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THE BIOLOGY OF CERCARIAL DERMATITIS.

During the past 25 years, medical practiticners
in Manitoba heve been called upon to diagnose and %o
prescribe trestment for a severe and unusual type of
'dermatitis which appears on the body surface in the
form of large erythematous intensely ditchy papulese.
Other symptoms such as swelling of the affected limbs,
headache and general constitutiocnal symptoms vary
with the extent of the affection and the individual
idiocsynerasies. WNothing of the nature of a micro-
organism can be cultivated from extracts of these
papules, end the fact that'the condition clears up
spontaneously in the course of a few days to two
weeks, leaves considerable doubt as to the etiology
of.the disease. Invariably the case=history shows the
disease to appear shortly after the patient has been
in contact with lake or slough waters

For this reason, various hypotheses have been
advenced as to the origin of the disease. Some
observers attribute it to the penetration of the
pores of the skin by fine particles of sand. Others
are of the opinion that it results from contact with
poisonous plants growing on the shore, while others
ascribe it to an individual hypersensitivity to toxic

plant juices in solution in the water. Because of
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the failure of the disease to readily respond teo
treatment, such supposedly susceptible people are
advised to refrain from further contact with these
waters.

Reported cases were not sufficiently numerous
in Manitoba to warrant an extensive investigation
until the year 1930 when the area surrounding Clear
Lake wes converted inte a national park. The in-
créased number of campers and tourists visiting this
resort resulted in a large numbef of caseg of this
type of dermatitise. In the year 1933 over 65,000
pecple visited Clear Lake end a cereful censue showed
that 60% or more of the bathers contracted the disease.
During the thrée Summers that followed, although cases
did occur, they were somewhat less abundant, but the
summer of 1937 witnessed an outbreak equal to, if ;ot
éurpassing, that of 1933.

At the present time the prevalence of the disesse
among bathers endangers the popularity‘of many lake
resorts in both Eastern and Western Canada. The death
or permanent incapacitation of a single human being
from this cause is as yet unknown, but the morbidity
rate is so extremely high azs to warrant a thorough
investigation with a view to the eradication or

efficient control of the disease. Also, the awakening



interest in the necessity for the conservétion of
wild life brings to the fore the influence the causal
organisms may have on the heslth and abundance of
other animalse.

The purpecse of the investigation reported herein,

therefore, was that of determining the identity of the

csusal organism or organisms of this so-called Yswimmer's

iteh®, its method of development in the water, source

of contamination of the water, identity of the carriers,

and the distribution of the organisms in Canada, par-

ticularly Manitoba. Also, the mode of infection and /7

the pathological condition produced, as well as its
influence on the heslth of other animals. Such
information is considered as essentizl for the recom-
mendation oflan effective method of control or erad-

icetione

CLIEICAL NOTES AND PATHOGENICITY.

The mejority of the cases are found among people
who bathe in water six feet or less in depth. Such
ceses appear to oceur more frequently during or after
dull rough weather. The seassonal incidence of in-
festation corresponds roughly with rise in water
temperature as the season advences and the maximum

follows closely after the water temperature maximum



of the geason has been resched. As autumn approaches
and the weather becomes cooler, cases occur less
freguently until around October first they have
mostly disappeared. Early cases are rather s poradic
and usually appear early in June. Such an estimate
is based, not on the absolute number of cases, but
the number of infections relative to the number of
batherse.

About one person out of six appears to be
immune to the disease. Women and children apparently
are more susceptible but the disease is also quite

common among men. A good many are reinfected each

time they enter the water, since an immunity, if

iy
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ever acquired, requires considerable t ime.

Almost immediately upon leaving the water a
prickling sensation of the skin in the infected
areas is experienced. This continues and develops
into a severe itching in about four hourse 'PPO“
nounced urticaria-like papules appear about this
time with whitish centres and reddish inflammed
marginal wheals. Infection is usually much heavier
on the erms and legs but may occur on any part of the
body coming in contact with water as ihe bathing
garments do not afford absolute protection. The
papules may be in groups or irregularly disperéed in

varying numbers. Their dimensions vary mith the



individual but are fairly uniform in size on each
perscne They are usually from & to 185 mme. in diameter
and from 1 to 4 mm. high (Plate 1, fig's. 1 and 2).

L heir follicle is usually present in the central
elevetion. In cases of heavy infection the pepules
may lose their identity and the entire region become
enormously swollen. Frequently severe headache and
general constituticnal symptoms accompany heavy
infectionse

After 24 hours the papules

Ja}

re highly inflammed,
of a uniform reddish colour and the itching is severe.
Pus is never present unless secondary bacterial
infection has been produced by scratching, but in 36
hours edema 1s evident and a drop of straw colored
exudate‘may be équeezed from each papule. These
continue to "weep" for about five days when the area
breaks dqwn and é crust forms at the site of the
papulee. vRegeneratiqn then begins and, in the majority

of

cases, only red macules remain in two weeks time.
ficroscopic examination of serial sections of a
typical papule of 36 hours shows a definite ragged
passage, usually leading from a hair follicle, in an
irregular course around through the tela subcutanea

(Plate 1, fig'se. 3 and 4). Remains of disintegrated

cells surround the passage and for some distance on




each side the cells are swollen, nuclei are absent

and the cytoplasm hes lost ite characteristic structure,
appearing as a uniform jelly-like mass staining orange
with eosine Kerstosis is evident in the viecinity and
there is a marked loosening of the connective tissue
elements. Large numbers of leucocytes, étc; are
aggregated in groups close bye. Apparently there is
little invasion of the surfeace layers by fibroblasts

as visible scars rarely, if ever, are formed at the

site of the papulee.

HISTORICAL.

& lengthy search in mahy countries throughout the
world for the causal organisms of the so-called
cercerial dermatitis, swimmerts itch, or schistosome
dermatitis, has led to the incrimination of larval

stages of certain_Platvhelminthes or flat wormse

Those definitely concerned belong to the Family

Schistosomatidae or blood flukes of the Class Tremat-~
odae In many cases only the larval stages of the
organisms are known and for convenience sake these
are designated by the general term ¥Cercaria® in
place of the true generic name which can not be given
at this time. It is the custom to assign a specific
name also but when the conmecticn of the cercaria

with the adult stage has been determined, the first



epecific name given takes precedence over the othere
The origin of the parasitic habit of life in the

Schistosomatidae is lost in antiquity. That some

species, in the adult stage, have been inhabitants of
the blood vessels of man for at least 30 centuries
has been proven beyond doubt by Ruffer (1910). The
first schistoscomatid species was discovered by
Rudolphi in 1819 and was of the so=-czlled non-human

type, being a parasite of birds. Schistosoma

heematobium, the second species recorded, was a true

parasite of man and was first discovered by Bilharz in
Egypt in 1852. It was first recorded as Distoma

heematobium but received its present name from Weinland

in 1858. The second schistoscomatid of man, S. Jjaponicum,
was described by Katsurada in 1204, and a third,

Se mansoni, alsc well known at the present time, by

Sambon in 1907. In the intervel of time from 1819 +o

1912 thirteen species of Schistosomatidae were re-

corded but at that time nothing was known of the life-
higtories of the organisms or their method of gaining
entrance to the host. It may be noted, however, that
in 1896 Looss suggested it might be by active pen-
etration of the skine.

The species recorded during this interval are as

follovisse



Crnithobilharzia canaliculata (Rudolphi 1819) Odhner

1912, from birds.

schistosoma haematobium (Bilherz 1852) Weinland 1858,

from mane

schistosoma bovis (Sonsino 1876) Blanchard 18986, from

mammales and man (7).

Bilherziella polonica (Kowalewski 1895) Looss 1899,

from birds.

Ornithobilharzia kowalewskii (Parona and Ariols 1896)

OCdhner 1212, from birds.

Dendritobilharzia pulverulenta (Braun 1901) Skrjabin

1924, from birds.

Schistosoms Jjaponicum Katsurada 1904 (s, cattoi

Blanchard 1905), from mane.

Schistosoma indicum Montgomery 1906, from memmals.

Schistosoma spindalis Montgomery 1906, from mammals ,

rarely mane.

histosoma bdkmfordi (Montgomery 1906) Price 1929,

from mammalse.

Schistoscma mansoni Sambon 1907, from man.

Gigentobilharzia acotylea Odhner 1910, from birds.

Ornithobilharzis intermedia Odhner 1912, from birds.

In the years 1913-1914, Miyairi and Suzuki

demonstrated that in the case of Se Japonicum, an

& asexual reproductive stage is passed through in a

molluscan host and the cercerisl larva so produced



gains entrance to the appropriate warm-blooded host
by en active penetration through the body surface.
This cleared the way for further work and the chron-
clogy of events from then up to the present time is
as followsse

Schistosoma Jjaponicum, life-history by Miyairi and

Suzukl 1913.

Ornithobilharzia turkestanicum Skrjsbin 1913, from

v

birdse. /

Schistosoma haematobium and 8. mansoni, life-histories

by Leiper 1915.

Austrobilharzia terrigalensis Johnston 1917, from

birds 3

Schistosoma spindalis, life-history by Soparksr 1918,

Trichobilharzia ocellata (Skrjebin and Zakharow 1920)

Brumpt 1831, from birdse.

Schistosomatium patblocopticum Tanabe 1923, from

mammals . Lifemhistory by Tanabe 1923

Ornithobilharzis maerobilharzia (Travassos 1923)

Price 1929, from birdse.

Ornithobilharzia odhneri Faust 1924, from birds.

Dendritobilherzia loossi Skrjebin 1924, from birds.

Schistogoma incognitum Chandler 1926, from man.

Schistosoma bovig, life=history (?) by Faust 1926.

Pseudobilharzielle yokogawail (Oiso 1927) Ejsmont 1931,

from birds. Life-<history by Oiso 1927.
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Ornithobilharzia, 2 spe. Linton 1928, from birds.
pos
W & P P X a
Schistosoma matheil LeRaux 1829, from mammals.

Peraschistosomatium anhingase Price 1229, from birdse.

Heterobilharzia emericana Price 1922, from birds.

Microbilharzis chapini Price 1929, from birds

Pseudobilharziella kowalewsgkii Ejsmont 1929, from

birds.

Schistosomatium douthitti Price 1929, from memmals.

Ornithobilhsrzia pricei ¥%etzel 1930, from birds.

Schistosomatium douthitti, life-history by Price 1931.

Schistosoma rodhaini Brumpt 1931, from memmals.

Schistesoma cucassoni Brumpt 1931, from mammals.

Irichobilharzia ocellata, life-history by Brumpt 1931.

Bilharziella polonica, life-history by Brumpt 1931.

Bilhsrziella margebowiei LeRaux 1933, from memmals.

Microbilharzia manitobensis lecLeod 1936, from birds.

Microbilharzia canadensis DMcleod 1836, from birdse.
¢

Ornithobilbarzis lari Mcleod 1937, from birds.

Pseudobilharziella guerguedula McLeod 1937, from

birdse.e

Ornithobilharzia sp. Young 1937, from birdse.

Exclusive of the species reported for the first
time in this thesis, this makes & total of 28 species
known to infeét birds. Of these only three life-
histories have been completed and both larval and

adult stages definitely determined. There are also
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15 species from men or mammals, of which seven life-
histories are known. Thirteen of the above species
were first recorded from North America and an addit-

ional one, Bilharziella polonica, originally described

from Poland, has since been found on this continent
by Price (1929). The life-histories of only two
speéies originally described from North America are
known. They both spend their adult phase in rats and
mice, Tanabe (1923), Price (1931).

The medical interest of the three common species
of human schistosomatids requires no recounting here
as their wide distribution and pathogenic powers are
well known. That they have never become establighed
in the United States or Canada may be due to existing
sanitary conditions, absence of suitable molluscan
hosts, or unfavorable climatic cohditions,

In these two countries, as well as in mahy others,
the occurrence of the transitory skin disease of
human beings, popularly known‘as #swimmer'ts itech',
hes attracted the attention of many clinicians and
biologists and is now widely recognized to be the
result of attacks by schistosomatid larvee. No
doubt this disesse has been casually known for a
good many years, even in Canada, but & true causal
organism was first assoelated with it in Michigan by

Cort (1928). Since that time a similar or identical




disease has been reported from numerous widely se-
parated places throughout the world.

Following the report of Cort's discovery, numerous
guthentic cases of cercerial dermatitis, that had, no
doubt, previously been atiributed to the attacks of
chiggoes, larval hookworms, various insects, or put
down to unknown causes, were recorded. Further notes
by the same author (19282) state that a similar
disease had been encountered in many parts of the
United States as well as in Haiti and France. In
1928 Christenson and Greene reported cases of cer-
'éarial dermatitis from lakes in the vicinity of
lMinneapolis, Minnesota. Here the causal orgsnism
wag found to be a schistosomatidvlarva whose & dult
stage is, even yet, unknown and which had been ten-

tatively named Cercaria elvse by Miller (1923, 1926).

