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THE LIFE HISTORY OF THE SALMON POISONING FLUKE 

TROGLOTREM& SALMINCOLA (cPIN) 

INTRODUCTION 

The so-caUed salnion poisoning disease of dogs, a serious and 

highly fatal infection indigenous to the Pacific Northwest, was 

discovered by the first white settlers in the area. It was first 
reported by Dr. George Suckley in l8S (31, p. U2) as a forni of 

distemper, but Cordy and Gorham in 19S0 obtained reasonable evi- 

dence that the disease is produced by a rickettsial body trans- 

ndtted by the intestina]. fluke Troglotreina salmincola. 

Dr. Allen Bonebrake (3, p. il8) mentioned the disease in 

California in 1862 and believed it to be bacterial. The old timers 

of that period were familiar with the disease. 

In 1911 Pernot (19, pp. 1-21) studied the disease in Oregon 

and learned that the most virulent infections carne from dogs eating 

raw trout and salmon. Ocean caught salmon did not produce the 

disease but salmon became transmitters after they had lived a short 

time in brackish or fresh water. He saw white spots in the kidney 

of the fish and noted their movement and that they re-encysted if 

released. His illustrations showed the typical metacercariae of 

Troglotrema salmincoi.a which he believed to be cysts of fresh water 

amebae. 

He found that the metacercariae were not pathogenic to fish and 



that "salmoned" dogs were immune if they recovered. The nine-day 

incubation period suggested a bacterial disease but no cultures ever 

produced disease; blood of sick dogs did when injected into other 

dogs. 

Pernot noted the typical lesions of the disease and reported 

arneboid bodies in the blood of sick dogs and in the mucosa of the 

lower rectum. Ameboid bodies about twenty times the size of red cells 

were noted in the bloody intestinal contents and Pernot concluded 

that these were amebae which caused the disease in dogs. 

Mr. Thomas Wyatt (13, p. Li.2) in l92 reported that he produced 

the disease by injection of an ether extract of salmon muscle into 

dogs and that this gave immunity to further infection. However, his 

samples of extract failed to give effective immunity when Sinuns, 

Donham and Shaw repeated the experiment the following year (2L, p. 716). 

On December 13, 1921L C. R. Donham (13, p. 3) discovered a fluke 

in the intestine of dogs suffering from salmon poisoning disease and 

found also an encysted form (metacercariae) in the muscles of salmonoid 

fishes. He produced the disease by feeding infected fish to dogs and 

recovered the parasites from the experimentally fed animals. Donham 

recorded the pathogenesis of the disease in days and noted that the 

flukes, which mature in about seven days, are found in the mucosa of 

the upper small intestine, often completely embedded. He noted that 

there were mature flukes in all dogs which showed symptoms of salmon 

poisoning; that intraperitoneal inj ection of ground flukes produced 

the disease; that there is no immunity passed from dam to pup; no 
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inununity was conferred passively in serum; and that at least fifty 

cysts were required to produce the disease. Both foxes and coyotes 

are quite susceptible (lIi, pp. 2l-2l7). 

Material was sent by Donham to the Bureau of Animal Industry 

where the fluke was named Nanophyes saLidncola n.g., n. sp., by 

E. A. Chapin in l92. (Ii, p. 36). The type specimens were deposited 

in the United States National Miseum Helminth Collection and 

assigned the catalog number 262L8. Dr. Chapin later noted (S, p. 60) 

that the name Nanophyes was preoccupied and changed it in 1928 to 

Nanophyetus making the name Nanophyetus salntLncola (Chapin 192S). 

According to Witenberg (3g, p. 28) due to a quotation by N. C. Hail 

(16, p. 9I5) before the publication of Chapin's correction, the 

proper name was Nanophyetus salmincola (Chapin) in Hail 1927. 

The genus Nanophyetus as described by Chapin (b, p. 36) in. 

dudes small worms with armed cuticula, short prephaLrynx, short 

esophagus and intestinal caecae which bifurcate before the ventral 

sucker and tenninate at about the level of the middle of the testes. 

The ventral sucker is median, anterior to the middle of the body; and 

the genital pore, located some distance behind it, is provided with 

a weakly developed sucker. The testes are oval, lie outside the 

intestina]. caecae in the posterior half of the body and have their 

long axes parallel to that of the body. The seminal vesicle is 

well developed, clavate and lies at the left of the genital pore. 

The seminal receptacle is ovate, and anterio-dorsal to the seminal 

vesicle. The ovary is globular and lies to the right of the ventral 
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sucker. The vitellaria are dorsal with large follicles which en- 

croach somewhat upon the ventral field. The eggs are few and large. 

The specific description by Chapin (13, p. 36) lists the follow- 

ing measurements and details: Length of fixed specimen 0.5 mm, 

width 0.28 mm, esophagus 0.013 mm long, ventral sucker 0.072 min in 

diameter, testes 0.12 x 0.08 mm, ovary 0.0138 mm, seminal vesicle 

0.08 x O.3S mm, seminal receptacle 0.0135 x 0.035 min. The ova meas- 

ures 0.075 to 0.085 zinn x 0.055 mm. These measurements are from an 

admittedly large specimen. 

Witenberg's (35, p. 258) observations on the same worm list 

the following measurements: Length 0.8 to 1.1 mm, width 0,3 to 

0.5 mm, oral sucker 0.15 to 0.18 mm, pharynx 0.06 mm, esophagus 

0.06 to 0,07 nun, ventral sucker 0.12 to 0.13 nun, testes 0,2 to 0.3 

'mn. He found the cirrus pouch to lie behind the ventral sucker and 

to the left of the ovary; the seminal vesicle was large, divided and 

provided with a pars prostatica; the ovary measured 0.07 to 0.11 mm 

and lay on the right in the intercaecal space; there was no seminal 

receptacle; Laurer's canal opened dorsally and at the level of the 

esophagus and there were 10 to 15 ova measuring 613 to 80 mu by 31 to 

50 mu. 

In studying this form and other members of the family Hetero- 

phyidae, Witenberg (35, p. 259) found that, since this fluke has a 

prominent and conspicuous cirrus pouch but no genital sucker or 

seminal receptacle and has eggs smaller than the ventral sucker, it 

belonged in the family Troglotremidae Braun 1915 and in the genus 



Troglotrema Odhner 19114 (18, p. 236). Other genera in this family are 

Renincola, Collyricitun and Paragoniinus. Witenberg believed Troglo- 

trema sainiincola to be identical with Nanophyetus schikhobalowi 

Skrjabin and Podjapaloskaja 1931 (30, p. 29I) since he considered the 

description of the latter to be incomplete and that they differ only 

in minor details. 

F. G. Wallace in 1933 (32, p. 1614) presented the life history 

of a new fluke, Troglotreina mustelae which showed a remarkable resem- 

blance to T. salmincola. In 193S Wallace (33, p. 11i5) described the 

animal as Seflacotyle mustelae n.g., n.sp. He pointed out many 

similarities in the life history of this fluke to that of Troglo- 

trerna salinincola, but he did not consider them congeneric. Since he 

found that T. salmincola had a spherical seminal receptacle which lay 

above the ventral sucker, no cirrus, and that it did not live in a cyst 

like Paragonimus and Troglotrenia acutuni, he rei ected Witenberg ' s diag- 

nosis and would retain the genus Nanophyetus. Since Nanophyetus saum- 

co and Sellacotyle mustelae so closely resemble each other he mod- 

ified the family and set up a new subfamily Nanophyetinae for them. 

