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ABSTRACT

SOME ASPECTS OE EFt-SCIOLIASIS HI UGAITDA ~

Introduction

Chapter 1 :
Chapter 11 :
Chapter 111 :
Chapter 1V :

: A historical account of events and people asso-

ciated with the discovery of the life cycle of
Fasciola gigantica is given.

An account of a survey carried out throughout the

18 districts of Uganda to establish the spread of
fascioliasis and what species of Fasciola is res-
ponsible for the disease in Uganda, and the find-
ings of this survey is given.

Experiments on the field epidemiology of fascioliasis
are described, their results discussed and conclusions
drawn in this chapter.

In this chapter experiments on the population dyna-
mics of Lymnaea natalensis the snail host for
Fasciola gigantica are described, results of such
experiments discussed and conclusions drawn.

In this chapter experiments demonstrating the deve-
lopment of the intramolluscan stages of Fasciola
gigantica are described, results discussed and

conclusions drawn.
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IHI "HODUCII1ON

Livestock farmers throughout Uganda suffer heavy annual
financial losses as a result of high incidence of fascioliasis
in their animals. "Wormy'" livers are condemned at slaughter
houses. Uganda Meat Packers abattoir has recorded a total of
209,739 cattle slaughted between May 1954 up to and including
March 1969. Out of this total, 34,992 animals had their livers
candemned: as a result of fascioliasis infection. Authorities
of the Ankole Punching Scheme in Western Uganda reckon that 35-

N

40/ of their cattle sent to abattoirs have their livers condem-

ned due to fascioliasis infection (personal communication).

Coyle (1950) has stated "In assessing the economic
importance of the disease (fascioliasis) to Uganda, two separate
aspects must be considered; firstly, the loss of liver both to
the consumer and butcher; and secondly, the quite inestimable
los3 due to loos of health during life (of the animal) with sub-
sequent 103S of carcass value after death. Much of this los3
of health is brought about by increased susceptibility to other
predisposing diseases...... Sudden deaths in Uganda sheep are

common due to mass invasion of the liver by young flukes.™
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Work on fascioliasis lias been in progress in the world and
in Africa for many years. In East Africa important studies are
those of Dinnik and Dinnik (1958, 1959, 1963 and 1964), Froyd
(1959), Bitakaramire (1968) in Kenya and Tanzania. In Uganda,
the pioneering work is that of Coyle (1956 and 1958) and more
recently that of MItchel (1968); however, much remains to be
done to try and answer a number of questions that are still a

mystery to veterinarians and farmers.

It was therefore decided that the following aspects of
fascioliasis be investigated.
a) A survey to establish the spread of fascioliasis and
the species of Fasciola that is responsible for the

disease in Uganda"s livestock,
b) The field epidemiology of the disease in Uganda.

c) The population dynamics of the 3nail hoot lymnaea

natalensis in relation to its habitats in Uganda.

d) The intramolluscan phase of the life cycle of the
species of Fasciola responsible for fascioliasis in

Uganda,



The story of fascioliasis in the world dates back many years.

The earlier published work, according to Taylor (i.964), goes

back to Jean de Brie, who was ordered by Charles V of Prance

to write a treatise on wool production, and who, according to
some later accounts of the work (the original having been lost),
made reference to the liver fluke and to the disease "liver

rot”. It never occured to de Brie that the disease might be
caused by the fluke, but rather as the result of '"a corruption

of the liver through noxious substances produced® by certain

plants, that give rise to development of the worms.

Reinhard (1957) refers to Sir Anthony Pitsherbertls book
of 1523, "A newe Tracte or Treatyoe moost profitable for all
Husbandmen'™ as giving the first recognizable description of the
liver fluke. After this, very occasional accounts on the sub-
ject appeared in literature. Next came records on observations
of several intermediate stages. At this time, there existed
no idea of their connection with one another or that they
might represent various stages in the growth of one and the
same organism. For 40 or 50 years cercariae swimming in pond
water were written about without their connection with the
liver fluke being suspected. An intervening period of 115 years

elapMd between the first recorded observation of a cercaria and
the proof that cercariae represent an earlier stage in the deve-

lopment of a Ffluke.
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Prior to the important observations made by Thomas (1332)
and Leuckart (1882) there were isolated observations and recog-

nition of connections between the different stages.

In 1737 SSvamierdam observed while dissecting a snail some
separate living things which he recognised as not being part of
3nail; he recognised those were parasites, which he called
"worms"™ (a popular term in those days referring to any creature
that was long and thin, without legs and which wriggled).
According to Taylor (1964) Swammerdam®s illustrations of the
"worms' are very easily recognizable as the cereariae of tre-
matodes. It took 145 years after this first record of the
intramolluscan stage before the life cycle of the liver fluke

was worked out.

In 1773, Muller reported his discovery of a microscopic
tadpolo-like creature that swam about in pond water, Muller
named this creature 'Cercaria'”. In 1783 Hermann noticed
similar creatures and named them Vibrio; however, these were
of more elongated shape. Other new names appeared e.g.
Purcocera (for cereariae with forked tails). According to
Schmid (192S) Weinland in 1875 described a cercaria that later

proved to be identical to that of Fasciola hepatioa.



In 1800, Zcder recorded the process of hatching of a
trematode egg and the sub3quent escape of the miracidium into
the water. In 1837 Creplin observed this process in the egg
of the liver fluke itself. After Zeder"s observation, Nitzsch
in 1807 reported the process of encystment of a cercaria; he
interpreted thi3 process as "an unusual kind of death”™ .with.no
notion that he had observed the encystment of the infective
stage of a trematode. In 1816, Nitzsch went further and pointed
out the remarkable similarity between the cercariae and the
flukes, although he was still of the opinion that the two were
independent. He wrote, "the tail of the cercaria clearly dis-

tinguishes it from flukes and from all other forms of pond life™.

Up to thi3 time, therefore, the only thing that was defi-
nitely known about the life history of the liver fluke, or any
other fluke for that matter, was that eggs were laid. All of
the many observations on cercariae and rediao, leading up to
Nitzsch®s observed connection between the cercaria and the
metacercaria, still remained isolated from one another. The
nature of the creature hidden under the disguise® was still to
be revealed.

In 1818 Bojanus reported the discovery of what 1  “.ailed
the royal-yallows worms while dissecting some pond e Is.

These '"royal-yallows worms™ contained cercariae, ar nat these



enventually emerged from the nurse worm and swam off, tadpolc-r

fashion, Into the v.ntor.

In 1813, Mehlis made the next significant contribution.
He reported how he had v/itnessed the minute, ciliated embryo
pushing off the end of the flukels egg and swimming rapidly
away in water. He therefore suggested that its energetic
movements might represent a search for something that could
enable it to grow to a more advanced stage of development at
which it could proceed to infect the final host. Earlier on,
it had come as a surprise to Biologists that the young fluice
should bo so different from the adult which had laid the egg,
and this suggestion of l.iehlis* helped to form the earlier idea
that sheep and cattle do not become infected through swallowing
the fluice*s egg but some other stage in its complicated develop-
ment. Despite this suggestion by Mehlis, the popular theory
still remained, that in some way the swallowing of eggs with
tile food must give rise to the appearance of flukes in the
liver. As late as 1362 when Simmonds reported a negative re-
sult naving "exhibited” thousands of eggs to an experimental
sheep, which was killed some six months later. Similar negative

results had been realised in Germany and elsewhere.



In 1837? van Siobold notice;! that a miracidium of a . ..
certain fluke contained an embryo which in general form rese-
mbled the rediae that had for so long been known in the inter-

nal organs of snails.

In 1842, Steenstrup, professor of Zoology at Copenhagen
published Ms *principle of metagenesis or the alternation of
generations'. He defined Ms theory "the remarkable pheno-
menon of an animal producing an offspring wMch at no time re-
sembles its parent, but wMch, on the other hand, itself brings
forth a progeny, wMch returns in its form and nature to the
parent animal, so that the maternal animal does not meet with
its resemblance in its own brood but in its descendants of the
second, tMrd, or fourth degree or generation; and tMs always
takes place in the different animals which exMbit the pheno-
monon, in a determinate number of generations.” He fitted the
theory to the life Mstory of the trematodes amongother®"Creatures,
and expressed the opinion that the whole established divisions
of families of animals must now be abolished, since they in*
eluded only undeveloped forms and that several forms wMch had
been regarded as of different species and genera, would be

found to be stages in the development of one and the same animal.



Stoonstrup”s application of this principle to_tho life
history of trematodes contained several fallacies: the redia
was regarded as the "wet nurse"™ of the cercariae which, in
their turn, wore thought to be essential to the existence of
the rediae; the cercariae were regarded as '"'trying to return
to the snail in order to pupate because they had loot their
tails,” and Steenstrup considered that the sexually mature
Ffluke must exist in the snail which becomes infected through
the cercariae. rhc theory of alternation of generations made
the specific identity of these many varied forms seem possible,
however, and offered a solution to "hat had previously been

inexplicable.

In 1652, Leuckart advanced the idea that a certain fluke
found in the intestine of predaceous fishes was specifically
identical with an encapsulated cercaria found in the gill3 of
certain other smaller fishes on which the final host feed.

This idea was later shown to be true.

In 1855 la Yalette do St. George published results of
feeding experiments demonstrating that certain encysted cer-
cariae from water snails developed into sexually mature flukes
in birds. He also observed that only the encysted cercariae
v/ould do this, and that tho tailed cercariae which swam active-

ly in the water and load not yet become encysted were digested in
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the iIntestines of ;m experimental host.

In 1854 de Filippi studied, and described a new trematode,
histoma paludinae inpurac. haring this study he showed, for
the first time, the difference between the sporocyst and the
redia of this parasite. He came to understand that a parasite
he had earlier described as Redia gracili , in 1837 was an
ealier stage in the development of an ouphistomc and that
similpj? stages occur in other species. He, therefore, wont on
to conclude that Redin is not a generic name for an adult tre-
matode, but like the genus Cereariam Muller, 1773, is merely
a 3tage in the life cycle of certain trematodes. de Fil%ppi

0
described sporocysts as being simple membranous sacs, without
internal organisation, viiereao rodiae are provided with a

mouth, muscular pharynx and an intestine.

In 1857 Wegener observed a miracidium penetrate a snail
and its subsequent development into the redia. This last link
in the whole chain in the life cycle of the liver fluke took
120 years after the publication of drawings of cercariae by

Swammerdam.
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Between 1880 and 1883 Thomas .:id Leuckart working
Fak
independently elucidated the life cycle of Fasciola hepatica
by showing all its stages plus the snail carrier lrmnaea

truncatula. This was then the pleasant conclusion of 143 years

of many observations and hard work by many biologists.

Although as early as 1807 Nitzsch had noticed the encyst-
ment of a cercaria it never occured to him that he had witnessed
the encystinent of the infective stage of a trematode. Strangely
enough he interpreted the process as '"unusual kind of death;"

It was not until 1913 that the tcim metacercaria came into
being, Dollfua (1912) proposed the term "meta-cercaire"” to
designate the immediate post-cercariol stage, whether encysted
or not, and in later publications wrote the term as a single

word, "‘metacercaire,"’

Most of the early work described dealt with Fasciola
hepatica. At this time other workers were engaged in taxono-
raical work. In 1856, Cobbold described 61 liver jfluke ho wretsovered
from a giraffe belonging to a travelling menagerie in England,
lo this fluke Cobbold gave the name Fasciola gigantica. Ilater
in 1895 from cattle at a St. loui3 abattoir in Senagal kailliot
described a new liver fluke "which he named Fasciola hepatica
var. angusta. From a slaughter house in Egypt, loos (1896)

described a new liver fluke he recovered from cattle; he called
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this parasite Fasciola hepatica var. ucgyptiaca. Both of
these woru lator to be classified together with Cobbold®s

species Fasciola giguvtica.

In South Africa Porter (1920) elucidated the life history
of P. gigantioa. She used mts, rabbits, guinoa-pigs and sheep
as definitive hosts .ad the snail lymnaea natalensis a3 the
intemediate host. Alicata (1958) repeated the cycle using

rabbits and the snail host Fossaria ollola iIn Hawaii.

Although Porter (1920) and other workers refer to F.
gigantica as the African liver fluke, its geographical distri-
bution is quite wide. Shis wi.ck geographical distribution has
necessitated the use of other species of snails in different
parts of the world. In Africa Monnirg (1934) reports that
Lyrnaea natalensis and Physopsis africana are the two snail
hoots of the fluke. Hhalerao (1933) points out that lyrnnaea
acuminata is the host in India, From the Philippines, I.lanipol
(1936) reports Lymnaea philippinensis, L. swrinlngi and Amphipe-
plea cumingiana as the host3, while Alicata and Swanson (1937)
have found Foggaria ollula and Pseudosuccinoa columella Alicata
(1953b) to be the hosts in Hav/aii. According to Pantelouris
(1965), Kibakin (i960) has reported Radix logotis, R. Oyata,
R.. pereger, Galba truncatula, and Bhysa acuta to be the hosts

in Turkmen, Russia,
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CHAPTET 1

1. FAGCIOLIA.SIS SURVEY

Fascioliasis as a disease of livestock has been recognized
in East Africa for a long tine. Records received from Uganda
Meat Packers Itd. abattoir show that the condemnation rate of
livers infected with Fasciola is on the increase over the last
ten years. Coyle (1956, 1950) has reported his work on fascio-
liasis in Uganda Vhere he says no Fasciola hepatioa had been
reported up to 1956. Mitchel (1968) has stated that Kenya and
Uganda are inhabited solely by Fasciola hepatica w/hile Tanzania
i3 exclusively F. gigantica territory. Bitakaramirc (1968) has
reported tliat in Kenya, fascioliasis of cattle is mainly due
to F. giguntica. Ogambo-Ongoma (1969) has reported the incide-
nce of F. hepatioa in Kenya cattle as being very slight and
confined to the highlands while the vast majority of cases of
fascioliasis, whether in the highlands or at lower altitudes

are duo to F. gigantica.

It was therefore decided that a detailed survey of the
disease be carried out throughout Uganda to establish the
following facts:

a) The spread of fascioliasis in Uganda.

b) What species of Fasciola is responsible for the

disease in Uganda cattle.
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1.1 NMAIBRIAIS ALP METIIOho

Over a period of 25 months various places thoughout tie
eighteen districts o0? Uganda were visited; these included
big towns and small villages; lakes, streams, rivers, ponds,
swamps and small ditches or holes that had water in them. At
abattoirs and slaughter sites, livers of slaughtered .animals
were examined; two transverse incisions were made across the
main bile ducts visible on the surface of the liver lobe. The
lobe was squeezed to see if flukes would come out through the
cuts. A third incision was made longitudinally through the
lobes to expose ductc in the center. Flukes, when present,
were examined visually and some of them put into plastic bot-
tles with joyo silcohol. homo of the slaughter site or abattoir,
the area from where the animal was raised and the number of
livers examined and those infected with Fasciola were recorded,
fhe flukes thus preserved in alcohol were taken back to the
laboratory at Makerere University where they were fixed in AFAM
stained in acetocarmine and mounted in Canadian bals.am for

identification.