Matheson (1930) reported an outbreak among
bathers at an artificial lake at Cardiff, Wales. He
considered a species of furcocercous cercaris to be
the causal orgenism and identified it as Cercaris
elvae. Taylor and Baylis (1930) examined similar
materisl from the same lzke a short time later and
were able to produce a dermatitis in experimental
subjects but identified the organisms as Cerceria

ocellata La Val. Ste. George 1855.



Szidat (1930) reported a large number of cases from
near Rossitten in Bast Pruesia in which he suspected

the larva of Billharziella polonica but many exper-

imental exposures‘of susceptible individuales failed
to prove that this organism was a dermatitis provoker
or would penetrate human skin. Vogel (1930, 1930a,
1932) observed a good many naturel infections of what
appeared to be cercarial dermatitis in bathers in the
Holstein Leke region south of Kiel, Germany. He was
éuccessful in producing experimental infections in

volunteers with Cercaria ocellata from snails collected

in the lakes where natural infections were known to
have occurred. He made a careful study of histological
sections of an excised papule and also pointed out
the similarity of dercarial‘dermatitis in Germany %o
the skin eruptions in human beings reported by Négeli
(1223) from the Bodensee region in Switzerland.

'If must be noted that none of these observers
succeeded in ildentigying the adult phases of the
lerval parasites concerned. The work of Brumpt
(1931, 1231la) in France, on material collected near
Paris; not only confirmed the belief that Cercaria

ocellats was a dermatitis provoker but also that it

was the larval stage of Trichobilharzia ocellate

(Skrjebin and Zakharow 1920) Brumpt 1931.
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The etiology and epidemiology of cercarial
dermatitis need not be discussed at great length
here as seversl complete snd detailed summaries are
in existence at the present time. Among the most
valuable of these are erticles by the following
investigators: Fiilleborn (1932), Szidat and Wigand
(1934), La Rue (1935), and Cort (1936, 1936a).

The writer has additional evidence of the
occurrence of outbreaks at the following places in
the past three yearss Bgmidji, Minnesota and Auburn,
Alabama, Ue 8¢ As, Viking and Sylvan Lake, Alberta
and Big Bend, Ontario, Canada.

The disease was first reported from Cansada by
the writer in 1934 and at thet time was thought to
be confined to Clear Lake, Manitoba. However, in-
formation gathered personally during the past four
years demonstrates that the causal organisms and
their molluscan hosts are common in the majority of
prairie lakes and sloughs in Southern Manitoba

(Plate 7).

DERMATITIS PROVCKING CERCARIAR

The number of species of larval trematodes
that definitely have the potentiality of provoking
human dermatitis, at the present time, is rather

uncertain. This is to be understood in view of the
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great difficulty encognﬁeredg even by experienced
workers, in identifying species. The larvee show
very indefinite physiological characters and the
tissues exhibit little differentiation from the
primitive stem type. Cercariae from a single snail
host show a wide wvariation in siZe so that metro-
morphic characters are not to be entirely relied
upone. No doubt, what are considered aslsingle species
now, in a good many cases will later be found to
represent a complex of several speciese

Human susceptibility to the penetration of the
organisms must also be taken into accounte Pro=-
bebly certain cercariae can penetrate the skins of
only a susceptible majority of people and probably
only & few of those that do penetrate, provoke a
sensible skin reaction. This is particularly true
of the schistosomatids of man, concerning whose
dermatitis provoking powers there is a division of
opinion.

4 number of investigators have produced evidence
both for and against the hypothesis that the cercariae

of 8. haematobium, S. mansoni and S. japonicum pro-

voke a dermatitis in man. A number of Japanese
workers are of the opinion that ®kabure', which

resembles cercarial dermatitis of the United States,

results from attacks by the cercariase of S. japonicum.




Miyagawa (1913), however, maintaine that this is

not so as "kabure® occurs in regions where schis-
tosomiasis 1s not present and also thaet in endemic
areas, "kabure® does not result in infestations with

adult S. Jjeponicume. Faust and lMeleney (1924) state

that a skin eruption does not occur among rice farmers
in China where schistosomiasis is endemic, and Faust,
Jones a nd Hoffman (1934) working in Puerto Rico

(]

state that the cercsriae of S. mansoni do produce a

prickling sensation while penetrating the skin but
that a dermatitis does not result.

Vogel (1932) found that the cercariae of S.
a white subject but not on two negroes exposed in
the same manner. Mansonéﬁahr and Fairley (1920) /1,
saw cases of cercarial dermatitis among Arabs in
EBgypt, Lee (1925) among gypsies in the Yangtse
River area in China and Bettencourt and Borges
(1922) on the arm of a woman in Portugale. In each
case cercariae of human schistosomatids were known
to be present in the water with which the individuals
had come into contact or were recovered from snails
collected from these waterss

Flilleborn (1932) is of the opinion that Ykabure®
resulte from the penetrstion of human skin by non=-

human schistosomatid cercariae. Cort (1936} is
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inclined to the view that the cercariae of the so-
called human schistosomatids seldom produce a sig-
nificant dermatitis and that cercarial dermatitis,
in by far the majority of cases, is associated with
the reaction of an abnormal host to the penetration
of a non-specific cercaria. The writer is of the
opinion that individual resistance and susceptibility
are important factors as the only apparent positive
infection obtained experimentally in birds resulted
in a dermatitis so severe that the specimen died.
It has also been noticed that some exposures of
human beings to non-human schistosomatid cercariae
are negative while positive cases vary greatly in
extent sand severitys.

It is imnrobable that the cercariae of 2all non-
human schistosomatid speciles can produce a dermatitis
in mane. The nature of the stimulus to which the
organisms respond positively is not well known and
the morphologiecal characters which determine certain
aspects of their behavior are poorly understood. It
is not clear how many may be attracted to the human
skin but be unable to penetrate ite.

At present there are four types of schistosomatid
cercariae as regards tectic behavior towards man,

1. Those that do not respond positively %o the

presence of a human being in watere.



2. Those thet respond positively but are unable to
penetrate the skine

3e Those that respond positively and penetrate the

skin but, owing to Zack of balance between the host

»

nd perasite, do not advance deeply and thus provoke
merely & localised skin reactione
4, Thoée that respond positively, penetrate the
skin, and eventually make their way to the portal
vein and its branches where sexual maturity is
reachede' In this casé, as already stated, it is
thought by many that frequently no skin reaction
oCCUTSe

From the information avallable it can be assumed
that only the cercariae of the five schistosomatid
species of man belong to group 4. A good many known
speciles may belong to group le or 2. but at the
present time only six species of the non-human
schistosomatid cercariae, with a possible seventh,
can definitely be placed in group 3. It is possible
thet more species of these may, in the future, be
classed in group 3. as a schistosomatid dermatitis
is known in several localities where the causal
organism has not been definitely identified, or the
organisﬁ erroneously identified as one of the six
so=-called dermatitis provokerse.

‘Those definitely known to provoke a dermatitis
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are as fallowsse

Cercaria elvae Miller 1923.

Cercarig douthitti Cort 1915.

Cercaria stagnicolae Talbot 19869

Cercaria physellase Talbot 1936.

Cercaria ocellata (La Va. St. George 1855) Ssin-

itzin 1909.

Cercaria pseudocellata Szidat 1933;

The fact that all known life-histories of

Schistosomatidae are identical, namely- egg- mir-

acidium=- sporocyst- daughter sporocyst- cercaria
and adult; and thet the intermediate hosts are closely
related, also that the differentiation of body
tissue is not pronounced, makes possible a great
deal of error in their identification. This is
particularly true in the case of the cercariae where
the most outstanding characters are larval ones, and
the anlage of adult structures are not specifice.
Nor can the phenomena of host specificity and
‘physiological behavior be entirely relied upon as
a basis for identification.

The development of the sporocysts or rediae of
one species of trematode in the digestive gland of
a mollusc lowers the resistancde of the host to the

invasion of miracidia of other species as shown by



«20) =

Cort,; Brackett and MacMullen (1937). This permits
the simultaneous development of two or more species
of cercariae in the same host. The constant occur-
rence of mixed cultures of cercariae, in the case of
dermatitis production, increases the difficulty of
identifying the true causal organism and has lead
to a number of errors. In the description of new
SPecies of cercariae, the occurrence of mixed cultures
greatly increases the difficulties and acecounts for
meny mistakese.

Such a condition has, in the past, led the
writer into the serious error of incorrectly des-

cribing a new species, recorded as Cercaria bajkovi

Mecleod 1934. The difficulty was not that a new
species did not exist, but that the characters of
two new species were confounded and the description
corresponds with neither. Both species have since
been described by Cort and Brackett (1937) and hence

Cercaria bajkovi becomes an invalid species. Simile-

arly the unnoticed production of small numbers of

Ce stagnicolse simultaneously with C. wardlei from

the same snail, led the writer to assume that C.
wardlei was a dermatitis provoker. Although the
possibility has not been entirely ruled out by any

means, the work has been carefully rechecked a
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number of times and at present it appears that

Ce wardlei is not a dermatitis provoker. However,

again this work requires confirmation.

A11 the cercariae definitely known to be
schistosomatid larvae were, until 1927, of the
apharyngeal brevifurcate type, and a number whose
life-histories have been s tudied since then are also
of this type. Consequently all apharyngeal brevi-
furcate cercariae have been considered as schistoso=
matid larvee. According to the report of Oiso (1927),
another type of cercariae, ie. a longifurcste-phar-

yngeal cercaria, may occur among the Schistosomatidae.

This is in direct contrast to the observations of
other workers, and two possibilities are open. Either
Oilso was mistaken, though we have little reason to
doubt his accuracy, or some of the schistosomatid
cercariae are of the longifurcate pharyngeal type.
From our present knowledge of the morphology,
behavior, and life-histories of furcocercous cercariae,
a number of assumptions can be drawn. In the work re-
ported herein, the writer has followed these but, at
the same time, borne in mind the facts as pointed out
by La Rue (1926), thet although a large number of
cercariaeishow striking morphological resemblances,

the legitimacy of a species can only be established




definitely when all the life~history stages are known
in detail. ?urther? the absence of pronounced second-
ary host specificity may result in the production of
larval morphae of certain parasites which are suf-
ficlently unlike to appear as distinct species, Wardle

(1932)

At the outset of the investigation in 1933, noth-
ing was known regerding swimmer's iteh in Manitoba
excépt thet 1t was very prevalent at Clear Lake, that
a fork-tailed organism had been found in the water,
that copper sulphate treatment of the water has Dbeen
attempted, and that the symptoms of the disease cor-
responded very closely with those of cercarial der-
matitis reported from other regionse.

The following lines of investigation were open
and, wherever possible, were carried out concurrently
in an effort to gain sufficient information that an
effective method of control or eradication might be
suggesteds
i An iddentification of the causal organisms and
other similar and concurrently occurring organisms,
also a survey of their distribution throughout the
Province.

2. 4An identification of molluscan hosts and a study



of thelr distribution and ecologys

3¢ An examination of suspected wild mammals in an
effort to locate the primary host, and an exposure of
leboratory mammals to the cercariae involved to ex-
perimentally elucidate the life=-cycle mand obtain adult
stagese

4s An examination of suspected wild birds and ex-
posure of experimental birds to cercarial stages.

5. A study of the pathology, symptomatology, and

3

epidemiology of the discase.
& survey of the pelagic fauna of Clear Lake was
first undertaken by using a fine plankton net towed
at various depths behind a boat in the vicinity of
the bathing beache. The lower layers failed to yield
anything of great significance but the upper layer,
of about one foot in depth, provided potentially
pathogenetic organisms in the form of the furcocercous
cercariase that are discussed later. The molluscan
fauna of Clear Lake was then surveyed by shore collec-
tion and by using an Eckman dredge. The various
species of Mollusca thus obtained were examined mic» 
roscopically for cercarial parasitese. |
BEach species of cercaria was obtained in as pure
a culture as possible and susceptible animals and
human beings were exposed Lo them in order to ascer-

tain their dermatitis provocating potentialities.
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The search for cercarize and their molluscan hosts was
extended to other parts of Manitoba and the incidence
of infestation in various localities was recorded from
week to week where possible/and from year to year. The
hebitats were roughly studied as regards temperature,
vegetation, depth and extent of the water, pH, etc:
Water-frequenting birds and mammals were collected
from as many districts as possible and sutopsied for
adultvschistosdmatidse Faeces of a number of mammals,
mét otherwise examined, were examined microscopically
for schistosomatid eggs. Young, parasite-free, birds
~and mammals of several species were exposed in the
laboratory to pure cultures of cercariae and later
autopsied at intefvalsg up to six weeks after exposure,

in a search for adult Schistosomatidaece.

