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ABSTRACT

This study was designed as an exploratory investigation to
determine experimentally some of the reactions of the miracidia of
a particular speeies of trematods to some of the various environ-
mental conditions that might be encountered in nature and the ablility
of the miracidia to penetrate and establish themselves in the inter-
mediate snail host, Past reports on the bilology of amphistome miracidis
have been restricted to more or less incidental observations included
in life-history accounts. A knowledge of the biology of the snall
vector of any fluke is essential to a sound approach to fiuke control.

BEggs of P. microbothriocides were secured by collecting the adult
worms from the rumens of cows, Bos taurus, and placing them in warm
water where the eggs were laid. The egge were incubsted in constant
teaperature ovens and stimulated by chilling to hatch at desired times,

Specimens of the intermediate snail host, S. gubensis, were ex-
posed to miraeidia in standard reference water, a laboratory-prepared
medium, uniform in composition, free of organic compounds and containing
the minerals ususlly found in surface waters,

The eggs were rapidly destroyed by desiceation when removed from
wvater, and freezing for one to four hours caused a marked decréase in
viability, Those frozen five hours or longer were completely destroyed,

Refrigeration of undeveloped eggs at 5° C, prevented development;
but the viability of the eggs in one lot decreased from 69% to 30% during
twelve months of refrigeration, and the minimum incubation periocd for
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development to hatching st 30° 0. increased from nine to eleven days
after eleven months of refrigeration.

The time required for the miracidia to develop to the hatching
stage varied with temperaturs. The minimum period was eleven days at
26° C., nine days at 30° C., and eight days at 35° C. Development
falled to proceed to the hatching stage at 38° C. and at 40° C. Therse
was a constant, slow hatching rate at 28° C, and at 30° C. They were
never observed to hatch sporadiecally at constant temperatures.

Reduced oxygen tension arrested or retarded development of the
eggs. They were effectively stored by sealing in boiled or unboiled
water for periods of up to 60 days with little reduction in the viability
of undeveloped eggs. Partially developed embryos were arrested in their
develomment for periods of up to 74 days by sealing in bolled water,

Development and hatching wers not affected by pH values between
5.5 and 8.2, but the longevity of the miracidia was considerably reduced
in weakly acid waters.

Light did not serve as a stimulus for hatching, but a decrease
in temperature of five or more degrees Cemtigrade for eggs incubated at
temperatures varying between 21° C, and 35° C, stimulated immediate
hatehing of large mumbers of miracidia, Increases in temperature failed
to stimulate hatching, When mature miracidia were induced to hatch by
chilling, they showed eillary activity for about three minutes before
the eperculum opened, Ixit from the egg shell appeared to be passive on
the part of the miracidia and required about one minute.

The longevity of the miracidia was correlsted with temperature,

At a mean temperature of 24° C,, the maximum life-span wes about
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fourteen hours; at & mean temperature of 33° 0,, it was about seven hours.
A 1% solution of sucrose did not extend the longevity, nor did a 0.5%
peptone solution; but 1% solutions of glueose, frustose, galectose and
mennose prolonged life for several hours.

Mirscidia exhibited a negative phototropism in both direct and
diffuse light, and they indicated a preference for the bottoms of cone-
tainers into which they were placed.

Mass exposure of the miracidia to the snall host resulted in in-
festation of about 87% of the snails. Exposure of single miracidia to
individual snails indicated & ratio of infestibility between miracidia of
ages ons and four hours of about l:l,5. At ages five, six and seven
hours, the miracidia were capable of penetrating and establishing theme
selves in about the same ratios (or perhaps slightly less) as at age one
hour. About 19% at ages one, four and five hours failed to penetrate
the snail host and remained free-swimming after an hour's exposure.
Single infestations by the mirscidia caused no increase in the death
rate of the snail host,

5. gubensis were maintained and reared in the laboratory on
terraria constructed to resemble the natural habitat, Algae of the
Genus Oscillatoria served as a satisfactory source of food, Algae some=
times grew in old terraria in sufficient quantitiea to support small
colonies, but it was usually necessary to add algae for maintaining
large numbers of experimental snails. They normally did not reproduce
during the winter months in the terraria nor in the natural habitat,
and they rarely exceeded 7 mm, in length except in May and June when
they attained & shell height as great as 10 mm,
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During the summer months, the snails did not normally enber the
water, and they reproduced continuously, laying their eggs on mud. In
terraris they entered the water at times during the summer and accumulated
on clusters of algae,

In terraria during the summer months, the snails attained sexusl
maturity and an average length of 3.4 mm. in as few as eleven days after
hatching, and they attained the ususl maximm summer sige of 7 mm, to
7.5 mm, within four to five weeks following hetching. Up to 50% survived
aestivation for three months,

Three weeks following single exposure to the mirscidia of P,
miercbothrioides, the infested anails averaged 0.5 mm, shorter than the
non-infested ones., Varying degrees of destruction of the snail's
digestive gland resulted from paraeitiam.



INTRODUCTION

Trematode eggs and miracidis ars likely to be subjected to many
varied conditions of the environment. This study was designed to deter-
mine experimentally some of the reactions of a particular speclies of
trematode to some of the various envirommental ccnditions that might be
engcountered in nature and the ability of the miracidium to penstrate
and establish itself in the intermediate enail host. It was hoped also
that enough of the blology of the snail host might be observed to enable
a better understanding of the relationships between parasite and host,

Paramphistomum microbothrioides was chosen for this investige-
tion because of the availadbility of materials and because a number of
studies had already been conducted on this species in \this laboratory,
The intermediate host of this trematode was ldentified for Bennett
(1936) by the late F. C. Baker of the University of Illinois as
Fossaria parva (Lea); Harold W, Harry and Joeeph P. E, Morrison,
Associate Curator, Division of Mollusks, U, 5. National Museum, have
independently identified it for the present writer as Stagnicols
(Nasonia) gubensis Pfeiffer,

No serious study of the blology of an amphistome miracidium has
been reported; but certain authors have published life-history reports,
which contain more or less incidental observations on biology. DNotable
among these are Erull (1932, 1934b), Bennett (1936), Sinha (1950) and
Willmott (1952).

Numerous observations concerning the bioclogy of the schlstosomes



have occurred in the literature from time to time. Faust (1924) re-
ported on the reactions of the miracidia of Schistosoma Japonicum and
S. mansoni. Faust and Hoffman (1934) published on the bielogy of the
extra-pammalian phases in the life cycle of S. mansoni, and Faust and
Meleney (1924) included biological observaticns in thelr monograph on
5. Jeponicum. OGordon, et al, (1934) included notes on biology im their
account of the life cycle of S. mansoni and 3. haematobium. Ingalls,
et al, (1949) reported their observations on S. Japonicum under verious
conditions, and Magath and Mathieson (1946) reported on the factors
affecting the hatching of ova of S. Japonicum. Maldonado and his eo-
workers have published a number of blological studies on S. mansoni

in recent years (1947, 1948, 1949, 1950a, 1950b, etc.).

The bielogy of the liver flukes has been reporbo& in more or
less detall in a number of instances, and several workers have attempted
to correlate the biology of the intermediate host with that of the liver
fluke larvae. Among the latter are Shaw and Sizmms (1930), Swales (1935),
Olsen (1944), Roberts (1950) and Batts, Swanson and Murphy (1951),

The scareity of information concerning the biology of free-
living trematode larvae indicates a need for such investigetiones as
the one presently reported, and Emmett W, Price (1953) of the U, S,
Bureau of Animal Industry has sald: "In view of the reolatively larye
number of snail species involved in the life histories of flukes paraw
sitlie in North American ruminants, a knowledge of the bionomics of
these vectors is essential to a sound apprcach to fluke control in the
several geographic areas involved, Unfortunately, the available infor-

" mation on the bionomics of these intermediate hosts is rather limited
and sketchy.”



HISTORICAL REVIEW

According to Stiles and Goldberger (1910), the name amphistome
was introduced by Rudolphi's generic name Amphistoma 1801. Fischoeder
(.1901) regarded all amphistomes as belonging to a single family, the
Paramphistomidae, which he divided into two subfamilies, the Paramphi-
stominae and Cladorchinae, and he erected the genus Paramphistomum,
with P. cervi as the type species. Stiles and Goldberger (1910) pro-
posed that Fischoeder's Paramphistomidae be elevated to the status of
a superfamily, Paramphistomoldea, which they divided into three families,
Paramphistomidae, Gastrothylacldae and Gastrodiscidee, Maplestone (1923)
and Travassos (1934) accepted the views of Stiles and Goldberger, as
did Dawes (1936) in his revision of the Genus Paramphistomum,

Nasmmark (1937) proposed a taxoncmic revision of the family
Paramphistaomidae, based on his study of the morphology of pharynges,
acetabulas and genital atria, He listed 15 subfamilles, including four
new ones. In his subfamily Paramphistominae (which equals Fischoeder's
Genus Paramphistomum), he listed nine genera, including seven new ones;
and in the Genus Paramphistomun, he listed eleven specles, including
two new ones, At least three other new species have been plasced in the
genus since Nasmark's revision: P. microbothrisidiss by Price and
MeIntosh (1944), and P, hiberniae and P. scotise, described by Willmott
(1950).

For a complete historical survey of the Amphistaomata prior to
1929, ths reader is referred to Fukui (1929),
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Excluding taxonoxmy, interest in the amphistomes has besn re-~
stricted principally to life-history studies. Since Looss deseribed
in 1892 the life-history of Diplodiscus subclavatus, and in 1896 the
miracidia of Gastrothylax gregarius, G. aegyptiacus and P. gervi, ac-
sounts of paramphistomide life~histories have been relatively rare.
Cary (1909) published an account of the life-histery of D. temperatus.
Cort (1915) showed that Cary was in error, and Krull and Price (1932)
repsated the work on that species. Bsaver (1929) reported on the de-
velopmental stages of Allassostoms parvum, and Brumpt (1936) described
the cercaria and the experimental infestation of the intermediate and
final hosts of P, cervi., Willey (1941) published a report on the life-
history and bionomics of Zygoecotyle lunata. By far the most complete
account of a paramphistomlde has been given by Bennett (1936) of a
species identified as Cotylophoron gotylophorum. Krull (1932, 1934b)
also reported on this form, Sinha (1950) reported on the development
of C. cotylophorum in India, and Willmott (1952) described the develop-
ment and morphology of the miracidium of P, hibernise. Willey and
Godman (1951) deseribed gametogenesis, fertilization and cleavage in
Zo lunata.

Price and MeIntosh (194)) studied the amphistome material
available in the U, S, National Museur and concluded that the species
referred to as C. cotylophorum by Bennett (1936) and Krull (1932, 1934b)
was in reality a new speecies of the Genus Paramphistomum, to which they
applied the name P, miorobothrioides. A study of the morphology of
this trematode, based on the figures and descriptions contained in
Nasmark's (1937) monograph, has led the writer to conclude that it is
a member of the Genus Paramphistomum and that Price and McIntosh were



probably justified in considering it a new spe¢ies, The lack of
Caotylophoron materisl for comparison, the lack of adeguate figures in
the literature and inadequate generic definition at the time of Krull's
and Bennett's work made positive identiflication difficult, At that
time, the only described charasteristic for distinguishing between the
Genera Paramphlstomun and Cotylophoron was the presence in the latter
of & genital sucker, set off from the surrounding tissues by & well-
developed basal membrane,



MATERIALS AND METHODS

To secure the eggs of P. mierobothrioides, the adult worms
were collected from the rumens of cows, Bos tsurus, slaughtered in
various slaughter houses in the vicinity of Baton Rouge, louisiana,
These worms were placed immediately into a container of warm tap
water and kept at a temperaturs of approximately 38° ¢. for several
hours, During that time the worms deposited large numbers of eggs
that were practically free of organic materials or other debris. At
hourly intervals the eggs were removed from the container and placed
in a refrigerator to prevent development until they were remcved for
use in experimental studies. FEggs collected by this method can be
examined eazily for quality and quantity, the minimum incubation period
for a given temperature can be predicted with aceuracy, and there is no
need for changing the water in which they are incubated,

All eggs used in experiments involving free-swimming miracidia
were removed from the refrigerator and incubated in a constent temper
ature oven which was regulated for 32° C. The water in such cultures
of eggs was maintained at a very constant 30° C. in this oven. By
chilling, the eggs were caused to hatch in large numbers for a period
of approximately 15 minutes after being removed from the incubator,
The miracidia were then poured off into another container, leaving the
unhatched eggs behind. In this way, the hatching time of the larvae
was known to within a very few minutes,

To determine the condition of eggs after incubation or induced
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hateohing, a few were taken from the culture concerned and examined
with the aid of a compound microscope. Counts were made of 100 or 200
of these eggs, and each was placed in one of four categories. Those
with open opercula were classed as hatched, those containing s mira-
cidiwm in any stage of development, as developed, those that showed
neither detericration nor development, as unchanged, and those eggs
with closed opercula and deteriorating vitelline material, or none at
all, were classed as deteriorated., In each instance, the number of
miracidia that had hatched was determined by the number of eggs with
open or displaced opereula.

