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Abstract:
A study was made to determine the life cycle of the strigeoid trematode Bolbophorus confusus and
effects of the metacercariae on fish hosts. The adult trematode was found in the intestine of the white
pelican (Pelicanus erythrorhynchos), sporocysts developed in Helisoma trivolvis, and metacercariae are
known to infect 28 species of fish. Metacercariae produced a parasite cyst and also caused the
formation of a host cyst. B. confusus is believed to be the only North American cyst-forming
Diplostomulum. Temperature exerted a strong influence on the developmental stages of the parasite.
Development of metacercariae in fish hosts produced hemorrhage, hyperemia, and muscle necrosis. A
stamina tunnel was used to compare the swimming performance of rainbow trout infected by B.
confusus and those free from the parasites. Heavily infected trout (8.4 - 12.0 metacercariae per cm of
body length) swam at an average velocity of 1.5 feet per second, while parasite-free trout averaged 2.3
feet per second. Hematocrit values of 37 parasitized rainbow trout and 45 parasite-free trout were
determined. The values of 51% of the parasitized trout were below the average of the parasite-free
controls and only 5.4% of the parasitized fish had hematocrit values exceeding the average value of
control-trout. The ability of 66 parasitized rainbow trout and 63 parasite-free trout to withstand high
water temperatures was compared. It was observed that 88.9% of the parasite-free trout and 31.9% of
the parasitized fish lived to a temperature of 82 F. Fish with the largest numbers of metacercariae per
cm of body length died at lower temperatures than did fish with fewer parasites. 
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ABSTRACT

A study was made to determine the life cycle of the strigeoid trematode 
Bolhophorus eonfusus and effects of the metaeercariae on fish hosts. The 
adult trematode was found in the intestine of the white pelican (Pelicanus 
erythrorhynchos), sporocysts developed, in Helisoma trivolvis, and metacer- 
cariae are known to infect 28 species of fish. Metaeercariae produced eu' 
parasite cyst and also caused the formation of a host cyst. B. eonfusus 
is believed to be the only North American cyst-forming Diplostomulum. 
Temperature exerted a strong influence on the developmental stages of the 
parasite. Development of metaeercariae in fish hosts produced hemorrhage, 
hyperemia, and muscle necrosis. A stamina tunnel was used to compare the 
swimming performance of rainbow trout infected by B. eonfusus and those free 
from the parasites. Heavily infected trout (8.4 - 12.0 metaeercariae per cm 
of body length) swam at an average velocity of 1 .5 feet per second, while 
parasite-free trout averaged 2.3 feet per second. Hematocrit values of 37 
parasitized rainbow trout and 45 parasite-free trout were determined. The 
values of 51$ -of the parasitized trout were below the average of the 
parasite-free controls and only 5.4$ of the parasitized fish had hematocrit 
values exceeding the average value of control-trout. The ability of 66 
parasitized rainbow trout and 63 parasite-free trout to withstand high 
water temperatures was compared. It was observed that 8 8.9$ of the parasite- 
free trout and 31.9$ of the parasitized fish lived to a temperature of 82 F„ 
Fish with the largest numbers of metaeercariae per cm of body length died 
at lower temperatures than d.id fish with fewer parasites.



IWTRODUCTIOEr

Few investigations have been made concerning the quantitative effects 

of larval trematodes on the physical and physiological condition of fish. 

The extensive work of Smitherman (1964) evaluated some of the effects of 

Posthodiplostpmum minimum (MacCallum) metacercariae on the "functional 

state" of the bluegill Lepomis maeroehirus (Rafinesque). Experimentally 

infected fish showed "alteration of functional state" as exhibited by 

decreased growth rate, increased mortality, increased oxygen consumption 

of liver tissue, and depressed hematocrit levels. Krull (1934) reported 

that cercaria of Uvulifer ambloplitis may be responsible for the deaths 

of many small fish. His experiments with this parasite in centrarchids 

showed that larvae may produce hemorrhagic areas on the body and fins, 

popeye condition, impairment of muscle action, arrested development, and 

death. Hunter, and Hunter (1938), working with the same parasite, observed 

that high infection rates produced significant weight loss in host fish, 

while KLak (1939) found that a severe infection of forage minnows by 

Heascus caused sterility and mortality. Experimental evidence produced 

by Hoffman (1956), (1957), (1958),,Smitherman (1964), Olson (1964), et al. 

demonstrates that heavy infections of various species of metacercariae may 

kill fish, however, the effects of sublethal infections have not been well 

evaluated. ■

My investigation, conducted from September, 1962 to December, 1964, 

was primarily an evaluation of effects of metacercariae on the stamina 

(swimming performance) and temperature tolerance of rainbow trout (Salmo 

gairdneri). The strigeoid trematode Bolbophorus confusus (Krause, 1914)
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Dubois, 1935  ̂was selected for the investigation because it is readily 

availableo It was necessary to determine the life cycle of this parasite 

in order to carry out the primary objectives of the study.
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LIFE CYCLE OF BOLBOPHORUS COEFUSUS (KRAUSE, 1914) DUBOIS, 1935 

Dubois (1938) gave a historical account of B. co'nfusus and reported 

that: Brandes first mentioned the parasite, from material collected by

■ Kollar in 1858, and he called it "Hemistomum trilobum Dies."; Luhe, 

based on Brandes inadequate description, could not distinguish it from 

Distoma trilobum Rud. 1819, which Diesing had combined with the genus 

Hemistomum in I85O; Krause (1914) completely described the adult parasite 

and named it "Hemistomum confusum n. sp.". La Rue (1926a) and (1926b) 

placed Bo confusus in a new genus, Proalaria, since he considered the two 

type species, Hemistomum spathaceum (Rud.) Dies, and Alaris alata (Goeze), 

to be non-congeneric. However, since LaRue1 s type species (Proalaria 

spathaceum) was described, in the larval form, as Diplostomum volvens by 

von Hordmann in 1832, it should have been Diplostomum spathaceum 

according to the law of priority (Hughes, 1929)° This parasite was 

finally placed in the genus'Bolbophorus by Dubois in 1935 who distinguished 

it from the genus Diplostomum because it had a muscular genital bulb in the 

copulatory bursa.

B 0 confusus has been reported from a number of place's in Europe, but 

only a few records are known for the Western Hemisphere. Swanson found it 

in the intestine of the white pelican (Pelicanus erythrorhynchos) in 

Minnesota (Odlaug, 1954). McHeil (1949) in Washington and Hugghins (1956) 

in South Dakota also.reported B. confusus from white pelicans. Specimens of 

B 0 confusus collected by M. C. Hall in 1930 from white pelicans on 

Yellowstone Lake, Wyoming were found deposited in the U. 8 . Hational Museum. 

Metacercariae of this parasite were reported from rainbow trout and brown
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trout (Salmo trutta) from Meadow Lake, Montana (Fox, 1962).

Materials and Methods

Thirteen adult white pelicans were collected from Meadow Lake (Madison 

County) and Canyon Ferry Lake (Broadwater County) Montana. These contained 

numerous' B. confusus. In addition, two fledglings were captured from a

rookery in Yellowstone Lake, Wyoming. One died enroute to the laboratory
'

and it contained a large number of adult B. confusus. The other was kept 

alive and served as a source of B. confusus eggs for two years. The 

captive bird was given fresh and frozen fish, principally suckers 

(Catostomus commersoni and C. catostomus), at a rate of four to seven 

pounds daily during early growth and two to four pounds every other day 

after the bird was five months of age.. A vitamin supplement (Vita-King 

by Diamond Laboratories) was added to the diet (injected into fish) for 

about the first three months after capture.

Most trematode eggs were obtained from fresh fecal materialjof the 

captive bird, but some were secured from trematodes removed from autopsied 

pelicans» Living trematodes expressed eggs readily when put in distilled 

water which was replaced after a few minutes with O.865& saline solution.

