
THE LIFE CYCLE OF METAGONINOID1B OREGONETIS PRICE 

(TRE1íATODA; HiTEROPHYIDAE) 

by 

WILLIAM CHANDLER BURNS 

A TU3IS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF AR 

June 1952 



APPROV: 

iI 1 uJ.00J. uJ. 

In Charge of Yajor 

Head of Department of Zoology 

Chairman of School Graduate Goimnittee 

Dean of Graduate F'chool 

Date thesis is presented //24/ /', /952.. 
f 

Typed by Dorothy A. flratz 



ACKNOWLEDGMENT 

The work described in this thesis was done under the 

direction of Dr. Ivan Pratt at the Oregon Institute of 

Marine Biology and at Oregon State College. 

I am indebted to Mrs. Anaita S. Jurgenson of the 

language department at Oregon State College for translating 

references written in Russian. 

The u1lor rrothers of Wren, Oregon, suDplied racoons 

for study. 



TABLE OF CONTE!flS 

Page 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . i 
METHODS ANI) MATERIAlS. . . . . . . . . . . . . . . . . 2 

D ATA . . . . . . , . , . . . . . . , 11. 

Adult fluke . . . . . . , . . . , , 

Ovaax1rqlracidiurn. , ,....,., IL 

Hedia . . , , , 

Cercarla, , . . , , , , . , 7 

Metacerca.ria, . . . . . . . , , , i.]. 

D ISC1SION , , . . . . . . . . . . . , 16 

SU!MARY. . . . . . . . . . . . . . . . . . . . . . . . 22 

I3fl3LIOGRtPHY . . . . . . . . . . . . . . . . . . . . . 

APPENDIX . . . . . . . . . . . . s s e s 



THE LIFE CYCLE OF METAGONIHOIDE OREGONEIS PRICE 

(TRE ATODA; HETEROPHYIDAE) 

INTROD IJOT ION 

Me tagonirnoides oregonens is Price , a heterophyid trernatode 

parasitizing the srra11 intestine of the racoon, Procyon lotor 

pacifica MerriaìTt, was described in 1931 (9, p.LiO). Irigle3 

(5, p.19) briefly described the larval 5tages of a fluke as they 

occurred in the apical organs of Goniobasis nigrina (Lea). He 

concluded, correctly it would apnear, that the fluke was 

Metaonimoides oreonensis . Ingles reported that there was no 

free-swfrrning cercarial stage in the life cycle of this trenatode, 

and observed that the cercariae developed directly into metacercariae 

within the redia. However, initial observations by the present 

worker indicated that the cercariae were free-swimming. 

This investigation was undertaken to determine the fate of 

the cercariae and the metacercariae, and to describe subseciuent 

stages in the life history of Metagoninioides oregonensis. Some 

additions to the original description of the adult are included. 
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METHODS AND MATERIALS 

Infected snails of the species Goniobasis silicula (Gould) were 

collected from Rock Creek, two miles we&t of Philoinath, l3enton 

County, Oregon, and from the mouth of fig Creek at Sunset ay 

State Park, two miles south of Charleston, Coos County, Oregon, 

during the spring and sunter of l9l. The snails were kept in 

aquaria containing well-aerated stream water circulating through 

a charcoal filter. The temperature of the water was kept at 

approximately 0 C. by suspending the aquaria in tanks through 

which flowed cold tap water. Deconiosing carrots, celery and 

leaves were used as food for the snails. Snails so treated could 

be kept alive through the winter in the laboratory. 

The leopard frog, Rana pipiens Schreber, was used as the 

experimental intermediate host. The frogs were obtained from 

Oskosh, wisconsin, which minimized the possibility of their 

beine naturally infected with metacercariae of Metagonimoides 

oregonensis Twenty frogs , not experimentally exposed to cercarial 

invasion, were examined for heterophyid metacercariae and found 

to be negative. Metacercarial cysts were sought in the frog 

tissue by compressing it between microslides and examining with 

dissecting and compound microscopes. 

The Oregon red-legged frog, Rana aurora aurora (Baird and 

(iirard), was found to be the natural host for the metacercariae. 

Frogs of this soecies wore collected in the spring of 19S2 from 

McFadden's swamp, 12 railes south of Corvallis, Oregon. 
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Sexually mature flukes were recovered from racoons trapped along 

aryts River, near VJren, enton County, Oregon. 

Golden hamsters were used as experirnental definitive hosts. 