Miracidia for longevity and infestivity studies were isolated
with the aid of a capillary pipette and a dissecting microscope inte
vials 15 millimeters in diameter and 15 millimeters long.

Por maintaining snails in the laboratory, rectangular boxes,
20" x 30" x 6" deep, were eonstructed from 1" x 6" pine boards and
filled to a depth of approximately three inches with soil from the
vicinity of the natural habitat of the snall., One or two trenches
were then formed in the soll of each box to allow for a continuous
flow of water that kept the soll saturated. Water was fed into one
end of each box through rubber tubing and led out through a hole
drilled at the desired level in the opposite end., The soil in each
box was sesded with algae collected from drainage ditches. These
terraria were elevated %o a height of two feet on wooden frames cone-
structed of 2" x A" timbers, and the wooden frames were roofed with
plastic~-filled screen wire to permit the passage of light and to pre-

vent flooding of the terraeris during rains. These terraria were



maintained in a basement window-well on the south side of a two-story,
masonry building.

Individual snalls were exposed to single miracidia by placing
the two in a short vial with one cubie centimeter of standard reference
water as developed by Hart, Doudoroff and Greenbank (1945) and modified
by Abegg (1948), Williems (1948) and Freeman (1949).

Standard reference water is a laboratory-prepared medium, free
of erganias and containing the minerals usually found in surface
waters, It was chosen as & medium for all experimental studies of the
miracidium because of its uniform and constant composition and hydrogen
ion concentration as opposed to the fluctuating composition of wvarious
natural surface waters,

Standard reference water is prepared from six different stock
solutions, made up in advance. These stock solutions are prepared in
the following manner, using chemicals of the C., P, grade:

lution 1t

Magnesium sulphate~heptahydrate 71.0 grams
Potassium sulphate 6.5 grams
Manganous sulphate~tetrahydrate De2 grams

Redistilled water to make one liter

Stock solution 2:

" Caleium chloride-dihydrate 18,6 grams
Redistilled water to make one liter

] ution 33
Sodium bicarbonate 25,0 grams
Ammonium nitrate 3.0 grams
Potassium phosphate-dibasic trihydrate 1.1 grams

Redistilled water to make one liter



1 ution 4:
Caleium oxide 32.3 grams
Redistilled water to make one liter
Bubble with carbon dioxide until a suspension
is obtained
Stock s 1

Sodium metasilicate~monohydrate 62,6 grams
Redistilled water to make one liter

Stoek solution 61
Ferric chloride hexahydrate 1.2 grems

Redistilled water to make one liter

The final dilution is prepared by adding one cublc centimeter
each of solutions 1, 2 and 3 for each liter of standard reference water
desired to the measured amount of redistilled water., Carbon dioxide
4s then dispersed into this solution through a porous gas dispenser
for 15 minutes., The pH of the solution at thie point is approximately
h.3. To this solution, one cublic centimeter of solution 4 is added for
each liter of standard reference water, and carbon dioxide is added
again until the soluticn becomes clear. The solution should now have
a pH of approximately 5.1, Next, compressed air is bubbled through the
solution for 25 minutes, ’raising the pH to approximately 7.9, Finally,
one cubic centimeter each of solutions 5 and 6 is added for each liter
of standard reference water, and the golution is aerated for at least
one hour to obtain a final, constant pH value of 7.9.

Water that had been distilled in a Barnstead still and redis-
tilled in a Pyrex glass still with an internal nichrome heating element
was used in preparing the stock solutions and the subsequent dilutions

of standard reference water used in this series of experiments,



OBSERVATIONS AND EXPERIMENTAL RESULTS

l, The Bgg and Its Development

The adults of P. microbothricides live in the rvmen of the
cow where they cling by their acetabula, buried deep among the numerocus
villi, Here they depoeit their egge to become mixed with the contents
of the rumen and to pass into the intestine, fimally to be voided with
the feces,

The eggs, as described by Bennett (1936), are remarksbly uni-
form in appearance, being nearly oveld with a alight attenuation at
the opercular end, and averaging approximately 129 by 68 microns in
sise,

After passing from the host, tho eggs are at the mercy of the
enviromuent, which varies according te the place of deposition. They
may be subjected to temperatures that range from bslow freezing to
well above h0° Ce, to conditions of moisture ranging from complete
destccation to suspensiocn in water, to conditions of gero dissolved
oxygen or to high concentrations, and to pH variations on elther side
of asutral,

Effeet of Drying. The egg shell appears to be readily permeable
to water as removal from water resulted in total destruction of the
ovum, As much water as possible was drained from one large sample of
freshly collected egges, and the contalner was left at room temperature
for nine and one~half hours. Water was then added to the eggs, and
they were placed at 30° C, for incubation., Kxamination after six days

10
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of incubation revesled complete deterioration of the shell contente.
Not one developing embryo could be found, and the vitelline cells had
broken down into a hemogeneous mass., Controls showed 75% developed
or hatched after nine days at 30° C, Another sample of Qggs was
drained free of sovering water and placed for one hour before an
electric fan on a hot, humid day. Examination after ten days of ine
eubation in water showed ocotiplete deterioration and no development of
the ova. The majority of the shells in this case appeared nearly
ampty, and there was & collection of the yolk material on the outside
of the shell, so located as to suggest that the operculum had loosened
and allowed the yolk to flow out. Eighty«<two percent of the controls
developed or hatched in nine days at 30° G,

McPherson (1951) performed experiments to determine the amount
of drying tolerated by fhese ova when suspended in cow feces, He c¢one
cluded that "If the moisture content of the feces drops to as low as
7.2%, all eggs contained in the feces will be dead in a period of
eight days.” In feces with a moisture content of 29%, he found no
decrease in viability during a period of 60 days.

-noberts {1950) found that drying for periods of one to ten
hours proved fatal to the eggs of Fasciola hepatica., This was true of
the undeveloped eggs as well as those that had incubated at 25° ¢, for
1} days.

Temperature as a Faetor in Development. The extreme ranges of
temperature in which the egg will survive and develop hawe not been
determined. Some efforts at establishing these ranges were attempted,
but lack of egquipment for controlling temperatures made real success
impossible.
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At an oven temperature of 32° C., where the water containing
eggs remained at a practically constant temperature of 30° C., these
eges conitntly and repsatedly hatched in good numbers after nine
days of incubation, but not earlier. At a constant water temperature
of 28° C. they failed to hateh at the end of ten days, but hatching
was odtained at the end of 11 days. At 35° C, they hatched after
eight days of incubation,

Table 1 shows development at water temperatures of 28°, 30°,
35°, 38° and 40° G, Each entry represents a different collection of
eggs, or eggs coming frem different groups of wormes, The results of
these experiments indicated that fluctuations of tamperature betwesn
26% and 35° C, did not significantly influence development, except
that development to the hatching stage was somewhat shortened as the
teauperature increased,

Samples of eggs from two different egg collections failed to
develop at 38° C. They showed neither deteriorstion mor development
after ten days at this temperature, btut the vitelline material did
appear slightly condensed., Eggs from & third collection showed 4% with
very slight development after ten days of incubation at 38° C, A
second sample from this third collection (not shown in Table 1) was coue
stantly aerated with a Thiberg aerator during ten days of incubation
at 38° C, PFive percent of these produced fully developed miracidia,
and hatching was induced. Another 15% of the eggs showed development
of the embryo to about maximum width, but there was no elongation nor
evident development of organe. The controls for these eggs, incubated
at 30% C. for ten days, showed 32% developing to mature miracidia., Two
other collections of egge were incubated for ten days at 40° C, These
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shoved alight development in 39% and 14% of the eggs, whereas the con-
trols at 30° C. developed maturs miracidia in 71% and 32% respectively.
Bennett (1936) indicated the effect of temperature on the rate
of development of this form. He found that the miracidia developed to
hatching in as few as eleven days at room temperatures in June and July
and that up to 29 days were required at room temperstures in Januery

qndMnnry.

Table I. Development of P. microbothrioides Eggs Incubated at Various

Temperatures,
Percent Control
Vater Days Percent Develaped at
Temp.. %C, '
28 11 65 68
35 8 80 n
35 8 34 bb
35 8 22 32
38 10 0 63
38 10 0 8k
38 10 h 3
L% 10 39 T
LO® 10 14 32

% Only slight development occurred, None developed mature miracidia,

Jonkins (1951) attempted to establish the rate of development
for P. microbothrioides at 21°, 279, 32° and 38° C. She found that they
began to hatch in from 8 to 19 days at temperatures of 27-38° C, Be-
tween these extremes she found a difference in the rate of development
to the hatching stage, but she found no difference in the total number
that developsd and hatohed during an inoubation period of 27 days. At
21° ¢, she reported such a slow rate of development and hatehing that
she was never able to observe mirsacidia; however, she concluded that



the total number hatched after 43 days was 23 great as the number
after 27 dayes at the higher temperatures., She reported oven tempers-
tures, not the actual temperature of the water containing the eggs.

Sinha (1950) found that the eggs of C. gotylophorum hatched
in 7-9 days in summer and 15-16 days in winter. Willmott (1952) re-
ported that the eggs of P. hiberniae hatehed between 14 and 20 days
at laboratory temperatures of 20-22° C.

Kumerous statements occur in the literature concerning the ine
cubation period of trematode eggs, seme of which are quoted here.
Krull (1934a) found that segméntation im the eggs of F. hepatice is
arrested at low temperatures, but that it is resumed at 13° Ce, and
Ross {1930) and Themas (1882) reported that segmentation in this form
is arrested at low temperatures, but they failed to report the minimum
temperzture at which segmentation is resumed; nor did they report the
maximm temperature tolerated. Roberts (1950) reported that the eggs
of ¥, hepatics hatched after 1, days at 25° C. and after 5 weeks at
17° C., but Shaw and Simms (1930) observed hateching in as few as 14
days at room temperature. Beaver (1937) found that the eggs of
Echinostems revolutum hatched in fram 18 to 30 days at room tempera-
tures, and Swales (1935) reported that those of Fasololoides msgns be-
gan hatching on the 29th day when incubated at a mean tempersture of
24° ¢. (range 21-27° C.).

The Effect of Freesing. To determine the effect of freezing on
the undeveloped egg, nmmercus eggs were suspended in a few drops of
water and subjected to temperatures of approximately -=5° C. for varying

periods of time, after which they were incubated at 30° C, See Takle 2,
Eggs that were frogen for periods of one~half hour were not
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affected. Those froszen for one, tw, thres or four hours showed a
sariced deerease in the number oapable of development, and these frogen
five hours or longer falled to develop when thawed and incubated.

Table 2. The Effect of Freesing on the Undeveloped Eggs of P.
ge Qbo &io;dt,l_ 0

Percent Dwélopod Percent
and Hatched Control Developed

Berisd Frogen . . _after Incubation ~And Hatchad ..

35
35
35
30
30
35
X
30
30
35
35
35

FEEEEEHER

Bummrwwubﬂ-‘w

[
OO0 O0OWOFrwn ﬁggg

544

Shaw and Simms (1930) found that newly collected egge of F.
hepatica developed and hatched subsequent to being frozem at -11° €,
for 2i hours. Freesing for the same period of time destroyed those
egzs with eabryos. Swales (1935) reported thet freesing F. magna ova
in the one- to sixteen-cell stage at ~5° C. in water or feces for
periods up to six weeks did not affect them, but that eggs in late
stages of development were completely destroyed by freesing.

Oxygen as a Factor in Development. McPherson (1951) was able
to show that the eggs of P. microbothrioides falled to develop as long
as they remained in cow feces, even though the moisture content was
maintained at 90% or higher. Even after periocds of up to 6/ days at

room temperaturs, no development was apparent, and the reduction in
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the number capable of subsequent development was only very slight.

He assumed that the very low oxygen tensicn under these conditions
was responsible for the failure of the egzs to develop. Swales (1935)
observed that the eggs of F. magns developed to the hatching stage

in feces ss long as the moisture content did mot drop below 60%.

