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The effects of light, pH and temperature on the emergence of 

Nanophyetus salmincola cercariae from their snail host, Oxytrema 

silicula, were studied. Light was found to enhance cercarial emer- 

gence, and the optimal pH and temperature for the emergence of N. 

salmincola cercariae were found to be pH 7. 6 and approximately 

22° C respectively. 

The intramolluscan migration and the emergence process of 

the cercariae were also studied. It was found that the majority of 

mature N. salmincola cercariae made use of the venous system to 

emerge. After leaving the gonads- digestive gland complex, the 

cercariae travelled along the peri- intestinal sinus, deploying through 

the anterior renal organ and the afferent ctenidial sinus to arrive 
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finally at the ctenidium. All mature cercariae emerged actively at 

the tip of the ctenidial leaflets. Immature rediae of N. salmincola, 

however, were also observed to migrate throughout the entire body 

of the snail, possibly via the blood system of the snail. There were 

also some indications that the larvae of N. salmincola could mature 

outside of the gonads and the digestive gland. 
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THE BIOLOGY OF NANOPHYETUS SALMINCOLA. (CHAPIN) 
IN ITS SNAIL INTERMEDIATE HOST, 

OXYTREMA SILICULA. 

INTRODUCTION 

Studies on the intramolluscan development and emergence of 

the cercariae of Nanophyetus salmincola have largely been neglected 

in the past. Gebhardt (1966) and Gebhardt et al. (1966) first showed 

experimentally that at 22° C, cercariae of Nanophyetus salmincola 

matured more rapidly than at 10°C and 16°C and that under room 

temperature, 90% of the infected Oxytrema silicula snails contained 

mature cercariae in 15 days. These findings seem to indicate that 

temperature has a direct effect on the maturation and subsequent 

emergence of the cercariae. Baldwin (1967) demonstrated that cer- 

cariae of N. salmincola could emerge from snails held in water with 

salinity as high as 20 ppt, but that the optimal salinity for cercarial 

emergence was close to 4 ppt. 

The emergence process of N. salmincola cercariae was first 

observed by Baldwin (1967) who also suggested possible routes of 

cercarial migration within the snail. However, no extensive study 

was done to verify the exact pathway of migration. 

Because of a lack of information on the development and 

emergence of the cercariae of N. salmincola, the present study was 

undertaken: (1) to determine the effects of light, pH and temperature 
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on the emergence of N. salmincola cercariae from their host, O. 

silicula; (2) to verify the pathway of cercarial migration within the 

snail; and (3) to study the process of emergence of N. salmincola 

cercariae from the snail. 
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LITERATURE REVIEW 

I. Effects of Light, pH and Temperature on the Emergence of 
Cercariae 

Factors governing the emergence of cercariae from their snail 

hosts have been studied for over 40 years. Cort (1922) first studied 

the time of cercarial emergence and noted that there were definite 

shedding cycles of cercariae. Rees (1931) who studied Cercaria Z 

and C. cambrensis I (Wright, 1928), found that the former emerged 

during the day while the latter emerged continuously during the whole 

24 hours but considerably more so during the night. Giovannola 

(1936) recorded the shedding cycle of three species of trematodes 

and found that a considerable number of cercariae of two of the three 

species could be collected from three of the four collecting periods. 

The third species emerged during two of the four to six hr. periods 

of the day. Rees (1948) observed that a large number of Cercaria 

purpurae Lebour emerged when the host snail was exposed to light, 

and that very few emerged during the night. Thapar and Tandon 

(1952; 1953) observed that Fasciola indica cercariae emerged during 

the night and early hours of the day. Gumble et al. (1957), who 

worked with the Japanese strain of Schistosoma japonicum, noticed 

that some emergence of cercariae occurred in total darkness, but 

that the numbers were increased three to five -fold when snails Wert 
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periodically exposed to natural light. He further noted that different 

strains of S. japonicum might respond differently to the stimulus of 

light. According to him, Mao, Li and Wu (1949), working with the 

Chinese strain, obtained similar results, whereas Osaka (1938), 

Isobe (1923) and Bauman, Bennet and Ingalls (1948), working with the 

Formosan and the Philippine strain respectively, reported different 

observations. Varma (1961) observed that Cotylophoron cotylophor- 

um did not emerge in darkness but reported that maximum emer- 

gence took place in the presence of daylight between 11 a. m. and 2 

p. m. 

On reversal of the light -dark cycle, Giovannola (1936) found 

that the cycle of emergence of three species of cercariae could be 

reversed but that in two of them the reversal did not occur immedi- 

ately but took place after a period of a day or more during which the 

shedding cycle was erratic and less definitely cyclic. However, 

Rees (1948) and Olivier (1951), working with C. purpurae and 

Schistosomatium douthitti respectively, found that the daily shedding 

cycle was reversed immediately and completely upon reversal of the 

light -dark cycle. 

The effect of pH on the behavior and functioning of living organ- 

isms have long been recognized. Bauman et al. (1948) reported that 

cercarial emergence was completely suppressed below pH 7.0 for S. 

japonicum in Oncomelania quadrasi. Mao et al. (1949) found that 
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from pH 6. 6 to 7.8 cercariae emerged equally from O. hupensis. 

However, neither tested great extremes of pH. Gumble et al. (1957) 

found, in contrast to Bauman et al. (1948), that extensive shedding of 

cercariae of S. japonicum from O. nosophora did occur below pH 7.0. 

The pH range for active cercarial shedding was found to be limited to 

6.0 to 8.0. And Varma (1961), who worked with cercariae of Cotyl- 

ophoron cotylophorum, reported that mass emergence of cercariae 

appeared to be limited to a pH range from about 6. 5 to 9. 5. Although 

a little emergence still took place just beyond these limits, below 

pH 3 and above pH 11 no emergence was observed. 

With the "salmon poisoning" fluke N. salmincola, no work has 

been reported on the effects of pH on cercarial emergence. 

On the effects of temperature on shedding of cercariae, Cort 

(1922) has observed a decrease in the number of Cercaria elephantis 

emerging from Planorbis trivolvis at decreasing temperatures. 

Rees (1931) demonstrated that a lowering of the temperature partial- 

ly or completely checked the escape of Cercaria Z. Again in 1948, 

she was able to demonstrate that, with Cercaria purpurae, the num- 

ber of emerged cercariae fell rapidly as the temperature was low- 

ered from 15 to 10°C, and, at 0°C emergence ceased completely. 

Emergence was found to be inhibited with the increase of tempera- 

ture beyond a certain level, but shortly before heat coma set in, a 

sudden rise of emergence was noticed (Rees, 1948). Gumble et al. 
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(1957) observed an increase of emergence of S. japonicum cercariae 

when the temperature was raised from 10°C to room temperature. 

At 12 to 15°C the numbers of shed cercariae were greatly increased, 

approaching those obtained at higher temperature. However, they 

noticed a delay in emergence at these temperatures as compared 

with room and higher temperature. These observations tend to con- 

firm the works of Isobe (1923) and Osaka (1938). At 30°C reduction 

in the yield of cercariae became evident, and shriveled distortion of 

the cercariae was noticed at higher temperatures especially at 35° C 

(Gumble et al., 1957). Varma (1961) observed the temperature 

range for Cotylophoron cotylophorum cercarial emergence to be 

between 24 and 35°C, with the peak of emergence centered around 30 

to 35°C. 

II. The Intramolluscan Migration and Emergence of Cercariae 

Although the literature contains many references to the 

entrance of miracidia into the snail host and their subsequent devel- 

opment into sporocysts, rediae and mature cercariae, there is com- 

paratively little information on the route and mode of cercarial 

emergence. A great part of our present knowledge concerning the 

intramolluscan phase and emergence of cercariae is based on the 

studies of schistosome cercariae, the majority concerning only the 

various external factors affecting the emergence of cercariae rather 
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than the actual path of migration and the mode of exit itself (Isobe, 

1923; Osaka, 1938; Bauman et al. , 1948; Mao et al., 1949 and 

Gumble et al. , 1957). 

