DOCTORAL DISSERTATION SERIES

e LIFE HISTOEY 0F GIGANTOBILHAR /A

HIBONENLSLE AAJIM 1950 4 DERMATIT/S-
”’ f kD 0
SCHISTOSOMAT/DAE

AuTHOR _4B84S 7. MAJ/H

UNIVERSITY 06 A/CH. oure 94/
DEGREE JCJ‘ PUBLICATION No._w ?

Iy
U:B% UNIVERSITY MICROFILMS

ANN ARBOR . MICHIGAN

0/)°




LIFE HISTORY OF GIGANTCBILHARZIA HURONENSIS NAJIM, 1950

A DERJATITIS-PROIZUCING BIRD BLOOD-FLUKE

( TREMATODA-SCHISTOSOMATIDAE)

by

Abbas T, Najim

A dissertation submitted in partial fulfillment
of the requlrements for the degree of
Doctor of Sclence in the
University of Michigan
1951

Committee in charge:

Assoclate Professor Arthur E. Wocdhead, Chairman
Assoclate Professor Frank E, Eggleton

Professor Carl D. LaRue

Assoclate Professor Earl C. O'Roke

Associate Professor Henry van der Schalle
Professor Lewls E, Wehmeyer

Asslstant Professor Alvalyn =, Woodward




ACILOWILEDGMENTS

Groteful acknowledimert isc mode to Dr. Arthur
. Woolliezd under w..oze supervislio:rn and -:idance
thils stud, was undertaken. Sincere thanlia are
exrressed to Dr. Zeorre R, LnaRue for valued and
nhelpfu:l sugssesticns; to Dr. Robvert 2, Jhort for
providiag the flrst acterials witl wilicer the LroD-
lex was started. Thonks ere due to Dr. Henry van
der Schalie for identifyin - tihe snaail hezi; to

PRS

Dr. larry .. lzan for 1dentifyin.: some ci tl e

cird rocte, This study wogo cur-orted c, tine Lin-
ietry ol Zducatlon, Irag.

11




TABLE OF CONTENTS
Pages
ACKNOWLEDGEMENTS., . . . . . .
TABLE OF CONTENTS . . . . . . T & B §

LIST OF TABLES. . . . . . . . .« . . .

. . v

LISTOF FIGURES . . . . . . . +. « . v v v v v v v v v« WA
INTRODUGTION. . . . . . . & v v v v e i i e e e e e e 1
HISTORY . . v v v v e v e e e e e e e e e e s e e 3
MATERIALS AND METHODS . . . . . . . . . « « « « « « . . 10
MATERIALS, S K o
EXPERIMENTAL INFECTIONS. . . . . . . . . . . . . . 11
TECHNIQUE. . . . . . . . . . . 1b
THE ADULTS. . . . . . . . . . « - « « « « « « « o« . . .19
THE MALE . . . . . . v v « v v « v « v « v « v « « 19
THE FEMALE . . . . . . . « v v v v v v v v v v o . a2
DISCUSSION . . . . . . + v v « v v v v v« v v v .. 26
THE EGG . . . . . . . . . v v « v « v v v v v« v e v« 2
HATCHING . . . 32
THE MIRACIDIUM. . L
FORM, SIZE AND COVERING. .« . . . 34
THE PRIMITIVE GUT. . . 36
THE PENETRATION GLANDS ... 37
THE LATERAL PROCESSES AND THE LATERAL PAPILLAE . . 38
THE BRAIN. . . . . . . . . . . ¢« ¢« v v« « v « o« . 38
BRISTLE PATCHES. . . . . 39

114




Pages

STRUCTURES OF UNDETERMINED NATURE. . . . . . . . . 4o
THE EXCRETORY SYSTEM . . . . . . . . . . . « . .. W
THE GERM CELLS . . . . . . . . lu2
THE LONGEVITY OF THE MIRACIDIA . . . . l2
THE PENETRATION OF THE MIRACIDIUM, . us
DISGUSSION . . . . . . . . . . v v v v v .« . .. LU
THE MOTHER SPOROCYST, . .. U9
THE DAUGHTER SPOROCYST. . . . .. . 52
THE CERCARIA. . . . . .. S5k
THE SPINES . . . . . . . . . . . . 55
THE HEAD ORGAN . . . . . . . . . . v v v v v v v 56
VENTRAL SUCKER . . . . . . . . . v v v v v o . .. 56
PENETRATION GLANDS . . 57
DIGESTIVE TRACT. . 59
EXCRETORY SYSTEM . . . . . . « . v v v v v v v v . 59
NERVOUS SYSTEM . . . . . . . . + + v v v v v v v . 60
PRIMORDIUM COF THE REPRODUCTIVE SYSTEM. . . . . . . 61
BEHAVIOR . . . . . . . . . . . . . . ... ... 61
EMERGENCE. e e e . 62
THE CERCARIA AS A DERMATITIS PRODUCING AGENT . . . 63
DISCUSSION e e e e e e e e e e e 6L
HOST-PARASITE RELATIONSHIP. . . . . . . . . . v « « + . 68
DISCUSSION. . . . . . . . . . . . v v v v v v ... 70
KEY TO THE SPECIES. . . . . . . - . 76
SUMMARY . . . . . . 77
LITERATURE CITED. . . . . . . 79
o - ¥ ¢

iv



D

OF TaBLls

?_-4
.
[ 6]
t3

wi1ld irds emanined to Ceternmine natural

definitive hostes - « « ¢ « ¢ + ¢« ¢ o 4+ o o . 18

wonysevity of the mivecldin., o . o o . . . . 43




LIST OF PLATES

Plate No, Facing Page

I. Drawings of anterior and posterior portions
of male and female adqult worms. . . . . . . . &8
II. Drawings of anterior end of a male, por-
tions of reproductive systema of male
and female, egg, and miracidia. . . . . . . . &9
III. Drawings of daughter sporocyst, mother
sporooyst, and cercaria . . . . . . . . , . . 90
IV. Photomlcrographs of whole male, cirrus,
whole femagle and anterior portion of a
female. . . . . . . . . . . . ..y 91
V. Photomicrographs of Laurer's canal, egg,
eggs in muoous layer and eggs rupturing
villl of intestine of the host. . . . . . . . 92
VI. Photomicrographs of whole mount of mira-
cidium, miraciiium inside snall tissues,
miracidium treated with silver nitrate,

dermatitis infection and a cercaria . . . . . 93

vy




14TRODUCTICN

The study of schistosome worms has interested students
of poresitology and workers in the fleld of medicine for al-
most 2 hundred years., Although extenslve work has been done
on human schilstosomes, only little attention has been siven
to non-numan vlood flukes, ircluding those in birds. lost
of the 1investigations on non-auman schistosomes, including
thicse of birds, were done when 1t wes found tliat in certain
regions sowme of the non-human schistosome cercariaze were re-
gponglble fcr outbreaks of dermatitis ccmmonly known in the
United States as "swiazer's 1tch" or "water itch." For a
numoer of years sucli & siiin eruption aaong swimmers in cer-
tein creas was reported (Neegell, 1923), but the etlolosy was
not known. Sone belleved thiet the organisms responsivle for
the disease were to be found in zreen algae, others thousht
it wos due to scables. Cort (1928), a2t the Bilologlcal Sta-
tlon of the University of iichigan, found that this dermatitis

we.3 crused by cercoriz elvce Illler, 1923, & non-human schisto-

some cercaria., Therefore, he czalled the disease "schistosome
dernatitis," Vorkers in the United States, Canada and abroad
soon rerporied similer findins and more investigations dils-
closed that a number of non-human schilastosomne cercarize were
responsible for similar slkin eruptions. However, 3Barlow (1935)

was sironsly of the opinion that the two human schistosomes in
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Zgypt also produce dermatlitis, liore work on dermatitis con-
tinved to elucidate problems of pathology, control, immunol-
0zy, and treatment of the dlsease. As a part of a thorough
natural control, studlies on the biology and ecology of the
intermedlate host were carried out, and several 1life cycles
were comnpleted to find out the final natural hosts. Aithough
the "schistosome dermatitis"™ annoys swimmere only in certain
regions, 1t 1is in other resions, & serious problem of eco-
nomlce importance. Watson (195C) in his studies on Bilher-
zicsis in Iraq stated, "dermatitis caused by cercariae of
non-human cpecies of bilharzia is a propblexn of 5réve economic

“

mportance, seriously interfering i eordcultural activities

Wi
owlns to reluctance of the Felaheenl to descend into infected
water."

Bince tne vird blood flukes are members of the same family
&8 muman cchistosomes, interesting biological aspects as well
@8 anatomlcal homologies may be disclosed durin. work on bird
cchistosomes. In the wneantlne, Lecause of the simllarity in
the life-cycle scme measurss and methods of control might be
aprllcable in both groups.

The problems selected Tor this thesis were: (1) 2 stuay

of 2 schistosome cercaria found in Physa gyrina which appeared

very osimilar to the cercarieze of S. douthitti but experimentally

Tolled to infect white mice (s musculus L.);: (2) to wofk out

the 1life cycle of this schistosome in +the laboratory; (3) to
study the morpholozy and some biolozical aspects of each stage;

end (4) to find thic final nost in nature.

l¥elalieen = Farmers.




HISTORY

Rudolphi in 1819 described the first bird schistosome

from Brazll, naming 1t Distomum canaliculatum, which later

became Ornithobilharzile canaliculata (Rud., 1819) Odhner,

1212. Thirty three years later the first human schistosome
was reported by Bilharz in Egypt. He named 1t Distoma haema-

toblum, which later became Schistosoma haematobium (Bilharz,

1€52) Weinland, 1858, Kowalewskl (1896 agb) renuvlished and

emended hils deseriptlions of Bilherszla polonica. This species

became Bilharzielle polonica (Kow., 1895) looss, 18399, Kowal-
ewskl, for the first time, made a detailed study of an adult
bird schistosome. Paronae and Ariole (1896) described another

specliles of bird schistosome from Italy, Bilhcrzia kowalewskil,

whiech later became Ornithobilharzia kowalewskii (Par. and

friole, 1C96) Odhner, 1912. Iooss (1899) established the

genus 3ilharziella with 3. polonica (Kow, 1895) as the type

Specles. 4t the same time looss applied the family nanme
Schilstosomidae., Braun (19C1) added another specles of bird

Sschistosome, Bilharziella pulverulenta, which later became

Dendritobilhoerziz pulverulents (3Sraun, 1901) Skrjabin, 1924.

Poche (1907) changed the name of the family to Schistosoma-
tidae (looss, 1£99).

Odhner (1910) reported the specles Glyentobillharzia aco-
tylea, erecting the genus Glpantobilharzla for the newly de-

Scribed species. The same author in 1912 esteblished a new

3
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genus, Ornithobilharzia, descrilbing a new specles Q. intermedia

as the type specles and including the specles Q. canaliculata

(Rud.) anda 0. Eowalswskil (Far. and Ariola) in thAas newly

erected genus. Odhner in the same article gave the family
dlagnosis as well as the dlagnosic of the four Senera lknown

up to that time, namely: Bllharziella, Lss., 1899, Gizanto-

bilharzia Cdin,, 191C, Crnithobilherzia n. p. and Bilharzie

Cobb., 1L59. Johnson (1917) erected the senus ustrcbilharzia,

Describing a2 new speclies of bird blood fluke, Austrobilharzia

terricalensis, from liew South Wales. Skrjabin and Zakharow

(192C) erected thie penus Dendritobilharzia, deccriibing, a new

specles, Dendritobilherzia odhneri as the type specles. Four

years later Zkrjabin (1924) recognized that the new species

was ldentical with 3ilherziella pulverulenta (Braun, 19C1)

Skrjevin, 1924, Skrjabin and Zakharow (192C) erected another

genus, Trichobilharzia with Trichobilharszia kossarewl as the

type specles. Travassos (1922) added another record of bird

schistosomes by estoblishing a new genus, lscrobllharzia, with

~acrobilharzia macrobilharziz as the type speclies. Only the

male was described. Faust (1924 a) reported Ornithobilharzie

odiineri from the asiatic curlew at Peking. In the seme year

Okr jabin added another species of Dendritobilharzia, D. loossi,

from the blood vessels cf a relican.
Chapin (1924) reported the firct bird blood fluke from the
United States, The newly reported blood fluke was referred to

the genus Ornithobilharzia. It was transferred by Price (1929)

Lo hls newly erected genus mierobilherzia and was Siven the
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ne.aoe lerobllharzia chapini. Cilso (1927) described a new

cpeclies of bLIird blood flulke, sitharziella yokogawal and worked

out the first life cycle ci a Dird schilistosome. The name of

this species was changed by -.cleod (1937) to Pseudobillharzi-

ella yologawai (Olso, 1927). Semenov (1927) claims to have

found the female cf Brauns B. pulverulenta. Linton (1928)

renorted another record of bird schlstosomes from Woods Hole

Ornithoblilharzia species. Linton did not allocate the worms

beyond tiie jenus because of trhe unsatisfactory condltion of
his matericzl.

