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ABSTRACT
G

l. Cats could be infected wlth g' S:o¡lplanatum by

feedingthemencystedmetacercarlae.Thoughthewormsdld
not produce eggs, they showed signs of maturatlon' Less

thantwopercentofthemetacercarlaefedwererecovered
from eats sacriflced one to four days after feedlng'

2. Completely negatlve results were obtained 1n

feeding excysted metacercarlae to rats and further

experlments of thls klnd seem unwarranted'

3' Metacercariae, introduced lnto the abdonlnal

cavì-ty of LAE , C57l', and L/Jax mice ' 
mature and produce

eggs ¡rithln three to four daYs'

l+. The hosts react to this lnfection by

encapsulatlng the worms' In C57L and LAtr| mlce this

process was well advanced five to seven days after

lnfectlon. In A,/Jax mlce the capsule developed 1n elght

totendays.Thellfespanofthetrematodeslnthese
mlee was therefore longer'

5. Metacercariae placed in the perltoneal cavity

ofmalenicehadadeflnltepredilectlonforthescrotum'
wheretheywerefoundattachedtoboththetestesandthe
scrotal waJl. In unllaterallf castrated males thê worms

showednoprefelenceforeitherthecastratedortheun-
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castrated slde of the serotum'

6. Several trenatodes whose lntestines were

damageddurlngmechanlcalextractionfromcystsmatured
1n mlce and Produced eggs'

7. Rudolphi descrlbed Distoma comÉlanatum 1n

tBt\andthemorphoJ-oglcallyidenticalD.marglnatumln
1819. Thls last name is therefore regarded hereln as a

junlor synonytn of D. complanatum Rud' l8t\'



INTRODUCTION

Cllnostomum comp"lanatum (Rudo1prri, fBfl+) or the

tryellow grubtr, a trematode parasite of birds, has fresh

water fish as its second intermediate host and is there-

fore a nuisance to flshermen (see Table I.). The

presence of the yellovrlsh metacercariae¡ 3 to 6 mm. long¡

ln the flesh of the fishes is unsightly and is a matter of

concern to fisheries management officlals'
g.eomplanatrrmutilizesplanorbldsnailsofthe

genus Helisoma as first intermediate host, and fish-

eatlng aquatic birds as definitive hosts (see Table I.)'

g.complanatummaybetoSomeextentpathogenlcto

the definitive hosts. Its oral sueker 1s surrounded by

a group of glands whlch produce a substance causing a

strong local hyperemla (\) . The paraslte feeds on blood t

and eauses a deep lesion which bleeds profusely.

Representatives of the genus clinostonum are basi-calIy

bird parasites. Hotfever, Tubangui (60) described g. abdoni

from the mouth of a cat in Mindanaor Phltippinest

Bhalerao Q) found Q' kalappahi in the mouth of a cat

in India, and Ortlepp (\3) recovered g, falcgtun from

the mouth of a cat in south Africa. The validity of these

three species 1s doubtful and probably they are junior

synonyms of Q. complanatum. Yamashita , (67) gave a good

drawing of g. complanatum from the pharynx of a woman
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EXPTANATION OF PLATE f.
A. Adult fluke. B. Miracidium. C. Mother sporocyst.

D. Daughter redia. E. Cerearia. F. Metacerearla. G.
Great blue heron (Ardea þerodiag). H. Snail (Helisoma
çom'oanulatum, $. gntrosa) first internediate host. I. Fish(Perca flaveseens) seeond lntermediate host.
. t: orå1 sucker; 2, ventral sucker; l, oesophagus;
4, intestine; !¡ testes; ó, ovary; /, oviduet; 8, uterus;
9 ¡ vitell-ine gland; 10, apieal papiì la ; ll r aplcat gland;
T?, penetration glands; 13 r large ,nucl-eated célt.s;
11, germinal mass t 15, eyespot; 1.6, lateral papil-l a;
\7, pharynx; f 8, eerearla; 1.9t prepharynxt 20, tail ;
21 , short furca., 22, exeretory tubute of tail. z ZZ¡ Mehlist
gla nd .

a, adult fluke in mouth of heron; b, unembryonated eggs
laid in mouth are r¡rashed into water as heron strikes at fish
and some are swallowed and expelled in faeces; e, eggs develop
i-n water and hatch; d, free-swirurj-ng miracidiu¡r with single
germ ball inslde; er miracidium penetrating snail intermediate
host; f, mother sporocyst wlth developing'mother rediae;
g: mature mother redj-a with developing daughter rediae; h,
daughter redia containing eereariae j-n various stages of develop-
ment; ir cercaria resting in characteristie position in water

iiSl: fåå"Tff",:ii'f;ånìåË; ;: ::iål;,i'-i;i:iíil ffi^::il:.:tåå"o,,tissues; 1, metacercaria encysted in museles of fish; m, heron
becomes infected upon swallowing fish harboring metaceróarlae
whieh are released in stomaeh by digestlve juices; r.¡ metaeer-caria freed from tissues: o; young fluke escaping from eyst
mi-grates anteriorly through oesophagus and pharynx into oralcavity where it devel-ops to maturity in three days and remainsfor about two weeks when 1t is l.ost.

This exp'l-anation and Plate I have been taken from Oj.sen({¿l who referied to Cl.inostomum compt.anatum as Ç]Ånog.lgmug
epmpg ?ulgtg_ni (nuo . r BrÐl rtüs .is-õEñ
should read Clinostomr:m compl-a na tum (nu¿ . I BtI)l-
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in Osaka, Japan. Wi-tenberg (62) identified as Q. complanatum

a worm found by Gorshiov and Marshak in the throat of a

patient from Tiberias who expectorated blood. Witenberg

polnted out that rtllalzounttl a lqryngopharyngitls of mammalst

including man, is caused in the Near East by Ç.. complanatum

as well as by the leech Llmnatis nilotica (Savlgnyr lB20)

but not by Fasclola hepatica (x't758) as suggested by Khurl

(vide trlitenberg 194\). In addition Kamo¡ 0g1no and Hatsushika

in Japan (3f ) deseribed rtA unlque infection of man with

Clinostomum EP,.r a smaIl trematode causing acute laryngltis'tl

This trematode is alnost certainly g" g.@fgJl@"

Mammalian infections with Clinostomum are summarized in the

following table:

Host I Parasite I

I
I

man lClinostomum eomPlanatum
¡
I
I
l¡i9' sP '
I
I
I

eat I c. abdoni
I
t^tu. kalaPPahi¡-
I
!e." falsatun
I

only one ellnostomid genus, Nephrocephalus 0dhnere

LgO2, has been reported exclusively from mammals. Howevert

many trematodes of birds are lncidental parasites of

mammalse The fanily Heterophyldae (Appendix I) is an example

Yamashita (67)
Witenberg (62)

Kamol Ogino and
Hatsushika ( 3f )_

Tubangui (60)

Bhalerao 0)
ortrepp (\3)
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of such parasltes. Twenty-four species of thls famlly

were reported from both birds and mammals. Qther families

of trematodes as e.g. Strigeidaer Microphallidaet

Cyathocotylldae, Echínostomidae and Psilostomidae also

have speeies that parasltize both birds and manmals.

The above evidence ted to the suggestion that Q'

cg.mplanatug night lnfec¡ psmmals and even mature in them.

The present study was made to test this hypothesis.

Furthermore, fishermen in northern Canada often feed fish

to their dogs; it is possible that Clinostomum metacereariae

nay cause pharyngitis and even asphyxlatlon in these

anlmals. Evans (lB) a graduate student in this department

fed pereh. infected with Cli-.nostomu4 metacercariae to a cat.

Two days later the cat was dead. Upon dlssection Evans

found 9 netaeercarlae in the larynx of the eat and he

believed that the eat had died of asphyxlation. This led

to the present study of the behaviour of the metacercariae

of g. complanatum in some mammals and an attenpt to bring

then to maturity in these abnormal hosts.

The systematic position of Cllnostomum is as follows:

Klngdon -- Aninalla

Subkingdon Metazoa Haeckel t LB/)

Grade -- Bilateria Hatschekr 1BBB

Superphylun -- Aeoelomata Schi¡nkevitchr IBgt



Phylun

Cla ss

0rder

FamiIy

SubfanilY

Genus

sp eeie s

6

Platyhelninthes Minot , LB76

Trematoda RudotPhi, 1B0B

Digenea SteenstruP, fB42

Cl inostomidae Luhe r 1901

Cli-nostominae Pratt, LgOz

gf"iJgs.lomum LeidY , LB56

eompl-a ngtum RudolPhi , t Bt-\

The ProPer sclenti-fie

(nuo.tBr\) Braun I TB99-

name fs Clinos.tomU:n eomPl Slj¡tum

Body length 3-B mm'; maximr:m width l'6 mm'; ventral

sueker O.B nm. in diameter; spinous cuticle; sex glands

medial. Testes are in tandeme lobed, wider than long' Ovary

andootypesituatedbetweenthetestes¡oVâT}smallerthan
testes; vitelline vesicle present; sex opening to the right

from the nid-l1ner oû the level of the anterior portion of

the testes. uteroduct ioins uterus near its posterior

portion. uterus extends to the level of the ventral sucker'

vitellariae peripheral and extend anteriorly to the posterior

marginoftheventralsuckerandposteriorlypasttheSex
glands.

anatum by Ba
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II.

HISTORICAL REVIEI^I

clinostomum .gp-@ was orlglnally described by

Rudolphl 1n f8f\. as Dii.!g@. complanatum ( 5r-). In 1856 (3\)

Leidy found a trematode near Philadelphlar Pa. in cysts on tte

gills of the sun-flsh1 Eupomotis vulsaris ( L. L75B)

and later in the intestine of a pike. Leidy (34) established

a new genuse Clinostomum, for it, and named this trematode

g. eracile Leidy, L856. Looss (36) subdlvided the genus

Distoma Retzlus )L786 into several genera and recognized the

valldity of Leidy's ÇIf!gg.!-Qry. Braun (B) placed eight

species of the genus Diston_a, including D. eomplanatum,

lnto this genus. The name D. complanatum Rud. f8f\ thus

became Clinostomug gomplanatum (nuO.l8l\) Braun ll899 (B).

Braun gave the date of deseription of !. complanatum by

Rudolphi as 18f9. The correet date of Rudotphirs

descrlption is f8f\, as will be shown later in this chapter.

lrlright (ó3) found encysted trematodes on the gillst

branchiostegal membranes and peetoral fins of the yellow

perch, P. flavescens, at Toronto, ontario. He reeognized

these'blorms as g. gracile Leidy and referred to them as

Distoma gracile. He also found mature "0. eracllerr in

the bittern Botaurus 4&.or,r a fish-eating bird"

Two names, Clinostomi:m coryi.anatum and Q. marginatumt

are in current use for the desi-gnation of the most common

specles of the yellow grub and it is not obvious which is
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the correct name. Amerlcan authors prefer the ¡¡ame Q.

mereinatum, European and other authors, Q. complanatum'

Moreover the years of descriptlon of these t¡¡o species

clted by varfous euthors vary greattyr els the followång

list shows:

g. eomplanatum (nu¿.1809) ....Baer (\) r Dawes (16¡ '
g. eomplanatr:m (Ruo.lBr s) . .. .3ilîïåoÍ1, 

iStiîrålå""" 
(1e)

Yamãguti (66).

g. marglna tum (nu¿ . rBl9) . . . . .u*î:Ëår[uìtUîì03;å" (\\ ) ,
and Douglas (6r).

