
TABLE I 

COMPARATIVE MEASUREMENTS OF ADULT APOPHALLUS SPP. 

A;eo;eha11us A;eo;eha11us f';eo;eha11us 
donicus muh1ingi crami 

Body length 500-1140 1200-1600 1500-1900 

Body width 200--:390 190-230 279-341 

Oral sucker 
diameter 65-85 54-67 45-60 

Pharynx 30-44 37 30 

Pre-pharynx short short short 

Esophagus 135-265 220 337 

ventral sucker 45.58 x 67 52-62 
48.60 

Right testis 
length 80-200 170 150-160 

width 60-200 140 187-210 

Left testis 
length 80-200 140-160 180-187 

width 60-200 120-130 180-187 

Gonoty1 bi10bed bi10bed bi10bed 

Ovary 
length 65-140 69 75-97 

width 40-120 100 same 

Seminal 35-90 x ? 50-67 x 
receptacle 60-130 60-82 

Egg 	 30-35 x 32.4 x 18 33 x 25 
16-20 
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TABLE I (continued) 

Aeo;eha11us Aeoeha11us AJ2oJ2ha11us 
baga110ti americana imperator 

Body length 520-820 900-1020 

Body width 150-170 Ant. 
200-210 Post. 

Oral sucker 
diameter 42 50-60 56-63 

Pharynx 21 27-32 
" 

Pre-pharynx 40 none seen very short 

Esophagus 240 very long 1/2 body 
length 

Ventral sucker 40 35-55 70-77 

Right testis 
length (round) 57-63 

width 75 112-126 

Left 	testis 
length (round) 57-63 

width 84 112-126 

Gonotyl bilobed 	 bilobed 

Ovary
length (round) 26-31 

width 44 56-77 

Seminal 
receptacle 50 

Egg 30-31 x none 33-35 x 
14-1918-19 



TABLE I (continu~d) 

Body length 

Body width 

Oral sucker 
. diameter 

Pharynx 

Pre-pharynx 

Esophagus 

Ventral sucker 

Right testis 
length 

width 

Left testis 
length 

width 

Gonoty1 

Ovary 
length 

width 

Seminal 
receptacle 

Egg 

Apopha11us 
itascensis 

405-903 

195-300 

39-60 

24-26 

short 

1/3-1/2 body 

37-48 

73-95 

93-119 

73-95 

93-119 

bi10bed 

51-73 

(round) 

none 

Apopha11us 
major 

no figures 
a~ai1ab1e 
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Apopha11us 
za10phi 

435 

215-263 

60-75 

29-33 

30-33 

18 

52-60 

81-96 

81-100 

81-96 

81-100 

bi10bed. 

55-75 

67-92 

44 

33 x 18 
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TABLE I (continued) 

A;eoEha11us A;eo;eha11us AEoEha11us 
1erouxi venustus brevis 

Body length 850-930 950-1450 -600-900 

Body width 168-172 250~550 130-260 

Oral sucker 
diameter 24-26 60 30-50 

Pharynx 16-18 20-28 

Pre-pharynx 31-36 20 

Esophagus "123-144 

Ventral sucker 33~37 60 35-55 

Right testis 
length 74-90 150-200 45-120 

width 74-90 150-120 45-145 

Left testis 
length 70-82 150-200 45-120 

width 70-82 150-200 45-145 

Gonoty1 ? bi10bed bi10bed 

Ovary 
length 74 150 60-90 

width 74 100 50-80 

Seminal 
receptacle 40-80 

Egg 29 x 17 26-32 x 36-40 x 
18-22 16-22 



TABLE II 

LIFE CYCLES OF ~CH SPECIES OF-THE GENUS APOPHALLUS. 

Species Jjefini~j,._v_E!J~ost~ Snail Host Sec9nd Intermediate Host ~._~_~o.~r~e 

Apopha11us stizostedion vitreum, (may be minnows) Van Cleave 
americanus and Mueller 

(1932) 

Apopha11us duck (exp.) Gasterosteus acu1eatusL., Ba10zet and 
baca110ti canary (exp.) Gambusia affinis holbrooki Ca110t (1939) 

Girard, Botaurus ste11aris ·..Timon-David 
L. (1963) 

Apopha11us 	 Gavia immer Amnico1a fresh water fish, trout Ransom (1920)
brevis 	 Larus de1awarensis 1imosa Lyster (1939)

domestic cats (exp.) Price (1932) 
rats. 

