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INTRODUCTION

The speckled trout, Salvelinug fontinalisg

(Mitehill), is highly valued in the Province of Quebec
as a game fish. However, little is known regarding the
distribution and importance of the helminth parasites
of this fish in Juebec, or the biology, the systematic
status and morphology of some of the species involved.
Accordingly, the present study was undertaken with the
following objectives: (1) to describe the life history
of the fluke Phyllodistomum lachancei and of the

roundworm Metabronema saslvelini; (2) to obtain addi-

tional data on the life history of the trematode

Crepidostomum cooperi; (3) to determine the definitive

host of a cestode, the plerocercoid stage of which occurs
in the trout; (4) to describe the adult and larval

stages of the trematode Phyllodistomum lachancei, the

larval stages of the nematode Metabronems salvelini

and the larva of an undetermined species of Spirurid;
(5) to review the systematic status of species of the

goenera Crepidostomum, Proteocephalus, Rhabdochonag and

‘Metabronema parasitic in trout; (6) and to discuss the

distribution and incidence of the fluke Crepidostomum

farionis and of the cestodes Proteocephalus parsllacticus

and Bubothrium salvelini.




HISTORICAL REVIEW

The first report of an helminthic infection
in the speckled trout in the Province of quebec is that
of Stafford who, in 1904, reported finding Distoma
lauregtum Zeder in trout brought to Montreal markets.
The status of the species reported by Stafford was
briefly reviewed by Miller in 1941 and is reviewed in
more detail in this study. There was no further report
of helminthic infection in this host until 1931, when
Skinker (193la) reported and described the nematode

Metabronema canadense in trout from the Matamek River.

In 1948 the writer (1948b) showed this species to be
identical with Metabronema salvelini (Fujita, 1920), In

1933, Wardle reported finding Diphyllobothriid larvae in
trout from the Ungava region. In 1936, Richardson reported
on the parasitic infections of speckled trout in Lake Ed-
ward and also recorded as a new species, the nematode Philo-
nema salvelini. Lyster in 1940 (1940a) reported on hel-
minthic infections of trout in Lake Commandant and described

three new species, namely: Ptychogonimus fontanus,

Rhaphidascaris alius and Rhabdochong laurentiana. The
last of these species was shown by the writer in 1951

to be synonymous with R. cascadilla. In 1940, Lyster



(1940b) also showed that the so-called "black spot"
diseass of trout in Qushsec was ceused by the mstaczr-~
cariel stags of a trematode which he deseribzd as the

new species Apophallus imperator. Miller later (1941b)

showed it to be synonymous with Apophallus brevlis, the

adult stage of which is known tc occur in the loon (Gavia
immer) .
In 1947 the writer described a new speciss

under the name of Phyllodistomum lachencei, a trematode

found in the ureters of trout Ir the Laurentide Park, and
in 1048 (1948s) recorded a general survsy which he made
on the internal helminths varasitlc in trout 1in this area,
In the ssme ysar Fantham and Porter (1948) renorted on
the parasitic infections of trout in various lakes and
streams of the Faspe Peninsule, Eastern Townships and the
Laursntians, north cf Montreal,

The smecics of khelminths reported by the
authors cited above as Infecting speckled trout in the
Province of Suebsc are listed in Table 1, The literature
for each specles discussed in thie thesis will be included

in the sectlon peorteining to that narticular spsciles,



TARLE 1

PARASITIC FEXLMINTES REZPORTID FRON THT SPTHCKLE

TROUT I THI PROVINCE OF JUWREC

Snecles Authors
Tramatoda
Crevidostomum cooperd Stafford, 1204; Richardson,

1936; Lyster, 1940a; Fantham
and Porter, 1248; Choquetts,

1948a.
Crepldostomum farlonis Choquette, 1948a.
Crepicdostomum cornutum Fantham and Porter, 1948,
Apophallus imperator
(= A, brevis) Lveter, 1940Db.
Clinostomum complanetum Fantham and Porter, 1948,
Pleurogenes sbv. Fantham and Porter, 1948,

Phyllodistomum lachancel Chogquette, 1947 and 1¢48a.

Phyllodl stomum superbum Fantham and Porter, 1048,
Ptychogonimus fontasnus Tyster, 1940z,

Cestoda
FEubothrium salvelinl Richardson, 1938; Lyster,

1940s: Fanthaw and Porter,
1242; Choqgustte, 1948a.

Diphyllobothriid larvae Wardle., 1833; Richerdson,
1636; Fantheam and Porter,
1948: Chkhoquette, 1C48sa.

Ligula sp. and L. intss- Fantham and Porter, 1048;

tinalils. Choquette, 1948z,
Proteocephalid larvae Lyster, 1940a; Choquette,

1648e,



Table 1 (Continued)

Nematods

Yetabronema salvelini
(= II. canadense, Creti-
dlicola harwoodi)

Rhaphldascarls allus

Philonemsa salvelint

Philometra sp.

Rhabdochona cascadlillas
- (= R, lenrsntiana)

LAgamospirura sp. innom.

Acanthocephals

S.

Skinker, 193la; Lyster,
1%40a; Chogquette, 1948a and
1948h,

Lyster, 1940a.

Richsrdison, 18Z6,

Fantham and Porter, 1948.

Ivster, 1940e; Choquette,
19484 and 1951,

Crogquette, 1948a.

¥soechinorhynctus cvlindratus Lyster, 1040a.

Echinorhynchus latéralls

Richardson, 1936; Fantham
and Portsr, 1¢48; Choquette,
1948a,



MATTRIAT

Adult and larval worms used in these studies
came from trout collected by the writer during the
summer months from 1947 to 1853, and during the past
fiftesn years, by field parties from the Insgtitute of
Parasitology, by the Office of Biology, Quebec Depart-
ment of Fieh ané Game, and by anglers in various parts
of the province ircluding: TLaurentide Park, lont
Tremblant Park, Papineau, Argenteuil, Labelle, 3t. Vau-
rice, Joliette, VMontealm, Laviolette, Champlain and
Kamouraska counties, as well &s from Knob La%e and
Star Lake in Labrador. Zowever, most of the matsrial
came from trout caught in lakes and streams of the
Leurentide Park.

The Laurentide Park is situated in the Lau-
rentians, between the forty-seventh and fcrty-eighth
degrees of latitude at an altitude varylng between one
thousand to three thousand feet and its aree covers more
than four thousand square miles divided among four
counties: Chicoutimi, Tac St. Jean, Charlevolx and
Montmorency. This area is reserved largely for trout
fishing, although some parts of it sre fairly highly
industrielized, Although 3t is believed that there are
more than a thousand lakes in the Park (Vladykov (1942))

the exact number is not yet known and less than two



hundred of these lakes are open to fishing, There are
two watersheds 4n the arsa: the Lake S3t., John - Saguenay
River and the St. Lewrence River., There are sevsen draln-
age systems, namely: the Chicoutimi River, the Jacques
Cartier River, the Montmorency River, the Metahetchouvan
River, the Belle-Riviere, the Nalbale River and the
Ste, Anne du Nord River. The accompanylng map (Fig. 1)
shows the conflgurstion of these systems. Fish were
taken from forty-four lakes and streame including all saven
dralnage systems,

The trout used for experimental purposes were
two to three year old parasite-free fish ralsed in hat-
cheries, They were kept at temperetures varying betwseen

. 3

52-59°C. in running water sunplied by an artecslan well,

Tney were fed minced hreef heart and liver but wers starved

]

or severcl weeks prior toe thelr utilization for experi-
mental purposes,
In studies of the life history of the kildney

fluke, Phyllodistomum lachanceil, clams of the famlly

Svhaeriidae were collected from lakes and strezws where
fish were known to harbour the infenstion. Txamination of
these clams showed some of them to hearbour the larval

stages of another trematode, Crepldostomum cooperi. The

clams wer2s identified through the kindness of ths Rev.
H, B. Eerrington, Keene, Ont., as species of the genus

Pistdium.



In studying the life histories of trout
helminths the aquatic stages of several species of in-
sects were cocllected from the lakes and streams of the
Laurentide Park and examined for the presence of larval
worms. Thus, damselfly naiads were found to harbour
the metacercarial stage of the kidney fluke while nymphs

of a mayfly (Hexagenia recurvata) and of a species of the

genus Polymitarcys harboured the larval stage of the

trematode Crepidostomum cooperi and of the nematode

Metabronema salvelini. Damselfly naiads used for experi-
mental purposes during the course of study on the life
history of the kidney fluke were collected along the
shore of lake St. Louis at Ile Perrot and of the Ottawa
River at Ste. Anne de Bellevue and Dorion. Multiple
examinations of these naiads failed to show the existence
of any infection.

For the purpose of establishing the definitive
hosts of the larval Diphyllobothriid found in the trout,
several hosts, both avian and mammalian, were used in
attempts to establish experimental infection. The birds
used were down-covered ducklings (Mallard and domestic)

a few days 0ld and very young ring-bill gulls (Larus
delawarensis) as well as day-old chicks. The ducklings,
chicks and some of the gulls were hatched and raised in
the laboratory. The gull eggs were hatched at a tempera-

ture of 103°F. During the period of incubation the gull



eggs wefe Gipped in lukzswarm water to prevent the

young birds sticking tc the shell, ALAfter hatching

the gulls wers 1left in the incubator for 2bout trenty-
four hours and then transferred to a brooder set at 1000F,
for another twelvs to fifteen hours. They were thszn
transferred to a2 box kept at 75-800F. The ducklings and
chicks were fed parasite-free trout or thawed out smelt,

cod, socle. Two adult hsrring gulls (Larus ergentatus)

kept in the quebec Zoclogical Garden were also used,
The mammalian group Included rursing kit-

tens, reamsters and black bear cubs., The bear cubs ware

fed only bread soazked in milk and minced horss meat.

L human volunteer (the writer) 2leo served Pcor avpar’-

rental purvoses,
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Helminthologiczcal Materlal

Livze end f1xed specimens of helmirths

were used both for exnsrimental nurposss and for mor-

o

phological studies. Some of the trematodes and cesto-
Ges were killed by leaving them overnight in cold water;

others by »nlunging them into a fixative., The flatwerms
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tde
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were fixed ir fiv
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rer cent fcrmalin or in Bouln's filxa-
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tive. Some of th

D

carcariac of the kidrney flukke wers

<'D

fixed in hot lactonhencl vhile othors were fixed in five
per cent formalin or in Bouln's flzxative., Some encysted

and mechanically excycted metacercariae of Phyllodistomum

lachancel and of Cranldostomum cooperi from exnpzrimental-

1y or neturslly infected Jdamselfly nalads or nymphs of

7

epecles of mayfly wers studled without steirning, an
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tar staining with nsutral red. Others werz exeminecd
after fixetion and staining with 2lum carmire. £d3ult ne=-

-~

arvee from nvmnhs ¢f

3
&
o
Q
jo
@
6]
Hy
"3
O
3
ot
i
O
[
ot
£3
3
N
e
]
3
©
Pl o
o]
%
D
—

spacles of mayfly wars fixed in five per cent fermalin

or het seventy per cent a2leohol, JLlum carmine and Celes-
tin blue were used In the staining of adult and larval
tremetodes and cestodes while nematodes wers studled

ng cleared elither in lactovhenol or glycerine,
Vital stains used in a few lnstarces 21d not prove =&-

tisfactory. Permanent mounts wars made of whole worms

10
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and rvarts trersof. The trematodss and cecstodes were
mounted 1n Canada Balsam while nematodes or parts of them
were mountad in glycsrins Jellyr,

Trhe Tirhvyllctethriid plerocarcoids which were
used for experlmsental purposse were Clcssctzd from thelir
cvots found on the viscsra of trowt., Upon disssctior the
plerocercolds were kopt in physiclogicel saline solution
in tubes nlaced in running watzsr at = temperature of about
52-5¢07, They were thus kept alive for about a wssak.

Tgos of kFhe kidney flule, Phyllodistomum lachancel, were
cecured by Clssscting the uterus of the adult worm. The
2ges batceh shortly after being put in watsr, The mira-
cidla were studied alive aftsr staining with neutral red.
Iolluscan Material and Larval Stages of Trematodes

Clams were collected in the Laursntids Fark;
thosz uveed in the 11fe Mistory study of the kicdney fluke
were from a czeandy beach in Grand Lac Carre, and those used

in the biolegiesal

=imllar hesaches at
River.

Clams we
talcen neerby growi:
the giave was tren
plart dehmis and 1

studiee of Crepidostomum cooper! from

Lake Turgeon and the Ste, Anne du Yovrd

eifting

re collectad by sand and muck

E 4
aguatic

plants,

- to a tray and

. The rems

inder,
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clams could be seen, was then transferrsd to & tharmos
bottle packed with crushed ice or to Jjars kept in & nort-
able refrigerator and teken to the laboratory where the
¢lams wers individually sorted,
In the labcratory, the clams were separated in
lots of about one hundred and placsed in well water in

Petri dishss. UYUvery morning and svenling each container

—te

was examined for cercarias under & 8x digsecting micro-

scope. The cercariae were remcvad with the ald of a

"3

ipette, Some of the cercarize thus collectsd were ucsed
for sxverimental purposes and others were kept for wmorpho-
logiceal studies, In those dishes where cersarlae were
founcé the clame were further separated Into smaller lots of
twenty to thirty clams.

Difficuvltles were at first experienced in keesping
the clams alive uncder laboratory conditions. In addition
to starvation, one of the maln causec of dszth appeared to
be the development of fungal infections which sesmed to

Adavelop faster in dishes containing severel clams. In

d‘

Ty
id

1o

order to overcome ts difficulty the clams were trans-
ferred Aelly into clean dishes, Bathing in funglcidss was
of no discernible help, Hand removal of fungl growing on
the gkell of ths clams by gently rubbing btetwesn the
fingers resulted in longer survival, but this proved to be

a tedious and times-consuming task ag gsveral hundred clams

were ‘nvolved, Finelly, it was found that by placing the
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clams in an Erlenmeyer flask contaiﬁing fine sand and a
little water and shaking it vigorously for a minute or two,
the shells of the clams were freed of fungi. This was
repeated with the result that the mortality rate decreased
rapidly and clams could be kept for several weeks. This
technique of clam bathing aveids the task of setting up
aquaria, while still permitting easy examination for cer-
cariae.

Infected clams were crushed lightly between glass
slides in order to obtain sporocysts. The sporocysts were
fixed in either five per cent formalin or in Bouin and stained

with Alum carmine.

Arthropod Material and larval Stages of Helminths

The collection of clams by the method described
above yielded mayfly and dragonfly nymphs. The collection
of the naiasds of damselflies, which cling to the stems of
aquatic plants, was made with the help of a net devised by
the writer. This net consists of a rim made of a solid
steel rod one centimeter in diameter. The semicircular rim
is eighteen inches at its widest and nine inches across.

To this rim, wire window screening is fastened to make a
basket about six inches deep. A handle about five feet
long is attached to the net, which is used in sweeping the

weeds. The contents of the basket are transferred to a
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wide dish from which the naiads and other aquatic arthro-
pods can be picked up.

The damselfly naiads, mayfly and dragonfly nymphs,
and other arthropods which were collected in areas where
fish are known to harbour helminthic infections were taken
to the laboratory in cooled containers. At the laboratory
these arthropods were dissected and examined for the
presence of larval helminths.

The naiads collected for experimental purposes
were kept individually in small bottles placed in a wooden
frame left floating in running water at about 52-59°C.

Prior to their use the naiads were starved for several days,
since non-starved naiads proved to be unsatisfactory feeders.
The naiad to be fed cercariae of the kidney fluke was placed
with the cercariae in a Syracuse dish thus permitting examina-
tion of the process of feeding under the dissecting micro-
scope. When necessary, in order to encourage feeding, the
cercariae were directed by means of a dissecting needle

towards the naiad.

Experiments with Fish, Avian and Mammalian Hosts

Parasite-free trout were used for biological

studies of the kidney fluke Phyllodistomum lachancei, the

fluke Crepidostomum cooperi and the nematode Metabronema

salvelini.



15.

Fish used for experimental purposes were starved
for several weeks. After exposure to experimental infec-
tion the fish were either kept in separate aquaria provided
with an electrically driven aerator, or tagged and trans-
ferred to troughs. The fish were killed at wvarious inter-
vals and examined.

In studies on the development of Diphylloboth-
riid plerocercoids, the ducklings, chicks and gulls were
infected shortly after their hatching, usually within
forty-eight hours. Live plerocerccids were administered
by means of gelatin capsules introduced into the gullet
of the birds or into the pharynx of the mammals. Faeces
of one of the bears were examined at weekly intervals
during a period of two months following initial feeding
of plerocercoids. Birds, the bears and the kittens
were killed at various intervals and examined. 1In
attempts to infect himself the writer on three occasions
in 1948, 1949 and 1952 swallowed eight to ten plero-
cercoids; weekly faecal examinations were made during a
period of three months.

Specific methods will be discussed under_the

experiments to which they applied.
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TREMATODA

Three species of trematodes were investigated
during the course of this study, namely: Phyllodistomum
lachanceil, family Gorgoderidae Looss, 1901, and two species
of the genus Crepidostomum, family Allocreadiidae Stossich,
1904.

GORGODERIDAE Iooss, 1901.

Diagnosis
Members of the family Gorgoderidae are small and

are usually found with a smooth cuticle, but sometimes bear
papillae. The body is generally divided into two portions:

the anterior or pre-acetabular being slender and mobils,

while the posterior or post-acetabular is broad and flattened.
The oesophagus is short or long and the pharynx may be pre-
sent or absent, while the intestine is single and not ramified.
The genital pore is median and pre-acetabular. Male genitalia:
the testes are usually obligue to each other, inter-caecal or
extra-casecal; cirrus pouch and cirrus are absent; pars pros-
tatica is feebly developsed and vesicula seminalis is usually
small. Femals genitalia: the ovary is pre-testicular;
vitellaria are paired and post-acetabular; the uterus is
greatly folded with descending and ascending inter- or extra-
caecal limbs and with the coils tending to fill the posterior
region of the body. The eggs are numerous. Adult worms are

normally found in the urinary tract of fish, amphibians and
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reptiles.