In an attempt to determine the effect of a reduced oxygen
tension, several experiments were conducted during the present investi-
gation. In one case a 15 ml. test tube was filled with water that had
been boiled for 15 minutes. The tube was sealed by pouring one-half
inch of melted petroleum jelly on the surface of the water, When the
tubs had cooled, approximately 20,000 eggs were introduced and the tube
was resealed. Thirty-six days later the eggs were oxamined, and it was
found that none had developed. About 25% appeared to have deteriorated,
At this time the eggs were put into 250 ml. of water and placed in ine-
cubstion at 30° C. When exsmined after 10 daye in open water, 55%
showed development and another 12f were developed to the hatching
stage. Hatehing began scon after remcval of the culture from the con-
trolled tempersture oven. Controls from these eggs in open containers
at 30° C. for 10 daye showed 20% deteriorated and 75% developed or
hatched,

From ons collection of eggs, which showed 24% developing or
hatching when incubated immediately after collection, two samplea were
sealed in boiled water. One sawple was opened and incubated after
being sealed for 35 days. Counts revealed that 29% developed or
hatehed. The second sample was opened and incubated afier being
sealed for 60 days; 18% developsd or hatched,

In another experiment, eggs that had been allowsd to develop
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at room temperatures for six days, or until the embryos had reached
maximum width without elongation, were introduced into a 250 ml.
Erlenmeyer flask filled with boiled water and sealed with petroleum
Jelly., After 74 days, examination revealed no detectable advance in
develomment, The eggs were then placed in an open container of fresh
water and incubated at % C. After five days of incubation, examinaw
tion revealed development of approximately 50% to mature miracidis,
and hatehing was induced in large numbers. The container was sealed
again, and 24 hours later miracidia were still present in the con-
tained water. After another 2, hours, no miracidie wers observed.

The controls from this group of egge in open containers at room temper-
stures shewed 76% developed or hatched in 13 days.

Ancther sample of these embryonated eggs that had developed
for eix days at reom temperature, with 71¥% showing development, was
sedled in m\;oilnd tap water at room temperature. The seal was rew
moved at the end of eight days, and examination revealed no further
development . Seven days after the seal was removed, counts revealed
that 11% of the eggs still contained embryos of about maximum width,
while 60% had developed to the hatching stage. Hatching was induced
at this time. The controls for these eggs required 13 days to reach
the hatching stage. It ie interesting to note that whan the period
these experimental eggs remained sesled is deducted from the incuba-
tion period, about 13 days remein. In other words, the controls
hatched eight days befcre this group, which was sealed for eight days,

Lnocther sample of undeveloped eggs was sealed in unboiled tap
water and incubated at 30° C. for a period of 57 deys. Fxamination
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revealed no apparent development, and 20% had deteriorated, These
eggs were then placed in sn open vessel at 30° C., and hatching was
induced nine days later. The eggs were sealed again about eight hours
after hatching was induced. When next examined, 43 days later, counts
revealed that AOX had hatched, and 228 of the eggs corteined living,
mature miracidia. The controls showed 824 developed and hatched after
nine days at %° C,

One other test was run to dstermine the effect of a reduced
oxygen tension. Approximately 15,000 eggs were placed into 7 ml. of
water in a 15 ml. test tube, The tudbe was closed with & cork stapper
and placed on its side at 30° C. When examined afber six days of incu~
bation, only & very slight development was detectable. After 1l days
of incubation, scme embryos had developed inte a spherical mass about
30 microns in diameter. The cork was removed at this time and the tube
plaged upright. After a total of 36 days of incubation, miracidia were
observed swimming free in the water, and counts showed that 5% of the
eges had hatched, 6% had developed to mature miracidia and 9% had
deteriorated., After 89 days of incubation, free miracidia were shill
being cbserved swimming in the water., The contents of the test tube
were then lost before counts could be made of the total number of eggs
that had developed or hateched, The control for these eggs showed
hatehing sfter nine days, and & total of 75% had developed or hatched
after 20 days of incubation,

Although no qusntitative data are presented, it has been
noticed repeatedly that eggs mixed with fermenting or decaying organie
materials wers much slower in developing. When eggs were thus cone

teminated, as when they were washed from the rumen of the infested
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definitive host, 1t became nscessary to change the water at least daily
in order to have large mumbers of the egge maturing and hatching to-
gether.

Sinha (1950) used distilled water for incubating the eggs of
C. cotylophorum, changing the water twice daily, even after careful
¢leaning of the eggs to prevent bacterial infusions., He thus implied
that development is retarded by a reduced oxygen tension. Shaw (1931)
speaks of F. hepatica eggs lying dormant, even when under conditions
apparently favorable for lstehing, and he noted that they may hatch
over & period of 13 months. Bemnett (1936) and Jenkins (1951) indicated
the need for frequent changing of the water over the eggs of P.
microbothrioides, and Willey (1941) experienced much difficulty, due
to bacteria and molds, in obtaining successful development of the ovum
of %. lunata, He obtained best results by keeping the eggs in Petri
dishes and ochanging the vater daily. Willmott (1952) reported an en=
tirely differert experience with the eggs of P, hiberniae., When kept
in too much water, o in water containing no vegetables matter, the ova
collapsed after a few days. She found that they developed better when
kept in a small quantity of filtered tap water to which sterile rabbit
feces or well-washed rumen content hmd been added. The water was nob
changed at all, dbut was replaced if it showed eigns of evaporation,
She failed to state whether these eggs are capable of developing in
the feces of the host.

The Effect of Hydrogen lon Concentration en Development and
Hatehing, To determine experimentally the effect of hydrogen ion con-
centration on the development of the eggs and the ability of the mira-
¢idia to escape from the egg shells, the method of Maldonado, et al,



(1950b) was used. The medium employed was standard dilution water

(described in the Standard Methods for the Examination of Water and

Sewage of the Amerjican Public Health Assogiation, 9th ed., 1946). This
is a buffered medium, used generally in biological oxygen-demand de-

termimtions, which possesses the average composition and general pro-
perties of mtural river waters. To obtain the various pH levels de-
sired, the buffer was correspondingly graduated with a Beckman pH
meter by adding variable amounts of decinormal sodium hydroxide teo the
potassium acid phosphate-ammonium sulfate mixture. In this manner
stooks of dilution water with the desired hydrogen ion concentrations
were prepared for use in the development and hatching studies,

Fowr experiments were: undertaken, one at room temperature, two
at 30° C. and one at 35° C. Table 3 gives the various hydrogen ion
concentrations tested and the experimental results as compared with
the controls in standard reference water,

This particular buffer proved to be not wholly satisfactory
for the ranges of pH attempted as it failed to maintain a stable con~
dition at the high pH values. Nevertheless, this solution did serve
satisfactorily to determine the effect of weakly acid conditions, such
as might be encountered in nature.

It might be expected that weakly alkaline waters would be more
satisfactory for development and hatehing, because miracidia are known
to live longer at pi values in excess of neutral. Maldonado, et al,
(1950b) found that the miracidia of 9. mansoni died very rapidly in
acid wators, approxivately 50% of them dying within the first hour at
pH valuse between 4.97 and 6.0, They reported that hatchability was



net significantly affected by any change in hydrogen fon activity
ranging from pil 5.16 to ph 8.35. Ingalle, et sl, (1949) found that
little hatching of S. japonieum ova occurred at pH values below 6.6,
and that the matehing rate increased to a maximum at a little above
p# 7.6,

No attempt was made in the present lnvestigetion to deter-
nine the actual longevity of these miracidia at the various hydrogen
ion concentrations used for testing development and hatching, but it
was noted in each case that the acid waters contained fewer fres-
swirning larvae than did the alkaline waters. Also it was noted that
the alkaline waters still comtained free~swimming miracidia for eight
to ten hours after hatching was induced, whereas the acid waters con-
tained none after two to three hours following induced hatching, One
group of 50 miracidia isolated individualily into water at pH 5.6 were
all dead when examined after three hours.

From the data in Table 3 it can be seen that in each case de-
velomment and hatching in the standard dilution water appsared come
parable to that in the standard reference water control, with the
poessible exception of the test that was run at room temperature., In
that instance sach of the standard dilution waters showed the percent-
age developed and hatched t¢ be somewhat lower than the standard
reference water control. There seemed to be no significant difference
in the mmbers developing and hatching at the various pH levels of the
standard dilution water.



Table 3. Development and Hatching of P. microbothrioides Eggs at Various Hydrogen Ion Concentrations

Initial Final Days Percent Percent Percent Percent Temperatur
Mediva ____DH - ‘ svsloped _Hatehed  Unchanged ) orated _of Incubatian
SRW-C# 8,20 8.60 12 3 0 by 19
SO 6,30 6.50 12 3 1l 55 13
StW 6.60 6.65 12 33 0 53 14 0° ¢.4
BOW 7.40 7.2 12 3 1l 58 10 ¢
SDW 8.00 7.40 12 34 3 L8 15
SOW 8,50 7.40 12 3 [ Sk 1
SRW-C 8,20 8.05 30 34 3 bl 19
SIW 6.30 6.60 30 2 12 50 16
Sow 6.60 6.60 30 28 b 55 i3 300
SDW 7.40 7.00 30 30 6 146 18 Cott
SDH 8,00 7.35 3 28 7 48 17
SDH 8.50 730 30 34 7 Li 15
SEW-C 8.10 8.10 1 20 21, 51 5
SW 6.40 6.80 11 28 12 51 9
shw 6.80 730 1 26 20 43 11 .
SDW 7.40 7.60 11 23 19 48 10 35° c.#¢
SDW 7.9 7.60 11 2h 2 &7 9
SDW 8.10 7.80 11 2% 27 45 7
SRW-C 8.2 8:15 18 2l 26 h2 8
SOW 5.50 «50 18 16 17 57 10
SDW 6.50 640 18 2 19 50 10 Room Temp,
SDd 7.30 7.10 18 15 19 52 14 (25-320C, ) #¥
SowW 2.10 TohO 18 19 20 50 1

% ORW-C, standard reference water control,
%% 3DW, standard dilution water,

# Hatching not induced.

## Hatching induced by chilling,

e
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Ihe Keeping Quality of Eggs under Refrigeration. The inability
to secure trematode eggs in sufficient quantities for experimental

studies at any given time makes it necessary that the egzs be collected
in as great numbers as possible when they are available and then stored
for future use.

At times during the present investigation, materials were more
than ample, while at other times months passed in which ne material
was available, Ordinarily it was not necessary to store eggs under
refrigeration for more than two to three months, and the decrease in
the number viable dropped by not more than about 20f in three months,
From one very large collection of worms, eggs were kept in refrigers-
tion for a whole year. Samples were removed to incubatien at 30° C.
at various intervals, and the percentage viable was determined,

Table 4 is a compilation of the results,

The number of eggs listed as deteriorated (because the shell
was empty or nearly so, but with the operculum remaining closed) did
not change significantly during the first ten months, which suggests
that the egg conmtent did not actually deteriorate, but rather that the
shell was laid down with little or no vitelline materisl. There was a
gradual decline in the mmber capable of developing and a corresponding
gradual increase in the number of eggs that showed no change in appear-
ance during the first ten months. During the eleventh and twelfth
months, the number that remained unchanged decreased, and the number
that deteriorated increased. The decrease in the number viable was

more rapid during the first eix-month period than during the second.
Even at the lower viability rates of the later months, miracidia could
still be obtained in sufficient guantities for almost any purpose that



might be desired,

Table 4, The Effect of Refrigerator Storage at 3° C. on Subsequent
Development of the Ova of P. microbothrioides.

Monthe in Re-  Days

*

Percent Deveioped  Percent

‘_! iAASR A Ry

cubat

LR

0 42 69 VA 17
1 IN 59 25 16
2 40 50 L3 7
6 22 L6 LO 1,
7 33 47 38 15
8 37 35 11 24
9 29 28 é0 12
10 26 33 5, 13
1n 28 31 39 30
12 30 30 b 26

Quantitative longevity studies of the mirecidia obtained from
these oggs after twelve monthe of storage were not attempted, but the
maxisue length of life was observed to be comparable to that of mira=
cidia hatched from the eggs shortly after collection, 10 to 12 hours
at 25° c.

After 11 months of refrigeration, it was noted that the minimum
incubation period for hatching had increased from 9 to 11 days.