Price (1952%) published nhis "Synopsis of the Tremetode

F]J

amlly sSchistosomidae with Description of ilew Genera and

opecles,” in which he accepted 211 the above forums excepting

‘revasso's Liacropilharzia which he regarded &s & cynonym of

Crinthobilherzia Cdrner, 1912. That author, in the same paper,

erected thiree new ge.era and specles; Illcrobilharzia, with

=+ chepini; lLeterobilherzia, with H. americanc; and Paraachis-

tosomatium, with IZ. anhiinpae. Zxcept for eterobilherzia,

wirich was a mammal blood fluke, the other two were bird schis-

tosomes., Price also reported bilharziella polonieca from the

new world and proposed the new subfamily Billharziellinae for

ti.e specles resembling Bllharziella polonica. Subsequently,
tihhe same aut:or (1931) after examining a number of specimens,

both males and femeles, of Macrobilharzia was convinced theat

the genus Ilacrobilharzis Travassos, 1922 should be revised as

a valid genus and Paraschistosomatium was suppressed &as a

synonym.
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Ejsmont (1929) erected the genus Pseudobillharziella from

a young male described by Kowalewskl (1895, 1696) with Bil-

harzla polonica. Because of 1ts elongated filiform body and

its difference from the typical forms, Ejsmont reorgaenized it
in the newly establlshed genus. In the same ysar Szidat
(1929b) completed the 1life cycle of B. polonicz. Wetzel
(1930) described {Ornithobilharzia priceil from the cenadian

goose. Ozldat (1930C) added a second species to the penus

Gigantoblilharzla, describing G. monocotylese. Brumpt (1931)

worked out a third 1life cycle of bird blood flukes, 1. e. the

life cycle of Trichobilharzila ocellata, and repeated experi-

mentally the 1llfe cycle of B. polonica. In Indiz Cogate (1934)
obtained two immesture male blood flukes from wild ducks wi:ich

he referred to as Ornithobilharzia sp. lcleod (1936) de-

scribed two specles of the senus Microbilherzie from the

canvas-back duck frcm Canada, . canadensls and M. manitoben-

8ls. The scme author (193¢) added two new species of bird

schistosomes, Pseudobilharziells guergquedulaze and Ornithopil-

herzia lari. idcleod (194C) changed the name of the lost

speclies to .lderobilharzia lari.
ILal (1937) in Indle camne 2cross two blood flukes in Lbirds

and these forms were described under the subfemily 3ilharziel-

linae. He crested the genus Chinhute to include one of these
forms, deseribing Chinhuta indica as the type species. The

second form, he placed in the zenus Gimantobilharzia applying
the neme G. egreta to the single male specimen which was ob-

tained from the cattle esret (Zulbulcus ibis coronanrdus).
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Young (1937) described an avian schistosome from the

marbled godwit (Limosa fedoa), but he did not determine its

systematlc position. Szidat (1939) reported a new species,

Pseudobillharzlella filiformis, from the ioute swan (Cyznus olor).

cehra (194C) dropped Lal's new genus, Chinhuta and assigned its

specles to the genus 3llharziella. Thue the species vecame B.

indica (Lzl1l, 1937), HMehra, 194C. Ienra also described & new

cpecies of bird blood fluke, Dendritobilharzis asisticus and

ralsed both zenera, Dendritobilharziez and Glgantobilharziz,

to subfamlly renk,
tcleod (1940) described two new avian schistosomes, Orni-

thoollherzia avianli and Ornithobilharzia filamenta, He also

revised Price's classification (1929) of the family Schisto-

comatidae because of the discovery of several more specles up

to that time. At the same time iMeleod reviewed the history of
the family. In the historical review errors occurred as fol-

lows: "Ornithobilharzia intermedia odhner, 191C," which should

read Odhner, 1912. Alsc, "Ornithobilharzia turkestanicum. .

from birds," which should read mammaels and "Bilharzielle polonica,

1ife hilstory by Erumpt (1931)" which should read Szidat (1929).
Brackett (1940¢) referred to zn incomplete life cycle of
& bird schistosome studied by Beaver and by the author nimself,
Durin: the attempt to carry through the life cycle only egss
vere recovered from the muconsa of the intestine of an experi-

mentally exposed nigeon. The blgeon was subjected to cercarize

wiilehh were identified later as C. elvae,. Breckett mentioned
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that he exposed laboratory ralilsed Stagnicola palustris elodes

and was able to recover cercari;e in forty days. After expos-
ing a number of pigeons to those cercarlae he recovered only
one adult worm which was not described. le was the first to
succeed 1in pirtially eluclildeting an avien schistosome 1life
cycle 1n the United States., However, Talbot (1936) attempted
to work out similar life cycles without positive results.
Cheatum (1941) described a new specles from the mellard,

Dendritobilherzia anatinarunm, He also emended Price's sub-

family 3Bllharzielllnae and the genus Dendritobilharzia, be-

couse of the long colled uterus which contains many ezgs in
the new specles,

Yamagutl (1941), during his studles of the Trematodes of
olrds 1n Jepan, came across two new specles of blood flukes,

Pgseudobilharzlella corvl and Ornithobilharzia emberizee. It

should be mentioned that the first species was not from =

true aquatlc bird but frowm the carrion crow (Corvus corone

corone L.). Brackett (1942) described filve new specles of
avian schistosomes from the Unlted States: four were pseudo-
bilharziellas; P. Waubesensis, P. Kegonsensis, £. horeconensis,

P. burnettl; and one Gigantobilharzia, G. lawayi. He also
completed the 1life cycle of Cercaria gyraull Brackett, 1940,

which turned out to be the cercarlae of ancther specles of

Glgantobilharziz and so the name became G. gyrauli. This life
cycle represents in fact, the firct 1ife cycle of a specles

wlthin the genus Gigentobilharzia and the fourth among bird

gchigtosomes.
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licleod and Little (1942) reported for the first time the

female of Pseudobilharziella guerguedulae Mcleod, 1937. The

authors also were able to infect three individual Physella

1l

gyrina— snails, which they had exposed to the miracidium of

. guerquedulae. DlclMHullen and Beaver (1945) succeeded in com-

pleting experimentally three life-cycles of three known cer-

cariae, C. physellae Talbot, 19326, C. ocellata (elavee) Lava-

lette, 1855, and C. stagnicolae Talbot, 1936. The adults were

identifled as Trichoblilharzla and so they became I. physellee,

4. ocellata (Lavalette, 1855) Brumpt, 1931 and T. stagnicollae.

The authors brought P. guerquedulae Mcleod, 1937 into synonymy

with T. physellae (Talbot, 1936) MckMullen and Beaver, 1G45.

They also considered Irichobilharzia kossarewl Skrjabin and

Zakherow, 192C as a synonym of T. ocellata (Lavalette, 1£55)
Brumpt, 1931. In the same paper Neiullen and Beaver reduced

to synonymy the genus Pseudobilharziellas =Zjsmont, 1929 with

Trichobilharzie Skrjabin and Zakharow, 1920, and, without be-

ing aware of lehra's modification (1940) of Lal's genus Chin-
huta, they agaln dropped the genus which had been eliminated

by lMehra (194C). UNWajim (195C, abstract) reported a new species

of avian schistosome, GCigentobilharzla huronensis from the zo0ld-

finch and the completion of its life cycle. Tanabe (1951)

designated Cercaria sturnise as Gigentobllharzila Sturniae

Tanabe, 194, n. comb,

1Physella cyrina l1s the same as Fhysa gyrina.




MATERIALS ALD !MZTHCDS

MATERIALS: Most of the sneills used as intermedisate hosts
during this study were laboratory raised. About 1,C0C snalls
ware collected in the field. The snall used was identified

as FPhyse gyrina (Say). lMost of the collecting of +the snails

wes from a beck-water pool of the Huron River at Delhi, near
Ann Arbor, Michlgan. The pocl 1s at the edse of a park east
of the Delhl Bridge (Sci T2S. RSE. S2).

The experlmental hosts that were found to ve susceptible
were chicks and canaries; both were obtained from local deal-
ers in Ann Arbor, Fourteen canariles and thirty-three chicks
were used during this work., The canaries were females 3-4
years cld; 21l proved to be susceptible. The chicks were
from 2-2C days o0ld and 21l were susceptible with the exception
of the first two chicks which were negative, It is belleved
that this fzailure was due to poor technique., White mice (2us

tusculus L.), demestic ducklings and a mourning dove (Zenaldura

macoura) falled to become infected. Natural final hosts were
found by shooting birds, mostly from the scme location where
the intermedizte host weos found, (Teble 1).

The egss of the parasite were obtalned, usually, from the
feces of infected conaries which proved to be a rich scurce
for these ova. Because chicken feces were so much larger than
canary dronpings the former was rarely used for collecting

parasite ezzs. lother sporocysts and daughter sporocysts were

10
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studled almost exclusively from laboratory infected snaills.

The cercarize were studied from laboratory infected snails as
well as from naturel infections., The adult worms were obtained
mostly from the mesenteric veins around the intestines of the
infected birds. A few worms, mostly immature, were recovered
from the lungs and the livers of some birds in the early steges
of Infection. Usually 1t is difficult to obtain whole specl-
mens btut in the course of this work, one young male and four
females were recovered entire. One more female wes obtained
2lmost complete. Nearly a hundred slides of whole mounts of
both sexes were prepared. The anterior part of ter males and
twelve females were sectioned, sone transversely and others
longitudinally. Living specimens were studied elso. Hundreds
of small fragments were fixed and preserved in 704 alcohol.

EXPERIMENTAL INFECTIONS: Young laboratory raised snails

from about 2-4 weeks o0ld were exposed to miracidie recently
hatched froﬁ the eggs. One of the following two methods was
used: (1) The feces of infected canarles usually were col-
lected on wet filter paper on the bottom of the cage. These
feces were ground with sand in a mortaer and pestle, then placed
in a2 one-liter dlstilling flask with a vertical side arm as
devlsed Dby Fcifullen and Beaver (1945). The mass as diluted
Wwith river or spring water until the water fl1lled the neck ard
the arm of the flask. An envelope of Dblack photographic paper
covered the whole flask excluding the side arm which remained

uncovered. Thls zrm was exposed to light by placing the flask
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with 1ts contents close to an electric light. Within several

minutes the hatched miracidie were usually observed in the side
arm, showing thelr phototroplec nature. These miracidia were
plpetted out witih a fine pipette and they were separated, usu-
2lly, into groups of from 4-6 miracidia in each 10 ml. stender
dish. A younz snall was then introduced to each dish and the con-
tainer was fillled with spring or river water after a short

time and covered. These stender dlshes were left from four

hours to over-nisht under an electric light. This same tech-
nique was algo followed using intestines and livers of in-

focted birds instead of tlie feces.

(2) The egzs in the feces of the final host hatched with-
out mechanlcal nelp by placing the feces in a 75 ml. stender
dish containing sprinz or river water. The 058 hateched but
required more time than was the case in the first method.

The miracldia were elther pipetted out and separated into
smaller contalners, as in the above mentioned method or &
number of young snailas were placed in the dish contalning
feces and left covered for a few hours. This rou. h method

of exposure was Tollowed when the purpose of exposing was to
oup o stock of infectoed snails in the laboratory. The per-
centage of infcction in the laboraotory was 66 .5% (taken from
274 surviving snalls) and the percentage 1in nature during the
sumner was 5% (taken from 256 surviving snails).

The oxposed snalle were kept in culture dishes in an

aquerlum room, These contalners were of 250C ml. capacity or
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lerger and they were half filled with dezhlorinsated tap water.
In each dish 7-14 snclls were usually placed. The snzils were
fed soaked dried maple leaves. A small amcunt of calecium car-
bonate on the tip of a small spatula was added to each dish
every 5-7 days. Later this food was replaced by preserved
strained spinach. A smzll amount of spinach, on the tip of a
small spatula, was added to each culture dish with half this
cmount of calcium caerbonate. S. Hunt (personal communication)
Tirst used this food along with other breserved foods for his
sphaeriid clams. At the end of every two days the water was
changed and new amounts of spinech and calcium carbonate were
added. This food was found toc be cenvenlient, since it is al-
woys avallable, does not require much space for storing, and
needs no preparatlon whereas dry maple leaves take about one
month of soaking and several water changes before they were
ready to use, It is also true that in using the spinach food
one can avold losing small snalls which are usually hidden be-
tween the meple leaves and may be thrown away when the leaves
are changed. The spinach-food was found to be useful for

ralsing Helisoma trivolvis and Lymnaea kelustris in the labo-

ratory and one generation of these species was raised from

ess to egg. However, in the case of lymnaea palustris lettuce

leaves were used occasionally.
Chicks and canaries were infected by exposing them re-
peatedly to a heavy suspension of cercariae (Meinvllen and

Beaver 1S645;. A total of about 550-14(C cercarice were used
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for exch bird. OSmaller numvers of cercarise were usually used
for canarles and larger numbers for chicks. The author was
able to infect one canary by exposing it only once to about
55C cercarize for 2C minutes. The feathers, if present, were
removed from the abdomen and the bird was placed in infested
water in 5CC cc. or 1,CCC cc. beakers. The beakers were cov-

ered and placed 1n a warm water bath. The infested water in

the beaker was allowed to come in contazct with the abdomen of
the exposed bird. The exposure usually was for 2C-45 minutes.
At the end of ecch interval of exposure the bird wes carried
back to 1ts cagze and left to dry.

In nature one male goldfinch (Spinus tristis tristig) was

Tound to be infccted bilsexually. Another male cardinal (Rich-

mondena cardinalis; weas found infected unisexually and only

one female wes recovered from the small veins around the in-
testine. o esus were found in the intestinal wall or liver.
The seminal receptacle of the female worm was empty.

The pcrasite eggs were found in great numbers in the
lumen and mucous layer of the intestine of tne s0ldfinch and
1t was possible to complete the 1life cycle from these eggs by
infecting the snall host, caneries and chiecks.