A review of the literature shows that Leiper (1915) observed 

that the cercariae emerged after rupturing the wall of the sporocyst 

and were discharged in puffs from the snail, quite independently of 

the passage of feces., Lutz (1919), studying Schistosoma mansoni, 

suggested that the cercarial exit was through the intestinal canal and 

considered it probable that all channels leading to the body surface 

were used. 

Faust and Meleney (1924) working with S. japonicum, observed 

that the secondary sporocysts matured and produced viable cercariae 

in the "lymph space" between the acini of the liver, The aggregation 

of mature cercariae thus caused the tunica propria to burst, allowing 

the cercariae to emerge in swarms between the body wall and the 

shell of the mollusc. 

Faust (1933) reported the migration of sporocysts of S. man- 

soni in the peri- oesophageal tissues and stated that a high mortality 

of snails occurred at about the time of cercarial emergence. Gor- 

don, Davey. and Pearston (1934) reported that cercariae of S. man- 

soni matured in the snail's liver at about 48 hours before emergence. 

In the same year, Faust and Hoffman (1934) observed that cer- 

cariae of S. mansoni ruptured the sac surrounding the liver, and, 



8 

according to the size of the rupture, either many cercariae were 

liberated in a short time with rupture of veins and death of the snail, 

or the cercariae emerged gradually over a longer span of time with 

the snail still surviving. 

Brumpt (1941), who demonstrated cercariae of S. mansoni 

within the eggs of the host Australorbis glabratus, concluded that 

migration was via the genital ducts of the mollusc. 

Kendall and McCullough (1951), working with Fasciola hepatica, 

observed mature cercariae in the tissues alongside the rectum. 

Emergence was thought to take place through an area of body wall 

immediately contiguous with the anus of the snail. The cercariae 

were expelled passively by the increased pressure in the peri- 

visceral spaces brought about by the active movements of the body 

and the filling of the mantle cavity with air. 

Duke (1952), working with S. mansoni, has shown that the 

emergence of cercariae from the snail took place chiefly at the 

pseudobranch and collar, and suggested that the larvae travelled with 

the main flow of venous blood from the peri- hepatic space into the 

peri- rectal space along the rectum. He considered the emergence 

of the cercariae to be an active process, the cercariae utilizing the 

"escape" glands together with the mechanical activity of the cercari- 

ae themselves. Recently Richards (1961) also corroborated this 

observation. 
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Pearson (1961) has observed the cercariae Neodiplostomum 

intermedium free within the haemocoel of Pettancylus assimilis and 

stated that they finally crawled into the peri- rectal sinus and mantle 

vessels. He further stated that the cercariae escaped through a fixed 

"escape pore" in the mantle. Six other species of cercariae were ob- 

served to have escaped in similar fashion. 

Probert and Erasmus (1965), who investigated the migration of 

Cercaria X within the host snail Lymnaea stagnalis, demonstrated 

that the blood system was the main pathway of emergence. Cercariae 

were observed to rupture the wall of the digestive gland and travel 

along the main venous vessels through the rectal sinus and became 

localized in the mantle edge prior to emergence. Migration and sub- 

sequent emergence of the cercariae were thought to be partly active 

and probably facilitated by the spines in the oral cup, the oral and 

ventral suckers and other biological activities of the cercariae. 

Emergence was not, however, restricted to the mantle, but was 

sometimes seen at the junction of the head and mantle. They also ob- 

served that in heavy infections, cercariae might pass through the 

body wall to reach these areas, but the greatest number of cercariae 

usually emerged from an area contiguous with the leading edge of the 

mantle. 

Smyth (1966) in his review of the physiology of trematodes, con- 

cluded that there appeared to be four main methods whereby cercariae 
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escaped from the tissues of the molluscan host: 

i) Active escape through fixed openings in the integument (e. g. 

Alaria canis, A. arisaemoides, Strigea elegans, Neodiplostomum 

intermedium, A.patemon sp. , some schistosomes and some echino- 

stomes) (Pearson, 1956, 1959 and 1961). 

ii) Active escape through the intact integument (e.g. S. man - 

soni) (Duke, 1952). 

iii) Passive expulsion of cercariae (F. hepatica) (Kendall and 

McCullough, 1951). 

iv) Active escape of daughter sporocysts, containing cercariae, 

which are then eaten by the intermediate host (e.g. Dicrocoeliodes 

petiolatum) . 

According to Smyth, "active" escape implies activity on the 

part of the cercariae. In most cases, the main movement is through 

the snail blood vessels. 
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MATERIALS AND METHODS 

I. Effects of Light, pH and Temperature on the Emergence of N. 

salmincola Cercariae from O. silicula 

In the present study, Oxytrema silicula, the host snail of Nano- 

phyetus salmincola, were collected from October, 1967 to June, 1968 

from Oak Creek and Dixon Creek, both close to the Oregon State 

University campus at Corvallis, Oregon. Infection of the snails was 

determined by isolating individual snails into small Petri -dishes and 

watching for the appearance of N. salmincola cercariae. The snails 

were fed with fresh lettuce and kept at room temperature in freshly 

obtained stream water until used. In all of the experiments only 

heavily infected snails were used. 

Effects of Light 

Experiment one. An experiment was designed to learn whether 

cercariae of N. salmincola emerged from the host snail diurnally or 

nocturnally. Four infected snails were separately placed into four 

small glass dishes. They were then exposed to alternating periods 

of 12 hr. light from 8 a. m. to 8 p. m. and 12 hr. darkness from 8 

p. m. to 8 a. m. for seven consecutive days. The experiment was 

done in a room having controlled temperature that ranged from 17 to 

19 The condition of darkness was simulated by transferring the 
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snails into a box at 8 p. m. every evening. Cercarial counts were 

made at the end of each 12 hr. period. The snails were transferred 

to another set of glass dishes, and the number of shed cercariae was 

then determined by pouring the water into a graduated Petri -dish and 

counting the number of cercariae observed under the dissecting 

microscope. With profused shedding in which direct count was 

impractical, an estimation of the actual number was made. Stream 

water was used in the entire experiment and the snails were fed with 

fresh green lettuce. 

Experiment two. A second set of experiments was done to 

determine the effects of continuous darkness on the shedding of cer- 

cariae. Five infected O. silicula snails were exposed at first to 

normal conditions of 12 hr. darkness during the night and 12 hr. 

light during the day. They were then subjected to continuous dark- 

ness for five consecutive days and nights after which normal condi- 

tions were returned for another two days. The temperature was 

controlled at 20 to 22°C and cercarial counts were made at the end 

of each 12 hr. period, the method used was exactly the same as in 

experiment one. 

Experiment three. This experiment was designed to find out 

whether the shedding periodicity of the cercariae could be reversed 

by exposing the infected snails to 12 darkness during the day and 

12 hr. light at night. Four N. salmincola infected snails were again 

hr. 
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used. They were exposed at first to normal conditions of 12 hr. 

darkness during the night and 12 hr. light during the day for two con- 

secutive days. On the third day, the periods of darkness and light 

were reversed, the snails being kept in the box during the 12 hr. day 

period and illuminated with fluorescent lights during the 12 hr. night 

period. The reversal was maintained for six continuous days. The 

temperature was controlled between 21 to 23.5°C and cercarial 

counts were made, as before, at the end of each 12 hr. period. 