Swales (1935) stored the eggs of F. magna at 2-5° C. and re-
ported that nine months at this temperature did not retard subseguent
development. Krull (1934a) investigated the hatchability and infestiv-~
ity of refrigerated eggs of F. hepatica. He found that eggs refrigera-
ted at 2-10% C. up to two years, six months and seven days hatched at
room temperature in 18 days, and that the miracidia were capable of
infesting the snail host. He reported no data on the percentages
hatched or infestive,
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2. The Miracidium

Effect of Light and Tempereture on Hatohing. It has been
generally assumed in this laboratory that light is a stimulus te the
hatehing of this miracidium, and it has been the practice to remove
fully-developed eggs from a constant temperature oven and to place
them under bright light when miracidis were desired. It has been
noted also that hatching usually occurred under these conditions during
the early morning hours. Only rarely have they been thus induced to
hateh in the afternoons,

Bennett and Jenkins (1950), in reporting on the longevity of
this miracidium, stated: “It was observed that very few miracidie
would hatch in the darkened (constant temperature) boxes but that
vhen exposed to light they would begin to hatech within a very short
time, which greatly facilitated the procuring of miracidia.®

As time progressed in this study, it dbecame more and more evi-
dent that some stimulus was effective in bringing about hatching,
ctherwvise a slow, steady hatching rate should have been apparent in-
stead of the sudden appearancge of very large numbers of mirscidia
within a few minutes of time. It also became evident that light couwld
not be the sole source of that stimulus, as it could net be depended on
to give unifora results.

Controlled attempts at determining the effect of light and
possibly other physical etimuli were attempted. Several samples of
eggs, each in a separate container, were incubated in a dark room with
a constant temperature of 31-320 C. After the eggs had incubated for
twelve days, one container was placed under & bright light and a second
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one was carefully covered to exclude all light. The water was poured
from two other containers and serated for ten minutes, This aerated
water was then returned to the original containers, and one was placed
in the light as above, the other in the dark. The constant tempera-
ture of the incubation room was maintained throughout these experie
mental procedures. After one howr, it was observed that no hatching
had occurred in any of the containers, These contalners were then
placed in a vessel of cold water where they were allowed to remsin
until the temperatures dropped to approximately 25° C. They were then
returned to thelr original places of darkness or bright light. Mirs-
cidia occurred in large numbers in all of the sontainers within 15
aimtes,

In two other separate tests, eggs failed to hatch in either
light or darkness inside the constant temperature room where they had
incubated, After chilling, miracidia occurred and counts revealed that
equal numbers hed hatehed in light and in darkness,

Cultures of eggs that were incubated and maintained at a water
temperature of 30° C. never swarmed with miracidia, even when inouba-
tion exceeded the minimum incubation period for hatehing (nine days)
by two or three wesks, thus giving the impression that little or no
hatching occurred., Four containers with egges that had so inoubated
far three weeks were removed to & reoom of approximately the same
temperature. After 30 minutes, when no miracidia had occurred in any
of the containers, one container was cooled by 5° C., and miracidis
began to appear almost immediately. A second container was warmed by
5° G, by placing it in warm water. No hatching occurred within 30
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minutes; but miracidis did ocour in very large numbers soon after this
second container had been chilled to approximately 25° C.

To avold any increase in oxygen tension that might result from
eooling the water, the remaining two containers were sealed by pouring
petroleum jelly on the surface of the water to a depth of omephalf
inch: One was chilled; the other was not. Miracidia occurred in very
large numbers during the next 15 minutes in the chilled container,
while none occurred in the other. But when the second sealed con=
ﬁ.tmr was chilled, equally large numbers of miracidia occurred,

Even eggs that had been incubated at 21° C, were induced to
hateh by chiliing. When the temperature was lowered to 15° C., mira-
cidis occurred in large numbers. No hatching otcurred when such eggs
were varmed to 29° C. Nor did hatching occur when the temperature
dropped back to that of incubation; bul when the eggs that had been
so warmed were chilled to 15° C., larvae hatched in lsrge numbers,
Counts were made on eggs that had incubated for 37 days at 2° C,
Before chilling, it was found that 2% had open opercula and 26§ con-
tained mature miracidia., After chilling an additional 20% hatched,

Ordinarily when hatching was indueed to obtain miracidia for
experimsntal purposes, no care was taken ae to the exact amount the
temperature of the eggs was lowered., The eggs were flooded with water
at a temperature of about 15° C., or the container in which they had
ineubated was placed in & bath of about 15° C. This stimulsted imuediate
hatching.

Willey (1941), in his study of Z. lunata, found that the

majority of the egge hatched between 10 p.m., and 2 a.m. He concluded
that darkness was not the controlling factor, for just as many larvae
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hatched in a culture dish placed under a strong beam of light as in
dishes covered with blaek paper. His attempts to induce the hatching
of miracidia by the stimuli of light and darkness were entirely un~
suscessful.

Willmott (1952) fourd that the eggs of P. hiberniae can be
indueed to hatch by warming them up to 26° C. from laboratory tempera-
tures of 20-22° C., or by bringing them from darkness into light, but
that hatching may be delayed from 30 minutes to several hours after
stimulation.

Swales (1935) found that F. magna ova hatched sporadically,
with most of the swarms emerging at night. He reported that hatching
was not affected by light, but that sudden changes in temperature
often stimulated hatching, e.g., eggs taken from the refrigerator at
3° C. frequently hatched in less than an hour at laboratory tempere-
tuwres of 22-24° C. This method he found far from infallible. Con-
versely, he found that the eggs occasionally hatched on being removed
from the labaratory to the refrigerator,

Jepps (1933) maintained that chilling the eggs of ¥, hepatica
will provide the necessary stimulus for hatching, but Roberts (1950)
was unable to confirm this., He found that those eggs incubated in the
dark hatched only on exposure to light and that violet and blue wave-
lengths of the spectrum were the essential part of the light stimulus,
Shaw and Simms (1930) found exposure to sunlight an effective stimulus
for the hatching of F. hepatica ova.

Maldonade (1949) and Maldomado, et a1, (1950a) reported that
light had a decided effect on the hatching of 3. mensoni, with a much
highsr percentage hatehing under bfilliant illumination than in the dark,
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Ingalls, et al, (1949) stated that the hatehing of S. japonicwum
9ggs was almost completely inhibited by refrigeration and by ianpem—-
ture of about 37° C. They also found that variations in light intensity
had no apparent effect on hatching, and they observed no diurnal or
noctumal eyele in hatching frequency. Magath and Mathieson (1946) re-
ported good hatching for this formm at 29° C., and no hatching at 37° C.

It had beun noted that the summer temperature of the water in
& drainage diteh where snails infested with P. microbothrioides had
been oollected was about 28° C. Thus the failure of miracidia to
ecour in appreciable quantities in cultures at 30° C. suggested that
perhaps & somewhat lower temperature might be conducive tc a faster
rate of hatching, To check the actual hatching rate within a constant
temperature oven, two collections of eggs were placed in ineubaticn,
one at 30° C. and the other at 28° C. In that way, each served as a
control for the other and a comparison could be made between the two
temperatures. No large coliection of eggs was obtainable; therefore it
beeame necessary to use two different collestions. One collection had
been refrigerated for 38 deys; it was incubated at 28° C. The other
had been refrigerated for five daysj it was incubated at 30° C. About
75% of the eggs set at 28° C, were viable, but, unfortunately, only
about 30% of the second lot was viable. The difference in viability
is not explained. An occasional collection of low viability was noted,
but no attempt was made to determine the cause.

Samples from vhe culture at 28° C, could not be induced to hatech
at the end of ten days; but, at the end of eleven days, haiching was in-
duced by cooling. At the end of twelve days, and every five days there-

after, a sample of the collection was removed from the culture, and
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counts were made to determine the fraction that had hatched in the oven,
Ancther sample was removed and chilled two hours before counting. The
resulis of these counts were tsbulated in Table 5. The sample of eggs
for determining the degree of hatching in the oven was killed in each
case with a drop of formaldehyde as soon as the sample was taken from
the culture,

Table 5. The Hatching Rate of P, microbothricides Ova at 28° C, and as
Obtained by Chilling at Five-Day Intervais,

L

)

Percent
Days In- Percent Percent Percent Percent Hatohed by Total
10 1l 65 3 b 3N 0 0
12 7 68 2 23 6 13
17 20 ki h 32 17 37
22 26 46 1l 27 16 W2
27 46 2k [ 26 14 60
32 52 19 5 2k 9 é1
b b6 2, 3 27 9 55
h2 5 16 5 28 SV 65
&7 50 16 b 30 9 59
52 55 10 3 32 7 62
62 58 8 2 32 4 62

The egg-counts obtained indicated that the number hateched in
the oven gradually inereasged throughout the perioed of incubation., The
number induced to hatch by ehilli.ng remained more or less constant
throughout, with a possible slight increase at 17, 22 and 27 days, The
combined total of those hatched in the oven and by chilling remained
uniform after the 27th day of incubaticn.

Semples from the culture at 30° C, could not be induced to hatch
on the eighth day of incubation. At the end of eleven dayas, hatching

was induced by chilling, and counts were made then and at five-day
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intervals thereafter as described above., The gounts obtained are re-
corded in Table 6.

With such a small percentage of the eggs developing in this
oase, it was difficult to compare the rate of hatohing to that which
eccurred at 28° C, It seemed, however, that there was a constent,
slow hatching rate at both temperatures, and that at 30° C. hatohing
was completed in a shorter period of time,

Table 6, The Hatching Rate of P. migrobothrioides Ova at 30° C. and as
Obtained by Chilling at Five~Day Intervals,

il Percent
Days In- Percent Percent Percent Percent Hatched by Total

'R PO

8 2 26 10 62 0 2
1 $ 22 8 65 1 16
16 7 18 19 56 20 27
21 9 20 8 63 1 23
26 8 17 10 65 20 28
A 10 17 14 39 1 24
36 17 11 5 67 2 19
W 14 )yl 12 63 6 20

Cooling after 36 days at 30° C. produced only an occasional
miracidium, and subsequent counts revesled that 9% of the eggs contained
dead miracidia, or miracidia in which the only evidence of life was a
fesble flickering of the flame cells.

The Hatching Phenomenon, Bemnett (1936) has given a detailed
description of the hatching phenomenon for P. microbothricides. His
cbservations led him to think that the mucoid plug had to be destroyed
by glandular aetivity before the miracidium could exert the negcessary
pressure for opening the operculum of the shell. Sinha (1950) recorded
similar observations concerning the hatching of . cotylophorum eggs,
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stating that the miracidium was cbserved ¥,,.to strike the plug with
its anterior end. The plug was gradually destroyed and the miracidium
became free to exert its pressure against the operculum. It forces
the eperculum in a very short time and aqueeses cut its body through
the apearture, which is slightly smaller than the diameter of the body."

Willmott (1952), working with P. hibernise, and Willey (1941},
working with Z. lunata, found that no mucoid plug develops in those
forms, and they found evidence in each case that the actual opening of
the operculum is not the result of physicel pressure exerted by the
miracidium,

Swales (1935) stated that the mucoid plug of F. magna is not
destroyed prior to hatehing, and he indicated that the opening of the
operculum is the direct result of physical pressure by the miracidium,

Bennett (1936) noted that the mucoid plug of P. microbothrioides
begins to form at the opercular end of the egg after the flame cells
start to function and that it continues to inerease in sise until the
miracidium begins to destroy it., He stated alse that it is easy to
find all stages of destruction of the plug in an egg culture in which
miracidia are hatching. It is true that plugs of various sizes do occur
in a given sample of eggs, but the impression gained dwriag this study
was that these plugs became progreseively larger as incubation progeeded
up to the hateching stage., Then, if the oggs were not stimulated to
hateh, these plugs continued to increase slowly in size, or at least
they did not decrease in sige, It seemed that the size of the plug

was dependent on the stage of development or growth, yrather than on
the stage of destruction. An sttempt was made at measuring these plugs

in cultwres just at the hatohlng stage for comparison with the plugs
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from older eultures, but the rapid hatching that ccourred outside the
oven made this imprecticable,

Assuming that the glands of the miracidium did play a part in
the hatching phenomenon, and that the mucold plug was destroyed prior
to hatching, an attempt was made to observe the accelerated destruction
of }ho plug fallowing stimulation by chilling. Eggs that had developed
past the minimum hatching period were takon with the least amount of
water possible, suspended in a few drops of ¢old wator and examined
under the compound miecroscope. Every egg observed by this method con-
tained large, well-developed mucoid plugs with no evidence of partial
destruction. None of the miracidis appesred especially active, They
axhibited infrequent, arhythmical muscular twitchings and ocecasional,
slow muscular contractions, for the most part. A few were seen to
demonstrate rather rapid and severe muscular contractions. To observe
the actual hatching of the miracidium, an egg was chosen at random and
observed until the miracidium emerged, In every case observed, the
only indication that the miracidium was soon te emerge was the beginmning
of ciliary activity. The epithelial cilia normally were not observed
to function, even during the periods of muscular activity, until just
before the actual emergence of the larva, The onset of the beating of
the cilia was sudden, and activity was confined usually te about the
middle third of the body. This activity was sufficient to set up a
current toward the posterior end of the body, as evidenced by the move-
went of what appeared to be bits of vitelline material, This ciliary

activity continued for periods of from two and one~helf to four and
one~third minutes before the operculum opened, The average time for
those obaerved was three and one~fourth minutes, It was with a sudden
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explosiveness that the operculum finally opened. This oscurred with
such force as to displace the egg in the water where it was suspended.
The mucoid plug began immediately to flow from the egg shell and to
diffuse into the surrounding water. As the plug flowed from the egg

& configuration similar to that of the astral rays in the mitotic
figure developed, due supposedly to the different indices of refrac-
tion as the substanse of the plug diffused into the water. The mira-
cidium begen to emerge immediately behind the mueoid plug, and this
emergence frem chilled eggs appeared to be more of a passive flowing
through the cpercular opening, rather than the result of any active
bshavior on the part of the miracidium. Almost mo ciliary activity
was observed until the larva was all but free of the shell, at which
time a violent beating of the cilia began and the miracidium was hap-
tened in its exit. Two eggs with miracldia so oriented as to place the
posterior end toward the operculum were observed to hatch with no diffi-
culty. They made their exit, posterior end first, as rapidly as did
those of normal orientation., Exit mormally required not more than one
mimate after the operculum opened,

In enltures of eggs that had ineubated long past the minimum
hatehing pericd, miracidis were freguently seen showing violent ciliary
activity over the entire surfiee of the body., A number of these were
observed for long periods, but they were never able to open the egg and
emerge, Such miracidia were occasionally seen in cultures of shorter
incubation periods,

Longevity of the Miragidium, Bennett and Jenkins (1950) have
reported the maximm lifs-span for this miracidium as being 16 hours

and the average longevity as belng 9,9 hours in standard reference



35

vater at temperatures varying between 23° and 26° G, They reported a
somewhat longer, but perhaps not signiflcant, average life-span in
filtered stream and lake waters. Weber (1950) and McPherson (1951)
each listed several maximum and average life~gpans at various tempera-
ture ranges, but they made no correlation between temperature and
longevity. McPherson did conclude, however, that longevity ls reduced
at higher tempsratures.

