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Nanophyetus salmincola is a well-studied parasite of their definitive mammal hosts.  However, 

the conditions that signal the time for shedding of N. salmincola cercariae from their first host, the juga 

snail (Juga silicula), is not fully understood.  A digenetic trematode indigenous to the American Pacific 

Northwest, N. salmincola can be found in nearly every stream in the coastal region and the Columbia 

River where the intermediate snail host can be found.  In order to assess if seasonality or temperature 

conditions are involved in the shedding of cercariae, samples were taken monthly from the upper South 

Santiam River and Oak Creek, Oregon.  These locations were chosen to represent cold and warm water 

conditions, respectively, over twelve months.  Snails were brought into the laboratory to be assessed for 

shedding percentages of the groups.  I found that there is no clear shedding pattern with respect to time of 

year or water temperature of N. salmincola from the intermediate host juga snail.  This implies that snails 

could be infective to fish not just in summer months as formerly thought. 
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Introduction 

Nanophyetus salmincola is a trematode parasite endemic to portions of Northern California, 

Oregon, and Washington.  This parasite is known in the Pacific Northwest region for its association with 

salmon poisoning disease in dogs.  The disease is caused by the Neorickettsia helminthoeca bacterium 

which the fluke naturally carries as a part of its biota.   

As with other trematodes, the life cycle of N. salmincola is complex, with two intermediate hosts 

leading to its definitive host (Millemann and Knapp 1970).  After hatching from its egg, the ciliated 

miracidium will swim until it finds its first intermediate host, the juga snail (Juga silicula) (Millemann 

and Knapp 1970).  The juga snail is widely spread in coastal streams from northern California through 

Oregon and into Washington and is the limiting factor of where N. salmincola can be found (Ferguson et 

al. 2011).  Juga snails have separate sexes and inhabit many habitat types, as such the snails are under 

great selective pressure to generalize their feeding strategies (Diamond 1977; Hawkins and Furnish 1987).  

For living conditions, smaller snails tend to occupy cobble, gravel, and bedrock, while larger snails have a 

preference for silt substrate (Diamond 1977). 

Between October and January, snails can be found in areas with the flattest slope and thickest 

layer of soil called the depositional layers.  In spring, snails move upstream and into riffle zones 

following the gradual decrease in stream flow (Diamond, 1977).  After moving to the riffles the female 

snails begin to lay about 150 eggs in spring to mid-summer, which are glued in a blue mass underneath 

woody debris or cobble-sized substrate (30-50 cm diameter) (Diamond 1977; Hawkins and Furnish 

1987).  About one month later, the young snails hatch and remain in the riffle areas while they grow on 

the same generalized diet as their adult counterparts (Diamond 1977; Hawkins and Furnish 1987).  

Timing of sexual maturity in juga snails is positively correlated with the quality and quantity of 

their diet (Diamond 1977).  Diamond (1977) demonstrated this in young small snails where snails were 

shown to be able to reach maturity after five months of feeding, leading to the conclusion that maturity 
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and growth rates are dependent upon food abundance and/or food quality.  Despite the possibility of juga 

snails living up to seven years, mortality can be high; therefore, the juga’s ability to mature quickly 

during times of high food availability may be advantageous (Hawkins and Furnish 1987). 

With the development of N. salmincola, a sporocyst stage has not been found.  Once inside the 

gastropod, the parasite will develop into a redia, which contain hundreds of young cercariae that develop 

to maturity in 7 to 15 days in the snail.  Upon cue from exposure to light through normal photoperiod 

conditions, mature cercariae are shed from the juga snail (Millemann and Knapp 1970). 

The cercariae of N. salmincola are typically between 0.31-0.47mm long, 0.03-0.15mm wide, and 

have a very short tail, about 0.03mm long.  The cercariae are white and translucent and can survive for 

about 38 hours outside of a host in fresh water (Figure 1). These cercariae leave the snail to find their next 

intermediate host, a fish.  Typically, the parasite infects salmonids but may infect other families of fishes 

as well as in the Pacific giant salamander (Dicamptodon tenebrosus) (Millemann and Knapp 1970).  The 

cercariae then settle into a host tissue and form a cyst.  At this stage, N. salmincola is known as 

metacercariae. 

