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Abstract 

The function of parasites in ecosystems is often overlooked, and there is a general lack of 

knowledge about parasite biodiversity down to species levels, especially for cryptic species. 

This study looks at the seasonal dynamics of four cryptic species of the trematode 

Crepidostomum spp. in Lake Takvatn, Northern Norway. Samples were collected between June 

2017 and May 2018, and a total of 560 specimens of Crepidostomum spp. were sequenced in 

this study. The species were identified by phylograms based on novel cytochrome c oxidase 

subunit 1 (CO1) sequences. The species from Takvatn grouped into four distinct species-level 

lineages: C. farionis, C. pseudofarionis, C. metoecus and C. brinkmanni. The dominant species 

were C. farionis and C. brinkmanni, while C. pseudofarionis and C. brinkmanni were much 

rarer. The species showed clear dissimilarity in host distribution. Brown trout had a more 

diverse infracommunity than Arctic charr, and comprised all four species, while Arctic charr 

was mainly parasitised by the two dominant species. The species showed some variance in 

seasonality. The dominant species had a peak in frequency during autumn and winter, while the 

rarer species displayed a peak in frequency during autumn. In general, juveniles were mostly 

found in winter. The seasonal patterns of the Crepidostomum species could be linked to the 

seasonality of their intermediate hosts and the seasonal dietary shifts of their final hosts.  

Infection of C. farionis and C. metoecus could be connected to the fish preying upon the second 

intermediate host Gammarus lacustris during autumn and winter, especially for Arctic charr. 

Infection with C. pseudofarionis and C.  brinkmanni for brown trout is likely due to the trout 

preying upon the second intermediate hosts mayflies and stoneflies over the summer months. 

The two rarer species might be more prevalent in Takvatn than indicated in this study due to 

the lack of samples of brown trout during spring and summer.  
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1 Introduction  

Parasites have a far greater and more important function in ecosystems than just their role as 

pathogens. By definition, parasites have negative effects on their hosts directly by causing 

disease, or indirectly by stealing nutrients (Araújo et al., 2003). In addition to regulating/altering 

host populations through pathogenic effects (Holmstad et al., 2005), parasites are also important 

in aquatic food webs as consumers and prey (Johnson et al., 2010; Thieltges et al., 2013). Their 

importance in food webs is evident in many ecosystem studies were the links in the webs 

increase significantly when including parasites (Amundsen et al., 2009; Huxham et al., 1995; 

Thompson et al., 2005). Parasites can also be used to measure the health of an ecosystem as the 

abundance and diversity of some parasites are highly linked to the abundance and diversity of 

their hosts (Hudson et al., 2006). The presence of parasites, especially those with complex life 

cycles who require several hosts, are therefore good bioindicators of a diverse and healthy 

ecosystem (Dzikowski et al., 2003). However, for most ecosystems, parasites are not included 

in food web analyses (Lafferty et al., 2008) and in general there is a lack of details on parasite 

communities down to a species level (Pappalardo et al., 2020; Selbach et al., 2020). Parasites 

are estimated to account for a significant portion of the biodiversity on earth, ranging to over 

half of all existing species, most of which have not yet been discovered (Poulin, 2014). This 

means that in systems that are otherwise well known, much of the parasite biodiversity is still 

hidden.  

Seasonality is an important factor in the context of understanding parasites and their place in 

ecosystems (Studer & Poulin, 2012). For parasites with complex life cycles the timing of their 

life cycle depends both on host availability and specific environmental factors, like temperature, 

during their transmission stages (Selbach & Poulin, 2020; Studer & Poulin, 2012). The 

subarctic lakes of Northern Norway experience strong seasonal variations in climate 

(Amundsen & Knudsen, 2009). Organisms inhabiting these systems are subject to profound 

changes in both biotic and abiotic factors throughout the year which leads to strong seasonal 

patterns (Varpe, 2017), and this is also the case for parasites (Prati et al., 2020b). The subarctic 

lakes and their ecosystems are especially vulnerable to the changing climate (Rouse et al., 

1997). In the Arctic, climate change develops more rapidly and is more prevalent than at lower 

latitudes, shown by the air temperature increase at 2.4 times the rate of the Northern Hemisphere 

average (Box et al., 2019). Environmental changes will affect the parasites, especially when it 

comes to the environment they face between host during transmission (Selbach & Poulin, 
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2020). Changes in the parasite’s seasonality will also affect their host populations and other 

connected species in the ecosystem (Studer & Poulin, 2012). Studies have shown that some 

trematodes (parasitic flatworms) react positively to higher temperatures with regards to 

cercarial productivity and output in the first intermediate host, but negatively when it comes to 

cercarial survival, activity and infectivity between hosts (Selbach & Poulin, 2020). In general, 

it is thought that trematode infections will increase with the warming climate (Goedknegt et al., 