Pattern of Emergence 

An experiment was next done to determine the time of day when 

most cercariae emerged. Cercarial counts were made every three 

hours instead of every 12 hours. Four N. salmincola infected snails 

were put in small glass dishes and laid on the window sill. The num- 

ber of cercariae shed by each snail was counted and recorded at 7 

p. m. , 10 p. m. , 1 a. m. , 4 a. m. , 7 a. m. , 10 a. m. , 1 p. m. and 

4 p. m. The temperature in the glass dishes was taken at every 

count. Over the 24 hr. period, a fluctuation in temperature from 

3.5 to 16.4°C (under direct sunlight) was registered. The numbers 

of cercariae shed were plotted against the time of day as well as the 

temperature. 
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Effects of pH 

The effects of pH on the emergence of cercariae of N. salmin- 

cola were studied under two separate sets of experiments. In the 

first set of experiments, four infected snails were exposed to sodium 

phosphate- buffered solutions from pH 8.0 to pH 5.2. The snails were 

kept in each pH gradation (pH 8. 0, 7. 6, 7. 2, 6. 8, 6.4, 6.0, 5. 6. and 

5.2) for a 12 hr. dark period and a 12 hr. light period. Cercarial 

counts were again made at the end of each period. All snails were 

returned to pH 8.0 after they had been exposed to pH 5.2 for 24 hrs. 

The temperature was controlled at 21 to 23°C throughout the entire 

experiment. 

In the second set of experiments, four infected snails were 

exposed to a range of pH from 8.0 to 10.0. They were kept, as in 

the first experiment, in each pH gradation (pH 8.0, 8. 4, 8. 8, 9. 2, 

9. 6 and 10.0) for a 12 hr. dark period and a 12 hr. light period. 

Cercarial counts were made at 8 a. m. and 8 p. m. The temperature 

was controlled at 20 to 21°C. 

Effects of Temperature 

Five N. salmincola infected snails isolated singly in glass 

dishes were exposed to increasing temperature from 3.2 to 33 °C. 

The snails were kept in an incubator equipped with a freezing unit. 
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Throughout the experiment the snails were subjected to alternating 

periods of 12 hr. light and 12 hr. darkness. Counts of cercariae 

were made, as before, at the end of each 12 hr. period. 

II. The Intramolluscan Migration and Emergence of N. salmincola 
Cercariae 

Snails freshly collected from the creeks were kept at room 

temperature for a couple of days. Their infection was determined 

either by isolating individual snails and watching for the appearance 

of cercariae, or by carefully removing the tip of the spire and exam- 

ining the apex of the hepatopancreas. A small sample of the larval 

forms was then taken from the tip of the hepatopancreas and the 

presence of N, salmincola determined with the help of a high power 

dissecting microscope. The hepatopancreas of O. silicula infected 

with N. salmincola appears characteristically greyish -white whereas 

a healthy hepatopancreas presents an orange - yellow color (Porter, 

Pratt and Owczarzak, 1967). Samples that were taken from the tip of 

hepatopancreas between late November and early March consisted 

mainly of medium- sized rediae and immature and immotile cercariae. 

During warmer months, however, samples from the tip of hepato- 

pancrease consisted mainly of large -sized rediae and mature, motile 

cercariae. 

In the entire course bf study, two methods of approach were 

: 

-. 
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used: 

i) Serial Section Method 

ii) Direct Observation of Snails under the Dissecting Micro- 

scope. 

For the first method, infected snails were fixed in hot 10% 

formo- saline according to the method of Duke (1952) or in 10% forma - 

lin for at least 48 hours. The former fixative was found to produce 

the least amount of contraction of the snail tissues during fixation. 

After 30 minutes fixation the shell was cracked with the aid of a pair 

of pliers and removed gently and carefully. Care was taken to ensure 

that the body wall was not ruptured in the process, and snails affect- 

ed in this way were discarded. The snails were then returned to the 

fixative. After complete fixation the snails were dehydrated, cleared 

in xylene and infiltrated with paraffin in a vacuum oven. 

The snails were sectioned transversely at a thickness of 15 

microns. The sections were stained with haematoxylin and counter - 

stained with eosin. 

Particles of grit in the crop were removed by gently scratching 

the cut surface of the tissue block with the tip of a fine needle. This 

was found to be more effective than the method suggested by Duke 

(1952) which involves the picking out of the sand grains with a fine 

needle. The particles were located by a grating sensation and the 

appearance of 'Tsnitch" on the cut sections. 
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A total of six sets of serial sections were prepared, one of a 

non - infected Oxytrema silicula, another with a Notocotylus infection 

and the rest of N. salmincola infection. 

For the second method, over 500 Oxytrema silicula snails were 

used. Actively shedding snails were observed under the dissecting 

microscope. Observations were also made on preserved materials 

after the shell had been removed. With this method, larval trema- 

todes could easily be seen swarming the peri- intestinal sinus, the 

rectal sinus and the transverse pallial sinus leading to the afferent 

ctenidial sinus. Emergence of cercariae from the ctenidium was 

observed under the microscope from both the intact snails and in the 

severed ctenidial leaflets. Actively shedding snails were stationed 

in a Petri -dish of distilled water with the help of a metal clamp and 

oriented in a way so that their opercular openings faced upward. In 

a few minutes, the snails would extend their heads beyond the oper- 

cular openings in an attempt to right themselves, thus revealing the 

mantle cavity and the pulsating ctenidial leaflets within. 

The route of migration of N. salmincola cercariae within their 

snail host was determined by gross examination and numerical infor- 

mation on the relative distribution of cercariae within the various 

snail tissues. The latter method was adopted from the technique 

employed by Erasmus (1959) and Probert and Erasmus (1965). When 

sections were scrutinized for the presence of cercariae and for 
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assessing their number and distribution in the tissues, only every 

13th section was examined. This was done to eliminate the possibili- 

ty of counting the same cercaria more than once. Since the average 

length of the cercaria in fixed condition measures about 390 microns 

(Bennington and Pratt, 1960), this means that a cercaria sectioned 

completely transversely would extend over 26 sections 15 microns 

each in thickness. If, however, every 26th section was examined 

there was the possibility that cercariae sectioned longitudinally or 

obliquely would be overlooked. Consequently, every 13th section 

was selected. Since it is unlikely that many cercariae would be sec- 

tioned completely transversely or longitudinally, few cercariae would 

therefore be counted twice. In tissues where numerous cercariae 

occurred their numbers were estimated, whereas in all other cases, 

exact numbers were given as determined by the above - mentioned 

procedure. 
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RESULTS 

I. Effects of Light, pH and Temperature on the Emergence of N. 
salmincola Cercariae from O. silicula 

Effects of Light 

Experiment one. The results of the experiment are shown in 

Figure 1. It can be seen that there is a definite periodicity in the 

emergence of cercariae of N. salmincola from O. silicula. More 

cercariae were found to emerge during the day while a relatively 

fewer number emerged during the night. Over the entire experiment, 

the average number of cercariae emerging during the day was 521, 

and the average emerging during the night, 104. Therefore, approx- 

imately five times as many cercariae emerged during the day than at 

night. 

Experiment two. The results of continuous darkness on the 

emergence of cercariae are shown in Figure 2. During the initial 

normal cycle, there was an average of 546 cercariae emerging dur- 

ing the day. With the onset of continuous darkness, the number of 

emerging cercariae dropped to 69 on the first 12 hr. period, after 

which the numbers increased slowly until on the fourth day of contin- 

uous darkness the number of cercariae shed during the day reached 

as many as 481. On the sixth day of the experiment, when the nor- 

mal day -night cycle was returned, there was a sudden increase of 
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Figure 2. Average numbers of N. salmincola cercariae emerging from five Q. silicula snails 
exposed at first to 24 hr. of normal darkness -light cycle and then to continuous 
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cercariae emerging during the day. Over the four days of continuous 

darkness, it was interesting to note that the emergence pattern fol- 

lowed closely that of a normal periodicity, i. e. with day peaks. 

Experiment three. The results of the reversal experiment can 

be found in Figure 3. The usual periodicity was apparent on the 

first two days. On reversal of light and darkness, the periodicity 

was immediately reversed. Large numbers of cercariae emerged 

during the light period at night and lesser numbers emerged during 

the day in darkness. This reversal of periodicity was prolonged for 

six consecutive days and to the conclusion of the experiment. It was 

noted that, on the first 12 hr. period after the reversal of light and 

darkness, as many as 476 cercariae emerged in the dark, the period 

that would have been under light in the normal day -night cycle. Most 

of the cercariae emerged during this period could have been still 

responding to the previous periodicity. 