Metacercariae have been documented in the fin rays, internal organs, and blood vessels within as 

little as one hour after infection (Baldwin 1967; Kent et al. 2004).  In these tissues it will remain encysted 

until it is eaten by the definitive host when the fish is consumed (Ferguson et al. 2011).  Metacercariae of 

N. salmincola release into the intestines upon being eaten and mature into the adult stage (Bennington and 

Pratt 1960).  Over 30 different species of terrestrial and aquatic fish-eating mammals are known to be 

hosts to the parasite, with instances of birds becoming infected as well (Bennington and Pratt 1960; 

Kansas State University Parasitology Laboratory accessed 5/22/2016). 

There is a generally accepted idea that maturation and release of cercariae from freshwater snails 

increases during warmer months in spring and summer.  Gebhardt (1966) reported that mature cercariae 

of juga snails were more prevalent in the spring and summer months. In contrast, unpublished data 
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provided by colleagues (Kent and Watral 2016, To be published data; Zymonas 2016, To be published 

data) indicate that cercariae of juga are shed during autumn months at a prevalence equal or possibly even 

greater than that of summer months (Tables 1 and 2).  The intent of this study was to answer the question 

of whether or not Nanophyetus salmincola exiting the snail is dependent upon temperature patterns or 

could be driven by seasonality. 

I chose to study N. salmincola cercariae emergence in relation to temperature and seasonality due 

to the difference in general idea of emergence compared to the recent data gathered by my colleagues.  

There may be other factors affecting the emergence of N. salmincola cercariae such as flow rates of 

streams. 

Information gathered during this study will be useful in building upon the knowledge of the life 

cycle of the N. salmincola parasite.  Knowledge on the conditions for shedding of cercariae from the first 

intermediate host may be relevant for further studies, as well as ongoing studies currently being 

conducted by Oregon State University and the Oregon Department of Fisheries and Wildlife (ODFW). 

Materials and Methods 

Sampling 

Two streams with differing temperature regimes were sampled monthly over the course of one 

year beginning in August of 2015.  The area sampled in the South Santiam River was upstream of the 

Foster Dam, at a higher elevation in the west slope of the Cascade Mountain Range, and had a colder 

temperature regime; therefore, we designated it as the “cold water” site (Figure 2).  Oak Creek on the 

campus of Oregon State University is located at a lower elevation in the Willamette Valley and is not 

influenced by dams; it’s temperature is generally warmer than the South Santiam River and was therefore 

designated the “warm water” site (Figure 3).   

Sites were chosen prior to the study to determine the presence of all invertebrate and vertebrate 

hosts (data not shown).  The two sites were then divided into transects three meters in length and three 
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meters wide.  In the case of the transects extending beyond the wetted channel, measurements included 

portions of dry stream bed that would become the new water line with higher water flows.  Transects 

were established for the entire study duration and included both pools and riffles.  In order to maintain 

where transects began and ended, images were taken for each site and transects were delineated with 

markers.  For the South Santiam River site, the sampling area was on the downstream-right side of the 

river within Cascadia Park’s boundary due to it being a large river.  The South Santiam River sample area 

was below the entrance bridge in the park on the right side upon entering, approximately 30m upstream 

from the bridge (44°23'53.4"N 122°28'52.3"W).  At Oak Creek, in order to have the same sampling extent 

as the South Santiam River, the entire width was used to ensure that all substrates were included.  The 

Oak Creek sample site was located 10m downstream from the OSU covered bridge (44°33'59.5"N 

123°18'02.9"W). 