EXPERIMENTAL MBTHODS

s

Snails were kept singly in tapkwater overnight
in wide mouthed bottles to determine the extent of
infestation and the rate of escape of cercariae.
Others were dissected to check the accuracy of the
previous method and to obtain sporocyst stages. In
the majority of cases cercariase can be detected in
the‘sufrounding water if it is examined macroscop-

ically by reflected light against a slightly luminous



background. However, 1f only a few cercariae be
present the water should be examined with a bin-
ocular miecroscope before being pronounced negstive.

Hot 10% formalin soluﬁion or 70% alcohol are
suitable fixatives for all larval»stagese Specimens
so fixed, can then be stained with haematoxylin and
eosin stains and mounted in Canada balsm or cleared
directly from 70% alcohdl in glycerine and mounted
unstained in glycerol jelly. Such mounted specimens
are only of value in obtaining measurements and with
any technique, the dimensional variations are such
that large numbers must be measured if the results
are to approach a true meane.

The identification,of all morphological a nd
physiological characters must be made on living
meterial. A study of both undisturbed and‘agitated
jars should be made under a binocular microscope to
determine the resting position assumgd by the organisms,
the length of the resting period, and the tropisms
shown when their position, relative to the source of
light, etecy has been changed.

For the examination of living material under a
monocular microscope, an intra vitam stain is necessary.
Neutral red and Nile blue sulphate were found the

most suitable for this purpose and gave their best

B



results when a drop of eadh was added to 20 cc. of
a thick infusion of cercarise in a shallow dish and
allowed to act for one minute before the mounts were
made. In addition to being specific for certain
structures, these‘stains also act as partial anaes-
thetics and reduce the activities of the organisms
considerablye. Some of the active swimmers,.such as
Ce ward;g;, require an additional anaesthetic sub-
stances éne drop of saturated chloretone solution
in 30% alcohol was tried with fair results But a
gsimilar amount of saturated aqueous solution of
urethane was found to be more suiteble and did not
intarfere with the activity of the flame cells.

The examination of mammals and birds for adult
schistosomatids should be carried out as soon as
possible after death, as blood coagulation greatly
increaseé the probability of overlooking some of the
small filamentous forms and, under some conditions,
mekeg their recovery impossible{ This is particularly
true in the case of birds in late autumn when the
coagulation time of the blood sppears to be shorter
and the small worms can not be extricated intact
from the tough coagula.

The usual procedure was to remove the ventral

wall of the body and spray the organs lightly from
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time to time with a warm, 2% aqueous solution of
sodium oxalate. This prevented desiccation, ex-
cessive lowering of temperature, and clotting of
blood when a wessel was opened. The blood vessels
of the mesenteries were then examined under a bright
light by stretching a small portion at a time, or
the larger vessels were ligated and the eantire
mesentery with vessels, liver and heart were trans-
ferred to a shallow dish of warm sodium oxalate
solution. These were then examined under a lens.

Bouin's picro-formol or corrosive-acetic scl-
utions were used as fixatives for adult worms with
about equal results. A combination of 1 part Dela-
field's hsematoxylin and 3 parts alum-cochineal was
the most satisfactory staine Twovto three minutes
was sufficient staining time as prolonged destaining
ruined the contraste. Dehydration was carried out by
means of a series of jars end capillary tubes. Spec-
imens were cleared in wintergreen oil or beechwood
creosote and mounted in gum damar. Wintergreen oil
clears quite rapidly but makes the specimens very
brittle, so that filamentour forms frequently break
up in mounting.

An attempt was made to culture Pseudobilharziella

guerguedulae according to the method of Lee and Chu

(1935) « Sterile sheep serum was the culture medium
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used but twelve hours was the longest period during
which they could be maintained alive. Specimens
were removed from the host blood vessels in the
field and placed in the culture tubes but at least an
hour slways elapsed before they could be placed in
an incubatoro It is not known whether the lowering
of the temperature during this interval or the un-
sultability of the culture medium was responsible for
the poor results obtéineda

It was necessary to carry out a good many ex-
periments to prove definitely that "swimmer's itch®
is caused by trematode cercariae and not some other
organisme Also to establish which so-called species
are capable of producing this condition in man and
which species are harmless. This was best carried
out by taking two portions of a water sample and
placing each in a small aquarium or battery jar. To
one was added a thick infusion of a single species of
éercariae obtained by isolating an infested snail in
a jar of water overnight. A portion of the body,
such as the fore-arm, of an individual was then im-
mersed in the water of each jar and allowed to remain

for a few minutese.

In susceptible individuals, exposure for a period

of fifteen minutes or slightly less was sufficient to

produce an infection. It was found that penetration



ig more rapid if the arm is removed from the water

riodically and allowed to become almost dry before

e
(O]

being returned than if it is exposed continuously for
the same length of time. Apparently the cercarise,
in the film of water adhering to the arm, are brought
into closer contact with the tissue than they would
otherwise be and the surface tension of the shrinking
film assist them in penetrating fhe skin. The con-
dition of the two arms was carefully noted for several
days following and if a positive infection was obtained
on the one exposed to the cercariae, ﬁhe condition was
compared with that found in natural infections. A
number of experimental infections were examined by
medical authorities and pronounced identical with
natural infectionse.

An alternate method of exposure is to place a
drop of water containing a number of cercariae of
the desired species on the skin and allow it to dry
slowly. In this way the activity of the organisms
can be ovserved under a microscope by reflected lightc
However, because of their small size and lack of
colour, the cercarise are difficult to see unless
the skin has first been tinged with a stain such as
methylene bluee

Exposure of experimental animals was carried out



in much the same manner. Specimens were repeatedly
placed in a small aquarium jar containing seversl
inches of water with snails and large numbers of
freshly produced cercariae of a single species. Norm-
ally each specimen drank a quantity of the water and,
in the case of ducks, several infested snails were
eaten. A number of injections of about 5 cc. of a
thick infusion of cercariae were made into both wild
and domestic ducklings, either subcutaneously, intra-
venously, or intraperitoneally. Infusions in both
water and physiclogical saline were used snd the
injection made by means of & coarse hypodermic needle
and syringe. Such injections can be safely carried
out because of the remarkably high resistance of ducks
to the attacks of any pyogenic bacteria that might be

presente.

CERCARIAE CONCERNED IN CERCARIAL DERMATITIS
‘ IN MANITCBA.

The term cercaria refers more particularly to the
free—lfking stage of a trematode, which in the life-
‘hiStOTy, follows directly afteritheksporocyst or redia
steges. The sporocyst or redia stages occur almost
iﬂvariably in the "digestive glands® of gastropod

mollusds, there being only one exception known in whieh
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a marine annelid is involved. Because of the re-
ative abundance of the cercarise and the ease with
which they can be collected along with ﬁhe molluscan
host, in many cases, this is the only stage of the
organism that is known.

These various cercariae can be roughly arranged
in morphological groups depending on the characters
of the body, suckers, tail, exretory system, etec.
It has been the custom to carrykthis practice even
farther and where sufficient distinct characters
were constantly exhibited, to describe it as a species.
In such a case it is impossible to assign the true
generic name as the genus is determined by the nature
of the adult charscters. A tentative’specific namevis
normally given and this, coupled with the term “Cercaria®,
is used to designate the organism until the adult stage
has been found and assigned a generic and specific
name. In the case where both larval and adult stages
have been named, but the connection between the two
not previously known, the first given gpecific name
then tekes precedencee.

Such a practice, although not strictly in ac-
cordance with the rules on nomenclature, does serve a
useful purpose in dealing with larval stages and is

without any very objectionable feature unless carried



to excess. The question of what constitutes a true

iz

rvel species is etill very much open to question.

In the discussion of larval stages which follows the

general custom regearding names is adhered to.

Key for the identification of Manitobs
furcocercous cercarize.
Apharyngeal brevifurcate cercarise~cwececcceawnal,
Pharyngeal longifurcate cercarisecrmermmecncanac?,
Body length about 300 u , tall stem 400p , furca

2585 M 3 host, Lymnaea stagnalis--=Cercaria elvae.

Body length about 260 , tail stem 3965u , furca

229}&3 host, Stagnicola emarginata=---Cercsria

gtagnicolaee

Body length about 288y , tail stem 31l2u , furca

237p 5 host, Stegnicola pslustris---Cercaria sp.

Oral sucker and acetabulum both present-—wew==3,
Oral sucker present, acetabulum lacking---Cercarisa

oo

of Crassiphiala ambloplitise.

Tall stem musculature not exhibiting definite
striations, cercaria of medium size-ecwcewimacd,
Tail stem musculature exhibiting definite striations,

cercaria of large size; from Stagnicola emarginata,

e - —————eeese(@TCaria Wardlede
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Tail stem straight when the organism is in the
resting positichecermcecceccnrmrccccvecerwaab,
Lnterior end of +tail stem and body strongly flexed

laterally when in resting positionuusCeréaria cof

Divleostomunm flexicaudume

Penetration glands posterior to the acetabulum--G.
Penetration glands enterior to the acetabulum=——-

cmmemmmeeeees=Cercaria of Cotylurus flebelliformige.

Cercariae of medium size with elongate bodies==7.
Cercaria of small size with stout oval body and

short taily from Heliosoma Irivolvig-ee--eemcme=

Cercaria burtie

Intestinal ceca well developeds pigment spote

abgentec e mmem o wca v m— - ~—==Cardaria vogena.

Intestinel ceca rudimentarys large pigment spots
H g P
present anterior to acetabulum=-----Cercarisa

dohemse.

Cercaria elvae liller 1923.

5p

ecific diagnosis. Apharyngesl, furcocercous cer-

cariee with a prominent pailr of pigmented eyespots.

=

‘ntire body and tall uniformly spined. Body fusi-

form with greatest diameter in the region of the

acetabulum. Average measgurements are roughly as

follows: DBody about 300u by 65u . The acetabulum

ig about 3&u in diameter and 1s located 11Opu from the
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posterior end. Tail stem about 400 long by 45u in
widthe Furcae about 255 M a< There is & dorso-ventral
furcsl fin fold present. Five pairs of penetration
glands are présent, two being circumacetsbular in
position and three pairs postacetabular. These open
at the anterior end just lateral on the oral sucker

by means of five pairs of fine ducts, the openings

of which are located on fine gpines. Both the oral

sucker and acetabulum are quite protrusible. Digest-

!—J .

v

e

system consists of a tubular oescphagus which
branches in the region of the eye spots into two short
caecae. IExcretory system is composed of seven pairs

of flame cells. In each lateral half there are three
anterior to the acetabulum, three posterior and one

in the tail stem.

Hoste ILymnaea stagnalis jusularis Say.

Cercsris stegnicolase Talbot 1936

Specific diagnosise Apharyngeal, brevifurcate cer-

ceria with a prominent pair of pigmented eyespotse
Entire body and tail uniformly spinede Body fusi=-
form with the greatest lateral diameter in the region
of the acetabulum. Average measurements are roughly
as followse: Body about zZ60M4 by 60M . The acetabulum
is ebout SQN.in'diameter and 1s situated 6OM from the
posterior end of the body. Tail stem 3951 by 40 .

Furcae about 222U in length. Dorso-ventral furcal fin



fold present. Five paris of penetration glands are

%

present, two being granulasr and circum-acetsbular in

position while the other three pairs are post-acetabulear

in position. These open st the anterior end Just
lateral on the oral sucker by means of five pairs of
fine ducts, the openings of which sre located on fine
vspines, Digestive system consists of & tubular oeso=-
phagus which branches in the region of the eyespots
into two short caece. Excretory system is composed of
seven palirs of flame cells and their ducts. In each
lateral half there are three anterior to the asceta-

bulum, three posterior and ome in the tail stem.

Hoste: Stagnicola emarginsta Canadensis Somerbve

The above species, along with Ce physellae

Talbot 1936, were considered to be cospecific for a
good many years until separated by Talbot in 1936.
A£11 three are morphologically identical but have

ferent snail hosts and according to Talbot (1938)

Iy
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and Cort and Talbot (1836) show slight differences
in metromorphie characters and also in their behavior

n the watere. All have the same time of emergence

[ER

from the snail host, namely 4630 to 8.00 Ae Me Co

[
[

vae 1s positively phototactic and in the resting

pogition attaches itself to the wall of the container

by means of the suckers and assumes a characteristiec



shape. The body is arched and the tail is bLent at an
acute angle over the back in the form of a hook with
the furcee turned asway from the body, and when in this
position the furcese are always crossed.