In some instances this process had to be repeated several times before eggs 

were' discharged. Fresh fecal material, from the captive pelican, was 

placed in pilsner glasses and mixed with dechlorinated tap water. After 

settling five minutes of more, the supernatant was decanted and the glasses 

refilled with water. This was repeated until the supernatant was clear and 

} only eggs and a small amount of debris remained. Eggs were removed by



pipette, with the aid of a microscope, and placed in finger bowls containing 

dechlorinated tap water. Each bowl, containing 100 or more eggs, was 

partially covered and then floated in an aquarium at a constant temperature. 

Ciliates were added to the bowls to control bacteria (Hugghins, 1954a).

Miracidia were partially immobilized by the use of 0.4$ ehloretone or 

dilute methyl cellulose and stained with neutral red and/or Hile blue 

sulphate. Flame cells and portions of the excretory system could be 

observed as the miracidia slowly dehydrated under a coverslip (Hugghins, 

1954a).

The snail host (Helisoroa frivolvis Say) of this parasite was collected 

from Meadow Lake in Madison County and from Middle Three Forks Pond and 

Hebgen Lake in Gallatin County, Montana. Only.those snails from Meadow Lake 

were naturally infected with B. eonfusus. Specimens of H. trivolvis were 

collected in large numbers during July, August, and September, but only a 

very few were found at other times of the year. Snails were kept in 

laboratory aquaria or finger bowls and fed on boiled lettuce. Infection 

was accomplished by either exposing snails- directly to miracidia or by 

placing the parasite eggs in aquaria containing snails. Sporocysts were 

secured by carefully dissecting the snail host. These were studied alive 

and unstained in temporary water mounts sealed with vaseline.

To facilitate the collection of cercariae, host snails were isolated 

in small containers. Numbers of cercariae that emerged from snails were 

estimated by making actual counts of cercariae in subsamples totaling 5$ 

of the volume of water into which they emerged, Cercariae were studied
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in the same manner as miracidia. The dehydration method of Gort (1917) was 

best for studying the excretory system, Cercariae fixed in hot 5$ formalin 

(Cort and Bracket, 1937)# stained with Semichon’s acid carmine, cleared in 

terpineol, were mounted in Permount or Customount,

Metacerearial cysts were dissected from infected fish. The metacercariae 

were removed from cysts by teasing the cyst walls apart. The artificial 

digest recovery method of Hoffman (1955) was attempted without success, 

since metacercariae as well as cysts were destroyed by pepsin digestion. 

Permanent mounts of metacercariae were prepared in a similar manner to 

cercariae, but hot Bouin’s fluid was used instead of 5$ formalin.

Living adult B. confusus were removed from the intestines of autopsied 

pelicans. The entire intestine was slit open and its content washed out..

This was mixed with fresh water and repeatedly decanted until the superna­

tant was clear. Trematodes were then recovered from the material remaining 

in the container. Adults were fixed in hot Bouin's fluid. Some' were 

dropped directly into the fixative while others were first flattened under 

a eoverslip.

Description of Stages in the Life Cycle of B0 confusus 

(measurements in microns unless otherwise designated)

.Egg (Fig. I). Eggs are generally ovate in shape, however a few were 

rounded or elongated. All are amber colored and operculate. Fifteen eggs, 

obtained from fresh fecal material, ranged in size from 115 x 67 to 125 x 

82 and averaged 119 x 72. Ciurea (1930) reported a range of 9b x 6b to 

101 x 66, but his measurements were made on eggs InfUtero. Dubois gave a
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Explanation of Figures

Fig. I Unembryonated egg. Scale s 0.05 mm.

Fig. 2", Miracidium. Scale - 0.05 mm.

Fig. 3 Mother sporocyst containing germ masses and developing daughter 

sporocysts«• Scale ^ 1,0 mm.

Fig. h Daugher sporocyst containing germ masses and developing cercariae. 

Scale s 1.0 mm.

Fig., 5 Body of cercariae with protrusible portion of penetration organ 

invaginated. Scale = 0.05 mm.

Fig. 6 Head of cercaria with protrusible portion of penetration organ 

extended. Scale » 0.05 mm.

Fig. 7 Cercaria in resting position. Location of flame cells in tail 

stem indicated. Scale as 0.20 mm.

Fig. 8 Metacercaria in ventral aspect. Calcareous corpuscles indicate 

extent of reserve excretory system in forebody. Scale ® 1.0 mm.

Fig. 9 Adult trematdde in ventral aspect. Scale s 1.0 mm.

Abbreviations: AT, anterior testisJ BC, bursa copulatrix; E, esophagus;

EB, excretory bladder; Eg, egg-; ET, embryonic testes; EV, excretory vessel;

FC, flame cell; H 5, holdfast; HG, holdfast gland; 1C, intestinal caecum;

LPS, lateral pseudosucker; OS, oral sucker; Ov, ovary; PD, penetration

duct; PG, pentration gland; Ph, pharynx; PO, penetration organ; PT, ■

posterior testis; V, vitellaria; VS, ventral sucker.



size range of 90 x 55 to 102 x 72» He credited Krause with measurements 

of 95*4 x 58 (Duboisj, 1938)0 These latter measurements were probably made 

on eggs in utero since they are similar to Ciurea1S0 The egg shell appeared 

smooth and was less than I thicke The opercular cap, located at the 

narrow end of the egg, averaged 22 wide by 5 deep,

Mie development of the embryo was influenced by temperature^ Time 

prior to hatching and the hatching period was shorter as temperature 

increased. Of several thousand eggs kept at 60 - 68 F, a few hatched in 

65 days and hatching continued sporadically for several weeks| however, 

only a very small percentage hatched, MLracidia from these eggs were 

inactive and were probably not invasive. Many of them were malformed.

Eggs generally hatched as follows; l6 - 21 days at rJO --75 Fj 14 = 18 

days at 75 - 80 F,° 12 - 15 days at 80 = 85 Fj and 12 - 13 days at 90 F, 

Several hundred eggs kept at 35 ~ 40 F for 30 days showed no embryonic 

development, but these started to hatch in 12 days when the temperature 

was raised to 90 F, A considerable number of eggs subjected to freezing 

were no longer viable when thawed and held at 90 F, Eggs.kept at comparable 

temperatures hatched at the same time and rate whether illuminated or in 

darkness, which suggests that heat rather than light may be a stimulus 

(Hugghins, i95^a),

Miraeidium (Fig, 2), Development, within the egg, was similar to that 

of the related species Hysteromorpha triloba (Hugghins, 195^a), The 

developmental characteristics and measurements made on embryonic miraeidia 

(based, upon several individuals for each stage) kept at 88 = 90 E were as
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follows:

First day = egg unembryonated when laid, ovum with average diameter 

of 1 8o5 and eccentrically located ca. 19 from the operculated anterior end. 

Second day - egg with many large vitelline cells, ovum irregularly 

round, nearly twice original size.

Fourth day - egg with numerous large clear globules, few vitelline 

cells, embryo elongate ca, k-0 x 30.

Sixth day ™ embryo with flame cells visible (anterior pair and 

posterior pair), eye spots faintly discernible as diffuse circular patches 

of pigment granules, cilia not visible on embryo within egg but seen 

beating when egg shell was ruptured, embryo ca. 70 x 35°

Eighth day - embryo extending almost length of egg, eye spots more 

compact and approaching reniform shape, faintly discernible goblet“Shaped 

apical gland present ca. 33 x 23, embryo ca. 101 x 38.

Tenth day = embryo longer than egg, with posterior one-third flexed, 

eye spots reniform shaped measuring ca. 10 x 4 and ca. 8 apart.

Twelfth day - embryo active in egg with increased activity when 

exposed to strong light, embryo probing with terebratorium, most eggs • 

hatched, miracidia generally escaped via opercular opening but some through 

split in shell without disturbing opercular cap.