Some effort was made in this study to determine the mean life-
span for the miracidium at various prevailing room temperatures, wilch
ranged frem 23° C. to 31° C., and at correlating temperature and
longevity. The data obtained are presented in Table 7.

The various mean temperatures, based on hourly readings during
esch observation, ranged from 23.88° . to 33.10° C. The maximum 1ife-
span ranged from 6.0 to 14.0 hours, and the average life-span frem 4.9
to 9.9 hours.

When the formula for determining Pearson's produce-moment cow=
efficient was applied to the data in Table 7, it was found that the co-
efficient of correlation between temperature and longerity was 0.856.

A coefficient of 0,77 for any twoe variables tested by this formula repre-
sents & fairly high correlation and indicates a marked relationship be~
tween the two variables. The samples of miracidia involved represented
several different egg collections, and the temperatures were far from
econstant. If mirsacidia from & single adult parasite population were
tested at various uniform temperatures, perhaps the correlation between

temperature and longevity would be even more striking,
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Table 7. Maximum and Average Life-Spans of the Miracidia of P, miero-
bothrioides at Various Temperatures,

Temp, Mean Maximus Life  Average Life Sample
Banga ® Co . Temp, ° C. ﬁmumd___ﬂm.%uu.)___._im_

23,0-26.0 23.88 Ly 9.90 50
25,0-26,0 25,55 1 8.23 100
26,0-29,0 20 12 Toh9 100
29.0=31,0 29.88 9 6,68 50
29,0-31,0 30.00 9 7.00 50
28.0-31 .o wi 55 n 713Q 50
30,0-31.0 31.00 9 490 50
29.5-32.0 31.10 8 7.00 50
29,5-32.0 31.33 1 6.82 50
30.5-32.0 .43 7 5,70 50
31.0=33.0 31.50 9 6.10 20
31.0.3300 32.90 6 ) 5020 50
32.0-34.0 32.64 8 5.90 50
32.0-34.0 33.10 7 b 98 50

Bermett and Jenkins (1950) reported also on the effect that
glucocss in standard reference water had on the life~span of this mira=-
cidium, They found that the maximum life-span increased from 16 to 29
hours and that the average longevity incressed from 9.9 t¢ 16.1 hours
over plain standard reference water at comparable temperatures, Frince
(1950) had shown by a study of the miraeidia and cercariae of S,
mansoni in 1948 and 1949 that the presence of at least certain organic
materials in vater was conducive to a significant inerease in the maxi-~
mm and average life-spans of that form.,

During the course of this study an effort was made to compare
the effect of different sugars on the life-span of the miracidium; but
the inability te control laboratory temperatures caused the experiments
to be discontinued after a single test of 50 miracidis for each of §

sugars (sucrose, glucose, fructose, galactose, mennose) against 50



37

control miracidis in standard refersnce vater. The sugar solution in
each case was one percent in standard reference water. The tempera-
tiare for the various experiments renged between 30° ¢. and 34° C.

Sucrose produced no apparent effeot on longevity, as the
averago life-span in sucrose was 6.06 hours as compared te 5.7 in the
control,

(ucose extended the maximum life-span from 11 to 14 hours and
the average span from 7.3 to §.68 hours, The gessabion of swimming
was the criterion used for determining death.

No average longevity was calculated for fructose. The controla
were all dead at eight hours and the average life was 5.9 hours,

Those in the fructese solution showed only very feeble swimming after
eight houre. For the mest part, those surviving eight hours showed
only muscular twischings or feeble, worm-like, creeping movements
along the bottom of the isoclation vial, Observations were disconw
tinued after 14 houre when only two miracidia were showlng fesble
swizming movements. The remaining 21 were lying on the bottoms of the
containers, and c¢lose observation revealed slight muscular contraction
in esch. Observations were resumed at the end of 25 hours in the
fructose solution., Thirteen of the larvae had not detericrated, and
examination in a hanging drop under the compound microscope revealed
musculayr contractions, active flame cells and lashing cilia, but none
were able to swim, At the end of 27 hours in the fructose solution,
all the miracidia were dead.

The controls for the miracidia in galactose were all dead at

the end of seven houra with an average life-span of 4,98 hours. At
the end of six hours in galactose, only nine miracidia were able to
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swim, Another 27 were living, but not swimming., At the end of nine
hours none we:;-e swimming, Observations were not continued to deter-
mine how long life continued after swimming ceased.

In a solution of mannose, no miracidia were capable of swimming
after 18 hours, but 12 lived beyond that time, Nome survived longer
than 30 hours. The calculated average longevity was 1l.4) hours; that
for the controls with a maximum life-span of 9.0 hours was 4.9 hours,

A solution of 0,58 peptone was tested as a medium for miracidia.
In one test of 50 miracidia, the maximum life-span was 8,0 hours and
the average was 5.0 hours, The controls had a maximum span of 9.0
hours and an average of 7,0 hours. In & second test, mirsacidia did
not live beyond 7.0 hours in a 0.5% peptone solution, as compared to
9.0 for the contrels. The aversge longevity of these experimental
miracidia was 5.8, hours, Por the contyols it was 6,68 hours,

Response to Light, The present investigation failed to con-
firn Bennett's (1936) observation that these miracidie possesc a
positive phototropism, Their response to light first became evident
during the isolation of individual miracidia. It was noted that when
a glass container with numerous individuals was placed under the dise
secting microscopo there was always a concentration of the miracidla
on the side of the container that had been turned away from the north,
1ighted end of the laboratory., If this container was so oriented
under the microscope as to place the concentration of miracidia toward
the microscope lamp, it wae noted that great swarms of the larvae
always moved across the field of the mleroscope away from the source

of light. These cbservations suggested that they were repellsd by
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weak, diffuse light, as well as by strong, direct light.

When large beakers (400-500 ml.) with thousands of miracidia
were allowed to astand undisturbed on the laboratory table for some
time and were placed in the strong beam of the microscope light in
such a way as to orient the accumulated miracidlae toward the light
source, the miracidia were seen to advance almost in unison across the
diameter of the beaker. So concentrated was the advancing front of
miracidia that they were visible to the unaided eye, When care was
taken to gently rotate the beaker 180 degrees, Jjust as the mass of
miracidia was reaching the side opposite the light source, the ad-
vanecing front reversed its direction and again traveled awsy from the
light. With care this procedure was repested several times without
undue dispersal of the miracidia.

To check the above observations quantitatively, two methods
were employed, By the first method a horisontal staining dish with
inside dimenaions of 80 mm, x 55 mm., x 32 mm, deep was filled to a
depth of approximately 15 mm, with water containing miracidia and
placed on a laboratory table about 15 feet from the window with the
long side parallel to the lighted end of the room. After one hour a
glass microscope slide was placed across the middle length of the dish
and formaldehyde was added to the water in each side of the dish to kill
the miracidia, Those from either side were then counted with ease, By
the second method, two fifteen-inch lengths of glass tubing with an in-
side diameter of eight millimeters were connected with a two-ineh
length of black rubber tubing. One length of glass tubing was wrapped
with black paper to execlude light, while the other was left uncovered,



This assemblage was stoppered with corks at each end. To determine
the effect of light on miracidia, this apparatus was filled with water
containing miracidia and left in the light of a 60-watt bulb for cne
hour. By slamping the connecting length of rubber tubing, each length
of glass tubing was emptied into an individual container where the
miracidia were killed for counting.

Table 8 records the counts obtained by the above methods,
Tests No. 1 and 2 were done on clear, sunny days, Test No. 3 on an
overcast, rdn& day. Possibly this negative phetotroplsm wounld have
appeared quantitatively much stronger had it been tested in larger con-
tainers.

Table 8. The Response of the Miracldia of P. miorobothricides to Light.

Percent Miracidia (in Percent Miracidia (in
Tesat lighted side of opposite side of
N0, staining dish)
1l 19 24 8
2 27 73
3 35 65
(in lighted end of (4n darkened end of
glass tube) glass tube)
4 25 75
5 28 T2
[ 18 82

Willey (1941) observed no phototropism in the miracidia of Z.
lunata and stated that they do not show any tendency to concentrate in
any one place or in any way to influence each other. Swales (1935)
stated that the miracidia of F. magna "do not appear to be attracted to
either direct or diffused light., A strong mlcroscope light does not



affect them in any way." Barlow (1925) made no mention of & photo-
tropism concerning the miracidia of Fasciolopsie buski, but he observed
that "There is a swarming behaviour in which the miracidia gather in a
wide, roughly oval-shaped band, swimaming mostly in the same direction
and preferring one side of the dish to the other..."

Response to Gravity. The miracidia of P. microbothrioides did
act always appear vertically equally distributed in the water., When
the water in which they were swimming was as much as two to three inches
deep, they always appeared to be concentrated toward the bottom part of
the vessel, To determine the water level p eferred, numerous miracidia
were placed in a 100 ml, graduated cylinder, which was filled with
wvater ¢toc & level of nine inches. After a lapse of one hour, to allow
the miracidia to seek the level desired, the water was siphoned from
the cylinder inch by inch into nine different contalners. Formalde-
hyde was added to each of the nine containers, and the miracidia in
each sample were counted, Three separate tests were conducted, The
results are tabulated in Table 9,

Table 9. The Response of the Miracidia of P. microbothricides to
Gravity,
No. of Miracidia in Various One-Inch Strata from

b o= % L. 8th.oth Total

Test No, 1 7 10 9 1L 36 46 22 60 1950 2151
Approx.ﬂ 5 o5 o5 o5 2 2 iR 3 90

Test No. 2 416 351 273 273 152 195 182 481 1560 3883
Approx. % 11 9 7 7 4 § 45 12,5 40

Test No. 3 169 130 117 78 65 A7 143 228 3900 A877
Approx. % 3.5 2.5 2.5 1l.5 1.5 1 3 45 80 -




Uniform lighting of the eylinder, to aveid the influence of
light, was attempted by conducting each test near the windows of the
laboratory. The ages of the miracidia when siphoned frowm the cylinder
were five hours, two anl one-half hours and one hour in the order
listed in Table 9.

In each of the threes teste a concentration of miracidia
oceurred in the bottom inch of water, Only small variations occurred
at the various depths above. No explanation is offered for the rela-
tively small percentage of miracidis in the botiom inch of Test No. 2
as compared to the other two tests,

Willey's (1941) statament that the miracidia of Z. lunata show
no tendency to concentrate in any one placoe suggests that they have no
preference as to water level, but he does not say so specifically.
Concerning the miracidium of F. buskl, Barlow (1925) has said, "It
swims more below the surface of the water than at the surfece, because
the snail, for which it has a predilection, is thoroughly aquatic in
habit.* PFaust and Hoffman (1934) found the miracidia of $. mansoni in
the top inch or the bottom half inch of water five inches deep., Faust
(1924) reported that the miracidia of S. jeponicum swim around in the
bottom of the container for a brief period and then rise to within a
few millimeters of the surface and that those of S. hematobium dis-
tribute themselves throughout the container a little while after
bhateking.

