
W O R L D  H E A L T H  ORGANISATION MONDIALE 
ORGANIZATION DE LA SANTC 

Replon.1 Ollice 
tor the Eastern Mmditerranean 

SEMINAR ON THE FTWZNTION AND CONTROL 
OF VECTOR KIFNE DISEASES I N  WATER 
RESOURCES DEYELOPMPIT PROJECTS 

Bureau rhpional 
pour la Mlditarranle orlentale 

EM/Sem.~ECh.7.4.2 

ENGLISH ONW 

Alexandria/Khartoum 2 1  March - 6 A p r i l  1978 

Agenda Item 7.1.4 

STRATEGY (ilF MOLUISCICIDE APPLICATIONS 
I N  RESERVOIRS 

W.R. J o b i n  
Human Ecology D i v i s i o n  
C e n t r e  f o r  Energy and 
Environmental  Research 





CHAPTER V1 

STRATEGY OF MOLUJSCICIDE APPLICATIONS 

After  t h e  opt imm chemical has been selected on t he  bas i s  of local  

s u i t a b i l i t y ,  t he  next s t ep  is t o  determine the bes t  s t r a t egy  fo r  applying 

t ha t  chemical t o  t he  var ied habi ta ts .  This s t ra tegy  is primarFly a function 

of  t he  environmental conditions i n  the  snail hab i t a t s  and the  population 

dynamics of t he  sna i l s .  I n  most cases the  population dynamics of the  pa ra s i t e  

do not have t o  be known s ince appl ica t ion  of a molluscicide usually has the  

simple ob jec t ive  of eliminating o r  minimizing t he  average number of sna i l s .  

I f  the  ob jec t ive  i s  more sophis t icated and involves a continuing program t o  

reduce transmission by minimizing t he  number of ~ a a i l s  only during c e r t a i n  

months, then methodologies including seasonal dynamics of s ch i a to swe  transmi- 

ss ion would have t o  be used. However, l imi t ing  t he  scope o f  t he  analysis  t o  

s n a i l  con t ro l  allows de ta i led  development of s t r a t eg i e s  f o r  a reas  where adequate 

information is  ava i l ab l e  on the  s n a i l s  and t h e i r  hab i ta t s .  

I r r i g a t i o n  Systams 

A s  a framework f o r  discussion it i s  i n s t ruc t i ve  t o  es t imate  the  molluscicide 

cos t  f o r  a t y p i c a l  i r r i g a t i o n  system, based on data  from a sugar cane irrigation 

project  i n  Central  Africa. A government-owned reservo i r  with a s torage capacity 

of 10 x 10'' cubic  meters supplies water v i a  a high canal  t o  severa l  p r i va t e  

e s t a t e s ,  with a t o t a l  of each of which has 25,000 hectares  under sugar cane c u l t i -  

vation. The approximate cos t s  f o r  a s i ng l e  appl ica t ion  of Bayluscide t o  t he  irri- 

gat ion system are given i n  Table VII. 

Qbviously t he r e  i s  no pos s ib i l i t y  of t r e a t i ng  the  e n t i r e  rese rvo i r  economi- 

ca l ly .  Even t r e a t i n g  t he  shorel ine alone w u l d  cos t  about $10 mill ion. About 

t he  only a l t e r n a t i v e ,  i f  chemical con t ro l  is  used, i s  t r e a t  t he  downstream port ion 
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TABLE VII. Estimated costs for a single application of Bayluscide 
to a typical sugar cane irrigation system of 30,000 
hectares in central Africa 

SIZE 
APPLICATION CHEMICAL COST TOTAL COST IN 
METHOD IN US DOLLARS US DOLLARS 

1972 1972 

Main Reservoir 10x10~~ cubic spray $1 Billion $1 Billion 
Meters from boats 

Maln Canal 20 ~ ~ / s e c  Water carriage $2 800 $3,000 

Offtake from maln Total of Water carriage $3,000 $4,500 
canal into and thru 20 m3/sec 
all nlght storage 
Ponds 

Drains 1 Kilometer Surveillance $2.00 $9.00 
hand spraying 

All drains in 500 kilometers Surveillance $10.000 $45,000 
system for 1 year every 4 wks. 

and hand spray- 
ing. 



of t he  i r r i g a t i o n  system whenever necessary. Each treatment of the main 

canal  would cos t  $3,000, and t rea t ing  canals leading i n t o  the  night storage 

ponds as wel l  a s  t he  ponds cos t s  $4.500. Since t h e  main canal  is not a very 

good snail hab i t a t  due t o  high veloci ty ,  i t  can be ignored. 

A yearly survei l lance program for t r e a t i ng  the  drainage ditches and main 

drains  cos t s  $9.00 per kilometer of drain ,  o r  $45,000 for  the  e n t i r e  system. 

Sna i l s  a r e  usually more abundant i n  the  dra ins ,  escape the  molluscicide more 

ea s i l y ,  and thus  r e in f e s t  the drains more o f t en  than t he  i r r i g a t i o n  canals.  

During t h e  f i r s t  year of chemical con t ro l ,  it is estimated t ha t  the  de l l -  

very system (off-take from main canal  t o  f i e ld s )  w i l l  need two treatments p e r  

year a t  a cos t  of $9,000 (Table mu). The drainage system of 500 kilometers 

w i l l  r equ i re  about 10 surveys with treatments as necessary a t  a cos t  of $45,000. 

Thus mollusciciding cos t  f o r  an average year w i l l  be $54,000 f o r  the  e n t i r e  

i r r i g a t i o n  system, o r  $100 per hectare. 

The conclusions t o  be drawn from t h i s  simple analysis  of a modern sugar 

cane i r r i g a t i o n  system have general importance f o r  chemical con t ro l  of sna i l s .  

1. Chemical con t ro l  i n  large reservo i r s  is undoubtedly a waste 
of money. Enviromental  o r  b io log ica l  methods fo r  snail 
cont ro l  would have t o  be used. 