The family consists of two subfamilies: Gorgo-
derinae looss, 1899, and Anoporrhutinae lLooss, 1901. The
Gorgoderinae are characterized by the absence of a pharynx,
the presence of two to nine compact or lobed testes placed
posterior to the usually compact vitellaria glands. The
ovary is lateral and posterior to the vitellaria and slightly
anterior to the anterior testis; the seminal receptacle is
absent and Laurer's canal present. The subfamily at present
contains the following genera: Gorgodera Looss 1899, Gorgo-
derina Looss 1902, Phyllodistomum Braun, 1899, Xystretrum
Linton 1910, Maciag Travassos 1922.

The Biology of the Gorgoderids

Although several species of Gorgoderidae from a
variety of hosts have been described, data on their develop-
ment are scanty. Sinitzin, in Europe (Goodchild (1943)), in
1905 was first to report on the life history of members of
this group of trematodes. HHe studied the life cycle and
described the larval stages of three species Qf the genus
Gorgodera: G. gagéhtcheri, G. cygnoides and G. varsoviensis
and of a species of the genus Gorgoderina, G. vitelloba. 1In
all cases odonatan naiads and bsetles served as second inter-
mediary hosts. Sinitzin was able, upon experimental feeding

of species of European Cyprinidae with metacercariae of a
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form he considered to be Phyllodistomum folium, to recover

excysted specimens in the intestine of these fish two hours
after feeding, and young worms in the urinary ducts after
twenty-four hours.

In 1926, Lutz, working in South America, reported
that the cercaria of an unidentified Gorgoderid develops in

clams of the genera Cyclas, Pisidium or Sphaerium and that

it encysts in the ocesophagus of the dragonfly.nymph.

Krull (1933) (1935) (1936) studied the life cycle
of Gorgodera amplicava lLooss, parasitic in the urinary
bladder of the frog. He showed that the cercaria of this
fluke encysts in damselfly naiads or in the snail Helisoma
antrosa. His studies were the first in North America on
the life history of a gorgoderid trematode. Since that time
Goodehild (1945) (1948) has contributed additional data on
the life history of thls fluke and on the morphology of its
larval stages.

In 1938, Wu reported finding the progenetic meta-

cercaria of Phyllodistomum lesteri in fresh-water shrimps

in the Shanghal area but was unable to determine the host
of the adult worm.
In 1939, Rankin in the United States determined the

life history of Gorgoderina attenuata, another frog bladder

trematode, and showed that tadpoles of the genus Rang are its
usual secondary hoste. Crawford in 1939 and in 1940 reported

that odonatan nymphs, caddice fly larvae and diving beetle
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larvae act as second intermediary hosts of Phyllodistomum
americanum. Goodchild (1940) (1943), also working in the
United States, demonstrated the life history of Phyllodis-

tomum solidum parasitic in saslamanders. Both Goodechild

end Groves (1945) reported that odonatan naiads are the
second intermediary host of P. solidum. Goodchild's study
is the first in which the life history of a species of the

genus Phyllodistomum has been demonstrated. In 1945, Groves

redescribed P. solidum and provided experimental proof of
its life history. However, this author refers bnly to a
1940 abstract by Goodchild and not to Goodchild's 1943
paper. In 1950, Hunt reported on the development of an
undescribed species of Gorgoderid parasitic in the urinary
bladder of the frog Rana clamitans.

As stated by Goodchild (1943), several European
workers have postulated on morphological similarities and
slight experimental evidence certain relationships between
cercariae or metacercariae and sexually mature Pnyllodis-
tomes. Nybelin in 1926 (Goodchild (1943)) amplified these
speculations concerning Buropean Phyllodistomes. However,
in no case was the life history of a Phyllodistome elucida-
ted.

Studies on the biology of the Gorgoderids have
brought forth several interesting observations pointing
to the existence of two and three-host cycles among these

forms. For example, Cercaria duplicata of Reuss (Goodchild
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(1943)) upon leaving its bivalve host, becomes a metacercaria
which sinks to the bottom of the water and lies dormant

until it is taken by the next host. Another example of a
two-host cyele is that observed by Sinitzin who reported in
1901 (Goodchild (1943)) that the cercaria of Phyllodistomum
folium encysts in the parent sporocyst which then emerges
from the bivalve and is eaten by the next host. Three-host
cycles have been shown in a few species of Gorgoderids.

Thus the cercaria of Gorgodera amplicava, according to Krull

(1935), and the cercaria of Gorgoderina attenuata, according

to Rankin (1939), are both ingested with food by snails and
amphibian larvae in which they encyst as metacercariae. 1In
1948, Joyeux and Baer experimentally secured the encystment
of an unidentified cercaria in tadpoles of Bufo vulgaris and
Rana esculenta. Other examples of three-host cycles are
those reported by Sinitzin in 1905 (Goodchild (1943)), Lutz
(1926), Krull (1935), Goodehild (1940) (1943) and Crawforad
(1939) (1940).

In addition to Wu's 1938 report of finding pro-
genetic metacercariase in fresh-water shrimps there is the
one of Joyeux and Baer who in 1934 found bladder flukes in
the musculature of Rana esculenta; these trematodes may also
be precocious metacercarise. Thus it is evident that the
intermediate hosts of these three-host cycles, although

essential in the blology of the trematodes are, however,
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only vectors which by acting as a source of food for the
definitive host facilitate the completion of the life cycle.

Gorgoderid flukes are usually found in the uri-
nary bladder and in the Wolfian ducts of the fish or
amphibian hosts. According to Goodechild (1943), these
worms probably feed on the urinary epithelium as evidenced by
his finding of epithelial debris in the intestine of a
speciman of P. golidum. However, their habitat is not limited
to the bladder or ureters as shown by Joyeux and Baer (1934),
Van Cleave and Mueller (1934), Odlaug (1937), Rankin (1939),
Goodchild (1945) (1948), who found them in other parts of
the host's body. Goodchild (1950), corroborating Odlaug's
finding of immature forms of Gorgoderina ampliceva in the
mesonephric tissue of frogs, has shown that those worms which
are unable to extract themselves from the kidney tissue
become encapsulated and remain trapped there during their
adult life.

Rankin in 1939, in his study on the life cycle of
Gorgoderina attenuats, and Goodchild (1940) (1943) in his on
the biology of P. solidum, have shown that the young worms
after excystment in the small intestine migrate posteriorly
along the mucosa of the large intestine to the cloaca from
where they eventually reach the bladder and the ureters and,

in the case of female hosts, the oviducts. However, the path

of migration into the oviduct is unknown. How the young
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worms orient themselves to the proper cloacal opening is
unknown. Goodchild (1943) is of the opinion that in the

salamander Desmognathus fuscus fuscus orientation of the

growing Phyllodistomum solidum may be provided by the ac-

tion of host cloacal ciliase. In an experiment cited above,
Sinitzin reported recovering excysted specimens of Phyllo-
distomes in the intestine and urinary tract of fish fed
metacercariae. However, the number of worms recovered by
Sinitzin was much smaller than the number of metacercariae
fed. This author suggested that the young worms mi-
grated from the anal opening to the urinery tract opening
and that the hazards of such a migration would explain

the lesser number of worms found in the urinary ducts.

Genus Phyllodigtomum Braun, 1899

(Syn.: Spathidium Looss, 1899, Catoptroides Odhner,
1902, Microlecithus Ozaki, 1926, and Dendrorchis

Travassos, 1926)

Systematic Status

The systematic status of the genus Phyllodistomum
Braun, 1899, of the family Gorgoderidae Looss, 1901, sub-
family Gorgoderinae Looss, 1901, has been discussed by several
students of the genus and particularly by Lewis in 1935.
This genus was created by Braun to include all the then known

species of trematodes from the urinary bladder of different
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cold-blooded vertebrates into a single genus with Distomum
folium (= Phyllodistomum folium (V. Olfers, 1817) (Braun,
1899)) as type species. Following Braun's creation of the
genus Phyllodistomum four other genera were created to
include such trematodes. These genera: Spathidium Looss,
1899, Catoptroides Odhner, 1902, Microlecithus Ozaki, 1926,
and Dendrorchis Travassos, 1926, were eventually, as
pointed out by Goodechild (1943), shown to be synonyms of
Braun's genus. Since then several species of trematodes
parasitic in the urinary tract of cold-blooded vertebrates

have been added to this genus.

Generic Diagnosis

Gorgoderinae: the body is usually spatulate and
the cuticle smooth or with spines. The body is often notched
in its posterior region. The oral sucker is usuelly smaller
than the acetabulum. The pharynx is absent and the oesopha-
gus of varied length. The genital pore is usually between
the intestinal bifurcations and anterior margin of the
acetabulum. Testes: there are two slightly or deeply lobed,
slightly oblique. The vas deferens is long and the seminal
vesicle is conspicuous while the prostate and the ejacu-
latory duct are inconspicucus. The ovary is compact or
slightly lobed and usually posterior to the vitellarium of
the same side but is pre-testicular and may be amphitypiec.

The oviduct is relatively long and the fertilization space
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generally evident. Laurer's canal is present, parallel-
ing the vitelline duct on the side opposite to the ovary.
The Mehlis gland is present but iﬁconspicuous. The metra-
term is large and vitellarias are compact or lobed, post-
acetabular but pre-ovarial. The eggs are numerous filling
many uterine coils. The excretory pore is subterminal and
the excretory vesicle is Y-shaped. Type species: Phyllo-
distomum foljum (V. Olfers, 1817) Braun, 1899. Synonyms:
Distomg folium V. Olfers, 1817 and of Rudolphi 1819 and
Looss, 1894; Spathidium folium (V. Olfers) Looss, 1899;

Phyllodigtomum pseudofolium Nybelin, 1926.

Phyllodistomum lachancei Choquette, 1947

Habitat, Distribution and Incidence.
This tremstode described by the writer in 1947

occurs in the ureters and the urinary bladder of the
speckled trout. The flat edges of the worm being unrolled,
it practically occludes the lumen of the ureter and, to the
naked eye, presents the appearance of a small abcess. The
worms were found indiscriminately in either the left or the
right ureter in unilateral infection while a few fish were
found to be bilaterally infected. The worms are removed
easily from their habitat by gently pressing along the
length of the ureter in the direction distal from the kidney.
The parasite was found in trout from lakes and
streams of the Jacques Cartier River, Malbaie River and the

Ste. Anne du Nord River drainage systems of the Laurentide
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Park. These are the only localities where the infection
has been recordsd. Fantham and Porter in 1948 reported
finding a single specimen: of Phyllodistomum which they
identified as P. superbum from the gall bladder of a

trout from lake Memphremegog. Unfortunately these authors
did not elaborate their finding and the writer was unable
to secure this specimen for study. This is very likely a
case of accidental parasitism by a form parasitic in the
urinary tract of Esocidae known to inhabit these waters.
Until more is known of the helminthic infections of trout
and Esocidas in this locality, this report must be regarded
as doubtful. In view of available knowledge of the hel-
minthic infections of the speckled trout in North America,
one may infer that P. lachancel is actually the only
species of the genus which so far is known to occur in the
urinary tract of this host. Ahd the Province of Quebec is
so far the only locality where it has been recorded.

While statistics on the incidence of intestinal
worms are relatively easily established through the collec-
tion of viscera by fishermen, guides, cooks, etc., it is
not easy to secure kidneys as these are usually removed at
the time of evisceration. The removal of the kidney is
usually done with the help of a knife and the organ is
mutilated and reduced to a bloody pulp so as to meke it

almost impossible to find worms. However, on some occa-
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sions during the summers of 1950 and 1952 the writer
examined the kidneys of a number of trout from lakes and
streams of the Ste. Anne du Nord River drainage system.
One hundred and forty fish were thus examined and sixty-
six, or forty-seven per cent, were found to harbour the
parasite. The highest incidence was encountered in fish
from Lake Turgeon, where the fluke was found in forty-nine
of eighty-two trout. In trout from lakes of the Malbaie
River drainage system the incidence is almost fifty per

cent.

Life History Studies
Experiments with second intermediary hosts.

Naiads of various species of damselfly were
offered cercariase. Nalads were fed one to five cercariae.
In some instances the offered cercariae were very active;
in others they were sluggish and seemed to be less challeng-
ing to the naiasds. The very active cercariae were usually
attacked immediately, while with the sluggish ones a needling
was often needed.

In the process of feeding, the naiad projects
its elongated labium and grasps the cercaria, pulling it
into contact with the open jaws which direct it into the
mouth. Naiads usually ingested the cercariae in a few
seconds, especially if the cercariase were lively and were

grasped by the anterior extremity. In those cases where
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the ¢ercarise were grasped by the posterior extremity or
the middle of the body, they were often not swallowed and
were rejected after being held for a few minutes. That
some of the cercarige falled to encyst themselves in the
insect host is evidenced by the fact that in some of the
naiads known to have ingested cercariae, no cysts, or a
smaller number than were expected, were found upon
examination. Goodchild {1943) thinks that such failure
could be due in some cases to imperfect cercarise. Al-
though this is possible, the writer also believes that
this failure is due to physical damage to the cercariae
during their passage through the mouth structures. The
cercariae penetrate the crop wall shortly after being in-
gested, and encyst in the walls of the thorax. This
process of encystment of the cercaria is readily watched
under the dissecting microscope, especially if the naiad
is light in colour.

Sinitzin (Goodchild (1943)), Krull (1935) and
Goodechild (1943) report that the encystment is a cause of
discomfort to the insect, as shown by the rubbing of the
legs together or the body with the legs, nervous wriggling
movements and short random dashes through the water, loss
of equilibrium and tetanosis. The writer has had the oppor-
tunity of observing many feeding naiads, and has seen naiads
remain completely motionless after having ingested cer-

cariase while others, which had not been fed, acted in
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the manner desceribed by Goodchild. However, while some
naiads would ingest only one cercaria in from one half
to several hours, others would ingest two, three or four
within a minute or two of exposure. The metacercaria
wall which appears as a delicate membrane was formed
shortly after penetration and within the hour, the cyst

was completely formed.

Experiments with the definitive host.

Three three year old trout were used for experi-

mental infection of Phyllodistomum lachancei. Two me-

thods of infection were tried.

One of the trout was fed metacercariae which
had been dissected within ten to fifteen minutes of feed-
ing from experimentally infected damselfly naiads. The
fish was held enveloped in a wet towel and the metacerca-
riae were forced into its stomach with the help of a rubber-
bulb glass pipette with a smooth tip. Ten metacercariae
three to six days 0ld were thus introduced. The fish was
then returned to an individual aquarium. However, it could
not be determined whether the métacercariae'were regurgita-
ted. The trout was killed three days after initial feeding
and examination of the urinary ducts showed no sign of in-

fection.

Two of the trout were fed naiads which were
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known to harbour metacercarise. In order to determine
whether the naiads harboured metacercariae, they were
placed between two glass slides and gentle pressure ap-
rlied; exeamination was thus possible under the dissecting
microscope. The metacercaria can be seen with reflected
light because of the presence of opaque concretions in

the excretory bladder. The naiads were introduced into
the stomach with the help of forceps in one case and of a
large rubber-bulb glass pipette in the other. After feed-
ing, the trout were returned to individual aquaria and
observed for signs of regurgitation. One of the trout was
thus fed sixty-one naiasds harbouring ninety-eight metacer-
cariae seven to ten days o0ld; the other was fed fifty
naiads harbouring seventy metacercariae two to six days

of age. One of these trout was killed twenty-four hours
after initial feeding and eight excysted forms were found
in the terminal portion of the intestine and in faeces
covering the anal opening and urogenital sinus. There

was an indication that the excysted worm had undergone a
physiological change. Metacercariae mechanically excysted
live only about fifteen to twenty minutes at most, whereas
the naturally excysted form remained alive in tap water
and faeces for three to four hours after recovery from the
trout. However, no gross morphological development was
observed. The other trout was killed fourteen days after

initial feeding, but no worms were found on examination.
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Discussion of life history

The studies of Krull, Rankin, Crawford, Goodchild,
Groves and Hunt are the only ones to date on the life
histories of Gorgoderid trematodes parasitic in North Ameri-
can hosts, and their studies were on trematodes from
amphibians. The present study is the first on the life
history of a Phyllodistome parasitic in a fish host on
this continent.

Examination of clams has shown that the first
larval stages develop in bivalves of the genus Pisidium:
P. ferrugineum Prime, P. obtrusale C. Pfeiffer, form ven-
tricosum Prime and P. subtruncatum Malm. Experimentally,
the writer has shown that the cercaria encysts in damsel-
fly naiads and that excystment takes place in the digestive
tract of the trout, from whence the young worms reach the
urinary system. Further evidence that the worm must pass
through the alimentary tract is indicated by the life
span of the mechanically excysted larvae (fifteen to
twenty minutes) as opposed to the naturally excysted
worms (three to four hours). The change of physiological
adaptation to a new environment appears to take place
before the worm reaches its final destination, the urinary
ducts. The writer considers this to be further evidence
of the migration from the alimentary tract to the

urinary system as opposed to a somatic or visceral
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migration. As stated above, Gorgoderid trematodes are
usually found in the bladder or ureters but as shown by

Van Cleave and Mueller (1934), Joyeux and Baer (1934),
Odlaug (1937), Rankin (1939) and Goodchild (1945) 1948),
they also can be found in other parts of the body. However,
in the present study P. lachancei was found only in the
urinary bladder or the ureters of naturally infected fish,
and then only in small numbers, usually not more than

eight to ten in any one fish.,.

The data thus secured in the present study
show that P. lachancei has a three-host life cycle. 1In
this it is similar to some species of Gorgoderids. The
data secured from experimental infection also point to
the fact that many of the forms, after their excystment
in the intestine, do not reach their final destination.
This most probably is due, as suggested by Sinitzin
{Goodehild (1943)), to their disappearance along their
migratory path from the digestive tract to the urinary
duets of the host. In addition to the hazards of migra-
tion, certain physiological conditions which are present
in fish in nature may be lacking in trout reared artifi-
cially. Were the fish kept on a diet similar to that
which is available to them in nature, it is possible
that the kidney fluke might become established more

readily.
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Description of Stages

1. Miracidium (Figures 2, 3)

Ripe eggs isolated from the metraterm contain
fully developed miracidia which can be seen surging back
and forth. These eggs hatch within a minute of being
placed in tap water. This finding is not in agreement
with Crawford's observation (1940) to the effect that

for Phyllodistomum sp. there is a two-day interval between

egg deposition and hatcehing. Upon hatching the miracidium
swims about vigorously for several hours, but this aocti-
vity decreases with time and only a few specimens were
still alive after eighteen hours.