The hamsters wore kept in standard laboratory cages and fed purina 

Laboratory Chow. Adult flukes were recovered from the small 

intestine of the haiter by agitating the opened intestino in 

mammalian Ringer's solution, 

All measurements and most observations were made of living 

material. Cercariae and metacercariae were often stained with 

dilute solutions (1:5000) of either neutral red or Nile blue A, 

which would slow body movement without killing the larvae. It 

was possible to see minute anatomical details by allowing the 

fluid in which t} larvae were suspended to evaporate from under 

the coverslip, thus compressing the larvae. Metacercariae in 

frog muscle were fixed in ?ouin's fixative, sectioned, and stained 

with heniatoxylin-eosin. Adult flukes were fi'ed in forrnalin-acid- 

alcohol mixture beneath cover slides to flatten them. Tholo mounts 

of adults were stained with Mayer's carinaluni; serially sectioned 

adults were stained with iron-hematoxylin. 

Measurements were made with a measuring eyepiece. The 

camera lucida was used to obtain proper proportions; details of 

anatOEny were added to make cormosite drawings. 
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DATA 

The adult fluke. Heavy infections of sexually mature 

Metagonimoides oregonensis were recovered from the small intestine 

of wild racoons and from experiientally infected hamsters The 

anatomy of the fluke agrees with the description as given by Price 

(9, p.bOS), who erected a now genus and species from specimens 

collected in this locality. The forx made available to him were 

preserved and lacked a cuticle so that he was unable to describe 

the close-set, fine, scale-like cuticular spines. They are most 

nmrous toward the anterior end. 

Only the more conspicuous details of the excretory system 

could be observed (Plate I, Figure 1). On either side of the fluke 

a wide anterior collecting duct unites with a narrower posterior 

duct at the distal extremities of the lateral arms of the Y-shaped 

excretory bladder, There are 18 flame cells on etch sido. A 

flame cell formula was not erected, as the collecting tubules from 

the flame cells to the main ducts could not be followed with 

certainty. 

ova and Miracidia. The eggs of Netagonimoides are small 

(0.033 irm. by 0.018 mm. ) , ovoid and brown. They have an operculum 

at one end and a short, blunt knob at te other. Large nuthers 

of eggs were obtained from adult flukes removed from the small 

intestine of a wild racoon aal from experimentally infected 

hamsters The adults wore placed in watch glasses for extended 
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periods of time and the eggs passed by them collected from the bottom 

of the dish. The eggs were cubated in open dishes containing 

well-aerated, filtered streaxri water kept at room te.erature. 

The egg, when it leaves the uterus, contains five large 

vitelline cells and. an eual1y large ovum (Plate I, Figure 2). 

After 23 days of incubation, the egg contains a sluggishly roving, 

ciliated miracidium (Plath I, Figure 3). The miracidium is 0.021 mm. 

long and 0.012 sin. wide. The anterior end of the larva is conical, 

the tip lying just behind the operculum of the egg. A unicellular 

gland lies in the apical region and communicates with the tip of 

the miraciclium by a wide duct. After 120 days incubation, the 

miracidia in the eggs were identical with those incubated 23 days. 

They moved only occasionally within the egg shells, and very 

sluggishly. There is no apparent attempt by the miracidia to force 

their wa out of the eggs by pushing against the opercula. 

The eggs were subjected to various treatments in attempts to 

stimulate hatching of the miracidia. 1acing the eggs in warm 

water, dilute solutions of ¡iCi, trypsin solutions, and combinations 

of these failed to produce hatching of the larvae. Whether 

miracidia hatch in water and penetrate the snail or must be ingested 

by the molluscan host in order to continue development was not 

as certa med. 

Redia. Although repeated dissections of Goniobasis were made, 

no sporocyst was ever seen. Mature and immature rediae occurred 



in large numbers throughout the digestive gland tissue of the snail. 

Immature rediae never were found to occur within another redia. 

Snails isolated in an aquarium for periods of four months and 

longer, and hence kept from re-infection by miracidia, produced 

large numbers of immature rediae which must have arisen fr some 

generation other than the xniracidia. 

Redia obtained from the digestive glands of infected snails 

measured from 0.12 mm. to 1.6 mm. in length and from 0.03 xn. to 

0.3 mm. in width. The smallest redia is straight and narrow, 

possesses a well-developed pharynx O.O3 mm. in diameter, and has 

a straight intestine that extends through the length of the body. 

The immature redia shows marked motility. As it natures , the 

body becomes wider, the gut does not elongate and germ balls that 

originate posteriorly appear in the body cavity. FuUy developed 

rediae are typically sausage-shaped (Plate I, Figure 1) . The 

pharynx is the same size as in the bimature redia. The intestine 

:I.s short (O.O mm. - 0.1 nm.) and usually lies at a right angle to 

the phar:yiix. The mature redia moves sluggishly, the movement 

being largely restricted to a probing action by the pharynx. 

birth pore, often seen on a raised process, is approthnately O.O3 nm. 

from the anterior end of the body. Cercariae were observed to leave 

the redia through this opening. 