Baer (1, p. 326) set up the subfamily Troglotrematinae for Paragon- 

:i.mus, Collyriclum, Pholeter and Renincola and the subfamily Nephro- 

trematinae for Nephrotrema. Wallace believes that since the cercariae 

of heterophids are lophocercous and have eyespots, and that, since 

mature heterophids have a cirrus pouch, Nanophyetinae is a linking 

group between th families Heterophidae and Troglotreniidae. 

The adults of Troglotrema salmincola are found in and on the 



mucosa of the upper small intestine of carnivores, (iS, pp. 7O1-71). 

Chapin lists Canis familiaris as the primary host; however the fluke 

matures also in the coyote, raccoon, bobcat, mink, housecat, silver 

fox, blue fox, guinea pig, bear and skunk. As iariy as 200,000 flukes 

have been recovered from a single dog (26, p. 190). Wild carnivores 

, 

reported as hosts are the coyote, raccoon and lynx, none of which 

showed any lesions (7, pp. 1.2-I3). The fluke has been reported to 

develop,but not mature in cats, mink, raccoon and the kingfisher (13, 

p. 2). Experimental feeding of infected fish to chickens, ducks and 

hogs failed to produce an infection (26, pp. 181-19f). The flukes 

are reported from all of Western Oregon west of the Cascades, South- 

west Washington to Olympia and south into Northern Cállifornia as far 

as the Smith River (2g, p. 36S). Chapin (IL, p. 37) mentioned their 

occurrence in British Columbia but according to Simms (26, p. 183) 

no specimens are recorded from there. No infected fish have been 

recorded from the Columbia River (iS, p. 701). 

The flukes mature very rapidly and produce eggs which are x 

0 mu operculated, and yellow-brown in color. They are very diffi- 

cult to hatch according to Donhani, whose attempts failed, but other 

workers (26, p. 18IL) were more successful and found that they re- 

quired 66 to 130 days to hatch. One miracidium has been observed 

(26, p. 18S), a fast swimming, ciliated organism, which hatched in 

8 days but was not seen to penetrate a snail. The eggs recovered 

from the stool of an experimentally fed dog diminish in number in 

0 to 7 days and were no longer found after 250 days (26, p. 18h). 
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Ova may be recovered from dogs immune to salmon poisoning (15, pp. 

701-15) but after one infestation guinea pigs are immune to further 

infection (29, p. 58). 

Donham, Sixnxns and Shaw (26, p. 182) showed the mofluscan host 

to be the fresh water snail Goniobasis plicifera silicula (Gould) 

and following is Sinitsin's description of parthenogenetic develop- 

ment (29, pp. 57-58) as presented to the one hundred thirtieth meet- 

ing of the Helminthological Society of Washington: 

"The cercariae of N. salndncola develops in Goniobasis plic- 

ifera silicula, one of the most common snails of the running 

waters of Oregon, and it belongs with the group of so-called 

stump-tailed cercariae. The parthenogenetic generation of 

. 
sainlincola is composed of redia-shaped parthenitae, which 

are furnished with a well developed pharynx, an intestine 

reaching the posterior end of the body, and a birth opening; 

the pedal appendages are absent. The largest rediae are about 

1.14 imn long and they produce rediae and cercariae simultaneous- 

'y-. The cercarla is about 0.27 nun long and 0.08 nun wide, the 

body being very contractile. The oral sucker, about 0.05 mm in 

diameter, is a little larger than the acetabulum, the latter 

being located about the middle of the body. The cercana is 

provided with a simple stylet, about 13 mu long, and has six 

unicellular glands on each side. A pharynx, 0.02 nun in diam- 

eter, immediately follows the oral sucker. The intestine bi- 

furcated about half way between the suckers, and the ceca 



extend to the level of the posterior border oJ the acetabulum. 

The excretory bladder, enlarged anteriorly, gives off two short 

lateral branches which are divided into an anterior and a pos- 

tenor vessel, The tail is conical when viewed from the side, 

its tip being bent in a dorsal direction; its ventral surface 

is provided with a s enes of minute grooves , the partitions 

separating these grooves terminating at the flattened posterior 

end in a row of hairlike projections. On the ventral side, 

behind the acetabulum, there is an elongated slit made up of 

lateral folds of the skin. The slit leads to a cavity, the 

thick walls of which are formed of four very large cells which 

secrete a viscous substance. It is an adhesive organ by means 

of which cercariae stick to their victis. The genital pri- 

mordia are well developed, and consist of two testes situated 

laterally and opposite each other in the posterior part of the 

body, an ovary at the right side and posterior to the acetabu- 

luni, and a uterus, together with the male copulatory apparatus, 

behind the acetabulum. 

The cercariae do not progress while in the water, the 

only movement being a rhythmical contraction of their bodies. 

When they come in contact with a suitable host, a salmon or 

trout, they become very active and crawl about energetically. 

N aid then they try to bore into the skin of the fish. 

Eventuafly they succeed in penetrating and become encys ted 

somewhere under the skin, but most of them, naturally attach 



themselves ta the befly of the fish, move along it, reach the 

urinary aperture, go through it, and eventuafly reach the kid- 

ney. The entire process, through encystment, requires about 

two to three hours." 

Three types of cercariae were found by Donham (13, p. 59) in 

the host snail, Goniobasis and one of these, measuring 192 x 16 mu 
, 

with a tail 100 x 10 mu he believed to be that of the salmon poison- 

ing fluke. The cercariae were highly contractile and when freed by 

crushing the snail, encysted on the bottom and sides of the aquarium 

in 30 minutes to 2 hours, Small rediae 160 to 325 mu by 80 to 160 mu 

were very active. Larger ones were more sluggish. There appeared 

to be a seasonal variation in the snail infestation with very light 

infestations occurring in the spring and Increasing up to 50% in 

June-July and decreasing in August to almost disappear in late fall. 

These infestations seemed not to harm the snails. A single snail 

was estimated to harbor 80,000 to 100,000 cercariae (26, p. 185) and 

these cercariae were believed to be the most frequently occurring 

ones ïn this snail. (10, p. 61). 

The gills of the fish (25, p. 372)were believed to be the 

portal of entry and Simms, Donham and Shaw made the statement (25, 

pp. 363-391) that Sinitsin proved the short-tailed, unarmed cercarla 

to be the salmon poisoning parasite. Wallace, (33, p. 1ii8) who had 

access to unpublished drawings made by Sinitsin stated that there is 

no stylet on the cercana of Troglotrema salmincola. 

The rnetacercariae resemble adult flukes; development in the 



lo 

vertebrate gut being largely a growth in size and s exual nntura- 

tion (13, p. ). These metacercariae occur in cysts in almost every 

organ of the fish host and may be seen as small white spots by reflec- 

ted light. The worms in the cysts show a great deal of movement and 

remain viable up to 7 days at refrigerator temperature and, in one 

case, lived months in tap water (26, p. 186). Cooking, freezing, 

and drying will kill them quickly (iS, p. 706). 