Infestation of the Intermediate Host by Mass Exposure. Bemnett
(1936) found that in most cases he was able to get 100% infestation of

the intermediate host by this miracidium when he placged a large number
of snails in water with hundreds of free-swimming miracidia, and Weber
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(1950) reported an average mass infestation of 67%. In the present
investigation every effort was made to use snails of a uniform sige
for all penetration axpariménta. The sige selected for use was a snall
with an overall length of 3 mm, from the apex to the most anterior tip
of the body whorl. The snails were never measured to determine their
exact sige, To have done 8o would have required subjecting them to
much handling and the possibility of injury. A sample of snail shells
with a known length of 3 mm, was taken to the terraria at the time of
collecting smails for experimental purposes and used &8 & comparison
for selecting the desired size,

For detemmining the rate of infestation by mass exposure of the
miracidia, snails were collected and placed in finger bowls with a di-
ameter of 10 om, and a depth of 4 om. Large numbers of miracidis in
standard reference water were then added to the bowle. In each case
the miracidia were one hour old when placed with the snails., After a
one-hour exposure, all the water was poured from the snails and they
were rinsed with water before being placed on terraria to await develop-
ment of the penetrated larvae, Because of the snails' inclinatlon to
leave the water, it was necessary to fill em?lotoly the finger bowl in
each case and to place a plece of glass over the top, making it im-
possible for them to get out of the water,

After a period of 18 to 21 days, randem samples of the snails
thus exposed to miracidia were dissected and examined for the presence
of redia and immature cercarise, Up to three weeks, the progeny of
the experimental snsils did not grow encugh to be confused with the
parent generation, but in many ¢ases during the hot summer months a
greater lapse of time made the sslection of the original snails



extrumely difficult because of the rapid mwbh—raﬁ of the young.
Twe weeks after exposure, no cercariae oecurred free in the host
tissues, and the redise were often so small and 2o few in number as
to make positive diagnosis of infested individuals very diffieult or,
perhaps, even impossible,

Table 10 compiles the results of seven such mass exposures of
the miracidia to the snail host. The percentage found positive for in-
festation by dissestion ranged from 55% to 100%, with an average of
aTs. The water tempersture at the time of exposure was comparable in
each cass, varying from 29° to 31° C. The ratic of miracidia to snails
was not controlled in these experiments. It was estimated that not
less than 1000 miracidia were present in each case.

Willey (1941), working with the paramphistome Z. lunata, obtained
infestations of from 10% to 55% by exposing masses of miraeidia to the
intermediate snall host, Helisoms antroswm,

Table 10. Infestive Rates of Miracidia of P. microbothriocides at Age
One Hour When Mass Expossd to the Snail Host, S. gubensis.

No. Snails No. Snails Percent Percent
~Sxposed Dissescted Infasted . . Not Infested

250 60 85 15

200 39 97 3

90 20 100 0

100 2 90 10

100 22 55 4%

100 18 89 11

100, it .gl_ &L

LU0 202 7 13 (Totals)

Infestation of the Intermediste Host by Simgle Exposure. In
order to determine the efficiency of the individual miracidium for
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penetrating and establishing iteelf in the intermediate host, groups of
100 newly-hatched mirecidia were individually isolated into 100 separate
vials, each containing one milliliter of steandard refersnce water. When
the miracidia were one hour old, one snail, 3 mm, in length and selected
as deseribed adove, was added to each vial where it remalned for cne
how., The snails usually do not remain voluntarily in the water for
long periods during the aummer months. To insure uniform exposure for
each snail, it became necessary to keep the snall forcibly submerged in
the water with the miracidium. The only way to do this, and still avoid
the loss of any free-swimming miracidia, which might be present at the
end of the exposurs period, was to sit by and push each emerging snail
back below the surface of the water with an applicator stick. At the
end of the exposure hour, each vial was carefully exemined for the pre-
sence of a free-swimming miracidium, The snails from those vials con-
taining such miracidia were then discarded as being negative for infes-
tation. The remainder of the snails were placed on laboratory terraria
to avait a developmental period of spproximately three weeks.

Seven experiments of this type were attempted during the early
part of this study. The results are tabulated in Table 11, The total
infested ranged from 5% to 25%. The mean total was 128, (All frections
in Tables 11, 12, 13 and 14 have been recorded as the nearest whole per-
centage). These exposures were made at laboratory temperatures, which
varied from 23-29° C, Eggs from which the miracidia were hatched were
taken from three different collections of eggs, as indicated in the
column headed "Collection Number."™ Each of these collections repre-

sented a different stock or population of the adult parasite, and it is
noted that the miraeidia from Colleetion No. 2 ccnsistently gave a much
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lower percentage of infestation than did miracidia from either Collec-
tion No. 1 or Collection No. 3¢ It is noted also that the temperature
(23-26° C.) for each of the series of Collection No. 2 was socmewhat
lower and that the refrigeration period (36-96 days) for these eggs was
much longer than for either of the other two collections, Another
variable was the incubation period, which ranged from 9 to 12 days.

If any trend is indicated by the incubation peried, it is that the
longer period is conducive to a higher degree of infestation, It is
possible that the range in the total infested is only that of normal
sample variation, This is suggested by the fact that the largest
sample, 200 miracidia in Experiment No, 1, gave a total infested of
128, which is exactly the mean for the series of samples. These vari-
ables and their possible significance will be discussed in more detail
below in connection with the other tabulated data,

Table 11, Infestive Rates of Miraecidia of P, microbothrioides at Age
One Hour When Individually Exposed to the Snall Host, S.

cubensis, .
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Totals {810 |286 | 525 k16 | 41139 {18 | 12




b7

It seemed desirable to determine the effect of the age of the
miracidium on its ability to establish itself in the snall host;
therefore, representative eggs were chosen for comparison of miracidis
that had been hatched together from a single egg collection. 7The ages
of one, four and seven hours were chosen for working convenience, #0
that an experiment could be completed within a single day with as few
variables as possible. Only one experiment was run at that time, The
results are presented in Table 12, and they indicate a consliderable
inersase in the infestibility of age four hours over age one hour,
with the total infested increasing from 24% to 37%, The miracidia of
age seven hours, with a total infested of 32%, appoar less infestive
than the four-hour olds, but still somewhat more infestive than the
one~hour olds,

Table 12, Infestive Rates of Miracidia of P, Mﬂ%;ﬂgg at Ages
One, Four and Seven Hours When Individually Exposed to the
Snail Host, S, cubensis,

[ Eees ] ' Snaile
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8 7 [4117 {14 25 100 91 N 53117} 35 32

All subsequent experiments relating to the infestation of tihe
intermediate host were conducted with miracidia from a single, large
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collection of egzs, which had been refrigerated for a considerable
period of time,

Three experiments like the one described in Table 12 were run.
in close succession, using miracidis one, four and seven hours old.
The data thus obtained are tabulated in Table 13. The variables for
these experiments were reduced to a minimun., The temperature of the
vater at the time of exposure varied by not more than 1° C. The mira-
cidia cams from a single collection of egge. The periods of refrigera-
tion and incubation varied but little. With the exception of the first
series of sach age group (Experimert No. 9), the results were quite
uniform within the age groups. The snails of that experiment (No. 9)
were dissected 14 daye following exposure t¢ the miracidia, and it ie
believed that not all cases of infestation were detectsﬁ. As stated
earlier, no cercariae cccur free in the anall tissues in 8o short a
period, and the rediae may be so mmall or few in number as to make de-
tection of infestation very difficult, The fourteen~day developmental
period was attempted as a method of reducing the loss of snails to a
minimum., All other snails were allowed to remain on the terraria for
21 days so that infestation might be detected more easily. In spite of
the decline in the total infeeted in Experiment No. 9, it is believed
that the ratio of infestation for the various age groups should not
have been affected.

The results of this series of experimerts indicated quite con=-
clusively that there was an overall inerease in the infestibility of

the miracidium between the ages of one and four hours. It also appears
from the data in Table 13 that there was & decrease in infestibility

between the agea of four and seven hours to a point lower than at one
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hourj but when the death rete of the miracidia during the eighth hour

of life is considered, a different concept is gained.

Table 13. Infestive Rates of Miracidia of P. microbothrioides at Ages

One; Four and Seven Hours When Individually Exposed to the

Snail Host, 3. gubensis.
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To determine the death rate during various hours of the mira-

ecidia's life, three groups of 100 miracidisa from Collestion No, 5 were

{solated exactly as for the infestibllity determinations, except that

no snails were added to the isolation vials.
comparable also, ranging from 29,59 €, to 30° C. It was found that
an average of 2% died during the second, fifth and eixth hours, each,

The temparatures were

and that 13% and 39% died during the seventh and eighth hours,



50

respectively,

The effect of the death of 2% of the miracidia during the
second and fifth hours on the total infestation for those hours is
negligible, If it 1s aspumed that the miraecidia that died during the
eighth howr of life were unable to penetrate the snail host, and if
adjusting calculations are made for that assumption, it is found that
the mean calculated total infested by the seven~hour age group l1s
raised to 15%, somevhat higher than the mean calculated total for the
one-hour age group, but still lower than that of the four~hour age
group.

After observing the trend of the resnlts in the foregoing ex-
periments, it became desirable to test the infestibllity of ages five
and six hours, It was physieaslly impossible for a single investigator
to test these two age groups simulteneously; therefore, three series of
age six hours were run in close succession, followed by three of age
five hours in close succession. See Teble 14, Since these two ages
could not be tested slmultsnecusly, it seemed desirable that each be
tested against one~hour old miracidia as a base of comparison. Had this
not been done, the impression might have been gained that the efficiency
of the miracidium inereases considerably between ages four and five
hours; but Table 14 reveals that the caloulated total infested by the
one-hour old mirscidia also increased over those of like age in Table
13, Adjusting calculations for the miracidia dying during the seventh
hour of 1life raises the mean calculated total infested by the six-hour

old miracidia from 19% to 228. The effect of the death of 2% of the
miracidia during the sixth hour is negligible,
In comparing the data of Tables 11, 12, 13 and 14, it is noted
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that the mean calculated total infested by the one~hour old miracidia
is 12% in both Tables 1l and 13, even though several egg colleetions
are involved, and in spite of the fairly wide range in temperatures
and the varied refrigeration periods inwolved. In no case in these
two sets of data does the incubation peried for the eggs exceed 12 days.
The two series of ome-hour old miracidia from Collection No. 5 (Table
14) show a comparable mean calculated total infested of 29% and 31%,
which is much higher than the same age groups in Tables 1) and 13,
although the temperatures are comparable with those of Table 13. The
one-hour age zroup from Colleetion No. 4 in Teble 12 shows a calculated
total infested of 24X, which is somewhat lower than that for the same
age in Table 14, but still double that of the one~hour olds in Table
13, even though the temperature in Table 12 is considerably lower
(aproximately 5° C.).

In every case where the total infested ran higher than 12% for
the one~howr old mirscidia it is noted that the incubation period of
the eggs also ran higher than 12 days. This ia the only variable that
consistently suggests a trend toward a lower or a higher infestibility
on the part of the miracidia, This indication that a foreed aging of
the miracidius within the egg shell increases its ability to penetrate
and establish itself in the snall host seems not unreascnable, especially
in view of the fact that aging after hatching indicates a definite in-
ecrease in that ability,

The suggestion gained from the data in Table 11 (Colleetion
No. 2) that the refrigeration period might be a factor in reducing in-
festibility is opposed by the data in Table 14 where the refrigeration
period is double that of Table 13 but still showing a much higher rate
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of infestation.