Cercaria stagnicolae, according to the same

authors, is also positively phototactic and hangs
suspended from the surface of the water in the region
of greatest light intensitye. In this case the body
and tail stem are extended and rigid and the furcae
are widely separated. They do not, however, attach
themselves to the side of the glasse

¥hile the original Cercaria elvee Miller 1923,

undoubtedly representg?specieswcomplexg the writéer
has experienced great difficulty in sepszrating these
morphologically identical formse. Normally there is
a greater variation in size between the specimens
from & sihgle snail species than in specimens from

different snail hostse. & good many batches of

cercarise have been examined from both Lymnaea stag-—

nalis and Stagnicola emarginata and only on three

occasions did the writer observe any fundamental
difference in behavior. In these cases the char-
acteristic resting position of Ce. glvae was ob-
served. No doubt veriations in water temperature,
pH, concentration of dissolved salts, and the age of

the organisms will produce slight variations in



beheviore

Cercaria spe (we ¥

In additicn to the two above species, what is
considered by the writer as a third species of
apharyngeal brevifurcate cercarias occurs in Manitoba

and the molluscan host is Stagnicols palustris elodes.

It is morphologically identical with the other three
species described by Talbot and is .approximately the
same size but differs somewhat in relative body
measurements. It resembles more closely C. stag-
nicolae Talbot but the body is longer being on the
average 288u , and the tail stem is shorter being

only 312pu . In its behavior it resembles C. stagnic-

olzse but is a slow sluggish swimmer and some minor
differences can be detected when the two are compared
either in the fixed or living condition. It has less
tendency to bend the body ventrad so that very fre-
guently dorsec-ventral mounts can be obtained. To the
author's knowledge no other schistosomatid type of

cercaria has been recorded from S. palustris except

Co douthitti and, in view of the fact that at least

six species of adult schistosomatids occur here in
lManitobe, this might reasonably belong to a separate
species. However, the completion of more life-history
work will clear up the doubt regarding both this and

the other species.



In Menitoba, the asbove organism is the most C OIMINON 4
the most widely distributed and also the most potent of
the dermatitls producers. Larger numbers of these can
penetrate the human skin in a given time than either
of the other species, articles of clothing such as bath-
ing suits or woollen socks offer less resistance to it
and 1t is more virulent once entrance to the skin has
been affectede.

The sporocysts in which the cercarise are produced
are small motile tubules of fairly uniform diameter and
have a small sub-terminal birth pore at one end. These
are usually found in large numbers in the digestive
glend of the snail host (Plate 3, Figure 1 & 2) and have
the general appearance of fungus hyphae. When the shell
has been dissected from the snail the free ends of the
gporocysts constantly wave to and fro, apparently due to
thekmass movement of the cercarize back and forthe

The greatest number of cercarisze escape during the
early morning hours as previously stated, but asgitation
materially increases the rate of liberaticne. This,
along with increased light no doubt accounts for their
super-normal abundance following dull rough weather.
Under ordinary conditicns the extent of infestation of
the snall is quite heavy and, in the case of specimens

observed in the laboratory, the output is quite highe
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Bight specimens of Stagnicolia emarsinata placed in

500 c.ce of pure water over night liberszted 15,875
cercariae. Escape from snails thet have recently died
is common and the numbers so liberated frequently equal

or surpass the normal maximume.

Other Furcocercous Cercariase Occurring in Manitoba.

In addition to the three species mentioned, there
oceur in Menitoba several species of longifurcate cer-
cariae‘of the pharyngesl type. They are widely distri-
buted and quite abundant. A good many utilize the same
snail host as the brevifurcate forms and are frequently
found in conjunction with them. Double or even quad-
ruple infestation being occassionally encountered. The

ones definitely identified are as followse

Cercaria of Dipolostomum flexicaudum Van Haitsma 1931

(Cerceria flexicsuda Cort and Brooks 1928)

A Tongifurcate pharyngeal distome cercaris of
medium size, the average messurements being as followss
body length 170 0, and width 64 M 3 length of tail stem
254 and width 36M 3 length of furcae 226 M 3 the body
is elliptical in shape and is always somewhat shorter
than the teil-stem. There is & well developed anterior
organ with an average length of about SO « It is suﬁ=

rounded by & prominent band of spines and in the cir-
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cumoral spineless area there is a group of sbout ten

m

4]

anteriorly'directed spines dorsal to the mouth sperture.
The body spines are arranged in definile separate rows
about eighteen in number encircling the body. The
ventral sucker is Jjust posterior to the mid-body region

end mezsures about 35u in dismeter, 1t beers two rings

of minute spine. A distinct pharynx is present esud the
esophagus branches in front of the ventral sucker into
two blind ceca which terminate near the hinder end.
Four comparatively large penetration glands are
located back of the ventral sucker and fill the spaces
between the intestinal ceca back to the group of cells
which form the primordium of the genital orgens. The
teil-stem has extending from it a number of long fine
hair-like filaments. It contains numerous caudal bodies
which vary considerably in size, shape, and numbere.
The excretory system consists of eight pairs of flame

cells with their tubules. 1In ezsch lateral half +there

w

are three anterior to the ventral sucker, three post-
erior, and two in the tail-stem behind the mid-regione
This species can be easily identified in the watere.
The resting periods are long, during which time the
orgenism hangs suspended from the surface with the fur-
cae widely spread and with the anterior fourth of the

tail-stem bent sharply so that this portion and the



body form an angle with the remainder. The swimming
periods are short and motion rapid, spiral, and in a
vertical directione.

Hostse Lymnaea stagnalis Juguleriss Stagnicola em-

arginata canadensise

Cercaris of Cotylurus flabelliformis (Faust 1917)

Van Haitsma 1931 (Cerdaria doucglesi(Cort 1917) Cort

and Brooks 1928.)

& rather lerge longifurcate pharyngeal distome
cercaria. The average measurements being as follows:
body about 170p long by 58pm wides tall-stem about Z20pM
by 38 M and the furcse sbout 235M in length. The an-
terior organ has a length of about 40 and & width of
30« The acetabulum is situated just posterior to the
mid-body region and measures gbout 30M in diametere.

The body is elliptical in shape and bears & ring-like
mass of spines @ round the anterior end. In the cir-
cumoral spineless area, dorsal to the mouth, is a group
of about 18 forwardly directed spines. The remainder
of the body and furcae are lightly spined. The tail-
stem bears about six pairs of long lateral filaments.
n the dorsal surface, antérior to the mid-body region
is a pair of unpigmented eyespots. The mouth aperture

is sub-terminal and the esophagus branches in front of

Retgrmn
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the acetebulum into two indistinct ceca which terminate
near the genital primordium. Two pairs of small penege=
tration glends are situated anterior and latersl Lo the
acetabulum and ccnnect by means of fine ducts with
openings lateral to the mouth. The excretory system is
composed of ten pairs of fleme cells and their ductse.
In each lateral half they are disposed in groups, four
belng anterior to the acetabulum, four posteribr to the
acetabulum end two in the tail-stem close to its Junction
with the body. There is a commissural connecting vessel
between the two collecting tubules just posterior to the
acetabulume Definite caudal bodies are absent in the
tail-stem.

The free organisms are almost constant swimmers
in the water and follow & spiral course, being capable
of swimming backward or forward. They have & tendency
to remain near the bottom of the water but during short
resting periods near the surface they hang with the
body straight down and the furcae widely separated.

Hoste Stagnicols emarginatas canadensis. Stagnicols

palustris elodes.

Cercoria vogena Cort and Brackett 1937

& small longifurcate distome cercaria with the
body shorter than the tail stem and furcae almost

equal in length to the tail stem. The average measure-



ments are approximately as followse: body about 170 u
long by &bout 41lmwide, tail stem 236 M long by 36 M
wide, furcae 220 long. The ventral suoker‘is situated
Just back of the midbody region and is about 23 M in
diameter. The anterior end bears a band of zbout seven
rings of prominent spines, posterior to this down to the
hinder margin of the ventral sucker spination is in the
form of nine rather definite rings. In the hinder body
region the spination is uniformly dispersed. In the
circumoral spineless area, dorsal to the mouth aperture
is located a group of about twelve éntériorly direqted
spines. The pharynx is prominent and the esophagus
branches just anterior to the ventral sucker into two
ceca of moderate lengthe. Two pairs of penetration
glands are situated posterior to the ventral sucker

and their ducts open lateral and dorsal to the mouthe.
The excretory system is composed of eight pairs of flame
cells and their tubules. In each half of the body they
are disposed into two groups. The anterior group of
three has two flame cells in the pharyngeal region and
one posterior to the ventral sucker. The posterior
group of three is situated close to thé hinder end.
There are two pairs in the tail stem being uniformly
spaced in the second and third quarters. Eyespots are

‘absent but a variable number of yellow pigment granules



are found between the ventral sucker and the anterior
end, usually being more sbundant near the ventral sucker.

These cercerise are active swimmers, the swimming
peridds being relatively long and during which time they
migrate in all directions through the water. The rest-
ing periods are moderately short and the orgenisnms hang
from the surface at different angles. The furcae e
moderately diverged and the preacetabular region of the
body is wvent slightly veﬁtrado Normelly in the resting
position or frequently under a cover glass there is a
prominent constriction behind the acetabulum and the
preacetabular portion shows annulationss.

Hoste: Stagnicola emarginata canadensis, and Stagnicola

plaustris elodess

Cercaria dohema Cort and Brackett 1937.

Longifurcate pharyngeal distome cercsriae with
the body length and width about egual ﬁo that of the
tall stem, and the furcae longer than the tail stem.
The average measurements are as followss: body length
about 155p 4 width about 40M . The tail stem is about
180 with a width equal to that of body. The furcae
measured 1254 in lengthe. The anterior organ has a
length of 40p and a width of 29M . The acetabulum
is posterior to the middle of the body and is about 20 p

in diameter. The circumoral spineless area bears a



group of twelve anteriorly directed spines dorsal to the
mouth. This area is surrounded by a band of several

rows of prominent spines and posterior to this ig =a
wider band which is less densely spinede. The remsinder
of the body is naked. The esophagus 1s short and branche
at the Jjunction of the first and second thirds of the
body into two rudimentary globular ceca. There are three
pairs of small penetration glands posterior to the
acetabulume The excretory system is composed of five
pairs of flame cells and their collecting tubules. In
egach lateral haif there is an anterior group of two,

a posterior group of two and oneifh the tail stem close
to its anterior end. The main collecting tubules in

the body have a transverse commissural connection Just
posterior to the acetabulume Eyespots are absent but

two large irregular bodies are present anterior to the
acetabulum. The tail stem contains six paifs of prome
inent caudal bodies.

The organisms swim almost constantly in the water
and are rather erratic, travelling in almost any dire-
ection. Resting periods are infrequent but during this
time the organisms may be found in any stratum and hang-
ing with the furcae widely diverged.

Hoste Iymnsca stacnalis Jugularis, Stagnicola emarginata

canadensise
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Cercaria of (Crassiphials ambloplitis Hunter 19227 (Cerp-

caria bessise Cort and Brooks 1828.)

& longifurcate monostome pharyngesl cercaria with
unpigmented eyespots and a very short rudimentary di-
gestive system. In a free céndition in the water the
orgenisms are seen in greatest numbers in the resting
position just below the surface with the furcae upper-
most and diverged at an angle of slightly over 90
degrees. The tail stem is well extended and straight
while the body, which‘is somewhat broader, has its
anterior one-third flexed tightly yehtr&d@ The active
swimning periods are short; in which time the organism,
by rapild vibrations of the tail, travels upward a short.
distance to the surface following a spiral courses,

The average neasurements of ten specimens fixed in
hot 70% alcohol and mounted in glycerol jelly are as
followss Body 216M by 41l 5 tall-stem 248 uby SLp g
furcae 213M . The anterior organ measures about 49 M
in length and 30M in width. The sides of the body are
almost parallel. The following differences in measure-
ments were noted between the smallest and the largest
specimens examineds:- body length 32M , width 4M , tail-
stem length 15M but of constant width, furcae length oM .

. The anterior one-third of the body is lightly

spined end & pair of unpigmented eyespots is present,
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one on either side just in front of the middle of the
boﬁys An acetabulum is absent but the oral sucker is
well developed and heavily spined. A group of sbout
twelve forward pointing spines is present dorsal to the
mouth in the circumoral spineless area. There ig a
short prepharynx opening into a well defined pharynx
but the digestive canal terminates zs an unbranched
tube a short distance posterior to the pharynx. Three
vairs of penetration glands are present, arranged in
two longitudinal rows in the posterior part of the body
with their ducts running forward to open lateral to the
mouths

The flame cells of the excretory system of the body
consists of six pairs, disposed in each lateral half iato
an anterior group of two and a posterior group of fours.
The anterior two lie Just anterio~lateral and posterio-
lateral to the pharynx while the posterior four are evenly
spaced in the posterior half of the body. Two pairs are
present in the tail-stem a short distance from its anterior
end. The tail-stem bears 7-8 pairs of fine lateral fil-
aments but caudal bodies are absente.