2. Chemical control  i n  primary o r  high canals  where ve loc i t i e s  a r e  
rap id ,  thus  l imit ing s n a i l  population and human contac t ,  i s  very 
expensive due t o  large flows of water. These cos t s  can be elimi- 
nated with proper design and maintenance of t he  canal.  

3. The del ivery canals and night s torage ponds a r e  r e l a t i v e l y  easy 
t o  con t ro l ,  the major cos t  being chemicals, with labor cos t  about 
30% of the  t o t a l  cost .  

4. The drainage system is much more expensive t o  cont ro l  and labor 
cos t s  a r e  the  major item, about 80% of t he  t o t a l .  



UBLE VIII. Estimated Cost of Molluscicide program for average 
year in irrigation system of 30,000 hectares. 

COST IN US DOLIARS 1972 
PORTION TREATED CHEMICAL TOTAL 

RESERVOIR OMIT OMIT 

Main Canal OMIT OMIT 

Offtakes and storage 
Ponds 

Drainage system 

TOTAL 



In each case there are possibilities for decreasing chemical costs 

by improving design, construction and maintenance of each element in the 

irrigation and drainage systems. 

Standing Water 

Most of the detailed information collected on snall habltats and 

population dynamics comes from still water habitats such as lakes and res- 

ervolrs. The stategy for such habitats can thus be developed in some 

detail. It must be recognized however that there is a limit to the size 

of reservoir which should even be considered as a case for chemlcal control 

of snails. With current prices 7f molluscicides that limiting size is about 

one mlllion cubic meters of water or less. 

The analysis of molluscicide applications can now be carr~ed to a cost/ 

benefit comparison of alternate chemicals, alternate dosages and alternate 

strategies of control. 

When organizing a program based on control of snails, a question to 

be answeied early In the program is whether timing of the control measures 
i 

1s important. In the case of molluscicides, IS there a month or season when 

the cost/effectivness ratio is unt~sually law7 If not, timing 1s unimportant, 

but ~f the cost/effectlveness can be mlnlmrzed by applylng chem~cals at a specl- 

£LC tlme of the year, thrs should he designed into the program. 

Selection of the best timing cannot easily be done experimentally 

since it involves large numbers of field tests with expensive and time- 

consuming evaluation. A simpler method is to obtain information on pop- 

ulatlon dynamics of the snail and on seasonal character~stics of habitats 

typical to the area, and then to rationally evaluate the effect of control 

measures at different times of the year. To asslst in this mental exercise, a 

computer program for modellng a snail program has been developed. 

Its reliablllty has been previously tested 



using data f o r  a population of African s n a i l s .  Comprehensive f i e l d  s t u d i e s  

were not ava i l ab le  f o r  o the r  specles  a t  the t m e  the model was developed 

The manipulation of t h e  model f o r  t h e  purpose of p red ic t ing  population 

h i s t o r i e s  is  accomplished by proposing increased death r a t e s  f o r  s imulat ion 

of appl icat ion of a molluscicide,  des icca t ion ,  and other  ca tas t roph ic  

events. For a given spec ies  the  number of survivors  i n  a group. over a 

given tlme-interval is 

' 6 0  X Pa X PC 

where so is the  o r i n i n a l  number of s n a i l s ,  pa is the  age-specific s u r v l v a l  

r a t e  f o r  the  tune i n t e r v a l ,  and pc is t h e  p robab l l l ty  of su rv iv ing  any 

catas t rophic  event which might have occurred i n  t h e  t m e  i n t e r v a l .  

Description of t h e  Mathematical Model 

The computational model of a population of aqua t ic  s n a i l s  was 

w r i t t e n  i n  Fortran I V .  The model requ i res  input  information on t h e  s n a i l  

species  (age-specific s u r v i v a l  r a t e s ,  age-speclf ic  b l r t h  r a t e s ,  a fecundxty 

f a c t o r ,  the  relationship of fecundity t o  temperature, t h e  volume of t h e  

crowding zone), and information on t h e  h a b i t a t ,  (volume, temperature, and 

food) From these  da ta  a 3-year p red ic t ion  of t h e  s n a i l  population is cal -  

culated.  The population 1s described by t h e  model f o r  lo-day i n t e r v a l s  i n  

t h e  terms of t o t a l  number o f s n a i l s ,  and number of eggs. 

An i t e r a t i v e  process is used f o r  the computations. The computational 

program begins with a s p e c i f i e d  population,  grouped i n t o  10-day i n t e r v a l s .  The 

f i r s t  s t e p  1s t o  c a l c u l a t e  the number of snax l s  su rv iv ing  t o  t h e  next time- 

period m each age-group The time-perlod and the  age- interval  were s e t  a t  

10 days to  approximate t h e  hatching time f o r  eggs of Biomphalaria g l a b r a t a  

and Bulinus globosus. The numbef of s n a i l s  is then ca lcu la ted  f o r  t h e  f i r s t  



per iod ,  both f o r  o u t p u t  and va r ious  parameters f o r  t h e  f i r s t  t ime pe r iod ,  

such a s  average age  of t h e  popula t ion  and food d e n s i t y  i n  t h e  h a b i t a t  A f t e r  

t e s t i n g  f o r  populatiori crowding, t h e  egg production i s  c a l c u l a t e d  f o r  each 

age-group, according  t o  t h e  a g e - s p r c i f i c  fecundi ty  f a c t o r  and wa te r  tempera ture  

I f  t h e  pou la t ion  1s n o t  crowded , f ecund i ty  i s  p ropor t iona l  t o  h o d  d e n s l t y ,  

whereas i f  t h e  popu la t ion  is  crowded, fecundi ty  is  c a l c u l a t e d  as be ing  pro-  

p o r t i o n a l  t o  t h e  r a t i o  of  food d e n s i t y  and the number of  s n a i l s  p e r  crowding 

zone (Jobrn and Mlchelson,  1968) The number of eggs produced i s  then  

summed f o r  t h e  f l r s t  t ime p e r i o d ,  reduced according t o  ha t ch ing  and c a t a s t r o p h i c  

dea th  r a t e s ,  and t r a n s f e r r e d  t o  t he  f i r s t  age-group of  t h e  n e x t  t ime per iod .  