Due %o contraction and extension, the shape of
the miracidium is quite variable. At times the miracidium
when quiescent is oval in shape or assumes a pyriform
shape; it can also become elongated and show a constric-
tion in its middle. It measures (oval form) 60-64n in
length by 50-54u in width but at times it can be longer
and narrower. The surface is covered with long ciliae
about 6u long, each of them possessing a distinct basal
granule. They are lacking on both tips of‘the anterior
and posterior extremity. The ciliae are borne on epi-
dermal cells deeply stained with neutral red and filled
with refractile granules. According to Rankin (1939)

and several works quoted by him, these cells, after pene-
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tration of the miracidium into the clam's gills, are
sloughed off and the sub-epithelium appears to become the
wall of the mother sporocyst.

Internally the body is filled with many fat-like
droplets. It is provided with a sac-like structure, the
so-called "gut" which measures about 20u by l14u and appears
as a clear empty space with a small opening facing the tip
of the anterior extremity. Posterior to it are two glands
usually laterally placed, in apposition to each other.

These glands, easily seen in neutral red stained specimens,
are quite variable in their size but one is always much
larger than the other, the larger one being 35u long by 17u.
In several specimens it was possible to see a narrow

isthmus connecting both glands. Two flame-cells are present
at about the level of the demarcation line between the
middle and posterior third of the body but their excretory

duct could not be made out satisfactorily.

2. Sporocysts (Figures 4, 5, 6)

Both mother and daughter sporocysts can be seen
in infected clams. Immature mother sporocysts are tubular
in shape and measure 0.59 to0 1.0 mm. in length by 0.8 mm.
in width; they are filled with germ balls. Ten to fifteen
of these germ balls, themselves filled with secondary
masses, can be sesn. From these will arise the future

daughter sporocysts. The sporocyst wall is 12p to 15u thick
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and in it large cells can be seen.

The daughter sporocystsg are pyriform and lie
between the gill plates. The narrow anterior extremity
is embedded in the gill tissue and its rounded posterior
extremity is free and lies into the interlamellar gill
space. The mature daughter sporocysts are 0.6 to 1.0 mm.
long and 0.098 to 0.153 mm. wide at the anterior end and
0.267 to 0.520 mm. at the posterior extremity. The wall
of the daughter sporocyst is 15y to 20u thick and contains
many large cells. Internally the daughter sporocyst
contains developing cercariae at different stages as well
as a few germ balls. The number of cercariae is variable
but four to six or seven were usually present in the
sporocysts examined. The birth pore situated on the con-
tracted anterior end was observed in one specimen in which

the tail of a cercaria was seen protruding through it.
3. Cercaria (Figures 7, 8)

The cysticercous cercaria somewhat resembles
that of P. golidum as described by Goodchild (1943) and
Groves (1945) and that of an unknown Gorgoderid described
by Joyeux and Baer (1948).

The cercaria upon being shed is very active
but this activity decreases within a few hours, and twelve
to twenty-four hours after being shed, the cercaria is

usually inactive and extended. The mature cercaria
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measures between 1.3 to 1.8 mm. in length and it con-
sists of an anterior chamber containing the body of the
cercaria and a posterior chamber or tail proper. The
anterior chamber measures between 0.13 to 0.21 mm. in
length. The tail is transparent with large cells scat-
tered in its walls. In the immature cercaria the tail

is short and thick and the body of the cercaria is not

yet enclosed in the anterior chamber. In the mature cer-
caria the tail is elongated and the cuticle is raised into
a circular fold to form the anterior chamber; this contains
the cercarial body while the remainder forms the posterior
chamber. Anteriorly, the cercarial chamber communicates
with the exterior by a small pore; posteriorly, this
chamber communicates with the tail proper by means of
fibres extending from the lips of the excretory pore to a
mass of cells situated at the proximal end of the tail
proper. DBoth Goodchild (1943) and Groves (1945) report
the presence of such cells in the cercaria of P. solidum.
Groves is of the opinion that the structure extending from
the excretory pore to these cells is a canal and that the
cavity of the tail serves as an accessory bladder. This ca-
nal fits the description of Joyeux and Baer (1928) "lors-
que la cercaire est sortie de sa chambre d'invagination,
elle ne tient aux parois de celle-ci que par un mince pé-
dicule qui se rompt facilement". Examination of immature

cercarise of P. lachancel shows that there exists such
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a "canal" leading from the excretory pore to the tail.
Therefore, in view of this morphological arrangement, the
writer shares Groves' opinion that in Gorgoderids the
cavity of the tail acts as an accessory bladder.

The cercarial body is elongated and filled with
a dense parenchyma which renders it difficult to secure
a clear picture of the internal anatomy. Measurements
vary in accordance with whether living or fixed material
is used. TFixed specimens vary between 0.023 to 0.026 mm.
in length, while living specimens may have greater length.
Sensory papillae were seen in living specimens but cannot
be discerned in stained material. These papillae were
distributed as follows: fifteen to sixteen on each side
of the body, four on the anterior extremity, extending
between the anterior tip of the cercaria to a point level
with the posterior margin of the oral sucker, four between
the posterior margin of the oral sucker and the anterior
margin of the acetabulum, one at the level of the aceta-
bulum and five or six between the acetabulum and the
posterior extremity.

The oral sucker, oval in shape, measures betwsen
35-48n in length and 41-481 in width. The acetabulum,placed
slightly behind mid-body, is 48-51p long and 48-5lu wide
while it is still larger in some specimens. The oral
sucker opening is usually crescent sheped, while the aceta-

bular one is either spherical or oval depending on the
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amount of pressure applied to the preparation. The stylet
embedded in the parenchyma dorsal to the oral sucker is

19 to 22p long and between 4 to Su wide. Its anterior
extremity is pointed; its posterior extremity is rounded;
on each side there is a pair of lateral wings whose width
decreases progressively toward the posterior end.

The ducts of the penetration glands situated
about half way between the oral sucker and the acetabulum
open on each side of the stylet. The penetration glands
are better seen in neutral red stained preparations. The
digestive tract is difficult to observe clearly. The
narrow oesophagus bifurcates in front of the acetabulum,
and the poorly developed intestinal caeca taper pos-
teriorly towards the postérior extremity. The nerve ring
appears in stained specimens as a transparent area across
the oesophagus about midway between its bifurcation and
the oral sucker. The ramifications of the excretory
systems are difficult to follow. The flame-cell pattern
appears to be complex and is difficult to follow owing
to the refractile granules filling the body of the cer-
caria. Only a few flame-cells were seen, especially in
the posterior region of the body. The excretory bladder
is well developed/and is surrounded by a mass of large
glands which extend anteriorly close behind the aceta-

bulum. Anteriorly it receives the transverse branches
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of the lateral excretory tubules extending anteriorly and
posteriorly. The genital anlage could not be made out

at all.
4. The Metacercaria (Figure 9)

In infected naiads secured between two glass
slides the metacercaria can be seen with the aid of the
dissecting microscope because of the opaqueness of con-
cretions in the excretory bladder. The cyst is oval to
spherical in shape and loosely attached to the thoracic
walls; in it the active larva can be seen surging back
and forth. The cyst wall of cercarial origin is about
3 to 4p thick and in older cysts cellular elements of host
origin adhere to it. The size of the cyst varies with its
age. Thus cysts ten to fifteen days of age measure bet-
ween 150 to 175u in their longest dimensions, while cysts
about twenty-five days old measure between 190n to 203u.

In living cysts the suckers are easily seen,
along with clusters of refractile granules, filling the
excretory bladder. The cercarial stylet has become de-
tached and can be seen free in the cyst cavity. The young
worm is easily excysted, but it is very fragile and dies
shortly after, its survival time not being more than fif-
teen to twenty minutes. A twenty-four'hour metacercaria

was 0.24 mm. long; the oral sucker was 4lu long by 4lp
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wide and the acetabulum 48u by 48u. A twelve day old

metacercaria was 0.278 mm. long, the oral sucker was

571 by 57u and the acetabulum 60u by 67u while a twenty
day 014 metacercaria was 0.352 mm. long by 0.131 mm. wide
at the level of the acetabulum, with the oral sucker
measuring 64n by 55u, and the acetabulum 60p by 70n. Exa-
mination of living specimens stained with neutral red
showed that there is no improvement in the development of
organ systems with age as seen in the cercaria, and that
the penetration glands and their ducts have disappeared.
Examination also failed to show the presence of the senso-
ry papillae seen in the cercarial stage. This is not in
agreement with Goodehild (1943) who reported that senso-
ry papillae seen in the cercaria of P. solidum remain

in the encysted stage.
5. The Adult (Figure 10)

The body consists of two portions: an anterior
one, elongated and distinctly set off from a wider, spatulated
posterior. The margins are smooth and the posterior end is
notched. The average length of mounted specimens is 2.94 mm.,
while the average width taken at the level of spacs between
the anterior margin of the posterior testis and posterior mar-
gin of the anterior testis is 1.31 mm. The terminal oral
sucker is smaller than the acetabulum situated at the junction

of the anterior and posterior portiocns of the body. The ratio



40,

of the diameter of the oral sucker to that of the aceta-
bulum is as 1: 1.24.

The length of the oesophagus is less than the
length of the oral sucker. The intestinal caeca extend
to the posterior of the body. The vitellaria are oval
and smooth, although occasionally, in immature specimens,
indented vitellaria are seen; they are posterolateral and
very close to the acetabulum, sometimes overlapping it.
The vitelline ducts join medially. The shell gland lies
between the vitelline glands in front of the common vitel-
line duet. The ovary is irregularly shaped, strongly
lobate or faintly indented on either side, amphitypic; it
is smaller than either testis and lies very close to the
vitellarium of the same side. The uterus is voluminous
and contains a great number of eggs; the uterine coils,
intra- and extra-caecal, run backwards to the posterior
margin of the body and forward to the anterior margin of
the ovary. The testes are obliquely placed, fairly close
to each other, elongated or roundish, irregularly lobate
or indented. The distance between the testes is less than
the lesser dimension of either testis. The testes lie in
the middle of the posterior part of the body, the anterior
one being behind and oblique to the ovary. The seminal
vesicle is quite large and dilated posteriorly. The geni-

tal pore is situated ventrally in the space between the
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intestinal bifurcation and the anterior margin of the
acetabulum. The exeretory pore is terminal and lies at
the posterior notch.

Measurements are given in millimetres, with
the average in parentheses, of 25 carmine-stained speci-
mens, mounted in Canada balsam. Body: length, 2.01-3.68
(2.92); width, at level of the space between the posterior
margin of the anterior testis and the anterior margin of
the posterior testis, 0.96-1.49 (1.31). Oral sucker:
diameter, 0.22-0.36 (0.278); acetabulum: diameter,
0.24-0.42 (0.346). Oesophagus: length, 0.105-0.181 (0.144).
Right wvitellarium: length and width, 0.07-0.22 by 0.10-0.27
(0.15 by 0.19); left vitellarium: length and width,
0.07-0.18 by 0.12-0.25 (0.13 by 0.19). Ovary: length and
width, 0.16-0.39 by 0.15-0.36 (0.27 by 0.23). Testes --
anterior: length and width, 0.31-0.74 by 0.19-0.54 (0.50 by
0.41); posterior: length and width, 0.36-0.75 by 0.30-0.57
(0.53 by 0.42); distance between anterior and posterior
testes, 0.06-0.45 (0.18). The older intrauterine eggs
obtained by dissection of the worm measure 0.03-0.05 by
0.02-0,03 (0.04 by 0.02).

Comparison of this species with descriptions of

all the other known species of Phyllodistomum shows that

it differs from all of them by the presence or absence of

one or more morphological characters. By having a body
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definitely divided into two portions it differs from P.
acceptum (Lewis (1935)), P. coatnei (Meserve (1943)), P.
conostomum (Lewis (1935)), P. elongatum (Lewis (1935)),
P. lesteri (Wu (1938)), P. lincuale (Lewis (1935)), P.
mariunum (Lewis (1935)), P. nocomis (Fischthal (1942)),
P. paragiluri (Yamaguti (1934)), P. sinense (Wu (1937)),
An oral sucker smaller than the acetabulum distinguishes

it from P. brevicecum (Steen (1938)), P. caudatum (Steel-

man (1938)), P. etheostomae (Fischthal (1943)), P. mor-
gurndae (Yamaguti (1924)), P. pearsei (Holl (1929)) and

P. unicum (Lewis (1935)). The size, shape, and position
of the gonads distinguish it from P. almorii (Pande (1937)),
P. americanum (Lewis (1935)), P. angulatum (Lewis (1935)),
P. carolini (Holl (1929)), P. entercolpium (Lewis (1935)),
P. fausti (Lewis (1935)), P. hunteri (Arnold (1934)), E.
kajika (Bhalareo (1937)), P. lacustri (Lewis (1935)), E.
lohrenzi (Loewen (1935)), P. lysteri (Rankin (1932)), P.
macrobrachiola (Yamaguti (1934)), P. macrocotyle (Lewis
(1935)), P. megalorchis (Lewis (1935)), P. nocomis (Fisch-
thal (1942)), P. notropidus (Fischthal (1942), P. patel-
lare (Lewis (1935)), P. pseudofolium (Lewis (1935)), B.

semotili (Fischthal (1942)), P. shandrai (Bhalareo (1937)),
P. singulare (Lynch (1936)), P. solidum (Rankin (1937)),
P. spatula (Lewis (1935)), P. spatulaeforme (Lewis (1935)),

P. staffordi (Lewis (1935)), and P. undulans (Steen (1938)).
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It resembles most closely P. folium (Lewis (1935)) and

P. simile (Lewis (1935)). It differs from the former in
length and width, size of oral sucker and acetabulum,
shape and position of the testes, the sxtent of the
uterine coils and size of eggs; it differs from the
latter by its size, its larger vitellarium, the shape

and position of the testes and size of eggs. Its smooth
margins distinguish it from P. superbum (Lewis (1935))
and from P. lewisi (Srivastava (1938)). Therefore, it is
considered that these differences are sufficient to
separate the present specimens from the species described
previously in this genus, and accordingly the name Phyllo-

distomum lachancel is proposed for it.

Host: Salvelinus fontinalis (Mitchill).

Hgbitat: Ureters and urinary bladder.
Locality: Montmorency County, Province of Quebec, Canada.
Type and co-types: British Museum (Natural History),

Cromwell Road, lLondon, S.W. 7, England.

Epidemiology

Invertebrate Hosts

Mollusca
As stated above, the following species of clams
collected in Grand Lac Carré were found to harbour the

cysticercous cercaria: Pisidium ferrugineum Prime, P. ob-

tusale C. Pfeiffer, form ventricosum Prime and P. subtrun-
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catum Malm.

The rate of infection of the clams collected
during August and September was found to be between two
and three per cent. Joyeux and Baer (1948), in their
studies on the epidemiology of a Gorgoderid cercaria from
Sphaerium corneum in southwestern France, found a relation-
ship between the size, i.e. the age of the clam, and the
index of infection. This is to be expected as with in-
creased longevity the chances of infection are that much
increased. This was evident in the present study as only
those clams measuring between two to four millimetres
were infected.

Joyeux and Baer (1948) also reported a seasonal
incidence whereby under natural conditions the first sign
of infection appeared in the spring, reached a maximum in
the summer, decreased in the autumn and disappeared in the
winter. According to these authors this observation con-
flicts with that made under laboratory conditions, where
infection persists throughout the year. Hopkins (1934) in

hig studies on the life cycle of Crepidostomum cooperi,

the larval stages of which are also found in bivalves iden-
tical or closely related to those harbouring the larvae of

Phyllodistomum lachancei, has shown that the rate of in-

fection is lower during the summer months than at any other

time. This seasonal variation could be due t0 a
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biological character inherent in C. cooperi. On the other
hand, Goodchild (1943) in his studies on the life cycle

of P. solidum, parasitic in salamanders, is of the opinion
that the clams become infected in early spring and do not
give off cercariae before the first of July. Unfortunately,
due to climatic conditions prevailing in the area under
investigation before June and after September, it was not
possible to determine whether seasonal variations occur in
the rate of infection of clams with the larval stages of

P. lachancei.

Arthropoda

The aquatic larvae of many species of insects
were examined. Among these were species of dragonfly,
damselfly and ephemerids. Several hundred samples of each
were examined for the presence of metacercariase. The
dragonfly nymphs examined were found to harbour no metacer-
cariae. However, a metacercaria identical to those secured
from experimental najads was found in two of the two hun-
dred and forty-five damselfly naiasds examined. The infected
nalads were found in weeds growing on a beach near Grand
Lac Carré, adjacent to where positive clams were found.
Other larval aquatic arthropods and Gammarus sp. collected

on the same spot were also examined and found negative.

Vertebrate Hosts

As stated above the worms are present in small
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number, usually not more than eight to ten being found

in any one fish. The finding of both sexually mature and
immature worms in the same fish suggests their becoming
infected any time during the summer months. This is
plausible in view of the diet of the fish, which consists
mostly of larvae of aguatic imsects, particularly those
of the damselfly. On the other hand, fish caught during
the summer months from streams, (e.g. from the River Ste.
Anne du Nord), do not usually harbour immature forms.
This is accounted for by the fact that these fish do not
have access to damselfly naiads, at least not to the same
extent as fish in lakes; the writer believes that fish in
streams acquire their infection when they migrate to the

lakes at spawning time.

Pathology of P. lachancei

The only references available on the pathology
of Gorgoderids are those of Choquette (1947) on P. la-

chancei and of Goodechild (1950) on Gorgoderina attenuata

and Gorgodera amplicava in the mesonephros and urinary
ducts of frogs.

Goodchild studied the end of these juvenile
forms which become imprisoned in capsules of host ori-
gin in the mesonephric¢ tissue or mesonephric tubules
which they reach from the ureters. According to this

author, massive Gorgoderid infection in the renal tissue
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and of the Wolffian ducts is detrimental to the host and
in severe infection death may result. Goodchild reports
that in such cases the kidneys are hyperemic¢ and purplish
and without doubt traumatized because of the heavy influx
of flukes. In Goodchild's opinion death may be due to
injurious histolytic wastes or the uremis caused by kidney
failure.