Technique: The adult worms, &as was mentioned previously,

were usually obtalned from the smzll veins around the intestins
of tne infected birds from a resion shortly posterior to the
duodenum to the pyloric czeca. Occasionally worms were recov-

ered from the pyloric caeca of chicks. Fine needles were used
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for recovering the worms from the intestine. The needles
were made of fine (No. 1C) sewing needles, inserted in a
soaked wooden rod. The blood vessels, contalining the worms,
were dissected carefully in & spot close to the middle of
the body of the worm and the needle was inserted carefully
in the locop made by the ffeed rart of the body of the worm.
The worm was then pulled out g;ntly. It 1s not claimed that
this 1s a perfect technigue for recovering these fragile worms
but it helped in recovering long pileces and sometimes the whole
worm. The technique was more successful when the worm was in
a larger veln and not penetrating deeply in the small veins of
the muscular layer of the intestine. The recovered worms
urled up outside the host blood. Neither cooling in the
refrigerator rnor the use of menthol were successful in relax-
ing the worms. At about the time of dezth the worms relaxed.
The adult worms were fixed in hot Bouins or hot L, F. A, and
the paraffin embedding techinque was followed for sectloning.
Delafield's haematoXylin, lMayer's paracarmine and dayer's HC1
carmine were the stains used for the whole mounts, Iayer's
E31 cermine end Heidenhain's haematoxylin were the stains
used for the sectloned specimens. Zoslin, fast green and in-
dulin were the counterstains used. Graded ethyl alcohol and
Xylol were used for dehydration and clearing, However, ter-
pineol was faund to be useful as a clearing agent, since the
body of the worm 1s fragile and cannot stand too much: harden-

ing caused by xylol. Ieasurements of the Whole worms were
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taken by drawing the outlines of the worm with the aid of =
microprojector. 3y using a universal map measuring instru-
ment the original length was colculated, Fine wire wes ap-
rlied instecd of the universal mep measurin. instrument in

cases where the latter was difficult to apply. One entire

ferieale was not measured because'it wag too badly looped.

The eggs were studlied living in .94C% saline solution,
physiclozicael salire solution and 1n spring water. The lat-
ter was used for siudying hatehing activities. The location
of the eggs 1ln the intestirzl tissue was studied from sections
of those tiscues.

The miracldiun wos ctudled in living condition without
stains or with vital stains. These were neutral red and nile
blue sulphate. It wes possible in this wey to study most of
the internal structures. Silver nitrate (LaRue's unpublished
technique with modifications) was useful for studying the epi-
dermal plates ond some oti.er external structures, 1. e. excre-
tory pore, bLristle vratches and paplllae., Carnoy's was used
for fixing and affising the miracidie on the slides (suggested
by 5. Eunt). Bolling formalin 1Cwx was used for fixing speci-
mens to be meacsured. Delafield's haematoxylin, layer's HC
and Mallory's triple stain were used for staining permanent
mounts of tie miracidia for further enatomical structures.

The mirecidium also was studied both living and in serial sec-
tlons after penetration into ihe snall tissue.

Mother and daushter Sporocysts were studied living, in

permanent mounts and in sections. Neutral red and nile blue
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sulphate were used for living specimens. Delafield's haema-
toxylin and Mayers's EC1l carmine were used for the permanent
mounts.

The cercarla was studied, living, in dechlorinated tap
water, for the excretory system. Saturated aquecus alizarin,
neutral red and nille blue sulphate were +the vital stains used
in studying the living cercarlae. Permanent mounitis were made
of cercarlze shed from the snalls and of those dissected fron
tlie snails. These cercariae were stalined with Fayer's HC1
caraine, Herris'hezematoxylin and Delafield's haematozylin. The
two lzotter haematoxylins were also used for staining sections
of the cercariae inside the snails. Cercoriae were meosured

after Tixatlon in boilin_ formalin (1C3).
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TAZBIE 1
wllD BIRDS EXAMINED

Date Birds Sex Kum- | Locality [iInTec-
ber tion

T/22/49| Field sparrow
(Spizella pusilla Jaclksen i
pusilla.; - 1 Road C
Kingblrd (Tyrasnus|izale 1l Jackson C
tyrennus) Road

5/3C/5C | Song sparrow Males (4) 5 Livingston C
(Melrspiza Femele (1) County
melodie,,

7/1/5C {Cowbird (lclotlirus|Female 1 Delhi ¢
cter cter)
Robin (Turdus _ 2 Delhi C
mi,ratorius)
Wood pewee _ 1 Dell:1 ¢
Contoyus virens)

7/21/5C| Geldfinch (Spinus |Mele 1 Delhi +
tristis tristis)
Catblird (Dumetelle _ 2 Delni C
carolinensls.
Robln (I. migra- _ 2 Delhi C
terius)

7/2€/50| Cardinel (Rich-
mondens cardi- Mele 1 Delnhl +
nalis)
Dovmy wcodpecker
(Dendrocopos _ 1 Delhil C
pubescens)

The totzl number of wild birds exenined wes 1. Two
specles were found to be infected with this pearticular para-

slte. Both infected birds belong to the family Fringillidae.



ThE £DULT

Adult worms of Gipeantobilhargzis huronensis are elongaté,

filamentous znd with fraglle bodies. Ileles and females are
clmost alilke in dloameter and the females are longer then the
males. Oral nnd ventral cuckers are absent from both sexes
(Figs. 20, 23) and very smcll papllae are present on the
anterior end of both males and famales (Figs. 1, 3). Adult
worms were never seenin copula. DBoth sexes were usually
found scattered along the small intestine, in the small velins.
Ezgs - were found in the feces of the definitive host as
early as 31 days after the first exposure. However, two
sexually matured worms, male and female, were found 26 and
27 days after the first exposure, but they mizht hot heve
reached thelr maxlimum length.

Speclmens cf the adult worms were catalogued as follows:
U.3.0 . Felm. Coll, No. 37334, paratypes, male frazment and
a femole, from chicks.

Tiie MALS: The thread-like male is attenuated enteriorly

and ends bluntly posteriorly (Fig. 2C). £ short gynaeco-
phoric canal is present (Fig. 1). 1No lateral expansions were
Observed at the posterior end (Filg. 2). The length of one
young male (26 days old) is about 9.6 mm. The following
neasurenments were taken from the anterior part of eight males
recovered from lntestinal veins of chicks; all the worns were
fixed in hot Bouins. The width of the body anterior to the

sHynascophorilc canal, in the reglion of the intestinal caeea,‘
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averaged 51 ¥, ranging from 421 -54p, The width of the body
posterior to the gynsecophoric canel averaged 40B, ranging
from 34¥-47R, The length of the canel averaged about 1084RK,
ranging from about 7G5B-1550P and the width averaged T7CH,rang-
ing from 541-821, The canal is short compared to the length
of the body of the male but is,more or less, well formed and
defined, and muscular 1in strubture. The cutlcle is devoid of
spines. The brain 1s located about 1888 from the anterior end,
on the dorsal side of the worm pushing the esophagus into a

small curve in this region. The brain is usually seen as a

llghtly stained mass of very fine fibers (Fig. 1). Neurons
were occaslonally observed among the body tissue, darkly stained
in sectioned specimens. The digestive system consists of a

mouth, esophagus, short intestinal caece and a long common in-

testine. The mouth 1s subterminel and opens into a shallow
buccal cavity which extends to the anterior end of the body .
(Fig. 5). The esophegus averaged 47ER in length ranging from
ST5P-69CE and 1s weakly muscular in structure. It atteches to
? the intestinal caeca through a sinus-1like connection, made of
the union of the intestinal ceeca. Esophageal glands surround
the esophazus for a short distance anterior to the Junctlion of
the esophagus with the intestine (Fig. 1). They usuelly take
more stain than the surrounding tissues. The intestinal caeca
blfureate for a short distance and were difficult to see in
nany speclimens, It was possible to see them cleerly enough to

meocsure in only flve worms. The intestinal bifurcation of two
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worms recovered from chicks measured 170k and 2698, The in-
testinal bifurcation of two worms from the intestinal veins of the
canary measured 143k and 323¥, and one from the goldfinch wes
374¥%. The large range in measurements, even among speclimens
from the same host, may be due to difference in the age of
the worms., The intestine after the shori bifurcation reunites
and extends as a sgingle common intestine following a zig-zag
course and ends a short distance from the posterior end of the
body (Fi:3. 2)., The excrelory pore is terminal posteriorly.
The reprcductive systenm of the male conslists of a2 large nuwu-
ber of testez, vasa effecrentia, vas deferens, seminal vesicle,
prostate, ejaculatory muscle, ejaculatory duct, clrrus pouch
and & spiny cirrus (Figs. 1, 6). The testes are rounded to
broadly ovel 1n shape when fully developed, usually set close
tosether 1n elmost a linecl pattern, alternating with the wavy
intestine. Tne testes are ﬁumerous in number (3CC+ in & young
nele) and stert shortly crnterior to the posterior end of the
synaecophorle canel and extend posteriorly to a point near the
rosterlocr end (Figs. 1, 2). The greater diameter of 25 testes
averaged >5F. Euch testlis 1sg connected dorsally to a fine vas
efferens which passes around the posterilor of the testis and
connects wilth the single vas deferens (Fig. 1). The vas def-
erens 1s usually located ventrally in the region of the testes
end 1s zbout 4.5 in diameter. It extends anteriorly, passing
dorsal to the seminnl vesicle, to o point about SO07H from the

anterior end of the werm where 1t turns posteriorly as a dlilated
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cemlnal vesicle. The seminal vesicle i1s a large, elongated,
sac-1llke structure, extending vosterlorly in a looping manner.
1t is about 750k in length and 1s mede of two parts, a short
thin wolled portion ond z long thick walled posterior part.

The seminal veslcle 1s weakly muscular, The prostatic part
cveraed about 1L7CE in len_th nade of _landuler cells surrounde-
in_: the lumen of the sperm duct. The prostate glands are sur-
rounded, and in direct contact with a thin wall-membrane which
ls differertiated directly at the beginning of the prostate
region. This membrane constitutes the cirrus pouch, extend-
ing posteriorly and covers the ejaculatory muscle and the ejac-
vlatory duct., There 1s a space between the cirrus pouch and the
e jaculatory duct itself with nuclel of an undetermined func-
tion (Fig. 6}. At the posterior end of the prostate is the
ejaculatory muscle. Thils muscle is well-developed and was
seen in almost every speclmen., Its greater dilameter averaged
22+ and 1s scurrounding the sperm duct. The ejaculatory duct
ls o rather thick walled canal, extending to the genital
pore and ends in 2 large spiny cirrus (Figs. 6, 21). The cir-
rus 1is ucsually situzted on the left side at the beginning of
the gynaecophorie canal, Sperms were observed coming out
throuch the cirrus in grezt number in living specimens. This
mlght be caused by the pressure of the cover slide.

THE FEMALXL: Three entlire females were obtained firon

chickens, . Fixed in hot Bouin's, they measured 16 mm., 1& mm,

and 24 am in length. The worms were about 27, 3C and 46 days
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old, respectively. A fourth female, about three months old,
almost complete, obtalned from a canary, measured 29 mm., The
following measurements were talken from fourteen females recov-
ered from chiclkens' intestinal veins and fixed in hot Bouiln's.
The wldth of the body anterior to the o8type averaged 511,
ranging from 37+=64k, The body usually enlarges in diameter
suddenly 1n the rejlon of the o8type and stays large in the
region of the ovary where it measured an average of 67.5k,
ranging from 57P-7CH. The diameter of the body becomes smaller
posterior to the seminzl receptacle, averaging 51k and ranging
from 441-6ER, The body width near the posterilor end averaged

7H, not much variction was found. A slight enlargement in
the posterior end of the body was occaslonally observed (Fis., 4.
Thls enlargement was believed to be caused by the fixation,
silnce the living worm was observed to be flexible at this end
and continuous contractions and extensions were usually talk-
ing place. The brain is 172% from the anterior end and is
noct easlly seen in the females because of the presence of the
uterus, in addition to the esophagus, The digestive system
conslsts of a mouth, esophagus, intestinal cseca and 2 long
comuon intestine., The mouth, also subterminal, opens into a
funnel-like cavity, but unlike the male, no anterlor exten-
sion of the buccal cavity was observed. The esophagus, like
thot of the mnle, 1s weakly muscular and averaged 5491 in
length, ranging from 3791-750B. The esophageal glands occupy

the same spot around the esophagug as in the male near
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the bifurcation of the intestinal caeca (Fig. 3). The intes-
tinal czeca bilfurcate as in the male but, in contrast with the
latter, the lntestinal caeca in the female are longer, extend-
ing posteriorly to the posterior end of the seminal receptacle
where they reunite (Fig. 3). From here on the gut passes as a
single comzon intestine in a zig-zeg way and ends o short dis-
teance Irom the body end. One case of re-bifurcation in the
region of the vitellarilia was observed., This i1s believed to
be an anomalous case. Odhner (191C) observed a2 similar case
in G. acotylea but the bifurcation and the reunion were di-
rectly after the regulcr union of the intestinal czeca behind
the semlnal receptacle. The excretory pore is terminal and
medlan like that seen in the male. The reproductive system
consists of an ovary, oviduct, obtype, Mehlis' glands, uterus,
semlinal receptacle, Laurer's canal, vitellaria and vitelline
duct. The ovary, located about 1.230 mm. from the anterior
end of the body, is apiral in shape (Fig. 3, 23) and extends
ebout 431F posteriorly. Connected to the posterior end of
the ovary is the oviduct. This extends posteriorly for e
short distance where it Joins a large seminal receptacle, then
it turnsz anterliorly making & sharp angle. The oviduct extends
anterlorly to a short distance posterior to the rear end of
the overy and then turns back where it is Joined by lLaurer's
canal, The oviduct throuzh this rassage makes several loops.
From the point of connection with Laurer's canal (Figs. 7, 24),

the oviduct turns anteriorly passing ventral to the ovary and
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extends anterlorly to a point about 1121 from the anterior
end of the ovary where 1£ becomes the ol8type. Between the
o8dtype and the anterior end of the ovary is the Mehlis' gland,
mostly accumulating ventrally (Fig. 3). The o8type 1s a dis-
tinet structure with large epithelial cells surrounding its
lumen and, occasionally, one ovum can be seen within it.