The above species resembles in many respects both

Ce hsmeta Miller 1923 and C. bessize Cort and Brooks

et st e R A

1928. It differs from C. hamata in having only six pairs
of flame cells in the bodys; in the presence of unpigmented

<o

eyespots and the absence of caudal bodies. It is identical



with Ce. Dbessicse as described by Cort and Brooks except for

minor differences in metromorphic characters. These dif-
ferences may easily be due to the different fixing and
mounting techniques employed and the writer feels justi-

fied in assuming this species to be C. bessiae. Since

the time this cercaria was first recorded the entire life-
history of the orgenism has been worked out by Hunter
(1935) and it is now more correctly known as the cercar-

ial stage of the strigeid trematode, Crassiphiala amblop-

litis Hunter 1927, of the subfamily Polycotylinase Nont-

i —— o G

icelli 1892.

Hoste Heliosoma (Planorbis) trivolvise

Cercaria burti Miller 1923.

A very small pharyngeal longifurcete cercaria with
an elliptical body somewhat broader than the tail-stemn.
In the free conditionvin the water these cercariae are
not very active and are uéually found suspended body
downward and the furcae widely diverged just below the
water surface. However, they may also be found resting
horizontally on the substratum. The swimming periods are
short and in these the motion is rapid and in a short
spiral, the taill always preceding the body. |

The average measurements of ten specimens fixed in
hot 70% alcohol and mounted in glycerol jelly are as

follows: Body l22m by 43M § tail=-stem 114M by 30M 3
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furcze 1180 o The anterior orgsn has a length of 30M
while the acetabulum is 22 M in diameter and has a distance
of 43Mbetween its posterior margin and posterior end of
the bDody. The specimens were very uniform in size and the
variation between the largest and smallest was only 18M
in body length, 4p in width; 4 in tail-stem length and
7 in furcal length.

The acetabulum is well developed and almost cir-

cular in outline but is not protrusible. The unpigmented

eyespots lie slightly anterior to the acetabulum and the

[y

anterior half of the body surface is liehtl spined.
L) Fy

The oral sucker is moderately well developed and there

is a short prepharynx, a muscular pharynx and a short
esophagus. The intestinal ceca are not large and end
Just® posteribr to the acetabulum. The two transverse

rows of penetration glands of four each lie just posterior
to the acetabulum, their ducts passing forward and open=
ing dorsal and lateral to the mouth.

The tgil-stem'is broad and straight and has about
six pairs of fine hair-like lateral filsments. About
eight pairs of well-defined caudal bodies are present
and there are 30-35 nuclei in a row along each side.

The excretory system consists of seven pairs of flame
éells, disposed in each latersl half into two anterior
ones in the vicinity of the pharynx, two lateral to the

penetration glands, two lateral to the genital primordium,
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and one pair in the tail-stem near its anterior end.

This species corresponds identically with C. burti
Miller, in every respect except body measurements. Again,
however, this variation is likely due to different tech-
nical trzatment and the similarities are sufficient +o
varrant the two being considered as the same species.

Hoste Iymnaea stagnalis jugularise.

Cercaria wardlei McLeod 1934. (Plate 2, Plate 3, fig. 3)
The above organism was reqorded from Clear Lake,
Manitoba during the summer of 1934 but the description,
while correct in all major points, is incorrect in one
minor point and also is not sufficiently detailed to be
of the greatest value in identification. For this reason,
it is éonsidered advisable to revise and extend the des-
cription,.

Specific diagnosis: A large longifurcate pharyngeal

distome cercaria with a rather stout rectangular body.
The furcae are long and approximately the same length as
the tail steme. DBody is shorter than the tail steme The
body bears nine definite rings of spines in the pre=-
acetabular portion, while the post-acetabular portion is
uniformly and fairly densely spined. There are sbout 10
pairs of lateral filaments on the tail stem. The cecal
5ranches are long and reach almost to the hinder end of

the body. Three pairs of penetration glands are present
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in the post-acetabular region between the ceca. Eight
pairs of.flame'cells are present. In each latersal half

is an anterior group of three, a posterior group of three,
and two well back in the tail stem. The organism is a
powerful swimmer but resting periods are long and during
which time it hangs usually straight downward. From

Stagnlcolsa emarginata canadensise

A large cercafia with a stout rectangular body that
is somewhat pointed at the anterior end but the sides are
almost parallel. The tail stem and furcae are about
equal in length but each is longer than the “ody. Body
meésurements vary greatly between the largest e nd smallest
specimens but the average measurements of a wide range of
meterial fixed in hot 10% formalin is as followss Body
l9@ywlong by 45puwides The anterior organ measures 39M
in length and the acetebulum which is 41U in diameter
gives an average distance of S5M between its anterior mar-
gin and the anterior ende. The tall stem is about 298 MU
in length by 3Zpin width and the furcae are 295M in
length. The oral region is surrounded by a dense band of
about six rows of spines and in the circum=-oral spineless
area, dorsal to the mouth is located a group of abouf
twelve anteriorly directed spines. The preacetabular
body region bears nine definite rings of spines and the
postacetabular region is uniformly spined. The tail stem

bears about ten pairs of long latersl filaments. The




pharynx is prominent and the long esophagus branches Just
anterior to the acetabulum into two well defined ceca
which terminate near the excretory bladder. Three pairs
of penetration glands are located posterior to the ace-
~tabulum end their ducts open latérél end posterior to the
mouth. The excretory system is made up of eight pairs

of fleme cells and their tubules, etc: Two of the antér~
ior group of three, in each lateral half, are located

in the pharyngeal region and the third lateral to the
acetabulume The posterior group of three are directed
mesad and are fairly uniformly spaced. Two pairs are
present in the tail stem and are equally spaced in the
second and third fourths of the taile The lateral col=
lecting tubule has a definite convolution near its an—
terior end and in each arm of this there appears to be a
baﬁch of long filaments. The exeretory bladder is large
and has a definite constriction near its middle, at
which point contraction takes place during the constant
‘pulsations of the bladder. Caudal bodies are absent in
the tail stem but there are lateral rows of about fifty
musculo-epithelial cells. These have distinct nuclei
and the inner muscular portion is directed obliquely
backward snd shows rather definite transverse striations
(Plate 3; fige 3). Such a type of cell has previously
been reported from cercarise by Ssinitzin (1926). How-

ever, they are absent or much less prominent in other



local cercariae and thus form an easy and relisble means

of identifying Ce wardlei.

Cercaria werdlei is a powerful swimmer but the swim-

ming periods are normally short and the organism rotates
as 1t passes along. VWhen agitated it will swim back snd

- forth for a considerable time before becoming guiescente.
The resting periods are long when undisturbed and the
organism hangs body downward from the water surface with
the long furcae widely spread forming almost a straight
line. The preacetabular portion of the body may be flexed
ventrad or the tall-stem may be flexed near its anterior
end, throwing the body sharply eithér~to the right or
left,

Hostes Stagnicola emarginata canadensise.

MOLLUSCAN HOSTS IN MANITOBA.

Menitoba lakes and sloughs may be dividea roughly
into three general ecologicel groups as regerds geo= |
graphic position, temperature, type of bottom, vege—
tation, and hydrogen ion concentration. The first, or
what may be classed as the oligotrophic type, occurs in
the eastern part of the Province, invclving the Manitoba
portion of the Pre-Cambrian shield and commonly known
&g the eastern region (Adams 1926). Here the lskes are
numerous, are usually very deep with rocky bottoms and

very little vegetation. The temperature is low throughout



the euwmmer, the oxygen concentration is high and the
hydrogen ion concentration is on the acid side of neutra=

litye. DBecause of these factor

r;)

snails are scarce, if

present et all, and cercasrisl dermatitis has never been

reported from this region so that it has not been included
to any extent in the SUTVeyS.

The second or eutrophic type includes the vest
majority of Manitoba waters of the prairie region such as
lakes, sloughs and ponds. Here the water is shallow,
somewhat turbid, end the summer temperature is relatively
highe The inwash of material is large, the bottom is of
clay or sand and the hydrogen ion concentration is on the
alkaline side of neutrality. The essential difference
between the prairie leke 'and slough is one of size and
also in the amount of vegetation present in the littoral
regions owing to differences in water currentse.

The typicel prairie slough is usually fairly shallow
with & gradually sloping bottom from the water's edge to
the deepest portions (Plate 5}; The bottom is of loose
orgasnic ooze varying in depbth and overlying more solid
gravel or clay. Plent zonation of the littoral region is
fairly.distinct@ Farthest from the shore may be found

such submerged or floating plants as filamentous and other

algee, Elodes sp., Potamogeton spe., Chara, Nitellsa, and

&

Utricularia. Toward the end of the warm seasson these

may become extremely dense and reach right to the water
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surfece. Emergent vegeltation nesr the shore usually

shows more or less definit

b
¥ o
l..}
s

o]

gs of Iypha, Scirpus, and

Phrasmitese.

-

The protection offered by the tall marginal plants
does not allow strong air currents to come into centact
with the water surface for a considerable distance from
the shore. This absence of disturbance of +the water
permits of @ dense growth of submerged and floating plantse.
lere there is usually a great abundance of rotifers,
nematode worms, crustaceans, snails, and larvel insects.

Bays and protected bits of shore line of the larger

bodies of water such as Leke Winnipeg, Lake Manitoba and
& 2

Lzke Deuphin, in general, show much the same flora and

C—i—

fauna as the common slough. In many cases & definite
shore has not yet besn formed in these recent lakes and
the body of water shades off into typical marsh or mus-
keg (Plate 73 No. 11, 12, 14, 20, 2l.)s 1In = féw cages
typical bog wiﬁh a definite marginal sedge mat is found.
Clear Lake (Plate 7, No. 2) represents a type inter-
mediate between the ologotrophic and the eutrophic lakese
It is situate@ at a relatively high altitude in an oute
cropping of the coniferous forest near the ecotone with
the decilduous foreste. There is little inwash of organic
material as sizable inflowing streams are absent, as is

an outlets The turbidity of the water is low and currents

are stronge. The temperature is low, oxygen concentration
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high and the hydrogen ion concentration is on the alkealine

o

&

b

de of neutrality. It is & small body of water about
elght miles in length by three miles in maximum width and
has a greatest known depth of 180 feet.

The bdttom near thelshore is of fine white sand and
coarse stones(Plate 4). The shore is rugged, and cold
water springs, either with or without definite channels,
seep out of the bank into the lake in ﬁumerous placese
Emergent vegétation, such as reeds and rushes, is sparse
end confined to localized patches but a growth of fine
moss and elgae is found over the surface of submerged
ctones near the shoree. |

Killarney iake’(Plate 7, No. 8) represents a type
approximétely intermediate between Cléar Lake and the
prairie slough, both s regards depth, temperature,
bottom, and aquetic vegétation, Birds Hill esrea (Plate
7, Noe 19) represents an early stage of succession in
rain and snow water pools in large gravel pits.

The molluscan fauna of Manitoba‘is moderstely rich
in species of gastropoda butia good many of these are
few in numbervof individuals and restricted in distrie
butione No doubt, in future, somelof these may be found
to act as intermediate hosts to schistosomatic trematodesy,
but up to the present time, only those that occur where

cercarial dermstitis has been reported, have been studied



57

to eny extent. They are briefly as followsg Lymnses

sta

2

onalis Jduguleris Say, Lymnaea stacnalis peramopla

Walker, Stasnicola valustris elodes Says Stagnicols

emarginate csnadensis Sowerby, Heliosoma trivolvis Say,

Heliogsoma campanulstes Say, Physells gvrins Say, Fosgsaria

obrussa Say, Valvatae tricarinsta - Say, dmnicdle gp.