Pattern of Emergence 

In this experiment, a situation closely simulating the natural 

conditions was presented. During the 24 hrs. the temperature was 

found to be at its lowest just before dawn, between 4 a. m. and 7 

a. m. , and the warmest temperatures were in the late afternoon. 

Considerably more cercariae were found to emerge during the day 

when the temperature ranged from 3.5 to 16.4°C (under direct 
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Figure 3. Average numbers of N. salmincola cercariae emerging from four O. silicula snails 
exposed at first to two days of normal darkness -light cycle and then to a reversal 
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sunlight) - Figure 4. The peak of shedding was found to be between 

4 p. m. and 7 p. m. In the evening, beginning from 7 p.m., the 

temperature dropped slowly and the number of shed cercariae 

dropped correspondingly until 7 a. m. the next morning when a total 

of only 18 cercariae was shed. There was, therefore, a high corre- 

lation between temperature and emergence of cercariae. With low 

temperatures, cercarial emergence was reduced. Active emergence 

of N. salmincola cercariae, however, was still evident at as low as 

3.5 °C. 

Effects of pH 

The results of the effects of pH on the emergence of N. salmin- 

cola cercariae are shown in Figures 5 and 6. Active emergence of 

cercariae was observed over the entire range of pH tested. In the 

first set of experiments, when the snails were subjected to a lower- 

ing of pH from 8.0 to 5. 2, the highest number of cercariae emerged 

was found to be at pH 7.6 where an average of 830 cercariae was 

shed during the entire 24 hr. period. Below pH 7. 6, the number of 

emerged cercariae gradually diminished. When the snails were 

later returned to pH 8.0, after having been exposed to pH 5.2 for 24 

hrs., an abrupt increase of emerged cercariae was noted. 

The same experiment was repeated again with the same re- 

sults. Although two of the eight snails used in the two experiments 
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died prior to the conclusion of the experiments, most of them sur- 

vived the entire range of pH from 8.0 to 5.2. 

In the second set of experiments where the effects of increase 

of pH on the emergence of cercariae were studied, there was a re- 

duction in the number of emerged cercariae as the pH was increased 

(Figure 6). The experiment was repeated, and in a total of nine 

snails three died before the conclusion of the two experiments, one 

at pH 9.2 and the other two at pH 9. 6. In all three cases, great 

numbers of cercariae were shed prior to the death of the snails. At 

pH 10.0, all surviving snails were very immobile but quickly became 

active when returned to pH 8.0. 

The results of the effects of pH on cercarial emergence indi- 

cated that cercariae of N. salmincola emerged over the range of pH 

from 5.2 to 10.0, with the optimal shedding pH at 7. 6. Both below 

and above this pH, emergence of cercariae was found to be partially 

inhibited. 

Effects of Temperature 

The results of this experiment are shown in Figure 7. It can 

be seen that there was a gradual increase in the number of cercariae 

emerging from the snails when the temperature was increased. This 

continued until 21.5°C with an average of 5570 cercariae being shed. 

After 21.5 °C, as the temperature continued to rise, the number of 
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shed cercariae dropped rapidly, and at 33°C all of the surviving 

snails died. The average number of cercariae shed at this tempera- 

ture was 65. Although two of the five snails in this experiment suc- 

cumbed before reaching 33°C, all of the five snails in the repeat ex- 

periment survived up to 33°C. In the repeat experiment, the optimal 

shedding temperature was found to be around 23°C. The shedding 

behavior of the cercariae in general followed closely that of the first 

experiment. In my study, sudden emergence of a large number of 

cercariae shortly before heat coma and death of the snails was not 

observed. Such phenomenon, however, was described by Rees (1948) 

in her study of Cercaria purpurae. 

II. The Intramolluscan Migration and Emergence of N. salmincola 
Cercariae 

Migration of Cercariae within the Snail 

The distribution of N. salmincola cercariae along the length of 

the snail has been obtained and is expressed as a histogram (Figure 

8). Cercariae were found along almost the entire length of the snail, 

being most numerous in the gonads, the digestive gland and the tis- 

sues surrounding the genital organ. In heavily infected snails, the 

gonads were completely destroyed and cercariae were found to in- 

vade the digestive gland, but in slightly infected individuals, the 

digestive gland was intact (Figure 9). However, in even the slightest 
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Figure 8. Histogram showing, the distribution of N. salmincola cercariae within the tissues of O. silicula. fh- foot -head region; g- tissues 
surrounding the genital organ; gd- gonads and digestive gland; m- mantle; pis -peri- intestinal sinus. 



Figure 9. Cross section through the gonads and digestive gland 
of a slightly infected O. silicula snail showing intact 
digestive gland (DG) and infected gonads. C= cercaria; 
RE = redia. 

Figure 10. Photograph of an infected O. silicula snail showing 
heavily parasitized tissues above the genital organ. 
L= larvae of all stages in tissues above the genital 
organ; R= rectum; RS= rectal sinus; CT= ctenidium. 
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infection, larvae of all stages were always found to be present in the 

tissues surrounding the genital organ of the snail (Figure 10). 

Mature cercariae were found to aggregate in the peri- intestinal 

sinus, the anterior renal organ, the afferent ctenidial sinus and the 

ctenidium (Figures 11, 12, 13 and 14). The accumulation of cercar- 

iae in these regions indicates that the cercariae migrated along the 

venous system prior to emergence from the ctenidium. 

Figure 15 shows the relative distribution of N. salmincola 

cercariae in different snail sinuses. From this and other direct 

observations with live and preserved materials, it seems probable 

that the majority of N. salmincola cercariae escaped from the 

gonads and digestive gland into the blood sinus around them and 

travelled anteriorly along the venous system. The route through 

which the cercariae finally reached the ctenidium may be better 

understood by referring to the anatomical studies of the pleurocerid 

snails by Magruder (1935) and Ching (1957). In pleurocerids, blood 

from the gonads and digestive gland may take one or more of three 

major pathways to reach the ctenidium. These are: 

a. via the peri- intestinal sinus which lies on the columella 

side of the animal and collects blood from the stomach, stylet sac, 

digestive gland and genital system. Blood from the peri- intestinal 

sinus may travel by way of the anterior renal organ to the afferent 

ctenidial sinus and into the ctenidial leaflets. (Figure 16). 



Figure 11. Cross section of an infected O. silicula snail showing 
mature cercariae (C) and maturing rediae (MR) of N. 
salmincola in the peri- intestinal sinus. S= stomach; 
I= intestine; PRO= posterior renal organ. 

Figure 12. Cross section through the anterior renal organ of an 
infected snail. C= cercaria of N. salmincola inside 
lamellae of the anterior renal organ; MR= maturing 
redia; R= rectum. 





Figure 13. Longitudinal section of the afferent ctenidial sinus of 
an infected O. silicula snail showing both cercariae (C) 
and maturing rediae (MR) inside the sinus. Cercariae 
are also present in the ctenidial leaflets (CL). 

Figure 14. Photograph of an infected snail showing cercariae (C) 
at the base of the ctenidial leaflets (CL). CT = ctenidi- 
um; ACS= afferent ctenidial sinus; IR= immature redia 
in the efferent ctenidial sinus. 
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Figure 16.. Schema of the venous system of O. silicula. Arrows show the major pathway 
through which cercariae of N. salmincola emerge from the snail. A- auricle; 
ACS - afferent ctenidial sinus; ARO- anterior renal organ; C- ctenidium; 
ECS- efferent ctenidial sinus; ERS- efferent renal sinus; MS- mantle sinus; 
PIS -peri- intestinal sinus; PRO -posterior renal organ; PVS- perivisceral sinus; 
RS- rectal sinus; V- ventricle. 
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b. via the peri- intestinal sinus to the rectal sinus and thence 

deploying through the anterior renal organ to reach the afferent cten- 

idial sinus and then the ctenidial leaflets (Figure 16). 

c. via the peri- intestinal sinus to the rectal sinus and then 

across the mantle to the afferent ctenidial sinus and the ctenidial 

leaflets (Figure 16). 

