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T}IE LIFE CYCIJE OF A PROGENETIC
TREMATODE (OPECOELTDAE)

FROM COTTUS ASPER

INTRODUCTION

The trematode which is presented here has a short

tailed cercaria belonging to the group which was desig-

nated as cotylocercous by Dollfus (5, p. 38-42). He de-

fined cotylocercous cercariae and expressed the view that

they are a natural grouping. In L932 Stunkard (13, p.

327-33O) stated that there was adequate evidence for re-

garding these cercariae as a distinct group. McCoy in

L929 (9, p. 220-225) demonstrated that a cotytocercous

cercaria was the Ia::val stage of Hamacreadium mutabilq

Linton. This was the first experimentally completed life

cycle involving a cotylocercous, also called cotylomicro-

cercous, cercaria, and it established a relationship be-

tween cotylomicrocercous cercariae and the family AIlo-

creadiidae in whj-ch H. mutabile was then placed. The

first fresh water cycle with cotylomicrocercous cercariae

was described by Sinitsin (II, p. 409-456), who in 1931

reported cycles for Pla,qioporus silriculus and Plagi.opgr_us

virens in Oregon. A check list of known cotylomicrocer-

cous cercariae from mari-ne and fresh water habitats was
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presented by Dobrovolny in 1939 (4, p. L22) .

In L94L Hopkins (7, p. 4L-44) suggested that "AIIo-

creadid like" genera havi-ng cotylomicrocercous cercariae

and a zlfZ + 2) + (Z + 2)f flame cell formula be placed

in the family Opecoelidae Ozaki L925. Ozaki (10, p. 6)

has based Opecoelidae 9n the fusion of intestinal crura

and the presence of an anus, but Stunkard (L2, p. 713-

725) showed that anal openings developed independently

in genera of several families in which other genera have

no anal openings, and that even intragenerically the anus

may be present or absent. Cable and Hunninen (3, p. 311)

agreed with the suggestion of Hopkins.

l,lanter in L947 (8, p. 285) proposed a new family

diagnosis for Opecoelidae which separated the opecoelids

from Allocreadiidae on the basis of the cotylomicroeer-

cous larvae found in the opecoelid group. He also pro-

posed new subfamilj-es. A new superfamily, Opecoeloidea,

was proposed by Cable in 1956 (2, p. I0) composed of

Opecoelidae and Opj-stholebetidae, a small family from

marine fish. The subfamilies of opecoelidae established

by Manter were accepted by Cable.

Progenesis is unusual but not unique in digenetic

trematodes. Buttner in 1950 (1, p. 376-434) gave a
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detailed account of known progenetic cercariae and meta-

cercariae and described a progenetic life cycle for

Paralepedoderma brumpti Buttner (elagiorchiidae) which

was completed without a definitive host.

This investigation was undertaken to trace the life

stages of a progenetj-c metacercaria found in the tissues

of Cottus asper Richardson, to determine its relationship

to other forms and to identify the hosts involved,

IVIETHODS AND MATERIALS

AII specimens of Cottus asper used in this problem

were collected from streams on the Oregon coast. C.

asper from the Alsea River were found to be the most

heavily infected with the progenetic cysts and were there-

fore the primary source of material.

Collections of C. asper were made in the A1sea River

from the upper end of tide water to a point 20 miles up

stream. This is the region where the cottids were found

to be most abundant and where the progenetic infection

in the fish seemed to be the heaviest. Still pools with

backwaters and rocky ledges were found to be the best

place to catch C. asper, and the best catches were made



after sundown. Catches were made on hook and line qr

with crayfish traps using crayfi-sh or meat for bait.

The average evening catch of 10 to 20 cottids was trans-

ported back to Corvallis in 5-gallon jars of river water

or in wet sacks. The wet sacks, particularly when

chilled with ice, resulted in the Iowest mortality rate

due to oxygen defJ-ciency.

Prior to dissection, the cottids were maintained in

aerated, filtered aquaria at a constant temperature of

600 f'. In this manner cottids were kept for months at a

time.

Cutthroat trout, Eellno clarki! clarkii Richardson,

from the same region of the Alsea River were caught on

hook and line for examination as possible hosts for the

adult fluke. Of 36 trout examined 18 were over 12 inches.

It seemed more prabable that the larger fish would have

ingested cottids.