Cort (f3) r Hunter and Hunter (27 t 28, 29) t Cort,

Ameet and Van der Woude (f5) and Klass (32) are authors

who use the name C. marsinatum (Rud.) but give no date.

Fischthal (2\), and Etliott and Russert (L7) use the name

g. marsinatua but give no authority or date. Yamashita

6T) and Witenberg 1J2) use the name Q. complanatum but

give no authorJ-tY or date.

The year of description of Q. complanatum has been

glven by various authors as tBOg and tB19 and of g-

æ-rsinatun as I8f 9 (see previous list). These di-screpancies

in the date of description cause eonfusion as to the

priority of the name. To find out the eorrect date of

description of these tr,¡o speeies it was necessary to

study the original deseriptions by Rudolphi as well- as

the subsequent literature. A thorough perusal of
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Rudolphi ts publieation t'Entozoorum sive vermir:m intestln-

allum historia naturalis't of r8og ( 50) showed that the

namesDistomaeompJanatumandD.narginatumdidnot

appear among the 82 speeíes ll,sted (see Appendíx I)' How-

everlbothnamesarepresentinRudolphi's'lEntozoorum
synopsisrr of IBIg (52), D. complanatum on page fl6 and

D. marqlnatum in the appendix on page 680. Both species

are designated as rrR. ll. sP"' and could be thus regarded

as first deseriptlons. Howeverl ln the early portion of

the rgth century many authors used the designation Itn' sP"t

repeatedlyinSeveralpublications;thusltbecameneeeS-
SarytocheekRudolphi'spaperspublishedbetweenlB0g
and l8t9.

In l8t\ nu¿olphi's ( ir) lfErster Nachtrag zu melner

NaturgeschichtederEingeweidewurmerrtappeared'inwhich

D. eomplanatum was deseribed (p'103 l'c') ' This

descriPtion reads as follol+s:

u58. Distona coqplanatum R. Nova speeies
gÁtoz.m!.5ffi n'15' inserenda'

Distomã : dePressume oblongumt
antice subattenuatun, Pori antlci
ã"""t',tt" orbieularlr vãntralis ma joris
lõngitudinall.

Hab. In Ardeae cinereae, oesophago
am. Rosenthal Aprili mense me suaoenre
in-"ä"*"s inquiiivit et quatuor reperit
Distomata.

Descr. Vermes unam cum dlnidia
ad Ouas cum dinidia lineas longit vix
ãirioi"t lati, albi Punctis nigris
varii.
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CorPus oblongum, comPlal"t*,?,-
antlee peiun attenuatumt postice g?l1rt*t
marginibus obtusiusculis' Poruant:-cus
terñinalis ad inferiora pau-fYniry vergenst
marglne tumido I apertura orbicüIâ31- I
magna; ,t"nTt"iís iine"" quartam !:i!Ît
di;tañsr major, margine tunidot apertura
rãi trránguiãrí (aplce lnfero) ' mgT

oblonga. õlaria'utrinue decurrentiat
vase iusco medi-o ante corporis apicem
posticum coeuntia' Cirrus non visus'
- -Obr. 

speãies tam olstqq?ti hr?+tr:-^
quãn D. 

-heterosloneti affinist ao noc

iannen-etGpãlris forma et pororum
t"itoo" diveisa, ab itlo vero corpore
i;^;f; albo, Poíi" ariter comParatis
abundé diff ert.tl

A translation of this descriptlon 1s as follows:

rr!8. Distoma cqmplagatum R' Nova species'
To be inse-ffidTnEo Entõãoorum Hlstorla
Naturaris-vãiume 2t part i) page 373 after
species number T5'

Pi-stomãi ilattened, elongal"d 'stightly attenuated anteriorlyr tne
ãpeñing- or the anterj-or pore, cireular'
thatoftheventralpore.mostlylongitudì-n-
al' 're RosentharHabitat: 0n mY urgal
studled parasitiô worms and found four
Distoma i;- iñ; ãesophagus of Ardea cinereaê r

in the month of APrII
P""ätiP{ion't hiorms from rå-to

2å rinãi iãñã ""9 about à tine wide 
'wËi-te, with black dots'

BodY elongate, compressed ' 
with

slighttY ättenuated anterior eno;
posteriot-ðÀã--¡runted, margins slightly
rounded " iË¿ àñterior pore.terminal
ãirecteO slightlY ventrad wlth a

sr*¡otten *ã"ãirr ãäa a 19re9-rould.aperture'
ovaries ;;;åT;s-äo ¡otn éioes and joined
by a dark mediãl vess-el just before the
posterio; ;;ä-;¡ tÀe bodY' clrrus not
seen.

Observations: SPecies. related to
both D. ;;;;; ;;ã,P' .É!Proslomun?'b't
dlfferinffion both inEsrrãPe of the
body wniõfr is narrow and whlte' and in the
relative-ti'"t of the Pores'rl
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As D. complanatu4 was not described by Rudolphi in
the 1BO9 paper (50) we must regard the above description
as the first of the species; thus the proper name of D.

complanatum 1s Cllnostomum complanatr:m (RuA.181\) Braun

T899.

D. marginatum, however, is not mentloned in Rudolphi

papers of 1809 (5C) and f Br\ (!i. ¡ and Rudolphi's

descriptlon of this species published in IBfg Õ2) is the

fj¡st. The proper name of D. marglnatum is thus

Clinostomum marsi-natum (nud.t819) , Braun L899.

Braun (9) regarded C. complanatum and Q. marsinatum

as two distinct species and discussed the morphological

di-fferences 1n his paper of f 900. He sald that 9.
complanatum was short and white but not as wide or as

flat as g. marginatum. He used these criteria to

separate the specles in the type material of Rudolphi.

He polnted out other morphological differences: in Q.

complanatum the neek is short and the ventrat sucker

close to the anterior end, the genital pore eonsiderably

displaeed to the right from the mid-line, and the

anterior ends of the vitellariae mueh farther from the

anterior end of the body and their posterior ends farther
from the posterior end of the bodyl than 1n C. marglnatum.

Baer (4) r however, wrote (translated from French):
rrl,rle regard C. marginatum as being a synonym
of 9.. _complana.tum as it is lmpossible to
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distinguish them morphologigally one ^flo+,the òtË""; the metacerearial stagg of-both
arefoundinrelatedfishesandtheadult
stages in the same genus of birdst 4xg'
t¡Ie ão not think that the geographj-cal dis-
tríbutionissuffícienttoSeparatq'these
twospecies.Thenorpholgglcaldlfferenees
indieãtea by Braun (1901)r are subjec!-!o
Iarge individual variation. The speeifie,
nanõ marglnatum must fa11 before. conqlanatu4
as trrffiffiãne has the prlority of pages
1n the work of RudolPhl.rr

IagreebasicalJ.ywlththeviewofBaerwhoregards
g. 4ggg!ga.!g4 as a synonym of g' complanatum' It must be

poì,nted out, however, that this is not a priority of

pagesr as Baer thoughte but a priority of yearst as

C. complanatr.m was described by Rudotphi in IBl\ ( 51)

and C. marginatum in fB19 (52). There certainly are no

reliable morphologleal characteristics r¿hich would

Servetodifferentlatethesetwospecies.Itmustbe
stressed, however, that the type locality of g. complanatr:m

is Germany, whereas the type locality of g.' marsinatum

is Bra zLL. This may explaln why American authors prefer

the ¡¡ane Q. marginatum, whereas European authors prefer

g. ggp-þlqg.@-

Krull (33) described the cercarial and redial

1. BraunIspaperttDieArtenderGattung.Cl-inostomum
lãieyrlr äpþeareã in Vol'l¡* of Zoologische Jahrbueher
*rrotä'titiè pãeð tãt printed in 190I'. .However the
ii_rst i.ssue òf"tfris volume in which thls paper was

published aPPeared in I900.



'r+

sta ges of clinostomum compla na tìla (Rud .181\ ) f ron a

naturallyinfectedplanorbidsnall¡Iielisomaantrosa
(Menke).ThecercariaefromsnallsweTeusedtoinfect
thepumpkin-seedfishlFupomot.iseibbos.us(L.1.758)

Centrarchidae and the resu1ting metacerearlae fed to a

young black-crowned night herone Nycticorax nvcticorax

naevlus (Bodd.)- Eggs appeared in the faeces three days

later. Krull thus demonstrated for the first tlme the

complete llfe history of a member of thls genus' Hunter

and Hunter Q7) reported in detail thelr experiments on

thelifehistoryofg.complanalum(theirQ.marglnatum)
confirmlng the findings of Krull'

In Igll Osborn (\\ ) published a paper on the

distribution and rrmode of oceurreneert of t'9' maqginatumrf

and in L9L2 another paper on its morphology (\5) ' He

called this trematode tra parasite of the frog¡ bass and

heronll.Itseems,however,thatheconfusedtwospecles.
Indeed ¡ cort (12) showed that specimens from frogs differ

from those from fish sufflciently to be considered

distinct species' He thought that the bittern served as

adefinitj-vehostforthetrematodesfromfrogswhichhe
described as g.. attenuatu-4' Hunter and Hunter (28)

carrledoutfeedingexperlmentswithmetacercarj-aeboth

from frogs and fish using bitterns and herons and

confirmed cortrs contention that the hrorm fron frogs is
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a separate speeles.

Price (\6) tentatively identifled a trematode from

the tracheal mucosa of a fowl as Q. glLqqq!3:m¿ and thus

showed that this parasite could develop to maturlty ln

chickens. Manter in f937 (38) found ¿¡1 fmmature specimen

of g. attenuatum in the small intestine of a pigeon and

suggested that the pigeon had eaten what to hin looked

like seeds in the body of a dissected frog. These two

cases are examples of accidental- parasitism.

Encysted metacercariae of t'9. marginatumrr survlve

in their fish host for a long time'. Flsehthal (2\)

described the overwintering of 'tyellow grubtt ln perch,

bass, bluegitls and pumpkin-seed fishes and stated

that the loss of trgrubs't in wlnter was negligible.

uzmann and Douglas (61.) reported that trout kept for

ninteen months in captivity yielded many vigorous

metacercariae upon dissection. These authors also were

the first to report g. complanatum from Pacific slope

wa ters .

Klass (32 ) carried out an ecologieal investigation

of g. complanatum near a heron nesting colony in Kansas"

This investigation dealt with the foraging movements of

the herons, the incidence of infected fish and snails and

the distribution and locatlon of rtyellow grubsrr in the

fish. Klass found that there was ne apparent relation-
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ships betr,¡een.tryellow grub't infections and size and

abundance of fish. He suggested a reductlon of the

submergent vegetation in ponds as a natural means of

partlat control rather than the lmpractical etiminatlon

Of herOns or Snails"

Al-though the morphology, life cyele, ecology and

possible economlc lmportance of g. complanatum have been

studied, no âttempts have been made to infeet mammals wilh

thls trematode experimentally. thus this present study

on the maturation of g. complanatu.q in Some manmals.
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EEVIEW OF T}IE FAMILY CLINOSTOMIDAE

ThefanllyClinostomidaeisdividedintotwosub-
famll1es I Clinostominae, parasltÍzing birds and

Harmotremlnae parasitizing reptiles' A revlew of the

flrst sub-family, especially of the type genus CJinostomumt

based on that glven by SkrjabÍn ( 5\) folJows:

Clinostonidae L'ùhe l90I

ClinostominaePrattlLgo?.Diagnosis-Oralzone
provlded with .accessory 

musculature' Pharynx usually

rudimentalyr but nay be well developed' Caeca often

with numerous diverticulâ. Ventral sucker always well

deve}oped.Parenchymawithnumerousglandularcells.