The e n t l r e  process  is then  r e p e a t e d ,  advancing one pe r iod  a t  a  time. 

S ince  t h e  o r i g l n a l  development of t h e  model s e v e r a l  f i e l d  s t u d i e s  have 

been completed on Blomphalaria  g l a b r a t a  ( Job ln ,  1970). To de t enn lne  i f  t h e  

model was a l s o  r e l l a b l e  f o r  2. g l a b r a t a  t h e  f i e l d  r a t e s  of s u r v i v a l  and t h e  

e n v i r o m e n t a l  c o n d i t i o n s  from Pond B i n  t h e  Pue r to  Rican s tudy  were used I n  

the  model- to p r e d i c t  t h e  h l s t o r y  of t h e  snail popula t ion .  The prediction 

agreed q u r t e  w e l l  w l t h  t h e  observed number of s n a i l s  (F igure  l l A ) . I n  a s l m i l a r  

manner t he  envrronmental  d a t a  from Pond C of t h e  s m e  s tudy  was p u t  I n t o  t h e  

model. Agaln t h e  p r e d i c t e d  number of  s n a ~ l s  was q u i t e  s r m l l a r  t o  t h a t  observed 

i n  t h e  a c t u a l  pond (F igu re  1 2 ) .  I t  was t h e r e f o r e  assumed t h a t  t h e  model i s  

a l s o  r e l i a b l e  f o r  p r e d l ~ t l n g  population histories of  t hese  s n a i l s .  

The major requi rement  f o r  s luru la t lng  s n a i l  popula t ions  w l t h  an  a c c e p t a b l e  

degree of  accuracy  IS a determination of t h e  a g e - s p e c i f i c  s u r v i v a l  r a t e s  

f o r  t h e  s p e c i e s  under c o n s i d e r a t i o n .  Many f l e l d  s t u d i e s  I n  t h e  p a s t  few yea r s  

have provrded t h l s  d a t a  f o r  a number of s n a i l  s p e c i e s  of i n t e r e s t  I n  t h e  

c o n t r o l  of  s c h l s t o s o m ~ a s l s ,  a s  w e l l  a s  o t h e r  r e l a t e d  problems (Fzgure 13).  The 

comparison of l a b o r a t o r y  s u r v i v a l  w i t h  s u r v i v a l  I n  t h e  f l e l d  f o r  t h e  same 
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spec ies ,  underscores the need t o  make ca r e fu l  adjustments when extrapolatin,, 

laboratory data t o  planning of con t ro l  programs. 

Strategy for Brazilran Lakes and Reservoirs 

Brazrl has the most extensive problem with schistosomiasis of any 

country In the western hemisphere Data was obtained on typ:calreservoirs  

i n  the northeast  of Brazi l  near Recife,  and i n  Minas G.rafs near Belo Horizonte 

The clrmates a r e  qu i te  d i f f e r en t  i n  the two a r ea s ,  and so a r e  the a b l l i t l e s  cf 

the local  s t r a rn s  of sna i l s  to  r e s i s t  desiccat ion.  Thus the normal population 

h i s to r i e s  i n  s iml la r  rese rvo i r s  would be qu i t e  d i f f e r e n t ,  and the optimum 

timing of control  measures would not be the same f o r  the  two areas  

Reservoir i n  North-East 

The na tura l  environmental conditions i n  a reservorr  i n  the north-east 

were taken from a descr ipt ion of s n a i l  h a b i t a t s  near the City of Recife 

(Barbosa, 1962) There i s  a 4 month perrod from December through March when 

the hab i ta t  i s  dry and the sna i l s  survive by es t iva t ron  These s n a i l s  have 

a very high res i s tance  t o  desiccat ion.  The r a i n s  begrn rn Apri l  and the 

reservoir  i s  f u l l  of water by May, gradually dimrnlshlng i n  volume from Ju ly  

t o  November a s  the r a m s  decrease The amount of vegetation increases from 

Aprrl to  August and then s tays  a t  a constant  r e l a t i v e  densi ty  (krlograms of 

vegetation per cubic meter of h a b ~ t a t ) ,  u n t r l  the dry season. Water temp- 

eratures  a r e  always abdve 25°C and go as  hrgh a s  35 to  40°as the hab i t a t  d r i e s .  

Thls typrcal climate produces a maxrmum number of s n a l l s  i n  August through 

October, wlth the mrnrmm occurring i n  Aprrl  o r  May a t  the end of the drought 

(Figure 14). 

Chemrcal Applicatrons 

In  order t o  determrne the optimum time of year fo r  app l ica t ion  of 



molluscicides i n  a rese rvo i r  i n  t h e  north-east, 99% mor ta l i t i es  from chemical 

treatment w e r e  simulated fo r  one month a t  a time fo r  Apr i l ,  May, June, July,  

August, September, and October, assming  double appl icat ions  of molluscicides 

during a month, spaced 20 days apar t .  Only 99% mor ta l i t i es  were simulated 

i n  order  t o  show the  population recovery t o  be expected following the  chemical 

treatment. 

The e f f e c t  of the  molluscicides was l ea s t  pronounced i f  t he  chemical w a s  

appl ied during the  breedihg season, primarily because of t he  high reproductive 

r a t e  of t he  sna i l s  (Table IX) and Figure 14). I f  t he  appl icat ions  were made 

i n  May, t he  lowest nmber  of snails during the  year was Ill, i w e d i a t e l y  fo l lo -  

wing t h e  f i r s t  application. The next week there  was a burs t  of egg-laying due 

t o  t h e  environmental conditions and t he  uncrowded hab i t a t ,  thus  t he  n d e r  of 

snails ro se  t o  2251, and 23,000 eggs were deposited, leaving 182 snails a l i v e  

a f t e r  t he  second application. A t  t h i s  time the  reservo i r  was f u l l ,  containing 

9000 cubic me--of tyater. For t he  remainder of t he  breeding season t he  num- 

ber  of $nails increased ataadi ly .  