From the o8type a2 simple uterus extends anteriorly and opens
about 20k posterlor to the mouth opening (Fig. 3). The semi-
nal receptacle 1s a large simple sac, often observed looped
and, 1n bisexual infections, is filled with sperms. The ex-
tended seminal receptacle 1s spindle shaped averaging 1361 in
length and 38 at 1ts greatest width. Laurer's canal is a
well-developed organ in the female of this species. It opens
on the dorsal slde of the worm, between the ovary and the sem-
inal receptacle, and with a protruding papilla bulging out
through an atrium-like structure (Fig. 24). Laurer's canal
is narrow near the external opening, and enlarges as 1t con-
Linues inside until 1t becomes as large as or slizhtly larger
than the oviduct which it jJoins. Numbers of sperms were seen
in lLaurer's canal. The vitellaria occupy most of the body
posterlor to the seminal receptacle. The vitelline follicles
are arranged around the intestines. 4 single vitelline duct
passes anterlorly and ends shortly before the o8type. The
connection between the vitelline duct and the oviduct was not
observed, but it should be in thise area, Up to 7 eggs at a

time were seen in the uterus.
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DISCUSCICH: Comparing the adults of this species with

the described specles of the same genus, they agree with the

type species G. acotylea Odhner (1910) in the absence of oral

and ventral suckers in both sexes., Also, both species are
filamentous and elongated: However, this specles differs
from the type specles 1n being much shorter and thinner than
the latter. The female of G. huronensis differs from the
type species, 1n being longer than tlie male, and nelther sex

siiows lateral extensions of the posterior end, a prominent

character which was described for G. acotylea. The diges-

tive system of the adults in both species are. generally alike
but they differ in the situation of the mouth opening, which

is subterminal 1in G. huronensis while it 1s terminal in the

type cpecles,

The maile of G. Huronensis is slightly thinner than the

female while the situatlion 1is reversed in the type speciles.
The gynaecophoric canal 1is more defined and longer in this
specles. The esophagus is longer thon in the type specles.
The male reproductive system agrees in the numerocus testes in
both specles and clso in the presence of a long seminal vesi-
cle, ejaculatory duct, prostate and cilrrus pouch; but they
differ in the arrangement of the testes, which are almost

lineally arranged in G. huronensis and are slzable compared

to the wldth of the body while they are on both sides of the
vas deferens in G. acotylea and look sma2ll compared with the

width of the body. The long seminal vesicle in this speciles
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differs 1n belng made of two portions as previously mentioned,
and the cirrus pouech encloses thae prostate, ejaculatory mus-
cle and the ejaculatory duct while the cirrus pouch in G,
ceotylea contains part of the seminal vesicle. There are
well-developed ejaculatory muscles and a large spiny cirrus
in the male of this species, but lacking in the type speciles.
Finally, the terminal porticn of the genital system (Endap-
parat) 1r G. zcotylea 1s located between the bifurcation of

the intestinal caeca while in G. huronensis only the anterior

p7rt of the seminal vesicle is loccted between the intestinal

fhe femules of the two species differ in the presence of

& well-developed Laurer's canal in G. huronensis and the at-

tachments of the oviduct to the seminal receptacle and Laurer's
cantl, The seminal receptacle is only an enlarged portion of

tie oviduct in G. zcotylee whereas in G. huronensis, it bulges

2

from the side of the oviduct (Fig. 7). The esophagus of the
male of this species is shorter then that of the type specles.

Comparing G. huronensis with G. monocotylea Szidat (193C¢), the

Tale of the lotter nas an oral sucker, a terminal mouth, lacks
& Zynaecopiioric canal and is wider in body diameter. The ter-

minal portion of the renital system (Endapparat) of S._monoco-

tilea 1s located petueen the intestinal ceeca and ends shortly
enterior to the angle of the reunion of the intestinal caeca,.

The female of G. monocotylea can be differentiated by the ab-

cence of Laurer's canal and the attachment of the reproductive
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system, which 1s similar to the type species. Szidat was not
able to get an entilre adult and so no comparison between the
lengths of the adults can be made.

A male only was described from G. egreta Lal (1937) and

uiis con be differentliated from the male of . huronensis in

peing much longer and broader, and having no gynaecophoric
canal. The esophagus of G. egreta 1s almost three times as
lorg 28 the esomhagus of the male of G. huronensis. It has &
sibterminal mouth similar to that of G. huronensis. The male
ol G. esretn is simller to G. monocotylea in having the "En-
between tlie intestinal caeca., No cirrus pouch was
ceen clearly in G, egreta, and the author did not mention the

rreaser.ce of Lhe prostate or ejaculatory muscle in the text or

The adults of G. huronensis can be differentiated from

3. pyraull Brackett (1942) by the presence of the oral sucker
in both sexes of the latter species. The male of G, gyraulil
is as long ac the female and has no clrrus pouch, prostate or
e Jaculatory mucecle and has only a long "sperm duct.”" The sen-
inal vesicle is longer in G. huronensis and the "Endapparat”
in gerieral is more elaborated than in G, gyraulli, The females
of the two specles can be differentiated by the arrangement of
the reproductive system, belng like the type specles in G.
gyrauli. The latter also lacks a Laurer's canal,

G. huronensig can be differentiated from G. lawayl Brackett

(1942) by the male of the latter, beilng wider and having generally
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2 longer gynoecophoric canal., Also in tne latter specles the
distance 1s shorter between the anterior end ard the beginning
of the intestinal bifurcation. The seminal vesicle 1s shorter
in G. lawayl and no prostatic portion nor e Jaculatory muscle
were reported,

The female of G. lawayl is shorter than the femele of G.

huronenslgs and the different organs are also proportionally so.

Lourer's canal is absent in the former species and the attach-
nent of the oviduct is similar to the type species.

The adujlts of G. huronensis, contrary to the other species
of the szame genus, were found in birds not considered as true
waler-birds, whereazs the rest of the specles were reported from

water-~-birds from the United States and abroad.




THE EGG

The mature viable eggs of G. huronensis are spherical to

very broadly ovold in shape, wilthout spines or indentation,
straw colored and with well developed miracidia as seen

through the shell. The miracidium i1s well packed inside the
shell leaving only a narrow space between the embryo and the
egg shell, This space 1s filled with granular materlal (Figs.
{, 25), Sometimes a few globules may be observed close to the
embryo., The vitelline membrane i1s not easy to see unless the
egs swells in water, in this case the vitelline membrane ap-
pears to be surrounding the embryoc, leaving the granular nate-
riel outside, between tnhe vitelline membrane and the egg shell.
The arrongement of the ezg materials inside the shell,in con-
trast with what has been reported in human schiastosomes, 1is

in agreement with the observations of Price (1931) on 8.

douthitti, Wall (1941a) on Spirorchis elephantls and the same

author (1941b) on Spirorchis parvus. From the drawings of

Szidat (1930) of the egg of Glgantobilharzia monocotylea 1t

seems that his observations also agree with this species.

The measurements of forty viable mature eggs passed out
from a laboratory infected canary and placed in 0O.940 percent
saline solution (Prosser et al., Comparative Animal Physlology,
Saunders, 195C) were as follows: the length averaged 93k,
ranging from £6¥-105%; the width averaged 88k, ranging from

€2,58-90B, Seventeen eggs of the forty were completely

30




T IR R

MR T R

S e e

31

spherlcal 1n shape. Up to seven eggs at a time can be seen,
occasionally, in the uterus of female from laboratory in-
fected hosts,

Examinatlion of the Iinfected intestine, in serial sectlons
and smears, has shown that the eggs of thls specles are located
in the mucosa and the submucosa of the intestine (Fig. 26).
The eggs can be seen crowded together, scattered, or in 1lin-
ear rows and varylng in size and development. Ecgs were seen
rupturling the intestinal villi of the 1nfected bird and ready
to escape into the lumen of the intestine (Fig. 27). The lo-
cation of the eggs of this speciles in the intestinal tissues
ngrees with the observatlons of Faust and Meleney (1924) in
3. Japonicum, Szidat (1930) 1in G. monocotylea, Faust, Jones
and Hoffman (1934) in S. mansoni and Szidat (1939) in Pssudo-
Dllharziella fillformis, however, lcleod (194C) reported the

precence of the egzs of Ornithobilharzia filamentza in the

I'mphotic system.

The epgs of thls species, compared with those of other

dchistosomes are: smaller than ¢, monocotylee and have no

spines; larger than G. gyrauli (Brackett, 1942)., No compari-

can be made with @. acotylae (Odhner, 1910) since the author,

unfortunately, had lost the records of this stage and only

one egg, in the uterus, had been measured. The egg of Pseudo-

bilharzielle filiformis Szidat (1939) with its compacted mira-

cidium inside, shows some resemblance to the eggs of G. huronen-

csls. However, the presence of the spine and the ovoid shepe of
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. filiformis show the differences between the two. Tho eggs
of Ornithobillharzla lari (Mcleod, 1937) agree with those of
this species in being "broadly oval to spherical in shape"
but they are smaller. In fact, the eggs of G, huronensis can
be differentlated from the rest of schistosome eggs by the
size and by the fact that they are almost spherical, without
splne and having a compact miracidium inside.

HATCHING: Hatching of the ezgs of G. huronenslis agrees,
generally, wlth what has been described for the other schisto-
scmes, The matured viable eggs swell when placed in water and
the narrow speace between the embryo and the shell becomes
larger, a translucent fluld fills the newly formed cavity be-
tween the embryo and the vitelline membrane. The miracidium
becomes active, the anterior cilia start beating and the aplcal
papllla contracts and extends. Shortly afterwards the rest of
the cllle start beating and the miracidium becomes very active.
At least three major movements are usually observed: (1) rotating
around the periphery of the egg, (2) twisting and inverting the
body, (3) boring against the shell and, sometimes, spinning the
rest of the body during the accomplishment of this movement.
“hile all these activities are going on, suddenly the egg shell
breaks open and the miracidium is set free, moving around im-
medlately and actively. When the miracldium 1s forced out
under pressure, the hatching embryo is usually sluggish and

not very active,
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To determine the time which 1s needed for hatching, a
few drops of the feces of a laboretory infected canary weoers
placed in a75 ml. stender dish containing spring water. The
eggs 1n thls water were watched under a dissecting microscope
until the first miracidium was observed swimming, The time
of three observations averaged about twenty minutes from the
time the feces was placed in water until the appearsnce of
the flrst miracidium. However, in one case, uslng a side-arm
distilling flask, one miracidium was observed swimming in the
side arm in 11.5 minutes. It 1s not exactly known whether the
amount of water made this difference or the handling of the
feces., At any rate, 1t can be concluded that in spring water
of 68° F. the eggs of this species hatch in = short time.
Brackett (1942) working with G. gyraull found the egzs of that
specles hatched within a few minutes, a situatlon which is
somewhat similar to the condition here recorded for G. huronen-

sig,
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THE MIRACIDIUM

FORM, SIZE AND COVERING: The miracidium of G. huronen-
sis 1s pyriform 1in shape with a pecullar "waist" around the
miidle of the body which 1s devoid of cilia (Figs. 9, 1lC, 28,
3C).

Fifty miracldla from eggs passed hy a laboratory infected
canary were relaxed in the ice box for half an hour and fixed
in bolling 1C% formalin, They measured as follows: the length
averaged 15C1, ranging from 1401-180B; the greatest width
averaged 58¥, ranging from 481-681,

Speclmens of the miracidium were catalogued as follows:
U.S.N.X, Helm, Coll. Ho. 37336, miracidium,

The body covering of the miracidium consists of twenty-
two cillated epidermzl plates. These plates can be seen
clearly and wlth definite boundaries in specimens treated
with silver nltrate (Figs. 11, 30). The distribution of the
epldermal plates is: 6 plates in the first row, 9 in the
second row, 4 in the third row and 3 in the fourth row. There
1s a characteristic gep of "walst" between the second and the
third row, a region not covered with ciliated.epidermal plates
(Figs. 11, 3C).

The shapes of these ciliated epldermal plates, in differ-
ent rows, are clearly shown in the photomicrograph (Fig. 3C).
There 1s a notch in the middle of the base of each of the tri-
angular-shape plates of the first row. These notches.

usually surround a small circle about 1,5P in diameter., One

3
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case of partlal fusion cof two neighboring epldermal plates
has been observed in the second row,

The cilla of the first row of plates, as in the case in
other schistosome miracidla, start short, nemr the apical
napilla, elongate close to the lateral papillae and become
posteriorly as rmuch as gbout four times longer than those
ne~r the aplcal papilla.

The fate of the ciliated epldermal plates was determined
Ly dingsecting and sectioning & number of exposed snalls after
intervals of from 3C-6C minutes, Examinations of such mate-
rial showed that these plates are retelned by the miracidia
after penetrating the tissues of the snail host (Fig. 29) and
will be lost inside the snail tissue starting, usually, with
Lie posterior cilisted plates. These observations are gener-
n1lly in accord with those of Thomas (1883) on Fasciola hepatica.
Taust and lleleney (1924) on S. Japonicum, Wall (1941) on Sp.
pervus, lialdonado and Acosta-Matienzo (1947) on S. mansonl
and Anne Van der Woude Miller (1950, Thesis) on Megalodlscug

Ltemperatug, However, contrary observations were reported by

Jarlow (1925) for Fasciolopsis bu§g;. The latter noticed

tict the miracidium of F. buskl sloughs the ciliated epidermal
vlates during its penetration into the snail host.