Apopha11us 	 Larus ca1ifornicus Price (1931)crami 

Apopha11us 
donicus 

experimental in dog 

cat, fox, rabbit. 

Larus ridibundus, 

Buteo buteo, 

Merqus merganser, 

Nycticorax nycticorax, 

Ciconia ciconia, 

Sterna cantiaca,~ 


Perea f1uviati1is, 

Lucioperca 1ucioperca, 

Lucioperca longensis, 

Acerina cernua, 

Acerina schraetser, 

B1icca sp., 

Aspro sp., 

Abramis sp., 


Skrjabin and 
.Lindtrop f " 
(1919) 
Price (1931) 

Ciurea (1933) 



TABLE II (continued) 

Species Definitive Hosts Snail Host 

Asio sp., 
Tli'rtursp. , 
Columba sp., 

experimental in 
Homo sapiens, F1umenico1a 
cat, chicken, virens 
gerbil, white rat, 
golden hamster, 
Icta1urus punctatus 

Second Intermediate Host Source 

Lucioperca sp., 
Scardinius sp., 
Gobio sp. 

Catastomus macroehei1us, 
Sa1mo gairdner.i, 
Oneorhynehuskisutch, 
Ptychochei1us oregonensis, 
Rhinichthys oseulus nubi1us, 
Riehardsonius ba1teatus 

Niemi and 
Maey (1973) 

Apopha11us Canis fami1iaris . Africa and 
eeeentrieus Garcia (1935) 

Apopha11us Notropis sp... , Warren 
itaseensis Perea f1avescens (1953) 

Apopha11us red shank Rayski and 
1erouxi Fahmy (1962) 

U1 
o 

I 



TABLE II (continued) 

Species Definitive Ho~~s Snail Host Second Intermediate Host So~rce 

Apophallus Larus fuscus Szidat 
major (1924) 

Apophallus 	 Larus ridibundus Litho­ Abramis -sp., Jagerskiold 
muhlingi 	 dog, cat, Larus glyphus Leuciscus sp., (1899) 

spp., Pelecanus naticoides Perea spp., 
sp., Hirnantopus sp., Blicca spp., Luhe (1909) 
Cancrorna sp., Rhodeus sp., 
Phalacrocorax sp., Scardinius sp. Ciurea (1930, 
Colyrnbus sp., 1933) 

Odening 
(1970) 

Apophallus Arenherodias Goniobasis fresh water fish, Cameron 
venustus herodias 

cats, dogs, 
livescens Garpike, 

suckers, 
carp, catfish, 
small mouth bass 

(1931) 

racoon, blue heron, 
gulls­

prjcetrema sea lion Price (1930) 
zalophi 

..... 

VI 



MATERIALS AND METHODS 

COLLECTING !:!§!! 

Fish were collected in several ways. Small species 

which live along the banks under overhanging vegetation 

were collected with a Needham rake. This tool is scrap~d 

across the bottom of a stream and up the banks. It is 

then quickly raised out.of the water, which drains rapidly 

off through the screen in its bottom, and the fish are left 

to be dumped into a suitable container. 

Larger fish were collected with a fifteen foot net 

which had poles on each end. One man would stand station­

ary near shore and another man holding the other end of the 

net would describe an arc around him to another point on 

shore. The ·net was then carefully raised out of the water 

and the trapped fish were removed by hand. This method 

proved the most valuable in collecting specimens. 

Another method used for all sizes of fish was a 

shocking device. Two men would hold a net stationary 

across a stream while a third would start at a point up­

stream, using a' gasoline powered electric generator mounted 

on his back, and two long electrodes, which were placed in 

the water, to stun the fish with an electrical shock. The 

fish would float downstream into the net and were thus 
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trapped. 

All collecting was conducted in shallow water, never 

over'five feet deep. On several occasions wet suits were 

used, but usually hip boots were sufficient. 

COLLECTING SNAILS 

Snails were collected almost exclusively with a Need­

ham rake. On a very few occasions, due to a rocky bottom 

or encumbering vegetation, snails were collected by hand. 

Flumenicola virens seems to prefer muddy or sandy bottoms 

and relatively still water. In most instances, then, it 

was very easy to collect them. . 

