 0 11
24 Ky:! 0 19 0 0 11
26 36 0 18 0 0 11
28 46 0 18 0 0 11
30 36 0 18 0 0 10
32 35 0 18 0 0 10
T pa s pidw empullacea T
0q = Oncomelanin hupensis quadrasi

Ratio of P. ampullacen : 0.h. quadrasi
1 = 50 : 0
2 = 25 : 25
J4 = 0 ; 50
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TABLE 1)

Biological control study between Piln ampullaces
(control) and dithyuin sinwens s goniomphalos {(turget),
under simulated freld condition.

Week Number of unnils

- | e e ,‘ -

Pa Bag o - Bag Pa Boy
0 50 0 25 25 0 50
e 50 0 25 25 0 50
4 48 0 25 25 0 48
6 44 0 25 18 ] 18
H 48 0 20 12 0 44
10 44 0 20 7 0 34
12 40 0 20 0 0 26
i1 10 0 20 0 0 24
16 38 0 19 0 0 24
18 RE3| ] 19 0 0 21
20 38 0 {P 0 0 17
22 38 0 18 0 0 13
29 KR 0 18 0 0 12
26 36 0 18 0 0 12
28 a6 0 18 0 0 1t
30 36 0 18 0 0 10
32 36 0 18 0 0 10
m«-ﬂd”-wnm.uu_;ﬁ_v“jwk;lIHMQQIJ')}nnP’lAu....‘w,ﬁ_“ e e

Bag = Rithynia siamensis goniomphalos

Ratio of P. ampulluacea : B.s. goniomphalos

1 50 : 0
2 = 25 : 26
3 & " : 50



Biological
(control) and Biomphalsria glaubrata (tardet).

u
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TARLE 42
control study belween Tarebia granifera

nder gsimuloled field condition.

Week Humber of snails
l e e L e ;_

Ty By T | By Ty B
0 100 0 50 50 0 100
2 100 0 50 50 0 100
4 100 0 50 50 0 95
6 92 0 18 50 0 990
8 190 0 43 18 0 353
10 650 0 279 567 0 189
12 667 0 128 769 0 361
14 327 0 614 (510 0 273
16 444 0 471 987 0 345
| R3 390 0 317 B32 0 131
20 196 C 206 118 0 251
22 219 0 186 130 0 734
24 216 0 163 344 0 1014
26 246 0 122 350 0 936
28 1849 0 96 322 0 744
30 140 0 75 d42 0 736
32 259 0 Ha 350 0 684
%~~*~w_~‘mww%éwghfnrvhju K}n;;fvru ————————————————————————————————————

Bag = Niowphularia glabrata

Ratio of 7. granifeeca : HB. glabrate

1 100 : 0

2 = 50 : 50

3 = 0 : 100
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TANLE 34
Bivlogicul control study between Tarebia grani fera
(control) nnd Indeplunorbis oxustus (target).

under simulated field condition.

‘V.luu'l;“ Nuambev of aoni s
I 2 3

TH le T Iv~ _;; le
0 100 0 50 50 0 100
2 100 0 50 50 0 100
4 100 0 50 50 0 95
§ 92 0 196 386 0 303
B 390 0 502 257 0 229
10 650 0 150 361 0 256
12 667 0 165 374 0 332
14 327 0 315 221 0 380
L6 414 0 ;o AR 20¢ 0 297
18 390 0 616 191 0 227
20 396 0 664 127 0 J12
22 219 0 223 201 0 259
24 216 0 277 149 0 246
26 216 0 230 191 0 230
28 189 0 238 168 0 224
30 190 0 278 1569 0 284
32 259 0 229 159 0 301
U tarebia graniteea T

le = Indoplanorbis exustusg

Ratio of T. grasifera @ [I. exustus

1 100 : U
2 = 50 : 50
3 = 0 : 100
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TARLE 44

Biologleal control study betweon Tarebio granitera
(control) and Kadix rubrginosa (tavget ).
under gsimulated fredld condition.,