Prom various bodies of v/ater snails were collected
using a not. Whonovor the right snail host, IMmiace. natalensi,
was found the snails wore placed in a petri dish with tap water
brought from the laboratory, dissected under a dissecting
uicroscopc in the field, and examined for the iutranolluacan stag
of Fasciola* The number of snails examined, and those infected
with Pasoiola, end the district where they wero found were

recorded. Soe Table 11,

Prom the folloving centers, listed according to districts
livers infected with, fasciola wore found. Soe appendix 1.
Table 1 shows the number of cattle- livers examined and those
infected in. every district. Host of the centers wore visited
by the author; however, a few of the centers arc listed be-
cause some of the infected animals examined at some of the
visited centers were raised in different localities. Such
animals are recorded as coming from the place where they wore
raised and not where they were slaughtered. m Names..of a "number
of smaller villages which were visited cannot be located on
the map, such places are regarded a3 being part of the larger
centers and are therefore recorded as such. Places v,here
fasciola was found are represented on the Uganda map by dots.
Each dot represents a single known center including smaller

village3 immediately surrounding it. Sec figure 1.



- 15 -

1.2 RESULTS:

Over a period of 25 months -m September 1968 to September
1970 - a total of 11,435 cattle livers wore examined throughout
Uganda; of this total 6,144 were infected with fasciola. Full
results based on districts is shown in Table 1. All species of

flukes recovered and identified turned out to be Fasciola giga-

ntica Cobbold, 1856.

Over the same period, a total of 8,311 lymnaea nut Hensis
were examined, and out of this total 981 were infected with
intramolluscan stages of Fasciola. See Table Il for full re-

sults based on districts.
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Figure 1, A map of Uganda showing the distribution of faecio-

liasis
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Table 1. CATTLE LIVERS EXAMINED DOR RASCIOLA DIRECTION Il
VARIOUS DISTRICTS

district BO. OR w-. OR INFECTION
LIVERS EXAMITIED LIVERS DIRECTED RATE (=1

Kigezi 326 97 29.75
Ankole 1,809 966 53.40
Toro 601 396 65.89
BunyoTo 2,036 936 45 .97
West Nile 753 550 74.83
Madi 30 17 56.67
Acholi 687 542 78.89
Karamoja 142 7 4.93
Longo 303 201 66.34
Teso 1,651 1,301 73.80
Bugisu 239 89 37.24
Sebei 72 26 36.11
Bukcdi 352 132 37.50
Dusoga 599 237 39.57
East IMexo 6,600 204 34.00
West Mongo 758 259 34.16
Mubende 197 81 41.12
Macaka 278 103 37.05

Tot&l 11,433 6,144 53,74
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fable 11, £faw*bgE jADILLIJNS X)ii nr ikiAwiiiJCL 1 STAGES OP
Tf&.sciolA in mious RESTRICTS.

1 ISTPIGY - & DO. OfF UTESCTIOE
SAAIL3 EXAIIIIIBD  SLIAIIS EIPECTSD PATE (%)

Kigesi 201 30 14.93
Ankole 123 21 17.07
Toro 250 42 16.80
Bunyoro 245 36 14.69
West I7ile 172 18 10.47
Uadi 96 12 12.50
Acholi 203 27 13.30
Karamoin 47 6 12.77
Largo 306 45 14.71
"Peso 331 51 13.39
Bugiau 115 17 14.78
Sebji 104 0 7.67
Bukedi 217 23 10.60
Busoga 386 41 10.57
East I"leyp 200 19 9.50
We3t Tengo 4806+ 530 11.03
I-lubendo 146 1C 12.33
I"asaka 311 " 37 11.90
Total™ * ee"0311 " 981.... —------

+The number of snails examined in West Mengo District is
much higher than the rest of the districts because of snails
which were collected bi-weekly for 24 months from Port Bell

and used in .-mother experiment.



1.3 JISCUSSIQh: *

This survey reveals the existence of fascioliasis in

all districts of Uganda, even though some districts have a

lower incidence than the others. The average liver infection

rate of 53.74/- throughout the nation is a very costly loss in

revenue not only to the farmer and butcher, but to the nation

as well.

Some figures, like those recorded by the Uganda Meat

Packers abattoir show an average liver infection rate of 31.4/°

over the last 10 years, this is much lower than the national

average liver infection rate of 53.74% revealed by this survey.

Jhis could be attributed to two main factors:

a)

b)

Cattle going through the Uganda Heat Packers abattoir
come in from Uganda, Tanzania and Kenya, therefore,
figures recorded do not necessarily reveal the true
picture of fascioliasis in Uganda, but rather that of
East Africa.

Moat cattle slaughtered fit this abattoir come in mainly
from well maintained ranches like those of the Uganda
livestock Industries Corporation, and various Co-opera-
tive Sanches throughout the country. Cattle from these
areas, even though they are still infected, have a

greater protection against fasciolia3i3 through proper
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grazing and v/atering practices and to some extent
through the lose of drugs. On the other hand, the
villagers who practice communal grazing and water-
ing do expose their cattle much more to the disease

than the ranches do.

Animals that are raised along rivers and swamps covered
with papyrus do seem to be free from fascioliasis to a certain
extent. This is evidenced by cattle raised along river bile in
West iTile, and Uadi and some of the papyrus swamps in East and
West Mengo. It is also interesting to note that on many occa-
sions careful search for snails in these papyrus-eovered swamps
and rivers have failed to reveal the presence jf any lymnaeid
snails in several areas tliroughout Uganda. The high dissolved
oxygen concentration in water required by lymnaeid snails
Pennak (1953/ is not found in these habitats, The papyrus
plants do form a kind of mat with its roots which spread over
the water surface atad hence does not allow free access of at-
mospheric oxygen to the water. The dying and decaying bits of
plant material also deplete the water of oxygen and adds more
carbon dioxide. This situation renders the habitat completely
unsuitable for Igmnaea natalensis. It is, therefore, not by
accident that cattle grazing in such habitats are relatively
free of fascioliasis, since the intermediate host of the para—*.

Site IS yery rare in such habitats.
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In the drier districts like Karamoya, the incidence of
fascioliasis in cattle is low; however, it is important to
note that the infection rate in snails compares very favour-
ably with that of other districts in the nation. One can, .
therefore, explain this situation in terms of availability
of snail habitats, hue to dryness in the district there re
relatively fewer snail habitats and therefore, not all cattle
are exposed to them. The disease could increase very easily
with the introduction of now snail habitats through human

activities, such as irrigation and boro holes.

Certain districts like Teso, Txmgo, West ITile and Bunyoro
have a high rate of infection among cattle, yet the infection
r.tte in snails remains almost the same as in other districts,
fhis situation exists because snail habitats are widespread
throughout these districts; and therefore cattle arc exposed
to the disease over a wide area.

Ankolo District which is relatively dry in some .areas is
becoming a district with rainy snail habitats through dams which
arc being built to hold and store rain water for cattle in most

of the ranches.
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These dams very soon harbour lots of lymnnied snails; as
watering points, they are focal points for all cattle"In a
particular locality, the incidence of the disease is there-

fore bound to increase in future.

Overall, one can only forecast an increase in the in-
cidence of fascioliasis throughout the country in future.
Uganda Government has already started some irrigation schemes
such as the Mubulcu Irrigation Scheme. As much as these schemes
are going to introduce water into hitherto dry areas and there-
fore, bring these areas under agricultural production, they are
also going to introduce more snail habitats. Irrigation chan-
nels that arc kept v/ithout too much vegetation to Ichoicel chan-
nels arc very favourable breeding grounds for Lymnaea natelensis,
Ggambo-Ongoma (1970). Therefore, as we introduce fresh snail
habits.ts in the country, we are in effect increasing the incide-

nce of fascioliasis throughout the country.

All trematodes recovered and identified from all the 18
districts of Uganda proved to be Fasciola gigantica Cobbold,
1856. Contrary to what Mitchel (1968) reported™. the author
could not find a single species of F. hepatica. Granted that
by strange coincidence the author missed just the cattle that

had eocoe
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had P. hepatica, still it doesn’t agree with ULtchel’s findings,
for what he reported is that the whole of Uganda is exclusively
P. hepatica territory. It is, therefore, evident, based on this
survey, that Pasciola gigantica is responsible for fascioliasis
and not P. hepatica in Uganda; this is in agreement “with Coyle
(1956) who reported that up to that year no P. hepatica had been

reported in Uganda.

The intramolluacan stages found in snails were identified
as those of Pasciola. It was 2ot possible to tell vdiether they
were Pasciola gigantica or P. hepatica a3 it is difficult to
distinguish the intramolluscan stages of the two species.

Since all adult Fflukes recovered from cattle which grazed in
the same habitats from which snails were collected, were
identified as P. gigantica it is therefore, concluded® that the

intramolluscan stages were those of Pasciola gigantica Cobbold,

1856.

FAXXXEXKXKF KA
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2. PIELT EPIDanOLOGY OP PASOIOHASIS

Pascioliasis is an important disea.se among cattle in Uganda.
Ogambo-Ongoma (1970) found the incidence of the disease in all
districts of Uganda. Coyle (1956) has reported that up to 1956
no Pasciola hepatica had boon recorded in Uganda. Ogambo-Ongoma
(1970) examined flukes recovered from cattle livers from all
districts in Uganda and found all of them to be Pasciola giga—-
ntica. It is therefore evident that based on data so far col-
lected, fascioliasis in Uganda®s livestock ifc caused by P.
gigantica. The occurence of this trematodc is determined by
the presence of the intermediate 3nail host, lymnaea natalen3is;
the incidence of the disease, however, 1is influenced by several
factors, seasoned, ones included. Ingestion of the metacercariac
by the grazing livestock is dependent on the availability of J
the fonaar on pastures. This iIn turn depends on the presence
of mature cercariae in the intermediate host. !He quantity of
these mature cercariae in the snails will determine whether

c~n~cal sub-clinical disease will result in a given habitat.



- 25 -

-Tre epidemiology of faGci.Olia.3i3 and te? factQrs involved
have been di one ed by Ollcrenshaw (1959) in Britain; and by
Gordon (1955), Boray (1963), and Boray, Happich .ad Andrew

(1969) in Australia.

fhe effective control of fascioliasis depends on the

application of both curative and preventive measures, combined
with proper livestock management. Any effective preventive
measures must therefore be based on information concerning the
intermediate snail host and its habitat, including seasonal
fluctuation, i1f any, in the proportion of infected snail, 1in

c given population, and the proportion of the infected ore."
that actually harbour mature cercariac, since the infective

metacercaria can only develop from the former.

It was therefore decided to investigate whether certain
seasons of the year favour a higher incidence of the infective

3tage of fasciola gigantica in the snail than omcr seasons.
2.1 MAIERIAIS AITD METHODS

A well known fascioliasis endemic area at Pc *t Bell near
the shores of lake Victoria was chosen fo’-*nvestigation. Phis
area is used as a communal grazing ground for cattle owned by

"Villagers living in the sorrounding villages. In addition, the



area is used as a holding ground lor cattle shipped across the
lake from Tanzania and destined for slaughter houserT in Kampala.
There are therefore, cattle present in this habitat every day
of the year. The “.hole area is a flat grassland with isolated
bushes on scattered termite mounts, fod uneven depressions
(that hold rain water for a few days following heavy rains)
scattered throughout. Several channels drain used water from
nearby factories and luzira Prison into the lake. One of the
channels, however, drains water into the lake from an unde:™-. =
ground spring used as a source of drinking water by nearby r
villagers. All channels are occasionally cleared of their

vegetation by factory owners and prison authorities.

The channel originating from the spring was chosen for
its fresh water mad high snail population as a snail habitat
for investigation; it is roughly 2V foot deep by 23 feet wide
with steep bonks and sandy bottom. The water depth varies from
6 inches in the drier part of the year to about 12 to 18 inches
during the wet season. The water flow is generally sluggish
and bee, .use of its stoep banks water does not over1ow from the
channel into the sorroundirg flat ground at any ti-uo. The snail
population in this channel is predominantly lymnaea natalonsjs,

although a few Biomphalarj: Sudanica and very rarely Bulinua sp.

OoCccur.
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lymnaea natalensis were collected from this habitat twice
every month for a period of 24 months from November 1968 up to
and including October 1970. The first collecting was done
within the first week and the second collecting done within _he
last week of every month throughout the study period. Snails
were picked by hand using a long pair of forceps along the entire
length of the channel and an average of 133 snails were collected
every month.

These snails wore taken to the laboratory where they were
placed in a plastic basin with tap water. The snails were dis-
sected individually .ad the intramolluscan stages of Fasciola
gigantlca in them counted. Each snail was placed in a petri
dish wJ Ji tap waterland the length of its shell measured
in millimetres, after which the dish was put on a dissecting
microscope and the shell carefully removed using finely pointed
fo-cews. The jnail tissues were macerated and the intramollu-
scan stages released is the process were uniformly spread
thoi“bout th p.tri dish, using the same dissecting micro-
scope Lv_ different fields were examined; all cercariae seen
in eaed .ield were counted using a hand tally counter and the
aveiage number of these per field recorded. Rediae were
sini? 1 - counted and recorded. The area of the petri dish

seen, ...



seen in one field at a particular magnification was determined
by measuring the diameter of the field and then calculate the
total area in one Ffield. [IThe diameter of the petri dish -\
also measured and its total area calculated, fhe total number
of parasites (?) in the whole petri dish was calculated by
dividing the total area, of the petri dish (h) by the area of
each field (d) and multiplied by the number of parasites in
each field (p). <Thus the formula for calculating the total

number of parasites in a whole petri dish is: P_F = P.
d =

Records of all these were kept for every snail dissected through-

out the 24 months period.

Mo confirm that the intramolluscan stages dissected out
of the wild snails were those of Fasciola gigantica, two methods
were employed: a) Infected wild snails collected from the name
habitat were kept singly in petri dishes with tap water over
night. “lhe foUowing morning those that were shedding cercariae
were removed and placed in different petri dishes containing
tap water and sweet potato loaves; snails were left in there
until they shed cercariae which encysted on the potato leaves
as metacorcariae. (The potato leaves used were grown far from
any aquatic environment? nor was irrigation used in raising then

and. ...
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and therefore there is no possibility that the leaves had
metacercariae encysted on them while in the garden.) The
potato leaves with metacercariae encysted on them were fed to
*fluke-freel rabbits. The rabbits were later autop3ied and
adult trematodcs recovered; these were later identified,

b) P. gigantica eggs were recovered from gall bladders of
infected cattle and taken to the laboratory where they were
incubated at room temperature till miracidia hatched. Labora-
tory raised ."mails were exposed to these miracidia and then
kept in aquarium tanks. Later the exposed snails were dis-
sected and the intramolluscan stages of P. gigantica in them

were recovered and compared to those dissected out of wild

snails. ] -

Por the purpose of this study any fully formed cercaria,
even though it was still Inside the redia was regarded as a
mature cercaria and was therefore counted as such. Any redia
that had even one fully formed cercaria was not counted; only

redj.a that had not developed any cercariae were regarded as such.