TRANSPORTING ~~ SNAILS ~~ FIELD !Q ~ LABORATORY 

With small fish and snails plastic cake pans 10 inches 

in diameter were used for transport to the laboratory. These 

were filled half full with water and Otabs (Pemble Labora~ 

tories, River Falls, Wisconsin) were added to oxygenate the 

water. The cake pans were covered and placed in styrofoam 

soft-drink coolers to which crushed ice had been added. 

With larger fish, or with large numbers of small fish, 

the styrofoam coolers were used alone. They were filled 

half full of water and Otabs were added according to the 

number of fish present. Crushed ice was periodically 

placed directly in with the fish to maintain a relatively 

constant temperature. These methods proved quite reliable 
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and there was normally less than 5% mortality of captured 

fish during transport to the laboratory. One instance 

where large numbers of fish died, however, occurred after 

reachi~gthe laboratory. Aquaria filled with improperly de­

chlorinated water were used and there was almost complete 

mortality of the specimens. 

MAINTAINING ANIMALS IN THE LABORATORY 

In the laboratory fish were placed in aquaria which 

were filled with dechlorinated tap water, aerated by pumps, 
o

and kept at 12 C. The aquaria were partially submerged in 

soft drink coolers to maintain this temperature. The water 

was dechlorinated by keeping it overnight in large, open 

containers. Fish were kept in this manner, wi thout food, 

for as long as two months. 

Snails were kept in plastic pans or aquaria, without 

aerators, in a coldroom at 6°C. Uncrowded snails thus 

maintained lived up to two or more months. 

At the beginning of the experiments, I obtained fifty 

8 cm long salmon parr from the Bonneville Fish Hatchery. 

These were placed in a fifty gallon tank of dechlorinated 

tap water which rested in the bottom of a soft drink cooler. 

The cooler maintained a constant tempe~ature of 12°C. The 

tank was aerated and the fish were fed a special mixture of 

fish meal and vegetable meal which the hatchery uses for 

their fish. 
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When fish were to be used for experiments with cercar­

iae, they were slowly brought up to 17°C to avoid tempera­

ture shock and placed in an environmental chamber in 10" 

diameter cake pans half full of water. As lo~g as no more 

than 2 salmon were placed in each cake pan, no oxygenation 

was necessary. 

OBTAINI.NG METACERCARlAE 

All fish obtained were keyed to species and a record 

was kept of their numbers, species, and size. They were 

carefully examined for cysts while still alive. Every fish 

which was killed before being fed to laboratory animals was 

completely ex~ned for parasites. Parasites found were 

killed, flattened, preserved, stained, mounted, and record­

ed. 

Two methods were used for infecting laboratory ani­

mals. One involved feeding whole or parts of fish to ani­

mals such as cats and rats which would readily eat them. 

This was done when no particular calculation of numbers of 

cysts eaten was necessary. 

The normal method used was to digest the fish and 

count metacercariae. The fish were killed by pithing, 

weighed, and then ground with a meat grinder. The ground 

fish were placed in a digesting solution of 0.5% pepsin 

and allowed to digest for about an hour at 37°C with gentle 

agitation using a magnetic stirer. This solution was then 
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needle holder, was used to suck up a counted quantity of 

cysts, and administer them. This was done by carefully 

opening the animal's mouth, putting the tube down its 

throat, and squirting the cysts directly into its stomach. 

Care was taken to use a minimum quantity of solution with 

the cysts in order to reduce the possibility of regurgita­

tion. Speed was essential in case of early recovery of the 

animal in order to avoid damage to the tube and to the exper­

imenter. 

Chickens were force-fed with this syringe without 

being anesthetized. A small quantity of tap water was 

forqed in after the cysts to insure that they would reach 

the crop. 

The human infection was administered by placing a 

known number of cysts in a gelatin capsule and swallowing 

it with a glass of water. Infection was verified by saving 

fecal samples and studying them for eggs. 

Catfish were trained to come to the top of the water 

in their aquarium and hold their mouths open for food, usu­

ally bread or meat. It was then �e�~�s�y� to drop a gelatin 

capsule full of cysts into these open mouths. 

Usually, cats, gerbils, chickens and rats would read­

ily eat whole or parts of fish. With rats and gerbils, 

however, sometimes it was necessary to put live fish in 

with them. When the fish would thrash around, the animal 

would pounce on it, kill it, and proceed to eat it. 