Wenk Number ur“nqqiln
| e 8]

Ty e Ty " ’>Hr Tg Hr
0 100 0 50 50 0 100
2 100 0 60 L 0 100
4 100 0 142 14 0 100
6 92 0 12 36 0 73
B 390 0 161 151 0 73
10 650 0 142 93 0 180
12 667 0 152 52 0 194
14 27 0 165 28 0 196
16 414 0 177 12 0 523
14 390 ¢ 184 0 0 394
20 396 0 210 0 0 334
22 219 0 191 0 G 261
24 216 0 185 0 0 191
26 246 0 169 0 0 136
24 189 0 162 0 0 29¢€
30 190 0 166 0 0 162
32 25H9 0 174 0 0 181

Td + Tarebin granifera
Rr - Hadix rubiginosa

Ratio of 7. granifera ! R, rubiginosa
1 = 100 : 0
2 H0 : 50
3 0 : 100

Hown



Bivlogical

control

study between

- 77 -

45

TABLE

Turebhia geranilera

{(control) and Teicula uperta {target ).
undor simulated tield condition,
;;;& o Humber of sonyls -
S ,l; e ,15 i - )
Ty¢ Ta Ty Ta Tg Ta

0 100 0 50 50 0 100
2 100 0 50 50 0 100
4 100 0 48 41 0 80
6 e 0 48 32 0 72
5 3380 0 77 18 0 56
10 650 0 102 6 0 48
12 667 0 102 0 0 38
14 327 0 91 0 0 32
16 441 0 112 0 0 18
18 390 0 105 0 0 10
20 396 0 99 0 0 0
22 219 0 95 0 0 C
24 216 0 8] 0 0 0
26 246 0 R4 0 0 0
28 189 0 a5 0 0 0
30 190 0 100 0 0 0
32 259 G 109 0 0 ¢
mM“—ﬂ—-—"~““;;";“5ﬁréL;u‘g}ﬁ;}}érn ———————————————————————————————————

Ta = Tricula aperta

Ratio of 7. gruanifera : T, aperta

) B 100 0

2 : H0 50

3 = 0 100



TARLE U6

Biologicnl control study between Tarebla graonitera
(coutvol) and Oncomelunin hupensiv quadraasi (Largetl).
under simulauted field condition.

Heck Huaber of suails
1 ' 2 Ki

Ty 0q Ty 0q Ty 0q
0 100 0 50 50 0 100
2 100 0 50 650 0 100
4 100 0 19 18 0 63
6 92 0 17 142 0 60
B 390 0 15 34 0 11
10 650 0 186 21 0 8
12 667 0 187 21 0 32
14 327 0 168 12 0 30
16 444 0 205 L1 0 24
18 .390 0 149 11 0 20
20 396 0 172 11 0 20
22 219 0 128 10 0 14
24 216 0 1ot 9 0 14
26 246 0 170 9 0 14
28 189 0 188 6 0 14
30 190 0 IRt 6 0 14

32 259 0 179 6 0 14

Tg = Tarebia granifera

0q = Oncomelania hupensis quadrnsi
Ratio of T. gransfera @ 0.h. qundrnsi
L 2 100 : 0

2 = 50 ; 50

3 B 0 : 100
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TABLE 37

Biological countrol study bhetween Tarebia granifera
(control) and Hithynia siumensis goniomphunlos (Larget).
under simulated field condition.

Week Humber of snaals

1 2 3

Ty Bay T'¢ Bag Ty By
0 100 0 50 H0 0 100
2 100 0 50 50 0 100
] 100 0 50 50 0 95
6 92 0 62 50 0 u7
8 390 0 351 13 ] 56
10 6GhH0O 0 447 45 0 51
12 667 0 3349 33 0 a8
14 327 ] 116 24 0 14
16 144 0 193 16 0 142
18 390 0 154 10 0 34
20 396 ) 136 5 0 26
22 219 0 171 5 . 0 24
24 216 0 179 5 0 24
26 2406 0 178 3 0 22
28 189 0 363 3 0 22
30 190 0 168 2 0 20
32 2569 0 6249 0 0 20
g - tarebia granicers