2.2 RESULTS:

Metercercariae from wild snails fed to ’fluke free’
rabbits developed into adult trenatodec which were identified

as jjhsciola gigantica Oobbold, 1856. Both rediae and cerca.riae

from



from wild snails wore smilar to those dissected from laboratory-
raised snails wliich had been exposed to miraoidia hatched out
of eggs that were recovered from gall bladders of cattle in-..

footed with F. gigantica.

During the two year period of study, 4,932 snails were
dissected and examined for the intramolluscan 3tageu of Fasciola
gigantica; out of this total 512 were infected, giving an in-
fection rate of 11.6C& The rate of infection varies from one
month to another, and this seems to fluctuate with rainfall so
that the incidence of infected snails increase as rainfall in-
creases. See Table 111 for monthly variations, Figure 11 for
graphical comparison of rates of infection with Rainfall, and

Figure 111 for the correlation-regression diagram.
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Table 111z SHOWING MONTHLY RAINFALL AND INFECTION-RATES
AMONG SNAILS DISSECTED

No. No. Q) RAINFALL RAIN
MOUTH DISSECTED INFECTED INFECTION RATE  IN CM. RAYS
November 1968 90 18 20.00 18.04 19
December 1968 35 e 22.86 14.05 10
January 1969 96 15 15.63 0.34
February 1969 04 7 8.33 15.22
March 1969 92 21 22.83 12.44 11
April 1969 124 20 15.13 17.30 16
May 1969 100 5 5.00 7.81 9
June 1969 90 15 15.31 3.01 7
July 1959 100 5 5.00 3.22
August 1969 95 7 7.37 3.70 5
September 1969 21 1 4.76 16.98 12
October 1969 173 3 1.73 6.49 7
November 1969 i3e 4 2.90 14.42 14
December 1969 202 32 15.04 2.71 6
January 1970 161 41 25.47 22.37 10
February 1970 291 43 14.78 5.10 5
March 1970 314 58 18.47 14.83 18
April 1970 678 90 13.27 18.30 16
May 1970 566 32 5.55 7.36 14
Juno 1970 251 40 15.94 1.19 3
July 1970 249 A 1.51 7.70 6
August 1970 no 3 2.54 15.95 8
September 1970 156 23 14.74 5.64 10

October 1970 160 17 10.63 9.95 14
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Figure 2. Graph showing ronthly variations in fascioliasis

infection rate among snails.
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Of the 512 infected snails 236 or 51.37% had mature cercariae
in them and 249 or 48.63% had only rediae with no cercariae at
all. All the 512 infected snails had rediae in them although
snails that had cercariae in them contained very few rediae
compared to those with rediae only, fhe incidence of snails
infected with both cercariae and rediae, and those infected
with the latter only varied from one month to another. The
variation follows rainfall fluctuation so that the incidence "
of snails harbouring cercariae increases as rainfall decreases,
and decree.ses as rainfall increases. On the contrary, the
incidence of snails harbouring rediae only increases as rain-
fall increases and decreases as rainfall decreases. See fable
IV for variation in monthly infection rates and figure 1V for
a comparison of monthly variations with rainfall, and figure V

for the correlation-regression diagram.



SHOWING- MDITTHLY HIH"SCTIOIT WITH 12EDIAE AST) WITH
BOTH R2DIAE AilID CERCARIAE

Table 1V:
LIOITTH
Hovember 1968
December 1968
January 1969
J?ebruz.ry 1969
I .rch I”" 1959
April 1959
Hay 1969
June 1969
July 1969
August 1969
September 1969
October 1969
Hovember 1969
December 1969
January 1970
February 1970
Harch 1970
April 1970
May 1970
June 1970
July 1970
~uguet 1970
September 1970
October 1970

116. 110. WITH

H

fo AGE WITH HO. WITH

% AGE WITH

IHEECTEB EEDIAE OiTLY EEDIAE CEliY CERCAEIAE CERCAITIAE

18
8
15
7
21
20
5
15

32
41

58

32

40

23
17

A Wk

15
11

N N O W P © M

14

\'

38
58
29
19

10

44 .44
12.50
20.00
57.14
71.43
55.00
80.00
60.00
20.00
42 .86
0.00
66.67
50.00
43.75
17.07
16.28
65.52
54.44
90.53
47.50
25.00
0.00
43.48
17.65

10
7

H
N PR MM OO P O W N

W N W w B
N O O A ©

N
P w

w

13
14

55.56
87.50
80.00
42 .86
28.57
45.00
20.00
40.00
80,00
57.14
100.00
33.33
50.00
5n.25
82.93
83.72
34.40
35.56
9.37
52.50
75.00
100.00
50.52
82.35



Figure 4. Graph showing monthly -variations in the percentage
of the infected snails habouring rediae only and

those habouring both rediae and mature cercariae.
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Figure 5 Diagram showing the correlation between rainfall
and the percentage of infected snails habouring

mature cercariae.
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A total of 71,141 rediae were counted from the 512 in-
fected snails, giving an average infection of 138.9% rediae

per snail. Out of the 263 snails which had cercariae in them,
a total of 304,001 cercariae were counted giving an average in-

fection of 1,155.9 cercariae per snail.

The 4,392 snails dissected varied in sizes and various
sizes had varrying rates of infection with the intramolluscon

stages of fasciola gigantica. Table V shows these variations.

Table V : SIAIL SIZES AHS TUBIP. HESEECTIYIi: IITFSCTIOH RATES:

L ® 10 m 10-15 mm 16-20 mm /20 EH Total
| ho. of snails dissected 49 2645 1665 33 4392
1ho. of snails infected 0 262 246 4 512

I Bate of infection (o) 0.00 9.91 14.77 12.1211.66
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2.3 DISCUSSION

<a
The epidemiology of fascioliasis in Britain was discussed

by Ollerenshaw (1959). Boray et al. (1969) refers to Borayls
work of 1967 in which he concluded that it was relatively
easier to make general recommendations in Britain and Europe
for strategic application of control measures based on tempe-
rature and rainfall than in Australia where temperatures are
much more favourable for propagation of Easciola hepatica.

He stated that the development of eggs on pastures and of
larval stages in the snails may continue for 7 to 9 months,
and in addition snails may reproduce throughout the year,
Boray et al (1969) has shown that in Australia where irriga-
tion was used the infection rate among Lymnaea tomentosa in-
creased whenever water was applied to the pastures. They
state, ".._.... alternating wet and dry periods in irrigation
area facilitate the accumulation and periodic massive emission
of cercariae and dispercal, resulting in heavy infections to
animals."

In a tropical environment like that in Uganda, tempera-
tures are favourable for the development of both the 3nail host
and the parasite throughout the year. Looking at results ob-
tained in this investigation, it is realised that in a given
habitat the percentage of Lymnaea natalenais infected with

J_gcioia gigantica .. ..



- 40 -

gigantica increases with increase in rainfall. See figure Il.
Statistical analysis shows that rainfall is 65.6% accountable
for thiis fluctuation in the infection rate among snails; the
other 34.4/> is due to other factors which could not be deter-
mined. The correlation (which is positive) between rainfall
and infection rate among shails is highly significant at 1% level
of confidence. The regression lino shows that for every centi-
metre increase in rainfall there is an increase of 6.56% among
snails infected with I?. gigantica. See figure 11l. This
phenomenon may be explained as follows: F. gigantica eggs
passed out with dung of infected cattle depend on v/ater for
their hatching. During rainy seasons, there is plenty of v/ater
available and therefore all dung that is dropped on pastures
comes iIn contact with v/ater resulting in almost all fluke egg-
getting a chance to develop and hatch into miracidia which find
and penetrate snails in the habitat. The snails that become
infected during the wet season ire not likely to die from

heavy parasite load because after penetration has occured these
snails will for sometime habour only rediae, v/hich are usually
few in number and 3mall in size compared to later on when they
will be many mature rediae and cercariae, therefore doing

Jmaximum damage to snail tissues. When dry weather sets in,the snail ;

infected
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infected earlier contain many rediae that have developed or
now develop rapidly to produce man\r thousands of cercariae.
Some or the infected snails die an a remilt of this heavy
parasitization, since numerous cercariae damage snail tissues.
Another factor is that at this tine the number jJf miracidia
available for trail penetration is limited since a largo pro-
portion of dung dropped in the pastures does not come in
contact with water, This situation leads to a drop in the

percentage of infected snails during the dry season.

Of the lypnaea nati.._lensis infected with Fasciola gigantica,
the percentage of those carrying mature cercariae increases as
rainfall decreases. Because of the lag in time between the
period of miracidial penetration end when cercariae nature,
the fluctuation is noticed in the subsequent months following
rainfall. See figure 1IV. Statistical analysis based on in-
fection rates in subsequent months following rainfall shows
that rainfall is 16% accountable for this fluctuation while *
the other 84% is due to other undetermined factors. The
correlation (which iIs negative) between rainfall and percentage
of infected snails carrying mature cercariae in subsequent

norths following rainfall is significant at 5% level of confidence.
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The regression line shows that for every centimetre iIncrease
in rainfall, there is a decrease of 1.6% in the number of
infected snails carrying mature cercariae. See figure 5.
Boray (Personal conmunicaticn) has pointed out that

the high percentage of snails habouring mature cercariae
during dry season is due to the fact that snails are in the
process of aestivating and that cercariae in the tissues of
aestivating snails do not escape from the tissue; this there-
fore leads to accumulation of cercariae in snail tissues, he
concluded. On the other hand, he maintains that during the
wet season snails are active and mature cercariae in snail
tissue escape into the water as soon as they are mature,
leading to a leaser concentration of cercariae in snail tissues.
The present writer disagrees with Boray on this hypothesis;
for if Boray™s contention i3 true, then one would expect to
find many developing cercariae in rediae during this season.
On the contrary very few if any developing cercariae were
observed in the rediae during wet season. The phenomenon can
not therefore be reasonably explained by Boray®s theory. As
seen a little earlier, many snails get infected during wet
seasons; since there is a lag of approximately 50 days be-
tween the time when the snail is penetrated by the miracidium

~d when mature cercariae appear, it IS ... .__._.____._.___.._._._..



to be expected that most of the snails which were penetrated
during the wet season will harbour mature cercariae by the time
the dry season sets in. \W/e can therefore expect a higher per-
centage of infected snails harbouring mature cercariae during

this (dry) season.

Results of this investigation show that the longer the
snail stays in a habitat the greater is its chance of becoming
infected with F. gigantic.a. Those that stay too long eventually
die of old age or as a result of parasite load with the result
that few very old snails arc present. Very young snails,
because they have been in a habitat for a short time, seldom
if ever have F. gigantica in them; however, a few that get
infected probably die and so none of the yong snails are found

to harbour F. gigantica. See Table V.

From results obtained from this investigation it may be
advisable to apply molluscicides during the middle of the wet
season when the highest number of infected snails and inira-

cidia are available in the habitat.
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CHAPTER 11 "

3. SNAIL POPULATION DYNAMICS

For many years the control”snail cariers of diseases
to humans has been studied. Literature of work done on the
control of schistosomiasis-carrying snails is plentiful.
Barlow (1937) has reported his work on the canal clearance as
a means of schistosomiasis control in Egypt. Berg (1953);
Chemin, JilLchelson and Augustine (1956); Chemin (1957); Mas
and Dawood (1955); Ferguson, Oliver-Gonzales and Palmer (1958);
Malek (1956); Michel”on (1957); Oliver-Gonzales (1946); Oliver-
Gonzalez Ferguson (1959); Radke, Ritchie and Ferguson (1961);
and Wager (1936) have reported their respective work on attempts
to control schistonomiasis-transmitting snails. Nagar (1958)
reports his work on the use of chemical barriers along 5000 kms.

of irrigation canals as a means of snail control.

Control measures against fascioliasis-carrying snails,
have also been studied although not as widely as the former.
Alicata (1941) tried the use of predators-the crayfish-

Astacus nigrescenes and the Japanese fireflies- Lucida lateralis
L. cruciate; however? this has not proved an effective
method of snail control. The Fisheries Department in Uganda has

effectively. _.



effectively -used ducky to eradicate snails at their Kajansi
Itish Ponds, but at the expense of polluting the water (Personal
connaunication); however, such habitat is good for their Fish.
Boray (1963) on reporting on problems associated with snail
control states, 'Lymnaea toaentosa, the Australian intermediate
host of Pasciola hopatica, has a wide distribution and a capa-
city for fast reproduction. One snail can produce 1000 egg3
each month and one generation takes one month. Snails survive
almost a year in dry mud and for the same time at low tempera-*
turcs. Intensive active and passive migration takes place....
The high rate of reproduction of L. tomentosa, especially in
new environments, shows that only 100$! eradication of the snails
would lead to permanent control. The dry edges of habitat
should also be treated with mclluscicides because of the
amphibious nature of the snails. Land connected with other
properties by permanent creeks and channels are considered to
be unsuitable for chemical control unless co-operation treat-

ment is possible.""

Snails are closely associated with their environment and
should, therefore, respond to changes in the environment.
Since one of the major variables in a lotic snail habitat is
vegetation, it was decided to study the effect of vegetation

lolearance out of a channel as a possible means of snail control.
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3.1 METHODS AND PROCEDURES.

A well-kno".vn all year round snail habitat at Port Bell
on the shores of Lake Victoria was chosen for study. The
habitat is a channel draining water from a nearby underground
spring into the lake. A portion of this channel 192 metres
long was used for the experiment. The channel has a sandy
bottom with some muddy silt towards the outlet into the lake.
There are large patches of green algae throughout the entire
length of the channel. Sedges are the dominant vegetation
with some Commelina diffusa, Centella asiatica and Asystasia
gangetica. The land immediately surrounding the channel is a
grazing area and the channel itself is used as a drinking place
for the cattle. Common birds in the area are cattle egrets
(Bubulcus ibis), hadada ibis (lkgedashia hagedash), hammerhead
Scopus umbretta, black-necked heron (Ardea melanocephala) and

the african jacana (Actophilormis africanus).