58 

After infection the animals were kept in cages with 

both food and water. In some of the experiments, food 

was varied to see if this would affect the course of the 

infection. Rats, for instance, were sometimes kept on a 

diet of uninfected fish after the initial infection, in­

stead of their normal cereal diet. 

Fecal samples were periodically collected from infected 

animals and were washed with 0.85% saline solutions and 

strained through screens with known sized openings. The 

sediment was then washed and concentrated in separatory 

funnels. This sediment was carefully examined for eggs, 

using first the dissecting microscope and then the com­

pound microscope. 

EXAMINING SNAILS !QB CERCARIAE 

Two methods were used in attempts to find the correct 

cercariae for Apophallus donicus. One method involved the 

crushing of snails with a light hammer or a pliers, picking 

away the shell fragments with dissecting needles, and plac­

ing the snail tissue in 0.7% saline solution. The diges­

tive gland of the snail was teased apa~t to expose rediae 

and cercariae. 

The other method was to put individual snails in petri 

dishes of water in an environmental chamber, kept at 17°C 

and set for regular periods of light and darkness. The 

chamber was kept warmer than the stream and cercariae 
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readily left the snails under these conditions. Live cer­

cariae were examined under the compound microscope. 

INFECTING ~~ CERCARIAE 

After the original, naturally infected fish were found, 

it became evident that I would have to determine which cer­

cariae, of the eight to ten species found in Crystal Springs, 

were responsible for the cysts in the fish. By letting 

hundreds of snails shed cercariae, and bY,crushing hundreds 

of others of the three snail species from Crystal Springs, 

it was determined that at least three species of hetero­

phid cercariae were found in F. virens from this locality. 

By exposing non-infected fish to each of these spe­

cies of cercariae and feeding the resulting metacercariae 

to laboratory animals, it was possible to implicate the 

particular cercariae which produced adult Apophallus doni­

~. The other two cercariae were probably Eurhelmis 

cotti n. sp., Simon and Macy (unpublished), and another 

probably undescribed species of the genus Apophallus. 

After the cercariae which produced A. donicus were 

found and identified, it was easy to find a snail shedding 

this exact type of cercariae and examine the rediae which 

were inside the snails' digestive glands. Then, using one 

particular snail as a, source of infection for fish, and for 

developmental stages, all of the early life cycle was defi­

nitely established and finally connected with adult A.~-
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cus. 

When infecting fish, numbers of cercariae were ap­

proximated and placed in a petri dish of dechlorinated wa­

oter kept at 17 C by a water bath. The cyst-free fish were 

put in with the cercariae for a particular length of time 

and removed to the environmental chamber which was also 

set at 17°C. Here they stayed-and were fed each day until 

the cysts formed by the cercariae were infective. It was 

found that after 4 weeks at this temperature the metacer­

cariae would grow into adult A. donicus if fed to 1abora­

tory animals. 

Other similarly infected fish were slowly lowered in 

temperature and then placed into a cold room at 6
D
C. The 

metacercariae in these fish were not infective even after 

9 weeks. 

Another method used to obtain heavy infections was 

to put one heavily shedding snail in an aquarium with sev­

era1 fish over a period of several weeks. Each day the 

fish were infected by more cercariae. At the end of the 

period of infection the snail was retrieved, opened, and 

the rediae stages were preserved in AFA or Gilson's fluid. 

To insure that the coho salmon and Gambusia spp. 

used in these experiments were free of previous infections, 

one half of the total number of each species was either fed 

whole to laboratory animals, or digested with acid pepsin. 

On no occasion was any previous infection found. 
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During or after each infection by cercariae, samples 

of cercariae were killed and preserved in hot AFA, and re­

diae stages from the snail were killed and preserved in 

AFA or Gilson's fluid. Later, all of these specimens were 

stained and mounted on slides. 

EXCYSTING OF METACERCARIAE 

Metacercariae obtained "from the acid pepsin digestion 

of fish were excysted either mechanically or chemically. 

Enzymatic excystation techniques were most effective to 

obtain the metacercariae (Macy et. al., 1967). This was 

because the nature of the cyst wall and the small size of 

the cysts made mechanical excystation very difficult. 

Metacercariae were placed in 0.85% saline after 

excystation and studied alive. A few were flattened, fixed 

with Gilson's solution, stained with Erhlich's acid hema­

toxylin, and. mounted on slides. Some excysted metacercar­
o

iae were kept living in 0.85% at 6 C for up to three days. 