Around the end of each month, 100 snails were sampled from the transects that included sand, 

silt, and rock substrates so that multiple stream bed conditions were included.  The only scheduled 

sampling event that was not completed was that of January in Oak Creek due to weather and turbid stream 

conditions.  Proportions of snails were often unequally found in the substrates.  When this occurred, the 

snails were gathered from other transects by splitting the difference between the other transects.  Snails 

were removed by hand upon surveying the stream bed visually as well as through the dislodging of any 

unseen snails.  This was accomplished by running fingers along the rocks and in the sand and silt of the 

stream beds to ensure that snails of various sizes were sampled instead of those which could only be seen 

(Figure 4). 

Sampling, including stream measurements, were done between 0700 to 1200.  This was done in 

order to standardize the collecting time as well as to avoid full day light exposure.  Point measurements of 

stream temperature were taken; amount of canopy and stream bank cover was determined visually and 

weather conditions were noted visually.  Temperature data was collected at the site as well as using the 

USGS (2016) data from USGS Gaging Station 14185000 (South Santiam River below Cascadia, OR).  
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These data were used to find daily mean for the 14-day period leading up to the day of collection (Figure 

5).  Continuous temperature data was unavailable for the Oak Creek site.  Sampling events from the two 

sites were separated by no more than one intervening day. 

The snails collected from the field were held in ground water at the same temperatures as the 

water from which they were collected.  Samples were transported to the laboratory in a cooler. During 

transport the temperature was monitored using an electronic thermometer.  A gel cooling pack wrapped in 

a plastic bag was used when needed to lower water temperature.  Samples from Oak Creek did not require 

cooling due to the close proximity to the laboratory. 

Parasite Evaluations 

The snails removed from both field sites at the monthly intervals were held in 12 well plastic 

plates in the laboratory for 24 hours under room temperature for assessment of parasite shedding.  

Therefore, shedding in this study is defined by the presence of cercariae released by naturally emerging 

from snails when held at room temperature or liberated from snails following cracking of the snail’s shell 

after holding at room temperature for 24 hours.  Holding the snails at room temperature did not 

compromise the data in reference to the temperature of the stream because development of the N. 

salmincola into mature cercariae is dependent on several prior weeks of ground water temperature 

exposure.  In other words, the results indicated that snails had mature cercariae during the sample period, 

which I presumed would be capable of emergence. 

Snails were exposed during the last 24 hours of incubation to 13 hours of light in order to trigger 

any mature N. salmincola cercariae to emerge; snails were in the dark the rest of the time according to the 

normal photoperiod conditions.  The light was a 60W incandescent white bulb kept 16-20cm away from 

the snails; this provided direct light without heating the water.  After the 24-hour culture period, the water 

in the wells containing the snails was examined under a dissecting microscope for cercariae under low 

power.  To confirm the species of cercariae high magnification was used.  The quantity of cercariae in the 
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water of the well plate was used as categories; zero cercariae being non-shedding, lightly shedding 

(1>100), and heavily shedding (100>).  Maximum diameter of the aperture opening and length of the 

shell to the nearest mm with electronic calipers. 

 All snails which had not shed any cercariae were cracked open using forceps then placed back 

into the water of the well.  This allowed any shed cercariae that were trapped in the shell but on their way 

out to be accounted for.  Therefore, positive shedding included both snails in which cercariae emerged 

naturally or following the cracking of the shell of the snail.  Any shed N. salmincola cercariae were 

collected and preserved in 95% ethanol for future analysis (data not shown). 

Analyses 

The continuous temperature loggers located below Cascadia, Oregon in the South Santiam River 

were used in order to determine the daily mean over a 14-day period in accordance with cercariae 

maturation timing.  Since there were no continuous temperature loggers for Oak Creek, daily mean was 

not able to be determined.  A two tailed t-test was performed in order to determine if snails differed in 

size from month to month between sites.  A single factor ANOVA test was used in order to determine if 

snail shell length and aperture width were correlated and to determine if statistical significance exists 

between the size of aperture width between shedding and non-shedding snails.  A Spearman's rank 

correlation test was performed to determine if there were statistically significant correlations between 

temperature and shedding prevalence. 

