
STUDIES ON S01Œ INTERNAL HEll~NTHS PARASITIC 

IN THE TROUT SALVELlNUS FONTINALIS 

(MITCHILL) IN ~UEBEC 

by 

Laurent P. E. Choquette 

A Thesis 

presented to the Faculty of Graduate Studies 

and Research of McGill University in partial 

fulfilment of the requirements for the degree 

of Doctor of Philosophy. 

August, 1953. 



ACKNOWLED GtlENTS 

The vœiter wishes to express his appreciation 

of the support and advice given to him by his Director, 

Professor T. W. M. Cameron. 

The help and cooperation extended to him by 

officers of the Department of Fish and Game, Province of 

~uebec, particularly that of Mr. L. A. Richard, Deputy 

Minister, Mr. L. P. Gagnon, Superintendent of the Lauren­

tide Park, and Mr. L. Talbot, are gratefully acknowledged. 

The writer also wishes to express his gratitude to Dr. 

J. A. Brassard, Director, ~uebec Zoological Garden, for 

his assistance in the collection of material and the 

provision of animals for experimental purposes, and to 

1~. Gustave Prévost, Director, Biological Bureau, for 

his cooperation in providing fish needed for experimental 

purposes and financial assistance to defray some travel­

ling expenses. 

The writer wishes to express his gratitude to 

Mr. W. Mair, Chief, Canadian Wildlife Service, Department 

of Resources and Development, Ottawa, and to Dr. G. 

Stirrett, Wildlife Officer for Ontario, for their assist­

ance in arranging for the collection of gull eggs at the 

Black Ant Rookery, Gananoque, Ontario. 

Thanks are also expressed to Professor Dwight 

A. Webster, Cornell University, Ithac.a, New York, for his 



cooperation in collecting fish from Cayuga Lake, to Dr. 

R. V. Bangham, Wooster College, Ohio, to Dr. J. H. 

Fischthal, Syracuse University, New York, and to Professor 

A. C. Chandler, Rice Institute, Houston, Texas, who have 

kindly loaned some of the material used in this study, 

and who have willingly forwarded information. 

The writer is also indebted to Dr. E. W. Priee, 

Agricultural Research Center, Beltsville, Maryland, U.S.A., 

to Professor Sigeru Motoda, Hokkaido University, Sapporo, 

Japan, and to Dr. R. Ph. Dollfus of the Museum d'Histoire 

Naturelle, Paris, France, for their help in securing much 

needed references. 



TABLE OF CONTENTS 
Page 

INrRODUCTION. . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . 1 

RISTORICAL REVIEW.. . . . . . . . . . . • • . • . • • • • • • . • . • • • 2 

Lvlê..TERIAL. . . • . • • • • • . . • . • . • • . • • • • • • • • • • • • • • • • • • • 6 

METROD8 

He1minthologica1 Material... • . . . • • . . ••• • • 10 

Molluscan Materiel and Larval Stages 
of Trematodes............................ 11 

Arthropod Materia1 and Larval Stages 
of Helmi nths. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Experiments with Fish, Avian and 
Mammalian Hosts..... ...... ............. •. 14 

TREMATODA 

FA1ITLY GORGODERIDAE L0088, 1901. 

Diagnosis.. .......... ...... .......... .... 16 

The Bio1ogy of the Gorgoderids........... 17 

Genus Phyl1odistomum Braun, 1899 

8ys terna tic Sta tus. • . • • • • • • • • • . • • • • • • 22 

Generi c D iagno si s • . . . • • • . . • • • • • . • • • • 23 

P. lachancei Cho<luette, 1947 

Habitat, Distribution and In-
cidenoe ..... 1 •••••••••••• • ~....... .24 

Lite Ristory 8tudies 

Experiment with second inter-
mediary host..... •••••••••••••• 26 

Experiment with fish host...... 28 

Discussion of lite cycle....... 30 



Description of Stages 

11iracidi ume • • • • • • • • • • • • • • • • • • • • 32 

Sporocysts. . • . . . . • • . • • . • . . . . . . • 33 

Cercaria....................... 34 

Metacercaria................... 38 

Ad ul t . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

Epidemio1ogy. . . . . • • . . . . . • • • • • . . . . • 43 

Pathology-.. . . . . . .. . . . . . . . . . . .. . . .. 46 

FAMIlY ALLEOCREADIIDAE STOSSICH, 1908 

Crepidostomum cooperi Hopkins, 1931 

Distribution in Speck1ed Trout in 
~ue beë .- • . • . • • • • • • . • • • • • • • • • • • • • • • • • • 49 

The Systematic Status of Stafford's 
Distoma 1aureatum Zeder, 1800....... 50 

The Life History of C. Cooperi 
in ~uebec............... .•••.•.••••. 53 

Mol1uscan Hosts Stages........... 53 

A~uatic Arthropods Stages........ 54 

Experimental Feeding............. 56 

Crepidostomum farionis {O. F. MUller, 
1784)..... 56 

CESTODA 

FAMILY PROTEOCEPHALIDAE Larue, 1918........... 58 

Genus Proteocephalus Wein1and, 1858 

Species Recorded in North Amer-
ican Sa1monids............ ••••••. ••• 59 

The Incidence of Proteocepha1us in 
Speck1ed Trout...................... 60 



The Systematic Status of Proteocephalus 
salmindicola Alexander, 1951........... 62 

F.A1ITLY AMPHICOTYLIDAE NYBELIN, 1922, amended 
Beaver and Simer, 1940 

Genus Eubothrium Nybelin, 1922 

Eubothrium salvelini Schrank 

Morphology. • • • • • • • • • • • • • • • • • • • • • • • • • 64 

Distribution in North American 
Salmonids. . . . . . . . . . . . . . . . . . . . . . . . . . . 65 

Incidence of Infection in the 
Speckled Trout in ~uebec •••••• ~..... 66 

FA~ITLY DIPHYLIOBOTEL~IIDAE LÜHE, 1902 

Genus Diphy11obothrium Cobbo1d, 1858 

Diphy1lobothriid p1erocercoids in Sa1-
monids in North America and Incidence 
in ~uebec........... •••••••••••••••••••• 68 

Habitat and morphology of the larva..... 70 

Pathogenicity of Diphyllobothriid 
larva e in Salmoni ds • • . • • • • • • • • • . • • • • • • • • 71 

The Adult Forms and their Syst-
ematic Status........................... 73 

Experimental Infection... .•••..••••••••• 75 

Dis eus sion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

NEMATODA 

FA1ULY THELAZIIDAE RAILLIET, 1916 

Genus Rhabdochona Railliet, 1916 

Systematic Status...................... 83 

Generic D iagnosi s. • • • • • • • . • • • • • • • • • • • • • 86 

Distribution in North America.......... 89 



R. cascadilla Wigdor, 1918 

Redescription. • • • • ••• •• • • • •• • • • •• • •. •• • • 91 

The Status of R. laurentiana 
Lyster, 1940 .. :-........................ 98 

Distribution in Trout in ~uebec........ 99 

FAMILY SPIRURIDAE OERUY, 1885 

Agamospirura Henry and Sisoff, 1913............ 100 

Genus Meta bronema Yorke and Maplestone, 1926 

The species of the Genus Metabronema...... 102 

Metabronema in Trout and Char and the 
Systematic Status of Metabronema sal-
velini (Fujita, 1920)... ••• •••• ••• •••• •••• 104 

Description of M~ salvelini............... 110 

Distribution of M. salvelini in trout 
in ~uebec ••••••• 7......................... 112 

Life History of Metabronema salvelini 

The Biology of the Spirurids........... 113 

Intermediary Hosts in "Ii,uebec and 
Experimen tal Feeding.............. •• • • • 114 

The Third and Fourth Larval Stages of 
M. salvelini............ ••..•••••.•••••••• 116 

SU1vn~RY. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 119 

CLAIM OF CONTRIBUTION TO KNOVILEDGE.. • • • •• • • • • • • • • • • • 122 

BI BL! 0 œ,APIIT • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • i 



INTRODUCTION 

The speckled trout, Salvelinus fontinalis 

(Mitchill), is highly valued in the Province of ~uebec 

as agame fish. However, little is known regarding the 

distribution and importance of the helminth parasites 

of this fish in ~uebec, 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 salvelini; (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 Metabronema salvelini 

and the larva of an undetermined species of Spirurid; 

(5) to review the systematic status of species of the 

genera Crepidostomum, Proteocephalus, Rhabdochona and 

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

distribution and incidence of the fluke Crepidostomum 

farionis and of the cestodes Proteocephalus parallacticus 

and Eubothrium salvelini. 



2. 

HISTORICAL REVIEW 

The first report of an helminthic infection 

in the speckled trout in the Province of ~uebec is that 

of Stafford who, in 1904, reported finding Distoma 

laureatum Zeder in trout brought to Montreal markets. 

The status of the species reported by Stafford was 

briefly reviewed by ~liller in 1941 and is reviewed in 

more detai1 in this study. There was no further report 

of helminthic infection in this host until 1931, when 

Skinker (1931a) reported and described the nematode 

Metabronema canadense in trout from the Matamek River. 

In 1948 the writer (1948b) showed this species to be 

identica1 with Metabronema sa1velini ~ujita, 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 a1so recorded as a new species, the nematode Philo­

~ salve1ini. Lyster in 1940 (1940a) reported on he1-

minthic infections of trout in Lake Commandant and described 

three new species, name1y: Ptychogonimus fontanus, 

Rhaphidascaris a1ius and Rhabdochona laurentiana. The 

1ast of these species was shown by the writer in 1951 

to be synonymous with R. cascadil1a. In 1940, Lyster 



(1940b) a1so showed t~nt the so-cal1ed "black spot" 

disease of trout in Que~G c was ceuse~ by the rnetacsr­

carJa1 stage of a trematode which he describ9d as the 

3. 

new spee les Apopha.l1us lmper8. tOl'. ]"1i 11er la ter (l941b) 

showed it to he synonymous with Apophsl1us hrevis, the 

adu1t stage of ~:1'hieh i8 known te oceur in the 100n (Gavia 

immer) • 

In 1947 the writer deseri~8e a new speeies 

under the name of Phyllod.i sto:num laehoneei, a trama toc'.e 

foun~ in the ure ters of tr'J'lt ~_l' the LaurentiA.E' Park, and 

in 1948 (1948s) reeorded a general survey whieh he made 

on the internaI helminths ~arasitie in trout in this area. 

In the RBme yearFantham and Porter (1948) re!)orted on 

the parasitie infections of trout in varioue lRkes and 

s tre2ms of the ~.h8pe PeninsulE, Eastern Tewmships and the 

Laur9ntlRns, north cf Montreal. 

The speei~8 of helminths reported hy the 

authors cited above as infecting speckled trout in the 

Province of ~uebec are listed in Table 1. The literature 

for BafJh spBcles dl seussac' in trl~ f' thesi S ','.'1J 1 be included 

in the sl?etion D2rt8.tntng to ths.t :!)arttcvlar spacies. 



4. 

TABLE 1 

PARJ.SITIC E~V."INTP.:S R"8PORT3D F:\O:'. ~ TE']; SP-:~CKI,ED 

8DE'!cies A.uthoI's 
* 

Trsmatoda 

Srentèostomum coouerj . 

Crepidostomum farjonis 

Crepldostomum cornutum 

~'.nopha11us imyera tOI' 
(= A. brevis 

Clinostomum comp1.!ine.tum 

P1eurogenes 5p. 

Phy11odistomum 1achancei 

Phy11odistomum superbum 

Ptychogonimu·s fontanus 

Cestoda 

Eubothrium salve1ini 

Diphyllobothriid 1arvae 

Ligu1a sp. and L. intss­
tina1is. 

Proteocepha1id 1arvae 

StaffQ~~, 1904; Richardson, 
1936; Lyster, 1940a; Fantham 
~nd Porter, 1948; Choqu~tte, 
1948a. 

Choquette, 1948a. 

Fantham ~nd Porter, 1948. 

Ly~ter, 1940b. 

Fantham and Porter, 1948. 

FRntbam and Porter, 1948. 

Ohoquette, 1947 and 1948a. 

Fantham and Porter, 1948. 

Lyster, 1940a. 

Richardson, 1936; Lyster, 
1940a; Fantham and Porter, 
1948; Choquette, 1948a. 

Ward1e: 1933; Richardson, 
1936; Fantharn anc1 Porter, 
1948; Choquette, 1948a. 

Fantham and Porter, 1848; 
Choquette, 1948a. 

Lyster, 1940a; Choquette, 
19489. 



Table l (Continued) 

Nernatoda 

~letabronema salveUni 
(= IC. cana~ense, Cfsti­

dicola harwoodi 

Rhaphidascaris alius 

Phi10nema ea1ve1ini 

Ph:t1or.'letra sp. 

Rhabdo~hona cascadi11a 
(= ~. l~.llrentiana) 

Agamo8ni~ura sp. Innome 

Acanthocep"haJs 

5. 

Skinker, 1931a; Lyster, 
1940a; GbDquette, 1948a and 
1945h. 

Lyster, 1940a. 

Richardson, 1~36. 

Fantham and Porter, 1948. 