Benenth the epldermal layer is a contlnuous subepithelial
layer with ovoldal shape nucleil (Fig. 28). Reisinger (1923)

Observed in S, hasmatabium a similar arrangement and shape of

miclel, but he called this layer the nucleus bearing part of
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the eplthelial cells, whlch 1s ectually the subepithelial

layer. Ozzokl (1951) observed a similar structure of this

leyer in the miraclidium of Paramphistomum explanatum (Creplin).
THE PRIMITIVE GUT: The so-called primitive gut 1s a sac

filled with granular materlial and extends from the tip of the
oeplecal papllla posteriorly to the anterior part of the brain,
The primltlve gut opens through a perforated dome-shaped tip

of the aplcal papllla. There are four nuclei, observed usually
together, in the lumen of the primitive gut when the miracidiunm
ls seen in a dorsal-ventral position, Observed in side view
the gut appears to consist of two lobes, lallory's triple
steln was found to be selective for the nuclei of the cut,

dlle blue sulphate also 1s useful for this purpose in the 1liv-
ing miracidium. Relsinger (1923) observed the perforated
opening of the gut (Porenkuppel) in the miracidium of S. haema-
toblum. Ile alec indiccted the presence of the nuclei in the
gut of the same miracidium, Faust 2nd Meleney (1924) and Tang
(193€) observed four nuclel in the gut of the mirscidium of S.

Japonicum, The same number of nuclel were cbserved by Lynch

(1933) working on the mirascidium of Heronimus chelydrae. Faust

and Hoffman (1934) observed only one nucleus in S. mansoni, but
Meldonado and Acosta-iMatienzo (1947) reported two nuclei in the
gut of the miracidium of the same specles. Wall (1941) observed
three nuclel in the gut of the miracidium of Sp. parvus. Price
(1931) did not mention the presence of these nucleil in the gut
of the miracidium of S. douthitti.
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In an effort to determine the function of the gut, ap-
proximately a hundred snalls were exposed to about a dozen
miracldla each for intervals of 3C, 45, and 75 minutes. The
snalls then were transferred to a clean container and dis-
sected with fine needles and the miracidia recovered vere
stained wlth neutral red and nile blue sulphate stains. Some
of trese mlraclidla were in poor condition, some still retained
the gut after penetration, while others had lost 1t completely.
These cases were charccteristically for each time group. This
experlment showed that the primitive gut of this species 1is
retalined 1n some cases after penetration and may probably bve
used as an accessory penetiration gland within the snall tis-
sues. Relsinger (1923), Hunter and Hunter (1935) and Yamaguti
(154C) were of the opinion that the primitive gut is a part of
the penetration apparatus. GCoodchlld (194L) suggested that
"the median structure 1s an adhesive gland." On the other
hand, Thonmas (1£63), Maldonado and Acosta-Matienzo (1947) ob-
served the presence of the gut after penetraticn of the mira-
cidia in%o the snalil tissues. Ozaki (1951), using different
fixztives, declded the nature of these glands as of a lipoid
nature.

THEE PENETRATION GLANDS: On each side of the primitive

cfut 1s a2 large unicellular granulated gland. Each gland opens
anteriorly on the side of the primitive gut and extends to the
brain posterilorly. They are used by the miracidium during

penetration and are not seen in penetrated miracidia,

w
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THE LATERAI PROCESSES AND THE LATERAL PAPILIAE: The

lateral processes are balloon-shape structures, two on each
side of the mlracidium 1n this specles (Fig. 10), located be-
twoen the flrst and second row of the ciliated epildermal
nlates. lio opening to the outside, nor any secretions were
observed from these siructures. A duct was observed in a few
specimens leadlng inward from each progcess. Each duct termi-
nates in & slightly enlarged vesicle which rests on the ante-
rior part of the brailn, A similar duct was observed in S.
doutihitti by Price (1931). The observations of Sewall (1922)
Teng (193€) and Wall (1941 a, b) are in general agreement with
this, However, in the miracidium of G. huronensis there are two
lateral processes on each side instead of one,

Anterior to the lateral processes on each side 1s a
papllla about 3¥ in length. Price (1931) reported a pair of
lateral paplllae on each side of the miracidium of S, douthittl
in the same location as observed in this species, Wall (1941
&, D) agreed with Price in his observations on Spirorchis

elephantls and Sp. parvug. However, in G. huronensis only

one lateral papllla was observed on each silde.

THE BRAIN: The braln 1s located in the anterilor third

of the body of the miracidium., The structure and shape of
the brain does not differ essentially from that described in
Other schistosomes. It was broadly ovoldal and may appear
bllobed. Cells were observed over its surface and they usu-

2lly stain deeply. Two lateral, forked nerve filbers have been
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noticed extending to the sides of the miracidium, On each
side of the brain, apparently attached to the lateral nerves
is a large cell (Fig., 9). These cells are thought to be
nerve cells,

BRISTLE PATCHES: Bristle patches were observed in the

1iving specimens attached to the periphery of small circles
(31=41 in diameter). The circles are situated between the
first and second row of the clliated epidermal plates, and
can be seen clearly 1n specimens treated with silver nitrate
(Figs. 11, 30). No definlte arrangement could be noticed for
these clrcles, but they were mostly arranged in threes, twos,
or singly. Brock (1893) working on S. haematoblum made good

observatlons on the bristles in the miracldium of that specles,

put he still called them cilia. He stated "one circular row

of them, [speaking about the cilla] which is placed at the
Junction of the zones beside the posterior series of apertures,
has the peculiarity of frequently standing straight out from
the body, vibrating slightly or quite motionless, whilst all
the other cilia are moving rapidly." Price (1931) studied
these bristle patches in S. douthittl and their connectilon
with the central nervous asystem.

A few circular areas similar to those of the brilstle
patches described above were observed in the aplcal papllla
of the miracidium of G. huronensis (Fig. 11), The circles

can be seen in specimens treated with silver niltrate and also

in preparations stained with Mayer's HCl carmine end fast green,
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In the living miracidla, as well as in permanent mounts,

short bristles were observed on each side of the apical -
papllla. These bristles are subterminal and can be seen

only on the sides (Fig. 10). Yamaguti (1940) reported the
presence of these bristles and their arrangement on the
"Terebratorium® of several miracidia naming two types of
arrangements, a sub-apical ring and a uniform covering of

the whole surface. To the first type he referred the repre-
sentatives of Fasclolidae, Echinostomatidae and Paramphisto-
midae. To the second type he referred the representaﬁives

of the Strigeldae and Schistosomatidae. The present observa-
tlons, although they confirm the presence of the bristles in
the apical paplilla in this mlracidium, do not agree with the
arrangement referred to by Yamaguti in the family Schistosoma-~

tldae of which G. huronensis is a member.

STRUCTURES OF UNDETERIINED NATURE: Very small circles

(1.58 in dlameter) were observed in the apical papilla of this
mlracidium (Fig. 11). AThese clrcles are few in number, almost
the some size as those usually observed in the notches at the
base of the first ciliated epildermal plates., As to the func-
tion of both groups of small circles, Coe (1895) describing
similar circles in both locations, on the miracidium of Fasg-

clola (Distomum) hepatica, considered the apical eircles as

openings of glands. Yamagutl (1940) reported the presence of

the six circles on the first epidermal plates and referred to

ag "Sinnespapillee."”" Ozaki (1951) reported both the apical
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circles and the circles of the first epldermal plates. He
considered the apical cilrcles as excretory pores and the small
circles of the flrst epldermal plates as sense organs, Whether
these circles, in the miracidium of G, huronensis, are gland
orifices or nerve terminations or both needs more study,

There are two groups of cells, each group being triangu-
lar 1n shape and located posterior to the brain on each side
of the miracidium (Figs. 9, 28). The anterior end of each
group tapers for a short distance and may be seen turning to-
ward the body wall of the miracidium where 1t apparently ends,
No openlng to the outside was definitely seen and s0 whether
this structure is the lateral gland or some other structure
was not determilned.

THE ZXCRATIORY oSXSTE:s: The excreotory system of the mira-

cidlum of thils species 1s in general agreement with those de-
scribed for other schistomes. It is composed of two pairs of
flome cells, an anterior palr and a posterilor pailr (Fig. 1C).
The anterior pair 1s located at the sides of the brain, one
cell on each side., The posterlor pair is usually found in
the vieinity of the third row of epidermal plates. The an-
terior ond the posterior tubules from the flame cells join
the convoluted collecting ducts around the middle of the body
of the miracidium, Each collecting duct, after complicated
loopings, ends in a bladder which opens throush the excretory
pores on each slde between the cells of the third row of epl-

dermal plates (Fig. 11, 30).
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ThHo GERIM CBLLS: The germ cells cre found in the poste-

»ior port of the body of the miracidium (Fi-, 9), extending
conatimes to the anterlor Lialf of the body. The so-colled
"fiver-like extonciorns" econ be seen extending from the cell
vod; of some eells to the body wall of the mirzeldiunm. Thecse

Jiber-lilke extennlons are usually seen in cells whiich cre iso-

lrted from the res3t of the proup.

Tk IONGEVITY OF THE MIRACIDIA: A simple experiment was
cerried on in the lab ratory to show tie longeviiy of the mir-
r~idie of thls specles. The temperature wzs about 70 F, and
wrnecesnary lisnt was ovolded durin the nizht. Thirty mira-
cidic were geparcted among eleven 1C ml. stender dishes oo i3
clovm in (Table 2). The mirccidila were cbtained by placing

fezes contelnin; essc 1n spring water in o 75 wl. stender disi,

o)
l-—'
@
Fhy
ok
C

noteln.  The water was checked Tor tie hatched mir-
“.clidlie every ten nlimutes after the first miracidium hatched.
e alrocldla vwere recovered by decanting the water of the moin
dloin Lo cnootlier dish ond replnacing 1t with fresh water and
examlning the decanted water for mirccldia. Checking the live
ing mirécidia continued for 24 hours; at intervels of 1 hour
Tor the first 14 hours with an interval of 2 hours between

©=11 hours. After 14 hours the checking was made every 2

ours until tlwe end of the twenty-fourtl: hour. Part of the

—

ater had been replaced 2 times after 2 and 9 hours. After

24 hours only 5 mirccidia were left. Three miracidia appeared

cetive while 2 showed very llttle activity., A young snall host
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wag placed in the dish with these active miracidla and watched
for 3C mlnmutes. The miracldia moved actively, hit the snail
geveral tlmes, came into contact with the foot and head re-
sions but no attenpt to penetrate was observed.

Under the above mentioned conditions the mortality among
the niracidla of thils specles, after 24 hours, was a2bout €3
percent, Even the active miracidia which have survived after

this time were unable to continue the life cycle of the para-

site, Faust and Heleney (1924) reported that the "infective

stage" of the miracidium of S, Japonicum lasts from 60 to 72

hours, lampe (1927} working on S. mansonl found "the duration
of the 1ife of the free swimming miracidia estimated at two to
three days." Christopherson (quoted from Lampe, 1927) found the
longevity of the mlracidium of S. haematobium, at the nmost,

nirne hours. Faust and Hoffman (1934) found the longevity of

the miracidlum of S, Xansoni was less than 24 hours. Naldonado
and Acosta-Motlenzo (1948), working on the same strain of S,
nangonl, found that at the end of 9 hours the mortality had
reached 100 percent, Short (195C-thesis) found for the mira-

cidium of S, douthittl that "no miracidia survived for 23

hours; only 2 lived 21 hours, and after 2C hours these 2 swam
slowly, appearing feeble and largely exhausted.”

The disagreement in results reported by the investiga-
tors mentioned, who considered the duration of life of these .

several miracidla, even in the same species, is due probably

to the differences in methods and conditions under which each




45

experiment was done, However, the result of this experiment
is in close agreement with thet of Short on the miracidium of

=. Qouthlttl which was studled in the same laboratory,

THE PZNETRATICN OF THE MIRACIDIUM: The actual penctra-

ticn of the miracidlum of G, huronensis into the snall host

was observed and at the same time attention was paild to see

whether or not there 1s any attraction between the miracidia
and the snzail host.

The process of penetration does not differ generally fron
what has been described for some other schistosomes. The mir-
aclidia anchor on the soft part of the snalil and, as soon as
they become firmly attached, they start boring. If about half
of the body of the milracidium gets in, the rest will follow
wlthin a few seconds. Unsuccessful attempts were also ob-
served and some miracldle failed to penetrate., Some becane
exhausted and were not able to re-attack. The miracidie were
observed to attack almost any exposed soft part of the snail,
The actual penetration was much easlier to observe on the ante-
rdor part of the snall and the elongated foot of the host,
Very rarely were the tentacles of the snall attacked by the
miracidia. The average time of ten cases of penetrations into
ten snalls of different sizes (from 2 mm. - 6 mm.long) was 150
seconds with the extremes ranging from 90-210 seconds, The
time of penetration of the miracidium of this specles seems
close to that found by Faust and Meleny (1924) in S. japonicum
and by Faust and Hoffman (1934) S. mansoni. Gordon and co-

workers (1934) found that 5-15 minutes were needed for the
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niracidic of S. haematoblum and 3. mansonl to penetrate thelr

snedl hosts. Longer time (10 min, to 1 hr.; was reported by
well (1941b) for tlie miracldiun of Sp. parvuas.

There wos no confirnctlon of the icdea of attraction be-
tween niracidla and the snall hosts, and 1t seexed that the
miprocidia meet their snall hoat by chance. Thomas (1&L3)
vorxing on the l1life history of the liver fluke was in accord
with this Observation. He stzted "when the embryo, in.mov-
ing throuzh the water, comes in contact with any object, .1t
nouses fro a nmoment, and feels about as it trying to test 1ts

arture, and, if not satisfied, darts off hastlly again, But

if the objeect be a Limnaeus truncatulus 1t as once beglins to

bore.'" Wall (1941b), Abdel-’alek (195C) on S, mansoni, Stire-
walt (1951) on S, mansonil were also in general agreement with
hece observations. However, Faust (1924b) and Faust and
leleney (1924 sustained tie idea thet the relation between

the miracidiza ond the snall host 1s o chemotactlic one and as

.

e latter authors stated: "tihat the source of stimulus i1s the

migons cecretioson of the molluse." iMaldonado and Acosta-lMatie nzo

(1947 partilelly snpport this latter contention.