The Fi3h population is almost entirely guppies (Lebistes
SP.) and the frog population is composed of Ptychodera sp. and
—cnc SP« The snail population in this channel is predomi-
nantly Lymnaea natalensis, although Biomphalaria sudanica and

JP few Bulinus sp. also occur.
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The portion of the channel 192 metres long selected for
study ms divided into 64 equal blocks, each one of them three
metros long using wooden pegs driven into the ground along the
channel. The blocks were numbered 1 through 64 beginning with
the block nearest to the head-water and ending with the one
nearest to the outlet into the lake. Twenty blocks v/ere picked
at random and snails in them counted using a hand tally counter.
This was repeated every day for seven days. The highest, low-
est and average daily snail counts for the seven days were
recorded. This week is later on referred to as week 0 in para-
graphs that follow. On the seventh day immediately after
counting for the day had been done, the channel was cleared
by cutting down Till vegetation and removing it from the channel.
The 3nails and ogg masses on the vegetation dried and thus died
through dessication. The cleared channel was then left over-
night for the muddy water to clear up and the following day
counting resumed. Every day for the next 72 days twenty blocks
were picked at random, snails in each of them counted and re-

cords kept.



3.2 RESULTS,

As coon ac clearing had been done and water cleared,
hadada ibis (llagedashia hagedash) .ed the african joeana
(Actojihilormic africanus) moved in and began to eat up ex-
posed snails. Progs also become active in their search for
snails. Because these snaile are not only exposed, but have
notiling solid to hang on to, cone of then are swept by the
water current into the lake, while some are burried under the
sand whenever-there ".is heavy rain. A summary of results are
shown in Table VI and figure VI; Tfull results of daily counts
after the channel had been cleared is shown in the Appendix II.

Table VI : SHOWING HIGHEST, LOWEST AITD AVERAGE DAILY SNAIL
COUNTS PER WEEK.

WEEK HIGHEST NO. SNAILS LOWEST NO. SNAILS AVERAGE NO SNAILS

0 2117 1921 2019.00
1 1369 48 325.86
2 70 14 37.14
3 39 8 21.14
4 109 70 85.71
5 332 67 195.43
6 379 167 285.71
7 539 280 368.43
8 599 301 392.71
9 869 566 645.86
10 1741 935 1365.00
11 1996 1937 1966.50
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figure 6, Graph showing snail population re-establishment based

an weekly counts.
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After the snail population was almost completely
depleted - i.e. during the second and third week following
channel clearance, the few snails found were attached to
stones, sticks or other objects that were heavy enough to
stand the sweeping action of the water flow. It is on these
solid surfaces that the snails begin to lay eggs and the popu-

lation begins to re-establish itself.

Vegetation begins to re-appear in isolated small patches
of green algae to be found on solid surfaces that are being
swept by the Fflow of water. These small patches eventually
grow to form larger patches. As the initial establishment of
both snail population and the algae is governed by the rate
of water flow, the portion of the channel near the outlet into
the lake where the flow of water is rather sluggish is where
the snails and algae first begin to re-establish and then
spread to the entire length of the channel. During the 4th
week after channel clearance, the snail population begins to
increase aid one finds this very gradual increase going on up
to the eighth week, Prom the ninth week on, the increase in
3nail population per week is very rapid. The snail population
almost corresponds with the availability of vegetation; from
he fifth week, vegetation begins to come back, and by the

eighth



- 51 -

eighth week there is a lot of it and by the ninth week, it is
almost back to the original size. Prom the tenth week on,
both the green algae and the bigger plants arc plentiful and
during the 11th week the channel is completely back to what it

was before i1t was cleared.
3.3 DISCUSSION;

Hie ecology of Lymnaea natalensis seems to go hand in hand
with human activities. Mozley (1960) says that he was unable
to get any good snail habitat in places completely undisturbed
by human activities. Irrigation of hitherto dry areas has wit-
nessed the creation of new habitats and eventually the estab-
lishment of populations of aquatic snails into these areas.
As seen from this study, it is quite evident that human activity
in the form of channel clearance does destroy snail populations
especially during the 2nd, 3rd and 4th weeks following channel
clearance; but it is equally true that it also serves as a
stimulant to a younger and therefore a more energetic generation
of snails. It is quite common knowledge that the older snails
with tougher tissue are resistant to miracidial penetration to
a certain degree. The killing of old snails through channel
clearance does not only produce more snails, but snails that

are ec®®
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are very susceptible to penetration by miracidia of Fasciola
yigarvtica and therefore poses a greater danger to cattle that

drink water and graze in this area.

In completely untouched habitats one finds many factors
working against snail populations. In working with snails for
the last foui® years the writer has noticed a number of things
associated with snail populations. It is very interesting to
note that one place might bo a very good snail habitat today,
but a couple of weeks later the same habitat will have no
snails at all, the reverse is sl.so true. Flooding and over-
grovrth cf vegetation are well kovtfi limiting factors to snail
populations. Goodman (Personal Communication) mentioned re-
visiting certain hippo pools in the Queen Elizabeth National
Park where only two w/eeks before many snails were found only
to find no snails at all. Porter (1920) in reporting her work
in South Africa points out how Fflooding kills snails. Deposi-
tion cf excessive amounts of birds® (such as ducks) droppings
in water tends to kill snails. The Uganda Fisheries Department
(Personal Communication) reports that their fish ponds at
Kajansi have been completely depleted of snail population ih -
through being eaten by ducks, and the latter depositing their
OUppings into the ponds making the water unsuitable for snails

this



this however, was good for the fish as these droppings ferti-
lize the pond flora. Excessive growth of vegetation in channels
do Ichoke! tnese channels and eventually render the habitat

masaitable for snails.

In lis attempt tc keep channels clean either for irriga-
tion purposes or purely to open them up for watering his live-
stock, man has whether "nknowingly or out of sheer necessity
encouraged the constant production of vigorous snail populations
that are a potential danger to his livestock. Through channel
clearing the old snails crowding the habitat are killed; a
young fresher algal flora on which snails feed Pennalc (1953)
is produced, the water is very well aerated, the shade provided
by the young vegetation is at an optimum, so that as a result
one witnesses a rapidly increasing snail population. The
fecundity of snails is a problem to reckon with; Boray (1963)
reports that among Lymnaoa tementosa one snail produced up to
1000 eggs every month and that one generation takes one month.
It is therefore evident that if even few snails escape death
these are capable of completely re-establishing the population
in a very .short time. The use of molluscicidcc in 3nail control

Jiay not be very effective, especially in a lotic environment.



The molluscicides placed at the headwaters may be washed
through to the outlet over a short period of time. Although
many snails are killed, the few that escaped begin to multiply

almost immediately.

Prom this study, however, it seems that there is a period
when the snail population is at its minimum; this is during
the second, third and fourth weeks following channel clearance,
when snails that remained in the channel are exposed and there-
fore preyed upon by birds and frogs. It SAlﬂd be therefore
feasible that a molluscicide applied to the habitat between
the second and fifth week following channel clearance could be

an effective technique of snail control.



CHAPTER v

4. THE ILTIHHEFOLLUSCAN PHASE OP THE LIPE CYCLE OP
PASCIOLA GIGALTTICA COBBOLD, 1856

The life cycle of Pasciola, although elucidated during
the later years of the 19th century, can be related back to the
work of Swammerdam in 1737. His illustration of "worms™ are
«\very easily recognisable as the cercariae of trematodes. Since
this initial finding by Swammerdam, other workers through the
years have reported their findings and each time, in most cases,
new information has been added to the previous knowledge.
Kuller in 1773, Zeder in 1800, Nitzsch in 1807 and 1816;
Bojanus in 1818; von Siebold in 1837; Steenstrup in 1842;
Leuckart in 1852; La Vallete de St. George in 1855; and
7/agener in 1857 reported various stages in the life cycle of
trematodes, Pasciola included. It was not until 1882 that
Leuckart and Thomas, working independently, elucidated the life
cycle of Pasciola hepatica. Thomas (1882) in his report on the
complete life cycle of Pasciola hepatica states The eye
spots (these are found originally on the miraoidium) usually
become detached, but they as well as the head papilla persist,

showing



showing the identity of the young sporocyst - for so it must
now be called .,..... Hie active embryo (miracidium) lias dege-
nerated into a mere biood-sac, in w/hich the next generation is
produced.' lie observed that this sporocyst stage can constrict
and therefore divide the original sporocyst into two smaller
ones, although he warns that this method of multiplication is
not very common in F. hepatica. In Ms further observation ho
states, "When the redia is ready to come forth, it breaks
through the wall of the sporocyst and the wound caused by its
=forcible exit immediately closes up, and the remaining geims

continue to develop,”™ Since this report was published more work
has been done on the life cycle of not only Fasciola hepatica
but F, gigantica also. Porter (1920) in her description of the
life history of F. gigantica from South Africa states, ".....
Daughter rediae appear to be formed only tov/ards the end of the
life of the parent redia, The parent redia produces several
ccrcariae which are active organisms, and vary in appearance
according to their degree of activity,...." Thic can be inter-
preted as meaning that the mother redia matures, produces
ccrcariae and then towards the end of it3 (mother redia) life
it begins to produce daughter rediae. Alicata (1938) in Ms

meport on the observations on the life Mstory of F, gigantica

in Hawaili
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in Hawail states " _...._Snails dissected one day after experi-
mental infestation showed several early-forming sporocysts in
various parts of the body; at this stage the sporocysts were
somewhat spherical and about 80 microns in diameter. In most
cases the eye spots and germinal cells were clearly visible...
A sporocyst 4 days old was 610 microns long by 190 microns wide
and encloses developing mother rediae showing well formed
pharynges.” He reported having seen cercariae Ffirst 39 days

after the initial exposure.

Kendall and Parfitt (1953) worked out the life cycle of
P, gigantica at Wybridge, England using snails and flukes
obtained from Pakistan. At laboratory temperatures they obser-
ved emergence of mature cercariae 78 days after infection.
Dinnik (1958) reported that P. gigantica eggs do not develop
while in the intestine, probably due to the shortage of oxygen.
Dinnik and Dinnik (1959) have shown that hatching of miracidia
from eggs begins at about 17 days after initial exposure and
spreads over a long period, some take as long as 90 days from
the time of incubation to hatch depending on temperature.
Dinnik and Dinnik (1963) have stated, "After penetrating a
snail and casting off its ciliated epithelial coat, the
niiracidia were transformed iInto sporocysts containing up to

SIX



six embryo balls. The largest of these embryos developed into
the first redia, which ruptured the wall and escaped from the
sporocyst. The remaining embryos continue their development
into rediae, either in the ruptured body of the sporocyst or
lying outside it in surrounding tissues of the snails.” The
two authors continue to state, "Rediae of the 1st generation
(rediae which had developed end left the sporocyst) appeared
in the snail sin; to eight days after the penetration of a
mirnoidium. On the 20th to 22nd day, daughter rediae develop
in the 1st generation rediae and from 22nd day onwards these
daughter rediae begun to leave the mother rediae.” They went
on to say, "After producing daughter rediae, the 1st generation
rediae began to produce cercariae 26 days after infection.

The 1st cercariae escaped from the parent rediae via the birth
pore on the 30th - 33rd day and snails began emitting cercariae
36-40 days after the penetration of the miraoidia.” In the
same investigation, the two authors report a small number of
malformed rediae amongst the 1st generation rediae during the
cooler weeks before and after the oold seasons of the year.
Ihnnik and Dinnilc (1964) have stated, "..... It was interesting
to note that in both experiments cercarial embryos appeared in
the rediae of all generations at one and the same time, at

the beginning of September, when the cold season of the year

had....
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had passed and the water temperature in the acquari®a rose in
the afternoons from 15-16° to 21°C," They continue to say,

" ... .Each First generation redia produces daughter rediae
initially, then cercariae. It then repeats both phases of
production alternately throughout its life ....Rediae of
subsequent generations also show this alternating development
of rediae and cercariae in their body cavities.” The two
authors point out that during cold season a miracidium develops
into a sporocyst which develops into rediae but no cercariae
are formed; contrary to this, in the warm season the miraci-

dium develops into a sporocyst and then rediae and cercariae

alternately.

Dawes (1959) has stated, "..... The lo,rva which enters
the snail is certainly not a miracidium, although it retains .
the eyes the gut and other organs, and also the germinal cells*
it Is a young sporocyst covered by what wa3 formerly sub- -
epithelial tissue, carrying with it into the snail some epithe-
lial and other debris. The miracidium may be regarded as a
foim which serves to implant the sporocyst in the body of the
snail host by what appears to be an elaborated process of ex-
ternal digestion,”™ Davies (i960) showed that periods of 30, 60

~d 120 minutes were adequate for the miracidia of F, gj”antica



to penetrate snails. He states, ' ....In both species (F.
hepatica end F, gigantica) of miracidia the gut comprises a
syncytium having a typical cluster of 4 nuclei, and both a
mouth and a lumen can be seen iIn some section.... In both
species, therefore it is a young sporocyst which enters the
snail, although it is the miracidium which first adheres to
the snailrs integument and then cytolyses it to the ultimate

perforation.”

From reports so far published, it seems that there is
no unanimous agreement on the sequence of events occuring in
the development of the intramolluscan stages of Fasciola
glganbioa. It was therefore decided that a careful study be
carried out in an attempt to elucidate this phase of the life
cycle cf F. gigantica. This part of the thesis iIs an account
Ox tiie work done to show the various intramolluscan stages of

F. gigantica Oobbold, 1856.

4.1 MATERIALS A11D METHODS

Two local abattoirs in Kampala were the sources of eggs
present in bile from livers infected with Fasciola gigantica.
bile was collected and taken to the laboratory where it

wes diluted with tap water and was set aside for 30 minutes to

allow
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allow the eggs to settle. The diluted bile was then, carefully
decanted leaving Ffluke eggs at the bottom of the beaker; the
beaker '/as again filled with fresh tap water and was throughly
shaken to wash the eggs. The eggs were again allowed to settle
for 30 minutes and this water was carefully decanted. This was
repeated several times until the eggs were nearly free of bile.
The clean eggs were then put in a beaker with tap water and
incubated at room temperature until miracidia hatched from the
eggs- During the whole period of incubation, water in the
incubating beaker was carefully decanted daily and fresh tap
water added. The miracidia, which swim actively in water, were
carefully decanted leaving unhatched eggs in the beaker. This
was gain Filled with fresh tap water and kept until the next
day when newly hatched miracidia were again recovered. The
eggs and miracidia were pipetted on to a 3lide, mounted under

a cover glass and studied on a compund microscope. Measure-

ments of both the eggs and miracidia were taken and drawings made.

Wild Lymnaea natalensis were collected from Port Bell
near Kampala on the shores of Lake Victoria, and brought to
the laboratory where they v.ere put in a large glas3 aquarium
tank. The tank had enjplier been prepared by putting gravel,

sand and tap water and the pond weed Ifeeria densa planted into it.
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The wild snails were left in the tank for one weok after which
tine many egg masses were found in the tank. The adult snails
were then removed and the tank drained, after which the tank
Was filled with fresh tap water and kept at room temperature.
The water level in the tank was maintained by the addition of
sufficient tap water to compensate for any evaporation. The
egg masses in the tank were examined daily until young snails
began to hatch out of them. Powdered fish food purchased at a
local pet shop in Kampala was sprinkled into the tank as
additional food for the snails. Thebe were the snails used in

all later experiments.