The cysts of the metacercaria occur in great numbers. One ounce 

of kidney was estimated by Donham, Simms and Miller (15, p. 702) to 

contain over a million cysts and, in other instances, (13, p. 85) a 

million cysts per pound of fish were estimated. No other fish than 

the three saimonoid genera, Salvelinus, Salmo and Oncorhynchus (13, 

p. 83) were found inlested,but other fish have been reported as 

having produced similar symptoms (12, p. 637). Fall run salmon were 

found to be more heavily infested than spring run, but infection 

can occur at any season. No metacercariae were found in whitefish, 

smelt, chub, sea bass, small mouth bass, silver perch, suckers or 

sturgeon (25, p. 373). Fish bearing marine copepods or "fish lice" 

and hence considered to be recently arrived from salt water contain 

no cysts. No cysts were found in fish originating from streams in 

which Goniobasis was not found (13, p. 6g). 

The metacercariae, as described by Ward and Mueller occur in 

spherical cysts 166-2L6 mu in diameter, with a transparent wall 

through which the content may be seen to be a young distome JJj6- 

160 mu in width by 190-210 mu in length. The surface of the fluke 
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is thickly covered with small spines and internally the organ sys- 

teins and reproductive anlagen are well developed. The excretory 

bladder is very conspicuous and is 100 x 130 mu in size. The cysts 

vary in size from 170 to 22 mu and the ones with the larger bladders 

were believed to be the older (26, p. 186). 

Sirnms, Donham and Shaw showed that at least 0 cysts were necess- 

ary to produce symptoms in the dog (13, p. 3g). 

A microscopic study of trout fry in 1926 led Ward and Mueller 

(3Ij, pp. 602-609) to believe that pop-eye disease of these fish 

was due primarily to infestation with the metacercariae of Troglo- 

trema salmincola. They found the degree of exophthalmus was direct- 

ly related to the number of cysts in the optic nerve and found up 

to 1600 cysts in a single fish. They accurately described the cysts 

and proposed the name Distomuluni ensis; which name, however, 

fell as a synonym of Troglotrema salmincola (21, p. 290). Further 

study of this pop-eye disease by Simms (23, p. 160) led him to con- 

clude that these cercariae were not the primary factor involved since 

infection in the laboratory produced neither death nor symptoms. 

The distribution of the host snail Goniobasis plicifera sui- 

cula (Gould), according to Donham (13, p. 9) conforms to that of 

salmon poisoning disease. The snails were not found in upper cold 

tributaries of streams in the endemic area but the survey was 

admittedly incomplete. According to Simrns (26, p. 183) no snails 

have been found in Alaska or British Columbia. Donham found that 

snails were less numerous in fall and spring and that the largest ones 



disappeared during the surnrrier. Snails under 0.7 nun in length did not 

shed cercariae while larger ones were more highly parasitized. NO 

other snail than Goniobasis has been investigated in connection with 

salmon poisoning. 

From material submitted to him in 1926 by Dr. E. A. Chapin, 

R. Hoeppli (17, p. 399) concluded that the lesions of sáLmon poison- 

Ing were due to the mechanical action o1 the flukes in the mucosa. 

He, of course, worked only with histological material but gave an 

accurate description of the parasite in the intestine. Later workers 

believed the etiologic agent to be o± a different nature and, accord- 

ing to Siinms, (27, p. 29) it seemed to exist only when associated 

with cells. It is killed by freezing, drying, O.% phenol; it does 

not exist in red cells; it will not pass a Seltz or Nandler filter; 

it responds to suipha treatment and, according to Shaw et al (22, 

p. 9) it does not fit into the virus category and they suggested 

that its connection with the reticulo-endothelial system indicated 

a rickettsia or haemosporidian. The disease is restricted to members 

of the family Canidae (26, p. 187). 

Cordy and Gorhain (6, 617-637) have presented good evidence to 

show that the etiologic agent of the salmon poisoning disease is of 

rickettsial nature and they have demonstrated rickettsia-liko bodies 

in the tissues of dogs dead of salmon poisoning. These bodies were 

grown in successive generations of mice and then injected into a dog 

and a fox where they produced typical symptoms. 
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The purpose of this research was to complete the life cycle of 

Troglotrema salmincola from egg to adult and to find the most import- 

ant host or hosts in nature. Since a great deal of xrk has already 

been done upon the life history of this fluke, certain phases have 

been re-examined to verify and clarify the published data. Other 

phases of the life history were studied to complete the whole cycle 

of development. 

MATERIALS AND NET 1101)5 

For the most part, the animals concerned in this study were collec- 

ted and studied immediately or kept alive in aquaria for prolonged obser- 

vations. Many fish which were kept in the aquaria and fed to experimen- 

tal animals were collected in the Alsea River and the Alsea Fish 

Hatchery. These fish were found to live in aquaria only if river water 

was provided. This was also true of the host snail, as it would not 

live indefinitely in tap water or in water at room temperature. Con-. 

trofled water temperature was a very critical factor in keeping young 

trout or salmon in the laboratory. Aquaria containing filtered river 

water were suspended in tanks through which flowed cold tap water. These 

aquaria were aerated constantly. Snails lived longer in aquaria which 

were provided with animal charcoal or charcoal filters. Trout and sai- 

mon of about 1 inch length wuld live -7 days in finger bowls in a re- 

frigerator but would die soon at room temperature. Water in which young 

trout or salmon were kept and f ed meat daily had to be changed at 

four day intervals. Water in which snails were kept all winter was 

not changed and remained clear. Snails were found to be detritus 
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eaters and preferred deconposed leaves and decomposed carrots. 

All attempts to raise snails in the laboratory from the eggs 

or veliger stages collected from the A].sea River failed. They were 

parasitized by the mycelia of an unidentified fungus. Snails of 3-5 

mm in length were collected and kept in the laboratory for experimental 

infection. 

In order to work out the details of experimental cercarial pene- 

tration into fish, and methods of maintaining the fish successfully 

in the laboratory, small fish provided by the Alsea Fish Hatchery 

were used in preliminary experiments. Although these small, zero 

year fish were taken from an area where Troglotrema salmincola is very 

common, none was found. to be parasitized. These small fish were placed 

sing1r in flasks with snails and were later examined for evidence of 

parasitism. Many of these fish were placed in finger bowls and cercarial 

penetration was studied with the aid of a dissecting microscope. 

Fish that could not have been parasitized by Troglotrema salmincola 

were obtained from t Oregon State Fish Commission Hatchery at Camp 

Sherman, Oregon, on the Metolius River, where the iníection has never 

been found. These fish were divided roughly into four groups. Two 

groups were set aside as controls aid two groups were used to study pene- 

tration by cercarla. The aquaria in which these 1 groups were placed 

were identical in size, were provided with filtered creek water and were 

aerated in tI same manner. The fish were fed ground liver about twice a 

day. 
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The fish used for experiment were removed from their aquaria in 

groups of twelve to twenty and placed in another aquarium which was 

set up in the standard manner, except that it contained snails shed- 

ding cercariae. After periods of 12 hours or less exposure to cer- 

cariae these fish were then placed back into their original aquaria. 

Experimental animals which were hamsters, raccoons, dogs, wood 

rats and mice were kept in regular laboratory animal cages and fed 

Purina Laboratory Chow. When these animals were examined for adult 

flukes the upper small intestine was removed in short lengths, 

opened and pinned out so that the mucosa could be studied with a 

dissecting microscope. Thus flukes, if present, could be observed 

in the mucosa. 