Results 

Shedding 

 There was no apparent temporal or temperature-correlated pattern of cercariae shedding in either 

stream.  There was also little similarity between shedding prevalence of cercariae from snails from the 

two streams. 
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In the South Santiam River, shedding prevalence was quite variable and unpredictable. There was 

increased from August until October.  No snails shed N. salmincola cercariae in November and December 

(Figure 6).  The highest shedding prevalence occurred in the following month of January, followed by a 

decline to no shedding in April and 2% shedding in May.  Shedding prevalence in both February and 

March was equal to that of September.  Prevalence of shedding was 1% for both June and July. 

 Shedding rate was also very variable in Oak Creek.  There was an increase in shedding from 

September through November and then a decrease in December (Figure 7).  In January, it was not 

possible to collect data due to weather and stream conditions.  During the following month of February, I 

saw no shedding; there was an increase in March, and then no shedding in April, May, or June.  

Prevalence of shedding in July was 1%.   

Overall, the total yearly shedding between streams is similar.  No correlation between 

environmental factors such as temperature and shedding prevalence were found (Spearman's rank 

correlation = 0.0533).  Of the 100 snails assessed per month, it was found that there were higher 

incidences of snails that were not shedding than shedding.  It was also found that shedding intensity of 

most snails were in the category of none, some snails were shedding lightly, and a small amount of snails 

were shedding heavily (Figure 8). 

 In order to look at all aspects of the data, normalcy was checked between shedding and 

temperature and found to be slightly skewed to the right.  This is likely due to the small sample size that 

introduced apparently skewed trends.  In order to have a better overall picture, a larger data set would be 

recommended for future research. 

Temperature 

 Because it is not only a single point in time that matters in the maturation of cercariae, I found the 

average of the 14 days prior to the day of collection for the cold water site using data from the United 

States Geological Survey (2016) (Figure 5).  The temperature in the South Santiam River decreased 
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during the first three months of sampling to slightly below 10°C and remained there until late spring 

(Figure 6).  The temperature decreased through December and increased through the end of the study. 

In Oak Creek, point water temperature measurements decreased from above 15°C during late 

summer.  The temperature then stayed below 15°C and fluctuated under that temperature until late spring 

(Figure 7).  The temperature decreased through December, increased in January, decreased in February, 

and then increased through June.  There was a decrease in temperature by one degree in July from June.  

There were no continuous temperature loggers in the Oak Creek area, so I was unable to determine the 

average temperatures during the study. 

Size 

 There was a positive correlation between snail length and aperture width (single factor ANOVA 

test, p = 4.620E-12).  Snails primarily greater than 10mm long and having an aperture width greater than 

4 mm shed N. salmincola parasites (Figure 9).  Looking at snails with aperture width > 4mm, I found that 

there is a statistically significant difference between the average size for non-shedding and shedding juga 

snails (single factor ANOVA test, p = 0.0077).   With a two tailed t-test I found that the size of the snails 

between the two sites did not vary statistically from month (p-value = 0.2470) (Figures 10 & 11). 

Conclusion and Discussion 

 Stream temperature and time of year did not appear to be a contributing factor to the shedding of 

cercariae (Figure 5).  In contrast to the proposed seasonality for N. salmincola by Gebhardt (1966), some 

samples showed a relatively high prevalence even in the middle of winter when water temperatures were 

close to 10°C.  This is true for both the instantaneous temperate data I collected and considering the 

temperature during the two weeks prior to snail collection.  The maturation (documented by shedding in 

the laboratory) of N. salmincola cercariae by the juga snail had no clean pattern (Figures 6 & 7).  This 

finding is supported by data from other researchers indicating similar variations, even within the same 

month (Tables 1 & 2) (Kent and Watral 2016, To be published; Zymonas 2016, To be published).  The 
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stochastic nature of shedding prevalence in snails implies that if there is an environmental controlling 

factor involved in the shedding of N. salmincola cercariae, it is variable and difficult to predict.  