I.yster, 19402.; Choquette, 
1948a and 1951. 

Cr.oquette, 1948a. 

Neoechinorhynchus cy1inèrp, tus Lyster, 1940a. 

Echinorhynchus 1atera11s Richardson, 1936; Pantbam 
and Porter, 194A; Choquette, 
194ea. 
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~dult and larval worms used in these studies 

came from tront collect8d by the writer during the 

summer month~ from 194'7 to 1953, and dur~. n0 the past 

fifteAn years, by field parties from th~ ~nstitute of 

Parasttology, by the Office of Biology, Quebec Depart­

ment of Fieh and Game, and by anglers in various parts 

of the province including: LaurAntide Park, Mont 

Tremblant Park, Papjneau, Argenteuil, Labelle, St. Mau­

rice, Joliette, r;;ontcalm, La'llo1ctte, Ghamplain and 

Kamourecska countier., as '1!ell Z.S from Knob LaJ.<e and 

Star Lake in Labrador. :JO\':ever, rrJost of the ma teria1 

CB.me from trout caught in 1akes anr streams of the 

I.J8.urenti de Park. 

The Laurentide Park ls situated in the Lau­

rentlans, between the forty-seventh and fcrty-eighth 

degrees of latitude at an altitude varying between one 

thousan~ to three thousand fset and its ares. covere more 

than four thousand square miles divided among four 

counties: Chicoutimt, J.Jac st. Jean, Char1evolx and 

Montmor ency. This area i8 reserved largely for trout 

fishing, al tbough some parts of i t z.re fairly highly 

in6ustrialized. A1though ~t 18 believed that there are 

more than a thousand lakAs in the Park (Vladykov (1942)) 

the exact mJ.mber i8 not yet knmvn and less than two 
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hundred of these lakes &re open ta fishing. Thcre are 

two watersheds in the erea: the Lake St. John - Saguenay 

Ri ver and th"3 St. L8.wrene e Tii ver. There are seven drain­

age systems, namely: the Chicoutimi River, the Jacques 

Cartier Rjve:r-, the Montmorency Ri 1Jer, the l'.1etahetehouan 

River, the Belle-Riviere, the Malbaie River and the 

St"3. Anne du Nord River. The accompanying map (Fig. 1) 

shows the configuration of these systems. Fjsh were 

taken .from fort y-four lakes [lnd strellme including a11 s'owen 

drainage Ry~tems. 

The trout usec for experimental purposes were 

two to three year old parasite-free fish raised in hat­

cheries. They were kept at te"'lIJer8tures va.rylnG between 

52-590 C. in running ~ater supplied by an &rt9~lan weIl. 

T~ey were fAd mince1 teef heart and liver but were starved 

for severQ] we~ks prior to t~e!r utilization for experi­

mental purposes. 

In stuo.ies of the life history of the kidney 

fluke, Phylloc1isto'11um lachancel, clams of the family 

Sphaerildae were collected frOf'l lakes Rnè. str'8&rrS vo'here 

fish '.vere knovm to harbour the infention. :2xamination of 

these nlam8 showed some of them to harbour the larval 

stages of anotber treI11atode, Crepièostomum cooperi. The 

clams were identified through the kindness of the Rev. 

B. B. Eerrington, KAene, Ont., as species of the genus 

Pisidi ume 
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In studying the life histories of trout 

helminths the aquatic stages of several species of in­

sects were collected 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 old and very young ring-bill gulls (Larus 

delawarensis) as well as day-old chicks. The ducklings, 

chicks and sorne of the gulls were hatched and raised in 

the laboratory. The gull eggs were hatched at a tempera­

ture of l030 F. During the period of incubation the gull 



eggs were dipped in luk3~erm water ta prevent the 

yOU11.; birds sticking te tn0 shell. Lfter hatching 

9. 

the gulJs were 18ft in the 5.ncubator for about t~2rity­

four hours an~ theD transferred ta a brooder set at lOooF. 

for another t~elv3 to fifteen hours. They were th3n 

transfArred to B. box K'9pt a t 75-200F. ~he dt:ckli!}8S and 

chlcks were fad parasite-free trout or thawed out smelt, 

cod, sole. Two a~ult h'9rring gul1s (Larus argentatus) 

kept in the ~uebec Zoologiea1 Garden we~e also used. 

The m2.m:nall8.n g:!."'oup ine lncl.ad nUI'f.', ir~g ki t­

tens, r'amRters 2nn b12ck bear cubs. The bear cubs 'Nere 

fed onl~r bread soaked in rrilk and minced horse meat .. 

;~ hl~an VQ lurit'ger (the ''\'ri ter) 2.1 'JO served for "3~rT:>:'!"­

~ent~l p~rpo8es. 
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Ec]rrintbologi::al {~aterlal 

LiVJ En~ fixed specimens of helminths 

were used bot~ for ex~srirnental rurposes and for mor-

phological studies. Sorne of the trematodes and cesto-

des were kilJed by leaving them overnight in cold water; 

others by ~lunging them into a fixative. The flatworms 

':fere fJxed ~. T' five per cent fcrmalin or ~.n Bouin';: fixa-

tive. Sorne of the c ·~rcariae 0:: t:!:-~e kidney fl'J.ke were 

fixeè ln hot lac to-nhenol vl-):'leJt;1 ',)~ s were fixed in fi ve 

peI' cent fcr~alln or in Bouin's fixative. Sorne encysted 

and !l'13chan:tcfLlly excysted metacercariae of Phyllodiê..tom~ 

lachancei anc: of Cr0r)ldostoFlU~ cooperi from ey,~p3rimental-
; 

ly or naturally infected ~Emselfly nnla~s or ny~phs of 

species of mayfly ~er8 studied without st&in!ng, &n~ otbers 

B ft 'JI' s taini.ng ''Vi tr" neutral rad. Others were eX.'?mineè 

aftsr fJxe. t::. on and 2tQi n1.n2; v,ri th l'.l'lm c armir>e. ~>1ul t ne-

rn.û t.:)de s from trout Qnd nem& t;I)Cle larvE:.e from n~rrn:nl-) ~ cf 

sp3Jle~ cf ~ayfJy ~9re flxed in five par cent fcr~~lin 

or ~.ot sevsnty per cent aIcohol. :.l'.J.l'n carmine and Celes-

tin b]~A ~ere ~n8d in the stajntng of adult and larval 

trematodes and cestodes while nematodes were studied 

after being cle&rsd sither in lactoDhenol or Glycerine. 

Vital stains used in a few instanc8s did not prove S8-

ti sfac tory. Pernanent rnount f' '.':ers made of whole worms 
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arc'! rart s t:Cpreof. The trema tode 8 E'.nè C' A'::tO('8 oS W3re 

mounteo in Canada Ba18um while nematodes or n&rts of them 

wer~ ~ounte~ ~n clycerine jelly. 

T~e rirhyllohot~rii . d plerocqrcoids which were 

used for experi~antal purposeE were dissected from their 

c:7 sts found on the viscera of tr01.'.t. Fpon dissectioI" t:1.8 

plerocercoifR were kapt in phySiological saline solution 

in tubes )lacecl in runnlDg ".vater at c t3mperature of about 

52-5g0~. They were thus kept slive for about a wgek. 

::!:gp:s of r.1"0 kldney flt;.ve, Phyllodi stornum lachanc ei, '.vere 

E8cured by ~issect10S the uterus of the adult worm. T~e 

8Sgs 1'.& tell st.ort1 y s.fter beinz put in water. The "1Jira-

cidia werp studied alive after staining with neutrel red. 

T,Colluscan Va teri&l anÔ Larve.} Stage s of 'l'rems. todes 

Clams we~e collectA~ in the Ls.urentide Park; 

t~OS3 U~R~ in the life history st~èy ~f tte kidney fluke 

were from a 2andy beach tn Grand Lac Carre, an~ those used 

in the oiologic8.l Rtuèies of CrepiCl.os'tQmur"l cooper::' from 

~ill'lilar h89.che8 at Lake Turceo1"J. and the Ste. Anne du 'f'.To-rd 

"-< • • :è. ver. 

Clams 1.'flre collect3d by !:ift~.ng sar'Q 8.nd muck 

t&ken nearby growing aquatlc plants. The material left on 

the slave was transfsrred te a tray Rn~ ~ashe~ ta r8move 

plant ~~h~is and laree particles. The rem8jn~er, if &1'1y 
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cla~s could be seen, W&8 t h en transferre6 ta a ther~o~ 

b ottls packed with crushed ic e or to 5~rs kept in & Dort­

able refri gera tor end te.ken to the labora tory wnere the 

Gl~~s were individually Eorted. 

In the lab cratory, t~e cla~ s wer e separated in 

lots of about one J:'nmdred and placed in weIl \'Iater in 

Petri dishes. ~~very morn i ng and evening each oontainer 

was ex&mined f or cercar!ae under a 8x dissecting micro-

sc ope. Tb.9 C ercar iae were rel11c~reè \"':t th the aid of a 

pipette. Sorne of the cercariae thus collected ~ere used 

for experimental purposes and others were kept for morpho­

logical studies. In those dishes where cercariae vere 

foune the c larY1[' '.'!are further separa ted iDto smaller lot s of 

twenty to thirty clams. 

Diffict:l tise ',"Jere a t first experienced in keeping 

the clams alive under laborat6~y conditions. In addition 

to starvation, one of the main causee cf desth appeared to 

be t':1e è.evelopnH'\nt of f''lngal inf ectlons which seamed to 

~evelop faster in ~ishes containing several clams. In 

o!'der to overcŒ11.9 thls è.iffl.culty the clams were tY'ans­

farr~d daily into clean dishes. Bathins in fungicides was 

of no discern1ble help. Han ~ removal of funSi growing on 

the ~h~ll of the clams by gently rubbing bet·Nt? '3n the 

fingers re'3ulted in longer s"J.rvival, but this proved to be 

a tedious and time-consuming taek ~s several hundred clams 

were ~n701v8d. Fin8.l1y, it 'JJa~ found that by placing the 
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clams in an Erlenmeyer flask containing fine sand and a 

litt le 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 avoids 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 Larvel Stages of Helminths 

The collection of clams by the method described 

above yielded mayfly and dragonfly nymphs. The collection 

of the naiads of damse1flies, 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 nsiads and other aquatic arthro­

pods can be picked up. 

The damse1fly 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 colleoted for experimental purposes 

were kept individually in small bottles placed in a wooden 

frame left floating in running water at about 52-59 0 0. 

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 thenaiad. 

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. 
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Fish used for experimenta1 purposes were starved 

for severa1 weeks. After exposure to experimental infec­

tion the fish were ei ther kept in separate aquaria provided 

with an electrica1ly driven aerator, or tagged and trans­

ferred to troughs. The fish were killed at various inter­

vals and examined. 

In studies on the development ot Diphylloboth­

riid p1erocercoids, the duck1ings, chicks and gulls were 

intected shortly after their hatching, usually within 

torty-eight hours. Live p1erocercoids were administered 

by means of gelatin capsules introduced into the gul1et 

of the birds or into the pharynx ot the mammals. Faeces 

of one of the bears were examined at weekly intervals 

during a period of two months following initial teeding 

ot plerocercoids. Birds, the bears and the kittens 

were killed at various intervals and examined. In 

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. 

Specifie methods will be discussed under the 

experiments to which they applied. 
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TREMATODA 

Three speoies ot trematodes were investigated 

during the oourse ot this study, namely: Phyllodistomum 

lachancei, family Gorgoderidae Looss, 1901, and two species 

of the genus Crepidostomum, family Allocreadiidae Stossich, 

1904. 

GORGODERIDAE Looss. 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-aoetabular being slender and mobile, 

while the posterior or post-aoetabular 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 ie median and pre-aoetabular. Male genitalia: 

the testes are ueuslly oblique to each other, inter-caecal or 

extra-oaeoal; oirrus pouoh and cirrus are absent; pars pros­

tatica is feebly developed and vesicula eeminalis is usually 

emall. Female genitalia: the ovary ie pre-testioular; 

vitellaria are paired and post-acetabular; the uterus is 

greatly folded with descending and asoending inter- or extra­

caeoal limbs and with the ooils tending to fill the posterior 

region of the body. The eggs are numerous. Adult worms are 

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

The family consists of two subfamilies: Gorgo­

~erinae Looss, 1899, and Anoporrh~tinae Looss, 1901. The 

Gorgoderinae are characterized by the absence of a' pharynx, 

the presence of two to nine compact or 10bed testes placed 

posterior to the usually compact vitellaria glands. The 

ovary is lateral and posterior to the vitellarla and sllghtly 

anterior to the anterior testis; the seminal receptacle is 

absent and Laurerts canal present. The subfamily at present 

contains the following genera: Gorgodera Looss 1899, Gorgo­

derina Looss 1902, Phyllodistomum Braun, 1899, Xystretrum 

Linton 1910, Macia 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 U943), in 

1905 was first to report on the life history of members of 

this group of trematodes. He studied the life cycle and 

described the larval stages of three species of the genus 

Gorgodera: G. pagentcheri, G. cygnoides and G. varsoviensis 

and of a species of the genus Gorgoderina, G. vitelloba. In 

aIl cases odonatan naiads and beetles served as second inter­

medlary 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 unident1fied Gorgoder1d develops in 

clams of the genera Cyclas, Pisidium or Sphaer1um and that 

it encysts in the oesophagus of the dragonfly . nymph. 

