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ABSTRACT

The taxonomy of the genus Plagiorchis Lithe, 1899 is reviewed
with particular reference to the speciss P. elegans (Rud, 1802) and
a list of Plagiorchis species previously recorded in Britain is given.
The 1life cycle was initially established using Lymnaea stagnalis,

Chironomus ep, larvae and LACA mice; morphology, intraspecific vari-
ation and host specificity at all levels of the life cycle have been
examined and described.

Besides L. stagnalls L. palustris is susceptible to infection
with P, elegans while L. peregra is refractory. Infections cause ex-
tensive damage to the digestive gland of L. stagnalis although they
do not curtail its life span. Immature and mature specimens of L,
stagnalis wore infected; the former were.castrated and the latter con-
tinued to reproduce. A single mother sporocyst of P, elegans pro-
duces approximately 650 daughter sporocysts from which develop several
hundred thousand xiphidiocercariae.

Upon release cercariae are negatively phototropic and negatively
geotropic, with light. and temperature affecting the rate of cercarial
emmission, Cercariae encyst in aquatic arthropods (Chironomus sp.,
Asellus aquaticus and Gammarus pulex) and precociously in the snail

host.
Adult P, elegans range in size from 1.04 to 3.89mm by 0,34 to

0,96mm, Both mammals (mice, rats, gerbils and hamsters) and birds

(chicks, ducklings and pigeons) are susceptible to infection. Egg
counts were performed to follow the course of the infection in mice

end rats. Primary infections of LACA mice are of short duration as a
result of a host immune response. By means of surgical transplantation
the 1ife span of P. elegsns was increased from the expected 21 deays
to 63 days. Specimens recovered when the life cycle was completed
using various combinations of intermediate and final hosts and those
recovered from first and second challenge infections of LACA mice
are compared statistically using canonical variate analysis,

The only reliasble anatomical criteria. for distinguishing species

of Plegiorchis are:
le the relative sizes of the suckers and pharynx.

2. the presence or absence of a seminal receptacle, vas
deferens and common genital atrium,
3. to a limited extent egz size and host specificity.
According to these criteria many previously described species are con-
sidered to be synonymous with P, elegans and its geographical range is
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INTRODUCT ION

The taxonomic classification of the Digenea (Trematoda: Platy-
helminthes) depends at the present largely upon the morphological fea-
tures of the adult parasite; although the importance of larval struc-
tures, 1ife history, physiology end host relationships has been empha-
sized, this information is rare (Stunkard, 1957; Haley, 1962; Dawes,
1968; Yamaguti, 1971). Even when these data are available such diverse
opinions exist that the systematics of the Df&enea often becomes more,
rather than less, confused (Stunkard, 1963). The position of the Di-
genea itself 1s the subject of considerable controversy, principally
because of recently acquired informationcconcerning the larvae and life
cycles of the monogeneans and digeneans (Stunkard, 1963; Llewellyn,
1965; Erasmus, 1972). But for the purpose of this study and in accord
with Stunkard (1963), Dawes (1968) and Yamaguti (1971) the Digenea is
considered to hold the rank of Order within the Class Trematoda.

Looss (1899) was the first to present a method for establishing
relationships based on the comparative internal morphology of adult
worns. However without supporting observations on developmental stages,
it 1s not possible using this method to show whether structural similar-
lties are the result of divergent or convergent evolution.

With additional information, taxonomists have included in their
diagnoses larval morphology and life history data. Luhe (1909) classi-
fied cercariase on morphological features such as the absence or presence
and location of the suckers, the stylet and the structure of the tail,
Lebour (1912) emphasized developmental features and distinguished be-
twveen cercariae which were produced in sporocysts and those which de-
veloped in rediae. Cort (1917), Faust (1919) and LaRue (1926) suggested
that besides the larval stages the characteristics of the excretory
system are important in formulating a natural scheme of classification,
LaRue (1957) later reviewed the history of digenetic trematods classi-
fication and presented a new system based on life history data and em-

bryonic development.
On the basis of adult morphology more than sixty families have been

established within the Digenea. Many of these families, including the
Plaglorchiidae, have not as yet been clearly defined; as a result agree-
ment as to their interfamilial relationships is unresolved, as is the
taxonomic position of many genera (Stunkard, 1963; Dawes, 1968).

While the general morphology end life cycle of the genera within the
Plagiorchiinas are well established (Yamaguti, 1958;1971), considerable
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disegreement remains at the species level. Of the type genus Plagior-
chis Lithe, 1899 more than 140 species have been described, a number of
then on the basis of very few specimens and many more without regard
to the life cycle, The extent of morphological variation and host

specificity of Plagiorchig species at all stages of the life cycle are
incompletely known, with the result that the taxonomy of the genus is
in a confused state, a fact which has been emphasigzed in the present
account by the detailed literature review, Thus the establishment of
a8 laboratory cultured population using the eggs from one worm, provides

* the only assurance that one is dealing with a single specles,
The major aim of this study has been to determine the morphological

modifications induced by the respective intermediate and final hosts of
- P, elegans and thereby establish its specific morphological variation

and ultimately its synonymy and geographical distribution, To examine

the complex interactions involved it was necessary to develop a labora-

tory-reared population of P. elegangs from this stock population intra-
specific variation could be investigated and identified using different

combinations of intermediate and final hosts, Furthermore, because the
immunological state of the definitive host may produce phenotypic vari-
ations in the parasite (Jenkins, Ogilvie and McLaren, 1976), challenge
infections using Laboratory Animal Centre Accredited (LACA) mice were
carried out and age resistance in the mice was slso investigated., The

possible effect of the hosts on the anatomy of P, elegans was then exam-

ined statistically by means of canonical variate analysis.
Since adult morphology alone is insufficlent either to describe

or distinguish between species, the life history of P. elegans and
morphology of the larval stages have been described and various aspects
of the host-parasite relationship including behaviour, host-specificity,
duration of infection and fecundity have been examined, It became ap=-

parent after initial investigations that the completion of the life
+ ¢cyocle depends most acutely on the relationship between the parasite

and its first intermediate gastropod host, Therefore an extensive
treatmoent of this association was conducted,




Section 1

A review of the taxonomy of the

genus Plagiorchis Lithe, 1899, with
special reference to the specles

Plagiorchis elepans (Rudolphi, 1802),

e
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The generic name Plagiorchis first appeared in the literature in
1899; at that time Lfthe published an account of the genus in which he

placed the species Distomum reniferum Looss, 1899 and D, horridum
Leidy, 1850, Subsequently however the above species were referred to

the genera Astiotrema Looss, 1900 and SszphlogorgiLooas, 1899 respec-
tively. Two days after Lithe's article was published Looss (1899) pub-
lished an article on the closely related genus Lepoderma which included
descriptions of the type specles L, ramlianum and the subfamily Lepo-
dermatinae, There is some doubt among taxonomists concerning the inclu-

sion of the speclies ramlianum in the genus Lepoderma because the cercar-
lae develop in rediae and they have an I-shaped excretory bladder in
contrast to all other members of the genus, whose cercariae develop in

sporocysts and characteristically have a Y-shaped excretory bladder in
both the cercarial and adult stages. |

Braun (1901) noted a very close similarity between the genera Plagi-
orchis and Lepodermg and considered them to be synonymous giving the

name Plagiorchis priority because of its earlier date of publication.
However this criterion was not considered acceptable by all taxonomista;

Odhner (1911) and Mehra (1931) accepted the name Lepoderma because it
vas tied to a type species and the subfamily Lepodermatinae was estab-
lished in 1899, while Pratt described the subfamily Plagiorchiinae in -
1902, The writer is inclined to agree with Odhner (1911) and Mehra
(1931), but since the name Plagiorchis has become accepted over the v
years through common usage, to do so would only add to the state of
confusion within the genus. Therefore the generic name Plagiorchis is

accepted and used in this thesis. :
Since the early studies by Looss (1899), Lithe (1909) and Pratt

(1902), work on the subfamily Plegiorchiinae (syn. Lepodermatinae) has
been conducted by Mehra (1931, 1937), McMullen (1937a) and Olsen (1937).
The presence of a seminal receptacle in some species of the genus

Plagiorchis and its apparent absence in the majority of the other spe-
cies have caused considerable disagreement among taxonomists. In their

independent generic dlagnoses Mehra (1937) and Olsen (1937) both stated

that a seminal receptacle i1s absent in the genus Plariorchis and they
erected the genera Negolepoderma and Plagiorchoides respectively to ac-
commodate species possessing such a structure. While Tubangui (1946)
and".Skrjabin and Antipin (1958) accepted the establishment of tho lat-
ter genus, Park (1939a) on the other hand doubted the validity of the
presence or absence of a rudimentary seminal receptacle as s taxonomic
character; he had observed it in young specimens of P. nobleji Park,
1936, but found that in old worms it vas either obliterated or void of
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spermatazoa. However he did eventually accept it and suggested that
as a consequence of removing from the genus Plagiorchis those species
vhich possess a rudimentary seminal receptacle, the characteristics of
the genus would be more uniform, Since then a number of specles of
Plagiorchis, each having a rudimentary seminal receptacle, have been
described. They include:

P, poodmani Najarian, 1961

P, peterborensis Kavelaars & Bourns, 1968

P, neomidis Brendow, 1970

P, farnleyensis Diaz, 1976

P, kirkstallensis Diaz, 1976
In his generic diagnosis Yamagutl (1971) noted that a seminal receptacle
may be rudimentary or lacking.