Specimens of snails, fish and intestine of dog, raccoon and 

hamster intended for histological sections were fixed in both Bouin's 

fixative and an acetic-alcohol-formalin mixture. Adult flukes were 

fixed in A.F.A. beneath glass slides to flatten them. Cercariae 

were fixed by adding neutral red to water until pink then, after ten 

minutes, an equal volume of hot 10% formalin was added. This caused 

less contraction than any other method but did not provide good 

specimens for study. Hematoxylin and eosin stains were used on aU 

sectioned material and Mayer's carmalum was used to stain adult 

flukes. Cercariae were best studied by adding neutral red to the 

water until it was faintly pink in color followed In a few minutes 

by an equal amount of Nile blue sulfate. These stains served to 

slow the motion of the animals so that they could be studied, but 
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it also soon killed them, after which they disintegrated. 

Most of the measurements and observations were made of living 

flukes, miracidia, redia and cercariae. It was found that the press- 

ure exerted by the covergiass as the water evaporated from beneath 

it compressed the adult flukes enough so that fine details of anat- 

onr could be studied. It was found that these preparations were 

too thick to use successfully under the phase contrast microscope. 

Measurements were made with a calibrated measuring ocular. Most 

of the drawings are composites of sketches of details of anatomy. 

The camera lucida was used to obtain proper proportions. 

DATA 

The Adult Fluke. The morphology of the adult fluke Troglotreina 

sabnincola is quite accurately described in the literature by Chapin 

(13, p. 36) and Witenberg (3g, p. 2S8). It is a very small distome 

but the size is quite variable as noted by Witenberg. !r measure- 

ments agree very closely with those of Witenberg; therefore his 

data are quoted here. "Length 0.1-1.1 rrmi width O.3-O. mm, 

oral sucker O.1-O.l8 mm, pharynx 0.06 mm, esophagus 0.06-0.07 mm, 

ventral sucker 0.12-0.13 nun, testes 0.2-0.3 

My measurements were of living worms and were a little greater 

than the above, especially in total length which may be as much as 

2.S nun. The cirrus pouch lies behind the ventral sucker according 

to Witenberg and to the left of the ovary. The seminal vesicle is 

large, divided and provided with a pars prostatica. The ovary meas- 

ures 0.07-0.11 nun and lies on the right side in the intercaeca]. space. 
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A seminal receptacle is present, although missed by Witenberg. Laur- 

er's canal curves upward from its origin on the oviduct and inward to 

open dorsally on the ìitidline a short distance behind the ventral suck- 

er, not at the level of the esophagus as Witenberg stated (3g, 28). 

The eggs are five to sixteen in number and the uterus in a younger 

specimen is a simple U-shaped tube which loops down toward the post- 

erior end of the body from the otype and proceeds straight anterior- 

ly to the genital pore, which is located directly behind the ventral 

sucker in a very shallow cup. In older flukes the uterus makes a 

second fold back and then to the metraterm, making a W-shaped tube. 

The viteflaria are composed of large follicles scattered irregular- 

ly beneath the dorsal and toward the ventral surface. 

The shape of the worm is highly variable so that it may assume 

almost any shape from a sphere to a long blunt rod. When fixed, it 

assumes the shape described by Chapin (lLi, p. 36). However, when 

fixed beneath a covergiass the shape is distorted, especially in 

width. 

The worm is so small that fine details of anatomy are very diff- 

icult to make out. The anatomy of the reproductive system was 

studied on living flukes which had been pressed beneath a cover- 

glass and flattened so that most of the details could be seen fairly 

readily. In these preparations a large seminal vesicle was found 

upon the right side of mature worms which is filled with sperm and 

which receives sperm from the testes by two tiny vasa deferentia, one 

froni each testis and which join to form a common duct before entering 

the seminal vesicle, It was also noted that the testes were quite 
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changeable in shape in the live worm. They were found to change from 

an ovoid shape to almost rod-shape and were drawn forward and back- 

ward a distance of at least half their length. 

The seminal vesicle is contained in a large sac-like structure 

continuous over the cirrus pouch and the pars pros tatica. Sperm came 

at a rather constant rate from the seminal vesicle through a minute 

tube into a bulb-like structure which periodically closed and forced 

the sperm down the ejaculatory duct through a sphincter and into the 

metraterm. There is no cirrus. The junction of the ejaculatory duct 

with the metraterm occurs a short distance below and behind the 

genital pore. There is a sphincter which lies approximately half- 

way between this junction and the genital pore in the metraterm. 

(Fig.L Plate lt ). Thousands of sperm were observed to pass into 

the metraterin and back into the uterus often completely filling the 

uterus. Quite often when an egg was extruded the sphincter in the metra- 

term wh:ch opens to release the egg also aflowed a large number of 

sperm to escape with it through the genital pore. 

The ovary lies on the right side, and although the position 

is variable, it usually lies beside and a little dorsal to the ventral 

sucker. The ovary cells are large, opaque and have a prominent 

nucleus. The oviduct at the ovary is quite large and funnel-shaped 

and narrows into a smaller tubule which leads to the seminal receptacle. 

In the seminal receptacle the sperm, oriented with their heads into its 

wall and their tails streaming along the lumen, vibrated their tails 

actively in such a way that the seminal receptacle strikingly resem- 

bled a giant flame cell. The tubule from the seminal receptacle 
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enters at the side of a short blind pouch which continues a short dis- 

tance sinistrally to the oötype. What appears to be the otype is 

difficult to see. It is an extension of the upper part of the uterine 

tube. At times, in some flukes, there appeared to be a constric-' 

tion between what I assume to be the otype and the uterus and often 

at this constriction sperm are oriented much as they were in the 

seminal receptacle with their tails streaming in the lumen back 

toward the seminal receptacle, so that in some cases these also resem- 

ble a huge flame cell. If we imagine this tube, which extends from 

the oötype and ends blindly before the seminal receptacle, to be 

divided into four parts, the seminal receptacle appears to enter 

into the first fourth, the Laure r's cana]. leaves from the next fourth 

and the vitelline duct enters the last fourth. The Laurer' s canal 

curves backward and upward to open dorsally on the midline. Laurer's 

pore lies some distance behind the ventral sucker and there appears 

to be a sphincter at the pore. In two instances sperm, vitelline 

cells and what appeared to be bubbles were seen to pass upward 

through the canal and out at Laurer's pore. Vitelline cells seemed 

to gather at the junction of the two vitelline ducts, which meet a 

short distance behind the ventral sucker and have a common short duct 

about half as long as Laurer's canal opening into the oötype. Vitel- 

line cells were seen to pass singly and in twos and threes along the 

vitelline duct. Theycollect in the otype where the egg is formed 

and here, one of the large opaque cells from the ovary is added. The 

shell is formed in the o5type and the eggs then pass on into the uter- 

us. All of the eggs in the uterus contain vitelline cells, each with 
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a nucleus clearly visible and a single ovum. This situation was first 

believed to be segmentation. Rhythmical peristaLic waves pass along 

the uterus from the otype to the metraterm. 

The worms are highly variable in shape and very actively- crawl 

about the mucosa of the intestine of the mammalian host. Some are 

more or less buried down among the villi and some are almost com- 

pletely embedded with the anterior end pointed down deep into the 

mucosa. There is no evidence in the stained sections of intestine of 

extensive mechanical damage although the worms often grasp and hold 

bits of intestinal tissue in the oral and ventral suckers, Sexual 

maturity is reached in about six days but the number of eggs in less 

mature flukes is none to 3-Li. In older flukes the egg number is 

usually 3-16, When removed to saline from the intestine quite often 

the flukes will continue to lay a few eggs. 