The lower temperature (23+26° C.) in Table 11, as a possidle
factor in the lowering of infestation, is opposed by the data in Table
12. The temperature of exposure in Table 12 is 25° C., comparable %o
that in Table 11; yet the total infestation is much higher in Table 12,

Table 1li. Infestive Rates of Miraeidia of P, bothrieides at Ages

One, Five and 3ix Hours When Individually ¥xposed to the
Smil Host, S. gubensis.
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None of the above considerations of known variables rule out
the possibility of varying infestibility among different stocks, strains
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or populations of the adult parssite,

Because of the variations in the rate of infestation shown by
the one-hour old miracldis, it becomes necessary to use this age group
as 2 base for comparing the rates of infestation among the other age
groups. The ratios, both unad:justed and adjusted, for the infestation

rates of the various age groups are as follows:

Table 12, Ratics 1 1.56

Unadjusted Age in Hrs: 1 I 8 6 7
Tables 13 and Rakios 1 1,58  ,396 _.658 22572
1}, Unadjusted  Age in Hrs: 1 4 5 é 7

Tables 13 and  Bagio: LS8 896 758 J.2
1,4, Adjusted Age in Hrs: 1 L 5 6 7

The data of Experiment No, 8, Table 12, cannot be adjusted Lo
allow for the death rate of the miracidia during the eighth hour of
1life, because the death rate has not boen determined for the tespersa-
ture of that experiment (25° C.). On the basis of the data in Table 7
(Page 36), it can be assumed that this death rats was considerably
lower than at 30° C. Likewise it can be expeoted that the decline in
infestation beyond the fifth howr of life would be slower than at
higher temperatures,

With the exception of the miracidia from Collection Ne. 1, 2
and 3 (Table 11), the number of miracidia that remained free and swimming
at the end of each exposure pericd was quite constant for each age group.
When the totals of these miracidie frou Tables 12, 13 and 14 ars cow-

bined by ages, the meen percentsges arec as follows:

Mean Percentagesi 19 2. Wi 10 5
Age in Hro.: 1 b 5 6 7

It is noted that there is little varlstion in the number of free-

svimming miracidia remaining in the one~, fuur-, and five-hour old
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groups. The death rates for these ages, as already shown, 1s low amd
unifors,

It is & matter of speculation e&s to whether all the miracidia
unascecounted for at the end of the exposure hour succeeded in penetrating
the host. If they did, many of them failed to establish themselves and
produce rediae and cercariase. No doubt some of them were clinging to
the snail and ceuld not be seen., Qthers probably entered the mantle
cavity and were lost to view. There is no possibility that any appre~
ciable mumber of them died during the exposure period, at least not
those of ages one, fowr and five hours. The presence of much debris
from the snail made it impracticable to determine the number of dead
in each case.

The decrease in the number of free-swinmming miracidia remain-
ing from age groups six and seven hours is probably explained by the
known high death rates for these ages. It is hardly conceivable that
there would be a marked increase in penetration ability after age four
hours without a corresponding increase in the total number infested,
But 1f the decrease in the mmber of free-swimming miracidia for the
older stages is attributed to death, then it must follow that a cone
siderable number of miracidia ordinarily did penetrate the snail host
but falled to develop there. This possibility is strenghtened by the
fact that the mumber of miracidia remaining free from the first three
age groups (where the death rate is low and uniform) was essentially
constant, whereae the number infested showed considerable variation be-
tween age groups.

No explanation is offered for the large mmbers of miracidie
that remained free-swimming in Experiments No. 1-7 (Table 11).
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With the exceptions of Experiments No. 7 and 8, all the snails
used in the foregoing atudies were reared in laboratory terraria. Con-
trols of 100 analls each were run on each series of experiments as a
check on the possibility of natural or accidental infestation of the
experimental snails. These controls also served to determine the effect
of infestation, if any, on the death rates of the snails experimentally
exposed to miracidia. The control snails were treated in every instance
exactly like the experimental snails, except that no miracidla were
placed into the isolation vials with them, In every case the control
samples were placed on cne side of a terrarium that had been divided
longitudinally into approximate halves with plastic screening. Experi-
mental snails were placed on the opposite side of the terrarium,

Table 15 shows a comparison between the survival of experimental and
control smails for twelve such terraria. From these data it can be
concluded that single infestations did not contribute to a higher
mortality in a snail population and that experimental snalils exposed to
individual miracidia died at random so far as infestatlon was concerned.

Maldonado and Acosta-Matienso (1948) exposed individusl miraci-
dia of 8. mansoni to the snall host, Australorbis glabratus, and they
coneluded that as long as the miracidium maintains its wigor, irrespec-
tive of age, the power of penetration is retalned. Using penetration
as the criterion of infestivity, they found that about three~fourths of
the larvae were infestive. Schreiber and Schubert (1949) exposed mira-
eidia of 8. mansoni t.o' A. glabratug one to two hours after hatching and
left them exposed until they had penetrated or died. Fourteen percent
of the snaile that were exposed to single miracidia shed cercariae, and
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soalls exposed to one, thres, seven and twelve miracidia each produced
an increasing percentage of cercariae~producing individuals as a re~
sult of increasing numbers of miracidia used for exposures,

Table 15. Comparative Death Rates Between Control Snails, S. gubensis,
and Those Exposed to & Single Miracldium of P, mleroboth-

Qﬂiﬂ.go
Earcent Surviving sh.3. Wesis,
Experimsntal Snails Contral. Snalls
&40 bl
L9 36
89 78
91 91
82 é8
&, 56
% 99
89 80
57 61
LY S L8
3 85
22, 26
Mean 74 70
3« The Snail Host,
Stagnieola (Nasonia) gubensis FPfeiffer
For a number of years the workers in this laboratory thought
that this snail was Fossaria parva (Lea), but & study of Hubendick's

(1951) recent monograph on the Lymnaeidae has led to the impression that
this species more nearly fits his deseription and figures of S. gubensis
(Lymnaes cubensis in Hubendick's revision of the family). This impres-
sion has now been confirmed by Dr. Joseph P. E. Morrison's identifica-

tion,

The Natural Habitat., Baker (1928) stated that the members of
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the Subgenus Nasonis "exhibit terrestrial habits to a much larger de-
gres than any other group of Lymnuaeas, being found usually on wet banks
or bars of mud, quite out of the water."

All sollections of 3. gubeneis used in this study were made
from & contimuous stream or drainage ditoh located in a meadow just
south of the lLouisiana State University Campus in Baton Rouge., Water
fills the stresm the year around, and it has a maximum width of about
ten feet and steep banks that may be as high as six feet. At places
silt deposits have partially filled the stream bed and formed mud bars
of varying width along the water's edge, It is along these mud bars
that the snails are feund in greatest abundance; however, they may be
found along the steep banks near the water at almost any place along
the stream. This species may be found also on the mud around the edges
of smsll ponds or lakes and along recurrent, roadside drainage ditches
that are dry for long periods during the summer montha, If vegetation
occurs along these muddy edges, the snails are always found beneath the
plants, never on them.

Laboratory Rearing. For rearing and maintaining the snails in
the laboratory, terraria were cematru&.od as deacribed earlier under
Materials and Methods. The best arrangement was that of dividing the
soil in the vooﬁdon trays into three approximately equal parts by forme-
ing two longitudinal trenches and by maintaining a water flow in the
trenches so as to just £ill them wikhout flooding the surface of the
soil. Tap wvater was trickled through the trenches at a rate sufficient
only to maintain the desired water level,

Snails were transferred from thelr natural habitat to the
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terraris without apparent damage. Bgg masses were always apparert in
large nusbers in the terraria within 24 hours after putting in a collec-
tion of the snails.

Algae were supplied a» a sowrce of food for the snails., Float-
ing masses of algae that consisted prineipally of the Genus Osclillatoria
were gollected from losal drainage ditches and placed in the water-
filled trenches and on the mud surfaces. The algae grew well in the
terraria, and it was often possible to maintain smails for several weeks
without renewing the food supply; however, it was necesasry to collect
and add algae from time to time when large numbers of snalls were ine
volved, Various types of diatomes were present in the collections of
algae, and these were found in the digestive tracts of dissected eneils
aleng with fragmenits of algae., At times good growths of Spriogyra de-
veloped in the terraria, but the suails apparently never made use of
that alga as a souwree of food.

When algae were placed in the water of & terrarium and not on
the mul surface, the snails left the mud and acoumulated on the algae
in the water. When food became scarce, it was noted that wany of the
snails left the wet surfaces, climbed onto the dry sides of the trays
and went into aestivation,

Winber Habits. S. gubensis is rarely found in its natural
habitat between the months of December and April. The winter of 1950-
51 was a rather severe one for the Baton Houge ares, and it was not un-
til May 5, 1951, that the snaile were first cbserved. These were all
very large (ranging from 6 mm. to slightly more than 9 mm. in height),
suggesting that they had lived through the winter without reproducing.
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It was not until June 9, 1951, that smaller snails (ranging from 2 to
5 mm. in height) were observed in numbers,

The winter of 1951-52 was extremely mild, and field observations
in September, October and November revealed that the snails were con-
tinuously present; however, no winter collection was made until
December 8, 1951. Approximately 1000 snails were taken on that date,
and, although no measurements were made, it was observed thab a wide
range of sises was represented. The sigze most desired in that collee-
tion was about 3 mm,, and these were plentiful,

The snails were never found in quantities and reproducing during
the winter months except on one particular mud bar that was exposed to
the sunlight throughout the whole of each day. They wers observed on
this bar on mornings when the temperature was at or near freegming, but
there was never any indication that they had gone into the water. Only
an occasional snail could be located at other places along the stream,
On May 17, 1952, it was noted that young snails had begun to oceur on
the continuously shaded mud dars.

On January 8, 1952, and during the second weeks of February,
March, April and May, quantitative collestions of snails were made,
Because it appeared that these snails were reproducing more or less cone
tinuously, it was felt that accurate samples would require the collecs
tion of all the snails from a given area. To accomplish this, areas of
one square foot were marked off and all the snalls that could be seen
were hand picked from at least two of these square-foot areas for each
sample. To secure very small individuals, it was necessary to immerse

the top layer of soil in water and remove the snails when they climbed



from the water onto the sides of the containers. No one sample con=
tained less than 220 anails, and the largest sample was composed of
870 snails, Eggs were observed at the time of each of these collec=
tiens, but they were particularly abundant in January and March.

Measurements of the shell heights of these population samples
gave distributions that suggested cyclic reproduction during the first
four months in which the collections were made. Each sample, when
plotted graphically, gave a population curve that was trimodal, with
the principsl mode occurring at sabout 1.5 mm. or at about 5.5 mm, The
January and March population curves very nearly coincided, with prine
eipal modes ccourring between 5 mm. and 6 mm, and with minor modes at
2 om, and between 7 mm. and 9 mm, The February and April population
curves were likewise very similar, with principal modes occurring at
1.5 sm. and with minor modes at sbout 6 mm. and 8 mm, Observations of
the snails in laboratory terraria and in their natursl habitat indicated
that reproduction was not cyclie during the summer months, and the popu=
lation curve for May, 1953, was unimodal, being almost flat between
2 mm, and , mn, and dropping off rapidly on either end,

At the time of each of the above gquantitative collections, same
ples were taken from an estimated ten square feet of the bottom of the
stresm. In January three snails were thus secured and in February only
one. Such samples ylelded none in March, April and May.

During the late summer of 1952, the drainage ditch was dredged,
and the mud bar on which snails had reproduced during the previous
winter was destroyed. Field observations throughout the winter of
1952-53 falled to reveal the presence of snails as during the preceding
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winter, tut dredged ssmples from the bottom of the water prodused
snails in small quantities during December, January and February.

Little attention was paid to the care of laboratory terraris
during the winter of 1952-53, but several of them maintained snails
throughout the whole winter., The snails were observed frequently, and
they were always found to be active to some extent. They seemed to
prefer the water during the winter months, but they did not restrict
themselves to it. No reproduction cccurred after early December. The
first egg masses were cbserved on March 15, and the first young snails
were sean on March 28, 1953,

Hof£ (1936) concluded that when the air temperature reached 40°
F. (4.4° C.) or lower Fossaria parva goes into the water and remains
there until the temperature rises above L0° F. As & check on his field
observations he performed experiments to demonstrate the reaction of F.
parva to changes in temperature and found that snails placed in jars at
room temperature crawled out of the water and up the sides of the jars;
however, when these containers were placed in a refrigerator, the snails
returned to the water. VWhen Hoff's experiments were performed with S.
cobeneis, results identical to his were obtalned,

To check the survival of the snails in water, ten of them were
placed in filtered pond water and maintained in & refrigerator at a
temperature of approximately 3° C, without food. They never crawled out
of the water, and at the end of one month nine were surviving. At the
end of two months none was surviving. This was repeated, using filtered
water without food and water %o which mud and algae had been added. No
snails survived more then 45 days,



Summer Habits., S. cubensis, when collected from the natural
habitat, rarely exceed 7 mm., in height; but the entirs population of

spring snails is composed of relatively large individuals, and May and
June collections may contain a few as large as 10 mm. Soon after their
appearance or the mud along the stresms, egg masses become apparent and
young snails begin to show up. Observations in the field and in the
laboratory terraria indicated that reproduction is continucus through-
out the summer months,

Quantitative samples were ¢ollected and measured in June, July
and August of 1952, When plotted graphically, each sample gave a bi-
modal population curve, with the principal mode occurring at 2 to 2.5
am, and the lesser cne at 5 to 5.5 mm. Frequent summer rains caused
the stream to flood and wash away many of the snalls from the mud bars,
and it was felt that little could be learned from such population
curves.