Besides the genera Lepoderma Looss, 1899, Neolepodermg Mehra, 1937
end Plapiorchoides Olsen, 1937, Yamaguti (1971) included Cercolecithos
Perkins, 1928, Choristogonoporus Stunkard, 1938 and Reynoldstrema Cheng,
1959 as synonyms of Plagiorchis Luhe, 1899, Cercolecithos comprises a ﬁ
single specles C. arrectus, which was based solely on the original de-
seription of Distoma arrectum Molin, 1859 from European lizards, How-
ever Lent and Freitas (1940) fully described and illustrated trematodes
from Lacerta vivipara as being identical with D, arrectum Molin and re-

designated the species as Plagiorchis molini m.sp.. Lopez-Neyra (1940)
also assigned D, arrectum Molin to the genus Plagiorchis, but renamed

specimens from Lacerts ocellata as P. mentulatum, The validity of the
genus Choristogonoporus is doubtful since it 1s based on a single alco=-
hol preserved specimen which Stunkard (1938) neither illustrated nor
adequately described, Finally, Cheng (1959) erected the genus Reynold-
strema to accommodate Glypthelmins africana Dollfus, 1950, Vercammen=-
Grandjean (1960) transferred G. africanA to the genus Plagiorchis, but
Fischthal and Thomas (1968) accepted Reynoldstrems and its single spe-

cles R. africana (Dollfus, 1950) Cheng, 1959 and assigned two other
species to it: R. laurenti (Vercammen-Grandjean, 1960) n. comb. and

R. berphei (Vercammen-Grandjean, 1960) n, comb,. It is of note that
Beverley-Burton (1963) cautioned in her redescription of G. africang
that some specles placed in the genus Plagiorchis from amphibians and
reptiles show more similarity to G. gfricanag than do accepted specles
of Glypthelmins Stafford, 1905, While the adults of the two genera are
similar, they may be readily distinguished by the existence of a I-
shaped excretory bladder in the former genus in contrast to an I-shaped
bladder in the latter genus and by substantial differences in their
life cycles (Cheng, 1961; Martin, 1969; Yamaguti, 1971).
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At the present time four subgenera and more than 140 species have
been included in the genus. Schulz and Skworzow (1931) divided the
genus into two subgenera based on the distribution of the vitellaria

between the oral and ventral suckers. In'the subgenus: Multiglandu-
laris (type species P, (Multipglandularis) multiglandularis Semenow, 1922)
the vitelline follicles from.each side meet in the midline anterior to
the ventral sucker to form a broad commissure, while in the subgenus
Plagiorchis (type species P. (Plagiorchis) vespertilionis (Mueller,
1784)) the vitellaria are either not confluent in this location or only
very few follicles are present. Timofeeva (1962) erected the genus
Metaplagiorchis to accommodate those.specles in which the caeca and/or
vitellaria do not extend to the posterior extremity of the body. How-
ever Yamaguti (1971) did not consider these characteristics of suffi-

cient importance to warrant the establishment of a new genus and rele-

gated Metaplagiorchis to subgeneric rank, with P, (Metaplagiorchis)
ramlianus (Looss, 1899) as the type species. Yamaguti (1971) also e-
rected the subgenus Pseudoplagiorchis (type species P. (Pseudoplagiorchis)

erraticus (Rud. 1819)) to accommodate those species in which the uterus
passes lateral to the testes and the preacetabular genital pore is med-

ian instead of submedian. In other respects the two subgenera Pseudo-

plagiorchis and Plagiorchig are very similar,
: In 1959 Odening revised the genus Plagiorchis and divided it into

species groups within the subgenera of Schulz and'Skworzow (1931). The

subgenus Multiglandularis comprised three groups:
1) cirratus-laricols group -~
11) multiglandularis group

111) notabilis-murip group
and the subgenus Plagiorchis comprised four groups:

1) vespertilionis’group
11) maculosus group

111) elegans~triangularis group
iv) isolated species group.
The idea of thess specles groups was later abandoned by Odening

(1961), vhen he became avare of evidence negating the validity of the
subgenera Plagiorchis and Multiglandularis. Braun (1902), Skrjabin and
Antipin (1958), Styczynska-Jurewicz (1962), and even Schulz and Skworzow
(1931) noted that the presence or absence of an anterior vitellarian
commissure is not a regular characteristic within a species,

Odening (1959) removed from the genus Plagiorchis those species in"
which the uterus does not extend either beyond the posterior testis or
into the fourth quarter of the body; these species he placed in the
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subfamily Opisthioglyphinae: .

P. greuatus Strom, 1924.

P. exasperatus (Rud, 1819) = P, microti Soltya, 1949

P. nanys (Rud, 1802) = P, fastuosus Szidat, 192;

='P. morosovi Sobolev, 1946

P, opisthovitellinus Soltys, 1954.
It was further suggested by Odening (1959) that.all species in which. .
the uterus alone occupies the posterior end of the body be removed from
the genus Plagiorchis and placed in a new genus, which he did not name,
but which should be erected specifically to accommodate them, including:

P, didelphidis (Parona, 1894) . r
P, hepaticus Lutz, 1928

P, himalayii Jordan, 1930 .
P, lenti Freitas, 1941
P. molini Lent & Freitas, 1944/1945
P, momplei Dollfus, 1932
P. ptschelkini Sobolev, 1946
. Yosidensis Ogata, 1942 ,,
The criteria givon by Odening for the establishment of a new genus wvere
very similar to those of Timofeeva (1962) for the erection of the genus
Metaplagiorchiss however they have not been widely accepted and the above
species remain in the genus Plagiorchis, .
Members of the genus Plagiorchig have been recorded from all classes
of vertebrates, including fish, However, the only descriptions of Plagi-
orchis from fish known to the writer comprise P. corti from Schilbeodes

gyrinus (Lamont, 1921), E. amerius from Ameriurus pebulosus (McCoy, 1928),
and P, geminus from both of these species of fish (Mueller, 1930). The

latter author (1930) noted a close similarity between P, amerius and

P. corti and suggested that they should be regarded as synonyms. All
three species were subsequently referred to the genus Alloplossidium
Simer, 1929 by Van Cleave and Mueller (1934) who observed that the excre-
tory bladder of these fish parasites is I-shaped in contrast to the
T~shaped excretory bladder characteristic of the genus Plariorchis.

The species given in Table 1.1 at the end of this section have been
recorded in Britain, It may be noted that P, elegans, the subject of
the present thesis, has not previously been found in Britain, Further,
the present British record refers to intra-molluscan and cercarial
stages only.

According to Braun (1902) P. elegans vas first described by Rudoiphi

in 1802 as Fasclola elegans from nestling house sparrows; Braun (1902)
gives the following synonyms of P. eleganst
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Distomg elezans Rudolphi, 1809
Distomum elegans Creplin, 1829(?); Diesing, 1850

Mihling, 1896 = D, cirratum Rudolphi, 1802
Distoma ( rachylaimus)elegans Dujardin, 1845; Stossich,
| | 1892 = D, eirratus Rudolphi, 1802
Distomum erraticum v. Linstow, 1894.
Braun (1902) examined four of Rudolphi'a specimens and his descrip-
tion of them is summarized here.
Body oblong, flattened; both ends rounded or hind end tapered.
Two to 2,30 mm long; 0.66 mm wide. Spines visible in anterior
of worm. (Because the tegument of the specimens examined by
Braun had begun to decay the distribution of the spines given
may not be correct.) Oral sucker 0,177 mm long, 0.156 mm wide;
acetabulum 0,104 mm in diameter, approximately one third from
anterior end. Pharynx immediately follows oral sucker, always
possesses spherical lumen, Caeca originate closs behind pharynx;
reach to posterior end. Ovary globular, always larger than ven-
tral sucker; lies to one side anterior to obliquely situated
testes. Cirrus pouch long and slender; C-shaped; bends around
ventral sucker; arises in front of it, vhere metraterm terminates.
Vitellaria well developed, £ill sides of body from level of
pharynx to posterior extremity. In front of ventral sucker and
behind testes vitellaria may extend dorsally from each side to
midline., (The specimen of P. elegans illustrated by Braun does
not possess an anterior vitellarian commissure.) Eggs 32 to 36 um
- wide.

Rudolphi (Braun, 1902), when describing P. elegans and P, cirratus,
noted a strong similarity between them., Braun (1902) was able to com-
pare specimens of P. cirratus from the Vienna Collection withtthe type
specimens of P. elegans, He postulated that they could be maintained
as independent species based on the differences in body and egg size
and the extent of the vitellaria, Although Braun (1902) did not illus-
trate P, cirpratus he stated that an anterior vitellarian commissure is
generally absent., Because the characters mentioned above may vary within
a specles, Braun (1902) suggested that the greatest emphasis should be
placed on differences in the sucker ratios. In specimens of P, cirratus
exanined by Braun the suckers were nearly the same size while in P,
olepans the oral sucker was considerably larger than the ventral sucker.
Miihling (1896) on the other hand described specimens of P, cirratus in
vhich the ventral sucker was smaller than the oral sucker. Braun (1902)

stated that i1f they were to be considered synonymous, the name elegans
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should take precedence, since it appeared first in the paper by
Rudolphi (1802). It is indeed unfortunate that Rudolphi's preparations
of P, elezans and P. cirratus have been destroyed (personal communica-
tion from Mr. S. Pmcihoo). The absence of the type specimens has made
the comparative study of these two specles exceedingly difficult.
Recent studies on P, elegans have been carried out by Styczynska-
Jurevicz (1962) and Sharpilo and Sharpilo (1972). Styczynska-Jurewicz
(1962) investigated the 1life cycle using naturally infected snails
end discussed the synonymy of P. eleszans. Sharpilo and Sharpilo (1972)

studied the relationships of various forms of Plariorchis in reptiles
and rodents and concludéd that a number of species should be regarded

as synonyms of P, slegans.
Despite the considerable volume of literature that exists con-

cerning the taxonomy of Plggiorchis, it is evident that the question
of the relationship of P. elezans to other members of the genus has not

been resolved.
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Section 2

Establishment of the life cycle and
morphology of the larval stages

15.
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INTRODUCTION,

As notod above (p. 7), Plggior;hié e;eggjs“haa not previously
been found in Britain. Although the 1life cycle and morphology of the
1life history steges have been described (Styczynska-Jurewicz, 1962),
they have not up till now been examined using a pure laboratory strain
of parasite, The results of such an investigation and a comparison of
Pe olepans with other members of the genus based on larval morphology
are given below,

MATFRIALS and METHODS.

Laboratory-reared Lymnaea stagnalis were used as the first inter-
mediate host and were maintained on a diet of lettuce, dandelion
leaves and trout pellets (Cooper Nutrition Products Ltd., Stepfield,
Witham, Essex), Chironomid larvae were purchased commercially and
sampled on a regular basis., Examination of approximately 20% of the
larvae used revealed only two metacercarial cysts, one from each of
two larvae, which vhen fed by stomach tube to Laboratory Animal Centre
Accredited (LACA) mice falled to produce an infection. Because the in-
cidence of natural infections of Chironomus sp.- were not only rare but
the two cysts recovered did not infect LACA mice, the commercially
obtained Chironomus sp. were considered to be a suitable second inter-

mediate host for experimental purposes. Adult P, ele vere main-
tained in laboratory-reared LACA mice; the mice were fed Oxoid Pas-

teurized Breeding Diet and water ad libitunm.

Living eggs, daughter sporocysts, cercariae and encysted metacer-
cariae were examined unstained, Cercariae were also stained intravi-
tally with neutral red (Humason, 1967), while additional studies of
the tail and stylet of cercarise were conducted using interference mi-
croscopy.  Measurements were made under high power magnification (oil
immersion; x 900), Eggs, daughter sporocysts and metacercarial cysts
were measured alive, while cercariae were heat killed in hot 10% for-
mol saline (Lillie, 1965) prior to being measured. All specimens
wvere flattened under the slight pressure of a cover-slip, but eggs
were measured in utergo. For the purpose of more closely examining
the structure of the daughter sporocysts and cercariae of experimen- :
tally infected L, stagnalis, paraffin wax (m.p. 58°C) serial sections
5 and 7 um were cut and stained with either Mallory's or Masson's

Triple stain (Humason, 1967).
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RESULTS - Con e
¢
L ]
%

Establishment of the 1life cycle of Plagiorchis elegans experimentally.