Progenetic cysts in C. asper liver were fed to

laboratory chickens, hamsters, young kokanee (Oncorhvn-

chus nerka (walbaum)) and young steelheads (Sa1mo craird-

nerii crairdnerii Richardson). The young steelheads were

6-7 inches long and were maintained in filtered, oxy-

genated aquaria at 600 F. The fish were difficult to



feed until placed in an aquarium in which the back two-

thirds was completely protected from 1ight. In this

aquarium the fish would readily dart from the dark por-

tion of the aquarium to grab whatever was fed to them.

The kokanee were maintained and fed in the same manner

as the steelheads.

During the search for the first intermediate host,

five different mo1luscs, gxvtrema siliculus (Gould),

Flumenicola virens (Lea), !is:!1!!rls sp., Sphaerium sp.

and fresh water mussels were collected and examined for

shedding cercariae. F. vi,renE, which was found to be

the molluscan host, was collected easily in shallow

water from rocks or mud. The snails then were allowed

to shed by placing them in open dishes, four to six to

a dish, and leaving them overnight. Once a dish was

found with the cercariae, the snails in it were placed

individually in dj-shes and allowed to shed, so that the

single infected snail could be j-solated.

Adults and metacercariae were studied alive under

heavy coverslip pressure as well as from prepared slides.

In the preparation of slides, worms were either flatten-

ed and fixed in A"F.A" or fixed directly in hot A.F.A.

Staining was with borax carmine or Delafield's
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hematoxylin and mountj.ng was in Canada balsam. Some

specimens were imbedded in paraffin and serially sec-

tioned transversely or longitudinally at 15,p . Several

cysts were also sectioned. The serial sections, which

were stained with hematoxylin and eosin were helpful in

determining spatial relationships and in obtaining detail

of the genitalia.

Cercarj-ae were also studied alive under coverslip

pressure. Their behavior and penetration into cottids

were observed in shallow dishes under a dissecting micro-

scope. Cercariae were maintained in aquarj-um water un-

der refrigeration for as long as eight days. Some cer-

cariae were placed under coverslip pressure then fixed

and stained with acetecarmine which was applied at the

edge of the coverslip, While water was blotted from the

opposite edge. After adequate stain had entered the

specimens, glycerine was applied in the same manner as

the acetocarmi-ne. This technique, which clearly showed

the genital anlagen, was described by Dobrovolny (4,

p. L24) . The other method of preparing cercarial slides

was to fix the cercariae in hot A"F.A. without flatten-

irg, stain them in Delafield's hematoxylin and mount them

in Canada balsam. The hot A"F"A. seemed to preserve the



cercari-ae in a natural shape.

Slides were made of miracidia using the above

described acetocarmine glycerine technique with little

success. Ivlost detai-l of the miracidia was obtained

through observation of live material.

Sporocysts from the digestive glands of F. virens

were studies under coverslip pressure and were also fix-

ed in A"F"A" and stained in Delafield's hematoxylin.

C. asper from the Necanicum River were found to be

uninfected with the progenetic flukes and were therefore

used as experimental hosts. The experimental infection

was obtained by placing these uninfected cottrds in an

aquarium with snails which were shedding cercariae.

Attempts were made to infect parasite-free F. virens

with miracidia from cysts. The miracidia and ova in

which active miracidia could be seen were placed with

the snails in dishes of aerated water.

AII measurements are in millimeters and were made

using a calibrated ocular. Drawings were made with the

aid of a Leitz microprojector which was used to obtain

proper proportions.



DATA

Adult

AII of more than I00 specimens of Cottus asper

from the lower Alsea River had encysted worms, many of

which had produced or were actively producing eggs. The

worms in these cysts were considered to be adults if egg

production had begun. In many cysts the area around the

worms was completely fil1ed with eggs indicating that

egg production had been occurring for a period of time.

Adult worms as well as metacercariae were recovered from

young Salmo qairdnerii qairdner_ii which had been fed

Iivers infected with progenetic flukes. As many as 43

active adult wgrms were recovered from the intestine of

a single fish. The infection of flukes was found to re-

main in the intestine as long as five days, but no long-

er. In kokanee the maximum length of infection was four

to five days. The only natural recoveries were made

from two large cutthroat trout in each of which there

was one sexually mature fluke in the lower gut. Thirty-

four other trout were examined without finding any flukes

of this species. Twenty-eight adult worms were recovered
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from the intestine of a large C. .aspq{ which had ingested

a small cottid while in an overcrowded aquarium" No

worms of this species were found in any of 60 C. gEpeg.

from the Alsea River. No morphological differences were

found between the flukes recovered from fish intestines

and those of an equivalent size taken directly from

cysts "

This fluke is believed to be a new genus which will

be described in a subsequent paper. The adults (Figs"

Lo 2, 3) are robust worms with a thick, smooth cuticle"

They vary in shape from oval to cylindri.cal depending on

the degree of contraction" When relaxed by refrigera*

tion or fixed in hot A.F"A" they also are cylindrical.