I n  cp-ast, the  chemicals applied i n  November caused t he  s n a i l  population 

t o  drop t o  10  by April .  There was no recovery, of t h e  population following t he  

appl ica t ion  of molluscicides s ince  water temperatures were too high f o r  ovipo- 

s i t i o n  and t h e  hab i t a t  dried-out completely by December, forcing t he  48 survi-  

vors t o  e s t i v a t e  (Table X and Figure 15). A t  t he  time of t he  November t r aa t -  

ment t h e  reservo i r  was low containing only 50 cubic meters of water. 

By tabulat ing t h e  minimum number of s n a i l s  predicted following t h e  

molluscicide appl ica t ion  f o r  each month, i t  became c l e a r  t h a t  November ranked 

f i r s t  a s  t he  month f o r  treatment which would cause the  small population t o  

drop t o  i ts  lowest l eve l ,  with Apri l ,  October, May and September following i n  

t h a t  order of effeg;tiveness. 



TABLE IX 

Model prediction of t h e  popula t ion  h l s t o r y  of Biomphaldrla  
g l a b r a t a  i n  no r th -eas t  B r a z i l  wi th  double a p p l l c a t l o n  of 99Z 

e f f e c t i v e  mol lusc lc ide  In  May 1911 

Date Number of s n a i l s  H a b l t a t  volume i n  
p red ic t ed  cub ic  meters  

1971 A p r i l  

May 1 
May 11 

May 21 
June 
Ju ly  
August 
September 

4,796 500 
( f i r s t  mo l lusc i c ide  s p p l i c a t l o n )  

111 9,000 
2,251 9,000 
(second mol lusc l c ide  application) 

182 9,000 
511 8 ,000  
398 6,000 

31,708 3,000 
16,672 1 ,000 



PREDICTED SNAIL POPULATIONS IN RESERVOIR O F  
NORTHEAST BRAZIL,UNDER NATURAL CONDITIONS 
AND AFTER MOLLUSCICI DING. 

FIGURE 14 



Figure 15. Predicted Snail Population after Mollusciciding. 



TABLE X 

Model predic t ion of the  population h i s t o r y  of Biomphalaria 
g l a b r a t a  f o r  rese rvo i r  i n  north-east  Braz i l  with double 

application of 99% e f f e c t i v e  m o l l u s c ~ c i d e  i n  November 1971. 

Date Number of s n a i l s  Habi ta t  volume i n  
predicted cubic meters 

1971 October 

November 1 
November 11 

November 21 
December 

197 2 January 
February 
March 
Apr i l  
b Y  
June 
J u l y  

152,373 100 
( f i r s t  a p p l i c a t i o n  of molluscicide) 

855 50 
9,018 50 

(second a p p l i c a t ~ o n  of molluscicide) 
57 50 
4 8  0  
3 7 0  
28 0  
22 0  
10 500 

556 9,000 
955 8,000 

16,012 6,000 



~ l t h o u g h  the precise  numbers developed i n  the analysis  have l i t t l e  

significance,  i t  i s  c l e a r  tha t  the bes t  time t o  apply molluscirides i n  

the  north-east i s  inmediately before the  drought, i n  October and November. 

Reservoir i n  Minas Gerais 

The only area  i n  Brazi l  besides the  north-east  where a great  deal of 

data i s  avai lable  on population dynamics of B. s l a b r a t a  i s  near  Relo Hori- 

zonte i n  Hinas Gerais. A typ ica l  amall rese rvo i r  with environmental condi- 

t ions  of water temperature, vo lme and amount of food was simulated for 

Minas Gerais, using data from Lake Santo and from Lake Pampulha (Table XI 

and Figure 16). 

The predicted h i s to ry  of the s n a i l  population was s imi la r  i n  general 

terms t o  t h a t  obsenred f o r  Lake Santo (Paraenae and Santos, 1953). and fo r  

Lake Pampulha (Andrade, 1963). Water temperatures f a l l  below 20°C from 

May through Ju ly ,  r e s t r i c t i n g  the  breeding season t o  the  other  9 months of 

t he  year. Even during t he  warmer season, mean monthly temperatures of the 

water do not exceed 25O, being much cooler  than the  north-east. Although 

there  ibn ' t  a severe dry season i n  Minas Gerais,  the  water l eve l s  do recede 

during the cold season, reaching a minimum before t he  ra ins  s t a r t  i n  October. 

During the hot  rainy season (October through Apr i l ) ,  the  heavy r a in s  cause 

the  lakes t o  f i l l  and a l s o  produce high leve l s  of t u rb id i t y  due t o  the  f i n e  

s i l t  ca r r ied  i n  by the  flood waters. This high t u rb id i t y  r e s t r i c t s  growth 

of algae and thus re ta rds  the amount of food ava i lab le  fo r  s n a i l s  u n t i l  about 

Apri l  &en the  r a i n f a l l  decreases. During the  dry season t he  water becomes 

c l ea r e r  and aquatic growths increase,  providing more food fo r  the  sna i l s .  

Under these conditions the  model predicted a maximum s n a i l  population i n  

September with a minimum i n  July and August, agreeing i n  general  terms with 

the  observation fo r  lakes i n  Minas Gerais. The reservo i r  simulated fo r  Minas 



Gerais has a maximum volume value of 900 cubic meters, the  same a s  t he  reser-  

vo i r  simulated f o r  t he  north-east, making treatment cos t s  comparable. 