The 1life cycle of P, elesans was initially established in the labor-
atory as follows., Chironomid larvae in small volumes of water were
exposed to cercariae released from a -single naturally infected Lymnaea
stagnalis, Metacercariase were teased from the larvae after eight days
arid fed by stomach tube to LACA mice; ten days later a single adult
specimen recovered from:the mice was selected and torm apart in a small
petri dish containing 0.,9% normeal saline. The debris and saline were
carefully pipetted off, replaced with distilled water and the eggs were
alloved to incubate at room temperature for eight days. The period of
eight days was chosen because, although miracidia are evident within
some eggs after four days, it takes approximately a week for the major-
ity of miracidia to develop. If left much longer than this under the
experimental conditions employed, the miracidia apparently become sus-

ceptible to invasion by bacteria. Fifty laboratory-reared L. stagnalis
3.0 to 5.0 mm in length were then exposed to a total of several hundred

fully embryonated eggs for 2, hours., The snails were subsequently main-
tained in an aerated aquarium at 22°C, Fifty-six days later 32 of the
36 surviving snails (89%) were found to be releasing cercariae, while
the remaining 4 were uninfected. (Subsequent experiments demonstrated
that vhen snails are maintained at 22°C cercarial release commences 38

to 40 days post-infection.) f

Morphology of the larval stages.
Egg and miracidiums

The eggs of P. elegans are tanned and operculate possessing a
slight protuberance at the posterior end (Fig. 2.1). They are released
by the adults in the small intestine of the definitive host from whose
body they are expelled in the faeces., Embryonated eggs must be eaten
by the lymnaeid first intermediate host before hatching, -

Measurements were made of 20 eggs in the ascending limb of the-
uterus in each of two living 7-day old worms harvested from mice. Ta-
ble 2.1 1llustrates that considerable variation occurs:in the dimensions
of the eggs; the combined range of lengths from both worms was greater
than that for either individual worm. Further it may be noted that the
mean lengths of eggs from the two adult specimens were significantly
different. |
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Table 2.1. Measurements (in um) of eggs in the ascending limb of the
uterus of two 7-dey old P. elegans from mice. Standard error
is given in parentheses,

nugber mean range

peasured length width length wvidth
Adult 1 20 38.5 (°'33). 23.2 (0.14) 36 =42 22«2,
Adult 2 20 42.3 (0.44) 22,3 (0.11) 40 =45 22 = 23
Total 46 £0.2 (0.41) 22-3 (0.11) 36 - 45 22 = 24

# Student's t test p <0.001

Although the anatomy of the miracidium has ﬁot been elucidated it
is ciliated with an undetermined number of epidermal plates and two

flame cells.

Mother and daughter sporocysts:
‘ After ingestion the eggs hatch probably in the stomach or intestine

of the snail host; the miracidium penetrates the epithelium of the snail

alimentary tract before developing into a mother sporocyst between the

base of this epithelium and the underlying basement membrane, The exact
site of penetration has not been ascertained, but 1t appears that further

development is limited to those miracidia that penetrate the intestine,
since mother sporocysts have only been observed along this organ. When
izmature snails (3 to 5 mm) are used as hosts, it 1s possible to see
the developing sporocysts throughtthe semi-transparent shell after about

four weeksat 22°C, The mother sporocysts can in some instances be seen
almost to encircle the intestine., FEach contains many daughter sporocysts.

The daughter sporocysts are found primarily in the digestive
gland and are of various shapes and sizes, depending not only on their
degree of development, but on the number of germ balls and/or cercarial

enbryos present., Young sporocysts may be sausage shaped, have one rath-
er pointed and one blunt end, be dumbell shaped, or have a constriction
at only one endj they may be even more contorted than this (Fig. 2.5).

They are motile and capable of independent migration. Older sporo-
cysts may be cigar shaped, oval to elliptical, or bent in an L or an

S shape (Fig. 2.6). In infections maintained for nine months at 17°C
the daughter sporocysts range in length from 0.60 to 2.36 mm and in
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vidth from 0,21 to 0,68 mm; they contain from 5 to 36 cercarial embryos.
The daughter sporocyst wall is composed of a single layer of cells;

the wall is flatter in young sporocysts than in old sporocysts., It i=s
ensheathed in a thick and warty membrane, which later in the infection

becomes pigmented giving the snail digestive gland an orange appearance
(Fig 2.7). The outer membrane has staining properties more similar to
the hoat connective tissue than to the sporocyst wall (Fig 2;9)_and

as can be seen from Figure 2.8 it is not attached to the daughter spo-
rocysts. No birth pore has been observed.

Cercaria: (Table 2.2):
The xiphidiocercaria of P, elegans (Figs. 2.2 A, B; 2,10) is a

member of the Polyadena group, Cort (1915) of the Cercariae Armatae Liuhe
(1909). The characteristics of this group aret

l. development in elongate sporocysts within gastropods.,
2. tall slender without finfolds; except when much extended

tail less than body length.
3. acetabulum posterior to mid body and smaller than oral
sucker.

L. stylet about 30um in length, six times as long as broad,
shoulders about two thirds of distance from base to

point.
5. penetration gland cells 6 or more on each side betwcen the

acetabulum and pharynx.
6. excretory bladder bicornuate.

Body oval to elliptical in outline, covered by transverse rows of
minute spines. More prominent spines present in caudal pocket; tail
simple, aspinous, Hairlike processes probably tactile in function, pro-
Jecting from cercarial body; their distribution not established, OSmall

refractile granules approximately l.4 to 5.0 um in diameter scattered
throughout body. Cystogenous gland cells numerous, obscuring much of

internal structure, extending from level of pharynx to posterior extrem-
ity of the body, less pronounced in vertical midline,

Stylet (Table 2.3; Figs 2.3 A, B} 2,11) javelin shaped, dorsal to
mouth; acidophiliec, Point of nib curves dorsally. Thickened shoulders

about two thirds of distance along shaft., DBase of stylet reinforced.
Invagination in centresof btylet base present in 96% of stylets exam-
ined. Abnormally developed stylets rarely observed,

Two groups of eight nucleated penetration gland cells located on
either side of midline from bifurcation of caeca to near posterior
limit of ventral sucker, five outer, three inner cells. Smallest of
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three inner cells often obscured by cystogenous gland cells; three
outer and two inner anterior gland cells basophilic, Three posterior
gland cells acidophilic, Penetration gland ducts following a slightly

sinuous course to open at stylet nib.

Table 2.2. Measurements of cercaria of P. elegans (n = ,LO; measurements

inmm),
mean . range
length (SE) width (SE) length width
body 0.2,0(0.006)  0.100(0,003) 0.160-0,330 0,080-0,140
tail 0.180(0.006) 0,020(at base) 0,110-0,220 0,020
oral 0,048(0,001)  0.053(0,002) 0,038-0.059 0,040-0.072

sucker

ventral 0.035(0.,001) 0.033(0,001) 0,023-0,043 0,023-0.045
sucker ﬁ

pharynx 0,019(0,003)  0,020(0,001) 0.013-0,025 0,014~0,027

Table 2.3. Cercaria of P. elegang, stylet measurements (n = 40; mea-
surements in um)

mean (SE) range
length 28.4(0,18) 27 & 31
width at shaft 4.1(0.05) b =5
shoulders: length  4.05(0.03) L =5
width 7.,10(0,08) 6 -8
base: length 5,4,0(0.11) L = 6
vidth 6.00(0,05) 5 =7
invagination: - 2,75(0.17) absent to 4

depth in base

Two cerebral ganglia connected by transverse commissure dorsal to
pharynx; three nerves observed arising from each ganglion -~ dorsal,

ventral and lateral,
Mouth aperture on ventral surface approximately in centre of oral

sucker. Prepharynx short followed by trilobed muscular pharynx.
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Oesophagus short, bifursating into 1ntoétina.1 caeca about midvay be-
tween oral sucker and acetabulum., Caeca extending nearly to posterior

extremity of body.
Excretory bladder situated within posterior third of body and with

shape characteristic of genus Plagiorchis Luhe, 1899; when distended
has form of anterior and posterior chambers linked by narrow waist,
chambers approximately equal in length, anterior ~»-ghaped, posterior
spherical, lined with epithelial cells., Whole bladder extremely con-
tractile, Excretory pore ventral, near base of tail,

Pattern of protonephridial system mesostomate., Main excretory
duct slightly convoluted and subterminal. Secondary anterior and pos =

terior collecting ducts join main duct at approximately posterior limit
of ventral sucker, Flame cell pattern difficult to establish but

apparently similar to that described by McMullen (19397) for genus

Plagiorchis = 2[(3+ 3+ 3) + (3 + 3 +3)].
In some specimens an apparent longitudinal duct present in tail;
vhen present not seen to connect with excretory bladder anteriorly nor

to tip of tail (Fig. 2,12, 2.13). |
Genital anlage dorsal to ventral sucker, consisting of C = shaped

mass of cells extending approximately from slightly beyond anterior
margin of acetabulum to slightly beyond its posterior border. In dor-
sal plan view of specimens flattened under slight pressure of cover

8lip anlage displaced to right side of ventral sucker.

Metacercaria (Fig. 2,43 Table 2.4).
Cyst elliptical to round in outline with wall thin and pliable

vhen first formed. Stylet released within cyst, eventually disinte-
grating, but both stylet and penetration glands occasionally remain
visible after 40 days. Excretory bladder of various shapes most often
%" or >¢ - shaped., Several days after encystment bladder filled with
dark concretions, Caeca more distinct than in cercaria , probably
because cystogenous gland cells have discharged their contents., Gen-

ital anlage as in cercaria.

Table 2.4. Measurements (in mm)of metacercarial cysts of P. elegans
from chironomid larvae.

age no. measured mean dimensions (SE)

8 hours 20 0.168(0.,004) x 0.153(0.002)
2, hours 20 0.138(0.003) x 0.125(0.002)
7 days 20 0.132(0,002) x 0,125(0.,002)
40 days 20 0.128(0,002) x 0,122(0.001)
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DISCUSSION,

By

The life cycles of only a small proportion of Plaggiorchis specles
(about 18 out of 140) have been completed using naturally infected

snail first intermediate hosts, Among the life cycles investigated -
but without the establishment of a laboratory strain are:

species of Plagiorchis reference

P, muris (Tanabe, 1922) Dollfus (1925)

P. ramlianug (Azim, 1935) | , Azim (1935)

P, muris (Tanabe, 1922) | McMullen (1937 b)

P, proximus Barker, 1915 | ‘McMullen (1937 b)

P, micracanthos Macy, 1931 . McMullen (1937 b) . |
P. megalorchis Rees, 1952 Rees (1952) |

P. cirratus (Rud. 1802) Buttner & Vacher (1959)
P, vespertilionis parorchis Macy, 1960 Macy (1960)

P, elegans (Rud. 1802) ... Styczynske-Jurewicz (1962)
P, noblei Park, 1936 Williams (1963) .