The fact that very few cercariae were found in the rectal sinus 

indicates that the majority of cercariae did not make use of the latter 

two pathways. Instead, they traveled mainly through the anterior 

renal organ and then along the afferent ctenidial sinus into the cten- 

idial leaflets. This is inferred by the great number of cercariae 

present in the anterior renal organ and afferent ctenidial sinus. 

(Figures 12 and 13). Since a few cercariae have been observed in the 

rectal sinus, it is probable that pathways b.and c.may be utilized 

occasionally. 

Site and Process of Emergence 

Baldwin (1967) first observed the emergence of cercariae of N. 

salmincola from the ctenidial leaflets of their snail host, O. silicula. 

The present study confirms his observation. Having reached the 

base of the ctenidial leaflet via the afferent ctenidial sinus, the cer- 

caria was seen to migrate along the right margin of the leaflet toward 

the tip of the leaflet. Once reaching there, it began actively poking 
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at the tip which eventually gave way and the cercaria began to 

emerge. When the body was half -way out, it wriggled about vigor- 

ously until the entire body slipped out of the ctenidial leaflet (Figures 

17 and 18 a, b, c, d, e, f). The time taken for the cercariae to 

emerge completely was found to vary individually. In general, it 

took from three to four seconds to about one minute. Once free, the 

cercaria became very active and moved away from the leaflet. The 

emergence process did not seem to damage the ctenidial leaflet. The 

opening through which the cercaria emerged simply closed behind it. 

III. Migration of Immature Rediae within the Snail 

Direct observations and examinations of serial sections re- 

vealed the presence of immature rediae in almost all types of tissues 

along the entire length of the snail. They were found in the gonads, 

the digestive gland, the foot -head region and the various organs and 

sinuses of the arterial and venous systems including the auricle and 

ventricle (Figures 10, 14, 19, 20, 21 and 22). In vivo, immature 

rediae have been observed streaming along the rectal sinus in a 

characteristic contracting and extending movement. Their migration 

is believed to be brought about by a combination of the forward flow 

of the blood, the peristaltic movement of the rectum and their own 

activity. In other body sinuses, however, the flow of the blood and 

the active movement of the immature rediae may constitute the major 
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Figure 17. Cross section through the ctenidium of O. silicula 
showing mature cercariae (C) inside the ctenidial 
leaflets. TC = tip of ctenidial leaflet; OS = oral 
sucker of cercaría; VS= ventral sucker of cercaría; 
T =tail of cercaría. 
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Figures 18a -f. Emergence process of a mature cercaria (C) 
from the tip of the ctenidial leaflet. TC = tip 
of ctenidial leaflet; PG = penetration gland; 
T = tail; ST = stylet. 
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Figure 19. Photograph of an infected snail showing immature 
rediae (IR) and maturing rediae (MR) in the posterior 
renal organ (PRO) . ARO = anterior renal organ; R= 
rectum. 

Figure 20. Cross section of the ventricle (V) and auricle (A) of 
an infected snail. IR = immature rediae; PRO = pos- 
terior renal organ. 





Figure 21. Section showing seven immature rediae (IR) in the 
efferent ctenidial sinus (ECS) of O. silicula. CL= 
ctenidial leaflet. 

Figure 22. Longitudinal section of the rectum (R) and rectal 
sinus (RS) revealing several immature rediae in the 
sinus. IR = immature rediae; P= pharynx of immature 
redia. 
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locomotive force in their migration. Since a number of immature 

rediae have been recovered from the connective tissues of the head - 

foot region, they may probably also possess the ability of burrowing 

actively through tissues. 

The above observations seem to indicate that immature rediae 

do wander around the body of the host presumably via the blood sys- 

tem of the snail. 

IV. Distribution of Maturing Rediae in the Snail 

Both direct observations and examinations of serial sections 

also revealed numerous maturing rediae of different stages along 

the various organs of the venous system of the snail, Great numbers 

of maturing rediae were found in the tissues surrounding the genital 

organ, in the anterior and posterior renal organs, and along the 

afferent ctenidial sinus leading to the ctenidium (Figures 10, 12, 13 

and 19). 
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DISCUSSION 

The major phenomena of earth are cyclic. This was pointed 

out by Allee et al. (1949) in their review of the ecological aspects of 

periodism in animals. Animals, both individuals and in communi- 

ties, show complex seasonal, lunar and tidal rhythms, and other 

periodicities associated with the cycle of day and night. 

Diurnal periodicities have been shown to affect organisms in a 

number of ways. As length of daylight is directly associated with 

light intensity, temperature, relative humidity, rate of evaporation 

and so on, the adoption of a diurnal rhythm may be a means of adapt- 

ing the organism to the various changes in the physical environment. 

Thus, there are biological advantages to a rhythmic behavior. 

Rhythms and periodicities of parasitic organisms are often 

found to synchronize with those of the hosts (Harker, 1958). Exam- 

ples of this are found in the asexual periodicity of the malaria para- 

site, Plasmodium sp. of the canary and the microfilaria larvae of 

Wuchereria bancrofti. The peak of segmentation of Plasmodium sp. 

becomes synchronized with the new dark period as soon as the para- 

sites are innoculated into the canary (Stauber, 1939), and micro - 

filaria larvae of W. bancrofti are found in the blood of their host 

chiefly at night which coincides with the biting cycle of the insect 

vector (Hawking and Thurston, 1951). 
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The periodicity of cercarial emergence has been studied pre- 

viously by a number of workers. However, in none of their studies 

was the ecological significance of such periodicity discussed. As 

revealed by the present study, under average conditions when the 

stream water is below 22 °C more N. salmincola cercariae will be 

expected to emerge during the day particularly in the late afternoon 

and at dusk when the water temperature is warmest. In Oregon, 

however, some exceptions to this may be found in the warmest 

months (June, July and August, Table 1), and especially in the small 

streams where the daily water temperature exceeds 22°C, This 

condition may result in greater nocturnal shedding of cercariae and 

a reduction of cercarial emergence during the day. 

The shedding pattern of N. salmincola cercariae does not seem 

to synchronize to a particular degree with the behavior of their fish 

hosts. As far as we know, both nocturnal and diurnal activities are 

prevalent in the salmonids, which are known to be fish hosts of N. 

salmincola (Hoar, 1942, 1951; Hoar, Keenleyside and Goodall, 1957 

and Mason, 1966). Host contact of the cercariae with the fish is 

believed to take place at a time when the fish is least active. The 

cercariae, carried passively by the current, may land on the resting 

fish thus making possible contact with their host; whereas during the 

active phase of the fish, direct contact of the sluggish and non- swim- 

ming cercariae with the fish would be improbable. In the cooler 



TABLE 1. pH AND TEMPERATURE RECORDS OF SOME WESTERN OREGON RIVERS, 
(Compiled from Gebhardt, 1966 and Oregon State Sanitary Authority [1966]) 

1965 -1966. 

RIVER YR. JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Willamette pH '65 6.9 7.0 7.1 7.1 7.0 ' 7.1 6.9 7.1 7.1 7.4 7.2 7.2 
River at 
Springfield 
Bridge 

Temp. °'C '65 6 8 9 12 11 16 14 16 13 13 12.5 4 

Willamette pH '65 6.0 6.7 ' 6.7 6.7 6.6 6.8 6.7 6.8 6.7 6.8 6.8 6.6 
River at 
Canby Ferry Temp. °C '65 6.5 8 8 13 15 16.5 20 20.4 16 13 11 3.5 

McKenzie pH '65 7.0 7.0 7.2 7.1 7.0 7.2 7.1 7.2 7.2 7.2 7.2 7.3 
River at 
Hayden Bridge Temp. ° C '65 6 8 8 9 10 16 14 15 11 9 9.5 3.0 

Santiam River pH '65 7.0 6.9 7.0 7.1 7.0 7.1 7.1 7.2 7.3 7.1 7.1 6.8 
at Inter state 
5 Bridge Temp. ° C '65 6 6 10 10 12 19 17 21 15 10 11.5 2.5 

Rogue River pH '65 - 7.5 7.9 - 8.3 - 

at Robertson's 
Bridge Temp. ° C '65 - - - 19 22 - 17 

Snake River 
at Weiser 
Bridge 

pH '65 - - >8.4 - - - - 8.3 - >8.4 - 

Temp. ° C '65 - 7 - - 20 - 13 - - 

- - 

- 



Table 1 (continued) 

RIVER YR. JAN FEB MA.R APR MAY JUN JUL AUG SEP OCT NOV DEC 

0 

Klamath 
River at 
Big Bend 

pH '65 - - - - - 8.4 - 8.1 - 

Temp. ° C '65 - 15 - 17 v. 