A double appl icat ion of molluecicides was  simulated fo r  each month, assu- 

ming t he  appl icat ions  occurred on t he  l e t  and 21st days of the  month and t h a t  

each appl icat ion caused 99% mor ta l i ty ,  i den t i ca l  t o  the  treatment regime simu- 

la ted  fo r  t he  reservo i r  i n  t he  north-east. Under these conditions the  s n a i l s  

were completely eliminated if t h e  molluscicide was applied during May, June o r  

July.  Since t h i s  made i t  impossible t o  rank the  months comparatively, t he  

mollusciciding was resimulated asalnning only 90% mortality(Tab1es X I 1  and XIII). 

The f a c t  t h a t  t he  mollusciciding i n  Minas Geraia had a g rea te r  e f f e c t  on 

t h e  snail population than did t h e  mollusciciding i n  the  north-east ind ica tes  

t h a t  snail cont ro l  programs are more l i ke ly  t o  succeed i n  Minas Gerais, due 

t o  t h e  nature  of t he  environment. The lower temperatures i n  Minas Gerais cause 

a lower average oviposi t ion r a t e ,  requir ing more time fo r  the  snail population 

t o  recover from a catastrophe. 

Fo t  a rese rvo i r  i n  Minas Gerais,  the  bes t  month for  mollusciciding was 

found t o  be Ju ly ,  while May and June ( the other  months when i t  i s  too cold 

f o r  oviposit ion) a r e  almost as good. Chemicals applied during the  breeding 

season have markedly l e s s  e f f e c t  on t h e  number of snails. I n  addi t ion  t o  having 

a grea te r  e f f ec t  i f  molluscicides a r e  appl ied during the  cold months, t he  c o s t  

w i l l  be s l i g h t l y  lower s ince the  reservo i r s ,  although f a r  from dry, w i l l  have 

somewhat l e s s  water than normally. 

Thus t he  comparative ana lys i s  of t h e  reservo i r s  showed tha t  mollusciciding 

w i l l  be more e f f ec t i ve  i n  Minas Gerais than i n  the north-east, pr imari ly  due t o  

more favorable temperatures f o r  reproduction of the  s n a i l s  i n  t he  north-east. 

I n  addi t ion t he  analysis  shows t h a t  molluscicides should be applied jus t  before  

t he  dry season i n  t h e  north-east ,  but  during t he  dry season i n  Minas Gerais. 



TABLE XI 

Model prediction of the population history of Biomphalarla 
glabrata for reservoir in Mlnas Gerais under natural conditions 

Date Number of Water Habitat Amount of 
sna i l s  temperature volume m food in 
predicted in "L cu meters kilograms 

1971 May 
June 
July 
August 
September 
October 
November 
December 

1972 January 
February 
Uarch 
A p r ~ l  



1971 19 72 18 73 

PREDICTED SNAIL POPULATIONS IN RESERVOIR OF 
M l NAS GERAIS UNDER NATURAL CONDITIONS AND 
AFTER MOLLUSCICIDING. 

FIGURE 16 



TABLE XI1 

Model predic t ion of t h e  population h rs to ry  of Biomphalaria 
g l a b r a t a  f o r  rese rvo i r  rn Minas Gerais with double app l ica t ion  

of 90% e f f e c t i v e  m o l l u s c ~ c i d e  m December 1971. 

Date Number of s n a i l s  Habi ta t  volume 111 

predicted cubic meters 

1971 June 11 
June 21 

Ju ly  1 
Ju ly  11 

J u l y  2 1  
August 1 
August 11 
August 21 
September 

5,418 7,000 
3,978 7,000 

( f x r s t  app l ica t ion  of molluscrcide) 
289 6.000 
206 6.000 

(second app l ica t ion  of molluscicide) 
15 6,000 
11 5,000 

7 5,000 
69,496 5,000 
78,532 4,000 



TABLE XI11 

Model p red ic t ion  of t h e  population h ~ s t o r y  of Biomphalaria 
g l a b r a t a  f o r  rese rvo i r  i n  Mnas Gerais wi th  double app l ica t ion  

of 90% e f f e c t i v e  molluscicide i n  December 1971. 

Date Number of s n a i l s  Habi ta t  volume m 
predic ted cubic meters 

197 1 November 

December 1 
December 11 

December 21 
1972 January 

February --- 
June 
J u l y  
August 
September 

19,590 9,000 
( f i r s t  app l ica t ion  of molluscicide) 

3,015 9,000 
2.940 9,000 

(second app l ica t ion  of m o l l u s c ~ c i d e )  
991 9,000 

1,229 9,000 
2,072 9,000 



The process  employed In a r r i v l n g  a t  thebe conr lus lons  on t h r  tlmllrg c t  

mo l lusc i r ide  ope rd t lons  r s  a  genera l  procedure vhictk can a l s o  bc a p p l l e J  f <  r 

o t h e r  c o n t r o l  methods, f o r  o t h e r  r eg lons ,  and f o r  o t h e r  s p c c i e s  of s n a l l s  

I t  Lan a l s o  be  a p p l l c d  wlthout  t he  u s e  of t h e  computer model, a l though i t  

then becomes much more time ronsumlng 

B Elowlng Water 

I n  apply lng  m o l l u s c ~ c i d e s  t o  s t r eams  and cana l s  t n e r e  a r e  manv othe;  

f a c t o r s  which must be considered i n  addition t o  the  t iming of a p p l l ~ d t  -as 

and those  f a c t o r s  a i f e c t m g  tlie normal b l r t h  and dea th  r a t e s  of t h e  s n a i l s  

The most Important  f a c t  1s t h e  t r a n s p o r t  of t he  chemlcal caus lng  t h e  t o x l c  

dose of chemlcal t o  t r a v e r s e  a  g r e a t  d e a l  of s n a l l  h a b l t a t ,  I n  p r o p o r t i o r  5 0  

t h e  v e l o c l t y  of t h e  f low. 