A slight lateral constriction at the level of the ventral

sucker is sometimes seen" The ventral sucker is large

and muscular and l-ocated 1/l to L/4 of the body length

from the anterior end. The oral sucker is slightly sub-

terminal and a little more than L/2 the size of the

ventral sucker. The prepharynx is short and not always

seen in preserved specimens. The pharynx is globular

and somewhat wider than long. The intestinal bifurca-

tion is close to the anterior margin of the acetabulum"

The intestinal ceca terrninate at the posterior of the
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body but do not unite or form an anus as in some opecoe*

lids. The excretory vesicle is thick walled and ep.i.-

thelial and has a terminal pore " The vesicle is tubular

or saccular in shape and extends near the dorsal surface

to the level of the genitalia" The length of the excre--

tory vesicle is variable and seems to be reduced in old-

er worms" Two primary excretory tubules empty into the

vesicle L/4 of its length from its anterior margin" the

primary tubules extend to the anterior edge of the

acetabul.um razhere each forms two secondary tubules, one

running anteriorly and one posteriorly. The flame celI

formula is z l1z + 2) + (2 + 2)J" The genital pore opens

on the ventral surface mi-dway between the intestinal bi*

furcation and the pharynx and to the left. of the esopha-

gus. A cj-rrus is present, and a well developed cirrus

pouch extends dorsally and posteriorly from the genital

pore to terminate a little to the right of the median

Iine and at the level of the anterior margin of the

acetabulum. Within the cirrus pouch as well as the cir-

rus are the ejaculatory duct, the pars prostatica, and a

globular vesicula seminalis " The vasa efferentia unite

at the cirrus pouch, so that the vas deferens is absent
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or nearly so. The testes are round or oval and located

diagonally a short distance behind the ventral sucker.

Both testes are close to the ventral surface, and the

left one is always more anterior. The ovary is almost

spherical and is about 2/l the size of the testes. The

ovary is immediately posterior to the acetabulum and

opposite the anterior testis. It is usually a little to

the right of the median line and near the ventral surface.

The vitellaria are composed of follicles which extend in

the lateral regions of the body from the posterior end

to the level of the ventral sucker. Dendritic tubules

lead to two primary ducts which join the vitelline reser-

voir laterally. I'rom the ovary, the oviduct extends

dorsally and then to the left where it receives a duct

from the seminal receptacle. The seminal receptaele is

actually only an enlargement of Laurer's canal which

opens on the dorso-lateral surface of the body. Extend-

ing more to the 1eft, the oviduct receives a duct from

the vitelline reservoir which j_s a little behind the

ovary. The oviduct then bends ventrally and receives the

slender ducts from Mehlis' gland before enlarging into

the oiitype. The uterus is sinuous before extending
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posteriorly as the descending limb which nears the post-

erior extremity. There may be several loops before the

ascending limb runs forward dorsal to the genitalia and

ventral sucker. The metraterm is poorly developed. In

all mature worms the uteri were completely fil1ed with

eggs. Active spermatozoa were observed also in the ovi-

ducts and uteri of some live worms.

The dimensions of adult worms are given on the fol-

lowJ-ng page in Table 1. No measurements are available

for the lower range of unflattened worms, since none of

the smaller worms was fixed in this way.

Ova

The eggs (Fig. 5) are oval or ellipsoidal in shppe,

yellowish-brown in color and have a disc-shaped operculum

on one end. The operculate end j-s more truncate and has

a slight ridge at the border of the operculum. The

other end has a small subterminal nodule. The ova ranged

in length from O.OB7 to 0.109 mm. and in width from 0.046

to 0.060 mm. The width of the operculum was 0.028 to

0.032 mm.
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Table I. Measurements of Adult Flukes in MIvl.