Krull (1933) (1935) (1936) stud1ed the lite cycle 

of Gorgodera amplicava Looss, parasitic in the urinary 

bladder ot the trog. He showed that the cercaria of this 

fluke encysts in damself1y naiads or in the snail He1isoma 

antrosa. His studies were the f1rst in North America on 

the life history of a gprgoderid trematode. Since that time 

Goodchild (1945) (1948) has contributed additional data on 

the life history of this fluke and on the morpho1ogy of its 

larval stages. 

In 1938, Wu reported finding the progenetic meta­

cercaria of Phyllodistomum lesteri in fresh-water shrimps 

in the Shanghai area but was unab1e 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 Rana are its 

usual secondary host. Crawford in 1939 and in 1940 reported 

that odonatan nymphs, caddice fly larvae and diving beet1e 
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larvae act as second intermediary hosts ot Phyl1odistomum 

americanum. Goodchi1d (1940) (1943), also working in the 

United States, demonstrated the lite history ot Phyllodis­

tomum solidum parasitio in salamanders. Both Goodchild 

and Groves(1945) reported that odonatan naiads are the 

seoond intermediary host ot P. solidum. Goodchl1d's study 

ls the tirst in whioh the lite history ot a speoies ot the 

genus Phyllodistomum has been demonstrated. In 1945, Groves 

redescribed~. solidum and provided experimental proot ot 

its lite history. However, this author reters only to a 

1940 abstraot by Goodchild and not to Goodchild's 1943 

paper. In 1950, Hunt reported on the development ot an 

undescribed speoies ot Gorgoderid parasitio in the urinary 

bladder ot the trog Rana clamitans. 

As stated by Goodohild (1943), several European 

workers have postulated on morphologioal similarities and 

slight experimental evidenoe oertain relationships between 

cercariae or metaoercariae and sexually mature Phyllodis­

tomes. Nybelin in 1926 (Goodohild (1943)) amplitied -these 

speoulations concerning European Phyllodistomes. However, 

in no case was the lite history ot a ~hyllodistome elucida-

ted. 

Studies on the biology ot the Gorgoderids have 

brought forth several interesting observations pointing 

to the existenoe of two and three-host cycles among these 

forma. For example, Cercaria duplicata of Reuss (Goodchild 
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(1943)} upon le~ving its bivalve host, beoomes a metaoeroaria 

whioh sinks to the bottom of the water and lies dormant 

until it is taken by the next host. Another example of a 

two-host oyole 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 

oyoles have been shown in a few speoies of Gorgoderids. 

Thus the cercaria of Gorgodera amplicava, according to Krull 

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

to Rankln (1939), are both ingested wlth food by snal1s and 

amphibian larvae in which they encyst as metaoercariae. In 

1948, Joyeux and Baer experimental1y secured the enoystment 

of an unidentified cercaria in tadpoles of ~ vulgaris and 

Rana esculenta. Other examples of three-host oyc1es are 

those reported by Sinitzin in 1905 (Goodchi1d (1943), Lutz 

(1926), Krull (1935), Goodchild (1940) (1943) and Crawford 

(1939) (1940). 

In addition to Wu's 1938 report of finding pro­

genetl0 metaoercarlae in fresh-water shrlmps there is the 

one of Joyeux and Baer who ln 1934 round bladder flukes in 

the musoulature of Rana esculenta; these trematodes may also 

be precocious metacercariae. Thus it is evident that the 

intermediate hosts of these three-host cycles, althougb 

essential in the bl010gy 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 ot the tish or 

amphibian hosts. According to Goodchild (1943), these 

worms probably teed on the urinary epithelium as evidenced by 

his tinding ot epithelial debris in the intestine ot a 

speciman ot P. solidum. However, their habitat is not limited 

to the bladder or ureters as shown by Joyeux and EBer (1934), 

Van Cleave and Mueller (1934), Od1aug (1937), Rankin {1939}, 

Goodchi1d (1945) (1948), who tound tham in other parts ot 

the hostts body. Goodchild (1950), corroborating Od1aug t s 

tinding ot immature torms ot Gorgoderina amplicava in the 

mesonephric tissue ot trogs, has shown that those worms which 

are unable to extract themselves trom the kidney tissue 

become encapsulated and remain trapped there during their 

adu1t lite. 

Rankin in 1939, in his study on the lite cycle ot 

Gorgoderina attenuata, and Goodchild (1940) (1943) in his on 

the biology ot P. solidum, have shown that the young worms 

atter excystment in the small intestine migrate posteriorly 

along the mucosa ot the large intestine to the cloaca from 

where they eventually reach the bladder and the ureters and, 

in the case ot temale 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 ciliae. In an experiment cited above, 

Sinitzin reported recovering excysted specimens of Phy110-

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 urinary tract opening 

and that the hazards of such a migration would explain 

the lesser number of worms found in the urinary ducts. 

Genus Phy110distomum Braun. 1899 

(Syn.: Spathidium Looss, 1899, Catoptroides Odhner, 

1902, Micr01ecithus Ozaki, 1926, and Dendrorchis 

Travassos, 1926) 

Systematic Status 

The systematic status of the genus Phy110distomum 

Braun, 1899, of the family Gorgoderidae Looss, 1901, sub­

family Gorgoderinae Looss, 1901, has been discussed by several 

students of the genus and particular1y 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 



23. 

oold-blooded vertebrates into a single genus with Distomum 

folium (= Phyllodistomum folium (V. Olfers, 1817) (Braun, 

1899)) as type speoies. Following Braunts oreation of the 

genus Phyllodistomum four other genera were oreated to 

inolude suoh trematodes. These genera: Spathidium Looss, 

1899, Catoptroides Odhner, 1902, Mioroleoithus OZaki, 1926, 

and Dendrorohis Travassos, 1926, were eventually, as 

pointed out by Goodohild (1943), shown to be synonyms of 

Braunts genus. Sinoe then several speoies of trematodes 

parasitio in the urinary traot of oold-blooded vertebrates 

have been added to this genus. 

Generio Diagnosis 

Gorgoderinae: the body is usually spatulate and 

the outiole smooth or with spines. The body is often notohed 

in its posterior region. The oral suoker is usually smaller 

than the aoetabulum. 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 duot are inconspiouous. The ovary is oompaot or 

slightly lobed and usually posterior to the vitellarium of 

the same side but is pre-testicular and may be amphitypic. 

The oviduct is relatively long and the fertilization spaoe 



24. 

generally evident. Laurerts oanal ls present, parallel-. 
ing the vitelline duot on the side opposite to the ovary. 

The Mehlis gland is present but inoonspiouous. The metra­

term ia large and vitellaria are oompaot or 10bed, post­

aoetabular but pre-ovarial. The eggs are numerous filling 

many uterine ooils. The exoretory pore is subterminal and 

the exoretory vesiole is Y-shaped. Type speoies: Phyllo­

diatomum folium (V. Olfers, 1817) Braun, 1899. Synonyms: 

Distoma folium V. Olfers, 1817 and of Rudolphi 1819 and 

Looss, 1894; Spathldium folium (V. Olfers) Looss, 1899; 

Phyllodistomum pseudofolium Nybelin, 1926. 

Phyllodistomum laohanoei Choquette. 1947 

Habitat. Distribution and Inoidenoe. 

This trematode ,described by the writer in 194~ 

ocours in the ureters and the urinary bladder of the 

speckled trout. The flat edges of the worm being unrolled, 

it praotically occludes the lumen of the urater and, to the 

naked eye, presents the appearance of a small aboess. The 

worms were found indiscriminately in elther the left or the 

right ureter in unilateral infection while a few fish were 

found to be bilaterally infeoted. 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 recorded. Fantham and Porter in 1948 reported 

finding a single specimen: of Phyllodistomum which they 

identified as ~. superbum from the gall bladder of a 

trout from Lake Memphremagog. 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 accidentaI parasitism by a form parasitic in the 

urinary tract of Esocidae known to inhabit these waters. 

Until more ls known of the helmlnthic infections of trout 

and Esocidae 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 inter that P. lachancei is actually the only 

species of the genus which so far is known to occur in the 

urinary tract of this host. And 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 make it 

almost impossible to find worms. However, on some occa-



26. 

sions during the summers of 1950 and 1952 the writer 

examined the kidneys of a number of trout from 1akes and 

streams of the Ste. Anne du Nord River drainage system. 

One hundred and fort y fish were thus examined and sixt y­

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 1akes of the Ma1baie 

River drainage system the incidence is almost fifty per 

cent. 

Life History Studies 

Experiments with second intermediary hosts. 

Naiads of various species of damseltly were 

offered cercariae. Naiads were fed one to five cercariae. 

In some instances the effered cercariae were very active; 

in ethers they were sluggish and seemed to be less cha11eng­

ing to the naiads. The very active cercariae were usually 

attacked immediately, whi1e with the sluggish enes a ~eed1ing 

was often needed. 

In the process of feeding, the naiad projects 

its elongated labium and grasps the cercaria, pu1ling 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 cercariae were live1y and were 

grasped by the anterior extremity. In those cases where 
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the Oercariae 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 cercariae failed 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 cercariae. 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 

Goodchild (1943) report that the encystment ls 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

cariae while others, which had not been fed, acted in 
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the manner described 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 

fieh wae 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 metaceroariae 

three to six days old were thus introduced. The fish was 

then returned to an individual aquarium. However, it could 

not be determined whether the metacercariae" 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 metacercariae. In order to determine 

whether the naiads harboured metacercariae, they were 

placed between two glass slides and gent le pressure ap­

plied; examination was thus possible under the dissecting 

microscope. The metacercaria can be sean 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 sixt y-one naiads harbouring ninety~elght metacer­

cariae seven to ten days old; the other was fed titty 

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 tour hours atter recovery trom 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 parasi tic in Nor.th Ameri­

can hosts, and their studies were on trema.todes from 

amphibians. The present study is the first on the lire 

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 Pis1dium: 

P. ferrugineum Prime, P. obtrusale C. Pfeiffer, form ~­

tr1cosum 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 

usua11y found in the bladder or ureters but as shown by 

Van Cleave and Mue11er (1934), Joyeux and Baer (1934), 

Od1aug (1937), Rankin (1939) and Goodchi1d (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 on1y in sma11 numbers, usua1ly 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. In 

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 

(Goodchild (1943)), to their disappearance a10ng their 

migratory path from the digestive tract to the urinary 

ducts of the hosto In addition to the hazards of migra­

tion, certain physiological conditions which are present 

in fish in nature may be 1acking in trout reared artifi­

cially. Were the fish kept on a di et 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 hatching. Upon hatching themiracidium 

swims about vigorously for several hours, but this aoti­

vit Y decreases with time and only a few specimens were 

still alive after eighteen hours. 

Due to 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) 60-6~ in 

length by 50-54p in width but at times it can be longer 

and narrower. The surface is covered with long ciliae 

about 6p long, each of them possess1ng a distinct basal 

granule. They are lacking on both tips of the anterior 

and posteriorextremity. The ciliae are bor,neon epi­

dermal cells deeply sta1ned with neutral red and filled 

w1th 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 20p by 14ft and appears 

as a clearempty 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 35p long by 17ft. 

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 satisfaotorily. 

2. Sporocysts (Figures 4, 5, ô) 

Both mother and daugbter sporocysts can be seen 

in infected olams. Immature mother sporocysts are tubular 

in shape and measure 0.59 to 1.0 mm. in length by 0.8 mm. 

in width; they are filled with germ balls. Ten to fifteen 

of these ger.m balls, themselves filled with secondary 

masses, can be seen. 

daughter sporocysts. 

From these will arise the future 

The sporocyst wall is l2p to l5p thick 
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and in it large cells can be seen. 

The daughter sporocysts 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 l5p to 20~ 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 througb it. 

3. Cercaria (Figures 7, 8) 

The cystioeroous oeroaria somewhat resemb1es 

that of P. solidum as described by Goodchild (1943) and 

Groves (1945) and that of an unknown Gorgoderid described 

by Joyeux and Baer (1948). 

The oercaria upon being shed is very active 

but this activity deoreases within a few hours, and twe1ve 

to twenty-four hours after being shed, the oeroaria i8 

u8ua11y inactive and extended. The mature oeroaria 
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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 ot 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 ls 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 sma11 pore; posteriorly, this 

chamber communicates with the tail proper by means of 

fibres extending from the lips of the excreto~y pore to a 

mass of cells situated at the proximal end of the tail 

proper. Both Goodchild (lg43) and Groves (1945) report 

the presence of such cells in the cercaria of P. solidum. 

Groves is ot the opinion that the structure extending from 

the excretory pore to these cells is a canal and that the 

cavity ot the tail serves as an acoessory b1adder. This ca­

nal rits 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 

cercariae of P. lachancei 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 internaI anatomy. Measurements 

vary in accordance with whether living or fixed material 

is used. Fixed specimens vary between 0.023 to 0.026 mm. 

in length, while living specimens may have greater length. 