Miracidia were generally cylindrical in shape. They were difficult 

to measure, due to their contractility. Measurements ranged from 150 - 

190 by 30 = 40. The anterior end of the body (ca. one-fourth) is cone- 

shaped, with a terebratorium located at the apex. The latter is ca. 4
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long and 7»5 wide and has a number of pores in the proximal region. The 

widest part of the body is the base of the anterior cone, which bears two 

pair of lateral papillae. The anterior papillae are short rod-like 

structures ca. 5 % 2 .$, while the posterior ones, located immediately 

behind the anterior pair, are knob-shaped and measure ca, 7 x 5= The 

body of a miraeidium is tapered from the level of the lateral papillae to 

the blunt posterior end which has a width of ca, 12, The entire body is 

ciliated, with the exception of the lateral papillae. The cilia are ca, 2 

in length at the anterior end, but increase in length on the anterior cone 

until they are ca, 7 at the level of the lateral papillae. The cilia, in 

a tuft which is situated immediately anterior to the lateral papillae, are 

ca, 10« Cilia posterior to the papillae are ca, 7; except for those on 

the distal end which are ca, 8 « An obscure goblet-shaped apical gland 

nearly fills the anterior coned Directly posterior to this are two reni- 

form-shaped eye spots of ca, 10 x 5» These are 8 - 1 2  apart. Their 

concavities face laterally and they appeared without leases. The eye 

spots were observed to move considerably within the body, but always 

maintained their relative position to one another. Just posterior and 

lateral to the eye spots are the anterior flame cells. The posterior 

flame cells are also in a lateral position 70 - 90 posterior to the anterior 

flame cells. Both pairs of flame cells usually face anteriorly. The two 

main excretory tubules originate near the anterior flame cells and extend 

directly to the level of the posterior flame cells where they become 

convolute. Each ©pens into a lateral excretory pore. An irregular ovoid
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structure cae 12 x 8 is centrally located between the posterior flame cells 

and the posterior end* It contained granules which may be germinal material* 

A sac-like structure ca* 15 x 5 at the posterior end of the body also con­

tained similar material*

Most miracidia swam in a path approximating a straight line, sometimes 

rotating on their longitudinal axes* They were usually extended while 

swimming, but some were slightly contracted and a few were very much 

contracted and appeared as small spheres. Miracidia, believed to be 

nearly spent, were observed to swim slowly in circles without rotating on 

their axes* Miracidia were not observed to be phototrophic and could not 

be concentrated with light as were miracidia of Hysteromorpha triloba 

(Hugghins, 1954a). Most miracidia swam for 12 hours (range 3 - 2.4 hours) 

in water kept at 75 = 80 F. The presence of host snails did not appear to 

stimulate miracidia and contact with snails was probably by chance.

Mracidia were not seen to penetrate host snails, but some were observed 

to crawl over the shells and others disappeared into the shell apertures.

Sporocyst (Fig* 3 and 4)* Both mother and daughter sporocysts were 

found in H* trivolvis. Hone were found in Physa sp., Gyrulus sp., and 

Lymnea sp., although miracidia were seen to enter their shell apertures.

Only "one mother sporocyst was found per snail and it was always located 

in the mantle* The elongate sporocysts are 4-=- 5 mm in length and are 

composed of 6 - 8 sac-like nodules ranging in size from 0.4 - 1*6 mm long 

by 0.13 - 0*21 mm wide* Most nodules contained germ masses and/or 

daughter sporocysts in various stages of development. The anterior end of
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a mother sporoeyst Is attenuated* while the posterior end is rounded and 

blunt o Tissue plugs were present at either end and between each of the 

noduleso Birth pores were not observed* ■ Mother sporoeysts exhibited 

limited mobility*

Daughter sporoeysts appeared as a tangled mass of thin worm-like 

organisms (Fig. 4)* completely obscuring the digestive gland of the snail. 

The number present In a representative snail exceeded IGOO. These were 

somewhat smaller than mother sporoeysts and most were without nodules.

The few nodulated ones observed were probably old specimens which had 

produced most of their cercarlae. Size was variable depending upon 

development* but those containing recognizable cercarlae ranged from 3 ■=*

4 mm. long by 0,08 - 0.15 mm wide, ,The anterior and posterior ends of a 

daughter sporoeyst are similar in shape to those of a mother sporoeyst* 

but the daughter has a distinct anterior cone. A birth pore is present 

at the base of the anterior cone; ca, 100 posterior to the apex. The 

body'is slightly tapered with the posterior end ca. 5 wider than the base 

of the anterior cone. Both ends of the body contain tissue plugs* while 

the portion between is a continuous chamber. Germ masses and cercarlae 

in various stages of development were observed in this chamber. The 

maximum number of fully developed cercarlae in a daughter sporoeyst was 

seven. Cercarlae were active in the body chamber and some' were seen to 

move its entire length. Cercarlae were observed leaving the birth pore* 

one at a time and always went head first* appearing to use the tail stem 

for propulsion. Daughter sporoeysts were very active and a number were
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observed to move and give birth to cercariae, when kept in 0o86$  saline 

solutionfor as long as 24 hours after removal from the snail*

Only 15 infected H 0 trivolvis were found in a collection of 300 from 

Meadow Lake, Cercariae began to emerge from most snails infected by B e 

eonfusus miracidia in the laboratory, in 30 - 34 days when kept at JO - 
75 F, but emergence did not begin from some snails for 35 - 51 days.

Snails were usually exposed to 2 - 4 miracidia in "the laboratory, but in 

some instances up to 100 or more were present. The number of cercariae 

produced was not related to the number of miracidia used for exposing 

snails. Most laboratory infected snails died-after cercariae had emerged 

from them for 15 - 30 days. Some died after cercariae emerged for three 

days while others died in 2 - 3 months and in one specimen cercariae 

emerged continuously for nine months before the snail died. The length 

of the cercarial emergence period was not related to the number of 

miracidia used for exposing snails. The number of cercariae emerging 

daily varied from 0 to over 1000, More cercariae emerged in the 48-hour 

period prior to death of the snail, and during this’time snails were 

observed to hemorrhage.

On September 9, 1964, 18 snails were exposed to B, eonfusus miracidia, 

Cercariae were emerging from these snails on October 30, 1964, Nine of the 

snails were put in individual bowls with food and 200 cc of water. These 

were placed in a water bath at 75 F, After 24 hours the number of 

cercariae in each bowl was determined. The water in the bowls was 

replaced and the temperature of the water bath was slowly lowered 5 F over
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an eight-hour period,, This procedure was repeated every 24 hours until a 

temperature of 35 F was reached. Food was given the snails with each change 

of water. The remaining nine snails were placed -in an aquarium kept at 

75 F, The water temperature was lowered,to 35 F over a 48-hour period.

These snails were then placed, in howls. The same procedure used in the 

first experiment was followed, except the water hath temperature was 

raised 5 F every 24 hours instead of lowered. The average number of 

eeresriae that emerged in each 24-hour period is shown in Table I, The 

largest numbers of cereariae emerged at 75 F,'from snails subjected to 

decreasing water temperature. In these, emergence decreased markedly 

below 70 F and ceased at 55 F, Emergence started, from snails subjected 

to increasing water temperature, at 60 F and the number of cereariae 

emerged increased markedly at 70 F, The largest number of cereariae 

emerged at 75 F, All snails fed at temperatures of 60 - 75 F and a few 

fed at temperatures as low as 55 F, Ho mortality occurred among snails 

subjected to temperature decreases, but one-third of the snails died when 

subjected to temperature increases, Temperature has been observed to 

affect the emergence rate of cereariae in other strigeoid trematodes,

Cort (1922) found that emergence of Cerearia elephantis was almost 

completely inhibited at temperatures of 58 - 65 F0 Bees (1931; 1948) 

observed that temperatures below 58 F checked or greatly inhibited 
emergence of Cereariae purpurae Lebour, • Bauer (1959) reported that 

eerearlal emergence of the Siberian Fluke (Oplsthorehis felineus) from 

the mollusean host, occurred during the warm time of the day, beginning
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TABLE I