Twelve small glass aquarium tanks were prepared for the
young snails by putting in them gravel, sand, tap water and
the pond weed Egeria densa. Periodically it was necessary
to add fresh tap water to compensate for evaporation. The
twelve tanks were divided into four groups A, B, C and D),
2nd numbered 1, 2 and 3 in each group. Beginning with the
first day when miracidia began to hatch and every three days
thereafter, v/ere recovered and divided into two beakers.
Inny snail3 were put in one of the beakers and left with the
~i~cidia for one hour, after which all the contents of that

-1 were decanted into tank number one of group A,



Prom the second beaker containing miracidia, ten miracidia
were pipetted into a petri dish and a single snail introduced
into the dish at a time. This was then put on to a dissecting
microscope and examined until miracidia were seen penetrating
the snail. After all miracidia had penetrated, the snail was
transferred into tank number two of group A. This was con-
tinued until there were many individually exposed snails in
the tank. The same procedure was repeated, but this time
using Five miracidia instead of ten per snail and these were
put into tank number three of the 3ame group. On the 4th day
of hatching, the entire process as described above was repeated
exactly as on the 1st day, except that the tanks used were
those of group B, On the 8th and 12th days of hatching,
miracidia were treated as in the previous two groups using
tanks of groups C and D respectively. All tanks were labelled
with the time and date when snails were exposed and then kept
at room temperature, and tap water was occasionally added to
the tank to compensate for evaporation. |If the water in any
of the tanks became foul, that tank would be drained and

with fresh tap water as soon as this was observed.



Snails were then removed and examined daily. Each snail
>es placed under a dissecting microscope the shell carefully
removed and the snail body divided into three portions - the
foot, the mantle and the visceral portion. Each portion was
placed on a slide with a drop of water, piessed flat under a
cover glass and carefully examined using a compound microscope.
The various stages of the parasite when found in the snail were
very carefully drawn and measured. Later on, usually by the
16th day, the stages of the parasite had become large enough
to be seen under a dissecting microscope when each portion of
the snail body would be put in a potri dish with tap water and
the parasite removed from the snail tissue with a finely pointed
forceps while using a dissecting microscope. The parasite would
then be placed on a slide in a drop of water, pressed flat under
a cover glass and studied at higher magnifications of the com-
pound microscope and drawn and measured as described above.

This was continued until the time \tfien actively swimming

cercariae were observed.

4.2 RESULTS:

4.2.1. Egg development (figs, 7 - 15).

Eggs are passed into the gall bladder of the mammalian
host by the adult fluke, and remain undeveloped while in the bile.

vie.».
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Development begins only after the eggs have been repeatedly
\Vashed in tap vw/ater and incubated in tap water at room tempe-
rature. Eggs vary in size but average 161 by 75.9 microns;
they are yellowish brown in colour and are operculate with a
olear nucleus area situated near the opercular end. She

darker granular egg contents are aggregated into uneven masses
without definite shape and completely surround the clear area.
This is show/n in figure 7. After being incubated for 48 hours,
the egg shows progressive development; at this time protopla-m
sruic granules become organised into larger elements each

surrounded by a membrane as shown in Ffigure 8.

When incubated for 96 hours the protoplasmic aggregates,
still surrounded by a membrane become more clearly nucleated.
These aggregates are of two sizes; the larger ones occur on
the periphery while smaller ones are found nearer the middle
of the egg near the anterio - central clear area except at
the opercular end where only larger aggregates occur. This
is shown in figure 9. After 144 hours of incubation, the
anterio-central clear area increases in size and the elemental
torn of an embryo begins to take shape. However, the embryo
still occupies the area near the opercular end of the egg, and

measures 57.7 by 46 microns. This is shown in figure 10.



The embryo elongates and measures 69 by 46 microns,-after 192
hours of incubation. The cell aggregates surrounding the
embryo are considerably reduced on the polar ends of the eqgg,
leaving large empty spaces at both ends. See figure Il. The
embryo now begins to take the definite shape of a miracidium;
however, no structures, external or internal, are evident at
this time, after 240 hours of incubation. The embryo now
measures about 92 by 50.6 microns. The majority of the cell
aggregates stirrounding the embryo have disappeared and the few
remaining cells are restricted to the sides, leaving large
empty spaces at the ends of the egg- This i3 whown in Ffigure
12. Cilia are visible on the miracidium 264 hours after in-
cubation and about this period the miracidium first begins
to move within the egg shell. At 288 hours of incubation the
miraoidium measures 110.4 by 57.5 microns and appears to be
completely developed, with both internal and external struc-
tures present. Cilia, primitive gut, a pair of penetration
glands, paired eye spots which are attached to each other, a
pair of ampulae, a pair of flame cells with excretory ducts,
and a cluster of germinal cells are all clearly visible through
the egg 3hell. The very few surrounding cell aggregates are

confined to the antero-lateral sides of the egg as shown in

figure 13.



The miracidium continuea to grow and at 366 hours of incuba-
tion it measures 126.5 by 57.5 microns. By now all surround-
ing cell aggregates have disappeared. This is shown in figure
14 . After 304 hours of incubation the miracidium increases in
size to 154.1 by 57.4 microns and almost fills up the egg shell
See figure 15. At this time the miracidium is getting ready to
escape from the egg shell. The first hatching began 408 hours
after incubation started. The hatched miracidia, like the eggs
vary in size, but average 155 by 58 microns. Once hatching
begins this goes on continuously, so that 111 days after the

fist miracidia appeared some miracidia were still hatching.
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Timurs 7. Ok eat at tta tine of rsoovexy fton tile.

I 8. 9m .at at 48 hours incubation.

B 9. 9k eat at 96 hours of Incubation.
" 10. 9k eat at 144 hours of Incubation.
® 11. 9« SEE at 192 hours of Incubation.
® 12. 9k «8B at 240 hours of incubation.
® 13. 9k @GB at 286 hours of Incubation.
" 14. 9k <a at 366 hours of Incubation.

" 13. 9k 0SB st 384 of incubation.
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4.2.2 The miracidium (Fig. 16). e

The miracidium appears as a tiny densely ciliated
organism which hatches out of the egg after at least 17 days
of incubation. The body measures 156 X 58 microns. The cilia
are arranged on plates in whorls with narrow naked spaces
separating two adjacent whorls. Because cilia are long those
on anterior plates overlap on those of the next posterior
plates and as a result conceal the narrow naked space in be-
tween. Cilia on the anterior plates originate at the base of
the thinly pointed apical papilla. At the junction of the
Ffirst (anterior-most) and second row of plates occurs a pair of
ampulae placed laterally just below the posterior end of each
penetration gland. The ampulae are blind pockets opening on
the outside. A primitive central gut and two penetration glands
situated laterally to the gut occur in the anterior section ot
the miracidium. Both of the penetration glands and the primi-.
tive gut open into a small space just below the terminal opening
of the apical papilla. Directly posterior to the primitive gut
are the paired eye spots. A pair of flame cells occurs latero-
medially in the middle (3rd) portion of the miracidium. Prom
each flame cell runs a convoluted excretory duct which courses
interiorly and medially for a short distance then briefly late-
P~A1y ifter which it meanders posteriorly and reaches the fifth

row. ..
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row of plates. The duct then runs antero-laterally and
finally opens laterally at the junction of the 4th and fifth
row of plates. Directly behind the flame cells a cluster of
germinal cells occupy the region marked by the posterior . ee
portion of the 3rd and anterior portion of the 4th row of
plates of the miracidium. The cello have prominent nuclei

and the protoplasm is surrounded by a definite cell membrane.

The miracidia, when examined in a petri dish are seen
swimming rapidly from one edge of the vessel to another, re-
maining very active until they encounter a proper shail host.
On encountering the proper snail host, the miracidium swims
round the snail, sometimes many times, before it finally
adheres to and penetrates the host. Most miracidia penetrate
snail tissue around the mantle, although a few were seen Ww. *

attempting to penetrate tissues of the foot.

Miracidia are attracted to spots covered by mucous mate-
rial left at the bottom of the vessel by crawling snails.
Many miracidia were seen congregating arround such spots.

A fast-swiming miracidium would swim past, then swim in cir-

cles arround, and finally stop at the spot.



- 71 -

*hgax9 16. Die airacldlum






- 72 -

4.2.3 Pre-redial phase "Sporocyst" (Fig. 17 and 18)

The miracidium attaches itself to the snail and punotures
the tissue using its finely pointed apical papilla. Next the
miracidium loses its ciliated coat and finally penetrates the

snail tissue.

Thirty six hours later, the miracidium transforms into a
spherical object, 75.9 microns in diameter, surrounded by a
transparent membrane. Immediately inside this membrane is a
thick layer of somatic cells surrounding a cluster of ger-
minal cells which are arranged into a sphere. All these ger-
minal. cells have a prominent nucleus each with a definite
membrane surrounding the protoplasm. Between the two cell
layers occurs an empty space completely surrounding the germinal
cells. At this time the eye spots become detached and are
situated further apart. Flame cells are displaced from the
position they occupied in the miracidium and the excretory

ducts seem to have completely disappeared. See Ffigure 17.

Three days after penetrating the snail tissue, the mira-
cidium transforms even more; it is no longer the irregular
sphere observed at thirty six hours, but an elongate structure
96.c microns long. The organism is, however, still surrounded

17« «M



by a transparent membrane with somatic cells surrounding the
germinal cells. The space between the two cell layers still
exists although it is reduced in size. Eye spots have moved
even further apart as have the flame cells, while the ex-
cretory ducts continue to be unobserved or absent. Germinal
cells which occured as a single spherical mass at thirty six
hours have now increased in number and occur as three over-
lapping masses. The larger mass is at one end followed by a
smaller one and the very smallest at the opposite end. This
arrangement results in an elongate structure wide at one end
and tapering to a relatively narrower opposite end. As gcrv-
minal cells increase in number, somatic cells tend to decrease.

See figure 18.



Figure 17* WBn pn-ndial phaoa 36 hours after tee mjraaldiMn

has penetrated the mail tissue.

" 16. Ble Pre-redial phase 3 days after airacldIm has

penetrated tee mall tissue*
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4.2.4 Mother redia (Pigs. 19-26)

Pour days after penetrating the snail tissue, the nira-
cidium lias developed into the definite organisn measuring
161 by 50.6 microns shown in figure 19, which is interpreted
to be the mother redia. Some of the internal structures of
this organisn can be traced back to those in Ffigure 18.
Somatic cells have almost completely disappeared and the tra-
nsparent membrane which is still present directly surrounds
the germinal cells which completely fill the space in the
organism except the anterior one third. The germinal cells
still occur as three overlapping masses, however, the structure
formed is wide in the middle and tapers to narrow ends. The
original pair of flame cells and eye spots of the miracidium
are still present in this organism. In addition, the organism
has developed a syncytial primitive gut which is wide at the
anterior end and tapers posteriorly to end just below the
anterior edge of germinal cells, a non-muscular but cellular
pharynx, a buccal opening connected to the primitive gut, and

a definite collar around the narrow enterior end. See figure 19.

Eight days after penetration, the organism increases in
uwf.dth to measures 161 by 69 microns and more distinct morpho-

logical features become apparent. The transparent membrane seen
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in Figure 19 has developed into a thick wall surrounding the
organism. The pharynx becomes very slightly muscular and the
gut becomes more distinct. The original pair of flame cells
and eye spots of the miracidium are still present in this or-
ganism and in addition five pairs of relatively small flame
cells can be seen arranged on the sides of the mother redia
immediately surrounding the anterior daughter embryo. “The
overlapping masses of germinal cells as seen in figure 19
separate into three distinct cellular masses or daughter
embryos. The anterior-most daughter embryo measures 92 by

45 microns and is the largest of the three. It is surrounded
by a thin vail within which germinal cells are arranged in
three overlapping spherical masses. The anterior spherical
mass is large followed by a snail one end finally the smallest
is situated at the opposite end forming an elongate structure
wide at the anterior and tapering to a narrow posterior end.

An empty space occurs between the germinal cells and the wall
on the postero-lateral sides of the daughter embryo. The other:
two of the three daughter embryos are separate spherical masses

germinal cells which have He surrounding membranes. See

figure”20.



Ttordays after penetration the parent organism has
developed into a completely recognizable redia as seen in
figure 21, a muscular pharynx, a buccal opening which leads
into a distinct gut containing food particles, and a pair of
appendages on the posterior end. The original pair of eye
spots and flame cells are still present in addition to the
newly developed five pairs of small flame cello which were
seen in figure 20. The newly developed flame cells are located
between the anterior extremety of the gut and the appendages

of the mother redia.

The three daughter embryos are arranged in a line; the
anterior one is made of three overlapping spherical masses of
germinal cells (forming an elongate structure wide at the
anterior end and tapering to a narrow posterior end) surround-
ed by a wall. An empty space occurs between this wall and the
elongated structure. The second daughter embryo is equally
elongate and tapering, but unlike the Ffirst one, it has no wall
surrounding it. The third daughter embryo is relatively small,
although it is also made up of three overlapping spherical

masses of germinal cells with no wall surrounding it. This is

represented in figure 21.
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Snails which were exposed individually to five and ten
niracidia respectively were dissected ten days post-infection.
In all, 135 snails individually exposed to 5 miracidia each and 150
snails individually exposed to 10 miracidia each were dis-
sected and examined for the first generation rediae. The
rediae found in these snails v/ere counted and recorded. These

records are summarised in tables VIl and VIII below:-

Table VII: REDIAE RECOVERED FROM SNAILS THAT WERE INDIVIDUALLY
EXPOSED TO FIVE IHPACIDIA EACH.

No. of Snails examined No. of Rediae Recovered Recovery Rate f

25 5 100
37 4 80
42 3 60
7 2 40
24 0 0
Table VI11: REDIAE RECOVERED PROM SNAILS THAT WERE IIIDIVIDUALITY

EXPOSED TO 10 MIRACIDIA EACH.

No. of Rediae Recovered Recovery Rate %

1 100
80
70
40

0

Oh~NOOO



These results indicate that only one mother redia could have

developed from each miracidium.

Twelve days post penetration of the snail tissue by the
miracidium, the mother redia iIncreases in size to measure 826.5
by 130,5 microns. At this stage the original eye 3pots and
pair of flame cells of the miracidium disappear, and only the
nev/ly developed five pairs of small flame cells which are evenly
spread between the collar and appendages of the mother redia
remain. The daughter embryos which were seen as three separate
groups of germinal cells have increased to five. The first 4
are elongate tapering structures made of overlapping spherical
masses of germinal cells, however, the fifth is a small single
sphere of similar cells. The most anterior daughter embryo is
surrounded by a thick wall, the second is surrounded by a thin
wall and the third by a membrane. All of them have an empty
space between the germinal cells and the wall or membrane on
the posterolateral positions. The fourth and fifth embryos have
neither a wall nor a membrane. The anterior largest and most

advanced daughter embryo measures 103.5 by 80.5 microns. See

figure 22.