2015), though this will depend on the specific ecosystems and how their hosts react to these 

changes. Arctic charr (Salvelinus alpinus) is a cold-water adapted fish (Klemetsen et al., 2003)  

and is predicted to experience great habitat loss with the warming climate (Hein et al., 2012; 

Jeppesen et al., 2012). As they are an important host species for a variety of trophically 

transmitted parasites (Kuhn et al., 2016), a reduction in their population will have adverse 

effects on parasite populations and community structure. More knowledge about the seasonality 

of parasites may therefore help with better understanding the impacts of future changes.  

Crepidostomum (Braun, 1900) is a genus of trematodes that are geographically widespread and 

parasitise a variety of fish (Faltýnková et al., 2020). For their first intermediate host, they utilize 

freshwater bivalves (Atopkin & Shedko, 2014). Therein, they undergo asexual reproduction 

which produces great numbers of free-living cercariae (Goater et al., 2014). After being shed 

from the bivalves they infect their second intermediate host, freshwater arthropods (Atopkin & 

Shedko, 2014), where they encyst into a resting, metacercariae stage (Goater et al., 2014). As 

final hosts they use a wide variety of fish species, and can often be found in freshwater 

salmonids (Faltýnková et al., 2020). In the fish they mature into adults, and the worms reside 

in the fish’s intestine and pyloric caeca. Here they undergo sexual reproduction which produces 

eggs that hatch into free-living miracidia when released into the water (Goater et al., 2014) (fig. 

1). Most of the free-living stages in the life cycle will not successfully infect their hosts, and 

some may be directly eaten by predators or utilized in detrital food webs after they die (Johnson 

et al., 2010; Preston et al., 2013). 
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The morphological traits and characteristics of different species of Crepidostomum have a high 

plasticity (Faltýnková et al., 2020), and the species are considered cryptic. Cryptic species can 

be defined as morphologically indistinguishable populations that are reproductively isolated, 

and which are often incorrectly classified under one species name (Struck et al., 2018). 

Crepidostomum species are often confused with one another (Moravec, 2002; Petkevičiūtė et 

al., 2018), and there is a high possibility of inaccurate identification in studies where molecular 

methods have not been utilized. The prevalence of certain species may be overestimated as new 

information about the genus and its cryptic diversity is continuously uncovered (Soldánová et 

al., 2017). Because of this, the genus has a complex taxonomy, but as molecular methods are 

becoming more available and increasingly used on parasites (Selbach et al., 2019; Soldánová 

et al., 2017), a more accurate estimation of the diversity of this genus will become possible to 

achieve. Still, a lot of work remains to be done on their phylogenetic relationships. One study 

suggested that the genus may be paraphyletic, and not monophyletic as previously believed 

(Vainutis et al., 2021), which further complicates the status. Recent studies have also been able 

Fig. 1: Crepidostomum spp. life cycle: freshwater bivalves as 1st intermediate host (e.g., Euglesa casertana) → 

freshwater arthropods as 2nd intermediate host (e.g., Diura bicaudata) → freshwater fish as final host (e.g., Salmo 

trutta). Illustration by: Kristine Drage 



 

6 

 

to describe new species of Crepidostomum using molecular methods (Faltýnková et al., 2020). 

As the genus has such a wide geographical and host range (Faltýnková et al., 2020), one can 

assume that more species are yet to be discovered.  

In Lake Takvatn, Northern Norway (hereafter Takvatn), four species of Crepidostomum have 

been confirmed to reside in the lake. These species are: C. farionis, C. pseudofarionis, C. 

metoecus and C. brinkmanni (Faltýnková et al., 2020; Soldánová et al., 2017). Crepidostomum 

farionis and C. metoecus are recorded as the most common species in European salmonids 

(Moravec, 2002). Crepidostomum infections in Takvatn have a high prevalence in both brown 

trout (Salmo trutta) and Arctic charr (Prati et al., 2020b), have been shown to be stable over 

time (Kuhn et al., 2016), and have low pathogenicity for the fish (Henriksen et al., 2019). 