Sensory papillae were se en 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 aoetabulum, one at the level of the aceta­

bulum and rive or six between the acetabulum and the 

posterior extremity. 

The oral sucker, oval in Shape, measures between 

35-48~ in length and 4l-48p in width. The acetabulum,placed 

slightly behind mid-body, ls 48-51p long and 48-5~ wide 

while It is still larger in sorne specimens. The oral 

sucker ,opening is usually crescent shaped, 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 5p wide. rts anterior 

extremity is pointedj its posterior extremity is roundedj 

oneach 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 caeea taper pos­

teriorly towards the posterior 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 weIl 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 aIl. 

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 

spherioal in shape and loosely attaohed to the thoraoio 

walls; in it the aotive larva oan be seen surging baok 

and forth. The oyst wall of ceroarial origin is about 

3 to 4p thick and in older oysts oellular elements of host 

origin adhere to it. The size of the oyst varies with its 

age. Thus oysts ten to fifteen days of age measure bet­

ween 150p to 1?5~ in their longest dimensions, while oysts 

about twenty-five days old measure between 190p to 205po 

In living oysts the suokers are eas1ly seen, 

along with olusters of refraotile granules, filling the 

exoretory bladder. The cercarial stylet has become de­

taohed and can be seen free in the oyst cav1ty. The young 

worm 1s eas11y exoysted, but it is very fragile and dies 

shortly after, its surv1val time not being more than fif­

teen to twenty minutes. A twenty-four hour metaoeroaria 

was 0.24 mm. long; the oral suoker was 4lp long by 41}l 
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wide and the acetabulum 48p by 4au. A twelve day old 

metacercaria was 0.278 mm. long, the oral sucker was 

57p. by 57p and the acetabulum 6~ by 67)J. while a twenty 

day old metacercaria was 0.352 mm. long by 0.131 mm. wide 

at the level of the acetabulum, with the oral sucker 

measuring 64p by 55p, and the acetabulum 60p by 70p. Exa­

mination of living specimens stained with neutral red 

showed that there is no improvement in the development of 

organ systems with age as se en 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 Goodchild (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 posterlor end ls 

notched. The average length of mounted specimens is 2.94 mm., 

while the average width taken at the level of space 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 portions of the body. The ratio 
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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 duct. The ovary is irregularly shaped, strongly 

lobate or faintly indented on either side, amphitypic; it 

is smaller th an 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 excretory 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: Iength, 0.105-0.181 (0.144). 

Right vitellarium: length and width, 0.07-0.22 by 0.10-0.27 

(0.15 by 0.19); left vitel1arium: 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: 1ength 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 

aIl the other known species of Phy11odistomum 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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definite1y divided into two portions it differs from P. 

acceptum (Lewis (1935)), P. coatnei (Meserve (lQ43)), P. 

conostomum (Lewis (1935», P. e10ngatum (Lewis (1935». 

P. 1esteri (Wu (lQ38», P. linguale (Lewis (1935», P. 

mariunum (Lewis (1935», P. nocomis (Fischtha1 (1942), 

P. parasi1uri (Yamaguti (1934», f. sinense (Wu (1937»), 

An oral sucker sma11er than the acetabu1um distinguishes 

it from P. brevicecum (Steen (1938», P. caudatum (Stee1-

man (1938)), P. etheostomae (Fischtha1 (1943», P. ~­

gurndae (Yamaguti (1934)), P. pearsei (Ho11 (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. angu1atum {Lewis (1935}), 

P. caro1ini (Ho11 (1929», P. enterco1pium (Lewis (1935»), 

P. fausti {Lewis (1935), P. hunteri (Arnold (1934», P. 

kajika (Bha1areo (1937», P. 1acustri {Lewis (1935», P. 

lohrenzi (Loewen (1935», P. 1ysteri {Rankin (1932», P. 

macrobrachio1a (Yamaguti (1934», ~. maoroootyle (Lewis 

U935)}, P. mega10rchis (Lewis (1935», P. nocomis (Flsch­

tha1 (1942», P. notropidus (Flschtha1 (1942), P. pate1-

lare (Lewis (1935», P. pseudofo1ium {Lewis (1935», ~. 

semoti1i (Fischtha1 (1942), P. shandrai (Bha1areo (1937», 

P. singu1are (Lynch (1936», P. solidum (Rankin (1937», 

P. spatu1a (Lewis (1935», P. spatu1aeforme (Lewis (1935), 

f. staffordi (Lewis (1935»), and P. undu1ans (Steen (1938». 
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It resemb1es most c10se1y P. fo1ium (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 extent 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 trom 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 lachancei is proposed tor it. 

Host: Salvelinus fontinalis (Mitchill). 

Habitat: Ureters and urinary bladder. 

Locality: Montmorency County, Province of ~uebec, Canada. 

Type and co-types: British Museum (Natural History), 

Cromwell Road, London, 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 Beer (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 te these authors this observation con­

flicts with that made under laboratory conditions, where 

infection persists throughout the year. Hopkins (1934) in 

his studies on the life cycle of Crepidostemum cooperi, 

the larval stages of whioh are a1so found in bivalves iden­

tical or closely re1ated 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 to 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 vaTiations occur in 

the rate of infection of clams with the Iarval stages of 

P. lachancei. 

Arthropoda 

The aquatic larvae of many species of insects 

were examined. Among these were species of dragonfly, 

demselfly and ephemerids. Several hundred samples of each 

were examined for the presence of metacercariae. The 

dragonfly nymphs examined were found to harbour no metacer­

cariae. However, a metacercaria identical to those secured 

from experimental naiads was round in two of the two hun­

dred and forty-five damselfly naiads examined. The infected 

naiads 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 round 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 beooming 

infeoted any time during the summer months. This is 

plausible in view of the diet of the fish, which consists 

mostly of larvae of a~uatio inseots, particularly those 

of the damselfly. On the other hand, fish oaught during 

the summer months from streams, (e.g. from the River Ste. 

Anne du Nord), do not usua11y harbour immature forms. 

This is aooounted for by the faot that these fish do not 

have acoess to damselfly naiads, at least not to the sarne 

extent as fish in lakes; the writer believes that fish in 

streams ao~uire their infeotion when they migrate to the 

lakes at spawning time. 

Pathology of P. laohanoei 

Theonly references availab1e on the pathology 

of Gorgoderids are those of Choquette (194?) on P. 1a­

chancei and of Goodchild (1950) on Gorgoderina attenuata 

and Gorgodera amp1icava in the mesonephros and urinary 

duots of frogs. 

Goodchild studied the end of these juvenile 

forms which beoome imprisoned in capsules of host ori­

gin in the mesonephric tissue or mesonephric tubules 

which they reach from the ureters. Aooording to this 

author, massive Gorgoderid infection in the ranal tissue 
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and of the Woltfian 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 tlukes. In Goodchild's opinion death may be due to 

injurious histolytic wastes or the uremia caused by kidney 

failure. 

The affect of very heavy infection by P. lachancei 

on thè 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 presence or absence of the worm. Infec­

tion was noted in undersized trout in Lake 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 ~uite small, 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, Iimiting 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 11 (a, b, c, 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 Stossich. 1908 

In the present study this family is represented 

by two species of the genus Crepidostomum Braun, 1900, 

namely: Q. cooperi Hopkins, 1931, and Q. farionis (O. F. 

" ) Muller, 1784 • Both species are small and possess a 

smooth cuticle and well-developed suckers, the oral one 

with anterior processes. The presence of these anterior 

processes is specifie to the genus Crepidostomum. 

Crepidostomum cooperi Hopkins. 1931. 

Distribution in Speckled Trout in ~uebec 

Of the two species of Crepidostomum found in the 

speckled trout in ~uebec, C. cooperi is by far the more 

common form encountered. It was found in 107 out of 210 

fish from the Laurentide Park in aIl the seven drainage 

systems of the area. It was also found in trout from 

lakes of the Mont Tremblant Park area and in Argenteuil, 

Labelle, 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 Lake Edouard and Lake 

Ecarte (Champlain County) , by Lyster (1940a), who found it 
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in trout from lakes in Labelle and Papineau counties, and 

by Fantham and Porter (1948), who found it in trout trom 

the Gaspé Peninsula. 

These constitute the only records of this species 

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 

Bangham and Venard (1946) in other species of fish in lakes 

of the Algonquin Park, Ontario, it has yet to be reported 

trom the speckled trout in these localities. 

The systematic status of Staftord's 
Distoma 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 Q. fausti has been shown 

by Hopkins (1934) to be identical with Q. 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) trom 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, Nicol1 named the American form Stephanophiala trans­

marina, which he incorporated, along with the European form 

of Crepidostomum farionis(Müller, 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 (MUller, 

1784). In 1933, Hunninen and Hunter (1933) described 

specimens they co11ected from trout in New York as Crepi­

dostomum transmarinum (Nicol1), c1aiming 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 Q. laureatum from the speck1ed trout 

and other hosts has often been cited together with that of 

Cooper (1915) on this specles. As shown by Hopkins (1931), 

Cooper's Q. laureatum ls not identica1 with C. laureatum, 

which has been shown (vide supra) to be identica1 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 

Hopkins'words: "the discovery that Cooper's identification 

is erroneous causes one to doubt the va1idity of Stafford's 

record" of Q. 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 (1935), 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 tlav­

escens, Richardson found them to be identical with C. 

solidum Van Cleave and Mueller (1932); however, Hopkins 

(1934), on the other hand, considers c. solidum to be 

identical with C. cooperi. Miller (1941a) in his study 

of Stafford's material conc1udes that Stafford's C. laur­

eatum (: Stephanophiala transmarina Nico1l, 1909) is 

identica1 with Q. cooperi Hopkins, 1931. The writer had 

the opportunity of examining this material, and came to 

the same conclusion as Miller. 

Hopkins' basis for his claim of synonymy be­

tween C. farionis and the American form named Stephano­

phialia transmarina by Nicoll in 1909 rests upon the exam­

ination of specimens of both American and European origine 

However, Hopkins did not have the opportunity to study 
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Stafford's trout material, the description of which was 

used by Nieoll 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. transmarina Nicoll, 1909, and eonsequently of Q. 

farionis (O. F. MaIler, 1784); rather it should be con­

sidered as one of C. cooperi Hopkins, 1931. 

The Life History of C. cooperi in Quebee 

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 Q. 

farionis, while Ameel (1937) and Henderson (1938) reported 

on that of Q. cornutum. As shown by Brown and Hopkins, 

the redial and eercarial stages of species of Crepidos­

tomum are to be found in Sphaeriid clams, while the 

enoysted or metaeerearial stagehas been shown by Cooper 

(1915), NOller, Faust (Hopkins (1934)), Brown (1927), 

Baylis (1931), Abermathy (1937), Ameel (1937), Henderson 

(1938) and Crawford (1943), to oceur in a variety of 

aquatic arthropods. 

Mo1luscan 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 transversum 

(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. llijeborgi and P. 

nitidum. In aIl cases 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 ot 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 ear1y 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 (1~27) and Hopkins have shown in 

their studies on the life histories of Q. farionis, Q. 

cooperi and C. isostomum that mayfly nymphs are the second 
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intermediary hosts. Previously, Cooper (1915) reported 

his finding of encysted 1arvae in nymphs of ephemerids of 

the genus Hexagenia. Cooper be1ieved these larvae to be 

those of C. laureatum which subsequent1y Hopkins con­

sidered to consist of two species, which he described under 

the names of Crepidostomum cooperi and Crepidostomum ~­

dense. Cooper's record of metacercaria in Hexagenia 

nymphs is the ear1iest one on the developmental stages of 

species of Crepidostomum, and the only one in Canada. 

In his study on the biology of c. cooperi 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 sixt y-one and ninety-five per cent. Accord­

ing to Hopkins 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 Hexagenia recurvata and in the 

nymph of a species of Polymitarois. In the first species 

over eighty per oent of the nymphs examined were found to 

harbour the larval parasite, while the rate of infeotion 

in the second was about twenty per oent. Other aquatic 

arthropods, including dragonfly nymphs, damselfly naiads, 

Gammarus pulex, aIl very oommon in waters where fish are 

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

Twelve parasite-free two year old trout were 

fed nymphs of Hexagenia reourvata and nymphs of Poly­

mitarcys sp. In both cases the material fed to the fish 

originated in localities where infection is known to 

ooour in the fish. In both experiments infeotion 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 (O. F. Müller, 1784) 

(Figure 12) 

While Q. cooperi is frequently enoountered in 

the speokled trout in ~uebec, C. farionis is of rare 

occurrence. It was found in only a few fish from streams 

and lakes of the Jaoques Cartier and Chiooutimi drainage 

systems in the Laurentide Park. Fantham and Porter (1948) 

reported tinding 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 ls not 

possible to determine whether the fish was taken in ~uebec 

or elsewhere. This is a point of importanoe, as at this 

time (1948) attempts were made to market imported 

speckled trout in ~uebec, where its sale is forbidden by 

law. Under the name of C. farionis, Hopkins (1934) 
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reports Statford's 1904 record of Crepidostomum (Distoma) 

19ureatum (Zeder) from brook trout bought at a Montreal 

market, presumably from ~uebeo. However, as shown prev­

iously in the disoussion on the systematio status of 

Stafrord's materia1, it proved to be C. oooperi. 