The fluke, when removed to saline, will move actively L8-6O 

hours and, if mucous and intestinal debris are mixed in the saline, 

will remain alive in the refrigerator at least 12 days. When moving 

in saline the part of the body between the two suckers is much more 

active although the whole body is quite elastic. 

The adult worms are so small that the details of anatomy are 

difficult to make out accurately. Better results were obtained by 

using pressure on living animals than by any other method. It is 

not surprising that an organ like the seminal receptacle should be 

missed even in serial sections. Ny serial sections serve only to 

confirm my observations of the living animal. 
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This fluke has a long list of definitive experimental hosts which 

now includes also the hamster and wood rat,. it is eliminated from the 

hamster after a period of 5]. days, and it is also eliminated from the 

wood rat after about the same period of elapsed time. Two iite 

rats and two white mice could not be infected but dogs and raccoons 

were infected rather easily and many flukes recovered from them. The 

hamster makes a very good experimental animal for the study of this 

fluke. The flukes occur along the whole length of the small intes- 

tine of the hamster but are limited to the upper end of the small 

intestine of the larger animals like the raccoon and dog. 

Ova and Niracidia. The eggs of Troglotrema are ovoid in shape, 

87-97 X 38-55 mu in size, light brown in color and quite heavy, so 

that they sink rapidly in water. They are operculated at one end 

and have a very small blunt point at the other. Development is 

very slow. Eggs collected in September and kept in bottles at room 

temperature did not hatch until December, ari interval of 87 days. 

A good many eggs which were not developed at all at this time were 

put into smaller flasks and were hatched into miracidia the follow- 

ing March and April--a total of 185-200 days of incubation. This 

difference in hatching time probably was due to the fact that the 

eggs which required the longer time to hatch had been kept at the 

bottom of a tall cylinder full of water without being disturbed 

until the examination in December. The Kofle flask to ich they 

were removed provided much larger water surface. Eggs which were 
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placed in flasks of water which were aerated developed in about the 

same length of time as those in the non-aerated flasks. An earlier 

attempt to hatch eggs in running tap water was unsuccessful. 

The fufly developed miracidia within the eggs are very active, 

but they move only back and forth, contracting and elongating them- 

selves to press against the ends ol' the egg. They are fufly ciliated, 

but there is no ciliary action till the operculum is opened. The 

miracidium in its squirming seems to be forcing itself against the 

operculum. This continues until the operculum is suddenly popped 

open, at which time the iniracidium escapes quickly and rapidly 

swims away. The newly emerged miracidia are 87-1O x 37 mu in size 

and swim with characteristic long, graceful curves in the water. 

Snails introduced into the water containing miracidia appear to have 

no attraction for the niiracidia. The iniracidia were seen to bump 

into snails repeatedly and then swim away and at no time was a mira- 

cidium ever seen to penetrate a snail. 

Mature miracidia may be released from the egg by mechanical 

pressure on the covergiass but this orten ruptures the iniracidium. 

They die very rapidly when injured and very often when released in 

an unsuitable medium would move only a short time, round into a ball 

and die. Miracidia were studied while they were alive because they 

are so fragile that when they die they disintegrate at once. Fairly 

good results were obtained by using dilute neutral red and Nile blue 

sulfate as used in studying the cercariae. The anatonty of these mira- 

cidia was very difficult to make out. The cellular boundaries were so 
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indistinct that an accurate description is not yet possible. 

Rediae. Many snails which were observed to shed cercariae 

were examined by carefully removing the shell and releasing rediae 

into water in a watch glass. Rediae of various sizes were found in 

almost all snails. The lengths varied from I5O mu to almost 3 mm. 

Each redia has a pharynx approximately 63 mu in diameter and a 

sac-like gut which is about 300 mu in length. The smallest rediae 

taper to a point posteriorly and are very active. The larger ones 

are cylindrical and quite sluggish. The birth pore, often difÍicult 

to find, is located close beside the pharynx. 

No redia was found containing a daughter redia and each pre- 

sumably mature redia contained about 7L-76 cercariae. The smallest 

rediae contain only a few tiny germ balls while the large, mature 

ones were filled with developing cercariae. Some of the smaller 

and probably younger rediae contained only a f ew cercariae. No 

sporocyst was identified and in serial sections of snails exposed 

to miracidia no sporocysts were discovered. Rediae and cercariae 

were found in all tissues of the host snail. 

At no time was a mixed infection found, that is, no other kind 

of cercana was found in a snail harboring cercaniae of Troglotrema 

salinincola. No parthenitae except cercariae were shed by any snail. 

Infested snails were fed to hamsters but no parasites were recovered. 

Snails which often make up a large share of the diet of wild raccoons 

were fed to a young laboratory raised raccoon and no parasitism 

occurred. 



Cercariae. The living cercariae of Troglotrema salrìti.ncola vary 

in length from 3lO-L?O mu and vary in width from 3O.-lO mu. The 

average length is 390 mu. The tail is very short, bluntly conical 

and averages 3 mu in length. The cuticula is transparent and 

covered with fine spines directed backward. There are fine spines 

also on the tail which are longer and more hair like. The body is 

almost circular in cross section. 

The ora]. sucker opens subventrally and is almost spherical. It 

measures 7-8O mu in diameter and is provided with a simple stylet 

which measures l2. x 3. mu arid points anteriorly. Directly behind 

the oral sucker is a pharynx measuring 20 mu in diameter from which 

a few cells trail posteriorly but which do not form a gut. The 

ventral sucker lies a little behind the middle of the body and meas.. 

ures 67 mu in diameter. Behind the ventral sucker and almost at the 

tail there is a ventral, longitudinal slit which opens into a deep 

pit the walls of thich appear to cecrete a sticky, mucots substance. 

The secretory cells form a large mass, the celi boundaries of ihich 

are quite indistinct. The conspicuous penetration glands lie 

antero-dorsal to the ventral sucker and appear in four clusters of 

about 1 cells each. Each cell cluster connects by a separate duct 

to the base of the stylet. In living cercariae the ducts are very 

irregular in size and usually have a wide dilatation at the level 

of the hind border of the oral sucker, The ducts pass anteriorly and 

dorsally over the oral sucker and then curve back posteriad forming 

reversed S before entering the stylet sac. In many cercariae 
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each duct appeared to be made up of four separate elements which, at 

times, appeared to be four separate tiny ducts. 

The reproductive anlagen are very difficult to make out. In 

some arthnals there is a cluster of cells anterior to the excretory 

vesicle nich appear to be these anlagen. The excretory vesicle is 

very large, pear-shaped, and has a narrow neck pointing backwards. 

The vesicle is made up of cuboidal cells and empties rhythmically 

into a median tubule which passes back and downward to open dorsally 

at the base of the tail. Anteriorly at each side of the excretory 

vesicle is a collecting duct which cou.ld not be Loflowed. Flame 

ceUs were observed in these cercariae but their pattern was ob- 

scured by the opacity òf.the tissues. 

When aive the cercana elongates and contracts rapidly and 

opens and closes both the oral and ventral suckers. The stylet is 

protruded at least once upon each elongation of the body. There is 

a more or less rhythmical contraction of the large excretory blad- 

der and an opening and closing of the aperture of the adhesive 

organ. The tail is conical and slightly coñtractile, so that it 

can, at times, almost double its length. If there is any secretion 

from the adhesive organ it is not visible under these conditions. 

There is often a noticeahLe secretion of material about the stylet 

which may explain the ability of the animal to penetrate so rapidly. 