P, dilimanensis Velasquez, 1964 Velasquez (1964)

P, laricols Skrjabin, 1924 . Zdarska (1966) .

P, momplei Dollfus, 1932 Richard et al. (1968)

P, peterborensis Kavelaars & Bourns, 1968 Kavelaars & Bourns (1968)
P. neonidis Brendow, 1970 Brendow({1970)

P. farnleyensis Diaz, 1976 | ~ Diaz (1976)

P, kirkstallensis Diaz, 1976 Diaz (1976)

P. neomidis Brendow, 1970 Theron (1976)

The four species listed below are the only ones vhere laboratory infec-
tions of the first intermediate host have been described:

species of Plagiorchis - ‘reference

P. jaenschi Johnston & Angel, 1951 Johnston & Angel (1951)
P. maculosus Angel, 1959 * Angel (1959) -
P, goodmani Najarian, 1961 a Najarian (1961)

P. noblei Park, 1936 * Blankespoor (1974; 1977)

Blankespoor (1974, 1977) infected laboratory-reared snails with the
eggs of one worm to obtain a pure strain, but unfortunately did not
describe the larval astages. Johnston and Angel (1951), Angel (1959)
and Najarian (1961) established laboratory infections of P. jsenschi,

P. maculosus and P, goodmani respectively, although in each case they
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exposed snails to the eggs of more than one worm; as'a result their
experimental strains were subject to variation due to their mixed

genetic backgrounds,
By infecting snalls with the eggs of a single individual the writer

vas enabled to study the structure and morphological variation of the -
larval stages of a pure strain of P, elegans. The eggs of P. elegans
are 40,2 pm (36-45 um) long and 22.8 pum (22-24;:um) wide. While egg
size has been considered to be of dlagnostic significance by some tax-
onomists, notably Blankespoor (1974), the dimenaions of many members
of the genus fall within or overlap the range of those of P. elegans
measured during the present study (Appendix 1), The size of the egg is
considered by the writer to be of some diagnostic significance and
should certainly be included in the species descriptions, but experimen-
tal evidence obtained by the author has demonstrated that the length of
the egg may vary significantly even between samples of a clone, the same
age and in the same definitive host species. In the literature many -
measurements of eggs are given without reference to the age of the

adult specimen, number of eggs measured, species of host or whether

the eggs are measured in utero or teased from the worm. Such data.
should always be included when egg dimensions are used in specific de- -

scriptions, :
Daughter sporocysts vary considerably in size, depending not only

on their degree of development, but on the number of cercarial embryos
and germ cells present. Plagiorchis ramlispup (Azim, 1935) can be dis-

tinguished from P. elegans and from all other members of the genus, be-
cause it develops in rediae and its cercaria possesses an I-shaped ex-

cretory bladder. For these reasons this species should probably be

removed from the genus Plagiorchig.
Cort and Ameel (194%) described the outer epithelium or paletot of

the daughter sporocysts as being derived from the mother sporocysts and
noted that in mature daughter sporocysts the paletot acquires a‘n orange
pigment. A contrasting view was expressed by Schell (1961); after

studying the development of another plagiorchiid, Haplometrana intestin-

alis Lucker, 1931, he described the paletot as being of host origin,
Schell suggested that the connective tissue cells of the mother sporo-

cyst membrane, originally derived from the basement membrane of the
snail!s alimentary tract, proliferate and invade the mother sporocyst,
eventually partitioning off the developing daughter sporocysts. The
writer agrees with Schell that the paletot is of host origin for three

reasons!
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* firstly, the paletot is not attached to the daughter sporocyst
- wall; - ,, _
secondly, its staining properties are similar to those of the

host connective tissue rather than to the parasite wall,
finally, the acquisition of an orange pigment by the paletot is
consistent with the occurrence of a host response (Erasmus,
- 1972).

Many descriptions concerned with cercarial morphology are incom-
plete, making an accurate comparison of Plagiorchis species difficult
and in some cases impossible., Rees (1952) however has provided an excel-
lent account of the 1life history and larval stages of P. megalorchis.
The larval stages of P. megalorchis can be distinguished from those of
P. elegans by the small size of the metacercaria and egg in the former
species and also by the presence of a caudal excretory duct in the tail
of the cercaria of P, megalorchis which connects with the bladder, Al-
though a structure resembling a duct in the taill of P. elegans has been
seen (p. 21), it was not present in all cercariae examined and in no
instance has it been observed either to connect with the excretory blad-
der or to extend to the tip of the tail. Among other cercariae posses-

sing an apparent caudal duct are P. peomidis Brendow (1970), P. cirratus

Buttner & Vacher (1959) and P. kirkstallensis Diaz (1976). .
The cystogenous gland cells frequently bbscure the internal struc-

tures of the cercariae, in particular the penetration gland cells, flame
cells, caeca and the genital anlage so that one must accept that descrip-
tions will egree only within limits. The cercariae of P, muris McMullen
(193%) P. laricola Zdarska (1966) and P. elegans Styczynskaunrewicz
(1962) are very similar to those of P. elegans described in the present
account, but each of them has fewer than 8 pairs of penetration gland
cells; P. jaenschi Johnston & Angel (1951) has 10 pairs, while no record
of the number of penetration gland cells is available for P. vespertili-
onis parorchis Macy (1960), P. peterborensis Kavelaars & Boumu (1968),
P. momplej Richard et al. (1968), or B. proximus McMullen (19379

In the present investigation 15 flame cells were found on either
side of the cercarial body, although the established flame cell formula
for the genus is 2 [[3+ 3 + 3) + (3 + 3 + 3)] = 36 McMullen (1937a).
However in the original description of the excretory system of Cercaris
polyadena Cort (1915) found only two flame cells in the posterior group
on each side, 2 E3+3+3)+(3+3+25]=34.

In contrast to the cercaria of P. elegans in which the caeca ex-
tend to the posterior of the body, the caeca are very short in the cer-

cariae of P. goodmani Najarian (1961) and P. momplei Richard et al.
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(1968), while the caeca of P. farpleyvensis Diaz (1976) are of inter—
mediate length, being 2/3 the length of the body. The lengths of the

casca were not given for the cercariae of P. maculosus Angel (1959),

P. yvespertilionis parorchisg Macy (1960), or P. neomidis Theron (1976).
The stylets of P. laricolg Zdarska (1966), P. peterborensis

Kavelaars & Bourns (1963) and P, elegans as noted in the present work
are closely similar in that in all three species a slight invagination
is present in the middle of the stylet base. Yet 88 stated previoualy)
this invagination was not present in all of the stylets examined by the
writer and therefore should not be used as a diagnostic character. The
size of the stylets may vary directly with the size of the cercariae
and since the cercariae vary substantially in size even within a pure
strain, the size of the stylet is considered to be a questionable cri-
terion for distinguishing between species. The writer has noted only
a single case in which a stylet was not evident; refractile globules

could be seen in the position where the stylet should have been present.
Infections of P. kirkstalle vere obtained by Diaz (1976) from

Lymnaes stagnalis collected from the same site at which the present
author initially obtained infections of P. elegans. The cercariae of
the two species are very similar and in both species abnormally devel-
oped stylets are known to occur., However in contrast to P. elegans in
vhich small refractile granules are scattered throughout the cercarial
body and a few are present in the tail, no refractile granules vere pres-
ent in the cercaria of P, kirkstallensis, The main excretory ducts of

Po kirkstallensis are terminal rather than subterminal as in P, elegans,
Furthermore, Diaz (1976) stated that 8 or 9 hairlike structures are
present on both sides of the cercarial body. Although such structures

are known to occur in P, elegang they are very difficult to see; they
vere more obvious in some cercarise than others and as a result theipr

distribution was not ascertained.
It may be noted here that the cercaria of P. noblei Williams (1963)

very closely resembles both the cercarla of P. kirkstallensis and that
of P. elegans, apart from the presence of refractile granules in the

latter species, Based on the adult morphology (p.lll ) the three specles
are considered by the author to be synonymous and the presence of re-
fractile granules in the cercaria of P. elegans and their asbsence in the
cercariae of P, kirkstgllensis and P, poblei are believed to be a mani-

festation of intraspecific variation.
A number of xiphidiocercariae are morphologically very similar to
the cercaria of P. elegans., They are the cercariase of:-
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reference
P. micracanthos Macy, 1931 McMullen (1937 b)
P, muris (Tanabe, 1922) McMullen (1937 b)
P. cirratus (Rud, 1802) Buttner & Vacher (1959)
P, vespertilionis parorchis Macy, 1960 Macy (1960)
P, elegans (Rud. 1802) Styczynska~Jurewicz (1962)
P. noblei Park, 1936 Williams (1963)
P, laricolg Skrjabin, 1924 Zdarska (1966)
P, peterborensis Kavelaars & Bourns, 1968 Kavelaars & Bourns (1968)
P. kirkstallensis Diaz, 1976 Diaz (1976)

The metacercariane of P. cirratus Buttner & Vacher (1959), P. neomidis
Brendow (1970),P, fastuosus Krasnolobova (1973) and P. peomidis Theron
(1976) can Be distinguished from the metacercaria of P. elegans bscause
in the three former species the genital anlage develops into gonads
wvhile the organism remains within the metacercarial cyst; sperm are
found in the seminal vesicle, but no eggs are present in utero, while

in the latter specles no further development of the genital anlage oc-
curs., It is not clear from the above articles whether or not the devel-

opment of the gonads is a necessary prerequisite for the onset of in-

fectivity towards the final host,.

In an attempt to distinguish between different specles of Plagior-
chis many taxonomists use criteria which do not allow for the existence
of morphological variation in the larval stages, in particular that of
the cercaria; consequently a number of specles have been erected on the
basis of inadequate evidence. Although the cercaria of those species
listed above are morphologically similar to P. elegans, a discussion
of the question of synonymy is deferred until data concerning various
other aspects of the life cycle of P. elegans are presented,



Filg. 2.1, Egg of P. elegans.

Fig. 2.2 A,B., Semidisgrammatic 1llustrations of the cercaria
of P, elegans, dorsal view, For the sake of clarity bi-
lateral systems are drawn of only one side of the body.

A. To show digestive system, penetration gland cells, gen-
ital anlage, excretory bladder, flame cells (from
Rees (1952)) and caudal "duct".