ExcretorybladderV.orY-shaped.Collectingtubulesmuch
branched, especiallY 1n anterior portlons of the body'

Sex organs mostly in the posterior half of the body'

ovary situated between the testes. sexual opening nostly

nearthenid-}ineofventralsurfaee,usual}yinthe
posterlor quarter of the bodY'

Cirrussacpear-shapedrwithoutprostaticportion¡
orlongandwithaprostaticportiort"Laurer'scanal
present. ReceptacuJum seminls absent' Vlte1fine

reservoir nostlY Present'

Uterusisusuallysac-shapedandsituatedbetween
thesexualglandsandtheventralsucker.Itnaybe
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provided with diverticula. As a rule the uteroduct opqas

into the uterus Jaterally and at a distance from the

ventral sucker. The uterus cylindrical or hose-shaped

and always has an ascending and descending portlon.

Terminal portlon of the uterus opens into the common

genital pore. vitelJariae consist of small fol]icJes

sltuated peripherally to the sex organs. Eggs are large

and often fu1ly embryonated r^¡hen deposited. Adults are

found ln the oral cavi-ty, oesophagus and intestine of

birds and reptiles. Metacercariae in fishes and

amphibians.

Type sub-family Cl-inostominae Pratt t L9O2'

(2) Cirrus sac wlthout prostatlc portion.

Uterus sac-shaPed.

Parasites of birds -------- Cl-inostominae
Pratt t L9O2.

(1) Cirrus sac with prostatic portlon"

Uterus cYlindrical-

Parasites of rePtiles.
(l+) Cirrus sac 1arge, elongated wlth a consplcuous

coil.
Eggs embrYonated when laid.

Parasites of oesophagus of crocodiles
bpistrrophallinae 

-Trava ssos t 1926.

(3) Cirrus sac small¡ slightly curved.

l.

2.

3.

l+.
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Eggs not embrYonated l¡hen la j-d '

Parasites of the intestines of snakes and

crocodiles Harmotreminae Yamaguti t
f933.

Sub-familv Clinostominae Pratt t I9O2'

Diagnosis-C]-inostomidaewithaY-shapedexcretory

bladder. cirrus'sac small, pear-shaped, without prostatlc

portlon. uterus sac-shaped. Eggs unembryonated when

faid. Tfpe genus CJinostonum Leidy t 1856"

( a fter
1"

Baer, f933) .

(2) Intestlne with long Jateral diverticula whi-ch
nãV ¡e branched --:----- Euclinostomum
Trävassos t L928.

(1) Intestine with short lateral diverticula r never
branching.

(\) Body up to several cms. long. .Vitell-aria not
pã"äträting into the anterior half of the body

Ïirt-tä.ilno"to*,* lditenberg, L926'

(3) Body never several cms. long-' ^ Vitellarla
p"ttätt"ting into-anterior half of body
ðiinostonuñ¡ LeidY, L856"

(Syn. Clinostomatopsis Do]lfus t L932) '

2.

3.

L.

Diagnosis - clinostomidae of medium size. Pharynx

absent or rudj-mentary. sex organs near the niddle of the

body oï in its posterior half. uteroduct opens into the

posterlorportionofthesac-shapeduterus.Adu}ts
parasitize Ardeiformes I Pelicaniformes r Lariformes.
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Metacercariae in fishes and amphiblans.

g. compJanatr:m (nuoolphi, l-Bl4') .

Type species

(after Baer, 1933).

1. (2) Vitel-l-aria extend anteriorly to the ventral- 
sucker -------- g. sorbens M. Braun, 1899.

2. (1) Vitel-lariae not extendlng anterior to the ventral
sucker.

3. (6) Sex organs median, near niddle of the body.

\'. $) Vitellariae radial -------- C. loliiforne
M. Braun, L899"

5. (h) Vitel-l-ariae not radial 9. conplaBalum- (Rud.1B19). (obvíous ]g-p-Ug calami. Must be
(nuo.tBl\') Auct").

6. (3) Sex organs in the posterior hal-f or third of
the body"

7. (B) Uterus with lateral evaginations -------- g.
detruncat,um M. Braun t L899.

B. 0) Uterus without lateral evaginations"

g. (12) Dlstance from the bottom of the mature uterus- to the ventral sucker exceeds the distance to
the oral sucker.

Sex organs not near the middle of the body.
g. helùans M. Braun, L899.

Sex glands near the niddl-e of the body
C. attenuatr:m Cortr 1913.

Ventral sucker closer to the bottom of the
uterus than to the oral sucker.

Body not over 5 ^m. long.

Oral sucker Q.]6 mm. in diameter -------- C.

10. (11)

J]. (10)

72. ( g)

13. (re¡

1r+. (L5)
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L5. (f\¡ 0ra1 sucker 0.\0 mm. in diameter -- C'
hornum Nicollr 191\-

L6. (13) Body up to lI mm. long.

L7. (IB) Vitelllne vesieles present -- .9.'
lophoohaLl-um Baer t L932.

lB. Qn Vitelline vesj-cle absent.

L9. (20) Ventral sucker on the boundary between the
anterior and niddle thirds of the body ---
g. intermedialis Lamont ¡ L924.

20. (r9) Ventral sucker on the boundary between the
first and second fourth of the body
g. phalaeroeoracis Dubois r 1930.

Baer has not included in thls key g. australiense

Johnstone, LgT6e because its description is based on

sub-adults onlY"
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1. Procurement -of metacercariae

Fishlnfectedvllthmetacercariaeofg.complanatug

weretakenfromBarrenandJessicaLakesinManitobaand
Lawrenson Lake 1n Ontario' They were caught either by

angling or the use of a gil} net' The fish were kept in

aretainingtubandtransportedinplasticbagscontain-
ing a solution of Tricaine Methane, sulphonate (l'lszzz¡ ' OrF

gramofMs222wasdissolvedinfivegalJonsofwater"One
gallon of this mixture was placed in a five pound plastic

bag with two pounds of ice cubes" Three fish were

placedineachbagandthebagssealedwithcopperwire
tabse leaving as much air as possible ln the upper

portion of the bag'

ThisconcentrationofMs222anesthetizedthefish

toaboutstage2ortheMcFarlandclassificatlon(39);
i.e. there was total loss of reactivity to stinuli¡

except strong manual pressure, and a slight decrease 1n

opercularrate.0narriva}atthelaboratorythefish
were transferred into )5'5O gallon tanks fltted with

dechlorlnated,filtered,we}laeratedwaterandkeptin
a constant temperature room at 45o F'

The flsh ranged in weight from L2 t'o l+!0 grams'



23-

Mortalityoffishwaslow;ofl2Ospecimensco]lected
only 3 died in transit' The perch recovered 1n about

I5-2ominutesafterbeingplacedinthefreshwater'
the smaller fish returnlng to normal nost qulckly'

2. Method for digestive exc,vstinq of netacercariae

}Iholefishheadsands].icesdfishfleshwith
metacercariae were placed in glass Jars contalnlng oÃe

per cent pepsin solution in half per cent HCl and

incubated at 37o C. for 20-30 mlnutes" Excysted

metacercariae were removed r^¡ith an eye-dropper and

placed in sterile O.B5% NaCl'

Infection Proced'ure

l.Excystedtrematodesllerewashedinthreechanges
of sterile o.B5% Nacl and placed in 0.85% NaCt with 6t000

units of Penicillin Per ml '

2.Miceweleanaesthetizedwithether,and0.lGC.
of Avertine solution per 10 gms' of body weight injected

intraperitoneally. (Avertine solution ÏIas prepared in

dilutlng O.l cc" of Avertine with,! cc' of distilled

water and kept at \'Oo in a water bath) '

3. A longitudinal- incisj-on ]0 mm' in length

ventral to the kidney and )'2 mm' from the spine was

madethroughtheskinandmusculatureoftheabdominal

wall.Thetrematodeswereplacedintotheperitoneal
cavlty with an eye dropper' The muscles and the skin

3.
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lJere each sutured separately r^¡ith two interrupted stitches'

+. Infected mice were placed one to a cage ln

clean Plastic cages'

\'. Fiå.ing and staining procedures

Trematodesremovedfromtheexperlmentalanimals

were left in cold water for relaxatlon, then eompressed

between two slides and immersed in \ per cent formaldehyde

for 6 hours. The slides l¡IeI.e sufficiently heavy to

flatten the trematodes, but not heavy enough to crush

them, Àfter washlng in running water for 6 hours the

trematodes .bfere stained in Gowerls Carmlne for 12-18

hours, and differentiated in acidified alcohol QO/'

ethyl alcohol'and O.5% HCl) for l-6 hours'

Thespecimens\^Ierewashed].-2hor:rstoremoveHCl

and dehydrated in a series of alcohols¡ 50ø -7 5% - B 5/, - e r% - e 5íÁ

two changes of absolute, 5o-!0 mixture of absolute and

xylenertwochangesofxylene-randmountedinPermount"

Timing was as follows: slxty minutes in each alcohol

including 95/r, then 6 hours in each of the two changes of

absolute alcohol. Thirty minutes in a 5O-'O mixture of

alcohol and xylene and 30 minutes in each of the two

changes of xYlene"

5.

1" The mice lrere anaesthetlzed wlth ether and 0'1
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cc of Avertine solution per 10 gms. of body weight

injected intraperitoneally. (Avertine solution was

prepared as before).

2. A 1O rnm. longltudinal lnclslon sl-lghtl-y to the

l-eft of the mid-ventra] line approximately 20 mm. anterior

to the anus was made through the skin and musculature of

the abdominal r,r¡all.

3. The left testis was extracted with tweezers

through the inclsion and the spermatic cord ligatured

and cut. The stump was pushed. back into the abdominal

cavity. The muscles and the skin \rere each sutured

separately, with two interrupted stitches.
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OBSERVATIONS

1. Comparison of the morpholoev of C' compl-anatum

netaeercaria wilh that of the adult'

To evaluate the development of g'' compl-anatum Ln

experlmental- animals, it is necessary to describe the

larval form as it 1s lrhen excysted from the flsh' The

late immature stages from the fish and mature worms

dlffer little in form and body proportions. However,

a great deal of change takes place in the lnternal

morphologY.