Dimensions of Live Dimensions of
Worms Flattened Unflattened

Character Under Coverslip Worms Fixed in
Hot A"F "A"

O.25 to 0.50 to 0.37

Ventral Sucker O.44 to 0.87 to 0.60

Pharynx 0.14x0.15 to O.24xO.28 to 0.20x0.18

Length

widrh

Oral Sucker

Testes

Ovary

Length of
Cirrus sac

Follicles of
Vitellaria

2.O to 5.7

0.8 to 2.O

0.23 to 0.55

0.15 to 0.34

to 4.2

to L.2A

to 0.39

to O.26

O.25 to 0.85 to 0.60

0. Q45 to 0.15 to 0.11

Miracidia

After rupturing egg filled cysts into aquarium water

in watch glasses moderate numbers of miracidia were ob-

served. It isn't known whether the miracidia had been

released from the eggs within the cysts or that the eggs

opened at the operculum on contact with the water. The

former is believed to be the case, since many operculated
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eggs were present in some cysts and in old cysts all of

the eggs were open and empty. Many other ova were ob-

served in which fully developed miracidia were actively

attempting to push open the operculum of the eggs" The

cilia on these miracidia were seen beating within the

eggs " fhe paired flame cells were also seen prior to

the hatching of the eggs. On hatching, many miracidia

had difficulty getting free from the eggs and swam about

with the egg shel1 attached" Once free of the shells the

miracidia were observed to generally swim in slow spirals

while rotating on their axes "

f'he percentage of miracidia observed from one cyst

was low, never more than 30 out of hundreds of eggs in

the cyst" Attempts to hatch additional eggs in aquari-um

water were unsuccessful" Parasite*free f " -yf_Eesq appear-

ed to have no attraction for the miracidia to wtrj-ch they

were exposed" No miracj-dia were observed to penetrate

and no experimental infection was obtained.

The free-swimming miracidia (Figs " 5, 6, 7) are

usually pear shaped although they were observed in many

other shapes " From the broad anteri.or end the miracidium

tapers toward a blund posterior" On the anterior tip is
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a small papillose terebratorium. One pair of flame cells

is present and Iocated posterior to the middle of the

miracidium" The cilia seem to be evenly distr.ibuted but

are longest in the region where the miracidium is broad*

est" The lengths of live miracidia range from 0"10 to

0"13 mm.

EpcrqcvqEq

Numbers of sporocysts were found in the digestive

glands of snails shedding the cercariae " Since snails

were not infected experimentally, the nurnber of sporo*

cyst generations is not certain, but as Dobrovolny

stated (4, p. I35), Iarge numbers of sporocysts suggest

at least two sporocyst generations" After removal from

the snail the sporocysts exhibited some movement and re-

mained alive in fresh water for several hours.

The sporocyst (Fig. B) is simple and saccular with

thin wal1s except at the birth pore end where there is

thickening. Within the sporocysts are germ balls and

cercariae in various stages of development" The maximum

number of cercariae observed in one sporocyst was 12.

The flame cells of the sporocyst are large (0.051

O "O23 nun. ) and arranged in three pairs on the walls of



76

the sporocyst. The measurements of live sporocysts are:

Iength 0.687-1.30 mm., width 0.21-0.26 mm., wa1l thick-

ness 0.015-0.031 mm. and wa1l thickness at birth pore

0.059-0.062 mm.

Cercariae

Of 825 Flumenicola virens from the lower Alsea

River, which were selected as being larger than average,

6 shed cercariae. The cercariae after leaving the snail

were observed to crawl on the bottom of the dish using

the oral sucker and sucker like tail which apparently

secretes an adhesive substance. The cercariae were

never seen to swim but were occasionally seeR in the sur-

face film. They spent most of their time standing on

their tails with their bodies extended nearly verti-carly

and "waving to and fro as if sensing for something around,'

to quote Sinitsin (11, p. 411). When C. as,per was placed

in the dish, the cercariae did not seem to detect its

presence unless contact was made. After touching a fish

they immediately attached themselves to the fish and

crawled about using the tail and oral sucker. They ap-

peared to be searching for a favorable place to penetrate.
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When penetrating a vigorous, rhythmic, thrusting of the

anterior body occurred. Several minutes were required

for penetration to be completed and sometimes several

attempts were required before penetration was successful.

Removal of the mucus coat from the fish skin seemed to

facilitate the penet,ration of the cercariae. At no time

during penetration was the tail lost from a cercaria.

The cercaria (Figs. 9, 10, 11) when extended is

linear-l-anceolate in outline and can extend to a length

of I.2 mm. which is almost twice the normal body length.