Bag Bithynian sinmensis goniomphalos

Ratio of 7. graoifera : B.s. goniomphalos
1 * 100 : 0
2 2 50 : 50
3 = 0 : 100



TsRiE 3&

Results of biological control testings between second instar larvae
(L2} of sciomyzid fly :control agent: and rulmonate snails {terget species},
under simulated Tield conditions 31 trials’,

O Mertality reees
Species of snails Ratios of snaiis Sn0 to sciemyerd Fly larvas 12
beath  Smil2 Death  Sa 12 Death  Smiif Geath  Smelt  Death  Smiiz
‘davs) 30 tdays 301 Ldavs ) oL davs 1:3 davs) 0:4
S N
Juvenile 28 7.5:0.0 28 47.5:2.0 28 70.0:310.0 28 y0.0:15.5 o8 0.0:5.0

adult 28 6.0:0.0 28 42.2:2.0 28 51.0:13.0 24 70.0:17.3

L9V
12
s
o
o
(v ¢]
U

A. (P! abvssinicus

Juvenile 12 6.5:0.0 9 43.6:14.0 4 83.0:14.0 4 94.0:186.

om
-t
P
o
o
[3)
[$4)

adult 14 5.0:0.0 10 80.9:18.0 8 72.0:16.0 & 8B.0:17.8 16 0.0:4.5

I. evustus

Juvenile 21 7.

[84]
o
Q
o
—
La
N
0
—
o+
o
9
—
-~
w
w
—t
8]

-0 21 90.0:9.6 2: 0.0

~)
o
h

adult 25

~
o
(o]
o
]
@0
)
w
[o7]
—
o1}
[en]
()
@
¢,]
[¥e]
[&/]
—
~1
8]
[$%]
o
~)
()
o
= 9]
[o2]
2
o
[}
(o]
w
(1]

R. rubiginrsa

Juvenile 14

w
[8,}
(o]
(o]
—
£a
’y
s
[5¢]
[en]
—
s
om
—
w
o
Q
—
La
w
w
<.
om
w
—
&
<
<
(4]}
»

adult 21

~1
o
(=)
o
t3
—
o
(=]
(8]}
m
(o)
[g%]
—
]
3
o
<
>
13
ot
00}
o
o
(S]]
w
%]
—
o
o
~1
[eo]

-0y -



Resul
{L3) of s¢

Species of snails

A, glabrata
Juvenile
adult

A. [(P.} abyvssinicus
Juvenile
adult

f. evxustus
Juvenile
adult

R. rubiginosa
Juvenile

adult

ts of biological control testings between third

1omyzid Tly

ccontrel ayent:

and pulmonate snaxlsz

under sinulated Tield conditions 3 trials'.

Death Sn:l3 Death Sn:
‘days: 4:0 davs: 3:

28 6.0:0.0 28 55.0:

12 4.5:0.0 9 69.3:

14 6.3:0.C 10 72.5:

28 6.3:0.0 28 60.5:

»
s
L

L8:G.0

[Rv]
—
€K

.3:0.0 21 B82.8-

48]

“
to scromysig §

Death SniLd Decth
days 202 days:

0 2% 75.0:8.0 2%

70.0:10.0 28

instar larvee

target specles),

Iv larvae 12

bt
<
(@]
w
wr
—

[

&L
oV
(1]
w
[ap
—
[

fos
@
o
v
o
o
£
'

[¢9)
m
o
—
wm
—
[ Re]
et

Death

Sn: L3

g -



i s between second instar larvae
(L2, of sciomyzid fly :control agent' uand operc
under simulated ©ield cond:

late snuils - turget species),
1ons 3 triels:.