Be To show distribution of cystogenous gland cells, re-
fractlle granules and brain.
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Fige 2¢3 A. Diagram of sagittal section through oral sucker
of cercaria illustrating the orientation of the stylet.

Be. Abnormally developed stylet.

Fig. 2.4+ Mature metacercarial cyst.

CoWe cyst wall

ex,bl. excretory bladder
Oe8e oral sucker

ph. pharynx

st. stylet

VeBe ventral sucker






Fige, 2.5 Part of an immature daughter sporocyst in
migratory phase containing germ balls, Scale 50um,

Fig., 2.6, Mature daughter sporocysts (d.s.) 1llustrating
the variation in size and shape of the sporocysts and in
the number of germ balls (g.b.,) and cercariae (c.) present.
Scale 200unm,
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Fig. 2.7. In mature infections of L. stagnalis the daughter
sporocysts become pigmented giving the digestive gland
an orange appearance., oScale 3,0mn.

d.gl. digestive gland
d.sp. daughter sporocystis
st. stomach
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Fig. 2.8 Living daughter sporocyst of P. elegans fromp freshly
killed L, stagnalis, Note that thickened outer epitheliﬁmf.. |
or paletot (arrow) has become separated from smooth epi-.
thelium of daughter sporocyst. f

4

Fig. 2.9. Section through digestive gland of infected L. st 7 F_
nalis demonstrating different staining intensities of the |
paletot and daugﬁter sporocyst epithelium, Scale 50um.

W

Co anterior region of cercarial embryo

dege digestive gland cells

deo, daughter sporocyst epithellium ]
hete host connective tissue | #
Pe paletot (thickened outer epithelium of

daughter sporocyst).
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Fig. 2,10, Cercariae released from a single L. stagnalis
infected with eggs from one P. elegans reflecting the
variation in the size of the specimens recovered. Scale 150um.,

Fig. 2:.11.Stylet of P. elecgns cercaria as seen using inter-
ference microscopy. Note the small invagination in the

centre of the stylet base(arrow). Scale 25um,







Fig. 2.12. Tail of cercaria of P. elegans as shown by inter-
ference microscopy; apparent caudal duct present. Scale 1l5um,

Fig. 2.13. Tall of cercaria of P. elegans (specimen differ-
" ent from Fig. 2.12) also as seen using interference micros-

copyy caudal duct absent. Scale 1l5um,






Section 3

The first intermediate host.
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INTRODUCTION.

" The vast majority of studies concerning the host-parasite
relationship of larval digeneans and molluscs deal with the Fasci-
olidae and Schistosomatidae because of their importance economically
and in the field of public health (Kendall, 1965; Boray, 1969;

Houlemé,n, 1972) . Although the life cycles of many Plagiorchis species
have been described relatively little is known either about their

development in, or %olationahip to, their first intermediate gastropod
hosts. Cort and Olivier (1943) investigated the larval development
of P. puris Tanabe, 1922 in naturally occurring infections of Stami-
cola emarpinata; later, Cort and Ameel (194L) continued these inves-
tigations and expanded them to include P. micracanthos Macy, 1931 and

P. proximus Barker, 1915,
An excellent review of the pathology of helminths in molluscs

has been written by Wright (1966); more specifically, contributions to
the knowledge of pathological effects of Plagiorchis species have

been made by Pratt and Barton (1941) and Rees (1952). The former au-
thors studied the damage inflicted by four species of larval digeneans,

among them P, muris McMullen,{1937, upon the hepatopancreas and ovotes-

tis of the pulmonate snail Stagnicola emarginata. In particular they
noted that in serial histological sections of one specimen infected by

P. puris the ovotestis and reproductive ducts were apparently absent.
They also reported that only exceptionally was there a breakdown of

the digestive gland tubules, In contrast to these observations Rees
(1952), studying the effects of P. megalorchis on Lymnaea peregra,
noted extensive damage to the digestive gland tubules in some instances,
but she did not refer to any changes in the state of the host repro-

ductive system.
The present investigation was undertaken to elucidate the rela-

tionship, including specificity, rate of development, and pathology of

the infections, between an experimentally established strain of P. ele-
gans and its lymnaeid first intermediate hosts.,

Adult Lymnaea starnalls, L. perecrs and L. palustris were bred
in the laboratory in order to obtain cultures of uninfected snails for

the purpose of examining the specificity of P, elegans towards the
first intermediate host. The parent stocks of both L. starnglis and
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L. peregra were collected from the Leeds-Liverpool Canal, with addi-
tional specimens of L. peregra obtained from the River Wharfe at

Otley. Lymnaes palustris was collected from Golden Acre Park and
Market Weighton,

The laboratory-reared snalls were exposed, unless otherwise stated,
to known numbers of fully embryonated eggs of the experimentally estab-

lished strain of P, elegans (p. 17). Subsequently the molluscs were
maintained in aerated aquaria at either 18° or'2290, under continuous

fluorescent light, fed lettuce and dandelion leaves ad libitum, with
commercial trout pellets (Cooper Nutrition Products Ltd,, Stepfield,
Witham, Essex) to supplement the diet. The water was changed three

times per week.
For histological sections, specimens of both uninfected and in-

fected L, st were removed from their shells, fixed in wvarm

Bouin's" solution, embedded in paraffin wax (m.p. 58°C) and sectioned
at 8um. The sections were stained with Mallory's triple stain (Huma-

son, 1967). |

RESULTS,

H_Q_EE EEOCifiCit! .

The exposure of L. stagnalis (3 to 5mm long).to undetermined numbers
of P, elegans eggs.

In the first experiment (Table 3.1) 50 L. ptagnalis (3 to 5mm
long) were placed in each of four (5cm) petri dishes together with

several hundred eggs teased from one ten-day old worm and incubated
for eight days; this period was sufficient for the majority of the eggs
to become embryonated. After several days' incubation the eggs were
normally found to adhere to the bottom of the petri dish because of a
growth of algae, Just before placing the snails in the dishes, most

of the distilled water which had covered the eggs was removed leaving

only a fine film of moisture to protect the eggs from dehydration. The
snails were introduced and then approximatoly'l5cm3 of dechlorinated
vater vas pipetted gently into each dish so as not to disturb the car-
pet of eggs on the dish bottoms. The petri dish covers were replaced
and the pulmonates left at room temperature for 2 h, No additional

food was provided for the snails during this time in an attempt to in-
duce them to eat the algal covered eggs and not float on the surface

of the water while eating lettuce. Three of the petri dishes still
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containing the snails, faeces and any uningested eggs were uncov-
ered and placed in separate aerated aquaria at 18° Cy in addition a
control group of 50 uninfected L. stagnalis (3 to Smm long) was main-
tained under the same conditions. In order to determine the effect of
temperature on the rate of development of P. elegans the fourth group
exposed to eggs was kept at 22°C as well as andéther control group of
50 uninfected L. stagnalis (3 to 5mm long).

After 56 days two groups were examined for the release of cer-
cariae - group 2 (18°C) and group 4 (22°C). Twenty-five (50%) of
group 2 were releasing cercariae. A further 14 (28%) were known to be
infected because sporocysts could be seen through their semitransparent
shells, As explained on p.18 these are daughter sporocysts. The re-
maining 11 snails showed no signs of infection at this time. Thirty-
two (89%) of the surviving 36 snails of group 4 were releasing cercariae
and no sporocysts were observed through the shells of the other 4 snails,

nor did they at any time release cercariae.
Sixty-two days later (a total of 118 days post-infection; Table

3.1) all the groups were examined. It is of note that in addition to

the 39 snails of group 2 known to be infected 56 days aft{er exposure
to the eggs of P. el , 3 more snails were releasing cercariae

118 days after exposure, Table 3.1 1llustrates that the majority of
immature L.stagnglis became infected with P. elegans and that temper-

ature, at least between 18 and 22°C, is apparently not a factor in the
number of snails becoming infected although as shown above it does

influence the rate of larval development,

Table 3.1. Percentage infection of immature L. stagnalis 118 days
| after exposure to P. elegans eggs. (Fifty snails per

group initially,)

number nunber total
infected (%) uninfected (%) surviving (%)

" 18°%¢ .
Group 1 27 (68) 13 (32) 40 (80)
Group 2 L2 (88) 6 (12) 48 (96)
Group 3 2/, (80) 6 (20) 30 (60)
Control o (00) 39 (100) 39 (78)

| 23°¢C

Group 4 26 (87) 4 (13) 30 (60)
Control 0 (00) 32 (100) 32 (64)

UNIVERSITY LIBRARY LEEDS



Exposure of immature L. stagnalis to 1, 10 or 50 P.elegans eggs.

Specimens of L., stagpnalis 4 to 8mm in length were exposed to 1,
10 or 50 mgture eggs of P. #legans and the rate of infection determined
(Table 3.2). In each experiment eggs were teased from P, elegang in
small petrl dishes and incubated at room temperature for varying .
lepgths of time, At first eggs appearing to be embryonated when ob-
served under a dissecting microscope (x:70) were more closely examined

using a high power microscope (x 400) for the presence of a fully
developed miracidium before they were fed to snails, Eventually it

vas possible, with an accuracy of 99%, to distinguish fully embryo-
nated eggs from immature or non-viable eggs using a dissecting micro-
scope by the clear central area and refractile granules seen at the
periphery of the former eggs as opposed to the reticular appearance of
the latter eggs (Fig. 3.1)e The 1% of eggs erroneously diagnosed as
fertile under the dissecting microscope were either non-emdbryonated

or had been invaded by bacteria and killed. Because it was no longer
necessary to use a high power microscope less manipulation of the eggs
vas required and therefore fewer of them were lost.

Eggs of P, elegans were gently detached from the bottom of the
petri dish with a dissecting probe, so that when floating they could
be counted as they were drawn into a fine (approximatoly l,0mm dian-
eter) glass tube by capillary action, and immediately oxriollod into
a 5.0 cn well of an immunological tray. A single L. stagnalils was
carefully placed directly on top of the drop containing the desired
number of eggs, then approximately 30m3 of dechlorinated water was
gently pipetted into each well. To prevent evaporation and the snails
from escaping the tray was covered with a glass plate and incubated
at 18" C for 3 days. In an effort to give the snails the greatest op- Z

portunity of encountering and eating the egga)].ottuce wvas not pro-
vided until the second day and the water was not changed (although

vater lost through evaporation was replaced) until the fourth day post
exposure, at which time the snails were placed together, according to
the dosage, in aerated aquaria at 1800. Seventeen days later all the
aquaria vere placed in a 22°C constant temperature room and after a

further 21 days the snails were examined under a dissecting microscope

for the presence of sporocysts, which as explained above can be seen
through their semitransparent shells. Infected and uninfected specimens

vere thereafter maintained in separate aquaria until they died; all
the snails initially observed to be uninfected remained uninfected,

As demonstrated in Table 3.2 substantially greater percentages
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of L, stagnalis were infected when the snalls were exposed to 10 and
20 than to single eggs of P. elegans. It is also of note that, regard-
less of the dosage, between 76 and 90% of the snails survived at least

42 days following exposure.,

Table ,2.2. Rate of infection of immature L. stagnalis after exposure
to 1, 10 or 50 embryonated eggs of P. elegans, (* eggs
from self-fertilized worm).