Nevertheless, this is an important finding because it implies that fish can be vulnerable to infection at 

essentially any time during the year. 

Water conditions after fall could be beneficial to continuing the lifecycle of N. salmincola.  

During late fall, I saw an increase in flow rate of rivers and streams compared to the flows of late summer 

(Figures 12 & 13).  This increase in water flow could potentially push the shedding N. salmincola 

cercariae off the bottom of the stream sufficiently to get into the water column where it has greater 

potential to infect a fish that move toward the gravel bottom in order to avoid high flow.  With their tails 

nearly non-existent and meant for crawling instead of swimming like other cercariae, N. salmincola 

cercariae could benefit greatly from using flow rate to time their shedding. 

In the months without shedding, this same flow increase that could have been beneficial for 

cercariae motility could have led to stream scouring that dislodges the snails and flushes them from the 

system.  This scouring effect is quite plausible, particularly when studying the increase in December 

flows of both sites that is higher than previous months (Figures 12 & 13).  In both of the study sites there 

were decreased amounts of snails found in the streams during high flow times, perhaps because of a 

scouring event. 

Researchers at Oregon State University (Kent and Watral 2016, To be published data) and 

ODFW (Zymonas 2016, To be published data) have collected juga snail shedding prevalence data that 

lend support to my findings (Tables 1 & 2).  These data sets indicate shedding percentages within the 

same range as my own.  The proportion of snails shedding cercariae varied among samples collected from 

the same sites at time intervals shorter than one month.  This lends support to the conclusion that 

shedding of N. salmincola cercariae is highly variable and difficult to predict.  This is in contrast to many 

other trematodes that exhibit clear seasonality or temperature regimes for emergence. 
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Typical for trematodes, prevalence of mature cercariae in the snail samples were always low.  

When the abundance of cercariae were generally low with few snails shedding numerous cercariae 

(Figure 8).  This is in accord with parasite infections in general (Lester 1984), where the negative 

binomial distribution seen among other parasitic species in which there exist only a few heavily infected 

organisms in the populations.  This is likely due to the burden placed upon individuals by the demands 

and pressure buildup of a heavy parasite load on the snail’s internal organs, causing heavily infected 

snails to have a shorter lifespan (Porter et al. 1967). 

Snail shell length and aperture width were found to be positively correlated (Figure 9).  Gebhardt 

(1966) found that snails with aperture diameters from 10-13mm had greater incidences of infection; I was 

unable to collect many snails in this larger size range to allow for a good comparison with Gebhardt's 

(1966) data.  However, I did find that snails having an aperture under 4mm were less likely to be 

shedding N. salmincola (Figure 9).  Between the two sites and between months there were no statistically 

significant differences in size of the snails (Figures 10 & 11).  The greater amount of snails gathered in 

the smaller end of the size spectrum is likely due to the age spectrum of the populations, where there are 

greater amounts of younger snails into the system.  This information is useful in order to target certain 

snails in order to gain access to shedding snails for N. salmincola cercariae in other studies. 

In conclusion, the most significant finding of my study was that the cercariae of Nanophyetus 

salmincola matured, and were therefore presumably capable of infecting fish during all seasons of the 

year. 
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Tables 

Table 1. Snail cercariae shedding data found by the Kent Laboratory at Oregon State University, snail 

collection date, and temperature of the collection site at the time of sampling (To be published data 2016).  

Shed cercariae is prevalence of shedding snails during that collection.  SDL is the Oregon State 

University John L. Fryer Salmon Disease Laboratory and indicates a captive population of juga snails on 

groundwater supply.  Number collected refers to the number of snails gathered per sample while NA 

stands for Not Available.  Data that was not collected in the Temp column is labeled as NA. 