Lymnsea stegnalis juguleris (Plate 6, No. 1) is the

largest end one of the most widely distributed snails of
Menitobae It occcurs in large numbers in practically all
the prairie lakes and permanent sloughs where the summer
temperature is high and the vegetation dense. It was
obteined from &ll districts studied (Plate 7.) with the
exception of 3, 8y 13, 19, and 25, and in every case &
number was found to be infested with the sporocysts end
liberating the cercariae of the dermatitis-provoking

typee

Stagnicola pelustris elodes (Plate 6, No. 2) is &

smaller but extremely abundant form found coincidently

with L. stagnalis in all districts excepting ©. 1In

addition 1t has been found in 19, Plste 7, and many
other small or temporary bodies of water such es ditches,

etecs Like L. stagnalis, wherever it occurs & sufficient

distence awey from disturbance or humen habitation, it
is found to be host to the larval stages of schistosomatid

and other types of trematodese.
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Stegnicola emarginata cenadensis, Lymnsea stesecnalis

perampla, and Fosssria obrusss were found only at Clear

Iake. 8. emarginata is very abundant along the shore of

almost the entire lzke from & depth of eight feet to the
waters edge. Here they are found on the sand snd rocks
feeding on the algae and mossese. It is also & common
host to the larval stages of & schistosomatide iny

three specimens of Lymnaes stagnalis perampls were found

on one occasion and these were uninfested. Fossarisa

obrussg occurs in small numbers in the seepage water from
spr ﬂgs ground the lake edge. Only & few of these were
examined but all were free from trematode infestatiome.

Heliosoma campanulata, Valveta tricarinata. and
2 9

Amnicola spe occur in the deeper waters of Clear Lake
nd were obtained by the use of an Eckman dredge but all
three species were parasitic freee.

Heliosoma trivolvig and Physells gyrina occur in a

wide range of situations and were particularly sbundant
in Killarney Lake (Plate 7, No. 8) but here both were

uninfested. On one occesion specimens of He trivolvis

from Pelican Lake were found to be infested with Cercaria

»

burti end the cercerise of Crassiphisla ambloplites

Hunter. &n unidentified longifurcsate cercsria, possibly

Co multicelliulats Miller was obtained from P. gyrins

on two occasions at Clear Lake.
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AVIAN HOSTS IN NANITORA.

Many species of wild mammals are found in the
vicinity of Menitoba lakes and\sloughs and any one or
more of these might reaéonably act as host to adulé
schistosomatids. In recent years, parasitological sur-

veys of 460 snowshoe rabbits (Lepus americsnus) and 240

gophers (Citellus spe.) have been carried out in the

Zoological Laboratories at The University of Manitoba
(Boughton 1932) (licleod 1933) but all were negative for
schistosomatids. Other specimens examined include one

short-tailed shrew (Balarina brevicauds telpoides) and

four specimens of muskrat (Fiber zibethicus). Five

laboratory mice and three kittens were experimentally
exposed to cercariae but postgmortém examination one
month later showed them to be free from blood trematodess

Representatives of the majority of Manitoba wild
mammals have been examined in the laboratories of the
Provincial Game and Fisheries Branch during the past eight
years‘byﬂbro Je b Ailan, Pathologist, but s yet no
schistcsomatids have been founde. '

Manitoba is visgited annually by large numbers of
water-fowl either as migrants or summer residents. The'
ordinary prairie marsh and slough is the feeding and
breeding graund of a good many ducks, coots, grebes, as

vell as & number of shore birds and waders. Gulls =nd
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terne &re fairly common sround the lerger lakes, breeding
either in neighboring mershes or on rocky islands. Loons
and mergaﬁhse&ducks nest around some of the deep colder
lekes but never occur in great numbers. Migrating pelicans,
'cormoraﬁts and geese as well as a number of oﬁhers remain
for varying lengths of time in the spring and feall.

The faect thét schistosomatid cercarizse were wide-
spread in Manitoba and that their occurrence coincided
with thatvof the snail hosts except in certain small areas
very close to human. habitations, indicasted that the de-
finitive hosts quite probably would be water-birds.

The above conditién coupled with the fact that over
'half of the known sehistospmatids have water-birds as
definitive hosts led to the examinstion of all possible
local species. However, ipsufficient numbers of some
species were examined to give significeant resultse

A1l material with the'exception of the viscerae of
eight Herring Gulls from the vicinity of Yarmouth, Nova
scotlia, was collected in Manitobas Three of the eight
specimens from Yarmouth were infested with both males sand

females of QOrnithobilharzia lari Mcleod 1937. The same

species was later recovered from local gulls from Lake
Winnipeg (Plate 7, 25). Other specimens of Herring Gulls
and also Ring-billed Gulls from the seme point yielded

vo additional species of schistosomatids, namely—ewe—-




2IRDS EXAMINED

Specific name
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Lerus ergentatus

A3

Larus delewarensis

Sterna forsteri

Defils acuta

Querqueduls discors

Nettion carolinense

Enas platvrhynchos

Nyroca valisneria

Spatula eclypeata

Mareca smericana

Merils marilse

Nvyroca smericana

Marila collaris

Brismatura jsmaicensis

Branta cansdensis

Tulica americana

Colymbus nigricollis

Limosse fedos

Phalacrocorax auritus

Bartramia longicauda

Al

Botaurus lentignosus

Gavia stellata

Cervle alcvon

Total noe of species 24.

Common name

Frenklints Gull

Herring Gull

Ring=billed Gull
Forster®s Tern
Pintail Duck
Blue-winged Teal

Green-winged Teal

‘Mallard Duck

Canvas-back Duck
Spoonbill Duck
Baldpate Duck
Bluebill Duck
Redhead Duck
Ringneck Duck
Ruddy Duck

Canade Goose

Coot

Bared Grebe
Marbled Godwit
Crested Cormorant
Upland Plover
Americen Bittern
Red=-throated Loon

Belted Kingfisher
g

No. exam. No. inf.
7 o
20 5]
S 1
5] 0
12 0
36 21
4 0]
8 0
3 1
12 0
1 0
2 0
30 0
1 0
2 0
1 6]
7 0
3 -0
1 0
1 0
1 0]
1 o)
3 0
1 0

Total no. of specimens 171.



Crnithobilherzis aviani sp. nove and Cranithobilherzis spe

Several juvenile specimens were QfngHEO but they were
uninfestede.

Both species of gulls occur in moderate numbers
round Lake Msnitoba, usually & sin gle individual being
seen at a time. They also occur at Clear Lake in moder-
ate numbers, flocks éonsiantly having been seen feeding
around the bathing beaéh, especielly in rough weather.
'Specimens from either place have not been examined so it

is not known if, and to what extent, they are infested.

o

A few‘Leons and Merg~nser Ducks are found et Clear Leake
but ordinary pond or diving ducks are not found there
during the breeding sesson and late summef.

The Blue-winged Teal is the commonest duck nesting
ground prairie lakes and sloughs. They are very numerous
end widely distributed, a few usualiy being found nesting.
around almost every pond or pasture field sloughe. Over

60% of all specimens both adult and Juvenile, were in-

Fh

sted with males of Pseudobilharziella cuerguedulse

McLeod 1937. These were collected from & good many
localities and infested birds were encountered in every
case regardless of the seasone

The Canvas-back duck is found in Southern Manitoba
only during the seasonsl migrationse It nests on the
western margin of Lake Winnipegosis and from there north-

ward. A single specimen infested with Microbilherzis
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manitobensis McLeod 1936 and Microbilhsrzia canadensis
MeLeod 1936'waskcollected in late fall at Lake Frances.

Following the first discovery of adult schistosomatids
in local birds 1t was decided to expose a number of
perasite-free wild ducks experimentally to various cer-

<

cariae in an effort to complet@ﬁiife»historiesa Hatchery
reared birds of from one to six weeks of age were ob=-
tained and some of each species were exposed repeatedly
in the laboratory.for from 15 to 45 minute intervals to
water contalning the cercsrise. In other cases thick
infusions of cercariae were injected intravenously,
intraperitoneally, or subecutaneously by means of a

hypodermic needle.

BIRDS EXPCSED EXPERIMBNTALLY

Specific name Common name Number
Anss platyrhynchos Mallard Duck 5
Dafila acuts Pintail Duck 5
Nyroca valiéneria Canvas=back Duck 5
Hyroca americana Redhead Duck 4
Anes boschas‘demestica Domestic Duck 6

Querguedulae diSccrs - Blue=winged Teal 10

Control birds were kept in each case in order to

check the accuracy of the experiment. In the case of




cne domestic duck, exposed to Cerceris steagnicolae from

Clear Lake, a severe inflemmastion of the skin occurred
two days after exposures This became more sacute and the
bird picked its skin and geatherg so that by the fifth
day there was complete depinnation of the body except
the neck and wing tips. The skin was much inflammed and
on the sixth day the bird dieds.

Pogt-mortem examination of all birds were conducted
from two to six weeks aflter exposure, if they survived

that time, but a positive infeststion was never obtained.

CLASSIFICATION OF SCHISTOSOMATIDAE.

The discovefy of several new species of Schistoso=-
matidae in the past few years, particularly those re-
corded by Ejsmont (1929), Wetzel (1930) and the writer
‘(1936; 1937) 3 necessitates a revision of the classifi-
cation and keys for the identification of various members
of the family. The classification suggested by Price
(1929) was adequate at the time of its sppearance but is
not sufficiently broad to include some of the more recent
forms. In the following keys, Price's classification is
used as a basis but the writer suggests a number of minor

changes. The Genus Ornithoblilharzia should be amended,

as suggested by ¥Wetzel, to include forms in which the
female 1s shorter or longer than the male, having 28

or more testes in the male and also having the spiral



ovary of the female confined to the anterior one-third of
the bodye. This would also necessitate the amending of

the Genus Microbilherzia as followss: Suckers present in

male, present or absent in the female. Testes 18-26 in
number in the male, ovary pre-equatorizl in the female.

The species Ornithobilharzis lari MelLeod 1937 would

then be transferred to the Genus Microbilharziae. The

creation of the new Genus Pseudobilharzielle by Ejsmont

1931 calls for a revision of the Generic disgnosis of

s

the old Genus Bilharziells and he suggests the following

O

changess: Anterior reglon narrow and one-half the body

lengths posterior region broader and lsnceolste. Genus

Pseudobilharziells: Anterior portion of body wide and
one-fifth of body length; posterior poftion narrow and
strap-likee.

A modification of Price's clasgification in accor-
dance with the above suggestions would consequently be

as followss

Key to the Sub-families of Schistoscmatidaee
Females slender, more or less cylindrical in crogs~-sectiong
males larger than females, flattened, and with the
laterel edges infolded, forming & gynaecophoric canalg
intestihal ceca usually unite caudad of the equator

of the body; testes situated cephalad of the cecal

VN L 0Tl orm oo e 0 2 o om0 o o memmemse=w-egchistosominae .




Femzles similer to meles in shapes males without well
developed gynaecophoric canalg cecal branches unite

cephaled of the equator of the bodys; testes situated

caudad of the cecal union---wew- ~==Rilharziellinaec.

Key to the Geners of Schistosominze Stiles and Hassal 18982,
J

le Bither males or females UNKNOWN=wmw=ee e e = D
Males and females both kNovWn-—eeemcecwmemmae . o e e 3 g

2e Males unknown. Females slender, flattened; ovary
spirel, in posterior third of bodys; intestinal
ceca unite near the posterior end of bodys vit-
ellarie consists of & few scattered follicles
between the cecal branches; in birdse.-«--c-ec=-

Paraschistosomatiume

Female unknowne. Gyneecophoric canal well developeds
testes numerous, in posterior third of body and
cephaled of the cecal unions in mammals-—--Heter-

obilharziae.

3e Testes 28 to over 60 in numberg female shorter or
longer than meles; ovary spiral, in the anterior

one=third of body---rewwrccececee=0rnithobilharziz.

Testes 26 or less in numbery ovary from just pre=-
to post-equatorial in positiony suckers present in
male, present or absent in female-vwcecoccoemnad,

4. Anterior end of gynaecophoric canal near equator of

bodys testes in two rows, at anterior end of
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gynaecophoric canaly genital pore immedistely in
front of enterior testesy intestinal ceca with
short leteral diverticulas commnon cecum in both
sexes shorts ovary pre-eguatoriale-—-cecew-c- ———

Sehistosomatiune

Anterior end of gynaecophoric canal near acetabulumg
genital pore of male a short distance caudad of
acetsbulumy intestinal ceca with diverticula re-
duced or abesent; common cecum usually longsj ovary
pre-ecuatorial or post-equatorial in position---5.

Testes less than ten in numbers; ovary oval--Schistosomas

Testes 18=26 in numberi ovary spirale--ecececreoeec- -8

Anterior end of gynaecophoric cenal slightly caudad
of acetabulumg oral sucker lacking in femaleg ovary
about one-third of body length from posterior

extremity-emecceemmnccvanwana o e o e e e Austrobilharziae

Anterior end of gynaecophoric casnal cephalad of

acetabulumg suckers present or absent in femsley

overy pre-equatorigle-cemmewoa. w——=-flicrobilharzice.

Key to the genera of Bilharziellinae Price 182%9.