) number 1 -1 10 50
| of eggs ‘
number 57 57 38 20
of snalls
"size (mm) L=b L=8 4~6 L=b
incubation 13 45 24 12
of eggs (days)
snails surviving 45 48 23 18
after 42 days
number 6 3 18 14
infected
% of surviving 13.3 6.2 62.0 76.6

-8snalls infected

Exposure of L. peregra and L. paluatria to eggs of P. slegans.

1at experiment: Twenty=-one '%3 peregra (2 to 3mm longi parent
stock from Kirkstall Power Station) and 24 L. palustris (2 to 6mm long;
parent stock from Golden Acre and Market Weighton) were each exposed
to 50 embryonated eggs of P. eleans as deacribed above., They were
subsequently maintained at 18°C in separate aquaria according to spe-
cies (Table 3.3). Controls consisting of 20 L. peregra (2:to 3mm)

and 20 L, palustris (2 to 6mm) were also maintained at 18°C in sepa-

rate aquaria,
In no instance were cercariae released by L. peregra nor wvere

any sporocysts visible through their shells when the snails themselves
wvere examined microscopically 68 days after exposure. Dissection 14
days later of both the exposed and control snalls revealed no trace

of infection.
Lymnaea palustrig possesses a thicker and more heavily pigmentod

shell than either L. stagnalis or L. peresra and it was not possible
to ascertain without dissection whether any of the 6 snails not re-
leasing cercariae 83 days after exposure harboured immature infections,
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After a further 39 days 19 of the surviving 22 (86.8%) snails vere
releasing cercariae; the remaining 3 snails and the controls were dis-

sected and found to be free of infection,

Table 3.3. Exposure of immature L. peregra and L. palustris to 50
| embryonated eggs of P. elegans.

species L. pere controls L. palustris controls
size mm ﬁ 2=3 2=3 2-6 2=6

nunber of 21 20 rIA 20
snails

eggs incubated 37 - -JA -
days -

number of snails 17 (68) 19 (68) 23 (83) 20 533)
surviving (days 22 (122) 18 (122)
post infection)

number 0 0 17: 0+
infected 19 o*

£ surviving 0 0 71*r 0:
snails infected 87 0

| +83 days post infection.
'122.dqya post infectlion.

2nd experiment: Another attempt was made to infect individuals

of L. peregra, altering the experiment as described below:
l. using larger snails (3-5mm) ,because such specimens of L.

stagnalis and L. palfistris became infected.
2., using younger eggs, since the eggs (approximately 37 days

0ld) used in the lst experiment were older than those fed
to either L. stagnalis (approximately 12 days old) or L.
palustris (approximately 2, days old).

3. using more eggs.
Thirty 3-5amm L. peregra reared in the laboratory from a parent

stock collected from the R. Wharfe at Otley were exposed for 24 h in
a small petri-dish (5cm diameter) to the eggs teased from 5 7-day old

P. elegans and incubated at room temperature for 8 days. The snalls
vere then maintained in an aerated aquarium at 18°C. After 7. days
all 2, surviving specimens were dissected and examined but no trace of

infection was found.
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The percentage hatch of embryonated eggs of P. elegans followving
ingestion by L. stagnalis, L. peregra and L, paluatris.

Fully embryonated eggs of P. elegans must be ingested by the
molluscen first intermediate host before hatching. The following
experiment was performed to determine whether or not there are dif-
ferences in the percentages of viable eggs which hatch in susceptible

and refractory lymnaeid species.
Five 7-day old P, elegans were teased apart in each of three

small petri dishes; the eggs were covered with distilled water and
allowed to incubate for 28 days at room temperature. Five 4~-6mm:-ppec-

imens of L. stagnalis, L. palustris or L. perezrg were placed in dishes
l, 2 or 3 respectively. After 8h the faeces in each dish were removed

and examined microscopically for the presence of hatched and apparently
viable unhatched eggs. Non-embryonated eggs were not included in the
determination of the total number of eggs present since such eggs do

not hatch upon ingestion by the snail,
As shown in Table 3.4 approximately the same percontage of eggs

hatch when ingested by L. stagnglis and L. palustris, while a consid-
erably smaller proportion hatch when eaten by L. peregra.

Table 3.4. Hatching of embryonated eggs of P. elezans following in-
gestion by three species of lymnaeld snails,

no., eggs hatched

total no. eggs

snall species  present in faeces (ave./snail) % hatched
L. stagnalis 435 150 (30.0) 5
L. palustris 193 . 58 (11.6) 30.1
L. peregra 358 38 ( 7.6) 10.6

From the above data it is clear that under the experimental condi-

tions employed, not only were large numbers of eggs ingested by the
Y snalls, but a considerable proportion of viable eggs hatched.

The length of 1life of embryonated eggs.

Flame cells and movement of the miracidium within eggs of P. elepans
maintained at room temperature in small petri dishes containing distill-
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ed water are visible within four days after having been teased from

adult worms, although the majority of eggs require 8 to 12 days to
become fully embryonated and infective. Successful laboratory infec-

tions have been obtained using eggs incubated for as long as 45 days
(p- 39)0

Fecundity of the mother sporocyst of P. elegans.

The mother sporocyst of P. elegans is highly prolifiec. The num-
bers of daughter sporocysts counted in two approximately l0-month old

monomiracidial infections of L. stagnalis were 667 and 643. In a single

L. palustris dissected nine months after infection, although it was

difficult to count the sporocysts accurately because they were tightly

packed, the number was estimated to be 3550, Thus if each miracidium

produces one mother sporocyst from which nearly 650 daughter sporo-

cysts develop, then the L. palustris dissected had been infected by 5

or 6 miracidia of the 50 to which it had been exposed (p. 40).

The careful examination of a large number of living sporocysts

teased from infected snails and of microscopic sections of snail diges-

« tive glands has failed to reveal any evidence of a second generation

of daughter sporocysts.

Effects of parapitism upon the snail hopt.
Growth and survival of infected L. stagnalis,

There were several reasons for attempting to infect snails with

l, 10 or 50 eggs.
a. To ascertain the number of eggs required to establish an

infection of P, elegans in L. stagnalis.
be To establish a clone.
c. To follow the course of infections resulting from ingestion

of a single egg.
Once these data wers obtained the snails were not discarded but were

maintained to provide material for further laboratory infections. Al-
though the conditions for maintaining them were not ideal for determin-
ing the effect on growth and survival of the snalls the following ob-

servations were made (see Table 3.5). Firstly, in no instance did
gigantism occur. The largest snails observed were 4.0cm by 2.0cm vhen

infected and 3.6 by 1l.9cm when uninfected; this 1s well within the
range for adult L, stagnalis either infected or uninfected collscted at
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Kirkstall Power Station (range 3.0 by 1.5 to 4.5 by 2.3cm). Secondly,
infected L. stagnalis have survived under experimental conditions for
as long as 552 days (457 days post-infection), whilo a noninfected
specimen survived for 468 days.

Precisely why the noninfected snails of Group A* succumbed at
approximately the same time is not known. However fouling of the water
due to the deaths of two snails during days 321 and 322 was probably
a significant factor in their nearly simultaneous deaths,

Pathology of infections of Plagiorchis elepgans in Lymnaea stagnalis,

The digestive gland (the terms digestive gland, hepatopancreas
and liver are used synonymously by different authors) of L. starnalis
is composed of two lobes; each lobe comprises many blindly ending
tubules which are separated from each other by a connective tissue net-
work, There are only two recognized types of cells making up the

liver tubules, the columnar digestive gland cells and the calcareous
cells, The former cells are more numerous, taller and thinner than the

latter cells (Figs:. 3.2, 3.3). The nucleus is situated in the proximal
end of the cell, while the mid-region is occupied by food vacuoles and
excretory vacuoles. The cytoplasm is densest at the distal end of the
cells and the contents of the excretory vacuoles are emptied directly
into the lumen of each tubule from the distal end of the cell, Cal-
careous cells are most often triangular in shape, being broadest at
their basal end; although normally they occur singly sometimes two or
three are found together,

Daughter sporocysts of P, elepgans migrate from the mother sporo-

cyst, situated on the intestine, anteriorly into the head and foot and
posteriorly through the connective tissue network of the digestive gland

but never through the lumen of the hepatic tubules,

In a specimen of L, stagnalis infected for four months by an un-
known number of P, elegans miracidia, the connective tissue was partial-
ly destroyed and in some regions there was marked cytolysis of the di-

gestive cells (Figs. 3.4, 3.5); the cell contents appear to be released
into the tubule lumen. Additionally distal migration of the nucleus
occurs even when the cells remain intact., The calcareous cells do not

appear to lyse.
Damage to the digestive gland is progressive, Within 8 months of
infection even in a case of a monomiracidial imfection cytolysis resulted

in almost complete breakdown of the cells comprising the liver tubules
(Fig. 3.6) leaving little apparently funotional tissue, The distal
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and lateral membranes degenerate and the cell contents, including the
nucleus, escape into the lumen., Such destruction is not dependent

upon the proximity of the sporocysts to the tubules (Fig. 3.7).

Although L. stagnalis is a suitable host for P, elegans, migrating
cercarlae may be encapsulated by molluscan amoebocytes (Fig. 3.8), -

Effects on reproduction in the snail host.

Infection of immature L, stagnalis.
When the infection of P, elegans established in immature L, stap-

nalis is fully developed the daughter sporocysts occupy a considerable
volume of the visceral sac., Figures 3.9, 3.10 and 3,13 show sections
of Infected and noninfected L. stepnalis when approximately 7-months
old. The ovotestis of L. stagnalis is an irregularly shaped organ
surrounded on all but the inner columella side by the digestive gland;
it 1s composed of numerous, blindly-ending sacs or acini, During the
breeding season the gonad of noninfected snails is extremely well de-
veloped and confines the digestive gland tubules to the periphery of

the visceral sac, (Noninfected L. stsgnalis bred regularly in the
laboratory throughout the year in the present investigation, in some
Instances egg deposition occurred as often as every other day.) The
gonad of infected specimens is rudimentary; furthermore the liver tu-
bules and daughter sporocysts are fairly equally distributed throughout
the visceral sac. The digestive gland tubules of infected and nonin=
fected L. stagnalis appear to be approximately equal in size and number,
although in the former hosts they are composed of substantially less
functional tissue, There was no evidence that the presence of the

sporocysts caused any more mechanical pressure on the tubules than
would be exsrted by the gonad of a mature noninfected L. stagnalis.