The body is round in cross section. The highly contract-

ed cercaria may be only 0.4 mm. long and thick bodied. A

slight lateral constriction at the level of the aeetabulum

was noticed in some. The sucker tail is shont and bell

shaped. The ventral sucker is a little larger than the

oral sucker and is located slightly posterior to the nlid-

dle of the body. In the anterior lip of the oral sucker

is a simple stylet with a small collar rtdge at the base

of its taper. The penetration glands number at least 24

in two groups and are very evident. Their duets open on

each side of the stylet. The pharynx is globular and

Iocated about mid-way between the ventral sucker and the
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cecal bifurcation. The remainder of the digestive tract

was not seen. The excretory bladder is thick-walled,

cellular and extends close to the posterior border of Lhe

ventral sucker. The flame cell formula is Z llZ + 2) +

(2 + 2)] as in the adult. The genital primordia were

clearly seen in specimens stained with acetocarmine. The

anlagen of the cirrus sac and the metraterm are just

anterior to the ventral sucker. Behind the ventral

sucker is the primordia of the female complex and por-

tions of ducts from the follicles of the vitellaria.

Fundaments of the testes were not identified.

Dobrovolny's work (4, p. 145) was useful in interpreting

the genital primordia.

Measurements of cercariae fixed in hot A.F.A. and

mounted in balsam are as follows: length 0.512 O.587

rnm., width 0.087 0.118 nm., ventral sucker 0.065

0.080 rrrm., oral sucker 0.058 - 0.078 mm., stylet O.A2L

O.O23 mm., tail length 0.057 - 0.069 mm.

Metacercariae

AII C. asper from the lower A1sea River

cercarial cysts. The cysts were in most of

but were more numerous in the liver, gonads,

had meta-

the tissues

kidneys,
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ventral musculature and muscles at the base of the

pectoral fins. The livers of some fish vrere completely

filled with cysts whj-ch seemed to replace or consume the

liver tissue. As many as 35 large cysts were counted in

some livers. The heavy concentration of cysts in the

ventral musculature could be seen by external examina-

tion, since they formed obvious bulges under the skin.

Some cysts appeared to have stretched the skin to the

point of rupture. The maximum number of cysts observed

in the ventral muscle from the caudal fin to the anus

was 42. As many as L4 large cysts were found in the

gonads, kidneys, and tissues adjacent to the anus. The

concentration of cysts on the ventral surface is apparent-

Iy due to the fact that the cercariae crawl on the sub-

strate and first make contact with the cottids ventrally.

It may also be due to the absence of spines on the

ventral surface which may afford easier penetration.

The anus also could be an area of easier entry.

The smaller metacercariae (rig. L2) were found with-

out cyst walls. These ranged in size from 0.62 0.75 mm.

in length and may have had very thin waIled cysts which

were ruptured in dissection. These early metacercariae
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closely resemble cercariae except for shortening of the

prepharynx and neck and the absence of stylet and pene-

tration glands. The excretory system is the same as in

the cercariae and adults. There is a gradual development

of the genitalia as the size increases. At 1.0 mm. in

length the anlagen of the ovary and the testes can be

plainly seen in their adult position (Fig. 13). The

vitellaria become noticeable at about 1.3 mm. in length,

The maximum size attained by the metacercariae ranges

from 2.O to 2.2 mm. in length. Beyond this size ova are

present in the uterus. At this size the measurements

are about the same as those given for the smallest adults.

An experimental metacercarial infection was obtained

by placing C. asper from the Necanicum River, where the

progenetic infectj-on is not present, into an aquarium

with snails shedding the cercariae. From two cottids

infected in this manner were recovered metacercariae

which were located in the muscles at the base of the

pectoral fins. Since the snails were shedding onto the

sides of the aquarium and the cottids crowded against the

glass, the pectoral fins were the probable first point of

contact.
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Most of the metacercariae reqovered from these fish

resembled the smallest metacercariae recovered from na-

turally infected fish except that there was still a faint

outline of the penetration glands, and the stylet was pre-

sent in some. The cercarial tail was not present on any

of the recovered metacercariae.

Cvsts

The shape of the cysts (Fig.  ) varies from slightly

oblong in younger cysts to spherical in older cysts. The

diameter of the cysts ranges from 0.4 to 2.3 mm., and the

thickness of the walIs ranges from O.O24 to 0.3 mm. The

thicker walls appeared in sections to be composed pri-

marily of modified liver cells proliferated by the host.