Mortalticy rates %
Species of snails Haties o snoils "800 to sclemyzid iy larvee (L2)
Death Sn:L2  Death Sn:iil Su: L2 Death Sn: L2 Death Sn: L2
tdays: 4:0 ‘days: 3:1 2:2 dovs 1:2 cdays: 0:4

A.s. gonicmphalos

Juvenile 28 !0.0:C.0

]
to
6]
(3%
w
o

$15.0 21 IE.0:12.0 28 20.0:6.

]
1
o8]
(&)
[t

:10.8
adult 30 11.0:0.C 30 18.0:17.

[w)
1]
-
o
h
je)
—
[64]
(@]
[
(el

o]
<
<

:18.6 30 0.0:130.5

0.h. quadrasi
Jjuvenile 18 9.0:0.0 15 5.0:25.0 8 8.0:38.5 10 15.0:20.0 i8 6.06:12.0

adult 21 10.0:0.0 17 4.0:30.¢

(o]
w
w
o
~3
w
-

1o
o
[e=]
o

:12.5 21 0.2:11.0

k. kaporensis

Jjuvenile 18 10.0:0.0 18 €.

~1

2
19,1
Vs
s ¢}

10.0:5.0 g 30.0:16.7 18 0.0:11.0
adult 21 10.0:0.0 21 14.3:2.5 21

ror
(o]}
(=)
bt
o
-
(5%
-
2
(=]
o
—
[o2]
~]
1
—

0.0:9.0

T. aperta

1o
~1
)]
[as}

Jjuvenile :0.0 30 6.7:10.60 27 14.0:5.0

[3+)
~1
1)
—
o
o
-3
[£]
-3
<

.0:10.0
adult

[
w
[84]

.0:0.0 37

[o)}
-~
td
()
o
W
f_)]
—
o
(o]
[$}]
o
€a)
‘n
b
[84]
o
|
w
w
(8]
84

0.0:11.0

-28-



Results of bilological controi 2= betyeen third instar larvae
(L3} of sciomvzid fly ‘zcentrod ; : © snatls [target species),
under simulated e onditioens b trialss.

Mortaiot rares %
Species of snails Ratieos of snatls .Sn: w0 sciemveisd fly larvae {L3)
k S {
Leath Sn: 13 Death Sn:L3 ™ «¢h Sn: L3 Death Sn: L3 Death Sn: L3
{days; 4:0 {days) 3:1i ‘avs: 2:0 .dayc: 1:3 (davs) 0:4
B.s. gomiamphalos
Juvenile 28 12.0:0.0 2 26.7:8.0 21 27.0:10.2 14 20.0:6.7 3 5.0:10.5

_;:8..

adult 30

—
s
<
lep]
<
(98]
O
to
w
[95}
—
o
o
o
—
3]
£a
[e]
—
to
o
—
Fay
o
o)
o
&
~
T
[ov)
(]

D.0:8B.5

0.h. quadrasi

Jjuvenile 18 15.0:0.0 1

w
—
[0)]
~}
w
o
o
jae]

20.0:

(o]
o}
o
—
o
[
o
o]
[
w
[
—
&
«
[=)
-
o
[o4)

adult 21 12.5:0.0 17 16.7:27.0 S 18.0:15.5 12 19.0:18.6 21 0.0:10.0
R. kaporensis

Juvenile 18 15.0:0.0 18 16.7:5.C 18 18.0:10.0 318 30.0:13.3 18 0.6:12.5

adult 21 12.5:0.0 21 13.3:5.0 21 14.0:5.¢0 21 20.0:6.7 21 0.0:12.5
T. aperta

Juvenile 27 7.4:0.0 30 10.0:36.0 27 12.0:10.0 27 1B.0:15.6 27 0.0:12.0

adult 35 5.0:0.0 37 6.7:40.0 35 10.0:10.0 35 10.0:17.5 35 0.0:10.0
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TABLE $2

Results of biclogical contral testings between lazpvrid

and pulrmonate snails :target speciles), under

Species of snails

[
.

glabrata
Juvenile
adult

P. . abyssinicus
suvenile
adult
exustus
Jjuvenile
adult
rubrginosa
Juvenile

adult

Death

tdays}

a.