Cercariae will live up to ¿j8 hours in water and then swefl 

and die; often they burst and disintegrate completely. They are 

so active, when alive, that they are difficult to study. The best 
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results were obtained by allowing the water to evaporate from beneath 

the covergiass to bring pressure upon them, or to use a very dilute 

intravital stain. These stains must only barely color the water or 

the cercariae will contract and die. 

Slinma, Donham and Shaw (2S, p. 363) first noted that cercariae 

must travel in the water and be able to infest fish at some distance 

from their release from snails. This is true at the Alsea Fish Hatch- 

ery. No ìails were found in the ponds but the fish in them were 

infected and infected snails were found in the river above the hatch.. 

ery. Five cercariae later proved to be that of Troglotrema were taken 

in a plankton net above the hatchery. 

There are many kinds of cercariae found in the host snail 

Goniobasis as pointed out by Donhain (13, p. 9), Sinitsin (29, 

p. 7) and others. The cercana of Troglotrenia was described in 

the literature (U, p. 61) as the most frequently occurring cercana 

in Goniobasis. The cercarla which most frequently occurs is believed 

to be the one which Donham described (13, p. 60). It had a short 

conical tail, moved in an inchworm-like fashion and came from sma.0 

rediae containing about 12 cercariae each. This cercarla is armed 

with a stylet, however, and is able to lengthen the tail and use it 

for feeble swimming. Numerous times small salmon were exposed to 

this cercarla and no penetration occurred. They were applied to the 

gills of young salmon and trout, placed in centrifuged body fluid 

of fish, and were injected into the eyes of salmon but no cysts 

formed at any time. Many of them would crawl about over the body of 
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the fish as Sinitsin described but none ever attempted penetration. 

Each of the other kinds of cercariae naturally shed by Goniobasis were 

applied to the tail and fins of small living salmon but none pene- 

trated a fish. 

In late August of 1950 a new microcercous type of cercana, that 

of TrogLotrema, was found in the plankton. A large number of snails 

were collected and some of this type of cercarla found in them. One 

of this type was found in scrapings of three wild fish taken from the 

river. This cercana, taken from crushed snails, did not penetrate 

when applied to fish but seemed trapped in the mucus of the fish skin. 

When naturally shed cercariae of this type were subsequently applied 

to the fish they rapidly penetrated. They frequently became en- 

tangled in their own sticky secretion and were apparently unable to 

get free of it to effect penetration. Cercariae would not penetrate 

a fish which had been dead several hours. 

Only the larger snails 2.5 cm or more in length shed cercariae 

although smaller ones, when crushed, were found infected. In more 

than a hundred snails examined this cercana was never found in a 

mixed infection including any other kind of cercarla. 

Many large snails shedding cercaniae were kept in an aquarium 

and it was noted that any one snail shed cercariae intermittently 

and often by the thousand. When shed in great numbers the cercar- 

iae often streamed out in and on tiny ropes of a mucous substance. 

This mucus, coming from several snails, sometimes entangled small fish 
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as they swain about in the confines of an aquarium. A few cercariae 

seemed to be free of mucus but it was often difficult to pick up a 

single cercarla from a group. 

Small salmon and trout about i inch in length were held captive 

in glass tubes with the tail protruding. Cercariae were applied with 

a fine pipette to the tail. The cercariae when suspended In or near 

fish had no sense of direction concerning the fish and did not be- 

come more active in their presence. They cannot swim and only con- 

tract and elongate their bodies. This constant, rhythmical contrac- 

tion persists until the cercarla suddenly makes contact with the 

fish, then it begins penetration almost at once, seldom requiring 

more than 2 minutes to get beneath the skin. A few were observed 

to penetrate in 30 seconds. Occasionally cercariae will crawl a 

short way upon the fish before attempting to penetrate and a few 

do not penetrate at once. cce embedded, the cercana often rests 

a short time, then proceeds on into deeper tissue. In the tail 

they were observed to get into the blood vessels between the rays and 

to crawl in a caterpillar-like manner into the base of the tail. 
The cercariae were observed to penetrate rapidly enough so that 

on thin tails and fins of fish occasionally one woulI perforate 

completely and crawl out on the opposite surface. The cercariae 

were never observed to encyst in or on anything but a fish. 

Nine young salmon placed in an aquarium with eight snails 

were all dead in six hours. Twelve snails were placed in an aquar- 

ium which was about 6 X 8 x 12 inches and about a dozen 2 inch 

Chinook salmon were placed in it. In twelve hours three fish were 
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dead and the survivors were moved to another aquarium. More trials 

were made and when there were more snails than fish some of the fish 

died in 12 hours or less. When the proportion of fish to snails was 

irreased none died as a result of the 12 hour exposure. 

Cercariae are reported to encyst only in fish belonging to the 

salmon f ainily (13, p. 83) but 2 dace minnows over 2 inches in length 

were placed in the aquarium and both died, one within 12 hours, the 

other within lj days. Both were covered with encysted cercariae. A 

small sculpin placed in the aquarium with snails was dead the follow - 

Ing day. Many encysting cercariae were seen in the fins, tail and 

skin. Two of three gold fish were placed in an aquarium with four 

snails known to have been shedding only cercariae of Troglotrenia. 

Seven hours later the two fish showed distress and within U hours 
both were dead. The eyes, skin and tails were covered with encysting 

cercariae. These fish were fixed for histological sectioning. It 

was found that many of the cercariae had formed cysts in the skin 

and tail, and apparently had not migrated into the deeper tissues 

as readily as they do in salmon where they seldom form cysts on the 

skin or tail. 

The cercariae appear to penetrate fish at any point and mi- 

grate to and through the internal organs as cercariae and then encyst. 

The cyst apparently do rt move after it forms. 

Ì4etacercariae, A typical metacercaria which was released by 

trypsin digestion of the kidney of a wild fish had the following 
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measurements: length 37 mu, width 27 mu, oral sucker 107 mu, vent- 

ral sucker 9S mu, pharynx 30 mu and the excretory bladder 20 x 180 

mu. The shape is generally ovoid and the cuticle is covered with fine 

spines The gut is developed but only anlagen of the sexual apparat- 

us are present. 

The cercariae lose their tails in the act of penetration and 

actively make their way into the tissues of the fish. They form a 

cyst wafl quite readily. It is thin, transparent and easily rup- 

tured. When the cyst is ruptured the metacercaria crawls about a 

while and the old cyst wall is seen as a thin, empty husk. It can 

re-encyst in a few hours, the cyst wail seemingly formed by the 

fluke and not by the host. Cysts are occasionally formed on the 

skin and on the tail quite outside the body of the host. Meta- 

cercariae from a wild fish, and presumably older, have a much tough- 

er cyst wall and are larger in size. 

The excretory bladder fills almost at once after the formation 

of the cyst and the little round granules in it make it appear white 

by reflected light and black by transmitted light. Upon release of 

the metacercaria from the cyst, the bladder starts to empty imme- 

diately. In cysts newly formed in the laboratory the bladder in- 

creased quite slowly in size but in a few weeks it approached the 

size of that found in the wild fish. 

When first formed metacercariae have about the sanie structures 

as cercariae. As they grow older the stylet becomes smaller and is 

not found at all in those occurring in wild fish. There is, at 
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first, no hint of a digestive system or sex orgarw except for the 

anlagen. When these newly formed cysts up to 3 days old are fed to 

hamsters they do not develop, but, after a period of ten days or more 

in the fish, they develop in six or seven days into mature adults. 