A mature redia contains gern balls, immature cercariae, mature 

cercariae, and intermediate stages of cercariac developing into 

metacercariae, and mature metacercariae. The intermediate stages 
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of cercariae developing into rìetacercariae are characterized by 

degeneration of the tail, loss of the penetration glands, widening 

of the body, and progressive development of the intestinal caoca 

and ventral sucker. Metacercariae that develop within rediae are 

never encys ted. The smaller redine contain more cercariae than 

they do metacercariae, whereas the larger redine are filled with 

metacercariac and contain only a few cercariae. 

Only two snails of several hundred examined were infected 

with redine that contained only cercariae. 

Infected snails isolated in Linger bowls shed only cercariae. 

However, in one of several hundred examinations, four metacercariae 

were found free of the snail and dead in a finger bowl. These 

presumably carne from a redia that had ruptured. The apex of the 

shell of Goniobasis silicula is fre4uently absent. This was true 

of the snail from which the metacercariae had been shed, and may 

have provided an exit for the larvae. 

Cercariae. Motile cercarine can be readily obtained for study 

by placing infected snails in finger bowls containing stream water 

which has been warmed to room tenporature. Usually forty or fifty 

cercariae were shed from a single snail within ten to fifteen 

minutes following such treatment, 

The cercariae of Metagonimois oregonensis belong to the 

plourolophocereous group established by ewell (10, p.1). When 

the larva is inactive, the body is long and slender and somewhat 

arched dorsally (Plate II, Figure ). Cercariac stained with 



Nile blue A assumed a resting position characteristic of larvae in 

stream water. The body is capable of assuning considerable 

differences in shape. ehen contracted, it appears almost spherical 

and measures 0.09 rin in length by 0.06 nim. in width. In an 

extended condition it is O.21. min. long and O.OI rrn. wide. The 

body is covered with spines, conspicuous anteriorly, but extremely 

minute posteriorly. The tal]. is set deep in a socket at the 

terminal portion of the body. It is ice as long as the body az. 

is provided with a thin, transparent ventral fin fold which xtenda 

from the middle of the tail to the tip. The fin is broadest at 

the end of the tail and Lnparts a crook to the tip of the tail. 

The tails of cercariae stained with Nile blue A measured from 

0.3 mm. to 0.33 imn. in length and from 0.026 um. to 0.03 nm. in 

width. The violent, whip-like action of the tail allows the 

larvae to swim rapidly forward and upward through the water. 

Characteristically, the cercariae swim towards the surface of the 

water or horizontally, then suddenly stop and slowly sink to the 

bottom. Changes in light intensity or slight mechanical agitation 

stimulate swimming. 

The cercariae (Plate II, Figure 6) have conspicuous eyespots 

containing pigment granules. These are located dors o-laterally, 

approximately 0.066 inri, from the anterior end of the body. 

Although nearly always a spherical, compact aggregation of granules, 

and eyespot" may occasionally appear as an area of scattered 

pigment granules. 



The oral sucker is 0.037 rm. in length and O.O2 r. in width; 

the opening is slightly subterminal. The dorsal wall of the oral 

sucker bears two horizontal rows of spines, seven spines to a row. 

These spines are slightly larger than the cuticular spines, but 

otherwise like them. A long prepharynx extends from the oral 

sucker to the level of the eyespots, where it joins a small, oblong 

(O.O2 mm. long) muscular pharynx. The pharynx is best seen 

unstained corcariae, as it lies ventral to the penetration gland 

duets and is obscured when the latter are stained. ì10 further 

evidence of a digestive tract ha been observed in cercariae shed 

from their snail host. 

The central region of the body contains conspicuous enetration 

gland cells with large, clear nuclei. These are best observed by 

staining living cercariae with 1:1000 neutral red. There are from 

11 to 16 cells arranged in a cluster which extends to the lateral 

margins of the body. The cell cluster pyramids anterio-mediafly 

and from it four broad ducts pass anteriorly between and ventral 

to the eyespota to a point just behind the oral sucker. Tiere, each 

is seen to divide into two ducts that curve over the dorsal wall 

of the sucker and open to the exterior irediately anterior to 

the mouth. Although the openings of the ducts were never seen, 

nuirous observations revealed secretions of a glandular material 

at from five to eight points where the ducts appear to end. 

A large, thick-walled excretory bladder filled with material 

resei1ing oil droplets is located just anterior to the tail socket. 
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The wafl of the bladder is often deeply creased and folded upon itself. 
An excretory duct leading froni the bladder to the nosterior end of 

the body can be seen after the tail has been cast from the cercana 

during penetration. Flame cells were never observed in the body or 

in the taj]. of the cercariae. 