IfIFLUENCE OF TEMPERATUEE OU EMERGENCE RATE OF CERCARIAE FROM 18 SNAILS

Temperature decreased 
5 F every 2k hours

Temperature increased 
5 F every 24 hours

Snails with Avg. no0 Snails with Avg. no.
Degrees cercariae cercariae Degrees cercariae cercariae

emerging emerged F • emerging___ emerged

No . v $ No.. %

75 9 100 432 35 0 0 0

70 9 100 324 40 0 0 0

65 7 77 136 45 0 0 0

60 5 55 12 50 0 ■ 0 0

55 ’ 2 22 2 55 0 0 0

50 0 0 0 60 4 57 2

45 0 0 0 65 6 86 110
40 0 0 0 70 6 86 255
35 0 0 0 75 5 83

VO%

in the morning, reaching. a peak at midday, apd then dropping to zero in the 

eveningo Dimik and Dinnik (1964) found that production of Fasciola 

giganfica eerearlae ceased 'below 6o«8 F„

Cercaria (Figs. 5, 6 , 7)« The fureocercaria superficially resembles 

the cercaria of Hysteromorpha triloba (Hugghins, 1954b). Average measure­

ments of 25 specimens fixed in hot formalin were as follows (range in 

parentheses): Body length 257 (232 - 279)  ̂width 42 (35 - 49); tail stem

length 280 (26l - 309), width 43 (37 49); furcae length 258 (247 - 267),
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width at mid-length-ventral aspect 12 (11 - 1 3), width at mid-length- 

lateral aspect 27 (26 - 28). The anterior end of the body is heavily 

spined. The spines extend posteriorly for ca. 20. At this level a narrow 

spineless band (depth ca. 5) encircles the body. Immediately posterior to 

this is a spined area extending to a level ca. 50 from the anterior end. 

This latter area is not as heavily spined as the anterior end. The rest 

of the body is encircled by equidistantly spaced rings of spines,.' Each 

ring is made up of a single row of spines. The body spines are of similar 

size and form. They are ca. 2 long, taper to a point, and are recurved so 

that they point posteriorly. An ovoid penetration organ (oral sucker), ca. 

50 long by ca. 40 wide, nearly fills the anterior end of the body (Fig. 6 ). 

This organ is equipped with a protrusible anterior end, which is ca. 12 

long by ca. 4 wide when extended. It is spined and appeared to have a 

longitudinal groove. It is usually retracted and this is accomplished by 

invagination, which leaves a circular opening at the anterior end. The 

invaginated structure forms a small sac lined with spines. A faintly 

discernible pharynx ca. 5 in diameter is centrally located just posterior 

to the penetration organ. ■ The limits of the prepharynx and esophagus could 

not be ascertained by the techniques used. IntestihBl-caecae, acetabulum, 

and reproductive fundaments were not observed. Three tandem pairs of 

uninucleate penetration glands are centrally located in the posterior half 

of the body. The two posterior pair are somewhat smaller than the anterior 

pair, The penetration glands are grouped but the anterior pair were 

observed to pull away as the body is extended. The glands and their ducts
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are filled with granules which readily■stain with Nile blue or neutral red. 

Two penetration ducts extend anteriorly on each side from the penetration 

glands. They convolute at the level of the pharynx and become dilated ' 

after entering the penetration organ. They open anteriorly, by a common 

orifice located at either side of the base of the protrusible portion of 

the penetration organ (Fig, 6 ). The excretory bladder is centrally located 

in the extreme posterior region of the body. It is variable in shape, but 

often appears as two somewhat flattened ovals one upon the other. The 

principal excretory tubules were observed between the posterior pair of 

penetration glands and the excretory bladder. The eight pairs of flame 

cells are situated laterally in the body as follows: one pair at the base

of the penetration organ; one pair near the convoluted portions of the 

penetration ducts; one pair on the oral side of the anterior penetration 

glands; one pair at the posterior end of the anterior penetration glands; 

two pairs adjacent to the posterior penetration glands; two pairs at the 

level of the excretory bladder- In addition four flame cells are located 

in the tail stem. The collecting tubules were difficult to see and their 

extent could not be ascertained by the techniques employed. The tail stem 

is cylindrical and its periphery is composed of large cells. Longitudinal 

tail stem fibers fill the interior except for a small central core. Other 

fibers extend posterio-medially from the outer cell layer to the central 

core. The flame cells appear to be located in the central core and are 

equally spaced in the anterior two-thirds of the tail stem. Nine to 15. 

very thin flagellets, 12 - 15 in length, are present on each side of the
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tail stem. One flagellet was observed on either side of the body at the 

level of the excretory bladder. These flagellets were observed to 

disappear, "melt down" in the manner described by Hoffman (1957)• The 

fureae have seven longitudinal rows of very small spines on their lateral 

surfaces. A flagellet was present on the dorsal surface and another on the 

ventral surface of the fureae ca. 88 from the distal end.

Cercariae emerged in equal numbers throughout the day and night, under 

laboratory conditions. They were not observed to be phototrophic. The 

resting attitude is with the body down and bent like a hook, the tail stem 

extended, and the fureae widely separated at almost right angles to the 

tail stem (Fig. 7). Cercariae usually swam upward, by rapid oscillatory 

motion of the tail stem. A swimming period was- less than one second in 

water kept at 75 - 80 F and the resting period was always longer than the 

swimming period. The frequency of the swimming periods was increased by 

agitating the water. After each swimming period cercariae slowly settled 

toward the bottom. Cercariae, regardless of their activity, were more or 

less equally distributed throughout the container.

Metacercaria (Fig, 8 ), Ten families including 28 species of fish are 

known hosts of B. confusus metacereariae (Table Tl). Eight of these were 

found naturally infected from Meadow Lake and 12 others were experimentally 

infected. Metacereariae were usually found in the musculature immediately 

underneath the integument, however a few fish from Meadow Lake and several 

laboratory infected specimens had cysts more deeply embedded. Metacereariae 

were occasionally found in the brain, behind the eyes, in the mouth, and on
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TABLE II

HOSTS OF B. COHFUSUS METACERCARIAE 

Species Infection Reference

Salmonidae

Frosopium Williamsoni 
Salmo gairdneri
Salmo trutta

Salvelinus fontinalis 
Thymallus arcticus

Esocidae

Natural & Laboratory 
Natural & Laboratory

Natural & Laboratory

Laboratory-
Natural

Esox lucius 

Cyprinidae

Abramis brama 

Abramis sapa 

Blicca bjorkna

Natural

Natural

Natural

Natural

Gila atraria 
Hybopsis gracilis 
Leuciscus idus

Natural
Natural
Laboratory
Natural

Pimephales promelas 
Ptyehocheilus oregonensls 
Rhiniehthys eataraetae 
Richardsonius balteatus 
Scardinius e:

Laboratory
Laboratory
Laboratory
Laboratory
Natural

Catbstomidae

Catostomus eatostomus 
Catostomus commersoni 
Pantosteus platyrhynehus

Natural & Laboratory 
Natural & Laboratory 
Laboratory

Fox— , Olson, 1964 
Fox, 1962.

Olson, 1964 
Fox, 1962.

Olson, 1964 
Olson, 1964 
Foxi/

Dubois, 1938

Dubois, 1938;
Dubinin, 1949 

Dubois, 1938;
Dubinin, 1949 

Ciurea, 1930;
Dubinin, 1949 

Dubinin, 1949 
Foxi/
Olson, 1964 
Ciurea, 1938;, 

Dubinin, 1949 
Olson, 1964 
Foxi/
Olson, 1964 
Foxi/
Dubois, 1938

Olson, 1964-Z 
Olson, 1964=  
Olson, 1964
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Species

TABLE II 

(Continued)

Infection Reference

Ictaiuridae

Olson, 1964^/ .Ictaluras punctatus Laboratory

Poeciliidae

Gambusia affinis Laboratory Olson, 1964 
Foxi/Lebistes reticulatus Laboratory

Centrarchidae

. Lepomis macrochirus 

Percidae

.Laboratory Olson, 1964

Perea fluviatilis !Natural Ciurea, 1938; 
Dubinin, 1949

Cottidae .