The mature metacercariae have a pharysx and a bifurcated gut thich 

is not present in metacercariae 3 days after encystment. 

One group of' experimentally infected fish which iias cept a 

week in an aquarium after exposure was then fed to hamsters but 

flukes did not develop. Another group of fish was allowed to remain 

in the aquarium ten days after exposure to cercariae and then was 

fed to hamsters. Adult flukes were recovered from this group. No 

flukes ever developed in hamsters to which had been fed fish not 

exposed to cercariae. £11 hamsters were examined 6-7 days after 

exposure and most of the flukes recovered contained ova. Before 

feeding fish to hamsters all the fish were examined carefully and 

every one from the exposed group was found to be parasitized by 

great numbers of inetacercariae. 

A local dermatitis, a tiny raised area, would form on the 

skin of the salmon from the Metolius River Hatchery at the point 

of cercarial penetration. In order to penetrate so rapidly these 

cercariae probably secrete a potent proteolytic enzyme. In wild 

fishes collected during the summer from the Als ea River during the 

low ter season a great many of the tails and fins were eroded. 

Histological sections were made of' thesé eroded fins. In the imme- 

diate vicinity of the eroded fin rays metacercariae were numerous. 

Metacercariae were also found in areas of erosion in the gills of 
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wild fish and metacercariae were found in the retina and in the cornea 

of the eyes. 

Snail. The host snail, Goniobasis plicifera si1j.cjia t3ou]. was 

collected in large nunibers and coflections were made during the whole 

year except for a very short high water period in the winter. The 

snails will often be found down among the rocks, in the debris on 

the bottom of the original stream bed, and do not migrate a great 

deal up into the high water levels. They prefer large rocks, pil- 

ings, bridges and old planks. During the course of numerous collec- 

tions it was possible to obtain large snails at all times when the 

water was sufficiently low to collect them. 

The incidence of infestation of the snail by Troglotrema was 

not tabulated for a season. Of 26 snails of assorted sizes collec- 

ted in September from the Alsea River, only three of the larger 

ones harbored Troglotreina. Of 93 snails collected from the same 

water in February, l were over 3 cm in length, but none was found 

infected with Troglotrema. In March a group of 38 was collected, 

27 of which were 2-3 cm. in length and none was infected with Trog- 

lotrema. In March, also, a large number of snails was collected 

from Oak Creek; one was 3. cm. in length, 22 were over 3 cm in 

length, 122 were 2-3 cm in length and ti. were less than 2 cm in 

length. None were shedding Troglotrema and aU but 2 of them were 

infested with the parthenitae of some other trematode. A second 

group of snails from Oak Creek was collected 18 days later with 
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lengths which varied as follows: one measured 3.6 cm, 3 were 3. , 

22 were over 3 cm, 33 were 2-3 cm, 3 were 1-2 cm, while 77 were less 

than 1 cm. Feven of these, all over 3 cm in length, were shedding 

Troglotrema. Seventeen snails were shedding no cercariae but proved, 

upon examination, to be infested with Troglotrema. All of the 

others 2 cm or larger were infested with the parthenitae of some other 

trematode. 

Fish. At least O Chinook salmon fingerling have been exper- 

imentally exposed to the cercariae of Troglotrema and of that number 

8 fish were dead, presumably as the result of the invasion. All 

fish of all species so far exposed to the cercariae have become 

infected with metacercariae. Mo fish exposed to cercariae showed 

any signs of exophthalmus. The dead fish were all fixed in Bouints 

fixative or A.F.A. mixture and histological sections made of them. 

A group of three small salmon was fed upon finely chopped infected 

fish, but none were found infected with metacercaria. Two large 

salamanders, Dicamptodon adults, were fed infected salmon for 

about a month but were not parasitized by Troglotrenia. No evidence 

of parasitism by Troglotreina was discovered in dissected lampreys. 
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DISCUSSION 

The adult fluke was found to possess a seminal receptacle. 

Chapin (14, p. 36) described a seminal receptacle as occurring to 

the right and antero-dorsal to the seminal vesicle; however it 

is located behind the ventral sucker directly behind the ovary. 

Witenberg (3g, p. 28) failed to locate the seminal receptacle 

but Wallace (33, p. 114S) did find this structure. These men were 

working with fixed material, some of it apparently poorly fixed 

and prepared, in contrast to the present study for which there was 

an abundance of both living and fixed material. 

Witenberg (3g, p. 258) described Laurer's canal as opening 

dorsally and at the level of the esophagus. Material of the 

present study shows that the Laurer's canal curves upward from 

its origin at the oviduct to open dorsally on the median line 

some distance behind the ventral sucker. Laurer's pore is a tiny, 

sirriple opening. 

In young mature flukes containing only a few eggs the uterus 

is a simple U in shape, although in specimens with a greater nuzn- 

ber of eggs there is a second loop to the uterus making it W-shaped. 

Hoeppli (17, p. 399) attributed salmon poisoning disease to 

the mechanical action of the flukes in the intestinal mucosa of 

the dog. Histological sections of flukes in situ in the mucosa 

showed no evidence of severe mechanical damage. It is, of course, 

considered probable that the disease is produced by the rickettsial 

organism transmitted by the fluke. 
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Shaw, et al., (25, p. 363-391) keeping fluke eggs at a soraewhat 

lower temperature got them to hatch in 58 days. The eggs used in 

this work were kept at room temperature and hatched after a much 

longer period of time. 

Cram (7, p. 1.2) found T. salmincola in the raccoon, lynx and 

coyote. Donham fed metacercariae to a raccoon and recovered the adult 

stage from this aniral. The wrIter obtained many adult flukes from 

two experimentally fed raccoons. This study did not include evidence 

to indicate the definitive host in nature at the present time. This 

problem is puzzling inasmuch as the incidence of infection in Gonio- 

basis is apparently very high but there is some evidence to suggest 

that the longevity of Goniobasis is at least several years and there- 

fore the incidence of infection in the snail would tend to be high be- 

cause the development of the larval states in the snail may continue 

over a long period of time. This situation could account for the 

high incidence in Goniobasis and the difficulty of finding the defin- 

itive host among the piscivorous mammals of the area. The fact that 

the eggs sink rapidly in water and that miracidia are quite short-lived 

suggests that the host animal is a very common species. There is no 

evidence of snail to snail infection. 

Donham found that the larger snails disappear during the summer 

months indicating a short life span for the snail. The present 

writer was able to collect large snails at all seasons. Snails 

raised in aquaria in the laboratory have gro.m very slowly through 

a period of several months to obtain maximum length of less than 
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3. cm. Large Goniobasis collected from the streams reached a length of 

3.f; . 

Donham gave the measurements of a cercana (13, p. 60) which was 

without stylet, possessed a tail and occurred in groups of 12 per 

redia. Sinitsin (29, pp. 57-58) described a cercana that he attrib- 

uted to Troglotrerna salmincola but his description is so garbled that 

it is impossible to identify any cercana found in Goniobasis from 

his description. Wallace (33,p. 1h8) stated that he had had access 

to an unpublished work of Sinitsin in which he found a drawing of a 

cercarla without stylet which was assumed by Sinitsin to be that of 

The cercana of Troglotrema is armed with a sle 
stylet. Although Sinitsin was familiar with Dortham's work and des- 

cribed a cercana different from that described by Donham he failed 

to call attention to that fact. 