OBTAINING CULTURES Q[ UNINFECTED SNAILS 

Flumenicla virens snails were collected in the summer 

when they were laying eggs. A number of adults were placed 

in a suitable, aerated aquarium. The adults layed many 

eggs on the sides of the aquarium. Adults were then re­

moved. In about two weeks young snails hatched, and these 

were raised to feed on eggs from adult A. donicus. 



ATTEMPTS TO INFECT FLUMENICOLA VIRENS ~~ 

A number of eggs were collected from adult ~. donicus 

and placed in distilled water. This was a difficult pro­

cess because A. donicus specimens have very few eggs in the 

uterus at anyone time. Large numbers of adults were placed 

.in distilled water and high salt solutions alternately to 

cause them to shed their eggs. 

When about two hundred eggs were collected young lab­

oratory-reared snails were placed with the eggs in dechlor­

inated tap water for several days. After it appeared that 

eggs had been eaten, the snails were placed ina separate 

aquarium. 

SHEDDING EXPERIMENTS 

When snails were checked for shedding times, a size­

able group of snails'shedding the proper cercariae were 

found by methods already discussed. Then this sample was 

put individually in an environmental chamber set at a con­

stant 17°C, and with a period of light and darkness simu­

latinga normal spring day and night. Each hour after the 

snails were put in the chamber, for 24 hours, each snail 

was examined for shedding with a dissecting microscope, 

and if any occurred, ,the snail was transferred to a new 

petri dish of water. 

After the snails were removed from t'he dishes, the 

cercariae were killed by adding 95% ethanol to the water 
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to facilitate counting. At this time it was found that 

cercariae of A. donicus could withstand 5% ethanol for 3-5 

hours before dying. Counting was done by placing the petri 

dish over a grid and counting cercariae in each square. 

MICROSCOPIC PREPARATIONS 

All adults, metacercariae, and rediae were killed and 

fixed with either Gilson's fluid or AFA under a cover glass 

on a microscope slide. This method would sometimes distort 

or crush the internal organs of adults and cause rediae to 

burst open if enough pressure was applied to flatten the 

specimens sufficiently for a good slide. In the case of 

the adult, this was because the anterior half of the body 

is flattened dorso-ventrally and the posterior half is al­

most cylindrical. This difference in thickness caused many 

problems with flattening the specimens. The rediae broke 

open only because they are extremely fragile. 

Cercariae were not flattened at all. They were pi­

petted live into hot AFA. This killed them immediately and 

helped keep their natural shape. 

All specimens were stained with Erhlich's acid hema­

toxylin and mounted on microscope slides. When cercariae 

were examined alive under the compound microscope, neutral 

red and nile blue stains were sometimes used to show up 

certain structures. 
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Material which was sectioned from the adults and 

metacercariae encysted in a coho salmon tail fin were 

fixed in picric acid. Sections were made 6 in thickness 

from parafin mounted tissues and these were applied to 

slides and stained with Erhlich's acid hematoxylin. 



DISCUSSION AND CONCLUSIONS 

In this paper Apophallus donicus is redescribed from 

Oregon specimens, its life cycle is outlined, and some sig­

nificant additions are made to its biology. No detailed 

study has been made of its occurrance nor its effect on 

game fish in the wild. It is prevalent in the areas where 

infected fish were found, and therefore the natural defini­

tive hosts in the area must be heavily infected. This 

would no doubt cause them some discomfort or even eventual 

death. Africa, et. ale (1935b, 1935c, 1940) showed that in 

heavy infections of humans by heterophyids, coronary mal­

function could result from eggs accumulating in the blood 

vessels of the heart. Other serious possible effects include 

perforations of the intestines with subsequent infections, 

and central nervous system problems due to accumulation of 

eggs in vital blood vessels in the brain. 

Human infections are probably rare in Northwestern 

United States because fish is usually cooked quite well be­

fore it is eaten. Also, in larger fish, like salmon, the 

skin is usually not eaten. There is a possibility that 

smoked or salted fish could contain some viable cysts. No 

study was made on the susceptability of this trematode to 

salt. 

I am definitely in agreement with Price (1931) and 
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Yamaguti (1971), who think that this species is a member of 

the genus Apophallus. 'No specific attempts have been made 

to reclassify the species of the genus Apophallus or to 

make a key to the species. This is because work is under­

way with a possible new species of this genus, and when 

this is done, a thorough examination of taxonomy will be 

attempted. 
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