Date Site Temp (°C) Shed Cercariae (%) Number of Snails 

6/30/2014 Kings Valley NA 4 51 

7/11/2014 SDL 16-17 0 206 

7/18/2014 Leaburg 10.9 3 NA 

8/13/2014 SDL 16-17 6 108 

8/19/2014 SDL 16-17 14 98 

8/26/2014 Kings Valley 19 12 NA 

8/27/2014 Kings Valley 19 9 98 

9/3/2014 Oak Creek NA 9 98 

9/12/2014 NA NA 7 61 

9/19/2014 SDL 16-17 13 98 

9/27/2014 SDL 16-17 12 NA 

10/7/2014 SDL 16-17 7 98 

10/17/2014 Leaburg 10.1 4 NA 

11/18/2014 Leaburg 6.2 10 60 

11/21/2014 Leaburg 7.4 6 36 
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Table 2: Juga snail cercariae shedding prevalence data obtained by ODFW at the Makenzie River 

ODFW’s Leaburg Hatchery intake, snail collection date, and temperature of the collection site at the time 

of sampling (N. Zymonas, To be published data 2016).  Number of Snails refers to the number of snails 

collected.  Data that was not collected in the Temp column is labeled as NA.  

Date Temp (°C) Number of Snails Shed Cercariae (%) 

5/7/2014 7.4 125 2.4 

5/8/2014 7.8 74 6.8 

5/14/2014 8.6 136 1.5 

6/18/2014 9.1 111 4.5 

10/21/2014 10.3 108 0 

3/4/2015 4.9 217 0 

4/15/2015 6.7 195 1.5 

5/4/2015 8.5 333 3.3 

5/28/2015 9.8 232 4.7 

 

 

 

 

 

 

 

 

 



Lofton 16 

 

 
 

Figures 

 

Figure 1. Nanophyetus salmincola cercariae. The length of the bar in the lower left corner is equal to 

0.03mm. 
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Figure 2. South Santiam River at Cascadia Park.  Juga collection site shown in foreground. 
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Figure 3. Oak Creek, the chosen warm water location.  The sampling area is the creek from the bottom 

right of the image to just past the rapids at center left. 



Lofton 19 

 

 
 

 

Figure 4. Juga snails along the bottom of the South Santiam River (arrows). 
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Figure 5. Daily mean temperatures of the South Santiam River site for 14 days prior to the day of snail 

collection. 
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Figure 6. Monthly shedding prevalence (percentages) of N. salmincola cercariae from juga snails and 

water temperatures on the day of collection of the South Santiam site.  Orange bars represent natural 

emergence of cercariae, blue bars represent cracked shell emergence of cercariae. 
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Figure 7. Monthly shedding percentages of N. salmincola cercariae from snails and stream temperatures 

on the day of collection of Oak Creek, warm water site.  Orange bars represent natural emergence of 

cercariae, blue bars represent cracked shell emergence of cercariae.  No data was able to be recorded for 

January. 
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Figure 8. Frequency and intensity of shedding of N. salmincola cercariae by juga snails over the study 

period.  Negative means non-shedding snails, low are those which shed 1>100 cercariae, high were snails 

which shed 100> cercariae. 
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Figure 9. Sizes of snails collected throughout the study.  Snails depicted as negative (blue) are non-

shedding snails while positive (orange) are those that shed.  Each dot represents an individual snail. 
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Figure 10. Snail size throughout the study at Oak Creek (aperture width).  The top whisker represents the 

maximum value, the top shaded box represents the 3rd quartile, the center line the 2nd quartile, the bottom 

box is the 1st quartile, and the bottom whisker represents the minimum value. 
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Figure 11. Snail size throughout the study from South Santiam River (aperature width).  The top whisker 

represents the maximum value, the top shaded box represents the 3rd quartile, the center line the 2nd 

quartile, the bottom box is the 1st quartile, and the bottom whisker represents the minimum value. 
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Figure 12. Daily flow rate of the cold water site (USGS 2016). 
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Figure 13. Daily flow rate of Mary’s River.  Oak Creek location is nearby and is a tributary to Mary’s 

River (USGS 2016). 
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