The effect of very heavy infection by P. lachancel
on the speckled trout has not been determined. The writer
had the opportunity to examine a great number of fish but
could not establish any relationship between the size of
the fish and the pregence or absence of the worm. Infec-
tion was noted in undersized trout in Iake Turgeon and in
apparently normally developed trout in other lakes. On the
other hand, no worms were found in other fish similar in
every respect. As stated elsewhere, the number of worms
present in any fish is usually quite smell, and worms were
usually found in the ureters with none being found impri-
soned in the renal tissue.

However, this negative finding of severe infec-
tions, resulting in serious damage to the kidney, does not
exclude such infections under natural conditions. Good-
child (1943) states that frogs heavily infected by bladder
flukes are sluggish and sickly; there is, therefore, the
possibility of heavily infected fish not being available

for examination, as sickly fish would not readily take the
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bait. There is also the possibility in fish of the exist-
ence of an immunity, limiting worms from becoming estab-
lished, although Goodchild's observation in cases of severe
infection of frogs by bladder flukes seems to exclude the
possibility of an immunity developing in a . host harbour-
ing Gorgoderids.

Sections (Figure li (a, b, ¢, d)) of the kidney
of fish harbouring the average number of worms usually
found were made, showing that the presence of the parasite
in the ureters produces at most only slight pathological
changes. There is a dilatation of the ureter with some
flattening of the lining columnar epithelial cells. A
study of these sections shows no evidence of damage to the

parenchymal tissues.
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ALLOCREADIIDAE Stosgsich, 1908

In the present study this family is represented

by two species of the genus Crepidostomum Braun, 1900,

namely: C. cooperi Hopkins, 1931, and C. farionis (D. F.
Mﬁller, 1784). Both species are small and posséss a
smooth cuticle and well-developed suckers, the oral one

with anterior processes. The presence of these anterior

processes is specific to the genus Crepidostomum.

Crepidostomum cooperi Hopking, 1931.

Distribution in Speckled Trout in Juebec

Of the two species of Crepidostomum found in the
speckled trout in wuebec, C. cooperi is by far the more
common form encountered. It was found in 107 out of 210
fish from the Laurentide Park in all the seven drainage
systems of the area. It was also found in trout from
lakes of the Mont Tremblant Park area and in Argenteuil,
Labells, St. Maurice and Champlain counties.

The earliest report of this species in the
speckled trout in this country is that of Stafford who,
in 1904, recorded it in fish from this province (vicinity
of Montreal) and from New Brunswick under the name of
Distoma laureatum. It was subsequently recorded by Richard-
son (1936) under the name of Crepidostomum fausti Hunninen
and Hunter, 1933, from trout from lLake Edouard and lLake
Ecarte (Champlain County), by Lyster (1940a), who found it
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in trout from lakes in Labelle and Papineau counties, and
by Pantham and Porter (1948), who found it in trout from
the Gaspé Peninsula.

These constitute the only records of this specises
in the speckled trout in Canada, although it has been re-~
ported in many instances from this host in the United States.
While C. cooperi has been recorded by Bangham (1940) and
Banghem and Venard (1946) in other species of fish in lakes
of the Algonquin Park, Ontario, it has yet to be reported
from the speckled trout in these localities.

The systematic status of Stafford's
Digtoms laureatum Zeder, 1800

As stated above, C. cooperi has already been
reported from the speckled trout in this country by Stafford
(1904) and by Richardson (1936) under other names, namely:

Distoma laureatum and Crepidostomum fausti. While the

species reported by Richardson as C. fausti has been shown
by Hopkins (1934) to be identical with C. cooperi, the
status of the form described by Stafford has not been satis-
factorily established.

In Nicoll's opinion (1909) the American form

reported by Linton (1893) from Salmo mykiss, and by Staf-
ford from the speckled trout under the name of D. laureatum,
although identical with each other, are not identical with

the European form bearing the same name (D. laureatum Zeder,
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1800 (= Crepidostomum laureatum (Zeder) Braun, 1900).

Thus, Nicoll named the American form Stephanophiala trans-

marina, which he incorporated, along with the European form

of Crepidostomum farionis (Muller, 1784), into his new genus
Stephanophiala. However, at a later stage Nicoll (1924)
admitted Stephanophiala to be identical with Crepidostomum

Braun, 1900, and Faust (1918) and Hopkins (1934) showed

S. transmarina to be identical with C. farionis (Miller,

1784). 1In 1933, Hunninen and Hunter (1933) described
specimens they collected from trout in New York as Crepi-

dostomum transmarinum (Nicoll), claiming them to be differ-

ent from the American form of Crepidostomum farionis. How-

ever, the opinion of Hunninen and Hunter is not held by
Hopkins (1934), who maintains that C. transmarinum is iden-
tical with C. farionis. As pointed out by Hopkins (1931),
Stafford's report of C. laureatum from the speckled trout
and other hosts has often been cited together with that of
Cooper (1915) on this species. As shown by Hopkins (1931),
Cooper's C. laureatum is not identical with C. laureatum,

which has been shown (vide supra) to be identical with C.

farionis. Hopkins (1931), after studying Cooper's C. laur-
eatum, found it to be two species which he described under

the names of Crepidostomum cooperi and C. canadense. In

Hopkinstwords: "the discovery that Cooper's identification
is erroneous causes one to doubt the validity of Stafford's

record”" of C. laureatum in other species of fish which he
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reported together with his finding of C. laureatum in
the trout. However, Stafford (1904) himself casts some

doubt on the identity of his species from Perca flavescens,

Stizostedion vitreum and Necturus maculatus, suggesting
that it may not be the same as the form he described from
the trout.

Richardson (1936), commenting on his study of
some of Stafford's material from the speckled trout, con-
cludes it is identical with C. transmarinum (Nicoll) as
described by Hunninen and Hunter (1933), which has been
placed by Hopkins (1934) in synonymy with C. farionis.

Commenting also on Stafford's specimens from Perca flav-

escens, Richardson found them to be identical with C.
solidum Ven Cleave and Mueller (1832); however, Hopkins
(1934), on the other hand, co?siders C. gsolidum to be
identical with C. cooperi. Miller (194la) in his study
of Stafford's material concludes that Stafford's C. laur-

eatum (= Stephanophiala transmarina Nicoll, 1909) is

identical with C. cooperi Hopking, 1931. The writer had
the opportunity of examining this materiasl, and came to
the same conclusion as Miller.

Hopkins' basis for his claim of synonymy be-
tween C. farionig and the American form named Stephano-

phialia transmarina by Nicoll in 1909 rests upon the exam-

ination of specimens of both American and Buropean origin.

Howsever, Hopkins d4id not have the opportunity to study
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Stafford's trout materisl, the description of which was
used by Nicoll in the determination of S. transmarina.

Therefore, in view of Miller's report, which the writer
confirms, he is of the opinion that Stafford's C. laur-
eatum from the trout should not be considered a synonym

of S. transmarins Nicoll, 1909, and conseguently of C.

farionis (0. F. Miller, 1784); rather it should be con-

sidered as one of C. cooperi Hopkins, 1931.

The Life History of C. cooperi in guebec

The life history of this trematode has been
studied by Hopkins (1934) who also described the morphology
of the various larval stages and the adult. Brown in 1927
and Crawford in 1943 reported on the life history of C.
farionis, while Ameel (1937) and Henderson (1938) reported
on that of C. cornutum. As shown by Brown and Hopkins,
the redial and cercarial stages of species of Crepidos-
tomum are to be found in Sphaeriid clams, while the
encysted or metacercarial stage has been shown by Cooper
(1915), Noller, Faust (Hopkins (1934)), Brown (1927),
Baylis (1931), Abermathy (1937), Ameel (1937), Henderson
(1938) and Crawford (1943), to occur in a variety of

aquatic arthropods.

Molluscan Host Stages

In his study on the life history of C. cooperi,



Hopkins (1934) found the redial and cercarial stages of

the fluke to occur in the sphaeriid Musculium trangversum

(Say) in various localities in the United States. Hopkins
also recorded the infection in a single specimen of a
species belonging to the genus Pisidium.

In the present study, the following species of
clams collected in lake Turgeon, laurentide Park, were
found to harbour the larval parasite: Pisidium subtrunc-
atum, P. compressum, P. adbitum, P. 1llijeborgi and P.
nitidum. In all casses the rate of infection, which was
low (two to three per cent), was probably due to a seasonal
variation. This is suggested by Hopkins'! findings of an
infection rate of sixty-seven per cent in clams collected
from October to June, while the percentage of infection in
the few clams he found in June and July was nil. Unfortun-
ately, due to climatic conditions prevailing in the
Laurentide Park early in the fall until late spring, it
has not been possible to collect clam material during that
period in order to determine whether the seasonal variation
observed by Hopkins in Illinois is also to be found in

Quebec.

Aquatic Arthropoda Hosts

Both Brown (1927) and Hopkins have shown in
their studies on the life histories of C. farionis, C.

cooperi and C. isostomum that mayfly nymphs are the second
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intermediary hosts. Previously, Cooper (1915) reported
his finding of encysted larvae in nymphs of/ephemerids of
the genus Hexagenia. Cooper belisved these larvae to be
those of C. laureatum which subsequently Hopkins con-

sidered to consist of two species, which he described under

the names of Crepidostomum cooperi and Crepidostomum cana-
dense. Cooper's record of metacerceria in Hexagenia
nymphs is the earliest one on the developmental stages of
species of Crepidostomum, and the only one in Canada.

In his study on the biology of C. gooperi Hop-
kins (1934) reported his finding the metacercaria
encysted in muscle and body cavity of the nymph of the
mayfly Hexagenia limbata (Guerin). He showed the rate of
infection in the nymphs collected during the summer months
to vary between sixty-one and ninety-five per cent. Accord-
ing to Hopkinsg there is apparently no seasonal variation
in the rate of infection. During the course of the present
study, the metacercarial stage of C. cooperi was found in

the nymphs of the mayfly Hexagenis recurvata and in the

nymph of a species of Polymitarcys. In the first species
over eighty per cent of the nymphs examined were found to
harbour the larval parasite, while the rate of infection
in the second was about twenty per cent. Other aquatic

arthropods, including dragonfly nymphs, damselfly naiads,
Gammarus pulex, all very common in waters where fish are

known to harbour C. cooperi, were examined, but were negative.
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Experimental Feeding

Twelve parasite-free two year old trout were
fed nymphs of Hexagenia recurvata and nymphs of Poly-
mitarcys sp. In both cases the material fed to the fish
originated in localitiesvwhere infection is known %o
occeur in the fish, In both experiments infection was
successful, and Hopkins' (1934) finding that the time re-
quired by the worm to develop into sexually mature adults

varied between three to four weeks, was confirmed.

Crepidostomum farionis (0. F. Muller, 1784)
(Figure 12)

While C. cooperi is frequently encountered in
the speckled trout in Quebee, C. farionis is of rare
occurrence. It was found in only a few fish from streams
and lskes of the Jacques Cartier and Chicoutimi drainage
systems in the Laurentide Park. Fantham and Porter (1948)
reported finding it in a speckled trout they had bought
in Montreal. Unfortunately, these authors did not men-
tion the locality of origin of this fish, and it is not
possible to determine whether the fish was taken in Quebec
or elsewhere. This is a point of importance, as at this
time (1948) attempts were made to market imported
speckled trout in Quebec, where its sale is forbidden by

law. Under the name of C. farionis, Hopkins (1934)
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reports Stafford's 1904 record of Crepidostomum (Distoma)
laureatum (Zedsr) from brook trout bought at a Montreal
market, presumably from Quebec. However, as shown prev-
iously in the discussion on the systematic status of
Stafford's material, it proved to be C. gooperi.

C. farionig has been recorded from speckled
trout in the Algonquin Park in Ontario by Bangham and
Venard (1946) and MacLulich (1943b), and from the United
States and Europe (Hopkins (1934)) from many species of
fish in addition to salmonids. Therefore, the low incid-
ence of this species in quebec speckled trout is rather
surprising in view of its wide geographical distribution.
In view of 1ts rare occurrence no attempts were made to
study the biology of this trematode in quebec. Its inter-
mediary hosts in Great Britain have been shown by Brown
(1927) to be species of Sphaeriid clams and mayfly nymphs,
or species of Gammarus as shown by Baylis (1931).
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CESTODA

Cestodes of the families Proteocephalidase,

Amphicotylidae and Diphyllobothriidae were studied.

PROTEOCEPHALIDAE lagrue, 1914, amended by Woodland, 1953.

(Synonym: Iecthyotaeniidae Ariola, 1899)

Members of this family are included in the new
order Proteocephala created by Wardle and Mcleod in 1951.
Their treatise on the'Zoology of Tapewormg! (1952) has the
merit of presenting a clear view of the history, taxonony,
nomsnclature and classification of‘this family., In their
classification these authors have adopted the scheme put
forward by Woodland between 1925-1937 (Wardle and MacLeod)
and recognized only one family, Proteocephalidae, with
eight subfamilies, one of which, Proteocephalinae Mola,
1929, includes the material recorded in this study.

The Proteocephalinae are well-segmented small
tapeworms with holdfast provided with four cup-shaped
suckers. A fifth or apical sucker functional or vestigial
may be present. Parenchyma divided into cortical and
medullary regions with ovary, testis, yolk glands and
uterus in the latter. The yolk glands are arranged in two
lateral bands; The cirro-vaginal atrium opens marginally
and the uterus presents numerous lateral outgrowths. Type
genus: Proteocephalus Weinland, 1858, nec de Blainville,
1828.



99.

Genus Proteocephalus Weinland, 1858

Species Recorded in North American
Salmonids

The first report of a Proteocephalug in a sal-

monid and, in fact, in a species of trout in North America

is that of Linton who, in 1897, reported Taenia salvelini

(= Proteocephalus salvelini Larue, 1911) (Larue (1911))
from the intestine of Cristivomer namaycush from ILake Sup-
erior. Subsequently, Larue in 1914, commenting upon his
study of Linton's species, concluded that in view of the
state of the material at that moment, P. salvelini must
be kept on the list of inadequately described species. As
no later studies have been made on the cestoda of this
host in this locality, the status of P. salvelini has re-
mained unchanged. The second report is that of Ward who
in 1910 (Larue (1914)) described P. pusillus from the
Sebago salmon (Salmo §§lg; sebago) from Sebago Lake, Maine.
In 1911, Larue studied specimens collected by Ward from
Cristivomer namaycush from lLake Temagami, Ontario, and
identified them as P. pusillus.

In 1943, MacLulich (1943a) reported and described

Proteocephalus parallacticus from the leke trout, Cristi-

vomer namaycush, the speckled trout, and the brown trout,

Salmo fario, from lakes in the Algonquin Park, Ontario.

This form was subsequently recorded from this host in the
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same area by Bangham and Venard in 1946.

In 1951, Alexander found a Proteocephalusg in

the intestine of rainbow trout (Salmo gairdnerii gaird-

nerii) and in speckled trout taken from Green lLakes, Des-
chutes National Forest, Oregon. Alexander considered
his material to belong to a new species and he described

it under the name of Proteocephalus selmindicola. How-

ever, Dr. Ivan Pratt (1953) of the University of Oregon
informed the writer that it was by mistake that onme of

the definitive hosts of Alexander's species was identified

as Salvelinus fontinalis instead of Salvelinus mslma.

The Incidence of Proteccephalus in
the Speckled Trout

Larvae and immature adults were found in the
intestine of a small number of the two hundred and ten
trout taken in lakes and streams of the Chicoutimi River,
Jacques Cartier River and Montmorency River drainage sys-
tems of the Laurentide Park. The immature adults (Fig-
ures 13, 14) were identified, on the basis of the presence
of a fifth sucker and the characters exhibited by the
vagina in its relationship to the cirrus pouch, as Proteo-

cephalug parallacticug MacLulich, 1943. Very small

numbers of larval stages of Proteocephalids were also
found but these could not be identified as to species. As

shown by Van Cleave and Mueller (1934), the presence of
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such larvae is of common occurrence in fish that cannot
bring them to maturity. Lyster (1940a) records such larvae
in speckled trout from Leke Commandant, Montebello, Quebec.

Both P. parallacticus and 2. salmindicola have

been found to be abundant in both the lake trout C. namay-
cush in the Algonquin Park, Ontario, and the rainbow trout
in the Green lLakes of Oregon. In the latter locality the
infection in Selvelinus malma was extremely light and con-
sisted of one or two worms in the fish examined by
Alexander. Unfortunately, neither MacLulich (1943b) nor
Bangham and Venard (1946) give any data on the intensity of
the infection in the speckled trout in the Algonquiﬁ Park.
However, these authors have shown that this form is more
commonly encountered in the lake trout.

As stated above, Proteocephalan infection was
found in very few fish in the lLaurentide Park. In view of
this observation and the records of MacLulich, Bangham and
Venard, and Alexander on the infection of some salmonid by
species of Proteocephalusg the writer is of the opinion

that the speckled trout, and even Salvelinus malma, are

not yet established as natural hosts for species of Proteo-
phalus; moreover he does not consider that their mode of
feeding is conducive to building up infection. In support

of the latter view one has only to consider the life history of

the Proteocephalids in general and the occurrence of heavy
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infection in the lake trout and the rainbow trout in Oregon.

Although the life cycles of both P. parallacticus and P.
salminidébolg are unknown, there is no doubt that species

of copepods serve as the first host for the larval parasites.
On the other hand, Hunter (1929) in his study of the life

history of Proteocephalus pinguis, parasitic in the pike,

has shown that various fish may serve as intermediate hosts
for this form, conveying it between the crustacean primary
host and the digestive tract of the definitive-fish host.
Hunter believes that the pike may become infected with P.
pinguis either through feeding on its crustacean hosts, or
through feeding on other fish which acquire the larval para-
site by feeding upon the crustacean hosts. Therefore,
Hunter concluded that such an alternate method would explain
the general infection found in pike, for two links in the
food chain rather than a single one, contribute to building

up an infection. The same could apply to B. parallacticus

in bringing about heavy infections in lake or rainbow trout,
both voracious feeders upon many species of fish that could
harbour the larval stage of this form. Light infection of
the speckled trout in the Laurentide Park is to be expected
as in many lakes and streams of this area the diet of the

trout consists mostly of plankton and aquatic arthropods.