Undifferentiated cells, which are reproductivo anlagen, lie 
between the excretory bladder and the penetration glands. These 

cells are uniformly pink when stained with neutral red, contrasted 

with the dark red apie arance of the penetration glands. Although 

the ventral sucker is well-developed in this region in the 

ietacercaria, it is not found in the cercana. 

Free-swìimthig cercaniae would readily penetrate frogs and 

tadpoles exposed to them. Contact with the host seems to be 

chiefly oy chance. Frog tissue placed in stream water containing 

active cercariae did not attract the larvae unless actual contact 

was made with the tissue. Often cercariae would swim or rest within 
a millimeter of frog tissue without reactin toward it. However, 

when they swam into the frog or came to rest upon it, they irmiediately 

began to penetrate. Initial attachient is by the oral sucker and 

is accompanied by violent whipping of the tail, which is detached 

fron the body within one to three minutes The detached tall remains 

motile for about five minutes. Further penetration is slow and 

laborious The oral sucker, by repeatedly opening and closing the 

mouth, performs practically all of the mechanics necessary for 

penetration, the remainder of the body being relatively inactive 
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during the procedure. The host tissue at the point of penetration 

becotìes reddened, but not blistored. 

Cercariae were seen to penetrate adult Rana pipiens, Rana aurora 

aurora, and tadpoles of Rana catesbiana Shaw. 

Hamsters experentally fed free-swimniing cercariae never 

harbored adult flukes. 

ctacercariae. The rnetacercariae, as they occur within the 

redia, differ greatly from the freo-swinirning cercariae (Plath II, 

Figure 3) . The body ïs ovoid, flattened dorso-ventrafly, and its 

surface is covered with small spines. Most of the netacercariae 

have lost their tails, although a few have been obserod to possess 

a non-functional, feebly attached, degenerate tail. When present, 
it is shortened and irregular in outline. Detached, degenerate tails 

were often found free within a redia. The larvae, when renoved frïi 

the redia and laced in 0.6 per cent saline, are :iuite active, but 

do not advance very rapidly across the bottom of a dish. Locomotion 

IB not aided by the suckers , but is accomplished exclusively by the 

circular and longitudinal muscles Measurerients were taken of 

netacercariae that were stained with Nile blue Â, which ini.nbnized 

movement without killing. Fody length varies from 0.13 inni, to 

0.27 mzî,, the average length being 0.23 inni. Fody width varies from 

O.1 rrun. to 0.21 min. 'he average oody width is 0.139 nni, 

The unarmed oral sucker opens terminally and measures from 

o.1 min. to 0S2 mm. in diameter. Six separate uniceflular glands, 

each with a duct leading into the buccal cavity, lie side by side 
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on the posterior rbi of the oral sucker. These minute bucca.l glands 

are not present in the cercarla or the adult, Their function is 

unknown. The pharynx is longer than broad aril is connected to the 

oral sucker by a short prenharynx. The average length of the 

pharynx is 0.038 mm.; the average width is 0.028 mm. The longi- 

tudinal axis of the harynx usually lies in a diagonal position 

between the oral sucker and the intestinal caeca, to which it is 

connected by a long esophagus folded once upon itself. The two 

cae ca extend laterally in the mid-region of the body, then turn 

posteriorly, passing laterally to the genital mass, the ventral 

sucker and the excretory bladder. They end blindly on either side 

of the posterior excretory duct. 

The eyespots are dorsal, each located midway between the 

lateral body wail and the pharynx. The pigment granules making up 

an eyespot" may be in a coripact mass, although there is usually 

dispersion of the granules inì one or both eyespot bd. Rarely 

there is no trace of pigment. 

The most characteristic and conspicuous feature of the mcta- 

cercarla is the posterior, Y-shaped excretory bladder. It contains 

highly refractive granules which arpear black when observed by 

transmitted light. The stem and arms of the Y are about equal in 

length, the former ending at the posterior extremity of the body in 

an excretory pore. The main coflecting ducts are arranged in a 

manner similar to that of the adult. There aro, however, only 

sixteen flame cells on each side of the metacercaria, two less than 
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the number found in the nature fluke. 

The ventral sucker and its associated gonotyl are evident on the 

right intestinal cecum. The sucker is broader than long, measuring 

0.031 mm. by O.ObS mm, Its aperaturo is directed anterio-medially 

and opens into the gonotyl. The gonotyl has an irregular ventral 

opening. 

The reproductive organs are well-developed in the metacercaria. 

An ovary is situated in the fork of the excretory bladder. The 

uterus arises from the left side of the ovary, coils and turns to 

the right, passing to and opening into the gonotyl. The elongate 

testes lie lateral to the arms of the Y-shaped excretory bladder, 

within the posterior extensions of the caeca. The testes average 

0.031 mm. by 0.01)4 mii. 