18

14

18

14

18

Sn:la  Death

1:0 Cday

[
o
o
)
1o
]

[
o
6
(]

14

g

R3.

76.¢

31

1Ly retes

18

fo

re

a0,

B5.0:

80.0:

O

(=l

larvae {contro

ca
2%

1 agent)
taboratory conditions (4 trials).

e

7-

100:

S0.0:

90.0:

90.0:

80.0:

lampyrid flv larvae ¢

La

-
3

0.0

3.3

3.3

6.6

Death

tdays

14

18

14

18

14

18

0.0:10.0

0.0:10.9

0.0:5.0

(o]
&
X
m

-va-



Resulis of biological control testings between Iampyrid larvae :control agent)
s
4

Y. 5

ader leboratory conditions 3 trials}.

Mortality rates (%

Species of snails Helios of snails - 3n’ to lampyrid fly lervae (La)

<y

death Sn:La lDeath Sn:la liezath Sntla Death Sn: Lo Jeath Sn:La
(days: 3:0 davs 31 Ldavs RED cdavs 1:3 days? 0:4

Juvenile 28 10.0:0.0 J% 0 22.3:0.0 28 36.7:0.0 28 50.0:0

(@]
19
s ]
[
(o]
o
o

adult 33 7.5:0.0 35 18.8:10.0 33 23.3:0.0 35 4C

1

»
(o]
L]
[
L)
[

35 0.0:0.0

"(‘;R-

0. h. quadrasi
Juvenile 28 9.5:0.0 28 29.8:0.0 ZEO35.0:0.0 28 40.0:0.0 28 0.0:0.0

adult 35 10.0:0.0

w
[o2]
1%

<
<
&)

J

[
jo]
o
o
o
(a)
[6]]
(%)
o
(&7
o
(e
()
n
o
o

(8]
W

R. kaporensis

(£~
(o]
-
o
[84]
<
o
tS
)
t2
)
o]

Juvenile J:0.0 28 30.0:0.0 Z8 30.2:3.3 28 6.0:0.0

adult 35 7.5:0.0 3L 1€.7:10.0 35 30.0:0.0 35 20.0:23.3 35 0.0:5.0
T. aperta
Juvenile 28 7.5:0.0 25 Jvlfr10.0 28 30.0:0.0 28 430.0:6.8 28 0.3:0.0

adult 35 10.0:0.0 35 15.3:10.0 35 25.0:0.0 35 30.0:0.0 35 0.0:0.0




Development

in

Ouncomelapia
hupensis
quuadrasi

(Lo

ntion)

Mindorao

Ha. exposed

Ho., survived

Mo, positive (X)
leyte

No. exposed

No. survived

No. posilive (%)
[rosin

No. expoaad

No. survived

No. pousitive (%)
Mindanao

No. exposed

No. survived

No. pouitive (%)

of

various

geographic

strains of

Geogrouphic sirnins

Mindoro

236
185

37 (20)

(3.5)

1634
107

31 (28.97)

100
80

11 (13.75)

- 86 -

TABLE

strains

Oncomednnin hupensis

44

of Schistosoma Japonicua

quadrnsi.

of Schistosomn joponicuw
Leyte [rosino Mindunno
50 - In progress
42 -
3 (7.11) -
100 - 204
90 - 1i0
11 (12.10) - 1 (0.90)
100 200
81 - 98
19 (69.49) - 3 (3.06)

In

Progroess

220
140
72 (51.43)



Sample name
0. hupensis
Leyte A
Leyte B
Leyte €
Luzon A
Luwcon Ib
Mindoro
Mindoro

Lab Stock

O, hurensis
Chipa A

China B

[ Voucher
Applied
catalogued

MUFS CHOO &8

Mal

- 87 -

a4

TABLE

Samples

Locality

quandrasi

Vicobh Ck., Palo

Maundaraqg Ck., P'alo

Sonth Mnin Cannl, Pnlo

Sun luadro, Sorsogon

Snn Augastain, Noraogon

Victoria
Davao

Muawab

Pnlo and Victoria

hupensis
Guichi, Anhuai

Guichi, Anhui

specimens were placed in

ncolopgy and Entomology,
with the prefix MUFS PHOO
for Chinese.