Fourteen days post penetration, tho mother redia
increases in size and her gut elongate posteriorly®to end
near the appendages. The daughter embryos have increased in
number to nine and each of then i3 a compact grouping of
germinal cells surrounded by a membrane, the empty space Oecn

i™ figure 16 having disappeared. See Tfigure 23.

Sixteen days after the miracidium has penetrated the snail
tissue, the mother redia which has by now developed a sixth
pair of fkémo cells has began migration towards the snail"s
liver. At this, time tho daughter embryos are still nine in
number, however, they have undergone further development and
.occur as dafinite single units of geminal sac3 scattered
throughout the mother’s hollow body. The three most advanced
daughter organisms, two of then placed anterior and one
posterior to the mother®s appendages begin to show poorly
formed pharynges. The other six are scattered throughout
their mother"s body. For the Ffirst time since the niracidium
penetrated the snail tissue, there is clear indication that

a second generation of rediae are developing. See figure 24.

Ninteen days post penetration the daughter organisms which
have well developed pharynges but no guts nor buccal oponningo
are present, and at 21 days these daughter organisms begin to look
like future daughter rediae. See figure 25 and 25 illustrating

stages of development at 19 and 21 days respectively.
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figure 19 Mother redla at 4 days poet penetration of the snail
tissue by lhe sdraoldira.
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Figure 20. Mother redia at 8 days poet penetration of the snail

tissue by the mJLraoldlwu
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figure 21* Mother redla at 10 days post penetration of the snail

tissue by the miracidiunu
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Yitxm 22m 9 » Bother rodla 12 daja post pm tntiai at the

tor the nlzaaldlia*






Figure 23* Mother redia at 14 days poet penetration of the snail

tiesue tj the idraoidium.
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Victim 24* 1blte sattD it 16 days part psnrixatlan of ttv
tVRM ty Um wAXMsUSam
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Figure 25, Motiler redla at 19 days post penetration of the snail

tissue by the mlracidiunu
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Vigun 2C« Hotter radla 21 days poet paMtntkn of Ite

tissue tgr tbs iLzaaidttB.






4.2,5 Daughter redia (Pigs, 27-28)

Twenty three days post penetration, the mother redia lias
reached maturity, and its gut contains very few food particles.
Daughter rediae, each one having a fully developed muscular
pharym, a buccal opening which leads into a gut containing
many food particles and a pair of appendages appear in the
mother redials hollow body. The daughter rediae are scattered
throughout the mother’s hollow body in addition to grand daughter
germinal sacs which develop into daughter rediae enventually.

At this tine occurs grand daughter germinal sacs scattered
throughout the hollow bodies of the daughter rediae which are
still contained vdthin the mother redia. See figure 27(a) and
27(b) illustrating a mother redia containing daughter rediae
and a daughter redia dissected out of the mother redia and
containing grand daughter germinal sacs respectively.

Twenty Five days after_penetration of the dnail tissue by the
miracidium, the daughter rediae which are filled with grand-
daughter germinal sacs begin to escape out of the mother redia
through the birth pore which is situated on the collar. The
daughter rediae contain many more of those germinal sacs than the

mother redia had. See figure 28.



Plgura 27(a) lIktai scther redlA.

m 27(k) Young dougxter xSla diamotod out «f redU"a
holloa body 23 iqfB post paootmtlan of tti m il

—m >y aljPBWLttUBe
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Figure 28. Daughter redla after escaping from the mother~s
hollow body 25 days post penetration of the

tissue by Hie nlraoldium,






- -

4.2.6 Grand daughter redia (Figs- 29, 31 and 32)

Thirty one days post penetration of the snail tissue by
the niracidiun, the daughter redia*s hollow body is filled
with fully developed grand daughter rediae which have a
nuscular pharynx, a buccal opening that leads into a gut
filled with many food particles, a collar, and a pair of
appendages each. In addition, there are developing grand
daughter rediae which have only their pharynges fonned, and
nany grand daughter sacs. All the three categories of grana
daughter organises are scattered throughout the daughter redirs
hollow body. The grand daughter redia’s hollow body is filled
with many great grand daughter germinal sacs. See figure 29.
Sone of the daughter rediae were still contained within the
nother redia when they (daughter rediae) already contained
fully developed grand daughter rediae whose bodies were filled

with grand daughter geminal sacs.

Thirty two days post penetration of snail tissue by the
niracidiun, enpty nother rediae conpletely devoid of any
daughter rediae or geminal cells begin to appear indicating
that all daughter rediae have all- natured and escaped into te
snail’s liver tissue. At this tine all that remains of the
nother redia is an enpty bag with a nuscular pharynx, buccn.1l
opening, an enpty gut and a pair of appendages. These enp'ty

bags. ..



bags are found in the snail’s liver tissue into which the

mother redia rdgrates before her daughters begin to escape.

Figure 30 illustrates an empty mother redia.

Forty days post penetration of the snail tissue by the
niracidium the grand daughter redia develops even further and
its contents of great grand daughter germinal sacs which al-
most completely Ffills her hollow body increase both in size

and number. Figure 31 illustrates this stage of development.

In addition to the great grand daughter germinal sacs some
of which have concretions occuring in some spaces between ad-
jJacent individual germinal cells, poorly developed coroariae
begin to appear in the grand daughter redia®s hollow body 44
days post penetration of the snail tissue by the niracidium.
Each of these developing cercariae has a short thick tail,
poourly formed oral sucker and acetabulum, and concretions
that are restricted to the cercaria®s body. The undifferen-
tiated great grand daughter germinal sacs with concretions
in them eventually develop into cercariae while those v/ithout
develop into great grand daughter (fourth generation) rediae.

Figure 32 illustrates this stage of development.



Of all grand daughter rodiae examined at any tip;, only
one of then was found to be abnormal - a case of ISiamese twins
inrediaalt had two buccal openings, two pharynges, two
collars, and two guts with food particles in both of them} a
single body which was joined a short distance below the collar
and a single appendage. This abnormal grand daughter redia,
however, had a normal developing cercaria and normal gr™ar
grind daughter germinal sacs. M s monster is illustrated in

figure 33



- 95

Figure 29* Mature daughter redla "'g developed p ud

daughter reala






- 96 -

figure 30. Bnpty rather redla.
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figure 31li Mature daughter redla 40 daja poet penetration of

the well tlaeue by the






figure 32. Mature grand daughter redla,
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figure 33. Abnormal grand daughter redlsu
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4.2.7 Great grand daughter (4th generation) redia
(gigs- 34 -37) -

Fifty one days post penetration of snail tissue by the
miracidium, the grand daughter redia contains fully formed
cercariae with definite tails, acetabula, oral suckers, and
pharynges. These cercariae are by no moans mature, however,
they are easily recognizable. Occuring together with cer-
cariae, are great grand daughter (4th generation) genninal
sacs scattered throughout the hollow body of the grand
daughter redia, and a great grand daughter (4th generation)
redia. Thi3 has a buccal opening leading into a gut filled
with food particles, a muscular pharynx a collar and a pair
of appendages. Genninal sacs of the 5th generation are
scattered throughout the great grand daughter redia’s hollow

body. Figure 34 illustrate this stage of development.

Seventy five days post penetration of the snail tissue
by the niracidiun, most cercariae are nature; the grand
daughter redials hollow body is filled with cercariae and a
great grand daughter redia which also contains developing
cercariae. A few great daughter (4th generation) undiffere»i
ntiated germinal sacs are still present at this tine. See

figure 35.
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Eighty days post penetration of the snail tissue by the
niracidiun, easily recognisable cercariae are evident in the
great grand daughter (4th generation) redia"s hollow body;
in addition, there are undifferentiated fifth generation
geminal sacs vdiich are destined to become cercariae

eventually. Figure 36 illustrates this stage of development.

Eighty five days post penetration of the snail tissue by
the niracidiun, the great grand daughter (4th generation)
redin®s hollow body is completely filled with nature cercariae
and some undifferentiated 5th generation geminal sacs which- even-
tually develop into cercariae. Figure 37 illustrates this
stage of development. A careful examination of the great grand
daughter (4th generation) rediae failed to reveal a fifth
generation redia; all 4th generation rediae had only cercariae
in them. This is therefore a strong indication that only fov r
redial generations are present in the life cycle of Fasciola

gigantica.
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*l«ure 35. Grand gaughter redla containing lat generation
oeroarlae and a groat grand daughter rodla In
vdioao hollow body are developing 2nd generation

oeroarlae






Figure 36. Mature great grand daughter redla
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Figure 37* Mature great grand daughter redia containing mature

cercariae of the 2nd generation*






4.2.8 Cercaria (Eig- 38)

The first mature eercariae escape from the grand daughter
(3rd generation) rediae 53 days post penetration of the snail
tissue by the miracidium. These constitute the first genera-
tion of eercariae. A second generation of eercariae develops
in the great grand daughter (4th generation) rediae which
develop at the 3ame time with the Ffirst generation of eercariae
in the grand daughter (3rd generation) rediae. Cercariae,
whether of the first or second generation are identical in

anatomy, size and behaviour.

The cercaria appears as a whitish organism with a short,
broad body measuring 200.1 by 287.1 microns and a long tail
measuring 669.9 microns. Upon release in water, the cercaria
swims very actively and finally rests on any solid surface,
loses its tail and encysts to become a metacercaria. The
caece are very slightly convoluted and almost reach the
posterior end of the body. Each excretory duct which is
highly convolted has two descending limbs and one ascending
limb which has six ciliary patches. The first descending limb
leading towards the thick-walled excretory bladder is the
thickest of the three limbs, and is full of crystalline con-
cretions. The second descending limb is the thinnest of the

three and terminates in flame cells.
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The ascending limb which ie the middle portion of the whole
excretory duct has five ciliary patches. The excretory pro-
ducts thus collected by flame cells are conducted through the
ducts into the excretory bladder from where they are passed
through the excretory tube running through the tail and finally
voided through the two lateral excretory tubes. Because of
numerous cystogenous material in the cercaria®s body, it was not
possible to see many of the very fine tubles joining each flame

cell to the excretory ducts.
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new* 30. Oaroarla.






109 -

4.3 DISCUSSION

One of the most striking facts about the development of
the intramolluscan stages of _Fasciola gigantica is the time
required for the individual eggs to develop. One would nor-
mally expect that fluke eggs recovered from bile have all
reached the same stage of development and would therefore go
on to hatch at the same time when incubated under same condi-
tions. Eggs remain dormant while in the bile or alimentary
canal of the vertebrate host. Dinnik and Dinnik (1959) have
suggested that egg development at this time is arrested due

to oxygen shortage in the environment.

After being washed and incubated in tap water at room
temperature, the eggs develop at very different rates; the
first miracidia hatch out of the eggs 17 days following the
start of incubation whileHi days after the first miracidia

appeared
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appeared very actively swimming miracidia are still® hatching,
Dinnik and Dinnik (1959) working at a constant temperature

of 26°G observed hatching between 17 and 90 days after in-
cubation was first started. Thomas (1883) observed this
phenomenon of delayed hatching in Fasciola hepatica. The
miracidia hatching later in the hatching period are just as
capable of penetrating and developing in the snail as those
hatching earlier. This phenomenon of delayed hatching may
perhaps be a case of adaptation by the parasite to the environ-
ment for the success of the species. That is, when miracidia
are hatched at different times, some have a chance to escape
adverse conditions that may be existing in the environment

at that particualr time, Dinnik and Dinnik (1959) have sug-
gested that the prolongation of the hatching period increases
the chances for the miracidia to encounter a snail host; at

the same time, the possibility of an over-infestation of snails
with too many miracidia might be avoided. This view sounds
reasonable, especially when it is realised that all miracidia
hatching out of the eggs at anytime during the hatching period
are capable of penetrating and developing in the snail host.
One cannot, however, help questioning the idea of avoiding over-
infestation when one realises that during the earlier part
especially the Ffirst two weeks of the hatching period very many

miracidia



miracidia hatch while very few indeed hatch during the latter
part of the hatching period. It would therefore seem that
chances of snails being over-infested are much greater during
the earlier part of the hatching period and almost none in
the latter part. The author, however, is in full agreement
with Dinnik and Dinnik"s view that chances of encountering a
snail host by the miracidium are enhanced by the prolongation

of the hatching period.

The sporocyst as a phase developing from the miracidium
and giving rise to several mother rediae has been reported in
the life cycle of Fasciola gigantica by all workers and is
therefore an accepted "fact”. Thomas (1882) has gone even
further and reported that on rare occassions two sporocyst
generations are formed by the constriction and finally divi-
sion of the mother resulting in two daughter sporocysts in
Fasciola hepatica. There exists, however, other contrary views
on the existence of the sporocyst in the life cycle of other
trematodes. 6"agjarian (-1963) has reported that Johnson (1920;
believed that the miracidium of Echinostoma revolutum, a tre-
matode in the same order as Fasciola gigantica metamorphoses
directly into a redia. |In his discussion of the life cycle of

Fasciolopsis buski, Faust (1939) states, "...,..0n entering
the snail and reaching the lymph spaces, the miracidium becom:s

transformed,..
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transformed into a sporocyst which i3 atypical; inﬁ}hat it
possesses a functional rhabdocele gut like a redia but lacks
a pharynx.M Bennet and Humes (1939) observed the development
of the redia in the miracidium and reported the absence oi the
sporocyst in the life cycle of Stichorchis subtriquetrus. Bennet
eand Humes (1939) quote Wesenberg-Lund (1934) as having
stated that the omission of the sporocyst stage iIn a trematode
life history was reported by Szidat (1932) in the monostome
Tracheophilus sisovd Skrjabin. Van der Vioude (1954) has traced
the germinal propagatory cell from which the germinal cell of
the first generation redia were derived back to the developing
miracidium in the life cycle of Megalodiscus temperatus.
These findings by the authors mentioned above is in agreement
with this writer*s observation of the redia developing directly
from the miracidium of Fasciola gigantica. What Faust (1939)
considers to be "atypical sporocyst” with a gut but lacking
a pharynx is almost the description of what the writer ob-
served 4 days following penetration of the snail by the
miracidium. The only difference is that the present writer
observed a poorly formed pharynx. It may be possible that

Faust overlooked this poorly formed pharynx in his specimens.
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Dinnik and Dinnik (1963) have stated '...The largest
of the six embryo balls in the sporocyst developed into the
redia which ruptured the wall and escaped from the sporocyst.
The remaining embryo continued their development into rediae,
either in the ruptured body of the sporocyst or lying outside
it in surrounding tissue of the snails.” This writer dis-
agrees with Binnilc and Dinnik on the possibility of embryo
balls flowing out of their ruptured ''sporocyst’” and maturing
in the snail tissue. Faust (1920) and Agersborg (1924) have
shown that infected snail tissue especially liver tissue
secrete substances that are both enzymic and absorptive.
Agersborg who worked with Lymnaea obrussa among other snails
maintained that when penetrated by the miracidium, ‘the snail
host reacts by producing a secretion from the cells of all
tissues which is visible as osmium-staining granules in the
intercellular spaces. It i3 therefore evident that the snail
tissue is a hostile environment to the parasite, and the latter
is only able to resist this environment through its protective
wall. It would seem very difficult for the young embryo balls
which have not yet developed this protective wall, and having
prematurely flown out of their ruptured brood chamber to
develop into rediae in this hostile environment of the snail
tissue. Alicata (1938) and Dinnik and Dinnik (1963) observed

mother
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mother rediae having escaped from the sporocyst 5’days and 6 to 8
days respectively following penetration of the snail by the
miracidium. This writer demonstrated that as early as 4 days
following penetration of the snail by a miracidium, the mother
redia can be recognized even though some of its structures are
not fully formed. It is therefore possible that what these
three authors thought to be mother rediae developing out of

the sporocyst were in fact mother rediae developing directly
from the miracidium. The diagram of the sporocyst drawn by
Thomas (1883) shows a structure “with a pharynx and a gut

which he calls the mother redia enclosed within a larger
structure with a pair of oye spots. The way the "mother

redia” is positioned in the 'sporocyst” is such that what

Thomas considers as the mother redia could be the pharynx

and developing gut of the whole structure, the mother redia.
This diagram very much resembles what the writer observed and
later confirmed to be the mother redia. This stage is illus-
trated by figure 20 which shows a developing gut, a non-muscular

pharynx and a pair of eye spots.