Body cylindrical or nearly SO=ec=cmccmecvecocmomeeconaeD,

Body flattened—-=5~mwwu«m»muw~=a~—m=w~~=«wwwn=»~w~»3,

Female unknowng posterior end of body threadlike,
middle portion wider than either the anterior or

posterior portionsy no gynaecophoric canaly suckers



pPresentesmc e e e Trichobilharzia.

liale and female very long and slender; gynaecophoric
cenal reduced to a short groove in the anterior

part of the bodys; suckers absent---Gigsntobilharzis.

3+ Suckers present; common cecum without lateral den~
dritic brancheSe=rcommm e e e e ——— ~4 o

Suckers absent; common cecum with short, lateral

dendritic brancheSeewemewecn —mwewe-Dendritobilharzis.
4. Body divided into narrow snterior and broad lanceolste
posterior portions, point of union being at junction

of second a nd third fifths of body--=Bilherziells.

Body divided into broad enterior snd narrow strap-like
posterior portiocns, the point of union being at the
Junction of the firstad second fourths of body---

mmmmmmm s e e ceee=e==Pgeudobilharziellz .

Key to the species of the Genus Microbilhargis

l. Testes in male reaching into post-equatorial region--2.
Testes in male confined to pre-equatorial region—~«w;3.
2. Body fairly stout in male;'cecal branches slightly
convoluted and without diverticula§; female known--
e a-m,”mmnn”"“_mmu“a“m__num;“wan,mﬁiﬁgziggi,
Body slender in malej cecal branches convoluted and

with smell diverticulagewenea= -==wll, manitobensise

de Cecal branches in mele uniting at about junction of

middle end hinder thirds body; common cecum longs
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acetabulum wanting in femalewcewwuececell. canadensise

Cecel branches in male uniting near hinder end of bodys
common cecum. shorty acetabulum present in female=e-
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ADULT SCHISTOSCOMATIDAE COCCURRING IN MANITOBA

Microbilharzia manitobensis MclLeod 1937. (Plzte 8, fige 3)

Generic diagnosise Microbilharzis

Eg;gs Slender bodied worms df 4e5=4.9 mme in length by
o47=e48 mm. In maximum breadth. Suckers well developeds
oral sucker obligue and almost terminsal, acetabulum pe-
dunculate and 560 u from thebantericr-ende Cuticle smooth
end gynaecophoric canal well developed, beginning in front
of acetabulum. Cecal branchés progressiveiy more sinuous
itoward hinder end where they bend.at angles of about 90
degreess. They have numerous sﬁall diverticuia and unite
close to posterior-body termination‘ Common cecum shorte
Testes 18=20 in number, arranged in two irregular rows
reaching into post-equatorial regione.

‘Female: Unknowne.

nggggig} Unknown or unrecognisede.

Type host: Primary, birds (Nyroca valisneria)s secondary,

unknovne
LocaTiene: Hepatic portal vein.

Type logalitys Lake Frances, Manitoba, Canada.




Microbilharzia canadengis WNeLeod 1937. (Plate 8, fig's. 1
and 2.)

Generic disgnosiss Microbilharzia

Male: Stout bodied Schistosominae measuring 4.=4.5 mm. iﬁ
length by 48 mme. in meximum widthe. Suckers well deve-
lopeds oral sucker terminal ang oblique, acetabulum
pedunculate and 32 mm. from the base of oral suckers.
Cuticle finely tuberculates gynaecophoric canal deep and
beging cephalad of acetabulum. Cecal branches slightly
convoluted and unite at about Junction of the middle and
hinder body thirdse. Common cecum long, reaching to near
posterior end of body. Testes 18-20 in number, arranged
in an irregular double row between acetabulum and eg-
uators '

Femalet: 3.2 mme in length by «27mmin meximum widthe
Anterior portion cylindricsl and filamentous, posterior
portion broader and flattened. Cuticle smooths oral
sucker poorly developed and subterminal, acetabulum sbsente
Ovary spirsl, tightly coiled, about 450=470 M long énd pre-
equatorial in position. Uterus long and moderately
straighte Vitellaris occupy most of the posterior half

of the body and are made up transverse folliclese.

Iype_hoste Primary, birds (Nvroca velesneria) s secondary,

unknowne

Cercarias Unknowne.
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Locations Hepatic portal vein.

e s i o s

Type localityes Lake Frances, Manitobs, Canada.

e

herzia lari New combination. (Plate 10, figfs 1

1
and 23 Plate 12, fig. 3.)

Syne Ornithobilhsrzia lari MclLeod 1937.

Specific diagnosiss Microbilharzia

Males Stout sickle-shaped worms measuring about 3.7
mme in length by 490 min meximum width. Oral sucker
terminal with mouth ventrals acetabulum well developed,
pedunculate and .44 mm. from the anterior end. Cuticle
thick and smoothy gynaecophoric canal well developed,
deep, and beginning cephalad of the zcetabulum. Cecal
branches large and follow a sinuous course to near the
hinder end where they unite. The common cecum is shorte
Testes 18-26 in number, erranged in an irregular row in
the pre=equatorial region. ©Seminal vesicle present,
Females TFilamentous and flattened witﬁ a maximum length
of 275 mme and width of 180pues Oral sucker and aceta-
bulum present, the acetebulum being about 247pu from the
anterior end. The ovary is spiral, of considerable
length, and pre«équatorial in position. A receptaculum
seminis is present; the oviduct is long and the genital
pore is close to the acetabulum. Vitellaria are in the
form of transverse follicleseand occupy most of the

posterior half of the bodye.
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Type hosts Primary, birds (Larus_argentsatus), secondary,
unknowne

Cercarias Unknown or unrecognised.

Location: Portal vein, intestinal veins snd liver.
Localitye Yarmouth, Neo S. and Lake Winnipeg, Manitobs,

Canadae.

Ornithobilharzia aviani, spe. nove (Plate 11, figle 1, 2

& 3. Plate 12, fig. 2)

Generic disgnosis: Ornithobilharzia

Males Large straight bodied worms of an average length,
in fixed‘specimensﬁ of 12 to 15 mme and of a fairly uni-
form dismeter reaching a maximum of .63 mm. The lateral
edges of the body are infolded to form a well developed
gynaecophoric canal which begins jﬁst caudad of.the
acetabulum and gradually becomes more pronounced. It is
only moderately deep throughout most of its length and
gradually disappears near the gaudal ende The edges
normally do not meet in the mid-line. The cuticle is
thick and without tubercles or spines. The oral sucker
1s terminal and in the form of a shallow funnel the e per-
ture of which is directed oblique ventrade It is circular
and has an average diameter of about 250 m. The anterior
body portion is elliptical in cross-section and the ace-
tabulum is pedunculate. Its anterior margin is .32 mn.

from the anterior end of the body and the average diameter
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is 4004 « The mouth is situated in the centre of the
oral sucker = nd leads into a narrow straight tube. A
short distance back it passes through & mass of tissue,
partly muscular, partly glandulsr in nature. Cephalad
of the acetabulum it passes into a squarish cavity of
‘considerable size. The cecal branches arise from the
posterior-laterzl marzins of this and follow a slightly
convoluted course caudaé. Farther back the ceca become
progressively larger and more convoluted énd later anas-
tomosig OCCUTS e There are some individual veriations
near the posterior end where there may be one or two
anezstomosing branches. Following this the ceca may be of
ungqual léngﬁh and end singly or may unite, the common
cecum ending close to the posterior end of the body.

£ smell but distinet Y shaped excretory bladder opens at
the posterior tip of the body. The testes are arranged in
a row which at the anterior end is convoluted, while
toward the hinder part, if is made up of a compact mass

. about two testes in widthe The row begins mbout .68 mm.
caudad of the acetabulum and“extenés into the post-
egquatorial region. In mature'specimens %hg testes are
spherial, aboat 95 uin diameter, a nd vary from 54 to 74
in number. The vas deferensg is narrow aﬁd moderately
straight. It opens into a transversely elongated ®m=-
inal vesicles The genital pore is- congiderably to the

left of the median line and is about 28 mme caudad of



of the acetabulum. A prostate or cirrus pouch is &absent.
Femsles Filamentous worms considerably shorter than the
males and usually completely enclosed in the gynaeco-
phoric canal. The average length in fixed specimens is
72 mme by .23 mme in width. The portion anterior to

the overy is cylindrical and finely attenuated while the
hinder portion is flattened and bluntly pointed. The
cuticle is finely tuberculate. The oral sucker is
terminal and has an average diémeter of 580u « The ace-
tabulum is well developed, pedunculate with a diameter

of 62 pn . The digestive canal branches into two fine

ceca just cephalad of the acetabulum. These pass pset
caudad to just behind the ovary where they may unite
permanently or separate and reunite once or twice. The
common cecum follows a straight course to near the hinder
end of the body. The ovary is a spiral consisting of
about eighﬁ loops and begins 1 mme from the acetabulum.
Its length, disregarding the total length of the spiral,
is 78 mme A small receptaculum seminis is present at
the posterior end of the overy and Laurer's canal is

also present. An oviduct of moderate size passes forwsrd

to the ootype which is distinct and located .81 mme.

abulume The vitellaria are in the

ct

caudad of the ace
form of numerous small oval follicles which occupy most
of the region caudad of the ovary. The vitelline duct

passes forward in company with the oviduct to the ootype.
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narrow, moderately straight and the genitsl
pore opens close behind the acetabulum. Eggs are produced
singlye

Cercerias unknown or unrocognised.

Iype hoste Primary, birds (Lerus srgentstus), secondary,

unknowne

Type localitys ILeke Winnipeg, Manitoba, Canada.
Locatione Portal and intestinal veins.

The above description is based on the examination
of a few pairs of males and females in a good state of
preservation taken in copula from the intestinal veins

of an adult specimen of Larus argentatus. Both males

end females closely resemble those of Q. csnaliculata

(Rudolphi 1819) Odhner 1912. The male slso resembles

that of Q. kowalewskii (Parona and Ariola 1896) Odhner

1912, in so far as the brief descriptions of these two
species go. Dre. Price suggests that there is a strong
possibility of the two being cospecific but Lecause of
the brevity of the published descriptions it is imposs-
ible to definitely establish the point. The writer
considers it advisable to regard the abovess a new
species until such time as specimens of both Q. cenal-

iculsta and Q. kowalewskii can be examined in detail

and the differences or similerities determined for all

threee.
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Ornithobllharzis gpe. (Plate 12, fig. 1.)

vy

T

llagnogise Ornithobilharziae

[

Specific

L.

Magles Identical with O, gviani in every respect except
the number of testes, which véries from 88 to 108 in
different individualse.

Females Ixtremely long and filamentous with a length of
15 to 20 mm. and a maximum width of .1 mme. the anterior

end is cylindrical and finely attenuated while the nogte
J N i

erior portion is somewhat flattened and ends bluntly. SRS
The overy is a elongated tubular body in the first eighth
of the body and the vitellaris are in the form of a single

row of large follicles each of which is slmost as wide

as the body. They occupy the posterior seven-eighths of

the body. Suckers are absent and the cuticle is smooth.

Details of the digestive and reproductive systems could
not be determined due to the poor state of preservation

of the females.

The writer feels that the sbove organisms represent

an undescribed species but more favorable material must
be obtained before a detsiled specific description can
be given. The general structure and arrangement of the
body orgens in both males and females resemble those of
Ce_odhneri but the greast difference in size would elim-
inate the possibility of the two being cospecifice

Specimens were obtained from both Larus argentatus and
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Larus delewarensis collected in the vicinity of Lake

Winnipeg, and &ll were found in the intestinal veinse.

Several specimens were found in Larug argentatus also

infested with Q. aviani. TFor this reason dnly male.
specimens found in copula with the different types of
females were considered in making the separation. The
malés are decidedly similar but from the information
obtained from the examinations it is thought that they
can be readily separated on the basis ofvthe number/of‘

testes present.

" Pseudobilharziella querquedulae McLeod 1937. (Plate 9)

Specifile diapnosiss Pseudobilharziella.

Males Filamentous worms of 3.7 mme. in maximum length
end .15 mm. in breadth. Anterior portion broader and
flattened, being about one-quarter of the total body
lengthe. Posterior portion narrow and Strap-like.v
Gynaecophoric canal short and poorly developed, just
cephalad of the junction of the two body regions.
Suckers well developed and close to-gether. Cuticle thin
and finely tuberculate. Sefiinal vesicle long ana Jjust
caudad of the acetabulum. Cirrus sac znd prostate
presenty genital pore to the left side of the median
line at the beginning of the gynaecophoric qanal.
Testes 210 to 240 in number, occupying the posderior

body portion.




Femeles Unknowne.

Ty

Cercarias Unknown or unrecogniseds.