Netacercariae obtained frein redine survived for only thirty 

minutes when they were placed in stream water. They lived for 

four days when kept in 0.6 per cent saline in the refrigerator at 

70 0. 

One sexually mature adult of Metagoni.moides was recovered from 

the small intestine of a hamster seven days after twenty metacercariae 

taken from rediae had been fd to it. Heavy infections ( 0 to 60 

flukes) were obtained by feeding hamsters the digestive gland of 

snails infected with approximately 1000 metacercariae. 

Encys ted metacercariae from cercariae experii ntally introduced 

to the frog host are found rincipally in striated muscle tissue. 

In the early stages of development within the frog, irtacercariae 



were frequently found in the kidney, but only in small nuribers Cysts 

dissected from frog muscle were placed in 0.6 per cent saline on a 

microslide and covered with a ooverslip. Sliht pressure exerted 

upon the coverslip ruptured the cyst wall and released the nìeta- 

cercariae. ¿ricysted forms taken from the striated muscle of 

experimental as well as from wild frogs are morphologically identical 

with mature metacercariae that occur within a redia. 

Two days after penetrating the frog, cercariae were found to 

be within thin, delicate, transparent cysts. They no longer 

possessed penetration glands, but were otherwise similar to the 

free-swimming forms The cysts were 0.1 mm. in diameter. Twelve 

da:1s after penetration, the encysted larvae possessed two intestinal 

cauca arid a weakly de'îeloped ventral sucker. Finely granulated 

material was deposited around the original cyst wail and the cyst 
was slightly larger. rsts after thirty days had marked depositions 

around the wail. 

Forty-five days of development within the frog are nece;sary 

before the metacercariae roach the size and possess the structures 

described in nature, infective ethcercariae from a redia. The 

fully developed cyst is 0.21 mm. in diameter (Plate II, Figure 7). 

Adult flukes were recovered from a hamster exarrined seven days 

after having been fed netacercariae which had developed for seventy 

days in an experimentaUy-irifectd Rana pipions. It is likely that 
less than seventy days is re..iuired for the metacercariae to become 

infective A feeding of nietacercariae forty-four days in the frog 
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did not produce adult flukes in the harister, but only twelve cysts 

were available, Of over fifty cysts fed at seventy days, only fcìr 

adult flukes were found in the small intestine. The incidence of 

infection in the hamster seems low; Drobably it is not a good host 

for this parasite, 



D ISCUSION 

The observations ¡nade by Ingles (5, p. 20) on the larval stages 

of Netagorthnoides oregonensis that occur in the snail host led him 

to draw conclunions concerning the life cycle of this form which are 

at variance with the observations contained i.n this report. Ingles 

could not find a birth pore on the redia, and no mention was made 

of finding free-swimming cercariae shed fron the snail. Conse- 

quently, his description of the cercsria was made on forms which 

were present within a redia, and differs from the description as 

given here. Ingles' measurements of the cercariae were generally 

greater, no penetration glands or oral spines were reported, and 

the cercariae he described possessed a mid-ventral acetabulum and 

two intestinal caeca, structures which are not yet developed in the 

free-swiiming forms The features that ingles noted led him to 

conclude that, s'The main interest in this fluke lies in the great 

transformation which the cercana undergoes in becoming an 

adolescaria, and in the recapitulation of those characteristic 

structures which adapt the cercana for a free-swimming life which 

in this species it never exp3riences . 

The ores eut study gives amDle evidence of a free-swimming 

cerearial stage, although such a phase is not obligatory in the 

cycle (Plath In). The 'cercania" of Ingles was an early intermediate 

stage of develomient toward the metacercaria within the radia. The 

description of the radia and metacercania presented herein agree 

essentially with those of Ingles. 
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Loss of the free-swimrthg cercarial stage has been retorted to 

occur in the life cycle of rany trematodes. Sinitsin (11, p.692) 

observed that the microcercous cercariac of Distorn-um folium 

(Phyflodistomum macrocotyle (Lühe) Odhner) encys ted within the 

sporocyst in which they doveloped. Sinitsin (12, p.7) also reported 

that Cercarla sinuosa Sinitsin does not energe from the intermediate 

host, but encysts within the sporocyst, Dobrovoiny (, p.139), in 

describing the life history of Plagioporus sinitsini Mueller, obserred 

that the cotylocercous cercariae do not emerge from the sporocysts 

but develop into nietacercariae in situ. 