The testes of the immâture worm are well developed

butslenderandshor¿extensivelateralbranehing.As
the worm matupes the testes increase in slze and the

lateralbranchesbecomewiderandgraduallyroundout.
The lmmature testes stain deeply with Gowerts carmine

but as they mature they stain lighter' The ovary of

the metaeercaria is inconspieious' and appears as a

small da'rk mass to the left of the oötype' With

maturation the ovary lncreases j-n size and becomes a

darker sphere. The uterus of the lmmåture worm is

a long r slender tube; in the maturing worm it becomes

wider and develops many lateral outpouchings" lrihen

ful-I of eggs, it extends laterally to the inner margins

oftheintestinalcaeca.Thecaecaofthemetaeercarlae
staln light red, but 1n the maturing and feeding
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lndividual, they become distended and filled with brown

masses of food. There is no evidence of vitellariae

inthemetacercariae.Withmaturationthevitellariae
fLrst appear ln the 1sbêral- flel-ds and posterlor to the

testesassmallspotswhichl.aterbecomelargerandmo]âe
dlstinct (Figs.1-6).

2. 0ccgrrence.

Ninety seven perch from Barren Lake and 6 perch from

Jessica Lake in the I¡ihiteshell region of Manltoba and 75

perch and \ watleyes from Laurenson Lake at Kenora, ontario

provided the metacercarlae for my experiments'

Approximately 1200 perch from Crawford Lake and

SandyLakeintheprairieregionofManitoba.tÂIereexamined

but no ttyellow grubsrr 'were found' Forty bass ' 
20 perch'

30 carp, 30 bullheads and t pike from Nettley marsh r{ere

examined with negative resul-ts"

Theberonispresentbothinthepralrieregion'
lncludingNettleymarsh,andintheWhiteshel.tarea.Thus
theabsenceofClinostomu4inthepralrieSmayindlcate
that the snail hosts are absent from this areac
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PLATE II. Structure of a metacercarla of
g.- õonplanatr::n- f"ot- perch. Al-1 taken at 60X'

Fig. 1"

^-H'Ag " ¿.

rig. 3.

Uterusc ,

Testes, ovary, and oötYPe.

Posterior end.



F[ G. FIG.

FIG.



PLATE III. Structure of an adrilt 9'-complanatum--ï;ã* 
ãbdo¡ninal cavity or A'/Jax male mouse'- All takË¡n at 60X.

30-

Uterus.

Testes ¡ ovârf, and oötYPel

Posterior end.

Fig.

F1g.

Fig.

l+.

,.

6.
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RESI]LTS OF EXPERIMENTS

As already stated 1n the Introduetion¡

Ç.Ifæ.q@ has been found in the mouth of eats by Evans (18)

and by several other authors (see page 2). Thls led to my

experimental infection of eats. At the same tj-me an

attempt was made to infect white rats by foree feeding

them metacercariae.

1. ExPeriments with cats

On May 14', L965 three adult cats were fed fresh

perch fillets containing metaeercariae of g" complanatum.

The first cat was given ten encysted metaeercariae,

the seeond cat twenty, and the third cat, forty. AII

cats were sacrificed four days after infeetion. The

oesophaBüsr larynx, pharynx and oral cavity were examlned

for the presence of trematodes. None were found in

the first or second cat, but in the third cat, one

trematode was found near the middle of the oesophagus.

It was firmly attached to the mucous membrane and

obviously feeding, as the intestinal caeca contained

ingested material. Its testes, ovarye ootypee oviduct

and uterus were well developed, and the vitellariae

were in the process of development. There were, howevert

no eggs 1n the oötype or the uterus (Fig.7¡.
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0n May 19¡ L965 two more adult cats were fed

fifty encysted metacereariae each. These cats were

sacrificed two days later. Three trematodes uere

removed from ü:Ìre oesopiragus ôf tho,flret cat" None

were found in the second cat" The trematodes showed

some maturatlon. Though there was no slgn of food in

the intestinal caeca, their testes were rounding out

and the ovarles were starting to form.

Eleven hundred and fifty grams of fresh perch

fill.ets containing approximately five hundred encysted

metacercariae rÂrere fed to four kittens over a period of

three days, August 5-8, L965, Two of these kittens were

sacrificed on August 9 ¡ L965, and one trematode was

found in the oesophagus of eachkitten. Again there

was little evj.dence of maturationr the caeca did not

contain food r but the testes showed some development as

evidenced by a slight change in their shape and

structure. The ovary in eaeh trematode was starting to
form (Fig"B¡.

On August 10, L965, kittens m:mber three and f our

'were sacrificed. Kitten number three had two living
trematodesr otrê in the larynx and one in the oesophagus.

Kitten nr:mber four had four living trematodes, three

1n its larynx and one in its oesophagus" The signs of

maturation were again slight however. There was no
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indication that the trematodes had been feeding r the

testes had developed slightly, and agalnr the ovary was

beginning to form (Fig.9¡.

These experiments prove that cets can definitely

be infected wi-th C. com'oJanatum. AJthough no fully

mature trematodes were recovered, it is possible that

they will mature ln cats. From the nine cats fed a

total_ of six hundred and seventy Jarvaer only twelve

worms were recovered, an extremely low yield. None of

these cats showed any signs of asphyxiation. Table III

gives a sulnmary of experinents with cats.

2. Experinents with white rats

On May th, L965, five excysted metacercari'ae of

g. compJanatum r¡rere forced fed to each of two white

rats, The rats were dissected on May 18, Lg65, and

their oral cavity, pharynx, larynx and oesophagus

examined. No trematodes l/ere found. The experiment was

repeated on May 19 r L965, by feeding ten excysted

metacercariae to eaeh of two white rats. The first

rat ruas dissected one day later and the second two

days after infection, both with negative results. Two

more rats were force fed ten metacercariae on June 2L,

Lg65e and dissected four days later; again the results

'!'ref e negative.

Thus the experinents on force feeding of excysted



Cat ni:mber

I
2

3

\
Ê

^

7

R

q

number of
metacercariae fed

TABLE I]

Sunmary of experj-ments wlth cats.

f0
20

\o

5o

5o

L25

L25

L2,

r-25

nirmber of
metacercariae recovered

0

l_

3

1

1

2

\

location
oesophagus larYnx

0

0

1

3

0

I
1

I
1

0

0

0

0

0

0

o

f

3

l
(,

t



PLATE IV.
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metacercarlae to al-l- six white rats gave negative results.

3. Experiments with 4ice

The escape of the worms from the mouth with or

without subsequent digestion by the experimental host

probably accounted for the low yield and negative

results from cats and rats respectively. This led to
an attempt to bring Clinostomlm to maturity in the

abdomlnal cavity of laboratory mice from which the

trematodes couJd not escape.

On June 23¡ 1965, slx A/Jax male miee hlere

infected intraperitoneally with five excysted metacer-

cariae each. One mouse r¡ras dissected each dayr starting

on June 25, through June 30. The trematodes recovered

\¡rere mounted in toto. (Fig.10-17).

Fig.10 shows a metacercarla from the fishr Fig.11

a worm after two days in the mouse. In this specimen

the intestinal caeca are partially fiJ-led with food,

the testes 'gomei,¡hat larger, the ovary more eonspicuous

and the uterus wider" Fig"12 shows a worm after three

days in the mouse" Its intestinal caeca are weJJ

fil-led with food, the testes rounding out, the ovary

stil"l- larger, the oötype has started to differentiatet

the uterus has become wider and shows lateral out-

pouchings, the viteJlariae are nohr discernable both

in the lateral fields and posterior to the testes. Fig.13r
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that of a trematode after four days in the mouse, shows

the caeca ro contain food, the testes still more rounded t

the ovary well developed and spherical, the oötype 
'

oviduct and ut'erus contalning eggs, and the vltellarlae

more pronounced.

Figs.l\'and].5represent}¡ormsafterfiveandsix
days in the mouse respectively. They show little change

as compared to the worm in Fig'13r though the testes

are sti-ll more rounded, the oötypes fiU"ed wlth e88s I

the vitelJariae well developed and filling the greater

portion of the bodYo '

Fig.16 represents C' complanatum which was 1n the

perltonea}cavityforSevendays'Itscaceawerefi}led
withfood,itstesteshavebecomequitelargellost
their lateral branches and are probabfn degenerating'

The uterus has enlarged and is full of eggs'

Fig.LTisthatofanencapsulatedtrematodewhich
was ten days in the peritoneal cavity of an L/Jax mouse'

The wall of the capsule is approximately O'25 nm thick'

In A/Jax mice the capsule formation required eight to

tendays,inCSTLandLA$mice,onlyfivetoSevendays.
Although encapsulated trematodes alrøays succrimbed t many

of them matured first: âs indicated by the presence of

eggs in the capsule. In the specimens which died in

thecapsuletheacetabulumassr:medadistlnctive



-40

triangular shape (rig.tB) different from that of

specimens which were fixed (fig.19).

Though the trematodes could be found anywhere in

the peritoneal- cavlty of mlce, they had â pronounced

predi_lection for the scrotum, rnrhere they attached

themselves to either the testes or the scrotal wall.

These observations led to a study of the distributj-on

of Clinostomrru in unilaterally castrated male mlce' 0n

JuLy 2l , Lg65¡ l-eft testes \¡Iere renoved from four a'/Jax

mice and five trematodes placed in the peritoneal cavity

of each animal. Six days later the nice hlere dlssected

and the distributio.n of the trematodes in their peritoneal

cavlties studied. The results are sr¡mmarized in the

following tabJe.

Mouse number Abdominal cavitY
Scrotr:m

Lt. Rt.

1\01
2032
3I22
h311
of the twenty trematodes removed from these four

mice, twelve were in the scrota, six on either side. Thust

unilateral castration did not effect the distributlon of

C.co4B]g.Bg-!]mintheperitonealcavity,thetrematodes¿-

being found as ofte.n in the castrated side as in the
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uncastrated.

On Septenber 17: L965, experiments on the conditlon

and dlstribution of the trematodes in the peritoneal

cavitles of mice were repeated with Jarger nr:mbers of

animals- r'en C57L and thirteen L/Jax male mice were

infected intraperitoneally with 5 g. gomplanatt4n metacer-

carlae each. Three C57L and three L/Jax mice llere

dissected five days Jater I otr september 22. Five

unencapsulated and tr^¡eJve encapsUlated worms were

recovered from the three C57f mice. All unencapsulated

worms were found in the scrotum; the najority of

encapsulated ones l¡Iere also in the scrotum, though some

were scattered throughout the abdominal cavity. From the

three L/Jax mice 16 unencapsulated worms \¡Iere recovered,

15 from the scrotum and I attached to the liver'

One day later, six days after lnfection¡ the

remaining seven C57L and ten A,/Jax mice were dissected"

Alf 3] trematodes removed from C57L mlce 1,fere encapsulated"

Eighteen of thenlfere in the scrotum¡ 9 on the Jiver, and

)+ scattered in the abdo¡rinal cavity. Of the \9 trematodes

fron the ten A,/Jax mice only 13 were encapsulated. Forty

worms were in the scrotrm, 33 unencapsulated and 7

encapsulated. The remaining 9 worms r¡IeTe distributed

throughout the abdominal cavity, 6 of them encapsulated

and the others free. Thus the results of the second
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seriesofexperimentswlthalargernumberofanimals
closely paralletted those of the first series'

Mice 'hlere infected with 5 metacercariae each in

all precedlng experiments. on November Il, L965, ten

L/Jax mlce were infected intraperitoneally with 7-LL

trematodeseach.Fivemicediedonthedayofinfectlon
andthe5remainingweredissectedSevendayslater'

on November 18. Forty-seven tremâtodes were recovered t

all but one living. The number of trematodes used 1n

infectionandthelrdistributionissummarizedlnth.e
following table.