Cottus bairdi Laboratory Olson, 1964—/

Mugilidae

Mugil saliens• Natural Ciurea, 193O

l/ Data from present study,

2/ ' Olson, 1964 considered these fish abnormal hosts since metacercariae 
were small and poorly developed.

the fins.

Development of metacercariae was observed in laboratory infected fish 

( 4 - 6  inch rainbow trout) kept at TO F in aquaria. The metacercariae 

were located in the somatic musculature three days after penetration of 

cercariae. These were very small (ca. 300) and the penetration ducts of the
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cercaria were still present (Fig. 10). Hie parasite cyst appeared as a 

very thin membrane, mostly in contact with the body of the metacercaria,

7 ” 10. days post infection (Fig. 11). A connective tissue host cyst is 

evident at this time and some hemorrhaging is usually present in host 

tissues surrounding the metacercaria. In 15 - 20 days post infection the 

parasite cyst is thicker and no longer in contact with the metacercaria 

(Fig. 12). The metacercaria is almost completely developed and the oral 

sucker, ventral sucker, and holdfast are clearly visible. The metacercaria 

is folded at the level of the ventral sucker. The host cyst is much 

thickened and often more or less pigmented. Hemorrhage is often extensive 

at this time. Between 20 and 30 days post infection the parasite cyst 

thickens into a tough hyaline membrane ca. 30 thick (Fig. 13). The host 

cyst is usually black, with the color due to the presence of host pigment 

cells and/or blood components present in the cyst or in the space between 

it and the parasite cyst. Blood trapped between these cysts was observed 

to gradually darken until it became black. When some host cysts were 

ruptured a black fluid was released. Host cysts ranged from 1.07 - 2.5 mm 

in length by 0.7 - 1.62 mm in width. Development of the metacercaria and 

parasite cyst was complete in 30 - 3^ days at 70 F. Parasite cysts were 

lemon-shaped and those removed from rainbow trout and brown trout were 

850 - 1500 long by 550 - 1000 wide. Qysts secured from small fish such, 

as Lebistes reticulatus and Gambusia affinis were smaller as were the 

metacercariae they contained.

Average measurements of 50 metacercariae from rainbow trout and brown
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Fig0 10

Fig, 11

Fig0 12

Fig0 13

Explanation of Figures

Metacercaria in striated muscle ca, three days after penetration 

of Cerearia0 Penetration ducts of eercaria are still present in 

anterior end. Scale s 0.05 mm.

Metacercaria ca. 10 days post infection. Parasite cyst visible 

as a thin membrane mostly in contact with body of metacercaria. 

Host cyst has begun to form and some pigmentation is present. 

Scale * 0,20 mm.

Metacercaria ca. 20 days post infection. Parasite cyst well 

formed with a space between it and the body of the metacercaria, 

Metacercaria is folded in the characteristic position. The oral 

sucker, and holdfast are well developed. The connective tissue 

host cyst is well formed and some hemorrhaging is evident.

Scale o 0.20 mm.

Parasite cyst ca. 30 days post infection. The hyaline nature 

of the parasite cyst is evident and the host cyst is heavily 

pigmented. The metacercaria was lost in sectioning. Scale @

0.10 mm.
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trout were as follows (range In parentheses): length 2120 (1830 - 25^0 );

width 860 (725 - 930) diameter oral sucker 9b (87 - 103); diameter ventral 

sucker 70.(43 - 8 6); holdfast 321 (219 - 354) long by 198 (136 - 242) wide. 

The body of the metacercaria is divided into an anterior and posterior 

segment. The forebody is lamelliform with a slight ventral concavity and 

is widest at the level of the holdfast organ. The anterior end is 

trilobed, with the median lobe containing a ventrally situated oral 

sucker, larger and projecting beyond the other lobes anteriorly. The 

lateral lobes bear rectilinear-shaped pseudosuckers which extend 

posteriorly to about the level of the pharynx. The pharynx (ca. 60 long 

by ca. 40 wide) is centrally located immediately posterior to the oral 

sucker. A short esophagus ca, 40 long passes posteriorly from the 

pharynx and terminates in two divergent lateral caecae which end blindly 

at the posterior end of the body. These caecae pass on either side of 

the holdfast organ and under the holdfast gland. A small ventral sucker 

is centrally located on the midline in the anterior body segment. The 

oval-shaped holdfast organ is in the posterior portion of the anterior 

segment. It is mushroom-shaped in lateral aspect, and is capable of 

protruding■on a stalk. Just posterior to the holdfast organ is a hold­

fast gland which is a large lobed structure. The anterior part of the 

reserve excretory system is composed of five longitudinal tubules inter­

connected by numerous smaller lateral branches which are located in the 

anterior segment. These tubules are filled with small spherical calcareous 

cofpuscles which surge through the tubules as the body moves, making the
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tubules readily discernible= Corpuscles were not observed in stained 

specimens. Excretory tubules were present in the hindbody but they were 

difficult to see and their limits were not ascertained. The hindbody is 

nearly cylindrical in shape and is about one-fourth as long as-the fore­

body. It contains the embryonic testes, the posterior extremities of 

the caecae, small excretory tubules, and a dorsally located copulatory 

bursa. A complete description of the metacercafia was given by Ciurea 

(1930).

The metacercaria belongs to the larval group of Diplostomulum 

described by Hughes (1929). It qualifies with but one exception. My 

observations indicate that B. confusus metacercariae have a cyst of 

parasite origin and a cyst of host origin. According to Hughes (1929)- 

members of the Diplostomulum do not have a cyst of parasite origin. The 

formation of the parasite cyst, I observed, is similar to that described 

for Posthodiplostomum minimum (Hoffman, 1958) and Uvulifer ambloplitis 

(Hoffman and Putz, 1965). Ciurea (1930) refers to the parasite cyst of 

B. confusus but describes it as being composed of fibrous material. He 

did not mention a host cyst, Hoffman (1955) also recognized a parasite 

cyst in his key, but in more recent work on strigeiods (i9 6 0) he refers 

only to a host cyst. No previous work has described the pigmented host 

cyst and the hyaline parasite cyst. This is believed to be the first 

North American report of a cyst-forming Diplostomulum.

Adult (Fig. 9 )» Adult D. confusus were found in 14 white pelicans. 

Numbers varied from less than 100 to over 1000. The parasites were located
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largely in the anterior one-third of the intestine, where they were loosely 

associated with the mucosa. Ho damage to host tissues was observed.

Patent adult B. confusus developed -in the captive pelican three days 

after the bird ingested fish containing fully developed metacerchriae. 

Infection of the definitive host persisted for nearly five months. Eggs 

of B. confusus were found in the feces of the captive white pelican from 

August 9ji 1963 (date of capture) to December 23j. 19^3. The bird was fed 

frozen fish during this period so that additional infection by B. confusus 

could not occur. The number of eggs found in fecal samples steadily 

decreased during this period, until on December 23, 1963 only a few were 

found. At this time the pelican was given- 3 cc of carbon tetrachloride . 
(injected into fish) as a vermifuge. On the following day only one egg 

was observed in fecal Samples and no eggs were found in samples, regularly 

taken, during the following k-2 days. The pelican was fed 12 Gambusia affinis 

on February 6, 1964. These fish contained an average of 8.2 B. confusus 

metacercariae. The fish were infected by eercariae emerged from laboratory 

reared snails. These snails had been exposed to miracidia hatched from 

eggs taken from several adult B. confusus. Eggs of B. confusus were found 

in pelican fecal samples three days after the bird ingested the infected 

Gambusia. The number of eggs per fecal sample increased for about five 

days and then remained fairly constant for about two weeks. After this 

the number of eggs per sample began to decrease.