Trenatode life cycles in which the cercariae ar or nay not 

eaerge from their mother generation are not rare. Sinitsin (12, p.9) 

observed that Cercana dimorpha consisted of two larval forms within 

the same sporocyst (parthenita) . A small forni (Prodroina) emerged 

from the snail host, whereas a larger form (postera) shed its tail 

arid encysted within the sporocyst. Dawes (3, p.16) has cited 

Nagano's observations on the encystnent of the cercariae of 

Asymphylodora tincae, a monorchid fluke of fishes Here "the 

cercariaeum may oncyst in the tissues of the intermediate host, or 

may emerge and encyst in another individual, or may even ericyst 

within the redia in which it developed while this remains in the 

tissues of the snail." McMullen (7, p.237) showed that the 

xiphidiocercariac of ?lagiorchis ìnuris Tenabe and Plagiorchis 

proximus Barker would encyst within the sporocyst or actively 

penetrate insect larvae to encyst. roth cysts were equally 



infective in definitive hosts NcìuUen referred to this phenorienon 

a a case of precocious development of the ietacercaria. In a 

subsequent study, Nc!u11en (8, p.278) observed precocious metacer- 

cariai developnent in six trematodes belonging in the superfamily 

Plagiorchioidea. The metacorcariae within the sporocysts were in 

various stages of develooment. 'ome were normal, encysted larvae, 

others did not encyst arid showed certain abnormalities , while still 

others resembled young adults Hi study indicated that the 1nidece 

of precocious development was subject to seasonal variation. In 

regard to the factors which may cause retention of the cercariae in 

one instance and not another, McuUen states that 'the condition 

seoxis to be caused by the approaching senility of the snails and 

the trenatode infections, and possibly by other phyiolo4cal and 

ecological factors as yet unknown." Cort and Brackett (2, p.SlS) 

observed precocious develooment of the metacercariae of a strigeid, 

Diplostomum flexicaudum. The "diplostoriula" within the sporocyst 

agreed in structure with metacercariae from the lens of the eye of 

the coiïon sucker. Precocious development in this form seemed to 

be associated with old infections of the cercariae, 

The instances of losx or suppression of the free-swimming 

cercarial stage presented above are not intended to represent an 

exhaustive review of the phenomenon as it occurs throughout the 

Class Trematoda. They are cited to sugc'est that the condition is 

relatively common in many families of trematodas. 

It has already been stated that Ingles could find no evidence 
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of a free-swiiiining cercarial stage in Metagonimoides develoDing in 

Goniobasis nirina, A confirmation of his observations using that 

species of snail, in the light of the present investigation, is 

needed. It is posLible that Ingles missed the free-swimming cercana, 

The cycle heroin described may, however, represent a transitional 

condition in the evolution of this fluke, in which the free-swimming 

cercarial stage is optional in Goniobasis silicula and lost in the 

cycle when the host is Goniobasis r4grina. 

It would appear that there is a critical stage in the development 

of the cercaniae, during which the larvae are physically and 

pysiologicaUy capable of a free-swLirning existence. The cercariae 

during this period are capable of great muscular contractions 

accompanied by strong lashing of the tail. They are able to live 

:i.n streaxi water or in a saline medium, The cercariae reach the 

water il' they find the birth pore and escape from the redia during 

this active period . If they do not escape , their development 

continues, the body increases in size and the tail slowly degenerates. 

Further deve1opnnt within the redia is accopanied by physiological 

changes so that subsequent stages cannot live in fresh water. The 

iicidence of these post-cercarial staces in Metagonimoides apparently 

is correlated with the age of infection within a given snail rather 

than with the age of the snail. Motacercaniae were generally more 

numerous in langer rediae, whereas developing and mature eercaniae 

outnumbered the i'netacercariae in smaller, and presumably younger, 

rediac. This condition was apparent in both young and old snails 



infected with the larval stages of this parasite. The two snails 

which were found to contain no xitacercariae were both srnafl, but 

no smaller than many that harbored metacercariae. Prosurrtably the 

infection in these two snails was of recent origin. A possible 

cause of increased incidence of vLetacercariae within an older redia 

can be postulated as follows. After a given redia contains a matured 

metacercaria, that netacercaria will occupy a greater amount of 

space within the redia than it did in its preceding stage. The 

space within the redia available to the remaining cercariae is thuz 

decreased, Corcariae, to escape, must pass beside these large 

metacercariae in order to reach the birth pore. Few escape and 

still more develop into metacercariae. This increases the proportion 

of metacercariae to cercariae within progressively older rcdiae. 

lthough the majority of heterophyid trematodos encyst in 

the skin of fishes, various frogs have been known to serve as 

intermediate hes ta for the genus Euryhelmis Zoller (13, p. 215) 

described the metacercariae of uryhelmis squamula Rud., the adult 

of which occurs in the intestine of sorne European polecats, fri 

cysts in the skin of liana temporario taken near Tilbigen, Germany. 