In the present investigation when either immature L. stasnalis (3
to 8mm long) or L. pglustris (2 to 6émmllong) were infected with P. el-
egans the development of the reproductive system was inhibited., In
the majority of specimens dissected 8 or more months after infection
the ovotestis and accessory reproductive organs were reduced or as in
the case of the albumen gland and muciparous gland notably abaent,
vhile the terminal genitalia were rudimentary (Figs. 3.11, 3,12 and
3.13)s Occasionally however the reproductive system continues to de-
velop; as shown in Fig. 3.1} the penial complex and prostate glands
have attained approximately the normal size, while both the muciparous
gland and oothecal gland have become slightly enlarged, although the

albumen gland remains apparently absent.
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Infected snails were maintained separately from noninfected spec-
imens and their tanks were carefully checked for the presence of oL

masses. In no instance did either L. stagnalis or L. palustris, in-
fected when immature, produce any egg masses. In addition, despite
the fact that one specimen survived 457 days after infection and a num-
ber of others lived for more than a year beyond the date of infection,

they did not outlive their infections.

Infection of mature L. stagnalis.
In order to ascertain.the effects of P. elepans on egg production

during the prepatent period, an attempt was made to infect sexually
mature L, stagnalis, The snails used were judged to.be mature because
they produced egg masses when individually isolated prior to exposure

to eggs of P, elegans, Thirty-two L. stagnalis were each exposed to
50 fully embryonated eggs  in 15cm3 of dechlorinated vater ( a great-

er volume of water was used because the snails employed were larger
than those previously infected, being approximately 1.5 to 2.0cm in
length and were therefore not small enough to fit into the wells of
the immunological tray.) After being isolated with the eggs for 24h
at room temperature, the pulmonates were kept individually in small
plastic containers which were immersed in two aerated aquaria at 18°C.
The containers were covered with cheese cloth to allow the oxygenated
water to circulate freely and the water was changed three times per

veek; lettuce leaves were provided ad libitunm,
After several weeks it was evident that the snails were not thrive

ing under these conditions; eight of them died within 6 weeks. The
snails were then removed from the plastic containers and replaced in
the aquaria, 12 per tank; this allowed them to obtain oxygen from the
surface because it was considered probable that they were not obtain-

ing a sufficient amount of oxygen from the circulating water,
Only 10 snails survived more than 75 days postinfection; of these

l,found to be noninfected, lived for 125 days, while 2 infected spec-
imens lived for 125 and 127 days respectively beyond the date of in-

rOCtiont
When the 10 snajils were dissescted no trace of infection vas found

in 8 of them, but the gonad and reproductive structures were apparent
in the 2 infected L. stagnalis, Therefore the effect of P, elegans
upon host reproduction varies depending upon the state of maturity of

the snails infected (Figs. 3.15, 3.16). It is also worth noting that
both egg masses and cercariae were produced by the infected snails un-

til within a week of their deaths.
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DISCUSSION.,

The host-parasite relationship between species of larval dige-

neans and molluscs is extremely complex and may vary depending on the
strain of parasite and snail involved. Wright (1966) suggested that
the term "compatibility" be used to describe the overall relationship

including the susceptibility of molluscs and the infectivity of flukes,
noting that some snail populations may be highly susceptible to infec-
tion while others, even within the same species, may be less suscepti-

ble or completely resistant.
According to Basch (1975) the hatching of eggs in the snail's di-

gestive tract is a manifestation of compatibility, while the inability
to hatch is a measure of incompatibility. Factors which affect hatch-

ing and subsequent penetration are probably the physical and biochem-
ical characteristics of the molluscan gut. The gut wall itself may

act as a barrier to the miracidium as it tries to penetrate. Cheng
(1963) posed the question ", . vhether the miracidial cytolytic en-
zymes must be chemically specific for the integument of specific spe-
cies of molluscs™ and further stated that " if this is the case, come-
patibility of enzymes to substrate could serve as a factor governing
successful penetration, hence host-compatibility.,* Basch (1975) con-
sidered it likely that compatibility is tested independently for each
miracidium attempting to penetrate a snail, Possibly invading miracidia

enhance their infectivity by camouflaging themselves by adsorbing host
material onto their surfaces or protect themselves in some other way,

thus evading the host response (Wright, 1974).
It has been experimentally demonstrated by the writer that both

L. stegnalis and L. palustris are susceptible to infection by P. ele-
gans while L. peregra i1s refractory. The experiment designed specif-
1cally to determine the percentage of Mly?embryonatod eggs which

hatch vhen ingested by L. stagnalis, L. palustris and L. peregra re-
vealed that significantly more eggs hatch when eaten by the compatible

species L, stagnalis and L, pglustris than by the incompatible species
L. peregra. But the numbers that hatech in L. peregra are sufficient

to infect L. stagnalis., As a result it is considered that either the

gut wall of L. peregra impedes penetration by P. elegans miracidia or
if penetration does occur then additional factors are involved in pre-

venting the successful establishment of infection, such as an internal
cellular response resulting in the encapsulation of the miracidia by
molluscan leucocytes and fibrous material (Cheng, 1968).
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Host specificity displayed in digenean infections is usually much
greater at the first intermediate host level than for either the second
or final hosts, although young snails of abnormal host specles often
exhibit less resistance than old snails of the same species., Kendall
(1965) successfully infected 5 of the 6 British lymnaéid species with
Fasciola hepatica, When infected within the first few days of hatch-
ing infections developed to maturity, that is to cercarial releass, in
L. stagnalis, L, palustris and L. glabra; to the redial stage in L.
peregra, while L, truncatuls, the natural molluscan host, was suscepti-
ble at any age. Only L. guricularig was completely resistant. Boray
(1967) experimentally infected L. peregra with F. hepatica and found
that if the infections were achieved within 7 days of hatching Jamn\
- snails eventually produced cercariae.

Despite the fact that there is a host response to infection by
P, elegans in the form of.the paletot and encapsulation of migrating
cercariae, the development of infection is not inhibited nor does the
infected host die prematurely. Furthermore incidences of infectlon of
62 and 775 were seen in immature L. ptagnalis 42 days after exposure
to 10 and 50 eggs respectively, Similarly, 74% of the surviving L.
alustris, wvhich had each been exposed to 50 eggs, were releasing cer-
cariae 83 days postinfection,.yet in 2 experiments only about 13 and
6% of the immature L, stagnalis became infected upon exposure to single
eggs. In the last 2 experiments several factors may be responsible

for the low rate of infectlont
1, The presence of some non-viable eggs.

2., The fallure to ingest eggs, although eggs were available to
grazing snails for 3 days in only 3 to l.cm3 of vater.
3. The incompatibility of individual snails towards individual
miracidia (Basch, 1975). e
When exposed to greater numbers of eggs (10 or 50 per snail) the mol-
luscs would certainly have had more opportunity to ingest viable, con-
patible eggs. It is emphasized however that when 4 groups of 50 L.,
stagnalis were placed with an undetermined number of eggs (1 group /
eges of 1 worm) between 12 and 32% of each group surviving 118 days
beyond the date of exposure did not develop infections. Thus some
snails,even within the same laboratory population, may be less suscep-

tible than others to infection by P. elegans.
A number of I, stagnalis have survived more than one year in the

laboratory; the longest surviving specimen was one which had been in-

focted by exposure to 10 eggs and lived to be 552 days old (approxi-
mately 18.4 months). Under natural conditions the 1life span of L, stag-
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nalis in Great Britain has been estimated to be anywhere from one to
two years. Boycott (1936)observed freshwater pulmonates mainly in the

south of England and stated that they were all annuals with a single

exception, Planorbarius corneus, which may live longer. Hunter (1957)

considered only L. stagnalis, L. auricularia and P. ¢orneus capable of
living beyond a year. Berrie (1965) conducted a more recent study on

a population of L. stagnglis in a small pond at Bellshill, Lanarkshire
and found that some of the snails survived for two years, breeding

during both years, He was uncertain however as to whether snails which
reach thelr maximum size by the end of the first year die and further-
more felt that if this is the case then under favourable conditions,

such as a calcareous habitat (Campion, 1956), the 1life cycle may be
completed within a single year, while under unfavourable conditions it

may not be concluded until the second year. In the present instance
i1t is believed that the population from which the parent stock of L,
stagnalis was first obtained lives beyond one year mainly because a-
dult L. stagnslis were present in the canal at Kirkstall Power Station
throughout the year while adults of L. peregra, a known annual, disap-

peared from the canal during the summer months.
Species of Plagiorchis have been recorded from varlous snail hosts

as listed below in chronological order.

Plagiorchis sp. ~ snall host reference
P. muris Lympaea pervia Dollfus (1925)
P. ramlianum Bulinus contortus Azim (1935)
E. puris Stagnicols emarginats  McMullen (1937
| angulats

P. Jaenschi L. lessoni Johnston & Angel (1951)
P. goodmani L., palustrig 'Najarian (1952)
P. megalorchis L. peregra . Rees (1952)
P, maculosus L. lessoni B Angel (1959)
P. cirratus L, (Radix) limosa " Buttner & Vacher (1959)

" L. stagnalis " .
P, vespertilionis L. stagnalis Macy (1960)

parorchis |
P, ol‘oggng L. stagnalis Stycsynska-

Jurewics (1962)

P. noblei L. (Stagnicols) reflexa Williams (1963)
P, noblel S. reflexs " Daniell & Ulmer (1964)
P. dilimanensis L. Velasquez (1964)
P, laricola L., stagnalis Zdarska (1966)
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P. péterborensig L. stagnalis Kavelaars & Bourns (1968)
P, mompled L. hovarum Richard et al. (1968)
P, neomidis Radix peregra Brendow (1970)
P, laricola L. ovata Krasnolobova (1971)
P. noblei L. stagnalis Blankespoor (1974)
" S. reflexa " "
P. farnleyensis L. sta is Diaz (1976)
P. kirkstallensis L., stagnalis Diaz (1976)
P, neomidis R. limosg Theron (1976)

It is evident from this list that confusion exists concerning the
taxonomy of some of the molluscan hosts, since the names Radix and