C. farionis has been reoorded from speok1ed 

trout in the Algonquin Park in Ontario by Bangham and 

Venard (1946) and MaoLu1ich (1943b), and trom the United 

States and Europe (Hopkins (1934)) from many species of 

fish in addition to sa1monids. Therefore, the low incid­

ence of this species in ~uebeo speckled trout is rather 

surprising in view of its wide geographical distribution. 

In view ot its rare occurrence no attempts were made to 

study the biology ot this trematode in ~uebec. Its inter­

mediary hosts in Great Britain have been shown by Brown 

(1927) to be species ot Sphaeriid clams and mayfly nymphs, 

or species of Gammarus as shown by Bay1is (1931). 
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CESTODA 

Cestodes of the families Proteocephalidae, 

Amphicotylidae and Diphyllobothriidae were studied. 

PROTEOCEPHALIDAE Larue. 19l4, amended by Woodland, 1953. 

(Synonym: Icthyotaeniidae Ariola, l8gg) 

Members of this family are included in the new 

order Proteocephala created by Wardle and McLeod in 1951. 

Their treatise on thef~oology of Tapewormsf (lg52) has the 

merit of presenting a clear view of the history, taxonomy, 

nomenclature and classification of this family. In their 

classification these authors have adopted the scheme put 

forward by Woodland between 1925-lg37 (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, ~ de Blainville, 

1828. 



Genus Proteocepha1us Wein1and, 1858 

Species Recorded in North American 
Salmonids 
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The first report of a Proteocephalus in a sal­

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

is that of Linton who, in 1897, reported Taenia sa1velini 

(= Proteocepha1us salve1ini Larue, 1911) (Larue (1911)) 

from the intestine of Cristivomer namaycush from Lake Sup­

erior. SUbsequently, Larue in 1914, commenting upon his 

study of Linton's species, conc1uded that in view of the 

state of the materia1 at that moment, P. salve1ini must 

be kept on the 1ist of inadequate1y described species. As 

no 1ater studies have been made on the cestoda of this 

host in this 10ca1ity, the status of P. sa1velini has re­

mained unchanged. The second report is that of Ward who 

in 1910 (Larue (1914)) described P. pusillus from the 
{I..,. 

Sebago salmon (Salmo solar sebago) from Sebago Lake, Maine. 

In 1911, Larue studied specimens col1ected by Ward from 

Cristivomer namaycush from Lake Temagami, Ontario, and 

identified them as P. pusi1lus. 

In 1943, MacLu1ich (1943a) reported and described 

Proteocephalus para11acticus from the 1ake trout, Cristi­

vomer namaycush, the speck1ed trout, and the brown trout, 

Salmo fario, from 1akes in the Algonquin Park, Ontario. 

This form was subsequent1y recorded from this host in the 
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same area by Bangham and Venard in 1946. 

In 1951, Alexander found a Proteocephalus in 

the intestine of rainbow trout (Salmo gairdnerii gaird­

nerii) and in speckled trout taken from Green Lakes, Des­

chutes National Forest, Oregon. Alexander considered 

his material to belong to a new species and he described 

it under the name of Proteocephalus salmindicola. How­

ever, Dr. Ivan Pratt (1953) of the University of Oregon 

informed the writer that it was by mistake that one of 

the definitive hosts of Alexander's species was identified 

as Salvelinus fontinalis instead of Salvelinus malma. 

The Incidence of Proteocephalus 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

cephalus parallacticus MacLulich, 1943. Very small 

numbers of 1arva1 stages of Proteocepha1ids were a1so 

found but these cou1d not be identified as to species. As 

shown by Van C1eave and Mue1ler (1934), the presence of 
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such larvae is of common occurrence in fish that cannot 

bring them to maturity. Lyster (1~40a) records such larvae 

in speckled trout from Lake Commandant, MOntebello, ~uebec. 

Both P. parallacticus and P. 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 Lakes of Oregon. In the latter locality the 

infection in Salvelinus malma was extremely light and con­

sisted of one or two worms in the fish examined by 

Alexander. Unfortunately, neither MacLullch (1~43b) nor 

Bangham and Venard (1~46) give any data on the intensity of 

the infection in the speckled trout in the Algonquin Park. 

However, these authors have shown that this form is more 

commonly ancountered in the lake trout. 

As stated above, Proteocephalan infection was 

found in very few fish in the Laurentide Park. In view of 

this observation and the records of MacLulich, Bangham and 

Venard, and Alexander on the infection of some salmonid by 

speoies of Proteocephalus the writer ls of the opinion 

that the speckled trout, and even Salvelinus malma, are 

not yet established as natural hosts tor speoies of Proteo­

phalus; moreover he does not consider that their mode of 

teeding is conducive to building up infection. In support 

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

the Prote::lcephalids in general and the occurrenoe 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. 
2-/ 

salminidocola 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 seme could apply to P. 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 forme 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 P. 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 

firth 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 forme Accordingly, the writer 

feels justified in considering P. salmonidicola Alexander, 

1951, a synonym of P. parallacticus MacLulich, 1943. 



AMPHICOTYLIDAE Nybelin, 1922. amended by 

Beaver and Simer, 1940. 
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In the present study this family is represented 

by a species of the genus Eubothrium Nybelin, 1922, 

Eubothrium salvelini (Schrank, 1790). 

Genus Eubothrium Nybelin, 1922 

Morpho 10 gy 

Eubothrium salvelini (Schrank. l790) 

(Figures 15, 16) 

Like other Eubothriids this Pseudophyllidean 

is characterized by its simple bothria, a body segmenta­

tion usually distinct, testes between the nerve trunks, 

a cirrus-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 Ward1e and MacLeod (1952). 

E. sa1ve11ni is a relatively sma1l 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 ellipsoidal to rounded in shape, measuring 

0.14 to 0.18 mm. in their dorso-ventral diameter, and are 

laterally placed but the 1ateral fields of testes are 

connected in each prog1ottid by a transverse bridge. The 

vas deferens reaches the median line. The cirrus sac is 

ovoid, 0.24 mm. in 1ength by 0.08 mm. in width and 

extends near1y to the pora1 nerve trunk. 

The systematic position of E. sa1velini in 

Canadian fish in comparison with the forms found in Euro­

pean fish has been discussed by Ward1e (1932) and Kuitunen­

Ekbaum (1933). 

Distribution in North American Salmonids 

Eubothrium sa1ve1ini has been found in both 

Europe and North America, and as pointed out by Richardson 

(1936), re-examination of much material previous1y identi­

fied as Abothrium crassum would prove it to be10ng to the 

present species. Under the name of A. crassum, Cooper in 
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1918 recorded the presence of cestodes in the speckled 

trout in Michigan, and since that time 1. salvelini has 

been recorded from this host in other parts of the United 

States. For instance, Hunter and Hunter (1931) c1aim 

that in northern New York State twenty per cent of the 

speckled trout are intected. As shown by Wardle (1933), 

E. salvelini has been recorded by Cooper, Kuitunen-

Ekbaum and Wardle from both western and central Canada. 

Wardle is of the opinion that in these areas it is prob­

ably coexistent with Salvelinus 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 n946). In ~uebec 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. salvelini, in mature and 

immature forms, was found in sixt Y of two hundred and ten 

fish from the Laurentide Park, and in this area the cestode 

was prevalent in fish from aIl seven drainage systems. In 

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. 1. salvelini was also 

recorded in the speckled trout from lakes in JOliette, 
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Laviolette, Argenteuil, Papineau and Kamouraska counties 

and in the Seven Island area, and found as weIl 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 

!. 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 

process 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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DIPHYLLoroTHRIIDAE Llihe. 1910 

In the present study this fami1y is represented 

by a species of the genus Diphy1lobothrium Cobbo1d, 1858. 

The writer wishes to point out that the nomenclature 

adopted here is in conformance with existing 1iterature 

pertaining to Pseudophyllidean plerocercoids in sa1monids, 

e.g. Bay1is (1945), Thomas (1947), Markowski (1949). 

Genus Diphy1lobothrium Cobbo1d, 1858 

Diphy1lobothriid P1erocercoids in Sa1monids 
in North America and Incidence in Quebec 

A survey of the 1iterature shows that Diphy11o­

bothriid p1erocercoids have been reported from species of 

Sa1monid fish from various loca1ities in North America. 

Thus Hayden in 1871 (Linton (1889)), Linton (1893), Simms 

and Shaw (1931), Mue11er (1939), Babero and Rausch (1953), 

Hobmaier {Hader1ie (1953}) and Hader1ie (1953), reported 

the presence of Diphy1lobothriid p1erocercoids in sa1monids 

in the United States. In Canada, Ward1e (1933) reported 

them in Sa1ve1inus fontina1is from Ungava and Richardson 

(1936), Fantham and Porter (1948) from the same host in 

~uebec. MacLulich (l943b), a1though he found Diphyl1o­

bothriid plerocercoids in 1ake trout from lakes in Algon­

quin Park, Ontario, fai1ed to find them in the speck1ed 

trout. Mue1ler (1939) be1ieves that the Diphy11obothriid 

plerocercoid reported by Richardson (1936) from speck1ed 
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trout in ~uebec 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, I~ntmorency, 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 these 

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 fort y 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 th~ weré examined at the field laboratory or 

fixed in formol. As the writer later found, the larvae 
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will leave the cyst within a few hours, unless the vis­

cera are immediately fixed or kept in a cold 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 500 0. for severa1 days. During this 

period the plerocercoids remained within their cysts 

and showed no evidence of aotivity. The visoera were 

then placed in saline at a temperature of 15°0. and many 

of the p1erocerooids immediately became active and left 

their cysts within a few minutes. 

Habitat and Morpho1ogy of the Larva 

These cestode larvae are found encysted on the 

outer surfaoe of the stomach or the intestine. The oysts 

are whitish in colour, usua1ly ovoidal in shape, and 

measure 3 to 4 mm. long. The 1arvae they contain mea­

sure up to ten to twelve millimetres in 1ength and are 

quite active, this activity being marked by contraction 

and extension of the body. The white body ls flattened 

with both extremlties usually bluntly rounded. The 

bothria, 0.7 to 0.8 mm. in length, are mere slits. The 

number of oysts in any one fish is usually quite small, 

although trout harbouring fifty to sixt Y 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-

city could be attributed to Diphyllobothriid larvae, there 

are several records where these larval tapeworms 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 Leidy, 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-

sitie worm, whieh is most eommonly in the abdominal 

eavity, in oysts, but whieh in time escapes from the eyst 

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 positive1y emaciated". According to Linton, 

such diseased fish have a tendency to conglomerate in 

warm waters where they are prey to pelicans which harbour 

the adu1t parasite. 

Since Linton's report, Diphy1lobothridiasis in 

Sa1monidae has been reported: in the United States by Simms 

and Shaw (1931), Hobmaier (Hader1ie (1953)), Mue11er (1939); 

in Canada, by Ward1e (1933), Richardson (1936), Fantham 

and Porter (1948); in Europe by Duguid and Sheppard (1944) 

and Hickey and Harris (1944) (1947) who reported epizootic 

out breaks in Wales and Ire1and, whi1e infection of trout 

has a1so been reported from Northamptonshire by Gibbson 

and from the Shetland Islands by Paterson (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 Ward1e. According to Hickey and Harris, the majority 

of the infected fish (Ireland) showed a plastic peritonitis 

and ascites. In most cases oedomatous granulation tissue, 

fre~uent1y containing large extravasation of b1ood, was 

present on the stomach and intestine, often in sufficient 

amount to bind the stomach and py10ric caeca into a 

large tumour-like masse 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. 

Fantham 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 Diphy1lobothriid parasitic in birds. 

Eight species, namely: Dyphyllobothrium dendriticum 

(Nitzch, 1824),12.. ditremum (Creplin, 1825) D. fissiceps 

(Creplin, 1828), D. cordiceps (Leidy, l8?2) , D. exile 

(Linton, 1892), D. canadense Cooper, 1921, 12.. ~. innom. 

Markowski, 1933 and 12.. ob10ngatum Thomas, 1945, have 

thus been secured from natura11y or experimenta11y in­

fected hosts. In addition Markowski records an additiona1 

two species, name1y, D. strictum Talysin, 1932 from man 

and D. laruei Vergeer, 1942 obtained experimental1y from 

a doge Four of these species, namely, D. cordiceps, D. 

exile, 12.. 1aruei, D. oblongatum have been reported from 

the United States and one, D. canadense, from Canada. 