The second important  f a c t o r  is whether t h e  flowing water  1s parL of a 

dra inage  system - u s u a l l y  meanlng a converging system of s t reams e v e n t u a l l y  

jo ln lng  i n t o  a  l a r g e  r l v e r - o r  whether i t  is p a r t  of an i r r l g a t l o n  system 

which h lve rges  from a s l n g l e  source ,  b r a n c h ~ n g  out  t o  numerous sma l l  c a n a l s  

and f i n a l l y  t h e  fur rows of t he  cane f l e l d  o r  t h e  r l c e  paddy. The l a b o r  mvo l -  

ved In  a p p l y ~ n g  m o l l u s c i c ~ d e  v l a  an i r r l g a t l o n  system 1s much l e s s  than  t h a t  

f o r  a  d r a m a g e  system, t h u s  l a b o r  savlng  techniques  become more Impor tant  i n  

d r a m a g e  systems.  I n  g e n e r a l  t h e  strategies, and perhaps t h e  p r e f e r r e d  

mol lusc i c ide  may be different f o r  a  d ra lnage  system and f o r  an l r n g a t l s l i  s,st< 

rn  the  same v a l l e y .  



Drarnage Systems 

In tens i ty  of Treatment 

Natural r i ve r s  and stream, systems, rep le te  with numerous lakes 

and swamps a r e  the basic  na tu r a l  hab i ta t  of the s n a i l s  involved i n  disease 

transmlssron. The fluctuating and v a n e d  hab l ta t  cha rac t e r i s t i c s  which pro tec t  

the s n a ~ l  population from na tura l  catas t rophles  a l s o  protect  them from the to- 

x i c  e f fec t s  of molluscicides Muddy, weed-choked banks of small streams 

provlde a  perfect  haven fo r  adu l t  and juvenlle sna i l s  The same mud end weeds 

block and detoxlfy the pesticide as  i t  flows by i n  the main current.  The 

s n a l l  species have adapted t o  the continual r l s e  and f a l l  of the r iver  l eve l ,  

not by following the fluctuations, but by r e s i s t i n g  the temporary drylng 

u n t l l  the waters re turn.  Thus a  mollusciclde appl icat ion a t  low r l ve r  s tage 

w r l l  mlss numerous sna l l s  whlch a r e  temporarily stranded or  whlch a r e  surviving 

In  pockets of water temporarily disconnected from the mainstream. 

Thbs a  program to k l l l  the s n a i l s  by applyrng chemicals to  the stream 

must lnclude ways of ge t t lng  the chemical to  penetrate  the rnarglnal hab l ta t s  

a t  the  requlred concentration and must a l so  deal  with the large nmbers of s n a l l s  

w h ~ c h  w l l l  be out of the water a t  the time of the mollusciclde appl lcat lon.  

There 1s no polnt i n  contemplat~ng a  mol luscrc~de  appl icat ion program for  

na tu r a l  streams whlch envlslon a  simple toxlc wave transported down the 

rlverbed by the flow. Such a  program w i l l  k i l l  many s n a l l s  but  w i l l  make only 

one or  two month reduction In  the average number of s n a i l s  s ince they can 

qulckly repopulate. 

There a r e  three ways t o  deal with the problem of dispersing the chemlcal 

t o  the streams edge. One 1s  to  over-dose t he  stream so t ha t  the  large t ransverse  

gradlent  i n  chemlcal concentratlon w i l l  d r i ve  the toxlcant out t o  the margln 



The second 1s t o  spray  an additional amount of chemlcal d i r e c t l y  I n t o  t l l t  

margins, a long both edges of t he  stream throughout t h e  t r e a t e d  l rngt l l  Tht 

overdose technique r e q u l r e s  very l l t t l e  l a b o r  and not  too much chemlcal if 

t h e  stream discharge is smal l  The marglnal  sp ray ing  r equ i r e s  a  l o t  of  l a b o r  

b u t  ~t can save  a  tremendous amount of chemical i f  t h e  s tream has a  l a r g e  

d ischarge  The t h i r d  method IS t o  deepen t h e  margin and e l imlha te  t h e  s t ~ n l l o w  

por t lon  by digging o r  c l e a r i n g  t h e  margln of t h e  s t ream 

There are a l s o  t h r e e  ways of d e a l i n g  wi th  t h e  problem of s n a l l s  

temporarily o u t  of t h e  wa te r  connected t o  t h e  main flow One method 1s t o  

r epea t  t h e  mol lusc i c ide  application once o r  twice,  a l lowing time f o r  t h e  s t rdn -  

ded s n a i l s  t o  r e t u r n  t o  t h e  main flow. I n  small streams i n  Puer to  Rico,  t he  

mol lusc i c lde  was app l i ed  3 t imes  a t  1 5  day i n t e r v a l s  a t  each a p p l i c a t i o n  po ln t  

S ince  t h i s  lnvolves  a  30 day i n t e r v a l  between t h e  f l r s t  and l a s t  a p p l i c a t i o n  

i t  a l lows cons ide rab le  changes m water  l e v e l  t o  occu r ,  t hus  b r l n g i n g  i n  t h e  

s n a l l s  s t randed a t  t h e  tune of t h e  f l r s t  a p p l i c a t i o n .  The second method f o r  

reac tung t h e s e  s n a i l s  is t o  spray  t h e  margins above t h e  water  l e v e l  w i t h  a  

concent ra ted  h igh-pressure  s p r a y  of m o l l u s c i c ~ d e  whlch w i l l  p e n e t r a t e  t h i n  

o v e r l a y s  of mud and d e b r i s  and w l l l  soak i n t o  t h e  e s t i v a t i n g  s n a i l .  I n  some 

cases  flame-throwers have been used l n s t e a d  of  t h e  chemlcal spray  The reason 

f o r  t h l s  k i n g b f  marglnal  sp ray lng  1s not  t h e  same a s  t he  reason f 6 r  s p r a y i n g  

i n  t h e  shal low per lmeter  of t h e  s t ream,  bu t  t h e  two procedures should obviously 

be combined i n t o  one  p rocess ,  sp ray ing  t h e  dry  banks and t h e  sha l low edge of 

t h e  s t ream a t  t h e  same t i m e .  Tile t h i r d  method is a l s o  d l t c h i n g  bu t  l n  t h i s  

c a s e  i t  involves  provision of r ap id  d ra lnage  f o r  s t r anded  a r e a s  t o  i n c r e a s e  

t h e  desiccation and t h u s  t h e  dea th  r a t e  of t h e  of t h e  s t randed s n a i l s .  