The two prominent features i.e. the eye spots and a pair
of flame cells which were observed in the miracidium have been
used as "'tag3" to trace the transformation of the miracidium
into the mother redia. These structures were observed in

stages. ...
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stages illustrated in figures 17, 10, 19, 20, and 21 and yet
figure 20 and 21 illustrate fully formed rediae. This means
that these eye spots and flame cells are the ones seen in the
miracidium. If mother rediae developed as individuals inside
the sporocyst then it would be very unlikely for them to have
these eye spots and flame cells that were observed in the mira-
cidium. The logical thing would be for the sporocyst to have
acquired these eye spots and flame cells. Since fully formed
rediae still had these original structures i.e. eye sports and
flame cells seen in the miracidium, it is only reasonable to
conclude that the mother rediae developed directly from mira-
cidia. If it is accepted that more than one mother redia will
develop from one sporocyst, it would be logical to expect more
mother rediae than the number of miracidia to which the indivi-
dual snail was exposed. An attempt to demonstrate this fact
failed. On the contrary the maximum number of mother rediae
ever recovered from any individual snail was equal to the
maximum number of miracidia to which the snail was exposed;

these results are shown in tables VIl and VIII.

Based on these observations, it is the firm conclusion
of the present writer that the sporocyst stage does not exist

in the life cycle of Fasciola gigantica.
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Varied views exist as to how many redial generations
there are in the life cycle of Fasciola gigantica. Tbcuae
(1882) and Leuckart (1882) observed two redial generations
in the life cycle of Fasciola hepatica and reported that
each of the two redial generations is capable of producing
cercariae depending on temperature conditions of the environ-
ment. Poter (1920) observed two redial generations; she
stated " ..... The First generation redia which develops from
the sporocyst produce cercariae and towards the end of its
life, gives rise to a second generation of rediae.” Alicata
(1938) observed two redial generations in addition to the
sporocyst with cercariae developing in rediae of the second
generation only. Dinnik and Dinnik (1964) observed three
redial generations in addition to the sporocyst with cercariae
developing in all rediae of all these generations. If, as”It
is thstwriter®s contention, what has been hitherto regarded
as a sporocyst is in fact a first generation redia, then
what Thomas, leuckart, Porter and Alicata observed could be
regarded as three redial generations, instead of a sporocyst
and two redial generations, while Dinnik and Dinniksl obser-
vation would be regarded as four redial generation, instead
of a sporocyst and three redial generations. This last obser-
vation is in agreement with the writer®s observation of four

redial
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redial generations. Alicata’s observation of oercariae

being produced by what this writer considered third redial
generation agrees with his (writer’s) observation of cercariae
being produced for the first time by rediae of the third gene-
ration. Porter’s observation of the second redial generation
being produced by the first redial generation, the latter
having been producing cercariae does not agree with the pre-
sent writer’s observation; however, there are some aspects
that may have some relevance. This writer observed rediae of
the third generation producing both first generation cercariae
and very few 4th generation rediae. It is possible that Porter
missed by accident one generation in between and in fact what
she observed are what this writer considers to be the third
generation rediae with first generation cercariae and 4th gene-
ration rediae developing in them. Dinnik and Dinnik (1963)
observed alternation of generations of rediae and cercariae

in first generation of rediae; they further reported that

this phenomenon is practised by all subsequent redial genera-
tions, this is contrary to observations by Thomas (1882) and
Alicata (1938). Several attempts were made to try and demons-

trate this phenomenon but it wa3 never observed.

It is therefore concluded that there are four redial
generations in the life cycle of Fasciola gigantica and that

the. .«
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the earliest redial generation ever to produce cercaiiae is
the third. In this third generation of rediae, the first gene-
ration of cercariae are produced together with the 4th redial

generation which in turn produce a second generation of cercariae.

Two cercarial generations have been observed, the first
generation developing in the third generation rediae while the
second develops in the 4th redial generation. The cercaria has
a complicated excretory system which begins with flame cells and
courses into the excretory bladder. Wright (1927) observed
seven pairs of flame cells in Fasciola hepatica, while Kuntz
(1957) observed eight pairs in F. gigantica. The present
writer, however, observed 10 pairs of flame cells in Fasciola
gigantica. A lot of time and effort was spent studying the
excretory system of many live cercariae of P2, gigantica; how-
ever, owing to the vast amount of cystogenous material in the
body it is possible and in fact probable that there may be
more Fflame cells than were actually observed. While examining
living cercariae for flame cells, five ciliary patches were
observed in the ascending limb of each excretory duct. Kuntz
(1957) observed five ciliary patches in the ascending limb of
the excretory duct of Fasciola gigantica. Very probably these
ciliary patches which flicker in the duct of a live cercaria
help in the movement of excretory material along the excretory

channels.
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APPEITDIX 1

Ivigezi District. -

Kabale, Kisoro, Gyanika, Rubaya, Maziba, Kanungu, Rukungiri

Bugangari and Ilkumba.
Ankole District.

Kikagati, Nsongezi, Rubongota, Chiture, Kagunza, Rwentobo,
Rubaare, Htungamo, Gayaza, Mbarara, Kinoni, Sanga, Kabwohe,
Kayonta, Bushenyi, l.iitoma, Kyamahungu, Rutoma, Rubirizi,

Katunguru., Ibanda, Kiruha, Busheshe and Kazo.
Toro District.

Ntoroko, Kijura, Katoke, Kyenjojo, Butiti, Port Portal,
Bundibugyo, Kakabara, Kyegegwa, Lkibuku, Kasese, Muhokya,

Nyabirongo, Bwera, Dyakatonzi, Kamv/enge and Bihanga.
Bunyoro District.

Matunda, Katulikdro, Kiryandongo, Kigumba, Masindi Port,
Kibangya, Butiaba, Biso, Kinyara, Bilconzi, Bwijanga,
Bolindi, Kitoba, Hoima, Uunteme, ICitoma, Bulumagi, Muhororo
Kibalo and kakumiro.

ffeat Nile Dj:itrict.

Panyinu, Parombo, Goli, Paidha, Y/ar, Rebbi, Ojollo, Pakwach
Ragem, Utrutru, Uleppi, Arua, Terego, Ovujo, Maracha, Omugo

Koboko, londonga, Aringa, Yumbe, Lori and Rumogi .
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Appendix 1 Contnd.

6. Madi District.

lioyo, Metuli, Liropi, Laufori, llyeru, Pachara, and Adjunani.

7. Acholi District.
Te Okot, Lolixi, Aparanga, Anaka, Alero, Alelelcle, Kcyo,
Lanogi, Gulu, Lani.nabili, Parabong, Pabo, Patiko, Pawe,
Atidle, Palabek, Padibe, Madi Opei, Kitgun, Naan-Okora,

Aev/a, Atanga, Pajule, Opit, Paranga, Patongo and Adilang.

8. Karanoja District.
Loyoro, Kotido, Morulen, Nakiloro, lloroto, Kangole
Lorengodwat, Loro, Illabilatuk, Anudat and lloruit.

9. Lango District.

linakulu, Atuna, Ilbuje, Akokoro, Nanasale, Anolatar,
Nabyeso, Kachung, Aduku, Bar, Aloi, Lira, Aboke, Anyeko,

Otwala and Agur,
10. Toso District.

Orungo, Anuria, Katukwi, Tiriri, Wera, Mngoro, Kabera-
naido, Kalaki, Arapai, Soroti, Gvweri, Bugondo, Kadunguru,

Serere, Ngora, Kuni, Bukedea, and Kachunbala.
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Appendix 1 Contnd.

11.

12.

13.

14.

15.

Bugisu District.

Siroko, Budadiri, Buwalasi, Mbale, Bududa, Busisu,

Mayenze, Buliru, and Bubulo.

Sebeil District.

Binyin, Kaburoron, Kapchorwn, Sipi, Kyosweri, and Bukwa.
Bukedi District.

Agulo, Gogonyo, Pallisa, Kamuge, Kibuku, Budaka, Iki IKi,
Naboa, Busolwe, Budumba, Uagongera, Molo, Tororo, Sukulu,

Busia and Majanji.
Busoga District.

Kidera, Buyende, Kagulu, Nawaikake, Kanuli, Mbulanuti,
Naigobira, Nsinze, Busenbatia, Luzinga, Busesa, lganga,
Bugiri, Kakira, Magaaaga, lkulwe, Jinja, Kityerera and

Lugala.

East Mengo District.

llakitona, Lwampanga, Nabiswera, Nakasongola, Galiraya,
Kakoge, Bale, liuwero, Kiziba, Kayunga, Kapeka, Bowa,
Wobulenzi, Bonbo, Kikakala, Nakifuna, llagalamna, Nagojje,

Llukono, Lugazi, Seta, Buikwe, Hgogwe and Kibanga.



- 131 -

Appendix 1 Contnd.

16.

17.

18.

West Mengo District.

Lukona, Matuga, Kasangati, Kakiri, Kawanda, Kawempe,
Kampala, Nsangi, ICajansi, Kisubi, Hkunba, Entebbe,
Kasanje, Mitala Maria, Kabasanda, Mpigi, Kamengo, Kiriri,

Kanoni, Kabulasoke, Maddu and Port Bell.

Mubende District.

Bukv/isi, 1Jtwetire, Kiboga, Nabingora, Mubende, Kiwunola,
Kasanda, Bukoniera, Kikandwa, Busunju, Sekanyonyi and

Mityana.
Masaka District.

1Jtusi, Senbabule, Lyantonde, Lukaya, Kalungu, Kawoko,
Makoko, Masaka, Kaboyo, Mbirizi, Kiziba, Kalisizo,

Kyotera, Kakuto and Mutukula,
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APPENBIX 1

1
1st day 2nd day 3rd day 4th day 5th day

Block No. Block No. Block No. Block No. Block No.

Ho. Snails No. Snails No. Snails No. Snails No. Snails

1 20 15 0 20 1 8 0 4
62 100 30 3 27 2 49 3 26
28 103 40 56 43 3 58 6 17 0
30 48 28 28 8 0 16 0 62 21
51 93 52 50 0 61 23 37 3
49 139 26 0 37 5 4 0 43 10
16 32 R 0 12 0 29 3 31 0
22 91 42 2 3 2 19 4 29 5
20 12 58 108 15 0 36 7 52 11
23 88 57 67 38 3 23 0 38 0
8 100 44 21 18 2 3 4 15 8
45 39 54 61 21 1 25 5 40 2
26 17 22 3 19 2 62 2% 1 1
39 141 48 40 13 0o 11 0o 16 2
14 13 37 10 16 0 42 6 25 0
5 7 21 14 49 6 28 2 53 10
53 208 6 3 54 8 33 1 12 0
19 18 39 22 1 0 14 0 54
3 30 50 13 61 9 34 2 49
31 70 4 0 56 4 9 0 =55 18

TOTAL 1369 TOTAL 501 DOTAL 48 DOTAL 102 DOTAL 110



Appendix | Gontnd.

6th day 7th day 8th day 9th day 10th day
- m-—-—-—-

Slock No. Block No. Block No. Slock No. Block No.

No. Snails No. Spails No. Snails No. Snails No. Snails

34 8 39 1 19 4 50 1 49 6
1 0 43 10 27 1 56 3 8 0
57 6 0 53 0 17 0 3 0
64 10 0 50 4 53 5 15 0
31 4 16 0 5 2 48 2 31 0
12 0 49 8 47 14 41 4 39 4
37 0 15 4 33 0 5 0 41 3
49 3 13 0 25 3 42 3 10 0
29 7 25 8 54 18 28 1 36 3
53 4 56 7 45 0 19 0 22 0
42 0 1 0 7 5 51 3 33 2
58 9 49 6 28 0 60 6 44 1
25 3 38 5 58 9 59 4 9 0
38 1 27 3 30 0 14 0 46 2
47 5 33 6 14 0 30 0 4 0
51 2 57 10 56 3 36 1 42 3
50 1 8 0 16 1 9 0 53 7
16 3 42 4 40 0 31 1 29 0
39 0 53 9 12 0 49 3 45 3
9 1 10 3 48 6 61 6 38 4

TOTAL 67 TOTAL 84 rOTAL 70 DOTAL 43 rOTAL 38
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Appendix Il Contnd.

. 11th day 12th day 13th day 14th day 15th day

Block Ho. Block Ho. Block No. Block No. Block Ho.

No. Snails No. Snails Ho. Snails Ho. Snails No. Snails

8 0] 24 0 42 1 44 4 39 0
27 3 29 0 0 31 0 47 0
46 3 12 0 0 52 3 3 0
39 1 6 0 8 0 25 0 53 4
43 4 16 0 32 2 38 4 62 1

- 53 2 19 0 3 0 32 0 36 0

3 0 39 2 21 0 37 0 55 1
13 0 1 0 28 0] 1 0 18 0
25 7 61 3 62 8 7 0 19 0
31 0 38 0 17 0 50 2 33 0
45 4 15 0 10 0] 10 0] 40 0
50 3 52 2 18 0 6 0] 14 0
48 6 47 2 4 0 56 6 46 1
62 10 59 1 55 1 16 0 10 0

7 0] 20 0] 12 0 47 1 16 0
58 9 43 2 59 2 29 0 25 0
23 0 13 0 38 0] 46 2 43 0

1 2 a 0 58 3 25 0 41 1
10 0 30 0 14 0 35 1 21 0
19 1 60 2 12 0] 21 0 7 0

TOTAL 55 TOTAL 14 TOTAL 17 TOTAL 23 TOTAL 8
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16th da7 17th
Block No. Block

| [SSTRN =S

No. Snails No.