Mouse

l

¿

3

\

5

\

t
I
I

1

3

B

B

9

IO

, Nr:mber of metacercariae Loeatlon
ipraced io p"rii;;é;i ãavity h.bdoninat cavitv lscrotum
l:------ -----u-- -----r--

7

q

9

10

t1

Alltrematodesrecovered,butone'.weleliving'Some

of them, however, were in the process of encapsulation'

Mice 2) 3r \ and ! had 1n their scrota a large number of

trematodes clumped 1n writhing masses" All contalned

great numbers of eggs which they released promptly on

being Placed lnto cold v¡ater'
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Tr.ll¡¡LJ--û v ¡ Maturation of Clinostomrm in laboratory mlce t
all taken at lOX.

Fig, JO. Metacercaria from f1sh"

Fig. 11. Trematode after 2 days in the peritoneâJ cavity.

Fig. l:2. Trematode after 3 days in the peritoneal cavity.

Fis. 13. Trematode after )+ days iq the peritoneal cavlty'
(note: first evidenôe of eggs)'
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PTATE VI. Maturation
¡'1 1cIII

t+j _

of Clinostomum in laboratory micet
taken at 10X"

Trematode after I days in the peritoneal cavlty.

Trematode after 6 days 1n the peritoneal cavi.ty.

Trematode after / days in the peritoneal cavity.

Trematode after l-0 days in the peritoneal cavlty.



FIG. FtG. t5

F IG. FIG. t7



PLÀTE VII" Shape of the acetabuluht
alt tãken at 10X"

Fig, lB. Trematode which died due to encapsulation'

Flg. 19. Trematode which died in fixative'
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Several trematodes used to infect mice were

inadvertentlydamaged;theinjuriesoftenresultedinthe
severance of one or both lntestlnal caecâ (ntgs' 20-23) '

Theeffectofthisdamagel¡fasstudiedonfourmounted
specimens.Fig'20presentsatrematodeafterSevendays
in the peritoneal cavity of an A,/Jax mouse. The right

caecum and the oviduct of this worm were severed

anteriorlytothetestes"Theovaryandtestesarewell
developed. The vitellariae on the left side are much

'better developed than those on the damaged right slde"

The ovary is pushed to the l-eft by the oötype i¿hich is

distended with eggs because of the occlusion of the

severed oviduct-

ThewormdepictedinFig.2lwasalsoseve,ndaysin
the peritoneal cavity of an L/Jax mouse' Again the

testesandovaryare\¡Ielldeveloped,andthevitel}ariae
on the undamaged si-de are larger than those on the

damagedside.Theuterusispackedwitheggsprobably
becauseoftheocclusionofthedamagedgenitalpore
anddisplacestothel-eftrthefunctionalleftcaecum'
Fig.22j'sthatofawormafterfivedaysinanL/Jax
mouse. The changes in its reproductive organs closely

resemble those of specimens of Figs'2O and 2L"

Fig.Zl shows a Ì'rorm whose entire anterior end
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including the acetabutum was severed. rt was three

days in the peritoneal cavity of an a'/Jax mouse' rts

intestinal eaeca were empty, and yet this worm hras

definitely maturing. The testes and the ovary were well

developed, the uterus wide, and the vitel"lariae, though

small r were consPicuous.

Therewasnoregeneratlonofdamagedstructuresln

these r¡rorms, possib'l-y due to the short duratlon of the '

experlment (seven days at most). There was no differenee

in the rate and manner of maturation between the damaged

and undamaged trematodes.

Ã SplenectgmI

on september 6 ) L965, fifteen LAFI male hybrid mice

were splenectomi-zed and simultaneously, 3 t,o 7 metacercariae

lJere placed into the abdominal cavity of each mouse. At

the same time eighteen intact (non-splenectomized) LAFI

hybrid control mlce }trere inf ected, also intraperitoneally

with3toTmetacercariaeeach.Twelvemicefromeach
group were sacrificed seven days later' The number of

trematodes recovered, their conditlon (encapsulated or

unencapsulated) and their distribution in the peritoneal

cavity are summarlzed in Tabl-e III'

Al 1 \7 trematodes recovered from the sp1-enectonized

mice vrere encapsul-ated' Twenty-flve of them were in the

abdomlnal cavity and 22 in the scrotum. of the 59 worms

recovered from the control- mice , 55 were encapsulated 9nd
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^-.H'ag . éL.

^^-H'ag.4z.

Flg " 23.

# 5L'

ñÍ ^mn ÌrTTTr!¡LJ_Il v -L _L r . Maturation of danaged trematodest
all taken at 10X"

After / days in peritoneal cavity of A/Jax

.A,lso / days in peritoneal cavity of L/Jax

After ! days in peritoneal- cavity of A,/Jax

After I days 1n peritoneal cavity of A'/Jax
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f mouse.

f mouse.

/ mouse.
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\ unencapsulated. Nineteen hlere in the abdominal cavity

and \0 in the serotum. .

All- trematodes recovered from sp1-enectomized miee were

encapsul.ated, whereas \ out of 59 uorms Q/") from control.

mice l¡Iere not eneapsulated. It 1s obvious that splenectonY

did not suppress the process of encapsulation'

6. Egg measurements

Dawes (16) gave measurements for eggs of Clingstonug

cogplgnatum from rtbirdsrt as: length I0\-l-\0 ]t, width

66-73 )t, One hundred and eleven eggs deposited by

trematodes which had matured in the peritoneal cavity of

L/Jax male mice were measured. The average length of

the eggs was IO3:l ¡r with the observed l-inits of

variation 69., to 12\.5 Y, the average widtn 66!t p

with limits of 39.5 to 79.5¡.tne frequency distributlon

of lengths and widths are shown on Fi-gs. 2\ and 25.
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Fig. 2\',

55-

Variation of the length

duced in the peritoneal

of Clinostomum eggs Pro-

cavity of L/Jax fz mice.
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VII.

DISCUqSION

.L. Llterarv review

Many trematodes reach an advanced stage of

morpho}ogica} development in the lntermediate host, whereas

others remain relatively undifferentiated' Bell and Snyth

$) for purposes of ref erence, divided the process of

maturation into the following phases:

rr(a) Cell nultiplication: the period dr¡ring

r^ihichalarvalncreasesitsnirmberofcel}swlthoutthese
celf s undergoing differentiation'

(b) Body shaping: a stage corresponding to

segmentationincestodes,butoftennotclearlyseenin
trematodes;thebodytakesonitsgenera}adultfeatures.

(c)Organogenyltheoutlineofthemaingenitalia'

especially the tubular uterus, begins to appear'

(d) Earl-y gametogeny: the appearance of the

primordia of the testes and ovaries'

(e) Late gametogeny¡ the appearance of active

gametes.
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(f) shell formation: the vite[ine cer.]_s reach
maturity and pass into the uterus preparatory to rereas-
ing egg-shell materiaf .

( S) Oviposition: full-y f ormed , shelled eggs
appear in the uterus.rl

At one end of the scale are metacercariae such
as those of Fasciola hdpatica and Diplo.stomum phoxi.ni,
which are poor]-y differentiated and undergo all their
sexual maturation stages in the definitive host. At the
other end are the progeneticl metacercariae such as
coitocaecum anaspidis which become sexua]ly mature in the
intermediate crustacean host. fn the crustacean, however,
they produce a smar-r-er mrmber of eggs than in their
definitive fish-host.

Between these exiremes are species whose metacer-
cariae reach varying degrees of sexuar differentiation.
Thus clinostomrm co,mpranatum metacercariae show marked
organogeny and possess the primordia of both male and
female reproductive systems. g. comp]-anatu4 produces

.1. trThe te-rms progenesis. and neoteny are almostsynonymous. Maturàtiõn of the gonads iä a larval animal1s knor¡¡n as neoteny. ¿.ovãnceo. ãã"*"iãprränt of genitaria inJarva, vithou! r1lioutigî., t" known as progenesis. An
iglulg"d progeneric coneiiiã; är;;;ri"¡ã"orus neoteny, butI?p.t""rs neotenÍc and progenetic arä ;;;Ë;"1äããËivrused.,,\ 20J



oL-

eggs after four days in the oesophagus of Ardea sP.

their natural- definitive host and in the same time in

abdo¡rinal eavity of Jaboratory mj-ce. The strigeid

L_l-nstowielta szldatl develops to maturlty ln the lntestlne

of a chick in three days (2) . Mil-ler (\0 ) obtained

adult Posthodiplostomum mininûum one and a half days after

feeding metacercarj-se to chicks. Hugghins Qe¡ found

that the strigeid Hysteromorpha lriloba produced eggs two

and a half days after the metacercariae l¡¡ere ingested by

the definitive host Phalacrocorax auritus.

Although progenetic metacercariae oceur in many

comjnon animals, few attempts have been made to bring them

to maturity in vitrg" In the f9\O's Ferguson worked with

cercarlae of the strigeid Di'olostomum fle.xlcaudatum which

develop normally into metacercariae in the lenses of

many fishes, their natural hosts (20) . He showed that

these metacercarj-ae will also grow normally in the lenses

of living frogs, turtles, chicks, ducklirlgs r laboratory

mice, rats, guinea pigs and rabbits (21-). Cercariae

of Ð. fJexicaudatug remaln alive in steriJe Tyrode solutiont

without lens material for about a l¡eekr but little or no

development occurs" l/hen lens material from cold orhrarm

bl-ooded vertebrates was added to the culture nediumr the

cercariae of D. flexicaudatug developed into metacercarlae

at room temperature (2?).
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fn the I950es l'{iller (\0) experimented with the

strigeid P_osthod,ipl-ostomuq minlmum. In this trematode

the primordia of the genitalia were present in the

metacercariae w.hich matured 1n one and a half days both

in the natural definitive host ¡ the heron, and in
experimental chicks. Ferguson (ZZ¡ found that the

metacercariae of B. mini¡rug required three days to mature

in vitro and produced abnormal, unviable eggs. These

adults, however, r{'ere also abnormal in that their vitelJar-
iae were less developed than those of adults in the

natural host

fn the 1960ss, Wyllie, I¡lillians and Hopkins (6\)

used gluco-saline, albumin, yeast extracts, sen:m and

amino acids in an attempt to bring strigeid trematodes to

maturity. The cultivated worms produced large masses

of sperm and developed vitellari-ae I but only five percent

of then produced eggs and these were not vi-able. Senft

and Senft ( 53) used a completely synthetic medium

containing amino ac1ds, nucJeic acid deviatives, vitaminst

salts and glucose for the naintenance of Schig!_g,sona.

mansoni in vitr_o. This was not an optimum nedium, but

the worms survived for about twenty days, laid eggs, and

otherwise displayed normal behaviour"

As has been shown above, progenesis occurs in a

number of trematode fanil-ies, however, this phenomenon is
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best demonstrated by the family Microphafl-idae. In the

great majority of microphallids the life cycle i-nvolved

two intermediate hosts and one definitlve host, although

some representatlves of this famlly use in their life

cycles one intermediate and one definitive host.