Snalls have not besn observed in the water of the natural habi-
tat during the summer months. They may occur from the water's edge to
a distance as far from the water as the soll is thoroughly saturated,
QOocasionally one occurs in the very edge of the water where the depth
is not sufficient to cover the snail., They deposit their eggs on the
wet soil, rather than in the water, and in the terraria they often
climbed onto the eldes of the tray and deposited eggs just ebove the
water 1line where the water happened to cover a part of the mud. In the
confined spaces of a terrarium, they were often seen in the waler where
they appeared to be feeding.

Growth Rate and Sexual Maturity, Thirty-five egg masses from
sneils 5 mm.to 7 mm. in length were found to contain from three to
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twenty-six eggs each, with an average of eight eggs per mass. During
July and August of 1951 the egge of snaile in terraria usually required
eight days for hatching. On one cccasion some eggs hatched in seven
days. The daily air tempsratures in the basement window-well where the
terraria were maintained ranged from a low of 21° C. to a high of 38° C.
One group of eggs laid July 16 produced young snails that measured

3.7 mm. %o 5.3 mm. and averaged 4.4 vm, 1in height 18 days after hatch-
ing. Eggs laid August 1 prodused young snails that ranged from 4.5 mm.
to 5.5 mm. and averaged 5.0 mm. in height 16 days after hatching. Eggs
laid August 18 produced young snails that were sexually mature and
laylng eggs just 11 days after hatching., These ranged in height from
3.0 mm, to 4.25 mm, and averaged 3.4 mm.

The length of life of this snail has not been determined but
it appears to be extremely short during the summer montha., The above
growth rates indicate that a height of 3 mm. may be attained in about
one week. It was not unusual for experimental snails of that size to
reach a length of 7 mm. during the following three weeka. Thus it
appeared that the maximum summer size of 7 mm. to 7.5 mm. was reached
within four to five weeks following hateching.

BResponse to Drying. Certain snails of the family Lymnaeidae
are known to be capable of withstanding long pericds of drought. Hoff
(1937) collected F. parva from a dried stream bed during the driest
part of a summer by digging bDeneath the hardened upper layer and ree
moving soil to moist conteiners where they responded to a gradual addi-
tion of water, Olsen (1944) found that S. bulimoides techells burrowed
into drying scil and were capable of withstanding at least five months

of drought snd summer temperatures of at least 40° C,
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The dried bed of roadside ditches where S. cubensis is known
to ocour during wet seasone were not examined, but drying experiments
in the laboratory failed to indicate that they actively burrowed into
the s0il, Snalls that had climbed onto the sides of a flooded terrarium
were examined three months after the water was drained away, and it was
found that 50% of them responded and showed life when placed in water.

Effect of Parasitism. While dissecting snails that had been
exposed to the miracidla of P. microbothrioides, the impressicn was
gained that there was a tendency on the part of the infested individuals
to be amnaller than the non-infested ones. The snails from 20 experie
mertal groups that had been individually exposed to the miracidia were
measured to the nearest quarter of a millimeter just before each snail
was dissected. The length of each snall was recorded along with a
notation as to whether that snail had been found parasitiged, The data
thus obtained are recorded in Table 16. The ratio of infested to non-
infested snails in each zroup was relatively low, tut in every case,
with one exception (Group No. 17), the infested individuals were found
to have a shorter average length than did the non-infested ones. For
the 20 groups combined, the average length of the infested snails was
0.5 mm, less than that of the non-infested snails.

Histological observations of the pathology rroduced by the para-
site were not attempted, but groes observation of infested snails at
dissection revealed varying stages of destruction of the digestive
gland, Many snalls were observed in which the entire visceral hump was
£411ed with rediae and cercarise in various stages of development; and
in some no trace of a digestive gland could be seen, but such snails
had been able to move about in apparent good health,



Table 16, Length of Snails (S. gubensig) in Millimeters Thres Weeks

Following Exposure to & Single Mirscidium of P, micro~
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bothrioides,
Group __Soalls Infested eaOnlls Not Infested

NG o Measured AYS ARgLh NO o HOA ST G _AYe, LengLl
1l é 7.166 62 7.210
2 15 6,983 51 7.147
3 5 6.140 82 6 442
A 1 7.000 58 7.215
5 15 6,966 53 7.200
é 14 82 58 6.069
7 17 5.691 39 6.077
8 8 5.5%, 70 5.943
9 A 5.943 49 6.260
10 22 5.727 6l 6.172
11 23 6.087 Le 6.687
12 12 5.625 78 6,195
13 25 5990 49 6.449
1h 19 5464 56 6.298
15 27 5.314 54 5.388
16 1 5.091 31 5,331
17 12 5.437 32 Se422
18 14 5.303 22 5.53h
19 24 5.469 22 5.661
p1) 13 5,346 19 5,892
Total 324 5.856 997 6.361




DISCUSSION

Although the foregoing observatlons and experimental data have
been discussed in more or less detsail and the pertinent literature has
been cited in each section, it might be well to attempt an overall
correlation of the various observations and experimental results with
the total life-history of the trematode concerned. The application
of experimental data to the organism in its natural habitat is diffi-
cult, and any such attempt results in spsculation; thersfore the inter-
pretations offered in the following discussion may or may not be wholly
correct.

In working with a trematode such as P, microbothricides, it
sometimes seems difficult to imagine that the life~cycle could sver
by completed in sufficient numbers for ths survival of the speeies,
in spite of the very large number of eggs produced by each adult para-
site. In the first place, the eggs must be deposited so that they will
reach water where they can develop and hatch, Secondly, the miracidiz
must contact a sultable enall host during its relatively short life-
span., The results of experimental infestations indicate that a very
small percentage of those miracidia individually exposed to the snail
are capable of penetrating and establishing themselves, and with an
amphibious snail as the intermediate host, such as $. cubensis, which
appears seldom to enter the water, the possibility of contact between
host and parasite seems remote.

In considering the reactions of the eggs and miracidia to the
environmental conditions to which they were subjected during this
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investigation, it appears that many of them actuslly have survival
value for the organism. Although the eggs werse rapidly destroyed when
removed from water, McPherson (1951) found that they survived long
periods in cow feces without undue loss of viabllity, so long as the
moisture content did not drop below 29%., This implies that they cam
survive for long periods after passing from the definitive host and
stil]l develop normally, provided that they finally reach a body of
water. It appears then that the eggs do not have to be deposited
directly into water, but that they may survive to reach water indirect-
1y, as when washed from the feces by rain and carried into a stream or
lake,

Once the eggs are enveloped in water where the dissolved oxy-
gen content is sufficient, they may proceed in their development until
mature miracidia are hatched. From the data obtained during this inves-
tigation, it would appear that the eggs could survive an oxygen tension
below the minimum required for development, as undeveloped eggs were
effsctively stored for periods of up to 60 days in sealed water and
eggs with partially developed embrycs were stored in the same manner
for periods of up to 74 days. If such low oxygen tensions were enw
countered in a stream, either before or after development had begun,
they might be washed out by the rumning water and deposited in more
gsuitable conditions, where development could proceed normally.

The findings of thie study also indicate that the eggs would
not be adversely affected in thelr development and hatching by variousz
hydrogen ion concentrations between pH values of 5.5 and 8.2,

It appears that the snall host never enters the water during

the summer months, but they are unable to escape the rising waters of



drainage ditches following summer rains. Surface water drains into
the ditches and floods the mud bars on which the snails live and re-
produce., Thus the smails are forced to remain in water for some time,
or until the water level in the ditches returns to normal, Under such
conditions, most of the snails remain on the mud bottom. They have
not been observed to rise and cling to the surface as often happens in
the cass of aquatic snails,

The temperature of the water in the drainage ditches of this
area remains at approximately 28° C, throughout the summer. Sudden
summer showers cause a droplof several degrees in the temperature of
the water, and, in the laboratory, such decreases in the teﬁperat.ure
have consistently served as a stimulus for the hatching of large numbers
of miracidia. Thus the presence of the miracidia in large numbers would
increase the possibility of a relatively high percentage of infestation
of the snails, as indicated by mass exposure experiments., The negative
response of the miracidia to light and their apparent preference for
the bottom layers of water would tend to concentrate them on the bottom
of the stream where the snails are available,

Experimental data gave some indication that the miracidia gain
in their ability to penetrate and establish themselves in the snail
host by aging in the egg shell beyond the minimum incubation period
required for hatching., If this is. the case, chilling would result not
only in producing greater numbers of miracidiz at a given time, but
these miracidia would be more efficlent by having delayed their hatching
until stimulated by a decrease in temperature,



SUMMARY AND CONCLUSIONS

The eggs of P. microbothricides were rapldly destroyed by

desiccation when removed from water,

Freeazing of the eggs for periods of cne to four hours caused
a marked decrease in viability. Eggs froszen five hours or longer wers
completely destroyed. '

Refrigeration of undeveloped eggs at 5° (. prevented develop-
ment. The viability of one lot of eggs decreased from 69% to 30% during
12 months of refrigeration, and the minimum insubation period for de-
velopment to the hatching stage at 30° C. increased from nine to eleven
days after eleven months of refrigeration.

The time required for the miracidium to develop varied with
temperature., The minimum incubation period for development to the
hateching stage was eleven days at 28° C,, nine days at 30° C., and eight
days at 35° C. Development failed to proceed to the hatching stage at
38° C. and at 40° C.

Eggs incubated and maintained at 28° C. and at 30° C, did not
hateh sporadiecally. At 28° C, hatching was practically complete after
62 daye; at 30° C., it was practically complete after Al daye.

Reduced oxygen tension arrested or retarded development., Eggs
were effectively stored by sealing in boiled or unboiled water for
periods of up to 60 days. Little reduction in the viability of unde-
veloped eggs occurred during sueh storage. Parbia{ly developed embryos
were arrested in their development for periods of up to 74 days by
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sealing in boiled water.

Development and hatching were not affected by pH values between
5.5 and 8,2, The longevity of the miracidium was considerably r educed
in weakly acid waters,

Light did not serve as a stimulus for hatching, A decrease in
temperature of five or more degreecs Centigrade for eggs incubated at
temperatures varying between 21° C. and 35° C. stimulated immediate
hatching of large numbers of miracidia. An elevation of the tempera-
ture failed to stimmlate hatching.

When mature miracidia were induced to hatch by chilling, they
showed ¢iliary activity for about three minutes before the operculum
opened. Exit from the egg shell appeared to be passive on the part of
the miracidium and required about one minute,

The longevity of the miracidium was correlated with temperature,
At a mean temperature of 24° C,, the maximum life-span was about 1
hours; at & mean temperature of 33° C., it was about seven hours.

Sucrose did not extend the longevity of the miracidium, but
glucose, fructose, galactose and mannose prolonged life for several
hours. Longevity was not increased by a 0.5% peptone solution.

Miracidia exhibited a negative phototropisam in both direet and
diffuse light,

Experimental results indicated that the miracidia had a pref-
erence for the bottoms of containers into which they were placed,

Mass exposure of the miracidia to the smail host resulted in
infestation of about 87% of the snails,

Exposure of single miraeidia to individual snalls indicated &
ratio of infestibility between miraclidia of ages one and four hours of



71

about 1:l.5. At ages five, six and seven hours, the miracidia were
capable of penetrating and establishing themselves in about the same
ratios (or perhaps slightly less) as at age one hour. About 19% at
ages one, four and five hours failed to penetrate the snall host and
remained free-swimming after an hour's exposure.

Single infestations by the miracidium c¢aused no increase in the
death rate of the snail host.

S. cubensis were maintained and reared in the laboratory on
terraria constructed to resemble the natural habitat. Algae of the
Genus QOscillatoria served as a satisfactory source of food. Algae some~
times grew in old terraria in sufficient quaxitif.iu to support small
colonies, but it was usually necessary to add algse for maintaining
experimental snails in large quantities,

The snails usually did not reproduce during the winter, which
they normally spend in water,

The snails rarely exceeded 7 mm. in length except in May and
June when they attained a shell height as great as 10 mm,

During the summer months, the snails did not normally enter the
water, and they reproduced continucusly, laying their eggs on mud. In
terraria they entered the water at times during the summer and accumu-
lated on clusters of algae, )

In terraria during the summer months, the snailes attained sexual
maturity and an average length of 3.4 mm. in as few aﬁ 11 days after
hatching, and they attained the usual maximum swuner size of 7 to 7.5
mm, within four to five weeks following hatching,

Up to 50% of the snails survived aestivation for three months,

Three weeks following single exposure to the miracidia of B,



mierchothrioides, the infested individuals averaged 0,5 mm., shorter
than the non-infested ones, Varying degrees of destruction of the
snail's digestive gland resulted from perasitism,
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