DIJSCULSION: The unecilicted arez around the middle of the

body of this miracidium is a character which, as far as can be
ascertained, 1s not found in any other schistosome mlracidila,
Since the miracidium of this specles apreas closely with other
known schistosome miracidia in the number and arrangement of epli-

dermzl plates, the gap around the middle of 1ts body is
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apparently the result of shortening 1n the length of the
plates, especially those of the second row, The plates
cf this miracidium were easlly counted in well flattened prep-
cratlons treated with silver nitrate. A small amount of the
mounting materlal was used in order to allow the cover glass
to flatten the speclmens, otherwise it was dAifficult to de-
termine the right number of the plates,

Looss (1£92), working on the miracidium of Amphistomum
subclavatum (Rud.), found that the gut differentiates in early

stages of embryonic development. It starts as a few cells in
the fore body of the miracidium and later forms a flat layer
of cells surrounding & space inside. The cells break up and
thelr cytoplasmic materizl fills the entire lumen. This situ-

atlon also probably occurs in the mireacidlum of G, huronensis

and the nuclel which are present 1n the lumen of the gut, like

those of A, subeclzavatum, are the remains of the broken cells.

The location of the bristle-patches in this miracidium

1s similar to that of the miracidiunm of S. douthittl studied
by Price (1931). Nevertheless, the location of these struc-
tures in the mirsacidia G. huronensis is different from the
arrangement of the bristle-patches in some human schistosome
miracidla. The observations of Looss (1886~19C1) and Brock
(1£93) on the mirceidium of S. hgematoblum agree on the pres-
ence of interruption in the body cilié. According to Looss
tnls Interruption 1s caused by two clrcles of fine papillee,

“he papillae are arranged around the bogdy shortly behind the
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nead and slightly posterilor to the middle of the body. The
obgervations of Brock indicate the presence of the bristles,
apperently, 1n the region behind the middle of the body. My
observations on the miracidium of S. mansgonl, both living and
in silver nitrate preparatlions, confirm the observations of
Brock (1893)., It was found thzt the majority of the bristle-
patches are posterior between the second and third row of epi-
dermal plates. However few circles were seen, in silver
nitrate preparations, between the first and second row. These
few circles, which look similar to the bristle-patch circles,
were not determined in the 1living specimens because of the
death of the only mouse infected. It is belleved thaf'these
few circles in 5. mensonl probably represent a few bristle-

patches in this area.




THE MOTHER SPOROCYST

The shape of the mother sporoecyst of G. huronensis does
not differ from that described for other specles of schisto-
somes, all of which have a comparatively simple, elongate, sac-
like body. The anterior end is attenuated, the posterior is
blunt (Fig, 12). The wall of the developed mother sporocyst
is composed of a very thin cuticle and stellate cells. These
cells have a rather large nucleus and conspicuous nucleolus
(Fig. 13). The germinal materials occupy the lumen of the
mother sporocyst and the protoplasmic extensions can be geen
across the body lumen,

The majority of the mother sporocysts of this apecies
are located in the mantle near its edge. Occaslonally they
are found also around the anterior part of the esophagus.

One case was recorded where one mother sporocyst was recov-
ered from the tissues of the foot eight days after eXposure,
liother sporocysts of the same age varied in size and de-
velopment as did even those recovered from the same snell,
Speclimens from 13-15 days old usually showed almost all the
stages of development from single germ cells to the sausage-
shaped immature daughter sporocysts, The immature daughter
sporocysts were usually the predominent elements in such
matured mother sporocysts, and only a2 smell amount of unde-
veloped germinal materials was found scattered among the im-
mature daughter sporoeysts, The latter are found free in the

lumen of the mother sporocyst.

49
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The 1living mother sporocysts do not show much activity
and usually stick to the bottom of the container, The only
detectable movement was & weak contraction of the anterior
end of the yocung mother sporocysts. In the matured mofther
csporocyst it was even harder to detect such movement and the
only activity seen was among the lmmature daughter sporocysts.

The longevlity of the mother sporoecysts was not determined )
but usually daughter sporocysts could be found in the liver
of the snall after 14-15 days following exposure at labora-
tory temperature (60° F.). The shortest time (13 days) was
recorded during a spell of warm weather. The period of matu-
ration of the mother sporocyst of this specles seems to be
the shortest compared to other schlistosomes. Faust and lieleney

(1924) 4n 5. Japonicum reported the "secondary" sporocysts in

the lliver after 29 days. Price (1931) in Schistosomatium

douthittli removed the daughter sporocysts from the liver after
36 days. Ialdonado and Acosta-latienzo (1947) in S. mansoni
recovered the daughter cporocysts from the liver in 1€ days.
Ulivier and lMao (1949; working also on 3. mansonl reported a
similer period (19 days).

A birth pore was observed in the mature mother sporocyst
15 days old. An active well differentiated daughter sporocyst
Was obserVed once near the anterior end making 1ts way out., A
canal leading from the birth pore to this embryo was EIearly
seen, Cort and Olivier (1943) reported the presence of the
birth pore in the mother sporocysts of Trichobilharzia
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staznicolae (Talbot, 1936) liciullen and Beaver, 1945, Cort,

fmeel and Olivier (1944) also reported a birth pore in the

mother sporocysts of Sghistosomatium douthitti,

liec.surements of the mother sporocysts were made from
permanent mounts at different stages of development. All the
speclmens were taken from laboratory infected snails and
stained with Mayer's HCl carmine. They measured as follows:
two mother sporocysts (1C days old) fixed in hot A. F. A. were
1.21€ mm. and 1,562 mm. in length., Their width was 0,068 wm.
22d 0,105 mm. A third mother sporocyst (13 days old) fixed
in hot Bouln's measured 1,245 mm, in length and 0.06C mm. in
width. A fourth mother sporocyst (15 days old), fixative not
recorded, measured 1.3C7 mm. in length and 0.071 mm. in width,

It 1s not claimed that these measurements are conclusi&e
since the number of specimens examined was 3o 1limited. Tpese
flgures ore given only to present in a general way the size of
these mother sporocysts, which were obtainable entire end with-

out damage.




THE DAUGHTER SPOROCYST

The daughter sporocysts make thelr appearance in the
lumen of the matured mother sporocyst around the thirteenth
day after exposure. They are elongate, sausage-shaped bodles,
blunted posterlorly, whille the anterior is attenuated and
covered with spines (Fig. 14). The daughter sporocysts are
found usually in the llver 1l4-15 days after exposure. In an
1€ day ola dazughter sporocyst one may notice immoture cer-
carlae. The body wall of a 22 day old daughter sporocyst
(Fig. 15}, 1s covered with a thin layer of cuticle. Two kinds
of nuclel were differentiated, small ovoid nuclei differing in
slze and a second kind with more or less rounded nucleil and a
vlisible nucleolus. When most of the lumen contents of the
daughter sporocyst turn to well-developed cercariece the body
wall becomes thin and the small ovoid nuclei of the body wall
are predomlinant., These usually were close to the interior
edge of the wall. All the above mentioned daughter sporocysts
vere laken Irom snalls infected durlng the summer months,

The shortest time for the cercariae to leave laboratory
infected snalled was 24 days after exposure during the summer
time and 3C or more days during the winter (Najim, 1950)., lHow-
ever, 1t was possible to shorten the pericd of time during the
winter season by placing the snails near a heater continuously
after exposure. The snalls were exposed to a 60 watt electric
light 2-3 hours a day during cloudy days. By this method cer-

carlae would leave the snail within 24 days 1in January., In one
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case three snails were exposed in May and did not liberate
cercariae untll July when they were crushed and examineqd,
All were found to be infected and well-developed cercarize
were seen in the daughter sporoeysts. Whether for unknown
reagsons development slowed down or the developed cercariae
held back is not known.

A well-developed birth pore (Fig. 16) can be seen in
mature. daughter sporocysts, The anterior end including the
blrth pore 1s usually active and shows continuous contrac-
tions and movement in the living speclimens. Eight daughter
sporoeysts (15 days after exposure) were recovered from the
liver of a snall. They were fixed in hot Bouin's, stained
Wwith lMayer's HC1l carmine and fast sreen, and averaged 0.5C0 mn.
in length, ranging from 0,238 mm., to 0.93C mm. The width
averaged C.03f mm., ranging from 0,030 mm. to C,051 mm, The
lonzest daughter sporoecyst showed large germ balls.,

The oldest daughter sporocyst recovered complete was 18
days old (Figz. 14)., It was fixed in hot Bouln's and stained
with Mayer's HC1l carmine, It measured 1.5CC mm. in length
and 0,050 mm, in width. Hany pleces of different ares from
15-59 days were also recovered and studied living or as perma-

nent mounts,




THE CERCARIA

The cercarla of Gigantobllharzia huronensis is an
apheryngeal furcocercous, brevifurcate, Distome with vigmented

eyespots (Fig. 17). The followlng measurements were made on
fifty cercarlae from loboratory infected snalls, fixed in a
107 solution of boiling formalin. The body length averaged
240F, ranging from 195K-2708; the body width averaged 72,58,
ranging from 63.7W-1058; the tail stem length averaged 268,54,
ranging from 255B-3001; the tall stem width near the body aver-
aged 30¥, rangling from 22,5K-45%k; the furca length averaged
146.88, ranging from 102,5i-172,5h; the furca width averaged
15k, with not mueh range; the head organ length averaged 921,
ranglng from 75K-105R; the head organ width averaged 49,5%h,
ranglng from 458-60B; the diameter of the acetabulum averaged
284, ranging from 22,5B-3Ck; the distance between the acetabu-
lum to the anterior end of the body averaged 1501, ranging
from 1201-180%,

The tall 1s muscular with muscle cells similar to those
in the cercaria of Schistogsomatium douthittl as described by
Price (1931). The furcae heve fin folds. The excretory canal
projects beyond the main body of the furca terminating in a
8lightly extended thimble-like structure (Fig. 17).

A speclmen of the cercaria was catalogued as follows:

U. S. N, M, Helm, Coll. No., 37335, cercarla, froam Fhyra gyrine
(Say).
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THE SPINES: Spines cover almost the whole body, teil

gstem and the taill furcae. These splnes afe directed vack-
wards and those on the body differ in distribution and size
from those on the tall, being crowded on the dorsal side of
the anterior part of the head organ, [ollowing this area is
a charscteristlc small area wilth scattered spines, wiilech is
followed by evenly distributed splnes over the remainder of
the body (Fig, 18, On the ventral surface the splnes are,
rractically, evenly distributed (Fls, 19). Those on the toil
are stouter, lon;er and more sparsely distributed than those
o1 the hody. The spines on the furcae are even less numerouds
than those on the tall stem., Such difference in the distribu-
tion of the spines over the body and tall has been noticed oy
~oparkar (1221 who worked on the cercaria of Schistosomum
spindalis. R. 3. 3. Sewell (1922) reported & similar condi-

n

tlon in "C. Indicae XXX." Blacklock end Thoapson (1924) have

noticed in tue cercoria of S. haematobium that "the spines

are loncer and more cparsely distrlbuted on tiie base of the
toll stem." I, . Hiller, Jr. (1927) who worked on C. tuck-
erensls noticed the sane condition in that "both tail stenm
~nd furcae are sparsely covered witl: retrose spines wi:ich 2re
Loncer thon tliose on the body." later, Annle Porter (193E)

in C. isundlweslil, and Wall (1S41) in cercaria of Sp. ele-

oshantls, reported & similar condiltion., However, as far as I
am aware, the small ares with the scattered spines on the dor-
sal surface of the head organ is a characteristic not previ-

ously described for schistosome cercarilae.
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“HE HE.£D ORGAN: The head organ occuples almost the first
third of the body. It 1s preceded on the ventral surface by
an oral suciter. The posterilor part of the head organ is
strongly muscular and oceupying the center of this miscular
rortion is & heavy muscle which often contracts and appears
a5 o seperate ovoldal muscle surrounding the esophagus which
TiTt be nmistaken for a pharynx., It is possible that the struc-
‘are walehh T, Olso (1927) described as a pharynx in the cer-

caria of Bllharzilella yokozawal 13 this muscle structure, since

¢s laRue (193C) stated: "The pharynx according to [i1ller (1926)
is a chorececter of considerable value. Its absence character-

lzes tie entire group of blood flukes, both adults and cer-

The line of attachment of the posterlor part of the head
organ Lo the body woll 1s present and visible. The cystozen-
ous gland or oral sland occupies the center of the head orgsan
and reacts like tlie posterior group of penetration zlands with
fiCl-carmine (Fiz. 32). o opening could be seen from this
structure to the outslde, nor any extrusion noticed in the
1ivin; cercorize., The head organ seems to disappear in the
adult in which no oral sucker is present.