The mlcrophallid metacercariae r¡Ihich are produced

in the first or second intermediate host, have a conpletely

developed genital- system, which insures fast production

of eggs in the definitive host " Morphologically and

physiologically these netacercariae correspond to adults

or sub-adults of other trematode species, which attain

motrrz,itrr nn'l',, in their definitive hosts. Thusr the lifeLuo vur J vJ vrrlJ

cycle of these microphallids i-s abbreviated because of the

shorter time necessary for the maturation of the adult"

Buttner (fO) i^¡ho has made intensive studies of

progenetic trematodes, feels that the metacercari-ae

of Levinseniella pellucida are in a'condition closely

resembling progenesis because they produce eggs a few

hours after the infectlon of their definitive hosts.

Many microphallids require only one day or l-ess for tire

development of eggs in thelr definitive hosts, (Microphallus

-oÞa,mg¡ I'f. p1rum, Levinseniella amni.cole, Maritrema

-g,bs@, U. kitanengis are examples) "

Rothschild (\9) pointed out that the common gufls

i.nfected with encysted metacercariae of @ oöcvs'þa
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pass eggs of this trematode on the third day after infection.

The fact that the metacercariae of this family are prepared

to start sexual nuttiplication is supported by the results

of their cultlvatlorr 1n vltro. Mlcrophalfus öÞâeus t

U. papillorobustus, LevinFeniella tridezilata r Uar.L.[rema.

eroJ-iae, U. macrovestibulLrm¡ U. gravasensis and Gynaecotvla

adunca are species whlch mature easily in vitro.
Rausch (\7) cultured excysted metacercariae

of Microphallus opacus in Ringerts solution with the

addition of media used for the cultlvation of Protozoai

Iiis experi-ments rnrere carried out at temperatures of : Lzo C.t

room temperature and 37o C" In trematodes cultured at

room temperature and 37o C ", eggs appeared in the uteri
in twelve hours" At I2o C. the development was s1ow. 

,

Hunter (:01 incubated the metacercariae of Gvnaecotvla

adunca tn L{" sea water at 40o C. Eggs with shells appeared

ten to twelve hours after incubation started and were

laid BO hours later. In this medium G. adunca survived up

to eight days"

Ogata (\I) infected mice with metacercariae of

Uaritr-ega ,eroliae and simultaneously cuJtured other

metacercariae of U. eroliag at a temperature of \Oo C.

Eggs appeared in both the cultured trematodes and those

from the definitive hosts, mice in about ten to twelve

hours. Some metacercariae of U. erofiae started producing
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eggs in the cyst and their receptacuþ:m seminis contained

sperm. This indj-cates the possibility of self fertilizat-

ion in $. grglia9.

Cable, Connor and Balling (11) , found that

metacercariae of Megalophallus Èiontis in dead crabs

(calinecÍes) started producing eggs within a few hours.

This is probably an acaptive reaction which insures

propogation of this sPecies"

Many species of Microphal-l1dae normally produce

eggs in the second lntermediate host (Uicrophallus minus,

Il. prfflegeticus, NIar,i!gæ. elollae, Maritreminoides

cgridinae and !,Ê.eudo-levinsiel-1a cheni). Yeh and lriu ( 68)

pointed out that the progenetic eggs of Microphallus minus

differ from normal eggs both in their size and shape" They

also showed that r,¡hile these eggs were present in the

metraterm of the encysted trematode ¡ flo eggs \^iere present

in the cyst cavlty. Aecording io Yamaguti and Nisimura

(65) encysted metacercariae of lvfarltr-eminoiÈes cardigae

in the liver and sex glands of the prai¡in Neocaridina

dentlculata produced eggs and oviposit fil-line the cysts

--..+1.^^êdTheseauthorsbeJievethatthelifecycleofwlttr cé6Þo -

this trematode may be completed without passage through

the definitive vertebrate host.

Sogandares-Fernal (57), described a nei^i speciest

sj-groÈballusprogeneticus,whichmaturesj.nitssecond
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intermediate host, the crayfi-sh cambarellus puer. This

trematode does not encyst in the crayfish. In one crayflsh

Sogandares-Bernal found over lOO trematodes all eontainlng

eggs wlth mature miracidiae'

Somespeciesofthe]uiicrophallidae,Uicrophallus
pygmaeus, Marltrema oôlllÞ.ta. and LevinsenieJla m-inuta

are almost mature in their first íntermediate host the

snall.Belopoltskarathinksthatthefindingofspecies
r¡ihich reach naturity in snalls is to be expected (6) '

Thoughthephenomenonofprogenesisoccursin

many trematode fanillesr the great majority of the

species of only one family, the Microphallidae are

actuallyorpotentialtyprogenetic.Thedevelopnentof
progensis results in the possibitity of trematodes maturing

in a great number of different definitive hosts because

maturation takes only a short time. The end result may

be, however, the complete elimination of the vertê-brate

host from the life cycle of these trematodes. (6)

The strigeid r Cotylurus flabe]llformis I år

intestlnalparasiteofducks,usesLymnaeastagnaliå
and Stagnicola palustri.s is tst intermediate hostst the

cercariaedevelopinginthedigestiveglands.After
immergence they penetrate into the gonads of other

inoividualsoftheSamespeciesanddeve}opinto
metacercariae.Thecercariaeoftenattackphysidand
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pfanorbid snalls. If these snails are uninfected by

other trematodes, the cercari-ae of g. flabelliformis
dì-e; however, if the physid or planorbid snails harbour

sporocysts and rediae of other trematodes, Q. f13bel-11forn1s

cercariae invade these and readily develop into metacercariae.

Corte Olivier and Brackett (13) and Cort¡ Brackettt

Olivier and Nolf (1\) demonstrated experimental-l-y that

Iielisoma trivol-vis and E. campanulata parasitlzed by

Cl-inostomlm complanatu-q served as 2nd intermediate hosts

for Cotyl-urus flabellilornis and that its metacercariae

developed normally in the sporocysts and rediae of

Clinostomum complanatr-m. They suggested that in these

the cerearlae of Cotylurug flabellifor¡nis are protected

from the immune reaction of the abnormal host. As

hytrlerparasites the Cotylgrus cercarj-ae util-ize the food

absorbed by Cllnostomm sporocysts and rediae from the

tissues of the snaiJ.

The phenomenon of progenesis 
.occurs 

al-so in
cestodes, the well developed plerocefcoid of the cestode

Diphvl-lobothrium dendritigum matures in the duodenum of gull-s

of the genus Larus in only six days" This cestode wilf

also develop in the duodenum of mamnrals; e"g. dogs, catst

rats, and mice, and also in man. Its development in

these incidental- hosts is often abnormal and takes a

longer time because of the lower temperature of the mammallaÂ
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hosts (3).

Atthoughtheplerocercoidsofmostcestodesdo

not reach a high degree of differentiation within the

intermediate host, there are some excepttons. The most

remarkabJe of these are the genera Biacetabulum and

Carvophyllaeus, who parasitize fresh water oligochaetes

as intermedlate hosts and fish as definitive hosts. The

progenetic larvae of Biacgtabulrm Ê]-ebo$ have been known

since LB55 and were regarded as adults of rArchigetesr

saeboldi Leuckart IBTB (35) " The procercoid occurs in

the coglo¡r of fresh water oligochaetes where it gI¡or¡rs and

develops into a progenetic plerocercoid with mature

reproductive organs. The name tAlgh,lgg!'gg¡ was given

to these progenetic Jarvae before the adult, Bigcetabulum

sieboldi (Leuckart 1B7B) occuring in the intestine of

fish, was identified in l-937 by Szidat (58)'

fn @ sP. Procercoids, occur in

the coelom of fresh water oligochaetes" The prlmordia

of the reproductive organs are weJJ developed but complete

maturatlon does not occur until the plerocercoids are

eaten by the definitive fish host (58) '

Intheplerocercoldsofschisuogephalussolidus
developing in teleost fishes; the genital primordia are

well formed. This cestode matures in the gut of the

definitive bird host in two days. Hopkins and Smyth (25)



haveshownthattheseplerocercoidshavesufficlentfood

reservestoenablethentomatureinvitrgwith'outany
addition of exogenous food material. ' A temperature of

35-\Oo C. and suitable physiochemical conditions are

sufficient to bring about their maturation¡

Ligul-a intgstinatig a diphytlidean eestode of

aquaticbirds,r.¡hoseplerocercoidsoftencausecastration

oftheirsecondintermediatehosts'rthefishesrisress
progenetic than Ê. solidue' These plerocercoids take

three days to mature in thelr definit:Lve hosts, aquatic

birds. They can be brought to maturity in Eltro, though

experimentsofthistypel¡¡ithLigulawerenotassuccessful

as those with Sgþigtgcephalus $5) "

The phenomenon of progenesis 1s not uncommon in

trematodesandcestodes"Helminthotoglstshaverealized
thattheprogeneticspeciesmaturefasterinvitro,than
those which are less matnre i-n the metacercarial or

pterocercoid stages. Llnstol¡iel-l a szldat!, BostþegjJ'f-€Lomum

ginlmum,HysteromqrphatÎi]-oba.andCl.lnostg.mrrmcomglanalu4

a1l- mature quickl y after being ingested by thelr natural

defj.nitivehosts.Theyalsodeve}opquicklyandconpletely
in some unnatural hosts' -Ig y'$'æ' however' the devel-opment

ofthefirstthreetomaturityoftenrequiresalongertime'
andtheadultsproducedareusualtyabnormal..b,yitro
experiments with c. colgprgnarug have not been done.
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.2." ExPerinental resulls

The specimens of Q' complgLatum recovered from

the body cavities of mice l{ere in the same stage of

maturlty as the type specimens of Distoma cÓmËlqnaturn RUd'

as they are depicted 1n Braun?s paper (9) (pl-ate I

figs. 6 and 7) and his type specimens of !' marginatum Rud'

(plate I. figs. \'and B and plate II' figs' lp and 20)'

It is nor possible to distinguish them morphologicall/

one from the other. Both are found in the metacercarial

stageinrelatedfishesandinhabitasadultsbirdsof
thegenusrArdea.Idonotthinkthatthegeographical
distribution is sufficient to separate these two species.