The Systematic Status of 2. salmindicola

The main morphological character used by Alex-

ander in differentiating his species from the form described
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by Maclulich as P. parallacticus is the absence of a

fifth sucker in the former. The writer had the opportunity
of examining the original material used by both Maclulich
and Alexander, and concluded that upon the basis of
measurements alone it is impossible to differentiate these
species. Moreover, examination showed the existence of a
fifth sucker in Alexander's form. Accordingly, the writer
feels justified in considering P. salmonidicols Alexander,

1951, a synonym of P. parallacticus MacLulich, 1943.
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AMPHTICOTYLIDAE Nybelin, 1922, amended by

Beaver and Simer, 1940,

In the present study this family is represented

by a species of the genus Eubothrium Nybelin, 1922,

Eubothrium salvelini (Schrank, 1790).

Genus Bubothrium Nybelin, 1922

Eubothrium galvelini (Schrank, 1790)

(Figures 15, 16)

Morphology

Like other Eubothriids this Pseudophyllidean
is characterized by its simple bothria, a body segmenta-
tion usually distinct, testes between the nerve trunks,
a c¢irrus-pouch not unusually muscular or large, an
S-shaped vagina opening anterior to the cirrus-pouch, the
absence of a seminal receptacle, a dorsally situated
ootype, yolk glands in two lateral zones and a uterine
aperture on the ventral surface of the segment. Mensura-
tions and morphological data of this species, found in
the speckled trout in Quebec, agree with those given by
Kuitunen-Ekbaum (1933) and Wardle and MacLeod (1952).

E. salvelini is a relatively small cestode
measuring up to 280 mm. in length, 2.5 mm. wide. The

scolex is small, measuring about 0.6 to 0.7 mm. in length
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by about 0.5 mm. in width; the bothria are fairly deep
and the apical disk quite distinct. The ovary is kidney-
shaped, non-lobulated, median, 0.45 to 0.55 mm. wide.
The yolk glands are large but few and are placed chiefly
between the longitudinal muscle bundles, being interrup~
ted by median dorsal and ventral fields. The gravid
uterus is a sac with lateral outgrowths. The numerous
testes are ellipsoidel to rounded in shape, measuring
0.14 to 0,18 mm. in their dorso-ventral diameter, and are
laterally placed but the lateral fields of testes are
connected in each proglottid by a transverse bridge. The
vas deferens reaches the median line. The cirrus sac is
ovoid, 0.24 mm. in length by 0.08 mm. in width and
extends nearly to the poral nerve trunk.

The systematic position of E. salvelini in
Canadian fish in comparison with the forms found in Euro-
pean fish has been discussed by Wardle (1932) and Kuituﬁen-
Ekbaum (1933).

Distribution in North American Salmonids

Eubothrium salvelini has been found in both
Burope and North America, and as pocinted out by Richardson
(1936), re-examination of much material previously identi-
fied as Abothrium cragsum would prove it to belong to the

present species. Under the name of A. ¢rassum, Cooper in
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1918 recorded the presence of cestodes in the speckled
trout in Michigan, and since that time E. galvelini has
been recorded from this host in other parts of the United
States. For instance, Hunter and Hunter (1931) claim
that in northern New York State twenty per cent of the
speckled trout are infected. As shown by Wardle (1933),
E. salvelini has been recorded by Cooper, Kultunen-
Ekbaum and Wardle from both western and central Canada.
Wardle is of the opinion that in thess areas it is prob-
ably coexistent with Salvelinug and Cristivomer. From
Ontario it also has been reported in trout from lakes in
the Algonquin Park by MacLulich (1943b) and by Bangham
and Venard (1946). In Quebec it has been reported in
speckled trout from various localities by Richardson (1936),
Lyster (1940a), Fantham and Porter (1948) and by the

writer (1948a).

Incidence of Infection in Speckled Trout in Quebec

In the present study, E. gsalvelini in mature and
immature forms, was found in sixty of two hundred and ten
fish from the lLaursentide Park, and in this area the cestode
was prevalent in fish from all geven drainage systems. 1In
most cases the worms were located in the pyloric caeca,
and to a lesser extent in the intestine; in a few cases

worms were found in the stomach. E. salvelini was also

recorded in the speckled trout from lakes in Joliette,



67.

Laviolette, Argenteuil, Papineau and Kamouraska counties
and in the Seven Island area, and found as well in fish
from Knob and Star lakes in Labrador.

The intensity of infection in fish examined in
this study was found to be highly variable. Some fish
harbour very few worms while in others the pyloric caeca
are packed with worms. There appears to be no relation
between the size of fish and the presence or absence of
E., salvelini. As the writer could only examine fish taken
during the summer months, he is unable to state whether
there is a seasonal variation in this infection of trout.
However, he knows that fish taken early in May are just
as liable to harbour worms, immature and mature, as those
taken later in the season, and is of the opinion that
during the summer months the fish continually acquire
and lose infection when the worms become mature. This
procsess becomes latent during the cold period when the
fish live in the deepest part of the lakes and when the

worms are prepatent.
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DIPHYLLOBOTHRIIDAE Lihe, 1910

In the present study this family is represented

by a species of the genus Diphyllobothrium Cobbold, 1858.

The writer wishes to point out that the nomenclature
adopted here is in conformance with existing literature
pertaining to Pseudophyllidean plerocercoids in salmonids,

8.g. Baylis (1945), Thomas (1947), Markowski (1949).

Genus Diphyliobothrium Cobbold, 1858

Diphyllobothriid Plerocercoids in Salmonids
in North America snd Incidence in Juebec

A survey of the literature shows that Diphyllo-
bothriid plerocercoids have been reported from species of
Salmonid fish from various localities in North America.
Thus Hayden in 1871 (Linton (1889)), Linton (1893), Simms
and Shaw (1931), Mueller (1939), Babero and Rausch (1953),
Hobmeier (Haderlie (1953)) and Haderlie (1953), reported
the presence of Diphyllobothriid plerocercoids in salmonids
in the United States. In Canada, Wardle (1933) reported

them in Salvelinus fontinglis from Ungava and Richardson
(1936), Fantham and Porter (1948) from the same host in
Quebec. MacLulich (1943b), although he found Diphyllo-
bothriid plerocercoids in lake trout from lakes in Algon-
quin Park, Ontario, falled to find them in the speckled
trout. Mueller (1939) believes that the Diphyllobothriid

plerocercoid reported by Richardson (1936) from speckled
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trout in quebec is similar to that found in the cisco

of Lake Ontario, and that it is probable that the plero-
cercoid in both these fish is the larval stage of a
similar species of tapeworm.

In the present study the plerocercoid of a
Diphyllobothriid was found in speckled trout from five
of the drainage systems of the Laurentide Park, namely:
Chicoutimi, Jacques Cartier, Montmorency, Ste. Anne du
Nord and Malbaie. It was also found in trout from
lakes in Argenteuil, Montcalm, Joliette, Laviolette and
Kamouraska counties. The writer has also found it in
trout from Knob Lake and Star Lake in Labrador.

The writer has reported (1948a) finding thess
larval cestodes in eleven of two hundred and ten fish
from the Laurentide Park, i.e., an incidence of five and
one-half per cent. These data are erroneous, as subsequ-
ent examination of fish in the same area showed an incid-
ence of at least forty per cent. The reason for this
discrepancy is the fact that the first data were secured
following the examination of viscera which had been col-
lected by various parties (tourists, guides, cooks, etc.)
in different parts of the laurentide Park. The viscera
were usually kept at least twelve to twenty-four hours
before they were examined at the field laboratory or

fixed in formol. As the writer later found, the larvae



70.

will leave the cyst within a few hours, unless the vis-
cera are immediately fixed or kept in a ¢o0ld place.
Under such conditions the thin walls of the cyst collapse,
rendering it almost impossible to detect previous infec-
tions. This observation is confirmed by Hickey and
Harris (1947) who kept the viscera of heavily infected
trout in saline at 50°C., for several days. During this
period the plerocercoids remained within their cysts

and showed no evidence of activity. The viscera were
then placed in saline at a temperature of 15°C. and many
of the plerocercoids immediately became active and left

their cysts within a few minutes.

Habitat and Morphology of the larva

These cestode larvae are found encysted on the
outer surface of the stomach or the intestine. The cysts
are whitish in colour, usually ovoidal in shape, and
measure 3 to 4 mm. long. The larvae they contain mea-
sure up to ten to twelve millimetres in length and are
quite active, this activity being marked by contraction
and extension of the body. The white body 1s flattened
with both extremities usually bluntly rounded. The
bothria, 0.7 to 0.8 mm. in length, are mere slits. The
number of cysts in any one fish is usually quite small,

although trout harbouring fifty to sixty cysts have been
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taken. That the number of cysts present can be very large
is demonstrated by Fantham and Porter (1948) who reported
finding fish harbouring between one to two hundred, and

at an extreme, two hundred eighty six and five hundred
sixty-five cysts. Richardson (1936) also reports examin-
ing a trout the stomach wall of which was so covered by
cysts as to conceal the surface from view.

Pathogenicity of Diphyllobothriid
Plerocercoids in Salmonids

Although in the present study the writer did
not have an opportunity to observe cases where pathogeni-
¢ity could be attributed to Diphyllobothriid larvae, there
are several records where these larval tapesworms have been
incriminated in the genesis of morbid troubles.

As far as the writer is aware, the first report
of a pathogenic action attributed to Diphyllobothriid
plerocercoids in salmonid fish is that of Linton who in
1891 (Linton (1893)) reported the plerocercoids of a

cestode he identified as Diphyllobothrium (Dibothrium)

cordiceps lLeidy, 1871, as being deleterious to the fish
harbouring them. In his discussion of the subject,

Linton mentions that the trout were "infested with a para-~
sitic worm, which is most commonly in the abdominal
cavity, in oysts, but which in time escapes from the cyst

and tunnels into the flesh of the host. Fish, when
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thus afflicted, are found to be lacking in vitality, weak,
and often positively emaciated". According to linton,
such diseased fish have a tendency to conglomerate in
warm waters where they are prey to pelicans which harbour
the adult parasits.

Since Linton's report, Diphyllobothridiasis in
Salmonidae has been reported: in the United States by Simms
and Shaw (1931), Hobmaier (Haderlie (1953)), Mueller (1939);
in Canada, by Wardle (1933), Richardson (1936), Fantham
and Porter (1948); in Europe by Duguid and Sheppard (1944)
and Hickey and Harris (1944) (1947) who reported epizootic
outbreaks in Wales and Ireland, while infection of trout
has also been reported from Northamptonshire by Gibbson
and from the Shetland Islands by Peterson (Lapage (1945)).

It has been stated that infection in salmonids
is often fatal (Simms and Shaw), (Hobmaier), (Duguid and
Sheppard), (Hickey and Harris). Peritonitis and ascites
in infected fish have been recorded by Simms and Shaw and
by Wardle. According to Hickey and Harris, the majority
of the infected fish (Ireland) showed a plastic peritonitis
and ascites. In most cases oedomatous granulation tissue,
frequently containing large extravasation of blood, was
present on the stomach and intestine, often in sufficient
amount to bind the stomach and pyloric caeca into a

large tumour-like mass. Adhesions between the abdominal
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viscera and body cavity walls were found frequently; the
pallor of flesh and gill rays suggested severe anaemia.

Pantham and Porter also reported similar lesions.

The Adult Forms and their Systematic Status

A survey of the literature (Markowski (1949))
indicates that Salmonid fish harbour the plerocercoids
of species of Diphyllobothriid parasitic in birds.

Eight species, namely: Dyphyllobothrium dendriticum
(Nitzch, 1824), D. ditremum (Creplin, 1825) D. fissiceps
(Creplin, 1828), D. cordiceps (Leidy, 1872), D. exile
(Linton, 1892), D. canadense Cooper, 1921, D. sp. innom.
Markowski, 1933 and D. oblongatum Thomas, 1946, have
thus been secured from naturally or experimentally in-
fected hosts. In addition Markowski records an additional
two species, namely, D. gtrictum Talysin, 1932 from man
and D. laruei Vergeer, 1942 obtained experimentally from
a dog. Four of these species, namely, D. cordiceps, D.
exile, D. laruei, D. oblongatum have been reported from
the United States and one, D. canadense, from Canada.

Baylis (1945), commenting on the Diphyllobo-

thriids known to occur in birds, inferred that their
number could be reduced to two: Diphyllobothrium dendri-
ticum and D. ditremum. Markowski (1949) after a compar-

ative study of avian Diphyllobothriids and of material
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secured from naturally and experimentally infected hosts,
avian and mammalian, supports Baylis' point of view.
Mueller (1939), in connection with his study of plerocer-
coid infection in ciscoes in Lake Ontario, examined

herring gulls shot at Oswego, New York, and found a

Diphyllobothrium which he believes to be identical with

Diphyllobothrium oblongatum Thomas, 1946. Mueller finds

that the worms obtained from the gulls seem to coincide
for size and general characteristies with those which
have been reported from gulls in BEurope. Markowski has
shown that in addition to morphological features differen-
tiating these two species, D. dendriticum and D. ditremum,
there appear to be differences in their host adaptation.

Thus Diphyllobothrium ditremum is found only in birds of

the families Phalacrocoracidae, Ardeidae, Colymbidae and
Anatidse, while D. dentriticum occurs in Laridae and
birds of other families (Corvidae and Pelecanidae) and
experimentally also in mammals. Therefore, Markowski
considers the following species to be identical with

D. dendriticum: D. fissiceps, D. cordiceps, D. exile, D.

canadense, D. strictus, D. laruei, D. oblongatum and

D. sp. innom. Markowski, 1933. The writer is entirely
in agreement with Markowski's conclusion that only two
valid species are known in birds, namely: D. ditremum

(Creplin, 1825) and Diphyllobothrium dendriticum

(Nitzch, 1824).
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Experimental Infection

During the course of the present study attempts
were made to secure the adult stage of the Diphyllobothriid,
the plerocercoid of which is found in the speckled trout
in Quebec. Living larvee were fed to eight cats, two
domestice ducklings, three Mallard ducklings, fourteen
day-old chicks, three rabbits, five hamsters, two black
bear cubs, two adult herring gulls, four laboratory
raised young ring-bill gulls and a human voluntesr (Table
2). Worms were recovered from only two of the cats and
from three of the ring-bill gulls. In one of the cats
the infection consisted of five immature worms, while in
the other it consisted of only a scolex and a dead immat-
ure worm. The worms recovered from the gulls were also
immature. In one of the gulls killed three days after
initial feeding, the worms measured 2.8 centimsetres,
while in the other two, which were examined four and six
days respectively after initial feeding, the worms
measured 3 and 3.8 centimetres in length. The worms thus
recovered (Fig. 17, 18) were tentatively identified as

Diphyllobothrium dendriticum. The reason for this iden-

tification rests on two facts: first, Markowski's observa-
tion that specimens of D. ditremum measuring four centi-
meters in length are fully developed and poOssess gravid

segments; in the present case one of the worms recovered
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TABLE 2
FEEDING EXPERIMENT

Larvae Postmortem

Host Fed after (days) Results
Cat (number 1) 10 6 5 immature worms
" " 3 10 13 1l scolex and 1 dead
immature worm
" (numbers 2, 3, 15 6, 10, no worms found at
4, 5, 6, 7, 8 23, 15, 15, 15, autopsy
15, 25 15, 20
Hamsters (nos. no worms found at
1 to 4) 10 each 5 autopsy
Rabbits (nos. 3, 5, 10, 15, no worms found at
1 to 3) 10 20 autopsy
Black bear cubs 14, 30 one in Weekly faecal sxam.
(1 to 2) 17 days negative, no worms
found at autopsy
Domestic Ducklings 5, 7 15, 20 no worms found at
(1 to 2) autopsy
Mallard Ducklings 10, 12, 25 no worms found at
(1 to 3) 20 autopsy
Day-01d Chicks 4 3 -~ 7 no worms found at
(1 to 8) autopsy
(1 to 6) 4 3 no worms found at
autopsy
Adult Herring 10, 20 one in Weekly faecal exam.
Gulls (1 to 2) 60 days negative, no worms

found at autopsy

Lab.-raised ring-

bill Gulls, no. 1 13 3 1 worm 2.8 cm. long
no. 2 12 4 1 worm 3 cm. long
no. 3 6 4 no worms found at
autopsy
no. 4 15 6 1l worm 3.8 cm. long
Human Volunteer 8-10 Weekly faecal exam.

on 3 occasions negative.
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from a gull is almost as long as four centimetres and
is still immature; second, the fact that in the present
experiment the worm attained a certain development in
mammals, a possibility shown to exist in the case of D.

dendriticum but not in that of D. ditremum.
Discussion

Recently Babero (1952) and Babero and Rausch
(1953) reported that they have succeeded in experimentally
infecting cats, dogs, bears, foxes, a human volunteer and

the Alaska gull (larus glaucescens) by feeding these

hosts plerocercoids from the rainbow trout. As reported
by Babero and Rausch (1953), investigations carried on in
Alaska revealed the occasional occurrence of Diphyllo-
bothriids in piscivorous birds (gulls and bald eagles),
in various canines (foxes, dogs, wolves), in bears and
in man. So far Babero and Rausch have not ideéenti-
fied the form thus observed in Alaska and, therefore, it
is not yet possible to comment on its relationship to the
other species of Diphyllobothriids known to infect
mammals and birdse.

Of the ten species of avian cestodes that have

been ascribed to the genus Diphyllobothrium, five have

been secured experimentally by feeding a variety of hosts

with plerocercoids harboured by salmonids(Vergeer (1942)),
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(Simms and Shaw (1931)), (Duguid and Sheppard, Unsworth,
(Baylis (1945) and Lapage (1945))), (Hickey and Harris
(1947)), (Thomas (1947)). It has thus been shown that in
some cases avian Diphyllobothriid can adapt themselves in
hosts which are physiologically unrelated (e.g. cats,
rats, dogs) (Duguid and Sheppard, Unsworth, Hickey and
Harris, Thomas, Vergeer). However, as shown by Baylis
(1945), worms from experimentally infected mammals, as
compared with those from naturally infected birds, show
morphological variations which, according to this author,
may be simply a result of introducing the worms into ab-
normal hosts.