VENTRAL SUCKER: The ventral sucker or acetabulun exists

0aly in the cercaria and disappears in the adult. It 1s situ-
ated slizhtly posterior to the niddle of the body and i1s more
or less protrusible, Occaslonelly, 1t could be seen extending

outward in a side view of the cercaria, There are strong
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radiating muscles attached to the sucker, The sucker 1s very
active in the measuring-worm-like movement of the cercaria,

PENETRATICN GLANDS: There czre fTive palrs of unicellular

penetration glands in the emerged cercaria (Fig. 17). The
glands are set close together starting from the arca immedi-
ately anterlor to the acetabulum and extending to the poste-
rior part of the body. The first pailr 1is located directly
anterlor to the acetabulum; the second pralr more or less elon-
sated partly surrounds the acetabulum and each gland is made
up of three lobes. These twc pairs together make up the first
croup.  Simllarity in staining reactlon suzgests the acidophi-
1lic nature, 1. e. stain selectlively with the alizarin vital
stain (Gordon, et al., 1934). Also, they usually take the
eosin stain in permanent mounts. The nuclei in the two parts
are genercally spherical., The second group of glands is made
up of the third, fourth, and fifth palrs of glands. They re-
act similarly to stains suggesting the basophilic nature, 1i,e.,
staln blue with Delafield's hematoxylin and take the carmine
staln, Harris' heaatoxylin (1:10 ammonium alum) was not sat-
isfactory in this respect. It might be because of the presence
of 2 high percentage of ammonium alum, The nuclei of this sroup
&re rather oval in shape compared with the first group of glands,.
The glands could not be differentiated into fine and eocarse
granulated groups as they all appear to be almost alike in the
living specimens. 1In specimena stained with Delafield's and

eoslin the three posterior pairs show coarse granules.
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Cercarlae sectioned inside the infected snails show sim-
ilar reactions, i1, e. the suggestlive oxXyphily of the anterior
group a2nd the basophlly of the posterior group. Faust and
Hoffman (1934), working on S, mansoni in Puerto Rico, noticed
that the differentlation between the anterior z2cid-fast and
the postsrlor base-fast may occur only with complete maturity
of the cercarlae and "the glands are all originally basophilic
in reactlon; oxyphily in the anterior two prelrs develops with
maturity." They mentioned also that these observations corre-

spond with those made by Faust and Meleney (1924) on tha cer-

caria of S. Jjapopnlgum. 1In the same year Gordon, Davey and
Peaston, working on the cercariae of S. mansoni and S. haema-

tobium in Sierra leone, noticed the differentiation between

the acldophillc anterior group of glands and the basophilic
posterior group of glands in the cercariae sectioned inside

the 1livers of infected snails which were dlscharging cercariae
and they stated: "It was possible by careful staining with
Delafield's haematoxylin and eosin to produce selective stain-
ing of the cephalic gla nds in the sectioned cercariae,” My
findings in this respect agree wit h their contentions. A
8lxth pair of penetration glands in the unemerged cercariae

was not seen, not even in a good permanent stained specimen of
this stage. Five pairs of duects connect the penetratlon glands

to the anterior part of the body with each duct ending in a
separate, spined cup,
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DIGESTIVE TRACT: The digective tract consists of 2 mouth

opening & nd a tubular esophagus which ends about halfway be-
tween the eyespots and the acetabulun, The esophagus ends in
a bulb-1like stiructure produced from the incomplete bifurcation
of the esophagus. In side view, the mouth openlng could be
seen in Ifront of the muacular part of the head organ on the
ventral surface. The rnharynx 1ls absent,

EXCRETCRY SYSTEM: The excretory systen, usually, con-
slsts of flve pairs of Ilame cells, four pairs are in the body
cnd one pailr in the antorior part of the tail stem (Fig. 17).
The body flame cells are distributed as follows: one pair
lles anterlor to the erye spots, the second is between the
acetabulun and the eyespots, the third and the fourth are
nosterilior to the acetabulumnm,.

There are two collectling ducts, one on each side of the
body extending from the posterior end to the level of the
acetabulun where they turn to the sides and then make another
turn toward the posterlor where they meet the anterior and
posterlior lateral collecting tubules. Before doing so the
collecting duets are provided with two ciliated patches each
(Fig. 17). These can be differentiated from the flame cells
by the flickering and the difference in structure. The col-
lecting ducts unite in the posterlor end of the body forming,

a small bladder. T he structure generally known as the island
of Cort could not be seen in this cercaria,
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The anterior tubules each have two flame cells and the
posterior tubules extend posterlorly to the anterior part of
the tall stem. Attached to each of the poaterior tubules are
two flame cells in the body and one in the tail sten. The
flame cell pattern can be formulated as 2 [(2) + (2 + 1)].

The excretory system opens by a tubule rrotruding outwaird at
the tilp of each fureca. Variztions in the nocsiticon of the
flane cells and the looping of the tubules were noticed qulte
often. This might be caused by pressure from the cover slide
and contractions of the body of the cercaria. A few casgses of
shifting of the position of the flame cells have been observed
durlng this study. The second pair of flame cells were ob-
served anterlor to the eyespots beside the first palir, also
the third and fourth pairs might come closer together in po-
sltlon, A few cases were observed of an extrea pair of flame
cells beside the third nalr. However these casces vyere rare
and thought to be abnormel.

NERVOUS SYSTEM: The nervous system conslists of what is
generally called the brain, This consists of two lobes con-
nected by 2 commissure, The brzain is sltuated ventral to ihe
eyespols and stains deep blue with Delafileld's henatoxylin.

The eyespots are found between the head organ and the
acetabulum on the dorsal side. Each eye 8pot conslists of a
single lens directed toward the slde, the pigmented granules,
and the nerve cord which attaches to the eye. The nerve cord
can be seen with nile blue sulphate stain.
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4 few hairs have been observed on each side of the body
of the cercaria, attached to paplla-like structures (Fig., 17).
5zidat (19292) described corresponding structures in the coer-
caria of B. polonice and called them sense bristles, "sinnes-
borsten." Gordon, et ali (1934) described similar structures
in the cercarlae of S. mansoni and 8, haematobium. Wall
(1941e) described the same structure in the cercaris of Sp.
alenhantis.

PRIMORDIUN OF THE REPRODUCTIVE SYSTEM: A mass of cells
easlly seen 1in stalned specimens appears posterior to the
acetabulum. The development of these cells into the repro-
ductive system in S. douthitti was studied in detall by El-
Gindy (195C - Thesis).

BEHAVIOR: As soon ag the cercaria emerges from the snail
1t moves actively for a2 short time and then becomes more or
less quiet on the surface of the water. The cercarila attaches
Lc the surface film of the water with the body perallel to the
surface and the tail hanging downward at various angles, The
cercarla moves with tail forward which 1s the usual method
followed by similar cercarlae, The forward motion ls, appar-
ently, effected by the raplid flapping of the furcae and the
vibratile movement of the tail stem, which is more pronounced
near the center while the ends are relatively stationary. The
body of the cercaris seems to follow by a relatively more
limited vibration, The cercarisa also agrees with the other

schlstosome cercarise in the measuring-worm-like movement.
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In 1ts behavior the cercaria of G. huronensis resembles
that of the cercarila of B. polonica (Kow) described by Szidat

(19292) the cercaria of Schistosomatium douthitti (Cort) de-
scribed by Price (1931), the cercaria of G. gyrauli Brackett

(1940b) and the gercaria littoprinelinae Penner (1950). When
resting all the above speclies come to the surface of the water
in the containers.

EMERGENCE: The cercarlae emerge from the snaill host in

the early morning around 5:3C A,M. (in a shaded and heated
room in Januar&) The majorlity of the delly shedding takes
place within ebout 4-5 hours, sometimes continuing until noon,
in heavy infections. The liberating time of this cercaria re-
sembles that of C. elevae Miller, C. physellae Talbot and G.
gtagnicolae Talbot, as stated by Brackett (1940a).

Immedliate emergence of the cercariae from the infected
snalls sometimes occurs as soon as the old water in the wide-
mouth bottles is replaced by new water. This agrees with the
observations of Soparkar (1921) on the cercaria of Schistoso-
mum spindalls. He notlced the stimuleting action of fresh
tap water on the infected snalls and stated: "The cercariae
are shot out by the snail in puffs containing fifty or more
individuals and this action appears to be stimulated by con-
tact with fresh tap water."” Taylor and Baylis (193C) who
worked on C. ocellata, and Brackett (19402) in his studies
on the behavior of Schistosome cerceriae noticed a similar
reaction., The latter author stated: "if the water was changed

on & snall infected with larval schistosomes, an immediate
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emerzence of cercariae might occur." This phenomenon has

been interpreted by the seame author as being the effect of
"the rapid change in temperature which occurs with the eddi-
tion of fresh water.” This reaction appears &also to be caused
by a renewal of water in the presemnt observations. R. E.
funtz (1946) working on the effect of light and temperature

on shedding of S. mansonl cercariae has noticed, "It would
sprear that any sudden alteratlon of temperature of tho water
in whicli snalls are immersed willl induce a2 release of cer-
carise of S. mansoni."

Ls to the mechanlism of emergence, the cercariae were ob-
served to emerge with the anterilor part of the body coming
flrst. This region contracts continuously back and forth
untll 1t frees most of the body. Then, with a rapid vibrat-
ing movement it will free the tail. As scon as the whole
body and the tall are liberated the cercaris turns over and
moves with the tail forwards. This method was used exclusively
in all observed specimens, Faust and leleney (1924) have
stated for 5. Jjaponlecum that, "In all of our observations
these cercarise have always emerged tzil first." Faust and
Hoffman (1934) heve stated for S. mansoni that "Cercariae of
5. mansonl emerge, tall first, from the infected snall, almost
exclusively." No case was observed in the cercariae of G.
nuronensis that compared with the method observed by the

above authors.

IHE CZRCARIA AS A DERMATITIS PRODUGIIG AGENT: Tests

were made to determine whether the cercaria of G. huronensis
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i1s a dermatitls producing agent. About twenty-five cercarize

vere placed in e 6 inch petril dish and the author's left arm

with the flexor surface down, was immersed in the water con-
taining cercariae, After five minutes the arm was removed to dry.
at the same time six cercariae were pipetted separately on

six diffcrent dry spots of tihie same arm, After about twenty
aanutes strong itching wos felt on several places of this arn,

fen nlnutes later five red spots became apparent. In addition

four redadish crots appeared shortly afterwards in the area of

-

-1e 2lx pipetted drops. The sypots enlarsed in size and two
days loter they became nodular in shape., After two weeks tliey
Were stlll detectable. A repetition of this experiaent some
nine weels later but using the right arm produced a similar

reactlon ag sinown in (Fig. 31). No pus was produced in either

hese tests proved that cercariae of S. buronensis are a

dermctitis producing ~gent and so 2 new meitber has been added
to tlie dermatitis cercarice Zroup in thie United States, A
survey of the area around Ann Arbor should be conducted to
establish the distribution of this cercaria since the present
vork covered only a limited area.,

DISCU33IOL: The cercaria of G. huronensis foalls An

sewell's (1922) "spindalis" Jsroup and H, I, lMiller (1926)
Jroup 3 of the furcocercous, epharyngeal, brevifurcate distome
cercarlae, Sewell listed two cercarize under the "spindalis"

Toup, namely C. spindalls and "C. Indicae XLVII."™ H, I ¥iller
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(1925) added GCercaria B (Xemp) to Sewell's spindalis group

on the basgsls of similarity of the numboer and the charecter of
the penetration glands and changed the name sgspindalig to group
B in his classiflcation.

The cercaria of G. huronensis can be differentiated from
the cercaria of Schistosomuam gpindelig in being larger in
size; nc differentiation of the penetration glands in the liv-
ing specimens of the cercarla of G. huronensls; absence of the
eyespots in G. sgspirdalls. In behavior, C. spindalis hangs in
woter with the head down and the talil turned upwards while g.

o sis hants with body parallel to the surface.

€. huronensls differs from cercariae "Indicze XLVII" in
teling slightly smaller than the latter and also in the propor-
tionel size of the parts, 1., e, the tail in C. Andicee being
shorter than the body; in C, 1nd;ggg the penetrstion glands
are differentlated into coarse and fine granulated groups;

he first anterlor pair of flame cells starts from a point’

posterlor to the eyespots; the body being armed with spines
in the anterlior two thirds, but the posterior third appesars
to be devold cf armature and finally differs in the mollusec
intermedlate host which 1s an aperculate, lfelanoides tuber-
culetus Miller, for "C. Indicae XLVII," while G. huronensis
hos 2 pulmonate intermediate host.

E. L. Miller (1935) reported C. pteractinota from Physa

fryrina and Hellsoma irivelwvis. The author did not give the

number of the penetration glands, neilther did he give the
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pattern nor the number of the flame cells of the cerocaria,
However, Miller's cercaria differs from the cercoria of this
specles in that 1lts tall 1s three times as long 28 1its body.

C. pteractinota also possesses prominent pigmented masses

one on elther slde of the oral sucker near its posterior end,
1t hangs in the water with its head downward, and, finally,
it possess two germ masses instead of one.

Porter (1938) described C. elandsiae from South Africa
and determined it as a longifurcous cercaria, But Porter's
elandglae is rather a brevifurcate since 1ts furcae are
8lightly less than half the length of the tall stem. S.
elandsine possesses 2 (4 + 1) flaue cells and its size is
generally close to the size of the cercaria of this speciles.
However, C. @landsise has only four pairs of penetration
glands, the arrangement of the flame cells are different, it
does not hang to the surface film of the water, and, finally,
the intermedlate host 1is Lymnaea natalensis.

The cercaria of G. huronensis, in fact, could be easily
confused with the cercaria of 3, douthittl (Cort) Price, 1931
and the cercaria of G. gyraull (Brackett, 1940b). The three
cercariae are similar in behavior and size. The cercaria of
G. huronensis can be differentiated from the cercaris of S.
douthittl by the number of flame cells. The penetration glands

in S. douthitti are differentiated into anterior coarse granu-
lar group 2and a posterior fine granular group. Also in S.
douthittl the absence of the fin folds from the furcae and




67

the cmerglng tlme in the evening in contrast to G. huronensic
wrlch emerges 1n the morning.

In comporicon, the cercaria of G. gyrauli has more flame
cells with a pattern of 2 (3) + (3 + 1) ., The penetration
glénds are of two kinds, fine and coarsely zranular, but they
are reversed ;rom the arrangement of S. douthitti as indicated
Dy Brackett (194Cb). The digestive system 1s more develoned in
syraull, the intestinal caeca extend posteriorly to ithe level
of the acetabulum.