Morphologicat differences indicated by Braun ( 9) are

subjecttolargeindividualvariation.Thereforelam
in fuff agreement with Baer (b) who regards C' marsinatua

asasynonymofg..compJanatimandthis]atternamehas

been used herein"

Clingslom:m,complanatul1lisaprogenetictrematodet

whose maJe and female reproductive organs are present

in the metacercariae. In my experiments, eggs l¡Jere

presentintheuteriofthewormsafterfourdaysi-ntlre
peritonea}cavityofmice.Thesefindingsareslmilar
to those of Hunter and Hunter G7) who found immature

worms in the mouth of the great blue heron two days after

feeding, and mature worms at the end of the fourth day'



Innyexperimentswithcats,theanimalsshor¿ed

no signs of asphyxiation r,,rhich, accordlng to lrlitenberg

(62), happens i.n heavier i-nfections. Hor¿evert i-n the

presenr experiments the gI'eatest number of worms removed

from the larynx and oesophagus of any one cat was four'

despite the use of large mrmbers of metacercariae (up

to one hundred per cat). Experiments with stil-l Jarger

numbers of metacercariae would be necessary to determine

whether the trematodes can cause suffocation of their

mammalian hosts.

cllnostomum lives in the mouth, pharynx and upper

portion of the oesophagus of its natural host ¡ where the

body temperature, normally about lg2o F., may be lowered

by currents of inhaled air" This may explain the marked

predilection of these woras for the scrotum of mice

where thetemperature is lower than in the body proper.

clinostomum metacercarlae wirich had been damaged

by mechanlcal excysting, developed as rapi-dly as

undamaged \¡rorms in the abdominal cavity of mice" These

damaged worms shoi,,¡ed no signs of regeneration, probably

because the fife span of glin.ostom!4 in the peritoneal

cavity was shortened by the host reaction. If this

reaction could be suppressed by corticosteroids, the

blockage of the reticulo-endothelial- system¡ or by

splenectoxxyr the rege¡erative ability of Clinostomum could
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probablybestudied.Thelifespanofthistrematode
in the peritoneal cavity of m1ce, about Seven days, ,

.wasatleastthreetimesshorterthanthatinthe

näturål host, the heron"

Trematodesofbirdshaveneverbeforebeen

broughttomaturityintheperltonealcavityofmlce.
This method may be useful in the study of life cycles t

not only of Clinostomume but also of other trematodes

which may be 'tculturedrr in thls way'

Since the early 19\O¡s a great deal- of research

has been done in culturing trematodes and cestodes in

yitro. This v¡ork has been carrled out principally with

helminthes which exhibit progenetió tendencies. Since

g.. S-q4.ranatu4 mature quickry (\ days) both in their

natural hosts, the herons (see page 70) and in my

experimentalmice,andsinceaccordingtonyobservations
this trematode can ]-lve for a week in o.B5r' saline 1n the

refrigerator at L.5o C. an attempt to culture them in

vitro seems I¡rarra nted .

Experiments with cats showed that the great majority

of trematodes llere lost when these anlmals were infected by

dlrect feeding. The worms qlere either dlgested or escaped

from the mouth. Placing the metacercariae in the abdominal

cavityofmicepreventedtheirescape'thusinsuringa
greaterreturn.Micearerelativelyinerpensiveandeasily
maintained, and easY to work with'
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Intheexperlmentswithmicertwostrains'and
one hybrid were used; these lJere z L/Jax male t C57L malê I

and LAF male hybrids. It r+as observed early in the

experlnents that the a57T, strain and the LAFr hybrids

responded with an intensive inflammatory reacti-on to the

infection. This reaction consisted of the production of

a percipitate infj-ltrated with Ieucocytes whieh formed

around the trematodes, completely 'encapsulating them in

\ to ! days. In the A/Jax mice, however' this reaction

tookTtoBdaystodevelop.Asittakestheparasite
4 to ! days to mature, the A/Jax straln proved to be the

most suitable host"

Experimentswithspl.enectorrizedmicedidnotshow

that splenectomy depresses the h.ost reactlon to the worms,

as all \7 trematodes recovered from operated mi-ce were

completety encapsulated at the end of seven days' 0f

the59l¡ormsrecoveredfromthecontrolmlee5Swere
encapsulated and \ were unencapsulated. In this group

more worms were found in the scrotum (67'B/") than in the

group of splenectomized mice (\6"8/') '



VIII.

c Or\TCLUSJ.ONTS

1. The hypothesis that ql¿nostomuxn gomp-l.anatum may

infeet mammals proved to be correct. The experlmental cats

were infected by feeding them excysted metaeercariae'

The worms showed signs of maturation but had not produced

eggs. Even though up to l-oo metacercariae ÏIere fed to

each cat, on1-y approximatel-y 2/, of them were recovered

from the l.arynx and the cats shoi^red no sj-gns of asphyxiation.

2. ClinoÞtonum complanatum metacercariae introduced into

the abdominal cavlty of mice mature as rapidly as they do

1n their natural hosts, the herons.

3. Maturation of the 'bird trematode: Ç.Ii-q@
complanatum in the peritoneal cavity of mice 1s a ner¡I

technique. This new method may be signifieant for future

work on other Parasites.

\. Clinostomum metacercariae placed in the abdominal

cavity of male mice, showed a marked predil.ection for the

sct'otrum.

5. Damaged trematodes in which at least one branch of

the intestine was severed, deveì-oped as rapidly as the

undamaged specimens. No sign of regeneration l¡as seen.
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6. Excysted metacercari-ae of g. complanalum can live

for a week in O.B5% saline in the 'efrigerator of L.jo C'

During this time no further development was observed.

7. Cl_inostomrm compl anatum \^¡'as described by Rudolphi

in f8l\ on the basis of specimens taken fron the oesophagus

of Ardea ln Germany ( 5l ). clinostomum marginatr:m was

described by the same author in 181,9 on the basis of

specimens from the oesophagus of Ardea in Brazil (52)'

There are no significant morphotogical differences which

permit one to regard Q" ularginatum as a separate species

distinct from Q. com'olanatum" Thus, C' marginalum

(nuO. lB19) Braun LBgg is a junior synonym of g. com'olanatum

(Rud. t8t\) Braun LB99o
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water shrimps" Peking Natur" Hist" Bull " L9¡19\'-209"



A
B

P
E

N
D

IX
 I.

A
vi

an
 t

re
m

at
od

es
 a

s 
in

ci
de

nt
al

 p
ar

as
ite

s 
q!

 m
am

m
al

s.
ïb

as
ee

 o
n 

ii.
" 

m
on

ôg
t"

þh
 b

t 
tu

na
gu

ti 
(6

6)
)

M
an

m
al

la
n 

llo
st

s
V

ec
 to

rs
Lo

ca
 ti

on
T

re
m

a 
to

de
A

vi
an

 H
os

ts

2)
 E

" 
ex

pe
ct

an
s

' 
T

¡,
ri:

-ä
ã 

an
o 

G
ar

ei
a,

 1
93

5)
 F

re
sg

,!-
q.

 e
n.

ie
l q

lis
f

M
uR

il 
ce

ph
sl

 u
s

H
ar

eg
gu

l-s
 z

un
as

i
3)

 E
. 

co
nt

in
uS

 
C

ol
Y

m
Þ

us
 a

rli
eu

s
õn

jÏT
ño

 w
i-s

hi
o 

t 
L9

T
6 

La
ru

s 
ar

se
nt

at
us

do
g

ea
t 

(e
xp

er
)

do
g 

an
d 

m
an

Ja
pa

 n

\)
 +

qo
ph

al
lu

s-
 +

uq
#+

r
(J

ag
er

sk
io

ld
 ¡

 L
ó9

9)
Lu

he
 r

 1
90

9

La
ru

s.
 r

id
ib

P
n9

us
T

,a
ru

s 
ar

ge
nt

at
us

La
ru

s 
ea

nu
s

P
el

 ie
an

us
 o

no
cr

ot
al

us
H

im
an

to
pu

s 
hi

m
an

to
pu

s
G

an
el

om
a 

co
eh

l-e
ar

ia
P

ha
I"

?e
T

oe
or

ax
 p

ig
m

eu
s,

do
g 

an
d 

ca
t

A
br

am
is

 b
ra

m
a

Le
uc

is
cu

s 
fU

liL
:¿

g
B

liS
ca

 b
.i 

or
hn

a
S

ea
rd

in
iu

s
er

vt
hr

op
ht

ha
lm

us
P

er
ca

 fl
uv

ia
til

is

E
ur

op
e

(n
um

ãn
la

, 
P

ol
an

d)

C
ql

:y
m

bu
S

 s
ep

te
nt

rio
na

 I
 j-

 s



I 
Le

ph
od

Y
te

Ê
.

B
ra

 z
ir

6)
 A

. 
im

pe
ra

.tp
r

Ly
st

er
, 

19
40

l0
) 

C
en

tr
oc

es
tu

s 
ar

m
at

us
(T

an
ab

e.
, 

T
92

2)
 I

su
m

i,
L9

35

ca
ts

 (
ex

pe
r.

 )

ca
t

m
an

, 
ea

t, 
do

g,
 r

at
m

ou
se

 a
nd

 r
ab

bi
ts

( 
ex

pe
r.

 )

S
al

 v
el

in
us

 r
 S

a 
l.m

o 
t

B
e,

rc
a 

, 
C

a 
to

-s
tm

us
N

or
th

 A
m

er
ic

a
pi

se
on

 (
ex

pe
r.

 )
L=

ãe
" 

þe
ro

Ö
ia

s,
? 

+
9Ë

åF

Ir
ly

i!i
eo

ra
g 

n¡
Ic

 ti
go

ra
x

A
rd

ea
 e

in
er

ea
P

ha
la

er
oc

or
ax

 c
ar

D
o

M
ilv

]:s
 n

ig
ra

ns

cy
pr

in
ld

s



-I
*

I 
I 

I 
l' 

^â
ña

 
hr

tô
l.L

) 
\;.

 
uq

tl-
L[

IL
lù

T
 a

in
or

 
I 

C
- 

^
.)

l-¿
Ìr

tv
c 
tic

or
ax

 n
yc

 ti
co

ra
x

E
Þ

re
ttg

 l
nt

er
ng

cì
ia

Þ
l a

ta
le

a 
le

uc
or

od
ia

m
an

, 
ea

t, 
do

g:
 r

at
gu

in
ea

-p
ig

 (
ex

pe
r.

 )
qb

aq
qg

. 
le

r-
qê

.A
qg

 
F

or
m

os
a

C
yp

rin
us

 g
.å

r.
!.i

A
.r

g.
 a

u_
r'a

lu
g,

G
na

 th
op

-e
pl

on
 g

l.q
qg

gt
ug

A
ch

eÍ
l o

gn
at

hu
s 

-9
på

" 
r

M
i 

c-
rr

rn
rr

q
¡'¡

¿
 r

 <
a 
nq

u:
lll

ic
au

da
 t

us
 n

B
ar

as
ilu

ru
s 

as
ot

us
0p

 s
a 
rii

 c
ht

hy
e

un
ci

-r
os

tr
i s

L2
) 

C
ry

gt
gç

 o
5y

le
, 

ce
*n

sa
r¿

q
Ïc

re
pü

;-
T

{I
z5

) 
Lu

h%
 rB

 9
9

Ç
-s

lv
aþ

l¿
!. 

Lì
¿

-d
.a

sg
qJ

.tg
B

ha
,l-

9,
c_

rq
c-

p:
.4

n,
 

M
gs

- 
: 

$A
åe

x-
 r

N
,v

rq
qa

 r 
Q

i"d
-@

e'
 M

er
gg

å
A

ls
a,

 G
la

-u
qi

q¡
et

l.q
, 

A
td

-9
.å

'
La

rU
s 

: 
M

el
ea

.e
fis

, 
C

e.
ll¿

gb
g:

G
al

l u
s,

 B
ig

gg
, 

-S
_l

S
.In

g,
S

om
a 

t e
ria

do
g

pi
g 

an
d 

ra
bb

it 
(e

xp
er

.)
A

t.h
e_

rin
e,

 G
.s

þi
U

s
M

e 
s_

o 
g 

ob
iu

's
_ 
: 

þf
^l

_u
s.