In addition to the successful attempt of Babero
and Rausch, other workers have also attempted to secure
infection in man by the feeding of plerocercolids harboured
by salmonids. Thus Woodbury in the United States (1935)
failed to infect himself with plerocercoids from Salmo
lewlisi; similar results were experienced in Canada by
Fantham and Porter (1948) and by the writer upon the
ingestion of plerocercoids from the speckled trout.
Markowski, commenting on Woodbury's result, considers i%
to be inconclusive in view of the fact that in some
experimental hosts used by other workers, adults do not
always develop. Markowski also suggests the possibility

of Woodbury's having used for his experiment the plero-



79.

cercoid of a Pseudophyllidean other than D. cordiceps

(= D. dendriticum}. This author also believes that,

since rats, dogs, cats are susceptible to infection with
D. dendriticum, it is not improbable that man may also

serve as a host. This conclusion is strengthened by his
belief that the form from man and described as D. stric-

tum is identical with D. dendriticum. However, the

negative results secured by Fantham and Porter and by
the writer indicate that in quebsc the plerocercoid of
a forh identified as D. dendriticum appears not to
,develop in man.

As shown in Table 2, two black bear cubs were
fed plerocercoids from speckled trout. Faecal and post-
mortem examination showed negative results. However,
in view of the small number of animals used in this
experiment, the writer believes this experiment incon-
clusive in determining whether or not the bear can
harbour the adult worm. On the other hand, in view of
Scott's (1932) observation that in bears in Yellowstone
Park the worm (D. cordiceps) is "probably always sterile”
and the scarcity of bears in Quebec in areas where
infection is commonly encountered in fish, the writer is
of the opinion that the bear is not an important factor
in the epidemiology of infection in trout.

A few attempts have been made to infect cats
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by feeding them plerocercoids from salmonid fish. Sev-
eral British writers (Baylis (1945)), Thomas (1947),
Babero and Rausch (1953) reported successful infection of
cats. Unsuccessful attempts have been reported by Simms
and Shaw (1931). As shown in Table 2, five immature
worms were recovered from a cat killed six days after
initial feeding, while in another cat killed thirteen
days after feeding, only a scolex and a dead immature
worm were recovered. In view of the results thus secured,
the writer agrees with Baylis and with Babero and Rausch
that the cat is not a suitable host, and that the possi-
bility of the worm being expelled at an early stage is
great,

Attempts have also been made to infect wvarious
species of birds by feeding plerocercoids from species of
salmonids. Thus Simms and Sheaw (1931) reported their
unsuccessful attempts to infect ducks. Similar negative
results were also experienced by the writer (Table 2).
Mueller (1939) fed plerocercoids from ciscoes to newly
hatched chicks in which the worms attained some growth
until the rudiments of the genitalia appeared. However,
the worms were rapidly thrown off and, according to
Mueller, it seems that a week is the maximum time they
will live in this host. In the present study attempts
were made to infect day-old chicks (Table 2), but these

proved unsuccessful. Mueller's results also show that
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avian Diphyllobothriids can develop in birds physiolog-
ically unrelated, but it seems that the probability of

the worms being expelled at an early stage is even greater
than in mammals.

As shown by Markowski, several species of gulls
are the definitive hosts of species of avian Diphyllobo-
thriids. Therefore, it is logical that these hosts have
been used in attempts to produce experimental infections.
Experimental infections of gulls have thus been reported
by Simms and Shaw (1931), Thomas (1947), Hickey and Harris
(1944) and recently by Babero (1952). Thomas' studies have
shown that age immunity, species immunity and body temper-~
ature are factors to be considered in the establishing of
experimental infection in young gulls. Thomas has shown
that young gulls can be infected during the first week
after hatching, when body temperature is low, and that the
tapeworms are expelled from young gulls after they reach
three and a half to four weeks of age. Thomas has also
shown that after the initial infection additional feeding
of cysts does not increase the worm burden. As shown in
Table 2, young worms were recovered from experimentally
infected ring-gulls raised in the laboratory. As stated
above, the worms were tentatively identified as D. dendri-~
ticum. As shown by Thomas, the age of the gull is an

important factor in experimental infection, as demonstrated
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by the writer's failure to infect two adult herring gulls

(Larus argentatus).

In view of the data secured in the present study

and by other workers, the writer ccncludes that the

Diphyllobothriid plerocercoids found in speckled trout in
Quebec are the larval stages of an avian form tentatively
identified as D. dendriticum, and that the definitive host

is a gull.
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NEMATODA

The nematodes studied in the present investiga-
tion are Spirurids belonging to the families Thelaziidae

Railliet, 1916, and Spiruridae Oerley, 1885.

THELAZTIDAE Reilliet, 1916

Genus Rhabdochong Railliet, 1916

Systematic Status

The family Thelaziidae was created by Raillet
in 1916 to include a number of genera of the superfamily
Spiruroidea parasitic in mammals, birds and fish with
Thelazia Bosc, 1819, as the type genus. In addition,

Railliet transferred to this family the genera Ceratospira

Schneider, 1866, Cystidicola Fischer v. Waldheim, 1798,

and Oxyspirura Drasche, 1897, and the four new gensra

Galeiceps, Schistorophus, Serticeps, and Rhabdochona.

Subsequently, the family Thelaziidae was amended to some
extent by Baylis and Daubney (1926), by Yorke and Meple-
stone (1926), and by Chitwood and Wehr (1934).

In 1928, Tfavassos et al created the subfamily
Rhabdochoninae which they placed in the family Spiruridae,

to include the genera Rhabdochona, Cystidicola, and Spini-

tectus Fourment, 1883. These authors considered as
belonging to this subfamily those forms parasitic in

fish which are characterized by the presence of a bicus-
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pid mouth with lips pronounced in some cases and
rudimentary in others, and of a pharynx having the
shape of an elongated chitinized tube, slightly widen-
ing in its anterior part; two unequal and dissimilar
spicules and the absence of a gubernaculum; and by the
presence of numerous preanal and postansl papillase.
Skrjabin (1946), in his revision of the
taxonomy of the Spirurids parasitiec in fish, commenting
on the opinion of Travassos and his colleagues, consid-

ered that the genera Capillospirura Skrjabin, 1924,

Metabronems Yorke and Maplestone, 1926, and Comephoro-
nemg Layman, 1933, should be regarded as being related
to the Rhabdochoninae as defined by Travassos et al.
Skrjabin admitted the validity of the subfamily Rhab-
dochoninaes as defined by Travassos and his colleagues
but was of the opinion that it should not be placed in
the family Spiruridae Oerley, 1885, because of the
morphological differences from Spirura Blanchard, 1849,
the type genus of the family. He proposed, accordingly,
the creation of a new family, Rhabdochonidae, to includse
those spirurids of fish characterized by a thin delicate
body, a mouth opening into a funnel-shaped oral cavity,
a thin, elongated pharynx, the presence of cervical
papillae, a clear-gut double oesophagus, unequal and

dissimilar spicules, and numerocus postanal papillase.
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This family Skrjabin divided into three subfamilies:
Rhgbdochoninae, Cystidicolinae, and Spinitectinae. Members
of the subfamily Rhabdochoninae of Skrjabin have a smooth

cuticle and eggs without polar filaments; in this sub-

family he placed Rhabdochona and Sterliadochona Skrjabin,

1946, In the Cystidicolinae the eggs are provided with

polar filaments; the subfamily includes Cystidicola,

Capillospirura, Metabronsms, Comephoronema, and Pseudo-

cystidicola Layman, 1933. In the Spinitectinae the body

is spinous; it contains the single genus, Spinitectus.

One of the advantages of the classifications
proposed by Travassos et al (1928) and Skrjabin (1946) is
the grouping of related forms parasitiec in similar hosts,
that is, of Spirurid worms in fish hosts, in spite of the
fact that it unites species which Chitwood end Wehr (1934)
have shown to have evolved along different lines. On the
other hand the writer is not willing at present to admit
the validity of some of the characteristics used by Skrjabin
(1946) in his differentiation of the various families, for
example, polar filaments are present in some species of

Rhabdochona and lacking in some species of Cystidicola.

In the writer's opinion, the family Rhabdochonidae
Skrjabin, 1946, should consist of only two subfamilies:
Rhabdochoninae and Spinitectinae. The former would in-

clude those Spirurids of fish with a smooth cuticle,
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belonging to the genera Rhabdochona, Sterliadochona,

Cystidicola, Capillospirura, Metabronema, Comsphoronema

and Pseudocystidicola. The second subfamily would in-

clude only the genus Spinitectus.

Generic Diagnosis

The known species of this genus are, except in
one case, parasitic in fish hosts, Pearse (1932) having
deseribed a speecies, R. uca, from the fiddler crab. The

main characters used in the diagnosis of Rhabdochona are

the morphology of the cephalic structures, the anterior
part of the alimentary canal and the posterior extremity
of the body, and, in the male, the number and arrangement
of pre~ and postanal papillae, the absence of caudal alas,
the relative size of the spicules; in the female, the
position of the vulva, the size of the eggs, the presence
or absence of filaments on the eggs are characters of
diagnostic value.

In their description of the genus Rhabdochona

Railliet (1916), Yorke and Maplestone (1926), and Baylis
and Daubney (1926) mention the presence of lips; Chitwood
and Wehr (1934) have shown lips to be absent in the mat-
erial studied by them. The writer's observations and
those of Gendre (1921) are in accord with those of
Chitwood and Wehr in this respect. One of the character-

istic morphologicel characters of Rhabdochona is the
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funnel-shaped prostom supported by longitudinal ribs pro-
truding anteriorly as teeth. Chitwood and Wehr (1934) in
their diagnosis of the genus give the number of these
teeth at ten or twelve. However, this number may be
greater as, for instance, in the form described as R.
laurentiana by Lyster (1940a), R. acuminata (Molin, 1860)
Gendre, 1921, and R. kidderi Pearse, 1936 (Chitwood
(1938)), and others (Gustafson (1949)), where the number
of teeth is fourteen; it may be smaller as in R. paski.
Baylis, 1926 (1928). A review of the literature shows
that this valuable specific character has been overlooked
in meny cases, probably owing to the difficulty of pre-
paring specimens for study. In addition to these teeth,
projections have been shown to exist at the base of the
prostom in some species.

In the diasgnosis of the genus Rhabdochona the

spicules of the male are given as unequal in length and
dissimilar. Fujita (1927) (1928) in his description of
R. salvelini stated that the two gpicules are equal in
length and thus amended the diagnosis of the genus. How-
ever, examination of Fujita's illustration of the
posterior extremity of the male ((Figure 3) (1927) (1928)),
shows that the spicules are definitely unequal in length
with his "accessory spine" corresponding to the short
spicule. Weller (1938) in his description of R. ovifila-

menta reports and illustrates the presence of a strongly
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chitinized gubernaculum. The writer had the opportunity
of examining the mounted specimen used by Weller in the
preparation of his illustration and, in the writer's
opinion, what appears to be a "gubernaculum" is an opti-
cal effect caused by a bend in the spicule. There are
only two records of species of this genus in which the

eggs are provided with polar filaments: R. ovifilamenta

Weller, 1938 and R. cotti Gustafson, 1949.

The genus Rhabdochona can thus be defined:

mouth without lips or pseudolabia,. circumoral membrane
bounding a funnel-shaped prostom supported by longitu-
dinal thickenings projecting anteriorly as teeth, the
number of which is variable, mesostom long and narrow.
Oesophagus composed of two unequal parts. Male: several
pairs of pre- and postanal papillae; no caudal alae,
spicules unequal and dissimilar; gubernaculum absent;

tail conical, pointed or provided with a chitinous process.
Female: uteri opposed; wvulva about middle of body; eggs
elliptical, embryonated, with or without polar filaments.

Parasites of aquatic vertebrates.

Type species: Dispharagus denudatus Dujardin, 1845

(Dujardin (1845)) designated by Railliet
(1916).
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Distribution in North America

From North America six species belonging to

the genus Rhabdochona have been described from fish

hosts. These species, the type host, and locality,
are shown in Table 3.
While there is only one record of R. ovifi-

lamenta (Weller (1938)), and two of R. laurentiana

(one by Lyster (1940a) and one by the writer (1948a)),

8 species identified as R. cascadilla Wigdor, 1918, has

been recorded by Bangham and Hunter (1939), Bangham
(1944), Bangham and Venard (1946), and by Fischthal
(1945a) (1945b), in a score of fish hosts from both the
United States and Canada. Some of the material collec-
ted by Bangham and his associates and by Fischthal has
been available for study. 1In addition to lending some
of the material upon which published records of Rhabdo-
chona were based, Dr. Bangham also kindly loaned to the
author material which he had collected from various
hosts from different lcdcalities in the State of Wiscon-
sin, U.S.A. This material, and some collected by the
writer, was studied and species identified.

From Canada, Bangham (1940) and Banghem and
Venard (1946) report the presence of unidentified spe-
cies of Rhabdochona in Catostomus commersonii, Ameirus

nebulosus, Perca flavescens, lepomis gibbosus, Pime-

phales promelas, and Coregonus clupeaformis. Only
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TABLE 3

nus Rhabdochona Recorded in North American Fish Hosts

Species

Type host

Locality

R. cascadilla
Wigdor, 1918

R. ovifilamentsa
Weller, 1938

R. laurentisna
Lyster, 1940

R. decaturensis
Gustafson, 1949

R. cotti
Gustafson, 1949

R. pellucids
Gustafson, 1949

R. milleri
Choquette, 1951

Semotillus atromsculatus atro-
maculatus
Notropia cayugza

Perca flavescens

Catostomus catostomus

Aplodinotus grunniens

Cottus cognatus

Pteichocheilus oregonensis

Moxostomum aursolum

Cayugs lake, New York
State, U.S.A.

Big Stone Bay, Mackinaw
Straits, Michigan
State 3 Ue.Se Ao

Lake Commandant, P.Q.,
Canada.

Iake Decatur, Illinois,
U.S.A.

Spokane, Washington,
UO SO At

Davis lake, Washington,
U,5. A

Ottawa River, Pointe-au-
Chene, P.q.

*06
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specimens from the first two of these hosts were
available for study; these were found to be Rhabdo-

chona cascadilla. Bangham and Hunter (1939) report

also the presence of unidentified species of Rhabdo-
chona in Fundulus disphanus menoma, lepibema chrysops,
Helioperca incisor, and Ambloplites rupestris from

Lake Erie, United States. Only some specimens from

the top minnow, Fundulus diaphanus menoma, were avai-
lable for study and these were found to belong to g
genus other . than Rhabdochona. Bangham (1944) reports

the presence of a larval form of Rhabdochona in the di-

gestive tract of Rhinicthys atratulus meleagridis from
the Brule River, Wisconsin; this is probably the larval
stage of R. cascadilla shown by Fischthal (1945a) (1945b)

to be prevalent in this locality.

Rhabdochona cascadilla Wigdor, 1918

Redsgcription

For the purpose of comparison and study, at-
tempts have been made to secure the type specimens or
some other material used by Wigdor for his desecription

of R. cascadilla. However, these attempts have been un-

successful. More than thirty years have elapsed since
Wigdor's discovery and it is rather doubtful whether

this material will ever be found.
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Some of Wigdor's data on the morphology of
the nematode have been used rather uncritically by
later workers in the determination of species. Thus,
Spaul (1927), and Lyster (1940a), used the length of
the oesophagus as a eriterion in the differentiation

of R. anguilla and R. laurentisna from R. cascadilla.

However, upon study of the original description and
drawing of R. cascadilla (Wigdor (1918) (fig. la)) and
upon taking the measurements into account, one sees

that Wigdor mistook the mesostom for the anterior part

of the oesophagus and the anterior part of the oesophagus
for the posterior portion. There is also a dlscrepancy
between the measurements of the spicule given in Wigdor's
text and those which can be made from his drawing. Wigdor
gives the length of the long spicule as 40u, with the
Small one being one-fifth as long. Wigdor's illustration
(fig. lec), indicates that the length of the long spicule
is 400p; the value given in the text is obviously erron-
eous. However, the length of the spicules as given by
Wigdor is used by Weller (1938) in his discussion of R.
ovifilamenta; on the other hand, Hsu (1933) in his dis-
cussion of R. gpiensig appears to be aware of this error.

Gustafson (1949) in his discussion of R. cascadilla

draws attention to thesses errors. .

Another discrepancy in Wigdor's description

and illustration of R. cascadilla is in the position of
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the anus. The distance from the posterior extremity is
given as 60n, whereas according to the scale of the
drawing (fig. 1b), it is about 130p. Similarly, the
use of this scale enables the length of the anterior
portion of the oesophagus to be figured as about 200n
and to situate the nerve ring at about 115u from the
anterior end.

Wigdor's description of this species is based

upon material collected from Semotilus a. atromaculatus

and Notropis cayuga from Cascadilla Cresk, a tributary
of Lake Cayuga, New York, U.S.A. The writer is informed
by Dr. D. A. Webster of the Fishery Biology Department,
Cornell University, that N. cayuga was based on what is
known to be Notropis heterolepis heterolepis and Notropis

bifrenatus. Since all efforts to trace Wigdor's type
material have failed, the writer endeavored to obtain
Rhabdochona from the type hosts and exact locality of
R. cascadilla. Thus, in May, 1949, through the kindness

of Dr. Webster, Semotilus a. atromaculatusg, Notropis cor-

nutus cornutus, Rhinicthys g. atratulus, and Hyborhynchus

notatus were secured from the type locality of R. casca-
dilla. Only specimens of the first three species of fish
were found to harbour a Rhabdochonid nematocde identified

as R. casecadilla. However, a few months before (February,

1949 ) Gustafson submitted for publication a paper in which
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he redescribes as R. cascadilla a form taeken from Semo-

tilus a. atromaculatus and Hyborhynchus notatus from

the Embarrass River, Illinois, U.S.A.