Baylis (1945), commenting on the Diphy1lobo-

thriids known to occur in birds, inferred that their 

number cou1d be reduced to two: Diphy110bothrium dendri­

ticum and D. ditremum. Markowski (1949) after a compar­

ative study of avian Diphy11obothriids 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 characteristics with those which 

have been reported from gulls in Europe. 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 

Anatidae, while D. dentriticum occurs in Laridae and 

birds of other familias (Corvidae and Pelecanidae) and 

experimentally also in mammals. Therefore, Markowski 

considers the following species to be identical with 

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

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

D. ~. Innome 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 ~uebec. Living larvae were fed to eight cats, two 

domestic 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 volunteer (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 

init~al feeding, the worms measured 2.8 centimetres, 

while in the other two, which were examined four and six 

days respectively atter initial feeding, the worms 

measured 3 and 3.8 centimetres in length. The worms thus 

recovered (Fig~17, 18) were tentatively identitied 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

met ers in length are fully developed and possess gravid 

segments; in the present case one of the worms recovered 



TABLE 2 

FEEDING EXPERlMENT 

Host 

Cat (number 1) 

" " 3 

" (numbers 2, 
4, 5, 6, 7, 8 

Hamsters (nos. 
1 to 4) 

Rabbits (nos. 
1 to 3) 

Blaok bear cubs 
(1 to 2) 

Domestio Ducklings 
(1 to 2) 

Mal1ard Ducklings 
(1 to 3) 

Day-01d Chicks 
(1 to 8) 

(1 to 6) 

Adu1t Herring 
Gulls (1 to 2) 

Lab.-raised ring­
bill Gulls, no. 1 

no. 2 

no. 3 

no. 4 

Human Vo1unteer 

Larvae Postmortem 
Fed arter (days) Results 

10 6 5 immature worms 

10 

3, 15 
23, 15, 
15, 25 

10 each 

3, 5, 
10 

14, 30 

5, 7 

10, 12, 
20 

4 

4 

10, 20 

13 

12 

6 

15 

8-10 

13 

6, 10, 
15, 15, 
15, 20 

5 

10, 15, 
20 

oh~ in 
17 days 

15, 20 

25 

3 - 7 

3 

one in 
60 days 

3 

4 

4 

6 

on 3 occasions 

1 scolex and 1 dead 
immature worm 

no worms round at 
autopsy 

no worms round at 
autopsy 

no worms f'ound at 
autopsy 

Weekly f'aecal exam. 
negative, no worms 
f'ound at autopsy 

no worms f'ound at 
autopsy 

no worms f'ound at 
autopsy 

no worms f'ound at 
autopsy 

no worms f'ound at 
autopsy 

Week1y f'aeca1 exam. 
negative, no worms 
found at autopsy 

1 worm 2.8 cm. long 

1 worm 3 cm. long 

no worms found at 
autopsy 

1 worm 3.8 cm. long 

Week1y f'aeca1 exam. 
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 ;idènti-

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 birds. 

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 Diphyl10bothriid can adapt themse1ves in 

hosts which are physiologically unre1ated (e.g. cats, 

rats, dogs) (Duguid and Sheppard, Unsworth, Hickey and 

Harris, Thomas, Vergeer). However, as shown by Bay1is 

(1945), worms from experimenta11y infected mamma1s, as 

compared with those from naturally infected birds, show 

morphological variations which, according to this author, 

may be simply a resu1t of introducing the worms into ab­

normal hosts. 

In addition to the successful attempt of Babero 

and Rausch, other workers have a1so attempted to secure 

infection in man by the feeding of plerocercoids harboured 

by salmonids. Thus Woodbury in the United States (1935) 

fai1ed to infect himse1f with p1erocercoids from Salmo 

lewisi; simi1ar resu1ts 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 it 

to be inconc1usive in view of the fact that in some 

experimental hosts used by other workers, adults do not 

always develop. 1furkowski a1so suggests the possibility 

of Woodbury's having used for his experiment the p1ero-
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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 tmprobable that man may also 

serve as a hosto 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 ~uebec the plerocercoid of 

a form 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 examinatien showed negative results. However, 

in view of the small number of animaIs 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 ether 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 Q.uebec in areas where 

infection is commonly encountered in fish, the writer is 

ot 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 trom salmonid fish. Sev­

eral British writers (Bay1is (1945)), Thomas (1947), 

Babero and Rausch (1953), reported successfu1 infection of 

cats. Unsuccessfu1 attempts have been reported by Sirums 

and Shaw (1931). As shown in Table 2, five immature 

worms were recovered from a cat ki1led six days after 

initial feeding, whi1e in another cat ki1led thirteen 

days after feeding, on1y a scolex and a dead immature 

worm were recovered. In view of the results thus secured, 

the writer agrees with Bay1is and with Babero and Rausch 

that the cat is not a suitable host, and that the possi­

bi1ity of the worm being expe11ed at an ear1y stage is 

great. 

Attempts have a1so been made to infect various 

species of birds by feeding p1erocercoids from species of 

sa1monids. Thus Simms and Shaw (1931) reported their 

unsuccesstu1 attempts to infect ducks. Similar negative 

resu1ts were also experienced by the writer (Table 2). 

Mueller (1939) fed p1erocercoids trom ciscoes to newly 

hatched chicks in which the worms attained some growth 

unti1 the rudiments of the genita1ia appeared. However, 

the worms were rapid1y thrown off and, accerding te 

Muel1er, 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-01d chicks (Table 2), but these 

proved unsuccessful. Mue1ler's resu1ts a1so show that 
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avian Diphyllobothriids can deve10p in birds physio1og­

ica11y 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 sta·ted 

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 adultherring gulls 

(Larus argentatus). 

In view of the data secured in the present study 

and by other workers, the writer concludes that the 

Diphyllobothriid plerocercoids found in speckled trout in 

~uebec are the larval stages of an avian form tentatively 

identified as g. dendriticum, and that the definitive host 

is a gull. 



NEMATODA 

The nematodes studied in the present investiga­

tion are Spirurids belonging to the families Thelaziidae 

Railliet, 1916, and Spiruridae Oer1ey, 1885. 

THELAZIIDAE Railliet. 1916 

Genus Rhabdochona Rai11iet. 1916 

Systematic Status 

The fami1y Thelaziida~ was created by Rai11et 

in 1916 to inc1ude a number of genera of the superfami1y 

Spiruroidea parasitic in mamma1s, birds and fish with 

The1azia Bosc, 1819, as the type genus. In addition, 

Rai11iet transferred to this fami1y the genera Ceratospira 

Schneider, 1866, Cystidico1a Fischer v. Waldheim, 1798, 

and Oxyspirura Drasche, 1897, and the four new genera. 

Ga1eiceps, Schistorophus, Serticeps, and Rhabdochona. 

SUbsequently, the fami1y The1aziidae was amended to some 

extent by Bay1is and Daubney (1926), by Yorke and Maple­

stone (1926), and by Chitwood and Wehr (1934). 

In 1928, Travassos et al created the subfami1y 

Rhabdochoninae which they p1aced in the fami1y Spiruridae, 

to inc1ude the genera Rhabdochona, Cystidico1a, and Spini­

tectus Fourment, 1883. These authors considered as 

be10nging to this subfami1y 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 postanal papillae. 

Skrjabin (1946), in his revision of the 

taxonomy of the Spirurids parasitic in fish, commenting 

on the opinion of Travassos and his cOlleagues, consid­

ered that the genera Capillospirura Skrjabin, 1924, 

Metabronema Yorke and Maplestone, 1926, and Comephoro­

~ Laymen, 1933, should be regarded as being related 

to the Rhabdochoninae as defined by Travassos et al. 

Skrjabin admitted the validity of the subfamily Rhab­

dochoninae 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 include 

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-out double oesophagus, unequal and 

dissimilar spicules, and numerOU$ postanal papillae. 
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This fami1y Skrjabin divided into three subfami1ies: 

Rhabdochoninae, Cystidico1inae, and Spinitectinae. Members 

of the subfamily Rhabdochoninae of Skrjabin have a smooth 

cuticle and eggs without polar filaments; in this sub­

fami1y he p1aced Rhabdochona and Ster1iadochona Skrjabin, 

1946. In the Cystidicolinae the eggs are provided with 

polar filaments; the subfami1y inc1udes Cystidicola, 

Capi1lospirura, Metabronema, Comephoronema, and Pseudo­

cystidico1a 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 parasitic in simi1ar hosts, 

that is, of Spirurid worms in fish hosts, in spite of the 

fact that it unites species which Chitwood and Wehr (1934) 

have shown to have evo1ved 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, shou1d consist of on1y two subfamilies: 

Rhabdochoninae and Spinitectinae. The former would in­

clude those Spirurids of flsh with a smooth cuticIe, 
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belonging to the genera Rhabdochona, Sterliadochona, 

Cystidicola, Capillospirura, Metabronema, Comephoronema 

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 

described a species, R. ~, 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 alae, 

the relative slze 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 shovm lips to be absent in the mat­

erial studied by them. The writer's observations and 

those of Gendre (192l) are in accord with those of 

Chitwood and Wehr in this respect. One of the character­

istic morphological characters of Rhabdochona is the 
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funnel-shaped prostom supported by longitudinal ribs pro­

truding anteriorly as teeth. Chi twood 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 specifie character has been overlooked 

in many 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 

pros tom in sorne species. 

In the diagnosis 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 spicules are equal in 

length and thus amended the diagnosis of the genus. How­

ever, examination of Fujita's illustration of the 

posterior extremi ty 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. WeIler (1938) in his description of R. ovifila­

menta reports and il1ustrates the presence of a strongly 
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chitinized gubernaculum. The writer had the opportunity 

of examining the mounted specimen used by WeIler 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. ~~le: several 

pairs of pre- and postanal papillae; no caudal alae, 

spicules unequal and dissimiler; gubernaculum absent; 

tail conical, pointed or provided with a chitinous process. 

Female: uteri opposed; vulva 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 Amerioa 

From North Amerioa six speoies be10nging to 

the genus Rhabdoohona have been desoribed from fish 

hosts. These speoies, the type host, and looality, 

are shown in Table 3. 

Whi1e there is only one reoord of R. ovifi­

lamenta (We1ler (1Ç138)), and two of R. 1aurentiana 

(one by Lyster (1Ç140a) and one by the writer (1Ç148a)), 

a speoies identitied as R. oasoadil1a Wigdor, 1918, has 

been reoorded by Bangham and Hunter (1939), Bangham 

(1944), Bangham and Venard (1946), and by Fisohtha1 

(1945a) (1945b), in a soore of fish hosts from both the 

United States and Canada. Some of the materia1 oolleo­

ted by Bangham and his assooiates and by Fisohtha1 has 

been availab1e for study. In addition to lending some 

of the materia1 upon whioh pub1ished reoords of Rhabdo­

ohona were based, Dr. Bangham also kind1y 10aned to the 

author material whioh he had oolleoted from various 

hosts from difterent 1~oa1ities in the State of Wisoon~ 

sin, U.S.A. This material, and some oolleoted by the 

writer, was studied and speoies identified. 

From Canada, Bangham (1940) and Bangham and 

Venard (1946) report the presenoe of ùnidentifled spe­

oies of Rhabdoohona in Catostomus oommersonll, Amelrus 

nebu1osus, Peroa flavesoens, Lepomis gibbosus, Pime­

phales prome1as, and Coregonus olupeaformis. Only 



TABLE 3 

Species of the Genus Rhabdochona Recorded in North American Fish Hosts 

Species 

R. cascadilla 
Wigdor, 1918 

R. ovifilamenta 
WeIler, 1938 

R. laurentiana 
- Lyster, 1940 

R. decaturensis 
- Gustafson, 1949 

R. cotti 
Gustafson, 1949 

R. pellucida 
Gustafson, 1949 

R. rollleri 
-Cho~uette, 1951 

Type host 

Semotillus atromaculatus atro­
rnaculatus-

Notropia cayuga 

Perca flavescens 

Catostomus catostomus 

Aplodinotus grunniens 

Cottus cognatus 

Pteichochei1us oregonensis 

Moxostomum aureolum 

Locality 

Cayuga Lake, New York 
State, U.S.A. 

Big Stone Bay, Mackinaw 
Straits, Michigan 
State, U.S.A. 

Lake Commandant, P.~., 
Canada. 

Lake Decatur, Illinois, 
U.S.A. 

Spokane, Vlashington, 
U. S. A. 

Davis Lake, Washington, 
U. s. A. 

Ottawa River, Pointe-au­
Chene, P.;~. 

tO 
o 
• 
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speoimens from the first two of these hosts were 

avai1able for study; these were found to be Rhabdo­

ohona oasoadilla. Bangham and Hunter (1939) report 

a1so the presenoe of unidentified speoies of Rhabdo-

chona in Fundu1us diaphanus menoma, Lepibema ohrysops, 

Helioperoa inoisor, and Amb10plites rupestris from 

Lake Erie, United States. On1y some specimens from 

the top minnow, Fundu1us diaphanus menoma, were avai­

lable for study and these were found to belong to a 

genus other than Rhabdoohona. Bangham (1944) reports 

the presenoe of a larval form of Rhabdochona in the di­

gestive tract of Rhinicthys atratulus meleagridis from 

the Brule Rlver, Wisconsin; thls ls probably the .. larval 

stage of R. oascadilla shown by Fischthal (1945a) (1945b) 

to be prevalent in this looality. 