[

of Oncomelania hupensis studied.

Collection N

Vouchers
dint e
6.83 » 1000 102
" ! 101
" " 103
6. H6 200 1056
" 50 106
G.43 " 100
f.84 500 107
‘79 & ‘82 >1000 -
1.82 > 500 110
2,84 400 -
the museum at the Center for
Mahtdol University and were
¥ for Philippine gsamples and
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TARLE 47

Allele frequencies For 16 polvmorphic loci in 10 namples of Oncomelania

hupensis with sumary statistics of genetic varinbil 1ty %

Leyte
Locug/nl lede S
A B (
Aal n
b 1.00 1.00 1.00
Acp o 1.00 1.00 1.00
b
.
o
K-l oa
b
o 0.82 0.90 .43
o 0.18 0.10 0.17
K o
b
o 100 1.00 1,00
Gap -a 1.00 1.00 1,04
b
Gpil-a 0.01
b
¢ 1.00 0.99 1.00
d
o

[MYVARI]

A B
1.00 1,00
1.00 1.00
.92 0,90
0,08 0.10
1.00 1,00
1.00 1.00
0,20 0.05
0.80 0.95

Mindor o

1.00

L.00

1.00

1.00

1.00

0.30

0.70

Mindnnao

1.

0.

00

0oy

.00

.00

.00

.00

[.ah

0.08

1.00

0.96

(.04

1.00

0.16

0.84

Chinn

0.¢

0.

.08

20

.70

.02

.96

02

.00

.08

.00

.00

0.

10

)

0.

40

.05



Leyte
Locus/nllele S s
A ]
Idh - la 1.00 1.00
h
Ldh-Ca
b 1.00 1.00
Lepsoa
b
¢
o 0.99 0.97
¢
r 0.01 0.03
Me-¢t 1.00 1.00
h
Mpi-a 1.00 1,00
h
Pep -dn 0.57 0.76
b 0.31 0.2%
c 0.12 0.01
Pyed-a
] 0.99 1.00
C 0.01
d

1.00

0.04

1.00

1.00

0.4}

0.45

1.00

- 50 -

Luzon

1.00

1.00

0.99

0.01

1.00

1.00

0.03

0.93

.01

1.00

1.00

1.00

0.02

0.98

1.00

1.00

1.00

1.00

0.41

0.40

0.19

1.00

1.00

0.02

0.27

0.71

Mindoro

Mindanao

0.67

0.34

1.00

1.00

1.00
1.00
0.98

0.02

1.00

Luab

0.499
0.01
1.00
0.11

0.73

0.13

1,00

1.00

0.9

0.04

China

A

0.02
0.9

0.62

0.29

0.09

0.62

0.01

0.02

0.03

.90

.00

.10

L35

13

.00

.70

.30

.40

0.

0.%

GO



- 9] -

I.eﬁu Luzon | M>i lvuVién'n‘ ‘ M.i ﬁ!lunuu N (,hnm
Locus/nllele  —roomo o e
A B C A i Lab A B
Pl 1,00 1.00 1.00 1.00 1.00  9.99 .00 1.00
b 0.68 0,60
¢ 0.30 0.35
d 0.0 0.02 0.05
'ym~Za 0.31] 0.06 0.5 0.01 0.10
b 0.4 1.00 1.00 1.00 1.00  0.56 0.9  0.69 0.61 0.55
( 0.04 0.05
o 0.02 0.14 0.06 018 0.20
" 0.04 0.10
r 0.06
Sordh o 1,00 1.00 1.00 1.00 1.00  1.00 1,00 0.97 0.88 0.45
b 0.03 0.12 0.15
N 75.9  B.1 62,2 56,2 17.4 62,5 77.5 G2.2 82,4 9.6
(K 6.8 5.6 6.0 6.2 1.3 2 5.1 A2 0.4 0.4
" 3 L2 L2 Lz L 1.4 1.2 1.6 2.4 2.0
r 2, 19.0 14.3 19.0 19.0  28.6 190 38,1 66.7 52.4
nw 0.04 0.03 0.01 0.03 0.02  0.10 0.03 0.0 0.20 0.21