Very complete descriptions of the adult were given by Giurea (1930) 

and Dubois (1 9 3 8 )0■ Dubois (1938).gave measurements and compared them with
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others made by Krause and Ciurea. Measurements of 100 ovigenous specimens, 

made in the present study do not differ appreciably from those given by 

previous investigators. Measurements are as follows (range in parentheses): 

length 2 .5 3 mm (1 . 96 - 3<>25 mm); length anterior segment 1 .5 6'mm (1 . 07 - 

1 .86mm); width anterior segment 0.6l mm (0.43 - 0 .76 mm); length posterior 

segment 1.49 mm (0.66 - I . 65 mm); width posterior segment 0.39 mm (0 .2 7 - 

0 .5 0 mm); diameter oral sucker 87 (73 - 111); pharynx 91 (80 - 1 06) long by 

56 (43 - 8 7 ); wide; diameter ventral sucker 78 (64 - 9 6); holdfast organ 

343 (283 - 475) long, by 289 (230 - 360) wide.

The body of the ovigerous adult is divided into a folliaceous, 

lamelliform, slightly ventrally concave, forebody and a subcylindrical 

hindbody. The two parts are nearly equal in length but in most cases the 

forebody is slightly longer. The anterior end is tri-lobed, with the 

median lobe having a terminal oral sucker, projecting beyond the other 

lobes anteriorly. The elongate, semi-elliptical, lateral pseudosuckers 

form the other lobes. The ventral sucker, located near the center of the 

forebody along the midline, is somewhat smaller than the oral sucker and 

appears weakly muscled. A large oval-shaped holdfast organ is located 

ventrally in the posterior portion of the forebody. It is stalked and 

highly protrusible. The characteristics of the holdfast gland in ovigerous 

adults could not be observed by the techniques employed. Vitellaria are 

present in the form of two lateral bands of follicles extending from about 

the anterior end of the holdfast organ to the level of the bursa copulatrix. 

They were somewhat dispersed in the hindbody. Ah elongate muscular pharynx
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is centrally located immediately posterior to the oral sucker„ The short 

esophagus passes posteriorly from the pharynx and terminates in two divergent 

lateral caecae which end blindly near the posterior end of the body. An 

ellipsoidal ovary is located in the anterior portion of the hindbody. Just 

posterior to it is the anterior testis which usually appeared to be in the 

shape of the letter N. The posterior testis is larger and usually H-shaped, 

The bursa copulatrix is dorsally located at the posterior end of the body 

and contains a muscular genital bulb which is easily seen in stained speci­

mens. The details of the genitalia were not studied since they have.been

described in detail
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EFFECTS OF B. COEFUSUS METACERCARIAE OE RAIEBOE TROUT

Metacercariae of J3. confusus usually develop I n ,the somatic musculature 

of fish hosts. Development, at optimum temperatures for the parasite, 

produces extensive muscle damage and hyperemia in the host. Olson (1964) 

found that heavy infections caused death. However, prior to the present I
study the effects of sublethal infections have not "been investigated.

Metacereariae usually develop between or within muscle bundles. As they

grow the muscle fibers surrounding them necrose and are replaced by

connective tissue which forms the host cyst. Growth of metacercariae also

produces damage to blood vessels resulting in hemorrhage. If metacercariae

were close to one another, or adjacent to large blood vessels, hemorrhage

was usually extensive. Damage to the muscles used in propulsion together

with that resulting from hemorrhage should affect the swimming performance

of the fish host. Swimming performance of infected fish was compared to

those free from parasites. Microhematocrit values of .these fish were ;

compared to determine if parasite infection altered the level of circulating 1:

red blood cells. Physiological changes produced in the fish host by the ■ ;

presence and growth of metacercariae may affect their ability to withstand

certain changes in environment. Experiments were conducted to compare the

ability of parasitized and parasite-free control fish to withstand high

water temperatures."

The rainbow trout used in all tests were secured from a single stock 

raised at Bluewater State Fish Hatchery, Bridger, Montana. About 1000 four- 

inch fish were shipped to the Bozeman Eational Fish Hatchery on

■

t
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October 2 8 1963 for use in the present study. They were kept in a hatchery 

trough and given food and care until used for tests.

Swimming Performance

A stamina tunnel was used to test the swimming performance of rainbow 

trout infected with B. confusus metacercariae as compared with those free 

from parasites. A rotating annular swim chamber was used by Fry and Hart 

(19 -̂8 ) to determine swimming rate of goldfish (Carassius auratus) in 

relation to temperature} by Gibson and Fry (195'^) to compare the performance 

of lake trout (Salvelinus namaycush) at different temperatures and dissolved 

oxygen concentrations f and by Basu (1959) to determine "active respiration" 

of Salvelinus fontinalis, Catostomus commersoni, Ameiurus nebulosus,

Cyprinus carpio, and Carassius auratus in relation to ambient concentrations 

of oxygen and carbon dioxide. Reimers (1956) used an open flume to compare 

relative endurance of brown trout and hatchery rainbow trout. Katz et al. 

(1959) used a stamina tunnel to compare the swimming performance of 

Oncorhynchus tshawytscha, 0. kisutch, and Micropterus salmoides under 

different conditions of dissolved oxygen concentrations and water tempera­

tures. Davis et al. (1963) also used a stamina tunnel to investigate the 

swimming performance of 0 . tshawytscha and 0 . kisutch under different 

conditions of dissolved, oxygen concentrations and water temperatures.

Thomas et al. (1964) constructed a stamina tunnel for use in large scale 

evaluations of swimming performance. Their tests, conducted mostly with 

hatchery-reared fall ehinook salmon (0 . kisutch) conclusively demonstrated 

the value of the stamina tunnel for measuring differences in the performance



of fish affected "by disease, imbalanced diets, or different environments.

Stamina tunnel (Fig. l4). A stamina tunnel made by the Bureau of 

Commercial Fisheries, Seattle, Washington, was modified for the present 

study. This tunnel was constructed of plexiglass tubing and had a length 

of 52 inches and an inside diameter of three inches. The water was 

supplied to the tube through a head box by means of centrifugal pump 

driven by a one horsepower electric motor. A gate valve was located 

between the pump and head box for controlling water velocity and a gauge 

tube between the gate valve and head box measured the velocity. The head 

box contained a perforated baffle plate which diffused and decreased the 

turbulence produced by the pump. Another baffle, located at the head of 

the tunnel, produced more uniform velocity and confined test fish to the 

experimental chamber. An electrical field, located near the outlet of the 

tunnel, and produced by three electrodes, served to stimulate fish which 

dropped back in the tunnel (Burrows, 19^3).» Each electrode consisted of 

a semi-circular aluminum band affixed to the inside of the tunnel. The 

middle band, connected to one pole of the a. c. power supply, was on one 

side of the tunnel while the other two were on the opposite side and 

connected to the other pole. A variable transformer controlled the 

voltage between 0.,-amd 32. A rectangular opening covered by a sliding door 

located on top of the tunnel between the outlet and the electrical field, 

served for introduction of test fish. A sliding gate with three openings 

of different size was located at the outlet of the tunnel. One opening was 

for velocities of 0.4 - 0„7 feet per second, the second opening for

- 32-
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Figure lb. Stamina tunnel. (P) pump and motor (d) gauge tube
(H) head box (C) opaque experimental chamber (V) gate 
valve (E) electrical field (D) sliding door (S) sliding 
gate (T) power supply



velocities of 1.4 - 2 .5 feet per second, and the third opening served for 

removal of test fish. The velocities within these ranges were controlled 

by the gate valve. The experimental chamber, located between the head 

box and electrical field, was opaque, while the lower end of the tunnel 

between the electrical field and outlet was transparent and illuminated 

by a 100-watt light bulb.