13
) 

q.
" 

gm
er

.lc
an

.a
 C

iu
re

a,
L9

2\
M

ar
in

e 
bi

rd
s

¡1
 n

o
P

hõ
ca

 v
ilu

lin
g

N
or

th
 A

m
er

ic
a

r\
) 

q.
" 

j e
iu

na
N

ic
ol

l, 
L9

O
7

T
qt

gn
us

 c
al

id
uq

, 
La

ru
s

ar
qe

nt
at

ug
, L

. 
rid

ib
un

dU
gt

S
te

rn
a 

h_
iru

nd
o 

r 
R

r_
Q

_9
.3

",

F
ra

le
re

U
la

l 
U

ria
e 

C
ep

ph
us

P
þa

la
cr

oc
qr

ax
, 

S
te

rc
or

ar
iu

s
$o

m
a 

te
rig

do
g

G
ob

iu
e 

m
el

 a
no

st
on

us
P

er
in

ei
g 

ul
 v

ae
G

ob
iu

e 
gi

nu
tu

g
g.

 r
ut

hg
ns

pa
rr

i

E
ur

op
e



l-5
) 

c.
 l

in
su

a
(c

rã
il;

tlz
j)

F
is

ch
oe

de
r,

 1
90

3

!a
ut

og
ol

aÞ
ru

s
ad

s'
pe

rs
us

, 
T

au
_!

og
g

o.
ni

_t
i?

, 
C

ot
tu

s
sc

or
.p

r-
qF

 ,
år

o&
R

lh
ìtg

 t
yp

hl
e

La
ru

s,
 S

le
¡n

a,
 F

ra
.te

-I
cu

l_
a,

 
do

g,
 c

at
, 

V
ul

pe
s 

fu
l_

va
U

rig
¡ 

Q
S

pp
bU

Ë
., 

P
ha

lq
c.

rq
co

r,
aë

, 
w

hi
te

 r
at

 a
nd

 g
ui

ne
a 

pl
gt

S
o.

m
at

_e
-I

ia
 , 

Ê
te

{lp
ra

l:i
us

 
( 
ex

pe
r.

 )

N
yc

ti.
co

ra
_x

 n
yc

 ti
co

ra
_x

do
gr

 c
at

, 
ra

bb
it,

 r
at

m
ou

se
, 

gu
ln

ea
-p

ig
, 

m
an

C
yp

rin
id

ae
, 

S
ilu

rid
ae

 
F

or
m

os
a

C
ob

iti
da

e 
an

d 
M

ul
_1

et

E
ur

op
e,

N
or

th
 A

m
er

ic
a,

Ja
pa

 n
 , 

S
ib

er
'ia

f6
) 

H
ap

lo
rc

hi
s 

ta
ih

ok
ui

fu
is

h:
æ

¡l,
-T

qñ
T

C
he

n,
 1

93
ô

L7
 ) 

M
g!

 g
åo

*n
in

lu
s 

qt
-g

U
lq

g
K

at
su

ta
 , 

L9
32

ni
-s

ci
vo

ru
os

 b
ird

s
ea

t, 
m

ou
se

 (
ex

pe
r"

)
m

ul
le

t

1B
) 

D
gx

i_
o&

on
im

U
s-

 g
iu

le
qn

ug
hi

ite
nb

er
g,

 L
92

9
T

 ¡
r-

rr
q 

qr
ìn

vv
v 

o
do

g 
r 

ca
t

P
a'

l e
st

in
e

1 
9)

 $
t e

l l
 a

 n
c 

hg
 s

m
_u

s_

O
nj

i a
nd

 N
is

hi
o,

fa
lg

al
us

 g
ol

 y
m

bu
g

rg
r5

ar
c 

tlc
us

ca
t 

(e
xp

er
. 

)
M

rr
oi

'l 
¿

.a
nh

q'
l 

rr
c

¡'¡
u-

Å
f 

L 
Lç

U
!r

q,
-U

J

20
) 

B
ys

id
io

ps
ig

 s
eq

at
s

Lo
os

s,
 I9

O
7

P
el

ic
_a

nu
s 

on
oc

ro
ta

lu
s

B
ul

o_
rid

.e
 s

 y
ire

 s
 c

.e
ns

C
ol

um
ba

. 
liv

ig
I\T

uq
id

a 
m

el
,g

a 
gr

ls
A

na
s 

do
m

_e
st

ic
a

A
ns

er
 d

om
es

tic
us

M
ilv

us
 u

is
ra

ns

cÊ
t 
r 

do
g 

r 
ra

t 
( 
ex

pe
r.

 )
E

gy
pt

,
P

al
es

tin
e,

C
hl

na
, 

E
ur

op
e



2L
) 

B
. 

m
ar

iv
ill

ei
R

ef
ue

ro
zo

 a
nd

 G
ar

ci
a,

r 
or

R
L 

./J
v

gg
l¿

eg
IU

g 
l-e

uc
oq

a 
st

er
 

do
g 

( 
ex

pe
r.

 )
M

U
qí

-_
], 

du
.s

su
m

ie
r-

!

22
) 

B
. 

su
m

m
a 

C
ol

Y
m

bq
s 

al
gl

lg
us

õn
ji 

an
o 

N
is

hi
o 

1 
lr9

L6
 

M
il 

vu
s 

&
@

"n
9.

: 
.

N
vc

tic
or

ax
 n

vc
tic

or
ax

ca
t, 

do
g 

(e
xp

er
.)

ra
t

U
ue

il 
ce

ph
aL

us
 

Ja
pa

n,
 C

hi
na

G
l o

ss
oe

ob
iu

s 
bu

nr
eu

s

23
) 

S
tic

t-
o:

io
lA

 g
ar

,¡
ql

<
-in

-q
ng

is
 L

ar
ug

 g
0:

 , 
P

gf
fip

U
g 

llu
hl

-f
 , 

do
g,

 c
at

Lo
os

s;
 T

89
9

A
ag

s 
P

r 
at

Y
tn

Y
n-

Ç
hg

.r
S

te
rn

a 
hi

ru
nd

o

M
ug

lt 
sp

p.
E

gy
pt

 t
P

hi
l i

pp
in

es
, 

,,

P
al

es
tin

e 
)

l¡/
. 

S
ib

er
ia

2\
) 

g.
 S

ug
fr

.e
la

i 
G

ar
ci

a 
L-

g-
ru

g.
 f

id
iÞ

U
nd

U
e

ãn
o-

nã
fu

er
zo

.-
 L

93
6

do
g,

 r
at

, 
m

ou
se

, 
Ilg

¡.
ge

lia
 þ

eþ
Þ

A
ç.

ç.
æ

-f
E

 P
hi

tip
pi

ne
s

pu
pp

y,
 c

at
 (

ex
pe

r.
) 

E
gm

ar
.g

gJ
p4

f¿
q 

qe
oî

gi
A

m
ba

ss
ig

 b
ul

ue
ns

i-s
l/n

lq
i'l

 
dl

ls
sl

:m
ie

f 
i

t\



o1

APPEI\TDIX. II

Species of the genus Distoma listed by Rudolphi
t¡

1n his Entozoonrm sive vermium intestinalirrn historia
¡,

naturalis ( 50) "

]. Ð" hepaticum Abil-dg"

2. Ð" ottatug R.

3 " D. cu-neatum R"

\' D" þigêÊ, R"

5" D. cucr:meringg R"

6. Ð" l,nc.as.uî R.

7 " D" transvelsale R"

B. D" at_ogo! R.

9. Ð" polYmor-ohUg R"

f0. D. g1ob.lJg.oru-m R"

Jl. D" cYgnoides Zed"

L2" D" seriale R"

J3. D. simplex R"

l\." D. dÅv.ereens. R"

L5" D. loneicauda R.

L6. D" delicatulu4 R.

17 " D" maculgsum R"

18" D. g!9ggæ. R.

L9. U. cirratum R.

20" D. na.num R"

2L. D. involut-um R.

22" D. crassicolle R"

23. D. lgrg-!åcolle. R.

2\'" Ð" h,q!.sg.ostormum R.

25" D" gaudgle R.

26, D" soleaforme R"

27" D. purillum Zed.

28" D. gacrostomu¡r R.

29. D" mesostzmum. R.

10" D. microstomLm R.

31" Ð. hYslinum R"

72" D. flexuosr-m R.

33" D" gl.avg@ R"

34" D" cylindricum R"

35" Ð," srgnul-osum R.

36" Ð" &!!exun R.

37. U" yar:.cun Zed.

38" D" ovr,ealum, R.



39. Ð" siþbosum R" SPecies dubiae

\0. !,. excavatum R" 6L" D. falconis Chrgaetis

4l-. Ð. appendic.u.latr-m R. 62" D" Fal-gonis Mtloi
\'2. D" areolatrm R" 63. D" Buteonis
r ^ - /l *4'3. D. ala trm Zed. 64 . D" Collurionis
t ì /r44. Ð. crenatum R" 65" Ð. Anatig furcae

)'5. Ð" scabrr:m R. 66" p. Anatis domesticae

)6 " Ð" cra ssiusculium R. 6f " D. Êruis

)+!l- D- nrrnetum Zed, 68" D" Ardeae stellaris| ( . ua vulrvv _

\8" D" nodul.osuJn Zeð," 68" (3) Ð" TestuËinis Uvdae

\9" D" lanceatum Zed" 69" Ð" Crgtal! Durissl
¿^50. D" linearg R. 7C," !." cotubri Natricis intest

5L" D" tresonoceohalum R" 7L" Ð" Colubri Natrície pulmonale

52. D. echinatr:m Zed" 72" D" Colpbri

53. D. unginatu.:n Zed" 73" Ð" Ra.iae

5\. D. EiLlgge R" 7\" Ð. Sturionis

55" Ð. S-tnctu:n R. 75" D" Anarrhychus Lupi

56" D. apiculatum R" 76" D" Ç.orpiiagqg

57 " D" denticutatrim R" 77 " U" ClULeae Rhenanae

58" D" SpigU,!.osum R" 78" U" Cvclsoteri

59" Ð" åerox R" 79" D" E.socis Lucii

60" Ð. gþ3 R" 80" D. binode Zed.

Bt. ; *ist"i"n* zed.

Note z BZ species in al-le consi-dering that 68 tras been

repeated "
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Speciesofthegen]]SDisto-matistedbyRudolphi

1n his"Erster Nachtrag zu meiner Naturgeschichte der
tl

Eingeiueidewurner ( 5Ð "

n l^^* a {- ì n¡rm
)) " J)¡9Va uJU.w!

Tl hi qnq
U¿

n - nnl l.r¡ornh.umDO tJvÀ-Yjf,v¿ væ

ñ -''lln^!/ø gll<-u-Lrr_oE

Tì m¡ nrrl ^qllmvã

T\ n'l qr¡¡ llrmUO

Tl 'ì qrrr.,cl'i:lrrnu " å:.=::::å=

D. echinatum

11 -'nni ncÌrrmU c U,IIU rl{q v |4u

n f ¿.-c nl¡.Uë

rr ñr^'in'l i nrr¡i5gi)) o uaSlu j]j!:5 uu= -

r\ ñ^'t rrlrri TrTq f -ni ni s nrrl monâ a ^
u o :/:/tgg- r"- U.L'IL;Iù U uJluul-rcl.LË

Tì n nrnn'l .â nâ tlrm R.t o rvvsv:q lre u uJ

'l"l ê-l nl.rrl rrqY o u+vP v-LVv

Tì *n¡rr'1 ^qlrm RoJJ e UVr u-Àvs!Ær '

¡ frrrnn¡trrm Al¡ìlÄou s 914$!.5I-9]115 åu'L'Lu6 o