Umpqua 
River at 
Elkton 

pH '65 7.5 - 8.3 8.4 - 

Temp. ° C '65 - - - 18 - - 26 17 

John Day 
Rive r at 
McDonald 
Ferry 

pH '65 - - 8.3 - - - - - 8.3 - 

Temp. ° C '65 - - 8 - - - - 21 - 15 

Umatilla 
River near 
Umatilla 

pH '65 - - 8.0 - - - - > 8.4 - > 8.4 - 

Temp. °C '65 - - 10 - - - - 25 - 15 - 

Powder 
River near 
Baker 

pH '65 - >8.4 - - - >8.4 - >8.4 

Temp. ° C '65 - 5 - - 19 15 - 

Alsea Temp. ° C '66 - 5 6 10 12 - 20 17 16 12 10 

Siletz Temp. ° C '66 - 7 8 9 11 - 23 20 17 12 10 

Yaquina Temp. ° C '66 8 7 9 12 15 - 22 18 15 12 9 

Oak Creek Temp. ° C '66 6 -7 7.5- 
9 

7- 9- 
10.5 11 

12- 
13 

- 

- - - - - 

- - 

- 

- 
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months, since more cercariae are shed during the day, contact with 

the nocturnal hosts is readily made. The longevity of the cercariae, 

however, will tend to carry them over the night when diurnal hosts 

may also be contacted. Preliminary observations in this study have 

shown that cercariae of N. salmincola can survive in room tempera- 

ture for as long as 36 hours. The longevity of the cercariae which 

makes possible their contact with both diurnal and nocturnal hosts is 

certainly a sign of their high adaptability. Another indication of 

adaptation is their ability to emerge at temperature as low as 3.5°C. 

In the study of cercarial emergence, two biological systems 

are considered: the cercaria and the snail host. Thus, the emer- 

gence of N. salmincola cercariae could have resulted from either the 

active response of the cercariae toward the external factor in this 

case light, or the behavioral response on the part of the snail which 

consequently caused the cercariae to emerge from its body. Al- 

though Calhaun (1944), in his review of the periodicities of the animal 

kingdom, stated that, in the Mollusca, there is a general tendency 

toward arhythmicity, and that the rhythm, if present, is exogenous, 

no studies have been done on the behavioral periodicity of O. silicula. 

It is clear, then, that one should be cautious in assessing the effects 

of a single environmental factor on the shedding behavior of the cer- 

cariae. 

The fact that light definitely affects the emergence of the 

- 
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cercariae of N. salmincola can be shown from the results of the con- 

tinuous darkness experiment. The deprivation of light was immedi- 

ately accompanied by the decrease in the number of cercariae 

emerged. However, since the number of emerging cercariae in- 

creased gradually as the condition of continuous darkness was ex- 

tended, other factor(s) might be present (most probably the matura- 

tion of the larvae) to induce cercarial emergence even in the absence 

of light, so that in continuous darkness, cercarial emergence may 

tend to return to its normal pattern. It is clear, however, that the 

presence of light does increase the emergence of cercariae. 

That light is a prime factor affecting the emergence of cercar- 

iae of N. salmincola was also corroborated by the reversal experi- 

ment. In this study, when the light and darkness cycle was reversed, 

an inversion of shedding periodicity followed immediately. With 

Diplostomum flexicandum, Giovannola (1936) found that the usual 

periodicity was still apparent during the first 24 hrs. of reversal. A 

gradual change took place thereafter until the inversion of periodicity 

was apparent. Immediate inversion, however, has also been report- 

ed in Cercaria purpurae (Rees, 1948). 

The wide range of pH within which cercariae of N. salmincola 

are able to emerge excludes it as a limiting factor in the production 

of cercariae in nature. A review of the water qualities of several 

Oregon coastal streams shows an annual pH fluctuation from about 
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pH 6. 8 (6.0 in the extreme) to about pH 8. 9 (Table 1), which lies 

definitely within the range of pH tested in this study. 

Since active shedding of N. salmincola cercariae still occurred 

at pH 5. 2 and pH 10.0, the range of pH within which shedding may 

take place could be extended beyond these limits. Varma (1961) re- 

ported shedding of cercariae of Cotylophoron cotylophorum at pH as 

low as 3.0 and as high as 11.0. However, it is improbable that O. 

silicula would be exposed in nature to such extreme conditions. 

Temperature has long been recognized as one of the major 

factors influencing the development of trematode larval stages within 

the snail (Ross, 1930; Krull, 1934; Roberts, 1950; Styczynska- 

Jurewicz, 1958; Dinnik and Dinnik, 1963 and Wall, 1967). With N. 

salmincola, Gebhardt (1966) found that cercariae matured more 

rapidly at 22°C than at 10 and 16°C. In the pre sent study, the opti- 

mal shedding temperature seems to be 21-22°C, and the numbers of 

cercariae shed at temperatures below and above these are gradually 

reduced. Lowering of temperature, therefore, tends to inhibit cer- 

cariai development, and elevation of temperature accelerates devel- 

opment only to a certain level. Beyond this optimal level, the accel- 

erating effect of raised temperature is lost. Similar phenomena have 

already been observed by Rees (1948), and Gordon et al. (1934). 

Working with Schistosoma mansoni in P. pfeiffer and S. haematobium, 

the latter group of workers demonstrated that the optimal temperature 
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for rapid development for these two trematode species was 32 to 

33°C. Any change in temperature above or below this point inhibited 

the rate of development. The inhibitory effect of lower temperatures 

may be attributed to the reduced metabolic rate and hence the rate of 

development and maturation of the cercariae. However, the same 

effect of elevation of temperature beyond the optimal point still re- 

mains unexplained. 

In the Oregon coastal streams, since the warmer temperatures 

appear in the summer and early fall (Table 1), it could be suggested 

that more cercariae of N. salmincola would be released into the 

streams at this time of the year. This speculation may be further 

substantiated by the work of Gebhardt (1966) and other observations 

in this study. Comparing the infection incidences of N. salmincola 

in three Oregon coastal rivers, Gebhardt (1966) observed mature 

cercariae in the snails from April to December with the highest per- 

centage of infection occurring in the months June to September. Only 

immature cercariae were found in infected snails from December to 

March. Observations in the present study confirm Gebhardt's find- 

ings. No cercariae were found to emerge from freshly collected 

snails from the middle of December to the middle of March. 

As it is apparent from the above, if the greatest number of 

cercariae of N. salmincola is discharged into the streams in summer 

and early fall, this may suggest a synchronization of the shedding 
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periodicity of the cercariae with the upstream migration and the 

subsequent spawning behavior of at least some of the salmonids. In 

the Pacific Northwest, a majority of the salmonids migrate upstream 

during the late summer and fall months (Table 2). While in the shal- 

low water of the spawning ground, the fish, both adult and young, are 

exposed to the cercariae. 