t Samples are described in Table 13 ¥ mean sample size (ond standard crror) per

locus, A4 < wean no. alleles per locus, [ proportion of  loci  polymorphic

(monomorphic loci: Cat, GGpdh,-(Gpdh, Mdh 1, Pep !, excluded from  this  table),

/1 - mean individual heterozygosity.



- G2 .
TABLE 44
Matrix of genetic similiarity snd distance coefficientss

Somplo ! 2 4 1 H B 7 H Y 10

I Leyte A PrEer 00860 0494900 0,957 0,973 0,905 0.911  0.939 0.500 0.514

2 leyte It 0,002 wveve 008D 0,955 0,972 0,902 0921 0,946 0,497 0.506
3 Leyle C 0.000 0.005 erery 0,963 0,980 0,909 0.903 0.917 0.505 0.518

1 Luzon A 0,014 0,028 0,012 steey 0.0HD 0.910 0879 0.952  0.494  0.510

S Luzon B 00000 QL0123 0.003 0,003 ksese 0,909 0.89% 0.950  0.506 0.518
L Mindoro 0,015 0053 0,010 0,045 0,015 #aevd 0,842 0951 0.506 0,529
T Mindana 0,057 0,001 GL06GF 0.0 007 0L kris OUHTO 0594 0.515
Ho Labstock 0,016 0,020 0,011 0,012 0.011 0.012 0.088 ¥k 0.5t 0.529

9 Chinn A 0.657 0,663 0,652 0,61 0,545 0,668 0,660 0.652 $1ekk 0.910

10 China B 0,620 0,625 0617 0611 0,610 0,630 0.591  0.615  0.035  s4xss

tobBelow dingonnl:  Neo (1978) unbinsed genet ic distance;  above disgonal:  Hogers

(1972 genetye aimilarity.
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TANLL 1)

varintion at I8 foci an four Aarnn Schistosoma species. The total number of

achistosames found Yo bove coch porticalor tocus/allele s shown.

l,(ruv"u:;/ Soehistosomn gupontcum S.omedeongi S.osp.
ullele l,;ayl ¢ IL.;:;'.()n Mill(l()l‘l; Chinn Formosa  Joapan Loos  Mialoysig
Acp 0 79 22 10 59
b - - - - 26
Ak a 62 2 5y - -
b - - - - Ja
( - - 34 -
Ald 128 13 - - 59 -
b - - 22 40 - -
¢ - - - - - 26
Dia 104 1 79 23
HIN/TT T 74 22 10 59 -
b : - : - 26
it a 79 22 40 59 26
GOl - 15 . - - -
b 169 1 - - : - - -
¢ ~ 22 40 59 15 23
Gpi u - - - 22 - - - -
b 2449 4 1565 - 10 59 - -
¢ - - - a7 21
Ik ] 200 1 91 22 10 59 -~
b - - - - G5 -



Locus/

onllele

Lidh
l‘l(”l' l
M h 2

Mo

Mpi

Pep

Pyd

I'qm

Sod

4

b

b

b

&

b

H

b

1

b

"

b

&a

b

79

93

141

229

34

- 94 -

Schistosonn Japonicum

"o
1 136 22
96 22
96
148
2 -
22
1 105 -
30

Leyte  Luszon Mindoro  China Formose  Japan

10 59
10 59
10 H9
40 69

S. mekongi N,

Luoy Minlaysia

BR]