With confusing literature cited above upon which to base 

the description of the cercana the present writer expended a great 

deal of time trying to determine which cercarla from Goniobasis was 

that of Troglotrema. The tailed form described by Donham was ex- 

posed to salmon and trout but failed to penetrate the fish. AU 

cercaniae collected from Goniobasis were exposed to fish with the 

result that the cercarla described above was the only one which 

would penetrate the fish. The fish infected with this cercana 

were subsequently examined and found to contain the typical nieta- 

cercana of Troglotrema. These metacercariae were then fed to 

hamsters and the definitive stage ¿f Troglotrema salmincola was re- 

covered from the small intestine of the hamster, 
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Cercariae were observed to penetrate into and follow down the 

blood vessels from the tails of fish. This suggests an answer to the 

fact that most wild fish have a greater number of parasites, often 

arranged in rows (26, p. 186), in the kidney than in any other organ 

because the fish has a renal portal blood system and the cercariae 

follow the veins and venules to the kidney. Also, more cysts are found 

at the bases of the fins and the tail (13, p. 81) because a greater 

number of cercariae probably contact these appendages as a result 

of the water currents set up by them. Very few cercariae reach the 

kidney via the anal aperture as Sinitsin described. 

The cuticle of the cercariae covered with backward-directed 

spines, coupled with the production of potent proteolytic enzyme, 

probably accounts for the ability of' these animals to penetrate and 

migrate so rapidly. In a period of less than a day cercariae can 

penetrate into all the muscles of a small fish. The fact that 

cercariae cause death to fish in the laboratory indicates that, dur- 

ing the low water season in streams heavily infested with Goniobasis, 

this parasite may be quite pathogenic to young fish. 

The eggs of Trolotrema can be hatched in the laboratory, the 

snail host can be kept in the laboratory successfully, the cercariae 

will encyst in several species of laboratory fish and the cysts will 

develop into mature flukes in the hamster making Troglotrema salmin- 

cola a very good laboratory animal for future study. 

E 
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SUN11AItY 

There has been confusion in the literature concerning the life 

cycle of the salmon poisoning fluke, Troglotrenia salmincola. The major 

stages involved in the life history are herein identified and described. 

The timesrequired for metacercariae and adults to reach the mature con- 

dition are defined. 

The eggs are heavier than water and are found on the bottom. De- 

velopment of the eggs to hatched miracidia occurred in 87 to 200 days 

at room temperature. 

The rediae recovered from wild host snails, Goniobasis plicifera 

silicula (Gould), always contained microcercous ziphidiocercariae, 

but never daughter rediae. The rediae of Troglotrema are never mixed 

with those of any other trematode in the same snail. 

Cercariae float in the water and are held in groups by ropy mucus 

by which they probably become attached to the fish. The cercariae 

penetrate into the fish in as little as 30 seconds and were seen to 

crawl into carpillaries. Gercariae penetrated the following 

species of uish Oncorhynchus tschawytscha, Chinook salmon; 

Salmo clarkil, cut-throat trout; Apocope oscula, dace minnow; Cottus 

gulosus, fresh water sculpin; Carassius auratus, goldfish. Heavy 

infestations of cercariae killed ali species of fish exposed. 

Metacercariae ieveloped cysts about themselves in about a day and 

within 10 days had developed to the infective stage in the salmon and 

trout. Metacercariae cause erosion of fins and gills of fish. Infec- 

tive inetacercariae developed to sexually mature flukes in 6-7 days in 

the intestine of the golden hamster. 
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Details of the reproductive system of the adult living fluke are 

described. The stages of the life cycle of this fluke are illus- 

trated and details of anatomy recorded. 
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Plate 1, Fig. 1. The adult fluke, Troglotrema 

salinincola. 

Ej D : Ejaculatory duct, Ex P = Excretory pore, 

F C Flame cell, G P Genital pore, mt C 
Intestinal cecuin, 0v = Ovary, Ph Pharynx, 

S V Seminal vesicle, T Testis, u Uterus, 

Vit Vitellaria 
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Plate II, Figure 2. Dorsal view of the reproductive 

system of Troglotrema salmincola. Right and left 

vitelline ducts not extended to area of vitelli.ne 
glands. Vitefline glands omitted. C G D - Common 

genital duct, C V D = Common vitelline duct, 

Ej.B Ejaculatory bulb, Ej. D = Ejaculatory duct, 

Ex. B Excretory bladder, G P Genital pore, 

L C Laurer's canal, Oot. Ootype, 0v = Ovary, 

S R Seminal receptacle, S V Seminal vesicle, 
Ut. Uterus, V D Vas deferens, Vit. C Vitelline 

cells in junction of right, left and common vitelline 
ducts, y s Ventral sucker. 
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Plate III, Figure 3. Newly passed egg of 
Troglotrema salmincola. 0v Ovum, 
Vit. C VitLLine cells. 

Figure 1.. Embryonated egg con- 
taining motile miracidium. 

Plate III, Figure . Miracidiuin emerging 
from egg. E M = Egg membrane, F C Flame cell. 

Plate III, Figs. 6 & 7. Free-swlnmtLng iniracidia. 
F C Flame cell. 
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Plate IV, Fig. 8. Mature redia containing numerous 
cercariae and germ balls. 

B p : Birth Pore c Cercana, G = Gut or Intestinal 
Caècum, G B erni Ball. 

Plate IV. Fig. 9. 

germ balls. 
Immature redia containing only 

C B = Germ Ball, Ph = Pharynx. 
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Plate V, Fig. 10. Cercana emerging from the birth 
pore of the redia. 

Plate V, Fig. li. Microcercous xiphidocercaria of 
Troglotrema salmincola after emergence from the snail, 
Goniobasis pudiera silicula. 

Ex. Bi. Excretory ].adder, Gen. Juil. Genital 
Anlagen, Mu. Gi. Mucous Gland, Pen. Gi. Pene- 
tration Gland, St Stylet. 
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Plate VI, Fig. 12. Infective nietacercaria taken from 

a "wild" fish. 

Ex. B z Excretory bladder, Ex. P Excretory pore 

mt. C Intestinal caecum, O S = Oral sucker, 

Ph = Pharynx, V S Ventral sucker. 

Plate VI, Fig. 13. )eveloping metacercaria ruptured 

from cyst 2 days after cercana had penetrated a laboratory 

fish. C W = Cyst Wall. 

Plate VI, Fig. lii. Developing metacercaria within Cyst 

2 days after cercana had penetrated a laboratory fish. 
C W = Cyst wall, Ex. B. = Excretory bladder, St = Stylet. 
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Plate VII, Fig. l. Cross section of skin and muscle of 
fish exposed to cercarla of Troglotrema salminA, l.p., 
showing point of penetration of cercarla through the skin 
and the migrating cercarla in the connective tissue layer 
between the skin and muscle. Cer. : cercana, Pt. Pen. = 

point of penetration through the skin. 

Plate VII, Fig. 16. Cross section of the snail, Gonlobasis 
plicifera silicula, 1. p., showing redia and free cercariae 
within the body spaces of the host. Cer, cercarla. 
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Plate VIII, Fig. 17. Cross section through the fin of a 
trout, 1. p., showing encysted developing metacercaria. 
F R fin ray, M = metacercaria. 

Plate VIII, Fig. 18. Cross section through the gill of a 
trout, 1. p., showing a normal and a parasitized gill bar. 
N metacercaria, N G B normal gill bar, P 0 B para- 
sitized gill bar. 
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