Rhabdoohona cascadllla Wigdor. 1918 
= 

Redescrlptlon 

For the purpose of comparison and study, at­

tempts have been made to seourethe type speoimens or 

some other materlal used by Wigdor for his description 

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

successful. More than thirty years have elapsed since 

Wigdor's discovery and lt is rather doubtful whether 

this material will ever be round. 
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Some of Wigdor's data on the morphology of 

the nematode have been used rather uncritica11y by 

1ater workers in the determination of species. Thus, 

Spau1 (1927), and Lyster (1940a), used the length of 

the oesophagus as a criterion in the differentiation 

of ~. anguil1a and R. 1aurentiana from [. 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 a1so a discrepancy 

bet_een 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 40p, with the 

5mall one being one-fifth as long. Wigdor's illustration 

(fig. lc), 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. opiensis appears to be aware of this error. 

Gustafson (1949) in his discussion of R. cascadilla 

draws attention to these 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 60p, whereas according to the scale of the 

drawing (fig. lb), it is about l30p. Similarly, the 

use of this scale enables the length of the anterior 

portion of the oesophagus to be figured as about 200A 

and to situate the nerve ring at about l15p from the 

anterior end. 

Wigdor's description of this species is based 

upon material collected from Semotilus ~. atromaculatus 

and Notropis cayuga from Cascadilla Creek, 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 ~. ~tromaculatus, Notropis ~ 

nutus cornutus, Rhinicthys ~. 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 nematode identified 

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

1949)Gustafson submitted for publication a paper in which 



94. 

he redescribes as R. cascadilla a form taken from Semo-- -
tilus ~. 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 weIl as with 

other material collected in the Province of ~uebec, and 

identified as R. cascadilla. Measurements of the mate­

rial taken from Semotilus ~. atromaculatus are given in 

Table 4. Sirce the original type material cannot be 

traced and has in aIl probability been destroyed, the 

writer designates specimens from this topotypical series 

as neotype and neoallotype. 

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 weIl seen in ~ 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 internaI 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 distinctly divided into a muscular anterior portion 

and a glandular, much longer posterior portion. The eggs 



TABLE 4. 

Table ot Measurements (in mm.) and of Ratios to Total Length of Rhabdochona cascadilla 
Wigdor, 1918, Based on Mensuration of 10 Male and 7 Female Worms from Semoti1us 

~. atromaculatus from Cascadilla Creek, Cayuga Lake, N.Y. 

Total 1ength 
Oesophagus: length 
Anterior oesophagus: 

1ength 
Posterior oesophagus: 

length 
Buccal cavity: 1ength 
Vestibule: length 
Excretory pore from 

anterior extremity 
Nerve ring from ante-

rior extremity 
Tail length 
Short spicule 
Long spicule 
Length of short spi­

cule to 1ength of 
long spicule 

Vulva from anterior 
extremity 

Egg 

Min. 

3.87 
1.17 

0.15 
1.01 

0.014 
0.073 

0.18 

0.12 
0.22 
0.10 
0.39 

Male 

Max. Average Ratio 

5.42 
1.70 

0.20 
1.50 

0.016 
0.077 

0.21 

0.14 
0.29 
0.11 
0.44 

4.64 
1.41 

0.18 
1.28 

0.015 
0.070 

0.20 

0.13 
0.26 
0.11 
0.42 

1:3.3 

1:26 
1:3.6 

1:66 

1:23 

1:35 
1:18 

1:3.9 

Min. 

6.59 
1.60 

0.20 
1.43 

0.017 
0.070 

0.20 

0.13 
0.22 

3.32 

33u X 
17u 

Female 

Max. 

12.84 
3.09 

0.31 
2.78 

0.022 
0.096 

0.27 

0.16 
0.30 

7.11 

34u X 
18u 

Average Ratio 

7.82 
1.92 1:4 

0.23 1:33 
1. 68 1:4.6 

0.018 
0.081 1:98 

0.23 1:34 

0.15 1:54 
0.26 1:30 

4.20 1:1.9 
or 52% 

~ 
01 
• 
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are 33-3~ by l?-l~ and are not filamented. 

Female: Length 6.59 to 12.85 mm.; prostom l? to 2~ 

long; vestibule ?O to 96p long; oesophagus, anterior 

portion 209 to 3lqu and the posterior portion 1.43 to 

2.?85 mm. with a total length of 1.609 to 3.09? mm. 

The nerve ring is placed 134 to l6qu from the anterior 

extremity with the excretory pore behind it at 202 to 

266p from the cepha11c end. The vagina is 51 to 54p 

long and the vulva 1s equatorial in position or a little 

pre-equatorial. The tail is 215 to 30~ long. 

Male: Length 3.8?? to 5.423 mm. long; prostom 15,\1 long; 

vestibule ?3 to ?~ long; oesophagus, anterior portion 

154 to 20qu and the posterior portion 1.01? to 1.503 

mm. long with a total length of l.l?l to 1.?03 mm. long. 

The nerve ring is 119 to l4~ from the anterior extre­

mit Y and the excretory pore 184 to 212p from the ante­

rior end. The right spicule, with a reflected barb at 

its posterior end, is 102 to 112u long and the left one 

is 385 to 443~. The tail is 215 to 29&u long. There 

are seven or eight pa1rs 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 ~. atromaculatus collected in the Laurentide 

Park; in these forms the number of preanal papillae 

varies between eight to twelve, while in specimens taken 

from the speckled trout (Figure 20) in the same loca­

lit y, the number of preanal papillae ranges from ni ne to 

eleven. From Catostomus commersonii commersonii, forms 

with fourteen preanal papillee were seen. Otherwise, if 

aIl 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 denudatus. 

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 Helminthologioal Colleotion, No. 47320. 

Type host: Semotilus ~. atromaoulatus. 

Type looality: Dyer's Pond, Casoadilla Creek, a tribu­

taryof Lake Cayuga, N.Y., U.S.A. 

Data from the remainder of the topotypioal series are 

as follows! ten female and seven male speoimens deposited 

in the Institute of Parasitology oolleotion. 

The Status of R. laurentiana Lyster. 1940 

This speoies was first reported by Lyster (1940a) 

from Catostomus oommersonii oommersonii. The writer (1948a) 

also reported it from Salvelinus fontinalis from the Que­

beo Laurentide Park. Lyster's desoription was based upon 

the study of rive males and five nonovigerous females. 

Lyster based the distinotion between R. laurentiana and 

R. oasoadilla on Wigdor's data on the length of the oeso­

phagus; as shown already, this is erroneous. In his des­

oription or ~. laurentiana Lyster noted the absence of a 

ohitinous spine in the male but examination of his mate­

rial shows this spine to be present. Another distinotion 

made by Lyster was in the number of preanal papillae. 

However, as shown in this study this is subjeot to varia­

tion. Othe~rlse, Rhabdoohona laurentiana is identioal 

with Rhabdoohona oasoadilla. Therefore, as a result of 



this study the writer is of the opinion that Rhabdo­

chona laurentiana 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 ~uebec. 

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

Lyster shou1d be considered as synonymous with R. ~­

cadil1a Wigdor, 1918. 

In the present study R. casoadilla was found 

in a few trout from lakes and streams of the Chicoutimi 

and Jacques Cartier drainage systems of the Laurentide 

Park but was present in only small numbers in any one 

fish. It was not found in trout anyvfhere else in the 

Laurentide Park but was found, as reported by the writer 

(1951a), in other species of fish. The writer's record 

of R. cascadil1a in the speckled trout is the only one 

in Canada although as he has shown (1951a) it has also 

been reported from this host in the United States. In 

the sarne paper the writer showed the wide host and geo­

graphical distribution of this species. 



SPIRURIDAE Oerley. 1885 

Agamospirura Henry and Sisoff. 1913 

(Fig. 22 (a, b, c)) 
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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 one 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 Laurentide Park. 

The worms are cylindrical, 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 conica1 in outline; ~ ~ view of the head 

shows that the mouth opening is elongated dorsoventrally 

and flanked by two trilobed pseudolabia of which the 1a­

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 internaI circle of papillae is apparently absent. 

Cervical papillae are present, located 0.03? 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 mm. The mouth is followed by a single 

vestibule, 0.125 mm. in length by 8fl in diameter. The 

oesophagus 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 O.?25 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. 1926 

The Species of the Genus Metabronema 

In 1926, Yorke and Maplestone created the 

genus Metabronema (Spirurinae) to receive M. magnum 

~aylor, 1925) originally described under the name of 

Habronema magna (Taylor (1925)). Whi1e several specles 

have been since ascribed to this genus, its status, 

particu1arly in regard to Ascarophis Beneden, 1871, re­

~uires clarification. Van C1eave and Mue11er (1934) 

suggest the possibi1ity of synonymlty between these 

two genera; Chitwood et al (1934) (1938) consider them 

to be identica1. Bay1is (1933) and subsequently 

Chi twood (1934) have point ed out the close relat ionship 

of Ascarophis and Spinitectus Fourment, 1883. The latter 

genus is considered by Van Cleave and Muel1er (1934) to 

be so closely related to Cystidicoloides Skinker, 1931 

tSkinker (1931b) as to almost justify synonymity. Van 

Cleave and Mue11er (1934) have suggested that Cystidi­

co10ides is probably a synonym of Metabronema which 

Bay1is (1934) definite1y considers to be ldentical with 

the former, a view also adopted by the wrlter. However, 

owing to the 1imlted 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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Sinee its ineeption, thirteen speeies from 

fish hosts have been aseribed to this genus, to which 

Bay1is (1934) (1935) has transferred the fo11owing spe­

eies: Cystidicola harwoodi Chandler, 1931, Cystidicola 

(Pseudocystidico1a) skrjabini Layman, 1933, Cystidieola 

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 speeies together 

with that of Metabronema 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 been 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 Metabronema 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 (Scorpaenichthys marmoratus) 

from Nanaimo, B.C., M. salve1ini (Fujita, 1920) from trout 

and char from bath the United States and Canada (~uebec and 

Labrador) and M. prevosti Choquette, 1951 from the bu11head 

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

M. sa1velini was also found in material given to the writer 

from an unidentified species of dace from Lake Edward, Pro­

vince of Quebec, and as he reported it (1951c), in the intes-
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tine of a single one out of over 200 muskallunge, Esox 

masQuinongy from the St.Lawrenoe watershed. The mate­

rial from the muskallunge oonsists of only one male and 

one immature female; these data suggest that Metabronema 

is not normally parasitio in this host. 

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

In 1931 Skinker desoribed M. oanadense from 

the speokled trout from ~uebeo and Chandler, the same 

year, under the name of Cystidioola harwoodi desoribed 

a nematode from Salvelinus fontinalis from the Adiron-

daoks, New York, U.S.A. The form desoribed by Chandler 

was afterwards transferred by Skinker (1931b) to the ge­

nus Cystidiooloides. As stated above, Baylis (1934) in 

his study of the genera Oystidioola, Metabronema and 

Cystidiooloides oonoludês that the last two are synony­

mous. Therefore, the name of the speoies desoribed by 

Chandler beoame Metabronema harwoodi. 

Speoies of Metabronema have been reported from 

ohar and trout in other parts of the wor1d. In Japan, 

Fuj i ta in 1920 (Baylis (1935)) desori bed Spiropt era sa1ve­

lini from Salvelinus malma and, in 1928, reported this 

speoies from Salvelinus kundsoha. Bay1is (1935) plaoed 

this speoies in the genus Metabronema.and, in 1935, Ya-

maguti amplified the morphologioal desoription as Meta-
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bronema (C ystidieo1a) sa1ve1ini. Fujita in 1939 reports 

the finding of M. iwana in Salve1inus malma trom Lake 

Biwa, Japan. Unfortunate1y, Fujita does not state whe­

ther this speeies is the one he deseribed in 1928 from 

the same host and loeality under the name of Cystidicola 

iwanaj however, after a search of the literature, the wri­

ter believes that this is the case. In 1939 Fujita a1so 

reported three addtional species from the char Salvelinus 

kundscha, name1y M. kosugii, M. amemasu, and M. ishii. 

The latter species was deseribed originally under the name 

of Metabronema salvelini but, the name being preoeeupied, 

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

one. 

In Great Britain, Baylis in 1935 described Me­

tabronema truttae from the brown trout, Salmo trutta. 

Baylis notes the great simi1arity existing between this 

species and Metabronema (Spiroptera) salvelini Fujita, 

1920 and Metabronema canadense Skinker, 1931. He even 

points out the fact that if a11 the measurements are ta­

ken into account, no c1ear distinction appears to exist 

between these forms. This isnot the case with the spe­

cies from the char as described by Fujita (1928) (1939), 

aIl of which possess morphologiea1 characters suffieient 

to distinguish them from Metabronema sa1ve1ini, M. ~­

dense, and M. truttae. 

Under the na me of M. canadense the writer (1948a) 
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reported his tinding of this species in the speck1ed trout in 

the Laurentide Park. Lyster (1940a) reported the presence 

ot Cystidicoloides harwoodi Chandler, 1931 in the speckled 

trout trom other parts of this province. Examination of 

Lyster's material shows it to be identical with the form 

described by Skinker. This specieA was alsofound by the 

writer in material from a species of char (probably the 

Aretic Char, Salvelinus arcticus) trom the coast of Labra­

dor, and deposited at the Institute of Parasitology. Van 

Cleave and Mueller (1934) report the presence of Metabro­

~ (Cystidicoloides) harwoodi Chandler in Salmo fario 

from Oneida Lake. These authors, after a study of Chand­

ler's type material, conclude that this species is iden­

tical with M. canadense Skinker, this speoies being merely 

a smaller variety. 