Joyeux, Baer and CarÑre (6, p.106?) reported cysts of Euryholmis 

squamula in all of the tadpoles and young of Rana esculenta in the 

vicinity of Narseilles, France, In the life cycle of Euryheii'.is 

monorchis Ameol (1, p.221) the cercariae readily penetrate frogs 

and tadpoles exposed to them. Motacercariae encysted in the skin 

and subcutaneous tissue of the frog and were infective after 



forty-five days. T} infection occurred naturally in Rana clamitans. 

In all of the frogs mentioned above, the invading cercariae 

caused a blister to be formed on the surface of the frog skin at 

the point of penetration. Fully develoîed metacercarial cysts in 

the host tissue were visible to the naked eye. The cercariac of 

Metagonimoides, penetrating Rana pipiens, Rana aurora, and the 

tadpoles of Rana catesbiana cause the skin at the point of entry 

to become reddened, but do not produce blisters. There is no 

external evidence of encysted metacercariae, but the mature cysts 

can ue seen without the aid of microscope in striated muscle 

tissue. 

The raetacercariae of Metagonimoides oregonensis, whether in 

the snail or in the frog, are equally infective to the definitive 

host, Both intermediate hosts are known to be represented in the 

diet of the racoon. Therefore, these alternatives would have 

biological valuo in proeagating this species of fluke. 



SUMMMT 

The najor stages nvo1ved in the life history of NetagonomoicLea 

oregonensis, a heterophyid trematodo of the racoon, aro identified 

and described. The life aycle has been coleted experizmental]y 

from the cercaría to the adult. 

Eggs contain rtiiraci.dia after twenty-three days of incubation 

in water. flatching was not observed. 

Redise occur in the digestivo glarxl of the snail, Goniobasis 

silícula (Gould) They contain plourolophocereous cercarine, 

infective metacereariae anì intermediate stages between the two, 

but never daughter rediae. The incidence ol' post-cercarial stages 

present within the redis apparently correlated with of 

infection within the snail. 

ercariao are produced in the rodia and may either ererge 

from it or develop directly into netacercariae in situ, 
Metacercariae that develop within redise do not encyst, ben 

fed to hansters they develop to sexually nature flukes in seven 

days in the intestine of that host. ercaríae that energe from 

the redine nenotrate the skin of frogs and tadpoles, and enrst 
in striated muscle tissue, Corcariac penetrated adults of 

Rana pipioz , Iana aurora auror, and the tadpole of flana 

cates b tana u 

Notacercariac, encysted In frog rr.iscle for forty-five dayz, are 
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rnorphologicaliy Identical to infective metacercariae developed within 

rediae. Metacercarie frorOE the frog were infective seventy days 

following cercarial penetration. These developed to adult flukes 

within seven days in the hanster. Encysted metacercariae occur 

naturally in Rana aurora aurora. 

The stages of the life cycle of this fluke are illustrated and 

details of anator recorded. 



3 IBLIOGRAPffY 

1. Ameel, Donald J. The morpholoj and life cycle of Euryhe1riis 
monorchis n. sp. (Trerriatoda) from the mink, Journal of 
parasitology 21:219-221. 1938. 

2. Gort, W. W. and Sterling Brackett. Precocious deve1oprient of 
the inetaoercaria stage of Diplostonium flexicauduin in the 
snail intermediate host. Journal ofparasitology 23: 
S1-16. 1937. 

3. Dawes, Ben. The Trematoda. Cairidge, Cambridge univ. press, 
l9L6. 6hhp. 

I. Dobrovolny, Charles G. Life history of Plagioporus sinitsini 
Mueller and embryology of new cotylocercous ercariae 
(Treraatoda). Transactions of the American microscopical 
sciety f8:l2l-1%. 1939. 

. Ingles, Lloyd G. Notes on the development of a heterophyid 
treatode. Transactions of the American microscopical 
society Iul9-2l. l93. 

6. Joyeux, C., J. G. Baer and P. Carrre. Recherches sur lo cycle 
volutif 'Euryheis s juamula. Comptes rendus dea 

seances de ltacademie des sciences 199:1067-1068. 1931i. 

7. McMullen, D. P The life histories of three treinatodes 
parasitic in birds and mammals belonging to the genus 
Piagiorchis. Journal of parasitology 23: 23!-2L3. 1937. 

8. Observations on precocious metacercarial development 
in the trematodo superfamily Plagiorchioidea. Journal of 
parasitology 21u273-279. 1938. 

9. Price, E. W. Metagonimoides oregonensis, a new trematode from 
a racoon. Journal of the Washington academy of science 
21:05-107. 1931. 

10. Sewell, R. S. Cercariae indicae. Indian journal of 
medical rcsearch 10 (supplementary nuinber):1-370. 1922. 

]:L. Sinitsin, D . F. Minige Beobachtungen über die Entwicklungs- 
geschichte von Distomun folium 01f. Zoologischer 
Anzeiger 2iu689ô9Li. 1901. 