Stagnicola refer to both genera and subgenera. Hubendick (1951) and

Hyman (1967) considered Lymnaea, Radix, Stagnicols and Galba on the
basis of their morphology to be subgenera of Lymnaes. In contrast,
Burch and Lindsay (1973) have provided experimental evidence which

demonstrates that Lymnaea,Stagnicola, Fossaria (=Galba) and Radix

each forms a distinct immunological group when their foot muscle pro-
telns are compared. In addition these authors noted that classical

taxonomic divisions within the family which are based on shell charac-
teristics are more reliable in general than either radular teeth or

the structure of the reproductive tract, Whother differences in foot

muscle proteins are sufficient to distinguish between genera or sub-
genera depends on the weight that individual molluscan taxonomistis
attribute to such criteria., It is clear however that the abiove gen-
era or subgeners form a closely related group, the individual members
of which are subjeot to considerable morphological variation depending
on the environmental conditions in which they live, making their nat-

ural relationships difficult to establish. Moreover it is evident
that the taxonomy of the group remains unresolved. In the present work

Macan's (1969) key to British gastropods was used to identify the snails
collected; he agrees with Hubendick (1951) and Hyman (1967) in that

he considers the genus l.ymnaea to comprise several subgenecra.
If one accepts that subgenera exist within the genus Lymnaesa then

members of the genus Plagiorchis are highly specific with regard to
their first intermediate host. If on the other hand one accepts the

conclusions of Burch and Lindsay (1973) then species of Plariorchis
are at the very least confined as the host records indicate to snails

of the family Lymnaeidae. The fact that P. ramlianum (Azim, 1935)
wvas recorded from Bulinus contortus (family Bulinidae) is taken as
further evidence (see p. 23) that this trematode species should be
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removed from the genus Plggiorchis.,
Kendall (1965) suggested that while a few lymnaeid species are
capable of transmitting Fasciola hepaticg in any one locality only a
single species is involved. Although it has been demonstrated by the
present experiments that P. elegans may utilize either L. stagnalis
(immature or mature) or L. palustris ( at least vhen immature) as first
intermediate host with apparently equal success, it is of interest
that the author did not find these species inhabiting the same bodies
of water, Lymnaea stagnalis is confined to hard water habitats vhile
L. palustris may survive in either hard or soft water (Macan, 1969).
However the possibility of infecting both species would probably ex-
tend the range of P, elegans infections, depending on the range of the
second intermediate and definitive hosts. t ,

The mother sporocyst of P. elegans is extremely prolific, pro-
ducing under experimental conditions a single generation of approxi-

mately 650 daughter sporocysts. Cort and Olivier (1943) have provided
the only other estimate of mother sporocyst fecundity of a Plagiorchi
species ~ 300 to 500 daughter sporocysts for each mother sporocyst of

P. muris.
Occasionally rediaes of F. hepaticg produce either daughter rediae

or cercariae (Kendall, 1965) "and in the molluscan stages prior to the
formation of Cercaria X Baylis a second generation of daughter sporo-
cysts is produced (Erasmus, 1958). In the former example the variation
in the 1life cycle was believed to be due to fluctuation in maintenance
temperature, while in the latter inatance no explanation was offered

for the occurrence of two daughter sporocyst generations. However snails
vere kept at a constant temperature in the present experiment; per-

haps if the temperature were varied a second generation of daughter

sporocysts would be obtained, -
Temperature may also be a factor in the loss of larval infections,

Stirewalt (1954) found that when Australorbis glabratus infected with

Schistosomg mansoni was maintained below the optimal temperature, snails
had a tendency to lose their infections, yet when the temperature was
optimal the snails remained infected until their deaths. She suggested

that the loss of infection was caused by an inhibition of larval devel-
opment., On no occasion has the writer noted a loss of P, elegans in-
fections in either L, stagnalis or L. palustris despite the fact that
some parasitized snails have survived more than a year after infection.
In all the experiments conducted the maintenance temperature was

either 18° or 22°C,
Studies of the damage inflicted upon the gastropod first interme-
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diate host by larval Plagiorchis species are rare, consisting of the
investigations by Pratt and Barton (1941) and Rees (1952) concerning

P. muris and P. megalorchis respectively. In the one specimen of

Stagnicola emarginata sectioned by the former authors hystolysis of only
a single liver tubule of the thousands examined was noted, the damage
vas attributed to the sporocysts present on either side of the tubule.
Although Pratt and Barton did not give the approximate age or size of
the snail, they did report that it was killed in August and heavily
parasitized; the sporocysts were found between the liver tubules even

into the apex of the spire.
In the present investigation cytolysis of the cells comprising

the digestive gland tubules has been shown to be progressive; it isa
much less frequently encountered in young (4-month old) than in old
(8-month old) infections of L. stagnalig by P. elegans. Towards the
end of the snail's life, it is doubtful that very much functional liver
tissue remains, since few if any of the cells of the tubule walls re-
main intact., Rees (1952) obtained similar results during her study of
P. megalorchis infections in L. peregras extensive cytolysis occurred
and the digestive gland was almost entirely replaced by sporocysts and
escaping cercariae, She suggested that toxic substances released by
the sporocysts may be responsible for the breakdown of the tubule epi-

thﬂlium.
James (1965) compared the effects of starvation and parasitization

by larval digeneans on the digestive gland cells of Littorina saxa-
t1l4s and found that the same type of cytolysis occurred under both
circumstances, Contrary to Rees (1952) he felt that pressure exerted
by the parasites on the tubules is responsible for their breakdown
rather than the release and accumulation of toxic waste material.
Further James believed that the large number of developing larvae may
close the lumen of the tubules and as a result prevent the passage of

food material into the more distal parts of the digestive gland,
It is difficult to state conclusively whether the pathological

effects on the digestive gland tubules noted during the present study

are due to the presence of excretory products or mechanical pressure,
What can be said however is that the burden of larval P, elegans in the
infections observed does not appear either to occupy any more of the
avallable space or to compress the liver tubules to a greater extent
than a normal mature ovotestis during the breeding season., Further-

more, experimentally established infections of P. elegans have not

been observed to shorten the life of L. stagnalis in f.ho laboratory.,
It is quite probable that Sinitsin (1931) is correct in his suggestion
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that the digestive gland of gastropods is more than sufficient for
their needs and losing even a large proportion of it does not affect

then adversely.
A general account of host castration by parasites has been writ-

ten by Baudoin (1975). He suggests that such castration is adaptive
and results in the increased fitness of the parasite. By inhibiting
the development of the reproductive system the parasite may benefit by:

l. an increase in available energy.

2. an increase in host viability.

3. an increase in host growth,
In the case of P, elegans, infections of immature L. stagnalis inhibit
the further development of the molluscan reproductive tract, essen-
tially castrating the snails. Although the reproductive system in
some instances continues to develop slowly, the ability to produce egg
masses is never attained. Pratt and Barton (1941) reported the only
previous occurrence of host castration by a larval Plagiorchip species,
During the month of August they collected specimens of Stagnicola

emarginata angulata; they sectioned one snail which was shedding cer-
cariae of P, muris McMullen, 1937 and for comparison one wvhich was not
shedding cercariase. Although only ova were observed within the ovotes-
tis of the latter snail they stated that this was due to the fact that

during August the male reproductive phase had been completed, conse-
quently the snail was functionally a female, When they examined sec-
tions of the parasitized snail they found no structure wvhich could be
unmistakably identified as the ovotestis., In addition Pratt and Bar-
ton noted that the sporocysts were most numerous in the region vhere

the ovotestis is normally present.
McClelland and Bourns (1969) observed that vhen immature L. stag-

nalis are infected with Trichobilharzia ocellats they fail to repro-
duce for the duration of the infection, but two 10-month old snails

outlived their infections and produced 1 or 2 egg masses per veek. It
is possible that a similar phenomenon would occur if L. stagnalls sur-

vived longer than sporocysts of P, elegans, since as stated above
further development of the snail reproductive system has occasionally

been observed in infected L. stasnalis.
Several proposals have been put forward to explaln host castration

by larval digeneans -
1. mnechanical pressure exerted directly on the gonad by the

larvae (Rees, W., 1936).
2. starvation of the ovotestis (James, 1965).
3, release of a toxic substance by the daughter sporocysts
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(Cheng & Snyder, 1962; Rees, F., 1952).
4y hormonal effect (McClelland & Bourns, 1969).

It may be that castration is due to a combination of thess factors in
the present series of experiments. As seen in Fig. 3.16 daughter sporo-
cysts migrate along the reproductive tract, possibly pressing directly
ageinst the ovotestis., Figure 3,13 shows that the ovotestis is bor-
dered on three sides by daughter sporocysts, yet it appears to be less
closely apposed to the surrounding tissue than in the section of an
uninfected snail (Fig. 3.10).

If either the release of toxic substances or starvation of the
ovolestis 1s responsible for castration, then one would expect that
the state of maturity of the snails at the time of infection would not
matter; reproduction would be prevented when immature snails were in<
fected and gamete production would decrease in the case of mature snails,
The author was not able to determine vhether the rate of egg production
declined in L. stagmalis infected when mature, because the snails were
not maintained satisfactorily in solitary conditions. It was noted
however that they continued to produce egg masses for up to 125 days

pOBt'iD.fGCtiont
Perhaps it is most likely that the sporocysts affect the molluscan

endocrine system, possibly by producing a substance that mimics a host
hormone as suggested by McClelland and Bourns (1969) or by direct uti-

1lization of host hormones required for the development of the snail
reproductive systen.

Although the data presented in Table 3.5 give the impression that
L. Btagnalis generally lives longer and in many cases grows to be
larger when infected by exposure to 10 or 50 eggs than when either non-
infected or exposed to 1 egg, the results have been influenced by two
factors., Firstly, the number of snails maintained per aquarium tank
vas not constant, because the numbers of infected and noninfected snails
wvas not equal at any one dose. Secondly, snails harbouring monomira-
cidial infections were isolated in small finger bowls for 24h at weekly
intervals to obtain cercarial counts (p.67 ).

In one case of attempted monomiracidial infections 86.7% of the
snails were not infected 42 days post-infection; thus their aquarium
tank initially contained 39 snails while there were only 6 snails
vhich did become infected. On the other hand the numbers of snails
infected and not infected by exposure to 10 eggs were more nearly
equal and although infected specimens survived longer than noninfected
specimens, they were nearly equal in sizs when the same age. The most

reliable indication of the effect of infection by Pe 8legans on the



55

size of L. stagnalis is shown by those snails each exposed to 50 eggs,
because there were only three infected and two noninfected specimens

for 133 of the last 182 days of the experiment, The five snails were
approximately equal in size and length of life. As a result of these
investigations both crowding and frequent handling are considered to
be contributing factors in the inhibition of growth and curtailment of
1ife of snails maintained experimentally. It has not been conclusively
established that "it is more 'expensive' in nutritional terms for a

snail to produce eggs than to produce cercariae® (McClelland & Bourns,
1969).



Fige 3.1, Faeces of L. stagnalis containing hatched and
unhatched eggs of P. elegans. (E.e.) apparently
embryonated egg; (H.e.) hatched egg; (Noeo) non-viable
egg. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>