The flukes in the thick-walIed cysts were either dead or

alive but not producing ova indicating that these were

probably old cysts from the previous season.

DISCUSSION

The most recent diagnosis of the family Opecoelidae

was by Cable (2, p. 10) in 1956. This adult fluke agrees

with Cable's diagnosis in all respects except for the

uterus which Cab1e defined as pretesticular in the
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superfamily Opecoeloidea. The important characteristics

of the group with which the adult agrees are the cotylo-

microcercous cercaria, the 2 [t" + n) + (n + n)] flame

ceIl formula where n is usually 2, the saccular-shaped

excretory bladder, the position of genital pore and cir-

rus sac, the arrangement of the testes and the female com-

plex, and the overall body plan. The presence of a long-

er uterus indicates that the diagnostic character of this

organ isn't as eritical as had previously been thought.

Manter (8, p. 284) suggested that a slightly longer

uterus as found in Allocreaflium Looss might be used to

separate allocreadid adults from opecoelid adults which

he stated have shorter uterj-. However Manter's proposal

is not useable because this opecoelid has a long uterus.

Ehe shape of the body in cross section was not mentioned

in Cable's superfamily or family diagnosis but, Manter

(8, p. 285) said it is usually flattened. Ozaki (I0,

p. 6) described the body shape as oval or cylindrical,

and Hickman (6, p. L24) defined Coitocaecum anaspis as

being almost cylindrical. These last two descriptions

fit this new opecoelid. The fluke further belongs in

the subfamily Plagioporinae which was established by
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Manter (8, p. 296). The type genus of the subfamily as

e_Ieqiop_eE_ns Stafford. Manter's subfamily diagnosis is as

follows: "We1I developed cirrus sac; with caecae ending

blindly; and with ventral genital pore.i' fhe new fluke

resembles Hamacreadium Linton more than other genera in

the subfamily. Similarities are the vitellaria which

end at the acetabulum, the testes which are arranged

diagonally and the ovary which is opposite the anterior

testis. This is also the genus in the Plagioporinae in

which the uterus extends most posteriorly, i.e", to the

posterior edge of the anterior testis. Marked similari-

ties are also present between this fluke and lqlocotvle

Odhner, particularly in the female complex and the cir-

rus pouch.

The cercaria is similar to Cercaria dioctorenalis

described by Dobrovolny (4, p. L49) in shape and position

of structures. The new cercaria has more penetration

glands and the anlagen of the testes are not evident.

The only other cotylomicrocercous cercariae described

from the Alsea River were those of Plagispergq Jrirens

and Plaqiepgrgq silisutus by Sinitsin (11, p. 410-415).

on close examination the cercaria from Flumenicola

virens, i.e., P" virene, is easily separated from the new
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one. It is smaller, 0.35 mm. as compared to 0.60 mm.

and. is described as having 11 pair of flame cells (prob-

aly L2) instead of 8 as does the new cercaria. The

penetration glands which are easily seen in the new cer-

caria were not observed by Sinitsin, although he saw the

ducts. The cercaria from EFremS si-IiculuE, i.e", P.

siliculus, is close to the size of the new cercaria

but has distinct morphological differences. The number

of penetration glands is L2 in P. siliculus but 24 or

more in the new cercaria. In P. silicu'luq the excretory

bladder reaches only half way to the ventral sucker,

while in the new form the excretory bladder is extensive,

reaching nearly to the posterior border of the ventral

sucker. The genital anlagen are distinctly different in

P. siliculus, particularly the metraterm and cirrus pouch

which are much more developed than in the new cercaria.

The cercaria of P. siliculus has sma1l lateral pronEs on

the stylet and sensory hairs on the anterior margin of

the oral sucker, both of which are missing in the cer-

caria described herein. In behavior, the new cercaria

shows a strong attraction to C. asper once contact is

made. P. siliculus shows no inclination to penetrate C.

asper. Also it should be noted that I was unable to
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byinduce P. s.iliculus to penetrate crayfish as described

Sinitsin (1I, p. 413), which throws some doubt on the

validity of the P. siliculus cycle.

The number of penetration glands in the cercaria of

Lhe progenetic fluke is greater than in other cotylo-

microcercous cercariae. This may be signifieant in ttrat

most opecoelids penetrate crustaceans, and a larger num-

ber may be necessary to penetrate fish skin.