Although the penetration and subsequent migration of the 

"salmon poisoning" fluke, N. salmincola within its fish host have 

both been studied previously (Sinitsin, 1930; Bennington, 1951; 

Bennington and Pratt, 1960 and Baldwin, Millemann and Knapp, 

1967), its migration and escape from the snail host have largely been 

neglected. Baldwin (1967) observed that the cercariae of N. salmin- 

cola emerged from the ctenidial leaflets of the snail and speculated 

that they had arrived at the ctenidial leaflets via the pert- visceral, 

rectal and mantle sinuses. According to my study, however, the 

majority of mature cercariae arrive at the ctenidial leaflets via the 

peri- intestinal sinus, the anterior renal organ and the afferent 

ctenidial sinus. Only rarely do they make use of the rectal and 

mantle sinuses. Mature cercariae leaving the gonads and digestive 

gland are believed to migrate along the venous system, being pro- 

pelled by their own activity and the movement of the blood. Since a 

great number of immature rediae was found in the rectal and mantle 

sinuses these could have been mistaken by Baldwin (1967) to be 
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TABLE 2. MIGRATORY ACTIVITIES OF SOME NORTH AMERICAN 
SALMONIDSI 

Species and 
Distribution Upstream Migration Downstream Migration 

O. gorbuscha 
(pink salmon). 
California to N. W. 
Alaska; Asia south 
to N. Korea; Japan. 

O. hisutch (Coho 
salmon) . Monterey 
Bay to Kotzebue 
Sound but not 
Sacramento System; 
Japan; Siberia. 
O. t shawyt s cha 
(Chinook salmon) 
Ventura River to 
Norton Sound, across 
Bering Strait south to 
Amur River; Japan. 

O. keta (Chum 
salmon) . San Lor- 
enzo River, Cali- 
fornia to Arctic 
Canada and Siberia; 
Korea; Japan. 

O. nerka nerka 
(Sockeye salmon) 
Oregon to N.W. 
Alaska; Kamchatka 
to Japan. 

Salmo trutta (Brown 
trout). N. America. 

Salmo salar salar 
(Atlantic salmon) 
greatly reduced. 

June -mid September, 
usually spawn close 
to salt water. 

In Oregon, fall, 
usually October and 
November, but may 
in August and January. 

Soon after hatching. 

First, second or third 
year. Mostly in spring 
of next year. 

Two runs: April -June First year, some 
and August- October remain a year. 

Up to smaller streams 
into Columbia from 
late September to 
mid- December. Peak 
in late October and 
early November. 

Enter Columbia in 
June and July. 

Migrate to 
tributarie s 
spawn late 

spring -fed 
in fall; 
October 

till February. 
Summer and fall in 
northern part of N. 
America. 

After emerging from 
gravel; all in first 
spring. 

5% to sea in first year, 
91% in second year. 

1 From Dr. Carl Bond's Fishery Biology class notes, Oregon 
State University, 1967. 
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mature cercariae. In life, an immature redia can readily be distin- 

guished from a mature cercaria. The former is always very active 

and possesses a characteristic tapering end. In sections, the imma- 

ture redia can also be identified by its proportionally huge pharynx 

and the presence of germ balls in its body. In the mature cercaria, 

the pharynx is not as prominent, but its excretory bladder can be 

easily recognized. 

Several workers have reported that cercariae made use of the 

blood system of their host in their outward migration (Kendall and 

McCullough, 1951; Duke, 1952; Richards, 1961; Pearson, 1961 and 

Probert and Erasmus, 1965). With possibly the exceptions of Duke, 

and Probert and Erasmus, no attempt has been made to section in- 

fected snails in order to verify their route of migration within the 

snail. Among those workers who ascribed to the venous system as 

being the chief route of cercarial migration, almost all reported that 

the cercariae travelled through the perirectal sinus (rectal sinus). 

My findings, however, do not confirm this. 

Cercariae of other trematode species infesting O. silicula may 

also utilize the venous system in their emergence. In this study 

larvae of a Notocotylus species have been observed in the sinuses and 

ctenidium. A. similar phenomenon has been reported by Pearson 

(1961) and Richards (1961). Since O. silicula is known to harbor 

over five different species of trematodes (Donham, 1928 and Burns, 



1961), it would be interesting to determine if all cercariae species 

emerge similarly from the snail. 

In contrast to what was reported by Bennington and Pratt 

(1960), mature cercariae of N. salmincola were found only in certain 

body parts of the snail. Immature rediae were observed throughout 

the body of the snail. Their presence in the ventricle and auricle 

indicates that they probably make use of the blood system in their 

migration. Immature rediae have also been found within the ctenid- 

ial leaflets but have not been observed emerging (Figure 23). 

The migration of immature or young rediae within the snail 

host, to my knowledge, has been previously reported only once 

(Alicata, 1962). He suggested that following miracidial penetration, 

young mother rediae of Philophthalmus gralli migrated either along 

the cephalopedal and subrenal sinuses to reach the heart through the 

kidney or along the gill to the heart. The digestive gland was ulti- 

mately reached as the mother rediae passed through the aorta. The 

movement of young mother rediae in Tarebia granifera, as described 

by Alicata (1962), however, appears to be a one -way migration, the 

target organ being the digestive gland. No outward migration, i. e. 

away from the digestive gland, of the rediae has been observed. In 

my study, great numbers of immature rediae have been observed 

both in vivo and in serial sections to be present simultaneously in the 

venous and arterial systems. This could only suggest that they 
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Figure 23. Cross section of ctenidial leaflets (CL) showing at 
least two immature rediae (IR) within the lumen of 
the leaflet. P = pharynx of immature redia; C. 
cercaria. 

Figure 24. Fecal pellet of O. silicula showing cercaria (C) 
between the pellet (PA) and its transparent sheath 
(SH) . 
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wander around the body along the entire blood system. Since Ben- 

nington and Pratt (1960) reported no sporocyst stage and rediae with 

daughter rediae of N. salmincola in O. silicula, the simultaneous 

presence of many immature rediae in the snail remains a mystery. 

From our present knowledge on the larval development of trematodes 

within the snail, immature rediae (daughter or mother rediae) could 

have come from only one or more of the following sources, i.e. from 

existing rediae (mother rediae) or from a pre - redial larval stage 

which can be either a sporocyst or a penetrating miracidium. As far 

as N. salmincola is concerned, the presence of many immature redi- 

ae in a heavily infected snail would only indicate that there must be a 

redial stage with daughter rediae, or a sporocyst or pre - redial stage 

must be present. 

The failure by Bennington and Pratt (1960) to observe rediae 

with daughter rediae could have been due to overlooking the seasonal 

pattern of larval trematode development. Dinnik and Dinnik (1964), 

working with F. gigantica, discovered that at low temperature first 

generation rediae developed from the sporocyst and the subsequent 

generations produced only daughter rediae and did not change over to 

the production of cercariae. At warmer temperature (20°C), how- 

ever, all the rediae switched from redial to cercarial production. 

Thus, it may appear probable that the observations of Bennington and 

Pratt (1960) were made mainly in the warmer months when the host 
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snails were more readily accessible. It is therefore suggested that 

further prolonged and extensive studies of the larval stages and 

development of this particular species in O. silicula should be car- 

ried out in the future. 

The fact that maturing rediae were found in all organs along 

the venous system is both interesting and significant. Similar obser- 

vation has been made with F. hepatica in L. columella by Wall 

(1967). In L. columella, besides the digestive gland, rediae were 

found to develop in the lung. 

The maturing of rediae of N. salmincola in organs outside of 

the gonads -digestive gland complex may indicate that the larvae can 

develop in tissues other than the gonads and the digestive gland, be- 

ing nourished probably by the blood supply of the snail host. 

In my study, the primary organ of larval development in the 

snail appears to be the gonads rather than the digestive gland. This 

finding confirms that of Porter (1966) and Porter et al. (1967). 

Aside from the gonads, the tissues surrounding the genital 

organ of the snail appear to be a favorite site of larval development, 

for in instances of even very slight infection this area is always 

heavily infected with larvae whereas the digestive gland may still 

appear intact. 

This observation coupled with the fact that rediae do mature in 

various organs besides the gonads may help to shed some light or 
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possibly cast some doubt on the generally- accepted concept of target 

organ in parasitism. As is suggested by this study, de- localization 

rather than localization of trematode development within the snail 

may be the rule. 