I f  t h e  l o c a l  e r a d i c a t i o n  of t h e  s n a i l  1s being  at tempted then a l l  of  



t hese  techniques  must be used s ~ m u l t a n e o u s l y  I f  t h e  o b j e c t i v e  is  only 

t o  i n t e r r u p t  transmission then  t h e  a t t a c k  could be reduced simply t o  s tream 

dosing a t  Wo o r  t h r e e  tunes  t h e  t o x i c  requirement. The genera l  experience 

with such c o n t r o l  program has  been t h a t  i t  IS more profitable t o  begin wl th  

a  concerted f u l l - s c a l e  e f f o r t  a s  ~f  s n a i l  eradication were the  o b j e c t i v e  

Even when a l l  of t hese  techniques a r e  used s m u l t a n e o u s l y  t h e  s n a i l s  have 

even tua l ly  r e tu rned .  Continuous surveillance and c o n t r o l  attemps a g a i n s t  

Biomphalarla g l a b r a t a  1n Pue r to  Rico reduced t h e  e x t e n t  of  s n a i l  population 

i n  t h e  m u n l c i p a l l t l e s  of Vieques, P a t i l l a s ,  Guayama, and Arroyo t o  a  few smal l  

f o c i  bu t  t h e  sna~ls continued t o  reappear  s p o r a d l c a l l y ,  even a f t e r  20 yea r s  

of mo l lusc i c lde  opera t ion .  Obviously t r ansmls s lon  had come t o  a h a l t  du r ing  

t h i s  p e r i o d  b u t  t h e  s n a i l s  remained, ready t o  r epopu la t e  and invade a l l  t h e  

o ld  h a b l t a t s  i f  l e f t  undisurbed f o r  t h r e e  o r  f o u r  months. The s n a i l s  always 

come back 

Sequence of Treatment 

,Because t h e  s n a l l s  can be washed downstream by the  f low, a  m o l l u s c l c ~ d i n g  

program must a l s o  proceed downstream begln lng  wi th  t h e  s n a i l  a t  t h e  top  c 3 f  

t h e  s t r eam b a s l n  Many tunes  t h e  sou rces  of t h e  s t ream may be a l a k e  

o r  marshy a r e a .  The i n i t i a l  h a b l t a t  must be t r e a t e d  o r  o therwrse  c l ea red  of 

t h e  s n a i l s  be fo re  any chemical a p p l l c a t l o n  1s a t tempted  below. 

I n  a h l g h l y  branched network of s t ream cour ses  i t  IS sometimes advan- 

tageous t o  make a synchronized application of  chemical t o  t h e  s e v e r a l  s t ream 

sources ,  t h u s  preserv ing  t h e  t o x i c  c o n c e n t r a t i o n  a s  t h e  sychronized waves of 

chemical j o i n  a t  t h e  s e v e r a l  conf luences  If only one sou rce  is t r e a t e d  each 

day, t h e  t o x i c  e f f e c t  of t h e  dose  would be  l o s t  a t  t h e  f i r s t  confluence because 

of d l l u t ~ o n  by t h e  t r i b u t a r y .  Thus t h e  b e n e f l t s  from t h e  s i n g l e  t rea tment  a r e  

l l m ~ t e d  t o  t h e  s n a l l  h a b l t a t s  above t h e  c ~ n f l u e n c e  I f  t h e  s e v e r a l  branches werc 



treated i n  a pat tern t ha t  caused the doses to  meet a t  the confluence then 

the toxic concentration is  maintained and the benef i t s  extend downstream, 

llmited only by the detoxicat ion of the molluscicide 

The ha l f - l i f e  of Bayluscide i s  roughly two days. I f  the applied 

concentratlon i s  four tunes t he  toxic dose t he  value of sychronized treatments 

i s  limlted to  stream branches where the t r ave l  time t o  the next t r ibu ta ry  i s  

iess  than four days s ince  the  wave would lose i t s  toxic impact by the time 

i t  reached the confluence. I f  t he  t r ave l  time on each branch was only 112 

day o r  a few hours then synchronized treatment would be very benef ic ia l .  

Synchronization can be planned from t r ave l  time s tud ies  using s a l t  waves If  

the flow i n  the stream and then the t r ave l  time f l uc tua t e  rapidly,  ayochronized 

treatment i s  not reconanended due t o  the considerable expense and d i f f i c u l t y  

of determining the  cor rec t  timing for  application. 

Equipment 

The most important element i n  t rea t ing  na tu ra l  streams and r i v e r s  

IS the care fu l ,  in tens ive  nature  of the process. Natural stream systems a r e  

often i n  almost inaccessible  a reas  requir ing hours of walking and cu t t i ng  

through heavy growth sunply t o  reach the appl icat ion points.  When accesi-  

b i l i t y  i s  so  d i f f i c u l t ,  the be s t  equipment i s  usual ly  no equipment. Othewise  

very large amounts of time can be l o s t  because of simple malfunctions of dispensers ,  

weirs,  sprayers,  t imers,  e t c .  Bayluscide is remarkably adapted to  t h i s  

philosophy s ince it i s  most toxic when applied i n  a shor t  high dose. I t  is 

thus su f f i c i en t  t o  mix the  chemical i n  a drum and allow the drum to d r a in  comple- 

t e l y  i n  one hour, making minor adjustments t o  the flow r a t e  of a hose attached 

to  the bottom of the drum. 

Several kinds of automatic dispensers have been developed recently but 

one of the  advatages of Bayluscide i s  t ha t  i t  avoids t he  necessi ty  fo r  these 



dispensers. A drum with an attached hose is usually sufficient. 