Since Skinker's description was inoomplete, par~ 

ticularly in regard to the nature of the post anal papil-

1ae, because of the pauoity of the material at her dispo­

saI, the opportunity has been taken to add to the des­

cription of this species and to attempt to clarify its re­

lationship with the others found in char and trout. As 

stated by Bay1is (1935) the evidence for the distinc­

tiveness of M. sa1velini, M. canadense, and M. truttae is 

very inconc1usive; it rests mainly on morpho1ogica1 points 

such as the nature of the postc1oacal 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 rœterial 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 post anal papillae in the male. This 

study could only confirm the observations made by MT. 

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 postcloacal 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

cloacal pair. 

A ventral-dorsal view of the posterior extrem­

ity of male specimens collected by the writer, shows that 

there are fivepairs of stalked postcloacal papillae and 

a sixth pair of very small papillae situated at the post­

erior extramity of the tail between the fifth pair (Fig. 

29); it is doubtful whether they Can be seen in lateral 

view. A slxth pair exists in Metabronema truttae as des­

cribed and i1lustrated by Baylis (1935). No mention of 

such papillae in M. sa1velini 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 postcloacal papil-

1ae there is a simi1arity between the writer's materia1 

and M. truttae as described and illustrated by Baylis 

(1935); it a1so resembles the arrangement described by 

Yamaguti (1935) in respect to M. sa1velini Fujita. 

In his description of M. truttae. Bay1is (1935) 

stat ed that the longer spicule i s the left one while 

neither Fujita nor Yamaguti state whether the longer 

spicule is that of the rlght or the left side. in M. 

canadense, according to Skinker (1931a), the right spi­

cule ls the longer one. This could not be determined 

with certainty in the writer's study of Skinker's mate­

riàl •. However, in the material at the writer's disposaI 

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 

pro cesses 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

nit y of studying protruded spicules. 

Pro cesses on the longer spicule could be seen 

in ventrodorsal view of the posterior extremity of another 

male in mount ed 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 ls 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 app1ied, 

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 simi1ar 

to that il1ustrated by Johnston and Mawson (1945) in their 

study of Ascarophis cooperi from P1atycephalus bassensis. 

In their redescription of M. (Cystidicoloides) 

harwoodi, Van Oleave 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 opportuni ty of studying specimens kindly loaned 

by Prof. Ohandler, aS weIl as the type material of M. har­

woodi, deposited in the Helminthological Oollection 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 Meta­

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 postcloacal 

papillae and the spicules, the following species should 

be regarded as synonymous: Metabronema (= Spiroptera) 

salvelini Fujita, 1920, Metabronema (= Cystidicola) 

harwoodi Chandler, 1931, Metabronema canadense Skinker, 

1931, and Metabronema truttae Baylis, 1935. By virtue of 

the law of priority, Metabronema salvelini (Fuji ta, 1920) 

must stand as the valid name of the species. 

Description of Metabronema salvelini 

(Figures 21, 23, 29) 

The Quebec forros 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 oeso­

phagus. The head measures 35-43p in diameter. The 

mouth opening (Fig. 21) is dorsoventrally elongated and 

surrounded by two pseudolabia • . Only the cephalic 

papillae of the external 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 female. 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 femaIe; 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

phagus in ten males averages 2.6 mm. long, and in ten 

females averages 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. In 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 mm. and 

that of ten male specimens 6.9 mm. 

In the female the vulva is situated about the 

middle of the body and the anus is about 7~ from the 

posterior end of the body. The thick-shelled eggs are, 

on the average, 41-42p by 24-26p. 

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 weIl developed and supported 

by papillae, of which four pairs are anterior to the 

cloaca and six pairs posterior to it. The postcloaoal 

group of papiIIae consists of five pairs of stalked 

papiIIae and a sixth pair of very small papiIIae situated 
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at the posterior extremity of the tail between the fifth 

pair (Fig. 29). The two spicules are une quaI in length. 

The left spicule, with its distal extremity curved into 

a trougn 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 (Mitchill) 

Location: Stomach 

Locality: Green Lake (Argenteuil County) P. ~ue. 

Distribution of M. 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 of 

two hundred and ten fish from the Laurentide Park (where 

infection was found in fish from aIl of the seven drain­

age systems), in fish from Iakes of Joliette, Montcalm, 

Chicoutimi and Argenteuil counties, in nearly all of 

fort y trout collected trom Iakes of the Mont Tremblant 

Park area and in trout trom Lake Edward (~uebec County). 

Richardson (1936) failed to tind this nematode in the 

trout trom 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 probab1y Metabronema sa1ve1ini. 

As a1ready mentioned, other reports of this 

nematode in trout in ~uebec 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

dicola 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 History of Metabronema salvelini 

The Biology of the Spirurids 

The Spirurids differ in their biology from 

many parasitic nematodes in having no free-living stages. 

The bio1ogy of this group Was reviewed by Seurat in 

1916. In the mammalian Spirurids, the egg hatches on1y 

in the digestive tract of an invertebrate host, usually 

an insect, and the larve then migrates via the intest­

inal wall into the body cavity, wbere it undergoes fur­

ther development and molts. In the forms parasitic in 

mammals, the larva encysts at thls stage and, after 

molting a thlrd time, the fourth larval stage ls reached. 
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A notable exception to this rule is the larva of Spirura 

gastrophila (Müller, 1894) which, as shown by Seurat, 

continues to develop while encysted until the fourth 

stage 1s 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. In 

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 

farionis. Weller, in 1938, reported infection of the 

crustacean Hyalella knickerbockeri upon feeding it eggs 

of the Spirurid Rhabdochonaovifilamenta, 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. sa1ve1ini. 

Mayf1y nymphs c011ected on various occasions from dif­

ferent streams in the Laurentide Park during the summer 

months of 1949, 1950 and 1952, a1so harboured these lar­

vae. Contrary to what happens in the deve10pment of 

mammalian Spirurids, the larval stages of M. salve1ini 

do not encyst in the arthropod host but remain free in 

the body cavity. In most cases on1y a single larva Was 

present, although occasional1y 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 Entom010gy, Science 

Service, Department of Agriculture, Ottawa, as larva1 

stages of Hexagenia recurvata Morgan. Larvae were also 

found in the nymphs of a species of mayf1y of the genus 

Polymitarcys. Larvae were present in about fort y 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 herbour the parasite. 

The feeding of nymphs of Hexagenia recurvata 
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from the Ste. Anne du Nord River té parasite-free trout 

resulted in the establishment of infection and develop­

ment of adult forms in from sixt Y 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 vestibule, 

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 

situated 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 appendage on the tail of the female; 

in the male the tail is conie al 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 ganital 

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 litt le earlier 

had the larvae been examined before that time. 



TABLE 5 

Table of Measurements (in mm.) of Third Stage Larvee of M. salvelini 
(Fujita, 1920) Based on Mensuration of 7 IvIale and-10 

Female Larvae trom Hexagenis recurvata 

Total length 

Length of Vestibule 

Oesophagus: 
Length anterior portion 

Length posterior portion 

Total 1ength 

Nerve ring (trom anterior 
extremity) 

Excretory pore (from anterior 
extremity) 

Length ot tail 

Male 

3.32 to 4.89 

0.067 Il 0.11 

0.3 " 0.486 

0.841 " 1. 40 

1.08 "1.84 

0.108 " 0.150 

0.137 " 0.195 

0.064 " 0.073 

Female 

4.2 to 7.0 

0.1 "0.128 

0.432 " 0.748 

1.0 "1.84 

1.45 " 2.588 

0.147 " 0.176 

0.185 " 0.224 

0.04 "0.083 ~ 
~ 
Il> 
• 
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SUMMARY 

Nine species of helminths parasitic in the 

speckled trout, Salvelinus fontinalis ( ~litchill), in ~ue­

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 100ss, 1901, and of its genus Phyllo­

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 inseet shortly after 

ingestion and that the metaeercaria excysts in the diges­

tive tract of the fish hosto He has described the larval 

stages and adult of Phyllodistomum lachancei. He found 

the infection to be prevalent in trout in sorne lakes of 

the Laurentide Park, but found that the presence of the 

parasites in the ureters of the trout produced only slight, 

if any, pathologiea1 changes. 

The systematic status of Stafford's Distoma 

1aureatum Zader, 1800 has been clarified. 

A study of the biology of Crepidostomum cooperi 
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in ~uebec showed that the 1arval stages develop in inter­

mediate hosts not hitherto reported for this species, 

namely, clams of the genus Pisidium and mayfly nymphs 

of the genera Hexagenia and Polymitarcys. 

The distribution of the Proteocephalans and 

Eubothriids in North American Salmonids has been reviewed 

and hypotheses presented in regard to their incidenoe in 

the speokled trout. A study of the morpho1ogy of Proteo­

oephalus salmindioola Alexander 1951 showed this speoies 

to be identioal with P. para1laotious MaoLulioh, 1943. 

The inoidence of Diphyllobothriid plerocerooids 

in Salmonids in ~uebeo and other localities was disoussed. 

In an effort to determine the adult stage, plerocercoids 

were fed to experimental animals and worms were recovered 

from oats and ring-bill gulls. 

The writer has reviewedthe systematic status 

and the generic diagnosis of the genus Rhabdoohona Railliet, 

1916 and discussed species from fish in North America. 

He has redescribed R. cascadi11a Wigdor, 1918 and desig­

nated neotype male and neoallotype remale. He has shown 

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

cascadilla. 

Larval Spirurids (Agamospirura) found in trout 

have been described. 

The species of Metabronema from fish, and 
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Salmonids in particular, have been discussed. M. salve-

1in1 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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CUIM OF CONTRIBUTION TC KNOVVLEDGE 

The author claims to have contributed to the 

knowledge of parasi tic infection of trout in ";;'uebec 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 epidemiology and pathology of 

this infection in trout in ~uebec. 

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 ~uebec are the larval stage of an avian forme 

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 Polymitaroys) 

and that their development is completed in the fish hosto 
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Taxonomic and Morpho1ogical Studies 

He has described the larval stages (mlracidium, 

mother and daugnter sporocysts, cercaria and metacercaria) 

and the adu1t form of Phyllodistomum lachancei Choquette, 

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 Rail1iet, 19lô. 

He has redescribed Rhabdochona cascadi1la Wigdor, 1918, 

and has shown that R. 19urentiana Lyster is identica1 with 

it. 

He has described for the first time larva1 

Spirurids (Agamospirura) parasitic in trout. 

He has described Metabronema sa1velini (Fujita, 

1920) and shown it to be identical with other species 

reported from Sa1monids in North America, Japan and 

England, and has described the third and fourth larval 

stages of this species and their development into adu1t 

forme 
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EXPLANATION OF PLATES 

AlI figures were drawn with the aid of a camera 

lucida, unless otherwise stated. 

Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure ô. 

Figure 7. 

Figure 8. 

Plate l 

COnfiguration of the drainage systems of the 

Laurentide Park. 

Plate II 

Phyllodistomum lachancei Choquette, 1947. Two 

of the shapes assumed by free-swimming mira­

cidium. 

P. lachancei. Miracidium. 

Plate III 

P. lachancei. Mother sporocyst. 

P. l~chancei. Daughter sporocyst. 

Photomicrograph showing sporocysts of P. 

lachancei in gills. 

Plate IV 

P. lachancei. Cercaria (low magnification). 

P. lachancei. Cercarial body showing details 

of anatomy. 



Figure 9. 

Figure 10. 

Figure Il. 

Figure 12. 

Figure 13. 

Figure 14. 

Plate V 

P. lachancei. Metacercaria, encysted. 

P. lachancei. Adult. 

Plate VI 

( a) Photomicrograph of section of P. 

lachancei in si tu . x 36. 

( b) Photomicrograph of sect ion of P. 

lê,chancei in situ - x 60. 

(c) Photomicrograph of section of normal 

ureter of Salvelinus fontinalis x 60. 

(d) Photomicrograph of section of P. 

lachancei in situ x 60. 

Plate VII 

Crepidostomum farionis. Adult. 

Proteocephalus parallacticus. Scolex. 

P. parallacticus. Adult segment. 

Plate VIII 

Figure 15. Eubothrium salvelini. (Left) immature 

Figure 16. 

worm; (right) scolex of adult worm, latera1 

view. 

E. salvelini. Adult segment. 



Figure 17. 

Figure 18. 

Figure 19. 

Figure 20. 

Figure 21. 

Figure 22. 

Figure 23. 

Figure 24. 

Figure 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. En 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 cephalie pattern. 

Metabronema salvelini. Anterior extremity 

of adult female. 

M. salvelini. Anterior extremity of 40-day 

old fourth stage larva. 

Plate Xl 

M. salvelini. Posterior extremity of nine­

day old third stage larva (femaIe, left; 

male, right) from experimentaIIy infeeted 



Figure 26. 

Figure 2? 

Figure 28. 

Figure 29. 

trout. 

M. salvelini. Posterior extremity of fort y­

day old femals fourth stage larve. 

Plate XII 

M. salvelini. Posterior extremity of fort y­

day old 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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