2 

12. Sinitsin, D F. La generation parthenogenetique des Trematodos 
et sa pos trit dans les mollusques de la Mer Noire. 
(In Russian) Memoires of the academy of science of 

St. Petersburg 30:1-127. 1911. 

13. Zellor, E. tíber das encystierte Verkonmen von Distomimi 
f quazaula Rud. im braunen Qrasfrosch. Zeitschrift fur 
wissenschaftliche Zoologie l7:21-22O. 1867. 



. . P: . ,.- .. 
,. .... . 

. 

'. 

' _;;4;!. - 

: -. 

c: .. 

:- 
- .;. , 

..- - . . 

. , : .:1P 

.. . --. - 

' 

ì 

: 

.ß .. 

;;- 
' 

-:- 

- 
4 

. .. 
« .. . 

: 
e-ç. 

4 - .- 

L 

r! 
, , , , .- . ï . 

- 

- -: p.q.- . - ., 
.' .. .. - : 

; 

, " ,. - 
; 

-4 
: 

. -. 
/p 

:::. 

. 

-.--- - . - - - , - ,. , -., -*-. . -' 

t 

. . 

: 
:. * i.,- - 

-- 
::: 

: 

- 

. 

' 
:: 

: 

4 
- - : . 

. 

:. 
r 

- 

; ; . - 
-.- 

, - . 

. . 

: 

.* . 
: ' : ;. ç, , 

-il .- - -- 
- 

:. - 
-- - ', 

: 

4. - 

4 

. 

;; .: 

s - - « , . - *: 
q 

3 ? 

.( ..- . 
J ,w - 

, , 

.. 

' . - , 4 - 

!!% . 
:\$: 

*t_ ; : 
- t 

> 

ç ( 

' , 

' , 

4ft - 

5 r:k . 

I , 
,- '; , , 

:; 
. 

. -: : 
r t 

: f ; . 

: 

Rt;' ' 

:3;7gz : ' 
ç ¿ A ' ,r 

4 E $ -;:;E ' . 
Ç 

: : :: 

t / : 

. , 

: . 

':: 

: 

1_, ¿' - 
1 

- , ; - 



Plate I, Figure 1. The excretory system of the adult fluke, 

}letagonirioides oregoneasis. 

Gol D : Collecting duct, Ex B Excretory bladder, F C : Flame 
cell, Gt (onotyl, mt o Intestinal cectuu, O S Oral sucker, 

0V Ovary, Ph = Pharynx, S R Seminal receptacle, T : Testis, 

V S Ventral sucker, 

Plate I, Figure 2. Newly passed egg of Netagonimoides oregonensis. 

0V Ovum, Vit C - Vite lime cefl. 

Plate I, Figure 3. Embryonated egg containing motile iiiiracidium. 

Plate I, Figure Ii. Nature redia containing cercariae and meta- 
ceroariae. 

13 P = Birth pore, C = Cercana, mt : Intestine, N Metacercaria, 
Ph = Pharynx. 



PLA 

O.Z7S.a 

FIg. 4 

vIt.c 

0v 

0.03mm Fg.2 I Ftg.3 



Plate II, Figure . Pleurolophocorcous cercarla of etaconimoides 

oregonensis after emergence from the snail Goniobasis si!icula, 

Eye Eyespot, Ex B = Excretory bladder, F F = Fin fold, O S = 

Oral sucker, P G = Genetration gland. 

Plate II, Figure 6. Body of cercarla. 

Eye = yespot, Ex B Excretory bladder, G A : Genital anlagen, 

s g Oral sucker, P G = Penetration g1ar, P G D Penetration 

gland duct, Ph Pharynx. 

Plate II, Figure 7 Infective nietacercaria of Metagonimoides 

oregonensis taken from the striated muscle of a frog. 

C W a Cyst wall, Eye Eyespot, Ex F. a Excretory bladder, O S 

Oral sucker, Ph Pharynx, V .5 Ventral sucker. 

Plate II, Figure 8. Infective metacercaria taken from a redia. 

B G : Buccal glands, ol D Collecting duct, Eso Esophagus, 

Eye Eyespot, Ex B Excretory claJder, Ex P Excretory pore, 

F C = Flame cell, Gt Gonotyl, mt C Intestinal cecum, O S 

Oral sucker, 0v Ovary, P Ph Prepharynx, Ph = Pharynx, Sp 

Spines, T Testis, Ut = Uterus, V S = Ventral sucker. 
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Plate III, Figure 9 D iagraxrniìatic representation of the life cycle 

of Netagonimoides oregonenzis. 
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