16

12

70

[

6

74




Genetic distance (), standard ecrror of

Slraamn

S gipon e

LEYTE

MINDGHO

CHINA

FOIMORA

JAPAN

8. mekongi

Malaysian schistosome

TABLE 60

) and the number of

CHINA PORMOSA

0.201

u.07

I

0.105

0.201

0.07

JAPAN

0.182
0.07
11
0. 182
0.08
7
0.405
0.11
1
0,182
0.07

11

between various patrs of strains of Asian schistosomes,

MEKONG MALYSTA

2.708

0.48
1H
O
N.A.
9
1.706
0.34
10
L7005
0,34
10
1.792
0.35

10

loci examined

1.946

0.33

14

1.705

. 099

W27

7

099

.27

7

. 099

27

. 606

.14

11



({ mm )

LENGT= PER WwEEK

(M)}

LENGTH PER MONTH

T
Le

SHE
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5 MELANOIDES  TUBERCULATA

»

4

hhi

N w4
X

T T Ll T T T T T r T T A
I 2 3 4 % 6 7 8 9 10 B 12 13 44 15 16
WHEKS

Fig, 1. Growth table for Melancides tuberculace

S Anm Sens snast Sty e |
M 20 21 22 23 24 28

2 TAREBIA GRANVERA

16

12 o

!
104 P

081 e

06! s

1

G4y
o2

O e g e, .

i 2 3 4 5 6
MONTHS

N.
[+

Fig. 2. Growth tatle for Tarebia granifera
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49 HPOTIA COSTULA CQSTWA

’ ’
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§ 30 K

u o 2p
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g 20 X

) ‘,)
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R ,
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w ,

w .

RS-
1 ' IR AR SR S ' ' v . v v . ) N sy .
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Fig. 3. Growth table for frotia costula costula
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PILA AMPULLACEA
61
5
4 A

L
i /
3 , ya
//
'j
2‘ i
| o
Oy —r - v v v -
I z 3 4 5 6 7 8 9 0 1 12 13 14 15
MONTHS

Fig. 4. Growth table for pala ampullaced
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nx
W TARLHIA GHANI LA

B 70 BOMEHALARIA GLABRATA
o0
40y
30X

Pat Nl

HCH

Jradil Tiawtd] II’L:J]M

v

GAMET MG T TR At DI NEE )

Fig. 5. Liological control study between 7. ranifeia {control) and
i, glabraca (farget) under laboratory condition.

HOC
MR TAREBIA GRANIFER/

L7 RADIX, RUHIGINOSA_

500
4(1)1
I
!
3000
i
204
n 1
| : | .
O i i - [! n
| Ml e LTI D
o ' ll ; i I i H
N T Ilhn.. ll. ! Ill il ll.xl . nil xil uil l 8l
0 ? 4 ¢ it n 12 i 6
SAMPUING ~TIME INTERVALS {IN WEEKS )

Fig. 6. Biological control study between v. yranifera (control) and
k. rubiginesa (tlarget) under laboratcry condition.
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R A ANOHES TUBLHOULATA
[0 T HYNIA UANMENSS DUNIOMPHAL U

w H
Lab R DAL et b e it A

9. Biological control study between . tuberculata (countrol) anu

B.5. goniomphalos (target) under laboratury condition.

I MECANOIES TUBERCULAIA. !
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i 'Jm'i; Ium IUL‘HE “Lmu lh’uih Ilth”

AMETING TN TE HI«I y (11 NLEKS)

Fig. 10. Biological control study butween o, tuberculata (cortrol) and

I. exustus (target) under laboratory condition.
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N pHONA COSTIR A COSTLLA
[ 3 BADIX HHGINUSA

Ill;ni II‘JL; b
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Fig. 11. Biological control stuly beiveen foo. costula (eontrol) and

2

24

Iy

16

. rubiginosa (Largel) ander laburatory condition.
| M)

R BROTIA COSTULE A COSTULA
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uEn
I
1 | I r "
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! | il h f
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Fig., 12. dioloyical contyul study belveen i.c. costula (controul) and

k. kapcrensis (Llarget) wnder laboratery condition.
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