Takvatn has been extensively researched when it comes to the fish’s feeding behaviour, as well 

as their parasite communities (Amundsen et al., 2015). Therefore, it is a suitable system for 

studying the seasonality of Crepidostomum, as possible seasonal patterns of the parasites can 

be linked to factors already know about the system. For example, the different fish species, and 

fish within the same species, inhabit various trophic niches and have seasonal shifts in their diet 

(Amundsen et al., 2008; Prati et al., 2020a). This will likely influence which Crepidostomum 

species can be found in which fish at different times throughout the year. Previously, seasonal 

patterns suggest the highest infection in autumn/winter (Knudsen et al., 2008; Prati et al., 

2020b). Closely related species, like these Crepidostomum species, may therefore react 

differently to changing environmental factors, and more knowledge about their seasonality is a 

step towards uncovering more about their cryptic diversity.  

No studies have previously looked at the seasonality of these cryptic species of Crepidostomum. 

The object of this study is to look at the seasonal dynamics and host specificity of the four 

species of Crepidostomum in Takvatn in their final hosts: brown trout and Arctic charr. My first 

hypothesis is that the four species will utilize brown trout and Arctic charr as a final host to 

varying degrees, and that C. farionis and C. metoecus will be the most common species. My 

second hypothesis is that for all Crepidostomum species there will be seasonal patterns, with 

the highest infection levels in autumn/winter, and with differences in the distribution of 

juveniles and adults within the same species over the seasons. My third hypothesis it that the 

seasonal distributions of each Crepidostomum species will be linked to the fish hosts feeding 

behaviour of potential intermediate hosts.   
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2 Materials and methods 

2.1 Study site 

The samples in this study were collected from Takvatn (69°07’N, 19°05’E) between June 2017 

and May 2018 (Prati et al., 2020b). The lake is part of the Målselv watercourse in Troms and 

Finnmark county, Northern Norway, located at 214 MSL. It has an area of 15.2 km2 and two 

basins with a depth of maximum 80 m. The lake is subarctic, oligotrophic and dimictic, and is 

usually covered by ice from November to May/June (Amundsen et al., 2009). During the winter 

of 2017/2018, the lake was covered in ice from the end of November to the end of May (Prati 

et al., 2020b). The area experiences midnight sun from late May to late July, and polar night 

from late November to late January. In summer the average air temperature is around 13°C, 

while in the coldest winter months the average air temperature lies around - 10°C (Amundsen 

et al., 2009). The main water inlet and outlet is Takelva which enters the lake in the north-

western part and exits in the south-eastern part. The area around the lake consists of mountains 

and woodland dominated by birch trees (Betula pubescens) as well as pines (Pinus sylvestris), 

in addition to some farmland (Amundsen et al., 2009).  

 

Fig. 2: Map of the study lake, Takvatn (star), and the nearby lakes Sagelvvatn (triangle) 

and Fjellfrøsvatn (circle) from which the fish were introduced (see text). Source: 

https://atlas.nve.no/html5Viewer/?viewer=nveatlas  

 

https://atlas.nve.no/html5Viewer/?viewer=nveatlas
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The fish community in Takvatn consists of resident brown trout (hereafter trout), Arctic charr 

(hereafter charr) and three-spined stickleback (Gasterosteus aculeatus). Trout is the only fish 

species native to the lake, while charr was introduced from the nearby Lake Fjellfrøsvatn 

(69°05’N, 19°20’E) in the 1930s, and three-spined stickleback from another nearby lake, Lake 

Sagelvvatn, in the 1950s (69°11’N, 19°06’E) (Klemetsen et al., 1989) (fig. 2). Due to 

overpopulation and stunted growth of charr, an intensive fishing program was carried out 

between 1984 to 1991 to reduce the fish density in the lake. During this period over 690,000 

charr were removed from the lake. This reduced the charr density and helped increase their 

growth rates. It also increased the trout population which had been in decline since the 

introduction of the two other species (Amundsen et al., 2019). Takvatn has been extensively 

researched, and has been sampled annually since 1979 (Amundsen et al., 2009; Amundsen et 

al., 2015). A large focus of the research has been placed on the parasite community of the fish 

(Amundsen et al., 2009). The presence of Crepidostomum spp. in Takvatn has been known 

since the 1980s, but molecular analysis carried out in 2012/2013 by Soldánová et. al (2017) 

confirmed the presence of four species C. farionis, C. metoecus and two unnamed species-

lineages later confirmed to be C. pseudofarionis and C. brinkmanni (Faltýnková et al., 2020). 