The definitive host for this parasite appears in-

conclusively to be trout. Both naturally recovered

flukes were at the lower end of the gut of cutthroats.

The maximum holding time for experimental infections in

fish was five days, which may not be adequate time for

development of immature metacercariae. The cutthroat

trout may act onLy as a releasj-ng mechanism for the ova

in the cysts and in the uterus. The eggs in the cysts

may not survive passage through the stomach, but the

large numbers of ova in the uterus are protected until

the worms are in the intestine. If this is true, the ex-

tensive uterus gives the fluke a selective advantage. It

seems probable that numbers of eggs and miracidia are re-

leased directly into the water of a stream without pass-

ing through a fish gut. This could happen when a
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predatory bird or mammal feeds on C. asper at the edge

of the water, rupturing cysts and releasing eggs and

miracidia back into the stream. The cycle would then be

completed without a final host, if the miracidia success-

fuIly infect the snail, Flumenjrcola virens. As mention-

€d, some cysts appeared to have stretched the skin to the

point of rupture. Contact with a sharp object may facil-

itate the rupture, which again could effect completion

of the cycle without a final host.

The family Opecoelidae has more recorded cases of

progenetic metacercariae than any other trematode family

according to Buttner (1, p. 403). She experimentally

completed a cycle without a definitive host for a pro-

genetic trematode in Plagiochiidae, but this has not

been done as far as is known in the opecoelids. Hickman

(6, p. L22) obtained miracidia from progenetic metacer-

carial cysts of Coitgcaecgm ?naFpie (Opecoelidae) but was

unsuccessful in attempts to infect mollucs with the

miraci-dia.

The reasons that an experimental infection wasn,t

obtained in snails in this cycle are not known, but the

fact that only 5 of 825 snails were found to be infected

naturally is possibly an indication that the miracidia
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have difficulty infecting snails. However, the percent

of shedding snails found may not be a valid j-ndication

of the numbers of snails which are infected. The first

cercariae were not recovered till early in September,

and from the metacercarj-al infection it appeared that the

snails began shedding in February or lvlarch. If this is

the case the snails may have nearly completed shedding

by September.

The distribution of the progenetic fluke is not

known, but it appears that it may be limited. Infected

cottids were found in the Alsea River and the Siletz

River on the central coast, but no infection was found

in the Yachats River to the south or the Necanicum River

to the north. The uninfected cottids were from smaller

rivers which may influence the distribution. The fact

that the fluke is unreported from other areas on the

Pacific coast lends some support to the theory of limited

distribution.

SUMMARY AND CONCIJUSIONS

The stages in the life history of a new opecoelid

trematode which is progenetic have been identified
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and described. Progenetic metacercariae were discovered

in Cottus asper from the Alsea River. Metacercarial

cysts were fed to hatchery salmonids and mature and im-

mature flukes were recovered from their guts. fhe flukes

did not remain in the fish longer than five days. Two

adult flukes were recevered from 36 cutthroat trout,

Salmo clarkii clarkii Richardson from the AIsea River.

Because of the numbers of eggs and miracidia within the

cysts, it is believed that the cycle may be completed

without a definitive host.

The cercariae are cotylomicrocercous and develop in

simple sac-like sporocysts. The cercariae were shed from

6 of 825 stream snails, Flumenicola virens, and the

sporocysts were present in the digestive glands of these

snails. The cercariae were observed to penetrate the

skin of Cottus asper and experimental infections were

thus obtained.

Parasite free F. vif.eng were exposed to miracidia,

but no experimental infection resulted.

All stages in the life cycle have been illustrated

as well as described.
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APPENDIX



Figure 1. Ventral view of adult fluke under slight
coverslip pressure.

Figure 2. Anterior view of female genitalia.

Figure 3. I-,ateral view of adult f luke showing the dorso-
ventral relationship of some of the structures.

Figure 4. Cyst showing the position of a mature fluke
and ova.

Fj-gure 5. Egg with cii-iated miracidium ins j_de.

Figure 6. Usual shape of miracidia when swimming.

Figure 7. One of different shapes of miracidia observed.

Figure 8. Sporocyst from digest.ive gland of snail.

Figure 9. Cercaria flattened, fixed and stained in
acetocarmine.

Figure 10. Stylet from cercaria.

Figure II. Cercaria unflattened and fixed in hot A.F"A"

Figure L2. Very immature metacercaria.

Figure I3. More mature metacercarj-a.
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