Measuranent of discharge in such situations does not have to be very 

Usually the timed-float method is adequate especially when the 

overdose technique is being used. The application of an initial concentra- 

tion 3 to 5 times the toxic dose gives a factor of safety for errors in 

stream flow measurement. 

Irrigation Systems 

Mollusciciding in large irrigation schemes is very costly because of 

the large flows and the large amounts of chemical required. Labor costs 

become less important than in natural streams, especially if the velocity 

In the irrigation canal is above 10 or 20 cms/sec, thus transporting the 

applled chemical for 9 to 18 kilometers in one day. 

If the irrigation canals flow at very slow velocities, such as the 

dead end situations in some ancient canal systems there is little transport 

of the chemical and the process should be handled as a standing water appli- 

cation. 

Because of the expensive chemicals involved, both the measurement of the 

canal flow and the control of the chemical discharge must be accurate. For 

this reason it IS necessary to use fairly sophisticated dispensing devices, 

and to make repeated measurements of canal and dispenser flows. Various kinds 

of constant-flow dispensers can be used, or manual adjustments can be made at 

30 minute intervals to insure a steady rate of discharge: Usually in an irri- 

gation system the owners can supply flow figures for the canals and dosages 

can be calculated on the basis of these flow measurements. If the authority 

cannot provide accurate measurements then current meters should be used to 

gage the flow, or a hydraulic engineer can determine the flow as it passes over 

certain structures such as spillways or weirs. The timed-float method is not 

sufficient for measurements in large irrigation canals. 

If a primary canal is unlined and has velocities suitable for snail 



colonization below 30 cmsfsec i t  w i l l  undoubtedly be an important s n a i l  

hab i ta t  and probably a lso be a transmission s i t e .  Thus the  need fo r  regular 

mollusclciding i s  evident. This w i l l  have t o  be continually repeated unless 

the reservoir is  freed of s n a i l s .  Fast-flowing canals v i t h  concrete-lining not 

only a r e  poor hab i t a t s  but a r e  a l s o  d i f f i c u l t  f o r  human access tlius reducing 

t he i r  importance a s  transmission foc i .  

In  some schemes no molluscicides have been applied t o  the  high cana l ,  

instead they begin the molluscicide appl ica t ion  a t  the off-take gates which a l so  

nark the beglning of su i t ab l e  hab i t a t  conditions fo r  the sna i l s .  The appl icat ion 

t o  these secondary canals can be timed to  a l s o  t r ea t  equalizing reservo i r s  

downstream by begining the appl ica t ion  when the  reservoirs  a r e  nearly empty, 

thus f l l l i n g  them with the molluscicide so lu t ion  which has passed down the 

secondary canal. 

I n  the  case  of well-maintained, l ined canals the d i f f i c u l t i e s  of dispers ion,  

so  pronounced i n  na tu r a l  streams, do not present a problem. A s ing l e  appl i -  

cat ion i s  s u f f i c i e n t  t o  con t ro l  the s n a i l s  and spraying of the shorel ine is  

not necessary. I f  deposits of mud and debris  a r e  comnon i n  t he  canal  a 

second application should be made two weeks a f t e r  the f i r s t  t o  k i l l  the s n a i l s  

which might have been tauporar i ly  protected.  

Wet lands 

Sane species  of s n a i l s  colonize wetland areas which have low depths of 

water i n  the presence of heavy vegetation. Although molluscicides can be 

used effect ively i n  these wetlands i t  is  invariably more sens lb le  to  Improve 

the drainage network by di tching o r  by other  methods requir ing a minimum of 

maintenance. It i s  possible  t o  determine the de s i r ab i l i t y  of drainage works 

simply by ca lcu la t ing  the annual cos t  f o r  construction and maintenance of the 



dralnage system and comparing ~t wi th  t h e  annual c o s t  of m o l l u s c l c l d ~ n g  

In such a r e a s  t h e  mol lusc l c ld lng  w i l l  have t o  be repeated every year  a t  about 

t h e  same l e v e l  The seasona l  requirements and tlmlng should be worked o u t  

ca re fu l ly  t o  g e t  maxlmum impact of t h e  mol lusc lc lde  A s lmpler  r u l e  of thumb 

would be t o  expect  t o  mol lusc ic lde  every two months dur lng  t h e  breeding  seabon 

Thus t h e  c o s t  f o r  Bayluscide c o n t r o l  f o r  Blomphalarla g l a b r a t a  In 

Puerto Rico f o r  swamps wl th  year-round water  and temperature f a v o r a b l e  f o r  

breedlng would be  

s l x  a p p l l c a t ~ o n s  a t  0.5 x  10,000 m2 x 0  l m  depth  x $13/kg a 1  

$13 00 6 x 0 5 x 1000 x -lm = $39/hec tare  annual c o s t  

of chemlcals The l a b o r  c o s t  depends on t h e  method of application I n  

most cases  ~t must be  done on f o o t  I f  a  sprayman In  P u e r t o  Rlco covered 

one hec t a re  pe r  two hours  wl th  a  wage of $1 OO/hr t h e  l a b o r  c o s t  would be  

$2.50 per  h e c t a r e .  Thus t h e  annual c o s t  f o r  mollusclcidxng t h e  swamp would 

be $41.00 pe r  h e c t a r e ,  provld lng  a comparlson f o r  any proposed d i t c h i n g  o r  

dralnpge system The beneficial a s p e c t s  of land reclamation should a l s o  be 

deducted from t h e  c o s t  of t h e  d ra lnage  works b e f o r e  making t h e  comparlson 

but  ~t may be  o f f s e t  by t h e  annual  c o s t  of mo l lusc i c id ing  i n  t h e  d ra inage  

d i t c h e s  s l n c e  t h e y  u s u a l l y  become good s n a l l  habitats. A s  a kenera1  r u l e ,  

t h e  r e c l a m a t ~ o n  of t h e  land by d r a m a g e  1s always a b e t t e r  approach than  

uslng chemlcals  f o r  wet lands .  