The emergence process of most cercariae, in general, may be 

regarded as either an active process on the part of the cercariae or 

a passive expulsion of the cercariae by the snail. The former was 

believed to be the case in the emergence of S. mansoni from Austral - 

orbis glabratus (Duke, 1952). My study with N. salmincola clearly 

shows that its exodus from O. silicula is also an active process. 

The whole process takes from a few seconds to a minute comparing 

with from one to ten minutes in S. mansoni (Duke, 1952). The length 

of time it takes to emerge completely seems to be dependent on the 

viability of the snail host as well as that of the cercariae. Since all 

of my observations were made from severed ctenidial leaflets, the 

time taken for complete emergence in nature will perhaps be much 

shorter. 

Not unlike what was observed by Duke (1952), N. salmincola 

cercariae in my study also emerged at a definite site, namely, the 

tip of the ctenidial leaflets. No cercariae were ever observed to 

emerge elsewhere. The emergence process apparently is harmless 

to the snail since no evidence of direct mortality due to the shedding 

of cercariae is available. 
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Although Brumpt (1941) and Duke (1952), and Campbell and 

Todd (1956) have respectively reported the presence of cercariae 

within the eggs laid by infected snails and the emission of cercariae 

and metacercariae in snail feces, the infectibility of these cercariae 

has not been established successfully. In my study, mature cercar- 

iae have also been observed in the feces of the snail. The cercariae 

were found invariably encased between the fecal pellet and its trans- 

parent sheath (Figure 24). Only in one instance was the cercaria 

found alive at the time when the discovery was made. In all other 

cases, the cercariae within the fecal pellets were dead when dis- 

covered. Due to the scarcity of its occurrence, the presence of N. 

salmincola cercariae in fecal pellets can hardly be established as 

another means of cercarial emergence from the snail. 
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Appendix 1. Observations on the Effect of Light on the Emergence 
of N. salmincola Cercariae. D = darkness; L = light. 

No. of Cercariae Shed by Each Snail 
Day Condition #1 #2 #3 #4 Average 

1 

L 195 47 54 407 176 

D 33 5 5 123 42 

2 

L 199 43 25 716 246 

D 29 1 3 207 60 

3 

L 120 87 12 795 253 

D 20 10 5 79 28 

4 
L 88 92 10 114 76 

D 14 2 0 49 16 

5 

L 224 35 21 79 90 

D 13 3 2 36 29 

6 

L 99 7 8 84 49 

D 16 0 0 2 5 

7 

L 71 1 3 10 21 

D 7 1 0 2 2 



Appendix 2. 
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Observations on the Effect of Continuous Darkness on 
the Emergence of N. salmincola Cercariae. D = dark- 
ness; L = light. 

No. of Cercariae Shed by Each Snail 
Day Condition #1 #2 #3 #4 #5 Average 

1 

D 6 45 337 36 28 90 

L 105 379 1300 94 850 546 

2 

D 7 26 98 7 209 69 

D 10 63 334 29 97 107 

3 

D 3 33 27 18 71 30 

D 11 296 511 64 99 196 

4 
D 8 15 46 12 101 36 

D 28 160 211 157 396 190 

5 

D 4 43 12 4 331 79 

15 663 196 399 1160 481 

6 

D 21 9 19 105 597 150 

L 86 74 249 292 7600 1660 

7 

D 13 7 50 40 1500 322 

L 15 139 299 222 2150 565 

8 D 10 175 237 73 800 259 

D 



Appendix 3. Observations on the Effect of Reversal of Darkness- 
Light Cycle on the Emergence of N. salmincola 
Cercariae. D = darkness; L = light. 
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No. of Cercariae Shed by Each Snail 
Day Condition #1 #2 #3 #4 Average 

D 0 17 45 212 68 

L 3 387 144 1600 533 

2 

D 40 123 5 20 47 

L 256 227 19 194 174 

3 

D 11 49 2 72 33 

D 23 163 17 273 119 

4 
L 150 76 57 716 249 

D 3 5 18 87 28 

5 

L 117 15 28 355 129 

D 30 23 22 142 54 

6 

L 9 43 20 1440 378 

D 5 89 6 209 77 

7 

L 4 261 42 1200 377 

D 1 98 35 205 84 

8 

L 43 258 124 1800 556 

D 32 38 65 198 68 

1 
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Appendix 4. Observations on the Shedding Pattern 
over a 24 hr. Period. 

of O. silicula 

Time 
Temper- 
ature ° C 

No. of Cercariae Shed by Each Snail 
Average #1 #2 #3 #4 

7:00 p. m. 9.5 1124 677 702 180 671 

10:00 p.m. 7.3 327 131 206 55 180 

1:00 a. m. 5 27 18 130 81 64 

4:00 a. m. 3.8 2 5 17 9 8 

7:00 a. m. 3.5 8 2 2 6 4 

10:00 a. m. 16.4 112 46 15 161 83 

1:00 p.m. 13.5 750 279 450 29 377 

4:00 p. m. 13.5 1400 116 154 32 426 
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Appendix 5. Observations on the 
Emergence of N. 
L = light. 

Effect of Decreasing 
salmincola Cercariae. 

pH on the 
D = darkness; 

Day Condition pH 
No, of Cercariae Shed by Each Snail 

Average #1 #2 #3 #4 

1 

D 
8.0 

100 12 285 190 129 

L 756 24 144 433 339 

2 

D 
7.6 

115 36 760 290 300 

L 775 28 438 880 530 

3 

D 
7.2 

10 6 671 245 233 

L 324 182 352 744 401 

4 
D 

6.8 
21 3 312 250 144 

L 239 91 85 463 219 

D 
6.4 

12 11 299 150 118 

L 214 76 121 243 163 

6 
D 

6.0 
9 28 21 3 15 

L 173 20 90 1 71 

7 

D 
5.6 

8 2 49 0 15 

L 67 93 148 4 78 

8 

D 
5.2 

3 9 41 1 13 

L 45 46 42 4 34 

9 

D 
8.0 

74 85 31 227 104 

L 325 87 870 611 473 

5 
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Observations on the Effect of Increasing pH on the 
Emergence of N. salmincola Cercariae. D, darkness; 
L = light. 

Day Condition pH 
No. of Cercariae Shed by Each Snail 

Average #1 #2 #3 #4 

1 

D 

8.0 
5 2 63 19 22 

L 540 189 27 545 325 

2 
D 

8.4 
56 34 14 51 39 

I, 403 93 38 330 216 

3 

D 

8.8 
45 11 32 30 29 

L, 230 21 11 261 131 

4 

D 

9.2 
71 1 44 26 35 

L 389 7 37 65 124 

5 

D 

9.6 
42 Dead 2 12 

L 44 12 40 

6 

D 

10.0 
184 7 309 

L 526 10 
pH 

217 

7 

D pH 31 
10 

p 1 p8 224 

L PÓ 190 
pH 

17 p8 302 

Dead 



Appendix 7. Observations on the Effect of Increase of Temperature on the Emergence of N. 
salmincola Cercariae,. D= darkness; L= light. 

Temperature No. of Cercariae Shed by Each Snail 
Day Condition °C #1 #2 #3 #4 #5 Average 

L 9 3 11 4 4 6 
1 3 -4 

8 0 25 18 3 11 

L 120 43 347 141 15 135 
2 6 -7... 5 

111 24 188 162 197 136 

L 236 41 336 184 647 289 
3 D 9-10.2 

134 29 258 85 814 264 

L 166 121 288 158 2359 618 
4 13 -14 

270 165 173 28 2751 677 

L 1582 889 308 634 6887 2060 
5 17.3 -17.$ 

4081 Dead 2555 749 5257 3160 

L 2674 - 9506 2037 8064 5570 
6 20.5 -21.5 

4466 - 6018 2506 3654 4161 

L 562 - 4333 1008 4074 2494 
7 24.5-25 

1384 - 1876 224 896 1095 

L 392 495 77 539 376 
8 28 29.5 

91 - 439 Dead 144 225 

L 32-33 85 99 - 10 65 9 

D 

- 

m 