Hoste Primary, birds (Querguedula discors), secondary,
unknovne
Localitys ©Southern Manitobas.

onim o o e R

Locations Portal and mesenteric veins.

Up to the present time there have been reported
from the world, what are thought to be, 39 distinct

species of Schistogsomatidae distributed among twelve

genera. Fifteen of the species occur in North America
but only one species, definitely known to occur else
where (Burope), 1s among these. Thirteen of the North
American forms spend their adult phases in birds aad
none of their other life cycle stagesare knowne. Two
occur as adults in mammals (rodents) and their life-
historiles are knowne. At least six distinct schistoso=-
matid cercariase are thought to be present in Norih
Americda, and no doubt a number more will be discovered
in future or are at present being mistaken for one or
more of the recorded speciese

Six species of adult Schistosomatidae have been

| ol
B

found in Canade by the writer and 21l of these occur

birds in the southern half of Manitoba. Two species

o
3
0]

rare, having besn found only once in the canves-back

3
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duck, & bird thet occurs here only as a migrante

Pseudobilherziella cuercuedulae is the commonest of

the adult schistosomes found. It occurred in 60% of =11

C.{,.
@

specimens of Querqueduls discors examined, regard=

Bt

ess of the season or the place from which the birds

were collectede Birds from a good many widely separated

L] 1
localities were examined and the usual number of positive

ceses was always found. P. guercuedulse undoubtedly is

the adult of one of the local dermatitis-provoking cer-

carit

v}
[2))

) e, as immature worms have been recovered from

fledgling birds that were, as yet, unable to fly but

had freguented the waters of prairie lakes where both

Cercaria elvsae and Cercaria sp. were abundant.

That no females of this species have been found
in such a large number of examinations where males were
plentiful is remerkable There 1is the possibility that
they have been overlooked on account of their small size.
4 more logical explanstion, perhaps, is that Q. discors
is an unnatural host and only the male 8chistosomatids
develop in it. This was found to be the case by Faust
(1928) in infections of humsn schistosomatids in unnatural
hosts, such as the rabbit and sheep.

Microbilharzia lari and COrnithobilharzia aviani are

found in local adult herring gulls in fairly large numbers.
O

It is not known where the infection is contracted, there
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ng no more evidence to favor the winter feeding

ground than the summer habitat. Diplostomum flexicaudum

is carried in the adult stege by the herring gull and

the larvae occur coincidently with schistosomatid cer-
cerlae at Clear Lekes This might indicste that Ce slag-
nicolae is the larva of one of the gull schistosomatids
as the herring gull is the only common host of D. flex-
icaudum in the vicinity of Clear Lake. Immature male
worms of both species were obtained from birds collected
in late autumn and as the time required for maturation

in most schistosomatids is two monthé or less, this would
strengthen the theory that the infection occurred in local
waterse.

Ornithobilharzia sp. was found in both herring gulls

and ring-billed gulls from Lake Winnipeg in late autumne.
Mature end immature males and females were recovered-md
thé above argument in favor of loeal infection would
apply equally to these.

Consistent failure to produce zdult worms by ex-
posure of experimental animals mey be due to a number of
causess In addition to the experimental work by the
writer, Talbot (1936) exposed young domestic ducklings,
herring gulls, and 2 pigeon to three species of schisto-
somatid cercariae from Douglas Lake, Michigan, but the
results were negative in every case. Differences in the

temperature, the pH or the salt concentration of water

N
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used in the lsboratory may be responsible for the pro-
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duction of cercariae so invieble that they are unable
to penetrate the skins of experimental animals or these
changes may interfere with their normal responses to the
presence of a hoste

Bffective treatment of the disease once it has been
contracted by human beings is very difficult. The ine
tense itching and annoyance are the most serious aspects
end treatment is usually directed to relieve these. Ap-
plication of verious lotions or ointments is usually
recommended but the writer has found these to be of little
or no value in eilther reducing the irrisation or killing |
the organisms. The most effective treatment tried was
that of scrubbing the’affected parts with a stiff brush
until the papules bled freely, using & solution of soap
and some entiseptic in hot water. Such trestment gives
temporary relief and @ppears to reduce the course of
the disease by one or two dayse.

A generous application of grease to the skin 1
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entering the water or an antiseptic bath directly
leaving might be of some value but has not been tried
extensively enough for an opinion to be given.

The control of cercariae through snail destruction
has been successfully effected in small bodies of water
in other countries (Annual Report for 1929 of the Mediecal

Officer of Health, etc. City end Port of Cardiff). Here
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@& concentration of 1-500.000 copper sulphate was used
and no further cases of dermatitis were reported for
about three months. Water treatment with copper sulphate
would be futile in the case of Clear Lake unless enormous
quantities were used, because of the extent of the beach
and the depth of the water. This treatment has been
attempted :at Clear Lake annﬁall;y7 beginning in 1932, and
even though considerable guantities have been used, there
has apparently been no resultant change in the number of
cases of dermatitis. The common procedure was to tow &
sack of the chemical back and forth behind a power boat
and it is doubtful if a lethal concentration was ever
reached at any timees A drop in the incidence of the
disezse following 1933 was thought by some to be due to
the treatment of the water but the recurrence of a seve-
ere outbreak in 1937, even with continued water treatment,
indicates that the variation was due purely to biclogical
causes. Had the entire supply of copper sulphate been
applied at one time or a denser substance thsat would have
remained e s a layer over the bottom been employed, better
results might have been obtained. Hand picking of snails,
also suggested by Swalls (1936) is not particularly
applicable and practically without value as & preventative
measure et Clear Lakes

£ less expensive and, no doubt, more effective method

would be to examine gulls from the region and, if Ffound



to be herbouring adult schistosomatids, ersdicate them
entirely.

The direct pathological effect of adult schistosomes
on the bird hosts is not known but invarisbly infected
birds are lighter and much more emacisted than unine
fected ones. The intestines, livers, etey of a good
many infected birds have bheen examined but a definite

lesion due to the presence of gge hes never been founds

wn
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The foregolng report on the biology of "ewimmer's
iteh™ is based on thé results of investigations carried
on over a period of four years, in the field end in the
Zoology Laboratories’of Tthe University of Manitoba. New
information is added and old information is brought to-
gether and correlated. In the main, it is concerned
with the following pointss

e

le "Swinmer's iteh" in Manitoba and cercarial dermetitis

I

in other parts of the world are shown to be identical.

2¢ The disease is proven to be the result of attacks by
tremstode cercariace

3. Clinicel and pathological notes on cercarial der-
metitis are given,

4e 4n outline is given of the distribution of the discese

in other parts of the world, in Worth America, and

in Manitobae
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4 history of previous work done on schistosomatid
cercarise snd cercerial dermatitis is included.

The records of known adult Schistosomatidse are

summarizede.

The results of a survey of dermatitis-provoking
cercariae and their distribution in Manitoba are glven.
The results of a survey of other furcocercous cercarise
in lManitoba are given, also & rivised description of

Cercaria wardlei Meleod 1937.

Molluscan hosts are listed and their ecology and
distribution discussede.

Six new species of Schistosomatidae occurring in
i o

lienitoba are described.

Bird hosts and the numbers found to be infested are
listed, also the number of other birds examined.
Notes on the experimental exposure of a number of

animal specles to schistosomatid cercariae are given.
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" Plate 1.

Figure l. Human fore-arm 24 hours after experimental
exposure to Cercaria stsgnicolse, showing size and
distribution of papules.

Figure 2. Natural infection by Cercaris stagnicolse
on the legs of a bather. :

Figure 3. Photomicrograph of histological section of
a papule 26 hours after infection showing aggregations
of leucocytes and loosening of the connective tissue
elements, x 100.

Figure 4. Photomicrograph of a section of the same
papule showing canal made by the cercaria and
keratosis in the surrounding tissue, x 100.
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Plate 2.

Semidisgrammatic sketch of Cercaria wardleis body and
anterior portion of tail stem, x about 1400.




sl
<

~<




Yot

clate 3.

Figure l. Photomicrograph of portions of sporocysts
teased from the ¥digestive gland® of an infestsd snall,
x 100 ' o

Figure 2. Photomicrograph of section of Ydigestive
p s 3 L3 g

gland® of Lymnaea stagnalis infested with sporocysits .

of Cercaris elvae, x 100. : ‘

Figure 3. Photomicrograph using oil immersion showing
tail=stem musculature of Cercaria wasrdlei, x 940.




I

fiqure




Plate 4.
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Figure l. Northern margin of Clear Lake s
steep rocky shore.

Figure 2. Aeroplane Point, Clear Lake showing
narrow beach of fine sand.

Figure 3. Eastern margin of Clear Lake showing
narrow beach of coarse gravel and absence of |
mécroscopic aguatic vegetation.







Plate 5.

Figure l. Late autumn scene of Portage Creek near
Delta, Manitobae. Phragmites in the foreground,
Scirpus end Iypha in the distancee.

Figure 2. Portage Creek showing an emergent marginal
ring of Iyphsa. ’

Pigure 3. A typical Manitoba slough showing dense
growth of Scirpus.






Plate Ge

lMfolluscan hosts of furcocercous cercariae in Manitoba.

No. le. Lymngea stagnalis jugularis Say.

Woe 2o Slagnicola palustris elodes Saye.

No. 3. Heliosoma trivolvis Saye

No. 4. Physella gyring Saye

Nos 5 Fossaria obrussa Saye.

Noe. 6. Btagnicols emarginste censdensis Sowerby.







Plate 7.
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liep of Southern Menitoba showing districte studied.

Legende
CD Cercerial dermatitis known to occure.

Folluscs found infected with schistosomatid
cerceriae and sporocystse. ‘

C) Districts from which birds heve been examined.

@ Birds found infested with adult Schistosomstidae.

Lle Leke Davuphine.

2e Clear Lakee.

Je Shoal Leke. .

4.  Gilmour Lake near Kelwoode.

Se Pelicen Lake, Ninettee.

Ge Pasture field slough near Ninette.
e Lake Louise, Neeline.

Ee Killarney Lake.

O Artificiel dam near Austine.

10. River lagoon, Portage La Prairiee.
1le Delta marshe

12. Portage Creecke. :

13. Black's Lake, High Bluff.

l4. ILake Francese.

15, Long Lake, Raeburn.

6. Pesture fleld slough neer Marquette.
17. Pigeon Lake.

18« River lagoon, St. Andrews.

19. Gravel pits, Birds Hill.

20. Libaumarshe

2le Netley marsh.

22. ¥hitewold.

23e Ponemszh.

24e Gimli.

6. Catfish Creek.
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Microbilhsrzis cenadensgis, female,

Microbilharzis conagdensis, male, x

Microbilherzia manitobensis, male,
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Pseudobilherziella quercuedulae, x 140.

Figure l. Anterior porticn of young mslee
Figure 2. Posterior portion of male.
Figure 3.  Anterior portion of older male.

legend.

| o _ ace Acetabulume.
L cbe Cecal branch.
EE cce Common cecullls
gce Gynaecophoric canals
gpe Genital pore.
0ses OCral suckere.
De Prostate.
Se  Spermatozoa.
sve Seminal receptacle.
te Testes. ‘ '
vde Vas deferense.
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Plete 10.

ierobilharzia larie

Figure l. Adult male, x 56.

Figure 2. Adult female, x 70.

legend

ac. Acetabulume.

cc. Common ceculle

€e Egge

gee. Gynaecophoric canale
gpe Genital pore.

O Ovarye.

ode Oviducts

oge Oral sucker.

rse Receptaculum seminise.
sve Seminal vesicle.

te Testese.

Ve Vitell@riag







Plate 1l.

Crnithebilherzia avienie 8pe NovVes % 50
Figure 1. Anterior portion of malee.
Figure 2. Anterior porition of femalee.

Figure 3. Posterior portion of male.

Legend

¢be cecal branche.

CCe COmMMION CECUMe

eb. excretory bladders.

de vitelline ducts

gpe genital pores.

lee Laurer's canal.

Qe ovarye

re. receptaculum seminise.
sge &hell gland.

sve seminal vesicles

te testese.
Te uteruse.
Ve vaginae.

vide vas deferense
vte vitellsriae



Q.6 mm.




Plate 12.

Figure 1. Photomicrograph of mid-body region of
Ornithobilherzia spe showing single row of large
vitellaria, x 60,

Figure 2. Photomicrogreph of genital region of female
Ornithobilherzis aviani, showing spiral ovary, seminal
receptacle, cecal union, oviduet ang shell gland and
vitellaria, x 60. ~

Figure 3. Photomicrograph of genital region of female
Crnithobilharzia lari, showing stout spirsl overy,
seminal receptacle and vitellaria, x 60.
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