Test procedure. The fish used for tests were transported to the

laboratory and kept in troughs supplied with running dechlofinated water.

Test lots were then transferred to 30-gallon aquaria. These were

maintained at the same temperature as water in the troughs. Aquaria were

equipped so that water was regularly exchanged, but the temperature
+

remained relatively constant ( - I F ) .  Two 150-watt submersible heaters 

placed in each aquarium heated the water. Each aquarium had an inlet 

pipe connected to the water supply by a thermostatically controlled valve. 

The valve opened when the temperature rose to that set on the thermostat. 

Water entered the aquaria by fine jets, along one side at the surface.

This served to thoroughly mix the water in the aquaria, resulting in a 

uniform temperature. Water in the aquaria could be maintained at any 

temperature from that of the supply (38 - 53 F) to over 100 F. Dissolved 

oxygen was supplemented by bubbling oxygen gas into the water through 

fritted glass dispersers..

Five experiments, involving 133 rainbow trout, were conducted. Ten 

to 15 fish were placed in each constant temperature aquarium and treated 

as follows; The water temperature was slowly raised over a four-day
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period^ from trough temperature to rJO F„ After this five to eight fish from 

each aquarium were placed in a container (water at 70 F) containing a known 

number of cercariae. The rest Of the fish in each aquarium were treated 

similarly, but were not exposed to cercariae. All fish were returned to 

their original aquaria in 30 minutes. Different exposure periods served to 

produce various levels of infection. The fish were kept at 70 F for l6 days 

to allow for development of metacercariae. During this period, fish 

developing diseases or any apparent disorders were discarded. Following 

the developmental period.the temperature was decreased, over a 24-hour 

period, to that of the hatchery water (53 - 56 F). The fish were then 

transported to the hatchery and kept in a trough for at least two days prior 

to swimming performance trials.

The stamina tunnel was set up over a hatchery trough through which a 

Constance flow of water was maintained. Water was pumped from the lower 

end of the trough.through the tunnel, and returned to the upper end of the 

trough. This procedure involved a partial reuse of water which was necessary 

because of limited supply. However, replacement of fresh water in the trough 

was rapid enough so that no problems evolved as a result of metabolic wastes, 

oxygen depletion, or temperature variation. Test fish were placed in the 

trough under the stamina tunnel 24 hours prior to trials and were not fed 

during this period. One fish at a time was tested. Fish were netted from 

the trough and immediately placed in the tunnel which had previously been 

filled with water. After a brief orientation period, during which the fish 

usually positioned itself in the darkened portion of the tunnel, the water
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velocity was increased to 0.4 feet per second over a five-minute period.

Die water velocity was then increased to 0.7 feet per second during the 

next five minutes. The outlet gate Was then slowly moved to the high 

velocity position, while the gate valve was gradually opened to bring the 

water velocity to 1.4 feet per second during another five-minute period.

When this velocity was attained the electrical field was energized. Five 

volts was adequate to stimulate fish which dropped back into the field, 

without apparent injury. Water velocity was then increased 0.1 foot per 

second every five minutes until the maximum velocity was attained. Each 

trial terminated when one of the following occurred; I. a test fish 

failed to swim in velocities of 0.4 - 1.4 feet per second during the first 

10 minutes of the test. 2 . a test fish dropped back through the electrical 

field before reaching maximum velocity. When test fish dropped back 

through the electric.field the current was turned off and the water velocity 

was decreased to zero. If the fish returned to the experimental- chamber the 

electric field was reactivated and the water velocity was increased, over a 

period of five minutes, to the velocity at which the fish failed. If the 

fish did not return to the experimental chamber the test was terminated and 

the highest water velocity that the fish swam in was recorded. - If the fish 

reached the velocity attained prior to failure the test was resumed.

3. a test fish dropped back through the electric field a second time. The 

fish was again given the opportunity to regain the velocity at which it 

failed as in 2. 4. a test fish dropped back through the electric field a

third time. 5» a test fish swam at the maximum velocity. All test fish
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were immediately removed from the tunnel and anesthetized in a solution of 

tricaine methanesulphonate (MS 222) after trials were completed. These 

were measured (total length to the nearest mm) and M o o d  samples were taken.

Results ■> A total of 37 parasitized and 45 parasite-free rainbow trout 

were tested in the stamina tunnel. In addition, 80 rainbow trout taken 

directly from the hatchery stock used for tests, were given trials. Small 

lots of these fish were tested before and between trials of parasitized 

fish and control fish. This served to standardize the technique, to monitor 

any possible changes in the swimming performance of the stock, and to 

evaluate the effects of moving and handling on the swimming performance of 

the control fish. Ro appreciable differences were observed in the swimming 

performance of these fish and the control fish.

The swimming performance of parasitized and parasite-free rainbow 

trout is compared in Figure 15. Performance in both groups was influenced 

by the size (length) of the fish and performance of parasitized fish was 

also affected by the number of metacercariae per cm of fish length. All 

fish, attained velocities of 0.4 - 0.7 feet per second, but 100$) of the 

controls and'9 1«9^ of the parasitized fish attained a velocity of 1.4 feet 

per second. The greatest difference in performance between control and 

parasitized-Fish occurred at. a velocity of 2.2 feet per second, but there 

was a substantial difference in all instances at higher velocities. The 

data of both the parasitized fish and the parasite-free control fish were 

treated statistically to determine if the number of parasites per cm of 

fish length depressed swimming performance. The data were fitted to least
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Parasitized fish 
Control fish

2 2  2 3  2 4 2 519 2.0 210 4  0 7 14 15 1.6 1.7 1.8

Velocity in feet p er s e c o n d
Figure 15. Percentages of parasitized fish and parasite-free fish attaining 

various water velocities.

squares equations of the form Y * (X^1. - X^) + Bg (Xg^ - Xg) +

(X^i - X^) where Xli ■ length of fish, X^i » length of fish squared, and X-..

parasites per cm of fish length. The results were as follows: (parasitized

fish) Y - -1.7316 + 0.705^X1 - 0.0261*3 Xg - 0.1141* X3; (control fish) Y * 

-1.9017 + 0.6957 X1 - 0.02751 Xg + 0 X3. The functions for the parasitized

fish and control fish will be equal if the coefficients are equal. The

differences between the B1 's and B9 1S were not found to be significant when
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tested. using Fisher's t-test. This implies that if the two functions are 

different, must he different than zero. The t-test also showed that the 

regression coefficient -0.1144 was different than zero, indicating that the 

depression in swimming performance of parasitized fish is due to the 

parasites. Data from the parasitized fish and control fish were combined 

so that the zero number of parasites associated with the control fish was 

considered another level of parasitism. The equation fitted to the data 

in this case was Y ^ -1.938? + 0.7124 X1 - 0.02842 Xg - 0.04370 X3 - 

O.OO869 Xi1., where X^ s parasites per cm of fish length squared. This 

analysis indicates a significant quadratic effect of both length of fish and 

number of parasites per cm of fish length on swimming performance. A test 

was also made to determine whether or not any interaction effect, between 

length of fish and number of parasites per cm of fish length, was present. 

Application of Snedcor's P-test to the data showed no significant inter­

action. The largest numbers of parasites per cm of fish length were found 

in fish failing at low velocities (Table III).

Microhematocrit

Blood samples collected for hematocrit determination from all fish 

used in swimming performance trials, were obtained by severing the caudal 

peduncle and drawing blood flowing from the dorsal vessels, into heparinized 

capillary tubes (Sniesko, i960 and Larsen and Sniesko, 1961). The tubes 

were then sealed at one end with plastic clay and centrifuged for seven 

.minutes at 12,500 r.p.m. All determinations were made in duplicate and the 
average recorded. Hematocrit -values were determined with a hematocrit tube

reader.