The writer had the opportunity to examine some
of Gustafson's material and to compare it with forms
from fish hosts from Cascadilla Creek as well as with
other material collected in the Province of Quebec, and
identified as R. cascadilla. Measurements of the mate-
rial taken from Semotilus a. atromaculatus are given in
Table 4. Sirce the original type material cannot be
traced and has in all probability been destroyed, the
writer designates specimens from this topotypical series
as neotype and necallotypee.

These are small, slender worms with a thin,
smooth, unstriated cuticule. The funnel-shaped prostom
is provided with fourteen teeth which protrude anteriorly
and which are well seen in en face view (Fig. 19); in-
ternally, it has a thick lining which continues poste-
riorly into the vestibule. At the posterior end of the
prostom, at the level of the vestibular opening, the
lining is thickened with the internal surface of this
thickening protruding forward as sharp points. No teeth
were seen at the base of the prostom which is followed
by the narrow vestibule opening in the oesophagus which
is distinectly divided into a muscular anterior portion

and a glandular, much longer posterior portion. The eggs



Table of Measurements (in mm.) and of Ratios to Total Length of Rhabdochona cascadilla

TABLE 4.

Wigdor, 1918, Based on Mensuration of 10 Male and 7 Female Worms from Semotilus
a. atromaculatus from Cascadilla Creek, Cayuga Lake, N.Y.

Total length

Ossophagus: length

Anterior oesophagus:
length

Posterior oesophagus:
length

Bucecal cavity: length

Vestibule: length

Excretory pore from
anterior extremity

Nerve ring from ante-
rior sxtremity

Tail length

Short spicule

Long spicule

Length of short spi-
cule to length of

. long spicule

Vulva from anterior
extremity

Bgg

Male Female
Min. Max. Average Ratio Min., Max. Average Ratio
3.87 5.42 4,64 - 6.59 12.84 7.82 -
1.17 1.70 l1.41 1:3.3 1.60 3409 1.92 1:4
0.15 0.20 0.18 1:26 0.20 0.31 0.23 1:33
1.01 1.50 1.28 1:3.6 1.43 2.78 1.68 1:4.6
0.014 0.0186 0.015 - 0.017 0.022 0.018 -
0.073 0.077 0.070 1:66 0.070 0.096 0.081 1:98
0.18 0.21 0.20 1:23 0.20 0.27 0.23 1:34
0.12 0.14 0.13 1:35 0.13 0.16 0.15 1:54
0.22 0.29 0.26 1:18 0.22 0.30 0.26 1:30
0.10 0.11 0.11 - - - - -
0.39 0.44 0.42 - - - - -
- - - 1:3.9 - - - -
- - - - 5032 7lll 4030 1:109
or 52%
- - - - 33u X 34u X - -
17u 18u

*Ge
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are 33-34u by 17-18u and are not filamented.
Female: Length 6.59 to 12.85 mm.; prostom 17 to 232u
long; vestibule 70 to 96u long; oesophagus, anterior
portion 209 to 312u and the posterior portion 1l.43 to
2.785 mm. with a total length of 1.609 to 3.097 mm.
The nerve ring is placed 134 to 160u from the anterior
extremity with the excretory pore behind it at 202 to
266un from the cephalic end. The vagina is 51 to 54n
long and the vulva is equatorial in position or a little
pre-equatorial. The tail is 215 to 30lu long.
Male: Length 3.877}to 5.423 mm. long; prostom 15u long;
vestibule 73 to 74u long; cesophagus, anterior portion

154 to 200u and the posterior portion 1.017 to 1.503
mme. long with a total length of 1.171 to 1.703 mm. long.
The nerve ring is 119 to 144u from the anterior extre-
mity and the excretory pore 184 to 212u from the ante-
rior end. The right spicule, with a reflected barb at
its posterior end, is 102 to 1l2u long and the left one
is 385 to 443n. The tail is 215 to 298u long. There
are seven or eight pairs of preanal papillae, subventral
in position except the third pair from the cloaca which
is sublateral; there are six pairs of postanal papillae
subventral in position except the second pair, which is
sublateral.

Examination of these data and those given in

Table 4 shows that this description differs from that
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given by Gustafson (1949) only in the number of preanal
papillae in the male worm. However, variation in the
number of preanal papillae was noted in specimens from
Semotilus g. atromaculatus collected in the Laurentide
Park; in these forms the number of preanal pgpillae
varies between eight to twelve, while in specimens taken
from the speckled trout (Figure 20) in the same loca-
lity, the number of preanal papillae ranges from nine to

eleven. From Catostomus commersonii commersonii, forms

with fourteen preanal papillae were seen., Otherwise, if
all measurements and ratios are taken into account no
clear distinction appears between these forms. Similar
variations in the number of papillae were observed by

Gnedina (1927) in a study of Rhabdochona denudatuse.

The size of the worms is quite variable not
only in specimens from various hosts but also in speci-
mens from the same host, this variation being more evi-
dent in female worms. In his description of R. casca-
dilla, Gustafson (1949) mentions the presence of teeth
at the base of the prostom. Examination of some of
Gustafson's material as well as specimens collected by

the writer, failed to show such teeth.
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Neotype male and neoallotype female: U.S..National
Museum Helminthological Collection, No. 47320.

Type host: Semotilus g. gtromaculstus.

Type locality: Dyer's Pond, Cascadilla Creek, a tribu-
tary of Lake Cayuga, N.Y., U.S.A.
Data from the remainder of the topotypical series are

as follows: ten female and seven male specimens deposited

in the Institute of Parasitology collection.

The Status of R. laurentiana lyster, 1940

This species was first reported by Lyster (1940a)
from Catostomus commersonii commersonii. The writer (1948a)
also reported it from Salvelinus fontinalis from the Que-
bec¢ Laurentide Park. Lyster's description was based upon
the study of five males and five nonovigerous females.,
Lyster based the distinction between R. laurentiana and
R. cascadilla on Wigdor's data on the length of the oeso-
phagus; as shown already, this is erroneous. In his des-
cription of R. laurentiana Lyster noted the absence of a
chitinous spine in the male but examination of his mate-
rial shows this spine to be present. Another distinction
made by Lyster was in the number of preanal papillae.
However, as shown in this study this is subject to varia-
tion. Otherwise, Rhabdochona laurentiana is identical

with Rhabdochona cascadilla. Therefore, as a result of
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this study the writer is of the opinion that Rhabdo-
chona lgurentisng Lyster, 1940 should be regarded as
synonymous with R. cascadilla Wigdor, 1918,

Distribution of R. cascadilla in trout in Quebec

In 1948 the writer reported the presence of
Rhabdochona laurentiana in speckled trout in Juebec.

However, as shown in the present thesis, R. laurentiana

Lyster should be considered as synonymous with R. cas-
cadilla Wigdor, 1918.

In the present study R. casc¢adilla was found
in a few trout from lakes and streams of the Chicoutimi
and Jacgues Cartier drainage systems of the Laurentide
Park but was present in only small numbers in any one
fish, It was not found in trout anywhere else in the
Iaurentide Park but was found, as reported by the writer
(1951a), in other species of fish. The writer's record

of R, cascadilla in the speckled trout is the only one

in Canada although as he has shown (195la) it has also
been reported from this host in the United States. 1In
the same paper the writer showed the wide host and geo-~

graphical distribution of this species.
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SPIRURIDAE Oerley, 1885

Agamospirura Henry and Sigoff, 1913
(Fig. 22 (a, b, ¢))

The term Agamospirura has been proposed to
designate larval Spirurids, and it has no generic sta-
tus. The present record of larval Spirurids in trout
is the first onse pertaining to their presence in this
host.

Eleven immature Spirurids were found in trout
taken during the summer of 1945 and 1946, and in material
collected by personnel of the Office of Biology in 1939.
One of these larvae was found encapsulated on the external
surface of the stomach wall, others were found in the
flesh, the ovaries, the pyloric caeca, the swim bladder,
and the body cavity. They were collected from fish from
lakes and rivers of the Chicoutimi, Jacques Cartier, and
Ste.Anne du Nord drainage systems of the lauresntide Park.

The worms are e¢ylindrical, brownish in colour,
25 to 34.5 mm. in length. The cuticle is thick and trans-
versely striated. The anterior extremity when viewed la-~
terally is conical in outline; en face view of the head
shows that the mouth opening is elongated dorsoventrally
and flanked by two trilobed péeudolabia of which the la-
teral lobes are the larger. There are four submedian pa-

pillae located on the base of the pseudolabia. This ar-
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rangement suggests that the dorsodorsal-laterodorsal
and ventroventral-lateroventral papillae have become fu-
sed. The internal circle of papillae is apparently absent.

Cervicél papillae are present, located 0.037 to
0.04 mm. from the anterior extremity. The width of the
anterior extremity at the level of the cervical papillae
is 0.131 to 0.149 mms The mouth is followed by a single
vestibule, 0.125 mm. in length by 8u in diameter. The
cesophagus following the pharynx is from 8 to 9 mm. long
and divided into an anterior muscular portion and a poste-
rior glandular portion that is about six times as long as
the muscular one. Both parts of the oesophagus are tra-
versed by a strong oesophageal tube, The intestine is ir-
regular in outline and difficult to follow; it terminates
in a chitinous rectum averaging 0.725 mm. in length. At
the level of its junction with the intestine, conspicuous
glands could be seen. The anus is terminal., Neither the
excretory pore nor the nerve ring was seen in any of the
specimens. In two of the immature forms there were traces
of growth of the male genital rudiment.

The structure and characters of the cephalic
extremity are considered to be sufficient to class these
immature forms as Spiruridae and, more specifically, as
being representative of the subfamily Spirurinae as de~

fined by Chitwood and Wehr (1934).
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Genus Metabronema Yorke and Maplestone, 19286

The Species of the Genus Metabronems

In 1926, Yorke and Maplestone created the

genus Metabronems (Spirurinae) to receive M. magnum

Taylor, 1925) originally described under the name of
Habronema magna (Taylor (1925)). While several species
have been since ascribed to this genus, its status,
particularly in regard to Ascarophis Beneden, 1871, re-
quires clarification. Van Cleave and Mueller (1934)
suggest the possibility of synonymity between these

two genera; Chitwood et gl (1934) (1938) consider them
to be identical. Baylis (1933) and subsequently
Chitwood (1934) have pointed out the close relationship

of Ascarophis and Spinitectus Fourment, 1883. The latter

genus is considered by Van Cleave and Mueller (1934) to

be gso closely related to Cystidicoloides Skinker, 1931

{Skinker (1931b) as to almost justify synonymity. Van
Cleave and Mueller (1934) have suggested that Cystidi-

coloides is probably a synonym of Metabronems which

Baylis (1934) definitely considers to be identical with
the former, a view also adopted by the writer. However,

owing to the limited information available on Ascarophis

the writer thinks that it is preferable, at least for

the time being, to consider it as a separate entity.
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Since its inception, thirteen species from
Tish hosts have been ascribed to this genus, to which
Baylis (1934) (1935) has transferred the following spe-

cies: Cystidicola harwoodi Chandler, 1931, Cystidicola

(Pseudocystidicola) skriabini Leyman, 1933, Cystidicola

fischeri Travassos et al, 1928, and Spiroptera salvelini

Fujita, 1920, which has already been transferred by its
author (1928) to the genus Cystidicola. The systematic
status of the first and last of these species together
with that of Metabronems canadense Skinker, 1931 and M.
truttae Baylis, 1935 is discussed in this thesis.

As shown by the writer (1951b) species of the
genus Metabronema have hbeen recorded in Australia, Brazil,
Canada, England, Japan, the Philippines, Russia, and the
United States. At present the majority of the species re-

ported as belonging to the genus Metabronems has been

found in Salmonid fish. From North American fish hosts
three species have been recorded: M. wardlei Smedley, 1934

from a species of rockfish (Scorpesenichthys marmoratus)

from Nanaimo, B.C., M. salvelini (Fujita, 1920) from trout
and char from both the United States and Canada (<uebec and
Labrador) and M. prevosti Choquette, 1951 from the bullhead

(Ameirus nebulosus nebulosusg) from the Ottawa River (Quebec).

M. salvelini was also found in material given to the writer
from an unidentified species of dace from lLake Edward, Pro-

vince of Quebec, and as he reported it (195lc), in the intes-
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tine of a single one out of over 200 muskallunge, Egox
mgsquinongy from the St.Lawrence watershed. The mate-
rial from the muskallunge consists of only one male and

one immature female; these data suggest that Metabronema

is not normally parasitic in this host.

Metabronema in Trout and Char and the
Systematic Status of M. salvelini

In 1931 Skinker described M. canadense from

the speckled trout from Quebec and Chandler, the same

year, under the name of Cystidicola harwoodi described

a nematode from Salvelinus fontinalis from the Adiron-

dacks, New York, U.S.A. The form described by Chandler
was afterwards transferred by Skinker (1931b) to the ge-
nus Cystidicoloides. As stated above, Baylis (1934) in

his study of the genera Cystidicola, Metabronema and

Cystidicoloides concludés that the last two are synony-

mous. Therefore, the name of the speclies described by

Chandler became Metabronema harwoodi.

Species of Metabronema have been reported from
char and trout in other parts of the world. 1In Japan,

Fujita in 1920 (Baylis (1935)) described Spiroptera salve-

lini from Salvelinus malma and, in 1928, reported this
species from Salvelinus kundscha. Baylis (1935) placed
this species in the genus Metabronems,and, in 1935, Ya-

magutl amplified the morphological description as Meta-~
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bronema (Cystidicola) salvelini. Fujita in 1939 reports
the finding of M. iwana in Sglvelinus mglmsg from Lske
Biwa, Japan. Unfortunately, Fujita does not state whe-
ther this species is the one he described in 1928 from

the same host and locality under the name of Cystidicola

iwana; however, after a search of the literature, the wri-
ter believes that this is the case. In 1939 Fujita also

reported three addtional species from the char Salvelinus

kundscha, namely M. kosugii, M. amemssu, and M. ishii.
The latter species was described originally under the name

of Metabronems salvelini but, the name being preoccupied,

it was later changed by its author (1941) to its present
one.

In Great Britain, Baylis in 1935 described Me-
tabronema trutise from the brown trout, Salmo trutta.
Baylis notes the great similarity existing between this

species and Metabronema (Spiroptera) salvelini Fujita,

1920 and Metabroneme canadense Skinker, 193l. He even

points out the fact that if all the measurements are ta-
ken into account, no clear distinction appears to exist

between these forms. This is not the case with the spe-
cies from the char as described by Fujita (1928) (1939),
all of which possess morphological characters sufficient
to distinguish them from Metabronema galvelini, M. cana-
denge, and M. truttae.

Under the name of M. canadense the writer (1948s)
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reported his finding of this species in the speckled trout in
the Laurentide Park. Lyster (1940a) reported the pressence

of Cystidicoloides harwoodi Chandler, 1931 in the speckled
trout from other parts of this province. Examination of
Lyster's material shows it to be identical with the form
described by Skinker. This species was also found by the
writer in material from a species of char (probably the

Arctic Char, Salvelinus arcticus) from the coast of Labra-

dor, and deposited at the Institute of Parasitology. Van
Cleave and Mueller (1934) report the presence of Metabro-

nema (Cystidicoloides) harwoodi Chandler in Salmo fario

from Oneida lLake. These authors, after a study of Chand-
ler's type material, conclude that this specles is iden-
tical with M. canadense Skinker, this species being merely
a smaller variety.

Since Skinker's description was incomplete, par-
ticularly in regard to the nature of the postanal papil-
lae, because of the paucity of the material at her dispo-
sal, the opportunity has besn taken to add to the des-
cription of this species and to attempt to eclarify its re-
lationship with the others found in char and trout. As
stated by Baylis (1935) the evidence for the distinc-
tiveness of M. salvelini, M. canadense, and M. truttee is
very inconclusive} it rests mainly on morphological points
such as the nature of the postcloacal papillae and the

character of the spicules. These points were, therefore,
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given particular study in the specimens found by the
writer.

The writer had the opportunity to study part of
Miss Skinker's material but it was, unfortunately, in
such a condition that it could be studied only in lateral
view, and it was very difficult to obtain a clear picture
of the nature of the postanal papillae in the male. This
study could only confirm the observations made by Mr.

J. T. Lucker (1948) of the Zoological Division of the
U.S. Bureau of Animal Industry, Washington, D.C., namely,
that there were five pairs of posteloacal stalked papil-
lae; that is, one pair additional to the four shown by
Skinker in her figure of the right side of the tail of
the male. This additional pair is located in close
proximity and median to the anterior-most of the post-
¢loacal pair.

A ventral-dorsal view of the posterior extrem-
ity of male specimens collected by the writer, shows that
there are five pairs of stalked postcloacal papillae and
a sixth pair of very small papillae situated at the post-
erior extremity of the tail between the fifth pair (Fig.
29); it is doubtful whether they can be seen in lateral
view. A sixth pair exists in Metabronema truttas as des-
cribed and illustrated by Baylis (1935). No mention of
such papillae in M. salvelini appears in Fujita's des-

cription (Baylis (1935)), nor Yamaguti's (1935). In the
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arrangement of the first two pairs of posteloacal papil-
lae there is a similarity between the writer's material
and M., truttae as described and illustrated by Baylis
(1935); it also resembles the arrangement described by
Yamaguti (1935) in respect to M. salvelini Fujita.

In his description of M. truttae, Baylis (1935)
stated that the longer spicule 1s the left one while
neither Fujita nor Yamaguti state whether the longer
spicule is that of the fight or the left side. in M.
canadengse, according to Skinker (1931la), the right spi-
cule is the longer one. This could not be determinsd
with certainty in the writer's study of Skinker's mate-
rial.. However, in the material at the writer's disposal
the longer spicule, as in the case in M. truttae Baylis,
is the left one (Fig. 29). Fujita (Baylis (1935)) defi-
nes and illustrates (Fujita (1928)) a pair of transverse
processes at the tip of the longer spicule. This is not
reported by Yamaguti, and Baylis was unable to observe
whether or not similar processes are to be found in the
form of Salmo trutta because he did not have the opportu-~
nity of studying protruded spicules,

Processes on the longer spicule could be seen
in ventrodorsal view of the posterior extremity of another
male in mounted specimens (Figure 29). However, the
writer is of the opinion that this is not the real aspect

of the extremity of the longer spicule, but that these
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"transverse processes" are due to distortion brought

about by pressure. In lateral view it is seen that in

its distal extremity the longer spicule is curved into a
trough or gutter with the inferior wall of this gutter
prolonged as a sharp point, while the superior one curves
inward (Fig. 29) thus accentuating the groove. There-
fore, when the spicule is protruded and bent on itself,

as is often the case, and slight pressure is applied,
so-called "transverse processes" are produced, as shown

in Fig. 29. Skinker (193la), in her figure of the right
side of the tail of the male of M. canadense, shows

partly the arrangement existing at the distal extremity

of the longer spicule. This aspect of the spicule was
observed also in her type material. The aspect of the
distal end of the spicule in lateral view is quite similar
to that illustrated by Johnston and Mawson (1945) in their

study of Ascarophis cooperi from Platycephalus bassensis.