35
52

4
54

19

9
12

14
51

2
30

33
3

16
17

O o M OF O O OO OO0 w O o o op» o o o

"TOTAL 10

17
35
38
9
61
10
41
15
44
33
27
37
14
52
12
25
11
2
54
21

TOTAL

day

No.

Snails No.

o O O o

=

© o0 O O O O O 0o o ©o o o o o o
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13th day

Block No.

3
49
18
60

9

61
25
54
52
16

o o » O O ON O 0 ©

N
o

64
62
29
35
44

8
17
38
31

O O O O rr O O Ww

TOTAL 31

19th day

ELock No.

Snails No. Snails

38
30

8
21
27
34
24
10

9
49
33
45
19
25
54
28
15
20

©O N O O O O O oo onN

31
12

O O O © O uu O Oow

TOTAL 12

20th

Block
No.

63
18
12
16
25

4
47
40
35

9
19
53
34
46
36

7
14
41
55
24

TOTAL

day

No.
Snails

© O O O o N

H
> O

O A W O O W N O 0 O O —

W
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Appendix Il Contnd.

21st  day 22nd day  23rd day  24th day 25th day

Block Bo. Block No. Block No. Block No. 3lock No.

No. Snails [ITo. Snails No. Snails No. Snails No. Snails

3 0 8 0 43 2 6 0 13
15 0 4 0] 3 0 20 2 7
54 10 47 2 56 15 9 1 3 0
12 0 61 20 45 0] 41 0] 57 13
17 3 52 13 4 0 44 6 35 0
52 6 38 2 52 0] 59 11 39
11 0 22 0 12 0 2 0 22
27 2 12 0 34 0] 27 3 29 27
9 0 36 0 39 0 7 2 51 0
50 7 21 0 58 13 17 0 12 8
40 3 49 14 5 0 31 7 31 0
25 0 39 0 25 0 28 0 54 4
24 0 11 0 63 17 58 20 34 0
1 0 12 0 42 0 22 3 21 8
7 0 9 0 22 0 46 2 59 0
13 2 55 11 28 0 16 0 8 0
30 0 16 0 50 3 62 18 17 0
25 0 6 0 37 0 54 4 25 0
37 5 33 0 62 20 11 0 47 10
8 1 32 8 16 8 8 3 2 0

TOTAL 39 TOTAL 70 w[OTAL 78 TOTAL 82 TOTAL 86
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Appendix 11 Contnd.

26th day 27th day 28th day  29th day 30th day

Block ITo, Block ho. Block ho. Block ITo, Block ho.

No. Snail3 ho. Snails No. Snails ho. Snails ho. Snails

11 o 36 8 19 2 3 2 9 6
29 11 32 1 50 11 11 1 56 20
28 0 42 7 32 4 58 7 27 11
58 7 15 1 39 2 49 6 43 5

1 0 30 1 41 7 60 20 50 17

- 14 6 27 2 28 4 19 3 16
22 0 64 19 15 5 47 8 11 4
33 0 26 3 2 0 20 3 37 12
21 0 5 2 1 0 62 25 25 4

A 0 40 10 59 14 45 7 12 6
50 17 12 3 61 15 43 49 8
43 0 51 11 40 3 40 10 28 6

9 0 0 21 1 52 14 52 9
44 6 7 2 64 21 13 7 21 7
17 0 11 6 9 1 57 18 15 10
34 5 8 2 46 13 9 8 57 14
25 4 1 0 22 0 22 9 8 11
23 0 3 0 14 4 1 2 36 13
54 21 55 14 5 2 17 6 18 10
37 0 46 6 25 0 63 25 54 12

TOQ2Al 77 TOTAL 98 TOTAL 109 TOTAL 183  TOTAL 190
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313t day 32nd day 33rd day 34th day 35th day

Block No. Block No. Block No. Elock No. Block No.

No. Snails No. Snails No. Snails No. Snails No. Snails

27 6 46 14 16 5 54 28 50 8
a4 12 3 3 49 17 61 33 39 3
24 7 52 1 48 19 47 13 19 9
31 9 16 6 15 4 17 15 3 1
4 2 12 10 62 19 26 14 58 3
15 7 40 9 10 13 25 15 23 1
3 4 9 10 38 16 28 11 49 4
49 6 33 12 12 6 15 17 37 8
26 9 45 16 3 4 14 12 6 0
57 4 55 17 1 2 22 13 7 0
7 8 31 9 37 14 38 18 34 3
40 3 44 14 40 12 1 12 13 2
16 1 25 9 27 11 31 19 55 2
51 12 42 13 29 16 20 11 59 4
47 10 4 3 1 4 12 18 51 3
29 3 21 11 7 14 8 8 43 6
60 13 24 10 f 3 49 25 a4 3
25 7 28 10 61 20 41 14 9 0.
9 6 17 8 25 14 43 13 52 3
62 19 47 15 53 15 55 23 15 4

TOTAL 158 TOTAL 210 TOTAL 228 TOTAL 332 TOTAL 67
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36th day 37th day  38th day 39th day 40th day

Slock No. Block No. Block No. Block No. Block No.

No. Snail: No. Snails No. Snails No. Snails No. Snails

27 16 10 6 38 16 61 28 3T 17
43 15 14 7 50 14 10 11 21 19
38 5 25 10 16 16 52 24 64 18
54 14 39 13 23 20 9 15 16 2
29 6 34 4 11 14 49 18 52 21
52 13 7 11 7 12 56 13 11 16
18 7 17 5 45 17 5 14 41 22
M 10 21 9 14 14 36 12 50 12

1 4 16 4 47 15 12 22 34 16
30 5 1 6 57 19 34 13 1 8
59 19 57 14 5 10 32 11 62 19
13 4 23 7 2 16 21 4 5 2

2 6 12 4 6 16 13 28 21
16 17 18 8 5 29 16 55 14
28 5 48 9 52 20 39 11 63 35
45 9 56 4 18 7 14 14 12 1
32 13 40 3 19 16 40 13 58 16
24 11 63 20 42 14 59 10 49 10
46 7 60 17 62 31 48 14 37 7
11 18 14 6 39 18 27 21 50 1

TOIAl 204 TOTAL 167 TOTAL 300 TOTAL 297 TOTAL 317



Appendix 11 Contnd

41st 42nd  day  43rd day 44th day 45th day
Gs
Block Ho. Block Bo. Block Bo. Block ... Block Ho.

ilo. Snails Bo. Snails No. Snail,> . Snails Be. Snails

53 32 15 16 62 41 M 30 61 31
S3 40 52 18 17 15 2 11 31 13
30 15 59 28 58 29 40 29 16 11
12 12 7 9 33 22 26 28 36 20
55 27 28 16 3 17 42 33 33 17
16 13 20 11 57 31 15 18 15 12
27 17 33 17 2 14 57 33 47 18
7 10 30 8 42 18 19 23 59 28
50 21 6 15 28 22 6 22 29 14
22 6 p 10 52 26 30 27 19 15
52 24 12 17 63 47 31 25 51 27
56 31 13 5 19 20 12 24 10 11
18 16 45 19 6 14 37 31 38 15
60 32 29 13 29 17 43 35 35 12
1 8 64 35 7 15 51 23 7 9
32 14 11 9 47 18 21 26 13
14 15 47 31 56 25 29 30 6 E
4 7 49 28 54 16 59 40 55 26
26 10 34 16 46 19 23 20 27 14
61 29 27 15 51 20 25 21 45 19

I TOTAL 379 TOTAL 336 TOTAL 448 TOTAL 539 TOTAL 337
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Appendix 11 Contnd.

46th day 47th day 48th day 49th day 50th day

Block Wo. Block Wo. Block Wo. Block No. Block Wo.

No. Snails Wo. Snails Wo. Snails Wo. Snailc Wo. Snails

27 21 9 8 38 16 26 14 35 20
6 10 22 13 59 30 59 19 44 14
17 15 16 11 51 22 5 8 60 29
56 20 64 36 50 17 18 16 10 9
19 14 31 26 23 11 14 15 20 23
22 17 A 6 55 18 22 14 12 8
16 12 35 20 40 6 64 30 45 10
12 13 50 27 ie 14 13 13 53 21
1 5 25 15 49 21 12 10 14 10
9 11 « 11 44 15 52 15 30 15
50 19 19 16 15 13 55 17 31 12
2 10 1 4 62 33 4 13 29 14
3 16 13 18 17 12 9 11 40 18
54 23 38 17 2 9 42 14 38 12
55 25 59 31 14 15 3 10 23 16
38 21 - 1 6 23 12 18 11
64 30 26 18 20 13 25 13 34 13
43 9 6 14 45 20 48 15 50 23
40 23 24 16 16 10 30 11 48 15
32 16 2 8 37 16 37 10 6 8

TOTAL 330 TOTAL 328 TOTAL 317 TOTAL 280 TOTAL 301
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51st  day 52nd day 53rd day  54th day 55th day
Block Ho. Block No. Block No. Block No. Block No.

No. Snails No. Snails No. Snails No. Snails No. Snails

24 18 61 29 23 15 12 15 12 23
18 16 14 21 31 14 18 14 26 19
31 14 30 15 56 12 19 11 38 37
17 11 21 16 53 20 61 30 40 14
27 17 27 14 24 13 51 23 55 41
10 9 59 17 52 18 7 16 11 15
30 10 52 23 16 10 24 19 8 18
51 27 11 14 38 15 55 31 53 24
23 14 3 13 59 30 43 22 44 21
21 16 34 17 57 21 6 10 20 20
12 13 64 32 32 10 47 19 63 43
38 16 15 11 39 14 8 14 17 25
57 24 33 13 45 9 29 20 13 15
58 20 42 13 62 28 56 34 2 17
60 31 44 19 27 12 53 28 7 15
39 7 57 16 22 15 35 18 23 20
61 28 25 12 a 13 44 16 36 25
54 16 9 15 58 15 10 9 64 54
43 10 26 10 5 10 26 19 24 26
47 11 29 11 2 8 37 15 37 28

TOTAL 328 TOTAL 336 TOTAL 302 TOTAL 383 TOTAL 500
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56th day 57th day 58th day 59th day 60th day

Block Bo. Hock Ho. Block No. Elock Ho. Block Ho.

IMo. Snails No. Snails Ho. Snails Ho. Snails Ho. Snails

34 26 3 19 1 13 62 50 29 21
56 52 (s 15 51 53 36 3B 56 41
50 48 50 49 42 31 24 20 38 32
33 36 55 31 43 28 7 17 7 23
6 18 25 30 40 35 29 21 19 21
9 27 8 24 3 18 45 28 1 18
18 30 59 61 37 39 25 32 37 26
7 16 51 28 19 31 61 a4 27 40
48 40 29 32 50 44 48 33 9 23
47 35 12 28 11 17 26 28 63 61
42 28 19 30 52 56 16 23 25 27
25 24 1 14 10 24 2 22 31 29
35 27 50 37 29 26 50 41 53 29
45 42 42 35 30 40 51 39 13 14
38 29 47 37 12 23 17 14 42 36
55 49 6 21 30 27 42 26 40 30
23 17 49 34 24 17 56 37 39 24
19 16 45 29 41 23 31 20 60 64
10 19 40 24 58 43 10 15 3 17
8 20 4 26 31 12 14 21 33 25

TOTAL 599 TOTAL 604 TOTAL 600 TOTAL 566 TOTAL 601
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61st day 62nd day 63rd day . 64th - day ". 65th - day

Block Ho. Block No. Block No. Block No. Block No.

No. Snails [ITo. Snails ITo. Snails No. Snail? Wo. Spails

14 21 24 28 36 35 39 43 7 46
2 17 52 58 49 66 40 36 9 48
35 41 59 61 24 30 9 40 57 70
22 27 36 26 39 34 59 60 47 43
30 21 19 29 40 43 48 42 4 41
36 34 16 27 51 65 36 38 22 36
24 28 6 20 8 30 52 61 39 55
19 32 35 29 7 36 38 47 42 48
31 37 8 25 38 45 13 48 2 32
62 48 44 32 54 59 63 76 31 50
6 36 40 38 37 38 53 48 41 58
44 33 42 35 26 39 31 42 40 53
4 21 17 32 16 32 19 44 16 49
18 35 23 32 56 68 10 42 61 81
22 26 13 28 44 42 49 61 26 48
32 24 21 24 2 29 26 48 37 38
13 20 24 32 23 35 29 41 50 61
55 41 14 30 6 36 43 44 15 40
60 55 37 29 46 38 25 36 29 52
49 40 33 29 61 69 34 38 5 36

total @&3]7 TOTAL 644 TOTAL 869 TOTAL 935 TOTAL g9g7
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Appendix 11 Contnd.
i
66th day 67th day 68th day 69th day 70th day

Block No. Block No. Block No. Block No. Elock No.

Nc. Snails No. Snails No. Snails No. Snails No. Snails

33 43 37 89 23 74 15 86 43 88
36 48 13 78 29 68 44 - 93 44 97
51 91 36 84 16 70 52 91 25 64
24 40 A 57 3 51 16 79 40 ->73
9 39 1 40 62 131 61 142 21 78
44 65 55 89 43 86 47 89 51 95
" 49 78 12 70 12 62 8 62 14 87
37 81 52 78 22 75 27 87 64 161
29 79 28 61 28 79 22 77 15 59
19 43 21 63 15 71 11 68 53 86
11 54 58 95 6 65 3 71 24 71
45 82 10 61 39 63 43 106 49 91
62 95 11 58 47 78 28 86 30 81
24 58 23 66 31 82 51 93 4 66
36 78 38 74 50 89 38 97 8 72
41 59 54 96 7 57 7 67 10 75
40 68 48 86 57 96 30 88 59 102
25 76 19 59 11 63 48 72 27 95
14 63 7 67 18 68 1 49 62 132
6 66 8 56 30 74 64 54 12 68

TOTAL 1306 TOTAL 1427 TOTAL 1502 TOTAL 1657 TOTAL 1741



Appendix |1
71st day
Block  Bo.
Bo. Snails
57 106
8 83
9 74
11 68
60 102
3 71
22 97
2 66
16 70
43 91
4 98
1 53
62 165
7 66
40 95
42 101
27 93
64 183
63 156
52 99

TOTAL 1937
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Oontnd.

72nd

Block
Wo.

37
54
25
57
63
28
23
18
52
10
38
56
42
60

4
59

2
48
47
11

TOTAL

day

Wo.

Snails

128
82
81
90

135
99
70
69
87
73

103

138
76

171
71

147
69

121
86
92

1996
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