It 1s not difficult to differentiate the cercarie of G.

huronensis from the cercariz of B. polonicza (Kow), Szidat

(19292). The latter cercaria is larger in size, has six
palrs of penetratlion glands consisting of two groups, coarse
and finely gronulated, and finally the number of flome cells

is "2 (6 + 1)" 4n C. polonica.

8. littorinalinse Penner (195C) shows similor behavior

to that of the cercaria of G. buronensis, but i1t can be dif-
ferentlated by size with the former the larger and algo in
that C. littorinalinae has more flame cells. Te digestive
systen is wmore developed, and, finally, tithe cercaria develops

in a2 marine snall Littorins plancxis philioyi.




HOST-PARASITZ RELATIONSHIPS

During these studies some interesting phenomens were ob-
served 1In the relatlions between parasite and hosts. Starting
with the mlracidium and the snall, it was observed that the

niracldla were phototroplie. Physa gyrina were usually found

in noture on the bottom of the pool or were attached to dead
lecves and logs in the water., Thus the interrelation seemed
to ve reversed. However, the shallow water of the pool and
he fact thaet the miracldia do not remain still in the water
but usually are in contimious movement wandering up and down
mizht sive chonce for contact between parasite and srails.
Yet, the chances in nature seem to be less favorable to high
infections 25 compared to experimental infections. From Sen-
eral observations in the laboratory a majority of the e36s
were found to hatch during short intervals. This concentra-
tion might be true in nature and so would provide a group of
niracidia at one time ingstead of gsingle individuals which also
rlsht inerease the chances of infection, Death of young in-
Tected snails was observed up to about 5C%, It is not claimed
thot this nortaliiy was due entirely to parasitism but para-
sltlsn has certainly some lethel effect especlally in heavy
cases of iInfection.

The cercarioce are released in the morning and at this
lime the bird hosts were observed %o visit the samne area, The

birds may become infected when they enter infested water for
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pathing and drlinking., One male cardinal was observed hopping
in the pool and drinking the water.

The adult worms live, in the case of warm-blooded ani-
mals, in the velns of the final host. The meture adults of
this specles are usually found in the small veins around the
intestine, sometimes deeply penetrated in the muscular layer
of the intestlne, whille larger species of blood flukes are
reported to live 1in the portal vein or other relatively large
mescntirle veins, Apparently the adult of this species can
senetrate lnto the small velns becasue of their extremely
slender body.

The parasite had no serious effect on the final host in
the lzoboratory infected birds and the birds seemed to set
2long quite well with their parasites. Two cases of death wore
recorded in 1nfected canaries after two and three weeks of ex-
posure, Dut, these cases were probably caused by mlstakes in

feeding and exposure to cold weather.




DISCUSSICN

The specles (. huronensis is placed under the subfamily
Bilharzijellinee Price, 1929 and the genus Glgantobllharzia
Odhner, 1910 because of the similarity in form between the
male and female, 1, e., botith having slender bodiec. It has
also short palred intestinal caeca, long common caecum, numer-
ous testes slituated along the course of the common caecunm,
gynaecophoric canal reduced to a2 short groove gituzated in
anterior part of body, no suckers, and the uterus may con-
taln one or several eggs.

Odhner (1912) gave a diagnosis of the genus Gizantobil-
hargzla, which he based on his description of a single species,
G. acotylea Odhner, 1910, Price (1929) gave the generic diag-
nosls stated erroneously "cirrus pouch sbsent,"” which should
read, "oclrrus pouch present,” becsuse the same author in the
specles description stated; "terminal portion of genital sys-
tem (Endapparat) consists of a cirrus poush containing. . . ."
Thls statement agrees with the originel cdescription,

Mehra (1940) raised the gernus Gigantobilharzia to sub-
family rank without gilving reasons for dolng so, Although
there may be a need for a re-evaluation of the subfamlly Bil-
harziellinae, it seems better to follow the old classicication
until more information is obtained.

Since five more species of the genus Gigantobilharzia
have been desoribed, the existing generie diagnosis 1a no
longer vzlid and a revised dlagnosis should replace it. It
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is difficult to define precisely the genmus glzantoblilhnersic

because of 1lnadequate descriptions of sone species, This ap-
rarently ls due to fallure of some zautuors to secure suffici-
¢::t speclmens for detailled studies.,

In almost 2ll of the known species of the senus Glgantobi l-
Larzia the body was described as long, filamentous or thread-
ilize. Male and female are, nore or less, similar in form with
the exception of G. agtoylez Odhner, 191C, in which the nmale
<5 sonewiiat flattened. Ilone of the specles have spines or
eny kind of cuticular armaments, lowever, s.azll popillae were

observed on the anterlor ond of botl sexes in G, uvronensis.

Alsc, 1in the same gpecles snall wart-like protuberar.ces were
observed scattered irregularly zlons the pody of both sexes,
hese protuverances migihit be caused by the fixative. The
acetabulum is absent from both sexes in a2ll the desoribed
species of the genus, The oral sucker 1is present in one sex
(apparently only the nale of G. monocotylea Szidat, 1930) or
in both soxes (in G. gyraull Srackett, 1942) or +he oral sucker
15 absent (G. acotylea Cdhner, 1910, C. @greta Lal, 1937 ang
g. lawayl Brackett, 1942, and G. huronensis, Najim, 1950).
Brackett (1942) erroneously 1indlicated the nresence of an oral
Sucker in the type species, G. ceotyiee Odhiner, 191C,

The digestive system 1s generally similor in 2ll the
Specles where this system was described. Paired intestinal
caeca 1In male are anterior to gynaecophoric canal or anterior

to this level when the gynaecophoric canal 1s absent. The
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intestinal caeca in the female unlite dlrectly posterior tc the
seminal receptacle. Houth ls terminal or subterminal, The
ceminal veslcle and the adjacent organs (Endapparat) show

wide differences from a simple sac to a more or less compll-
cated structure as was previously mentioned.

The gynaecophorlic cancl is absent or lmmerfectly formed,
~ situation which 1s not unfemiliar wunong the members of the
subfamily Bilharziellinse. Iciullen and Beaver (1945) in dis-
cugsling this structure in the subfamily ZBilharzliellinae refor-
red erronecusly to Pseudobilharziella filifcrmis sSzidat (1939)

while, it avpears, they wanted to refer to G. monocotylea

Szidat (193C), because the gynaecophorlc canal 1s present,
withiout doubi, in P. f£iliformis Szidat (1939, and the state-
ment and zrgument of the two authors rather apply to G. mono-
cotylea Szidat, 193C. Whether there is 2 gynaecophorlc canal

in G. monocotylea which Szidat mizhit have overlooked, as

Melfullen and Beaver (1945) pointed out, or whether 1t is Jjust
an enlarseument in the body as the fijure showed, can not be
determined unless the specimens themselves are re-examined.
Szidat's statement of the lack of a gynsecophorlice canal in
hls speciesz G. monocotyles will have to be accepted,

The male genital pore opens at the beginnling o0i the jynea-
cophoric canal or at this level when the gynaecophoric canal
i1s avsent. In some species the opening is described on the
left of midline.

The testes of the specles of Glgantobilharzia differ 1in

shape, size, and arrangement. The testes In G. agotylea are
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small, oval-shape, start shortly poaterior to the &cynaecophoric
canal and are set on both sides of the vas deferens. Szidat
(1930) did not mentlon much about this structure in G. mono-
cotylea, nor 4o his dlagrams show clearly these structufes.

In G. egreta Lal, 1937 the testes are rather large, round to
oval 1in shape, and lle on both sides of the cecommon caecum,

The testes of G. gyraull Brackett (1942) show no regular

]

iape and start shortly posterior to the gynaecophoric canal,

"3

In G. lawayl Brackett, (1942) the testes are wider than long,
arranzed in tandem, and start farther forward than the poste-
rior end of the gynaecophoric canal. The shape of the testes

in G. huronensig is, more or less, like those in . egrete 1al,

1937 but the latter are much larger in size. The testes of G.

huronensis start from a point farther forward than the poste-

rior end of the gynaecophoric canal, The testes in 211 the
described speciles ocoupy the greatest portion of the body
length and extend posteriorly to a point close to the end of
itre body. From the above discussion it mey be concluded that
the testes are different in shape, belng round to broadly oval,
oval and irregular in shepe. The testes start from a point
siiortly posterior to the posterior end of the gynaecophoric
carzl (when this structure is present) or farther forward than
the posterior end of the gynaecophoric canal. In all species
the testes are numerous.

The ovary of the desoribed specles of Gigantobilhargzia 1s
in acecord with what has been described for the subfamily




T4

Bilharzlellinae, beling an elongated, more or lese, spiral
orzan. The connection of the ovary to the oviduct and the
latter to the seminal receptacle has been discussed previously.
However, similar connections to thzat of G. huronensis are
found 1in Ornithobilharzie emberizae Yamagutl, 1941 but in the
latter species Laurer's canal 1s located posterior to the sem-
inal receptacle while in G. huronensis, the canal is found be-
tween tlhie seminal receptacle and ovary. The female genital
pore opening 1s close to the mouth opening, shortly posterior
to the latter opening in a2lmost all the described speciles,
Jeiullen and Beaver (1945) suggested re-examination of the
locatlion of the female genital opening in Glpantobilharzia,
Thls work confilrms the previous observetions on other species
of the genus end it cen be stated Fpat the female genital
openlng 1s located 1ln a characteristic position in almost all
the ‘members of the senus Gigantobilharzia.

The posterlor end ofthe body is blunt, with the exception
of G. acotylea Odhner, 1910 which has elaborated lateral ex-
ransions. However, some specles show & gsort of flattening at
thls end. Tanabe (1951) designated gercaria sturnise as Gigan-
tobilharzia sturnise Tanabe, 1948 n, comb., Since Tanabe's de-
scription of the new specles is scanty and inadequate, not
mch ean be done with this species. However, concerning the
presence of an acetabulum Tanabe stated that there was"an ante-
rlorly placed genital pore and acetabulum, the latter being
very indlstinct or possibly absent.” Since the absence of
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tiie acetabulum 1s one of the determining charccters in the
cenus Glgagtobilgarz;a; in which it has not been reported in
any of the other descrilbed specles, Tanabe's species should
be re-examined. From the above dliscussion the following
senerlc dlagnosls 1s submitted:

GENERIC DIAGHOSIS: Gimantobilherzia Odhner, 1912, (emended)

Zilnarzellinae: Male and female elongated, filiform; or the
nole may e somewhat flattened. Cuticle without spinez, ace-
tebulum absent, oral sucker present or absent.,

Male: Gyuoecophcrilce cenal, if present, siwoort, situated
in anterlor part of body; digestive syctem similar to thaot of

Cilllarziells; testes originate posterior to or anteriocr to the

rosterlor end of the gynzecophorlic canal, Cirrus and cirrus
ouch present or absent, Genital pore situated at anterior
end of gynzecoploric canal or at about this level when the
nynaecophoric canal is absent.

Female: Ovary umoderately long and spiral; #itelline
follicles occupy moat of the body len~th, Uterus contzine a
single or several eggs; genitcl pore shortly posterior to the
mouth openlng; eggs oval to almost sphericel, Adults found

in birds.

Type specles: G. zcotylea Odhner, 1lG1C.
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SUMMARY

The life-cycle of Gigantobilggzzgg huronensis Na jim, 1950
was determined experimentally and detalled morphological

studies were made on each stage of the 1ife cycle.

The snail, Physa gyrina (Say), served ac the inter-
mediate host.

The natural definitive hosts were goldfinches (Spinus
tristds tristis) and cardinals (Richmondena sardinalis).
Chicks and canaries served as susceptible hosts in the
laboratory.

The shortest time recorded for the hatching of eggs 1in
water is about 20 minutes. Cercariae were liberated from
the snail as early as 24 days after exposure, Zggs were
found in the feces of the definitive host 31 days after
the first exposure to the cercariae,

The adult worms are elongate and filifornm. Fema.les are
longer than males a2nd in both sexes the oral and ventral
sucker are absent., The cuticle has no spines., A short
gynaecophoriec canal is present. Up to 3C0xtestes are pres-
ent in the male and the cirrus is spiny. Laurer's canal is
present and vitellinefdlligles £111 nmost of the body of the
femele. The uterus contalns from one to several eggs a2t a
time and the genital bore 1is looated shortly posterior to
the mouth opening, : ,

The eggs are spherical to very broadly ovoid .im shape and
averaged 93K in length by BER 1ip wildth,

7
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The miracldium has & peculiar wide gap between the second
and third rows of epidermal plates. The body covering
conslsts of twenty-two epidermal plates arranced in four
rows of 6: 9: 4: 3,

The mother sporocyst has an elongate, sac-like body. A
birth pore 1s present in the mature mother sporocysts,

The daughter sporocyst has also an elongate body but un-
like the molher gporocyst, the anterior end is covered
with spines, A birth poré is present in the mature daugh-
ter sporocysts.

The cercaria is an apharyngeal, furcocercous, brevifurcate,
distome with plgmented eyespots; the body averaginzg 24CB
in length by ‘72.5P in width; the tall stem averaging 26€,5h
in length by 3081 in widﬁh; the furca averaging 146.81k in
length by 158 in width. The furca have fin folds, The
body and tne tall are covered with spines, There are five
paifs of penetration glands and an oral gland. The excreo-
tory system 1s usually 2((2) + (2 + 1)]. The cercaris
attaches to the surface film of the water with the body
parallel to 1t and the tail hangirz downward at differont

angles, The cercaria 1s a dermatitis producer in human
skin,
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EAPL/NATION OF PLATE IT
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EXPLANATION OF PHOTOMICROGRAPHS
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