TABLE III

SWIMMING PEREORMAECE AMD MICROHEMATOCRIT VALUES OF RAIEBOW TROUT IE 
RELATIOE TO EUMBERS OF METACERCARIAE PER UEIT OF FISH LEEGTH

Fish

Ho. metacercariae
per cm of Water velocity Microhematocrit
total length fish attained values

Avo length
Ho. in cm Range Av. • Range Av. Range Av 0

45 10.4 Control 1.4 - 2.5 2.3 28.0 - 4l.o 36.0

15 10.5 1.2 - 4.7 3.0 2.0 - 2.5 2.4 2 2 .7 - 41.7 30.0
15 11.0 4.8 - 8 .3 6.5 0.7 - 2.5 2.0 .15.0 - 39.0 26.0
7 10.7 8.4 -1 2 .0 9.7 0.7 - 2.1 1.5 9.0 - 34.5 22.0

Results. Hematocrit values were determined for 37 parasitized fish and 

45 parasite“free control fish. These values were also determined for the 80 

fish previously mentioned, and the hematocrit values, of this group showed 

only minor differences from the controls. Parasitized fish had depressed 

hematocrits. The average value for parasitized fish was 2 6 .8 while that of 

controls was 38.0. The hematocrit values of 51$ of the parasitized fish 

were "below the lowest value obtained for the control fish, and only 5 »4$ of 

the parasitized fish had hematocrit values above the average value of the 

controls. Hematocrit values and swimming performance of parasitized fish 

and parasite-free control.fish are related to numbers of parasites per unit 

of fish length in Table III. Hematocrit values were generally lower in fish 

having the greatest numbers of metacercariae per cm of total length.

Temperature Tolerance

The constant temperature aquaria previously described were used to



compare the ability of parasitized fish and parasite-free fish to withstand 

high water temperatures. Tests were conducted on 129 rainbow trout„ Nine 

to 15 fish were placed in each aquarium containing water at the temperature 

of that in the trough. The temperature was slowly increased over a period 

of three days to 70 F, After this five to eight fish from each aquarium 

were exposed to cercariae and then returned to their respective aquaria. 

Numbers of cercariae and exposure time were varied to produce different 

levels of infection in the fish. Controls were treated similarly but were 

not exposed to cercariae. The fish were then kept at rJO F for 16 days to 

allow for development of metacercariae. All fish developing disease or any 

apparent disorders other than the parasites were discarded. After l6 days 

temperature in the aquaria was slowly increased 2 F every 24 hours until all 

fish died. Dissolved oxygen was kept at the saturation point at all times 

by bubbling oxygen into the water. Dead fish were removed from aquaria as 

soon as observed and the maximum temperature recorded for the 24-hour 

period in which they died.

Results. Of the 129 fish tested, 66 were parasitized and 63 were 

parasite-free control fish. The mortality of parasitized fish and control 

.fish is compared for each temperature period in Table IV. The.highest water 

temperature at which any of these fish survived was 82 F . All control fish 

survived to 78 F .,and 89$ of them survived to 82 F. Parasitized fish died at 

all temperatures tested and generally those fish with the heaviest 

infections died before reaching higher temperatures.



TABLE IV

ABILITY OF PARASITIZED AND PARASITE-FREE RAIEBOW TROUT 
TO WITHSTAND HIGH WATER TEMPERATURES

-42-

Tenrp F.
Parasitized Fish

rarasite- 
Free Fish

Mortality Metacercariae per cm length Mortality
No. i Av. Range No. Io

72 11 1 6 .7 1 1 .1 9.4 - 1 3 .6 0 0

lb 6 9 .1 8.2 3 .6 - 1 2 .0 0 0

76 9 1 3 .6 5.2 1 .1  - 8 .0 0 0

78 10 1 5 .1 1+.4

COMDICOCM 2 3.2

80 9 1 3 .6 2 .0 0 .6 - 4 .5 '5 7.9

82 21 3 1 .9 Q.9 0 .1 - 3 .8 56 8 8 .9 .
Totals 66 1 00 .0 63 100 .0
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Temperature exerts a strong influence on the developmental stages of 

B e confususo The optimum temperature range for the completion of the life 

cycle is JO - 85. F, This temperature requirement may serve in limiting 

the distribution and/or prevalence of B. confusus in Montana. Laboratory 

investigations show that it would take 80 - 106 days for completion of the 

life cycle of this trematode at temperatures of JO - 75 F. Not many lakes 

or large reservoirs in Montana have mean temperatures in this range for 

such an extended period of time. Meadow Lake is an impoundment on the 

Madison River located five miles north of Ennis, Montana. It is shallow 

(average depth less than 15 feet) and there is little variation in water 

temperature from surface to bottom. During July and August bottom 

temperatures were usually near JO' F and did not drop below 65 F, while 

other lakes in the area, which support the necessary hosts of B. confusus, 
have much lower summer temperatures (Olson, 1964).

Effects of B. confusus metacercariae on host fish are also related to 

water temperature. Fish heavily infected with B. confusus metacercariae 

were not noticeably affected by the parasites when held at 40 - $4 F, but 

caused extensive hemorrhage and death at JO F (Olson, 1964). In the present 

study, sublethal infections depressed the swimming performance and hematocrit

values of host fish. The weakened condition of infected fish was also
<

demonstrated by their inability to withstand high water temperatures. These 

effects on the fish host may be advantageous to the parasite, since infected 

fish may be more easily caught by the definitive host. This theory was 

expressed by Needham and Behnke (1969) in their work with Diphyllobothrium 

infecting rainbow trout from Tebay Lake, Alaska.
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SUMViARy
1. A study was made to determine the life cycle of the strigeoid trematode 

• ' Bolhophorus confusus (Krause, 1914) Dubois, 1935 and effects of the

metacereariae on rainbow trout (Salmo gairdneri).

2. Adult B„ confusus were found in the intestine of the white pelican

. (Pelicanus erythrorhynchos). Sporoeysts developed in Helisoma trivolvis 

(Say) and metacereariae are known to infect 28 species of fish including 

21 species found in Montana.

3. Temperature was observed to exert a strong influence on the developmental 

stages of B. confusus. Eggs of the trematode hatched in 12 - 13 days at 

90 F, but they did not begin to hatch for 65 days at 60 - 68 F and no 

embryonic development was found in eggs kept at 35 “ 40 F for 30 days. 

Freezing destroyed the viability of eggs. The emergence rate of 

cercariae (per 24-hour period) was highest at 75 F, and progressively 

decreased between 75 and 55 F» Emergence ceased below 55 F.

4. Metacereariae of B. confusus usually encyst in the somatic musculature 

of fish hosts 0 A hyaline cyst of parasite origin and a host cyst (often 

pigmented) composed of connective tissue is present. Hemorrhage, 

hyperemia, and muscle necroses, may occur in host tissues surrounding 

developing metacereariae. The presence of a cyst of parasite origin

is believed to be unique among North American Diplostomulum.

5. A stamina tunnel was used to compare the swimming performance of 

rainbow trout infected by B. confusus metacereariae and those fish free 

from the parasites. Heavily parasitized fish (8.4 - 12.0 metacereariae
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per cm of body length) swam at an average velocity, of 1.5 feet per 

second, while parasite-free fish averaged 2.3 feet per second.

6. Hicrohematocrit values of 37 parasitized rainbow trout and 45 parasite- 

free trout were determined. The values of 51$ of the parasitized fish 

were below the average value of the controls and only 5«4$ of the 

parasitized fish had hematocrit values exceeding the average valve of 

the controls.

7. The ability of 66 parasitized rainbow trout and 63 parasite-free trout 

to withstand high water temperature was compared. It was observed 

that while 8 8.9$ of the parasite-free trout lived to 82 F only 31=9$ 

of the infected fish lived to this temperature. Fish with the largest 

numbers of metacercariae per cm of body length died at lower temperatures 

than did fish with few parasites.
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