In their redescription of M. (Cystidicoloides)

harwoodi, Van Cleave and Mueller (1934) report the pre-
sence of five postanal papillae and discuss the shape of
the longer spicule at its distal extremity. The writer
had the opportunity of studying specimens kindly loaned

by Prof. Chandler, as well as the type material of M. har-
woodi, deposited in the Helminthological Collection of

the United States National Museum. In both cases the
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specimens were found to exhibit the character used as

criterion in this study of species of the genus lMeta-

bronema in char and trout, that is, the arrangement of

the postanal papillae and the shape of the left spicule.
As the result of this study, the writer believes

that, on the basis of the characters of the postecloacal

papillae and the spicules, the following species should

be regarded as synonymous: Metabronema (= Spiroptera)

salvelini Fujita, 1920, Metabronems (= Cystidicola)

harwoodi Chandler, 1931, Metabronema canadense Skinker,

1931, and Metabronema truttae Baylis, 1935. By virtue of
the lew of priority, Metabronema salvelini (Fujita, 1920)

must stand as the valid name of the species.

Description of Metabronems salvelini

(Figures 21, 23, 29)

The Quebec forms are small, slender and cylin~
drical worms, tapering at both extremities, coarsely
striated anteriorly, but the striations gradually disap-
pear near the level of the posterior end of the ceso-
phagus. The head measures 35-43n in diameter. The
mouth opening (Fig. 21) 1is dorsoventrally elongested and
surrounded by two pseudolabia.. Only the cephalic
papillae of the externsl circle can be observed, and
these consist of four papillae located at the base of the

pseudolabia (Fig. 21). The mouth leads into a
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vestibule (Fig. 23) 0.10 to 0.12 mm. long in the male
and 0,12 to 0.15 mm. in the femals. The oesophagus is
divided into an anterior muscular portion and a posterior
glandular portion, which is much the longer. The ante-
rior portion varies between 0.65 to 0.8 mm. in the male
and is about 0.8 mm. in the female; the posterior por-
tion is 1.5 to 2.2 mm. long in the male, and 2.0 to 2.8
mm. long in the female. The total length of the oeso-
rhagus in ten males averages'2.6 mm. long, and in ten
females averasges 3.4 mm. long. The nerve ring is about
0.17 mm. from the anterior extremity in the male and 0.18
mm. in the female. 1In both sexes the excretory pore is
0.210 to 0.220 mm. from the anterior extremity. The
average length of ten female specimens was 13.6 mme. and
that of ten male specimens 6.9 mm.

In the female the vulve is situated about the
middle of the body and the anus is about 71lu from the
posterior end of the body. The thick-shelled eggs are,
on the average, 4l1-42u by 24-26u.

In the male the posterior extremity (Fig. 29)
is coiled and the anus is about 0.12 mm. from its tip.
The caudal alae are fairly well developed and supported
by papillae, of which four pairs are anterior to the
cloaca and six pairs posterior to it. The posteloacal
group of papillae consists of five palrs of stalked

papillae and a sixth pair of very small papillae situated
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at the posterior extremity of the tail between the fifth
pair (Fig. 29). The two spicules are unequal in length.
The left spicule, with its distal extremity curved into

a trough or gutter, is much longer than the right spicule,
being from 0.34 to 0.38 mm. long, as compared with 0.112
to 0.138 mm.

Host: Salvelinus fontinalis (Mitehill)

Location: Stomach

Locality: Green Lake (Argemteuil County) P. Que.

Distribution of y. salvelini in Trout in Quebec

This species appears to be the most widely dis-
tributed parasitic helminth of the speckled trout in this
province. It was found in one hundred and thirty-nine 6f
two hundred and ten fish from the Laurentide Park (where
infection was found in fish from all of the seven drain-
age systems), in fish from lakes of Jolistte, Montcalm,
Chieoutimi and Argenteuil counties, in nearly all of
forty trout collected from lakes of the Mont Tremblant
Park area and in trout from Laeke Edward (wuebec County).
Richardson (1936) failed to find this nematode in the
trout from the latter locality. Fantham and Porter
(1948) reported the presence of hair-like undetermined

nematodes in the speckled trout from St. John's River;
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these were probably Metabronems salvelini.

As already mentioned, other reports of this
nematode in trout in Juebec are those of Skinker who,
in 1931, reported it as a new species under the name
of M. canadense from trout from River Matamek, and
Lyster (1940a) who reported it under the name of Cysti-
dicolg harwoodi from fish from Lake Commandant. These
and the writer's records are the only ones pertaining
to the presence of this helminth in speckled trout in
Canada. However, as shown by the writer this species
has been reported from several species of Salmonidae

and other fish from various parts of the world.

Life Higtory of Metabronema salvelini

The Biology of the Spirurid

a———

The Spirurids differ in their biology from
many parasitic nematodes in having no free-living stages.
The biology of this group was reviewed by Seurat in
1916. In the mammalian Spirurids, the egg hatches only
in the digestive tract of an invertebrate host, usually
an insect, and the larva then migrates via the intest-
inal wall into the body cavity, where it undergoes fur-
ther development end molts. In the forms parasitic in
mammals, the larva encysts at this stage and, after

molting a third time, the fourth larvael stage is reached.
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A notable exception to this rule is the larva of Spirura
gastrophila (Miller, 1894) which, as shown by Seurat,
continues to develop while encysted until the fourth
stage is reached.

From what is known of the life history of
mammalian Spirurids, one can assume that the develop-
ment of the forms found in fish follow a somewhat simi-
lar pattern, that is, the infective larval stage develops
in arthropods, which in turn are eaten by the fish.
Although many species of Spirurids have been reported
from fish, knowledge of the biology of these forms is
extremely scanty. As far as the writer can ascertain,
the only concrete observations on the biology of species
of fish Spirurids are those of Baylis and Weller. 1In
1931, Baylis reported his finding in Gammarus sp., col-
lected in Hampshire, England, the fourth larval stage of

a form which he considers to be the Spirurid Cystidicola

farionig. Weller, in 1938, reported infection of the
crustacean Hyalells knickerbockeri upon feeding it eggs

of the Spirurid Rhabdochona ovifilamenta, and described

the first larval stage.

Intermediary Hosts of M. salvelini in
Quebec and Experimental Feeding

In examining the viscera of speckled trout

from Green Lake (Argenteuil County) during the summer of
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1949, the writer found adult Metabronema in the stomach
of some of the fish, together with partially digested
arthopods. The latter were identified as remnants of
nymphs of a species of mayfly, an examination of which
showed them to harbour a larval stage of M. galvelini.
Mayfly nymphs collected on various occasions from dif-
ferent streams in the Laurentide Park during the summer
months of 1949, 1950 and 1952, also harboured these lar-
vae. Contrary to what happens in the development of
mammalian Spirurids, the larval stages of M. salvelini
do not encyst in the arthropod host but remain free in
the body cavity. In most cases only a single larva was
present, although occasionally a nymph would be found
harbouring two or three larvae. Larvae were recovered
from mayfly nymphs which were identified through the cour-
tesy of Dr. C. S. Wally, Division of Entomology, Science
Service, Department of Agriculture, Ottawa, as larval
stages of Hexagenia recurvata Morgan. Larvae were also
found in the nymphs of a species of mayfly of the genus
Polymitarcys. ZLarvae were present in about forty per
cent of the Hexagenia nymphs collected from the Ste. Anne
du Nord River, while only a few of the nymphs of Poly-
mitarcys collected in Grand Lac Carré were found upon
examination to harbour the parasite.

The feeding of nymphs of Hexagenia recurvata
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from the Ste. Anne du Nord River to parasite-free trout
resulted in the establishment of infection and develop-
ment of adult forms in from sixty to seventy days after
initial feeding.

The Third and Fourth Larval Stages
of M. Salvelini

The third larval stage found in Hexagenia re-
sembles the adult form in many respects, particularly in
the morphology of its digestive tract: narrow wvestibule,
oesophagus divided into two portions, the first, muscular,
shorter, lighter in colour, being surrounded by the
nerve ring at a short distance from its anterior extremity;
the second glandular portion being much longer and darker
in colour. The rectum is short and provided with well-
developed glandular structures. The excretory pore is
gituated at a short distance behind the nerve ring and it
communicates by a short canal with a gland placed along
the first portion of the oesophagus. The sexes of the
third-stage larva are differentiated by the presence of
a knob-like caudal gppendage on the tail of the female;
in the male the tail is conical and this appendage is
lacking (Fig.25). In both sexes the genital tubes are in
an advanced stage of development but there are no signs
of spicules in the male at this stage nor any sign of a

vagina and vulva in the female. Measurements of male and
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female third stage larvae from Hexagenia recurvata are

given in Table 5.

Upon gaining access to the fish host, when the
arthropod harbouring it is ingested, the larva continues
to grow and undergoes another molt resulting in the fourth
stage (Figs. 24, 26, 27, 28). This larval stage undergoes
another molt and finally the young adult emerges. During
this period the larva increases in size and at the end of
the fourth stage the genital organs have acquired their
definitive disposition. Larvae from experimentally in-
fected fish were examined on the ninth, twenty-first and
fortieth days after initial infection. The genital
organs were first noted after the fortieth day examina-
tion, although in the case of the male it is fair to
presume that they would have been seen a little earlier

had the larvae been examined befors that time.



Table of Measurements (in mm.) of Third Stage Larvae of M. salvelini

TABLE 5

(Fujita, 1920) Based on Mensuration of 7 Male and 10

Female Larvae from Hexagenis recurvata

Male

Female
Total length 3.32 to 4.89 4.2 to 7.0
Length of Vestibule 0.067 " 0,11 0.1 ™ 0.128
Oesophagus:
Length anterior portion 0.3 " 0.486 0.432 " 0.748
Length posterior portion 0.841 " 1.40 1.0 " 1.84
Total length i1.08 " 1.84 1.45 " 2.588
Nerve ring (from anterior
extremity) 0.108 " 0.150 0.147 " 0.176
Excretory pore (from anterior
extremity) 0.137 " 0.195 0.185 " 0.224
Length of tail 0.064 " 0,073 0.04 "0.083

‘81T
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SUMMARY

Nine species of helminths parasitic in the

speckled trout, Salvelinus fontinalis (Mitchill), in Que-

bec have been investigated, the literature pertaining to
them reviewed, and their distribution and incidence re-
corded.

The author has reviewed the diagnosis of the
Family Gorgoderidae looss, 1901, and of its genus Fhyllo-
distomum Braun, 1899, and the biology of the Gorgoderids
in general. He has shown that the larval stages of Phyllo-

distomum lachancei Choquette, 1947, first develop in clams

of the genus Pisidium and that the vigorous free-swimming
cercariae attract and are eaten by damselfly naiads which
act as metacercarial hosts. He found that the larva en-
cysts in the thoracic walls of the insect shortly after
ingestion and that the metacercaria excysts in the diges-
tive tract of the fish host. He has described the larval

stages and adult of Phyllodistomum lachancei. He found

the infection to be prevalent in trout in some lakes of
the laurentide Park, but found that the presence of the
parasites in the ureters of the trout produced only slight,
if any, pathological changes.

The systematic status of Stafford's Distomg
laureatum Zeder, 1800 has been clarified.

A study of the biology of Crepidostomum cooperi
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in Juebec showed that the larval stages develop in inter-
mediate hosts not hitherto reported for this species,
namely, clams of the genus Pisidium end mayfly nymphs

of the genera Hexagenig and Polymitarcys.

The distribution of the Proteocephalans and
Bubothriids in North American Salmonids has been reviewed
and hypotheses presented in regard to their incidence in
the speckled trout. A study of the morphology of Proteo-

cephalus salmindicola Alexander 1951 showed this species

to be identical with P. parallacticus MacLulich, 1943.

The incidence of Diphyllobothriid plerocercoids
in Salmonids in wuebec and other localities was discussed.
In an effort to determine the adult stage, plerocercoids
wore fed to experimental animals and worms were recovered
from cats and ring-bill gulls.

The writer has reviewed the systematic status

and the generic diagnosis of the genus Rhabdochona Railliet,

1916 and discussed species from fish in North America.
He has redescribed R. cascadilla Wigdor, 1918 and desig-
nated neotype male and neocallotype female. He has shown

R. laurentiana Lyster, 1940 to be identical with R.

cascadilla.

larval Spirurids (Agamospirura) found in trout

have been described.

The species of Metabronemas from fish, and
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Salmonids in particular, have been discussed. M. sglve-
lini has been described and its systematic status with
regard to other species present in Salmonids clarified.
It has been shown that the first larval stages are to be
found in mayfly nymphs of the genera Hexagenia and Poly-
mitarcys. The morphology and development of the third

and fourth larval stages have been discussed.
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CLAIM OF CONTRIBUTION TO KNOWLEDGE

The author claims to have contributed to the
knowledge of parasitic infection of trout in quebec as

follows:

Biological Studies

He has shown that the first larval stages of

Phyllodistomum lachancei Choquette, 1947 occur in clams

of the genus Pisidium, that the cercarial stage encysts
in damselfly naiads and that the metacercaria excysts

in the digestive tract of the trout. He has contributed
to the knowledge of the epidemiclogy and pathology of
this infection in trout in Jusebec.

He has found new Sphaeriid hosts harbouring the
first larval stages of Crepidostomum Hopkins 1931, and
new arthropod hosts harbouring the metacercarial stage
of this trematode.

He has shown that Diphyllobothriid plerocercoids
in trout in wuebec are the larval stage of an avian form.

He has, for the first time, elucidated the life

cycle of a Spirurid, Metrabronema salvelini (Fujita, 1920),

parasitic in fish, by showing that its first larval stages
are to be found in mayfly nymphs (Hexagenia and Polymitarcys)

and that their development is completed in the fish host.
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Taxonomic gnd Morphological Studies

He has described the larval stages (miracidium,
mother and daughter sporocysts, cercaria and metacercaria)

and the adult form of Phyllodistomum lachancei Choguette,

1947.
He has reviewed the systematic status of

Stafford's Distoma laureatum Zeder, 1800, and shown it to be

identical with Crepidostomum cooperi Hopkins, 1931.

He has reviewed the systematic status and the

generic diagnosis of the genus Rhabdochona Railliet, 1916.

He has redescribed Rhabdochona cascadilla Wigdor, 1918,

and has shown that R. laurentiang Lyster is identical with
it.
He has described for the first time larval

Spirurids (Agamospirura) parasitic in trout.

He has described Metabronema salvelini (Fujita,

1920) and shown it to be identical with other species
reported from Salmonids in North America, Japan and
England, and has described the third and fourth larval
stages of this species and their development into adult

form.
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EXPLANATION OF PLATES

All figures were drawn with the aid of a camera

lucida, unless otherwise stated.

Plate 1

FPigure 1. Configuration of the drainage systems of the

Laurentide Park.

Plate II

Figure 2. Phyllodistomum lachancei Choquette, 1947. Two

of the shapes assumed by free-swimming mirs-
cidium.

Figure 3. P. lachancei. Miracidium.
Plate III

Figure 4. P. lachancei. Mother sporocyst.
Figure 5. . lachancei. Daughter sporocyst.
Figure 6. Photomicrograph showing sporocysts of 2.

lachancei in gills.
Plate IV

Figure 7. P. lachancei. Cercaria (low magnification).
Figure 8. P. lachancei. Cercarial body showing details

of anatomy.



Figure 9.
Figure 10.

Figure 11.

Figure 12.
Figure 13.

Figure 14.

Figure 15.

Figure 16.

Plate V

P. lachancei. Metacercaria, encysted.

2.

lachancei. Adult.

Plate VI

Photomicrograph of section of 2.
lachancel in situ x 36.

Photomicrograph of section of 2.

lachancei in situ. x 60.

Photomicrograph of section of normal

ureter of Salvelinus fontinalis x 60.

Photomicrograph of section of P.

lachancei in situ x 60.

Plate VII

Crepidostomum farionis. Adult.

Proteocephalus parallacticus. Scolex.

P. parallscticus. Adult segment.

Plate VIIT

Eubothrium salvelini. (Left) immature

worm; (right) scolex of adult worm, lateral

view.

E. salvelini. Adult segment.



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

17.

18.

19.

20,

21.

22

23.

24.

25.

Plate IX

Photomicrograph of scolex of immature

Diphyllobothrium from experimentally in-

fected ring-bill gull (four days old).
Photomicrograph of segments of immature

Diphyllobothrium from experimentally in-

fected ring-bill gull (four days old).

Rhabdochona cascadilla. IZEn face view of

anterior extremity.
R. cascadilla. Posterior extremity of
male from S. fontinalis.

Metabronema salvelini. Sketch of cephalic

pattern.
Plate X

Agamospirura. (a) Lateral view of anterior
extremity; (b) Posterior extremity; (c)

Sketch of cephalic pattern.

Metabronema salvelini. Anterior extremity
of adult female.
M. gsalvelini. Anterior extremity of 40-day

old fourth stage larva.

Plate X1

M. salvelini. Posterior extremity of nine-
day old third stage larva (female, left;

male, right) from experimentally infected



Figure 26.

Figure 27.

Figure 28.

Figure 29.

trout.
M. salvelini. Posterior extremity of forty-

day old female fourth stage larva.
Plate XIT

M. salvelini. DPosterior extremity of forty-
day o0ld male fourth stage larva.

M. salvelini. Vulvar region of forty-day old
fourth stage larva.

M. salvelini. Adult male. Ventral view

(left); lateral view (right).
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