 

2.2  Sampling  

2.2.1 Fish sampling 

Between June 2017 and May 2018, 203 trout and 354 charr were sampled from the littoral zone 

of Takvatn using multi-meshed gillnets. The sampling occurred almost each month during the 

ice-free season and every second month during the ice-covered season (June, August, 

September, October, November, January, March, May). The nets were left overnight for 

approximately 12 h in the ice-free season, and 16 h in the ice-covered season. The weight, fork 

length, sex, gonad maturation and stomach fullness degree of the caught fish were recorded in 

the laboratory. Stomach content were preserved in a 96% ethanol solution and the intestine plus 

pyloric caeca were frozen for later parasite sampling (Prati et al., 2020b).   
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2.2.2 Parasite sampling  

The intestines and pyloric caeca were cut open and sieved in a 120-micron mesh size nylon net 

under running water. The remaining content and parasites were placed in a physiological 

saltwater solution for parasite taxa identification. Crepidostomum spp. were identified as one 

of the taxa present, but no further molecular analysis was performed in 2017/2018 (Prati et al., 

2020b). A subsample of the parasites present in the intestine and pyloric caeca were placed in 

a 96% ethanol solution for further analysis.  

In 2022 the parasite samples from 2017/2018 were processed for this study. All samples had 

experienced varying degrees of ethanol evaporation. Samples with high ethanol levels were 

prioritised, but samples with lower levels were used when no other alternatives were available. 

Crepidostomum spp. specimens were sorted from the rest of the intestinal parasites, and the 

number of juvenile and adult stages from each fish was recorded. Classification of specimens 

into two stages; adults (gravid and non-gravid) and juveniles, was done under a 

stereomicroscope. If a specimen had visible eyespots, no eggs, no/undefined internal organs 

and were smaller in size compared to the other specimens, it was classified as a juvenile. A 

specimen without eggs might also be defined as an adult depending on the presence of other 

features mentioned above, these non-gravid adults were classified as adults. Crepidostomum 

spp. samples from each fish were stored separately as juveniles and adults in a 96% ethanol 

solution until further molecular analysis could be performed.  

 

2.3 DNA extraction  

For the DNA extraction a 5% solution was made mixing 2.5 g of BT Chelex ® 100 Resin 

Biotechnology grade, 100-200 mesh, sodium form (BIO-RAD) with 50 ml MQwater. For each 

tube containing one Crepidostomum specimen, 200 - 300 µl of the Chelex solution was added, 

followed by 2 - 3 µl of proteinase K. The tubes were incubated at 56°C overnight (or for a 

minimum of 5 h) in an Eppendorf Thermomixer®C (Eppendorf Smartblock™). After 

incubation, the tubes were vortexed at low shake for homogenization and boiled at 90°C for 8 

min. They were then vortexed again at low shake before being centrifuged at max speed (~ 

16000 RCF) for 10 min. The tubes were stored refrigerated until PCR was conducted.  
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2.4 PCR protocol and clean-up  

Combinations of different cytochrome c oxidase subunit 1(CO1) primers were run on gradient 

PCRs to test which combination worked best. An overview of these primers, reagent volumes 

(master mix) and gradient PCR temperatures can be found in the appendix (table 3), while the 

description below is for the primer combination that worked best. CO1 DNA sequences of the 

Crepidostomum samples were amplified for the first time using the forward primer JB3 (5’- 

TTTTTTGGGCATCC TGAGGTTTAT- 3’) (Bowles et al., 1993) and the reverse primer 

trem.cox1.rrnl (5’- AATCATGATGCA AAAGGTA -3’) (Králová-Hromadová et al., 2008). 

PCR was carried out using 4.5 µl DNA extraction in 1.8 µl MQwater, 7.5 µl MyFiMix2x and 

0.6 µl of both primers at 10 pmol/µl. The thermocycling profile used was initial DNA 

denaturation for 3 min at 95°C, 39 cycles of amplification: denaturation for 50 s at 94°C, 

annealing for 40 s at 55°C, extension for 60 s at 72°C, and final extension for 4 min at 72°C 

and cooling for 5 min at 5 - 15°C.  

To confirm the presence of DNA, the samples were run through gel electrophoresis. To prepare 

the gel, 0.6 g of agar was mixed with 40 ml of TBE and then heated until it formed a clear, even 

solution. 1 µl of ethidium bromide (Et-Br) was added to the mix before the gel was poured in 

and solidified for a minimum of 40 min. 1 µl of blue dye was mixed with 2 µl of PCR-DNA 

for each specimen and added to separate wells. 2 µl of GeneRuler 100 bp Plus ladder (peqlab) 

was added to the separate wells. Electrophoresis was carried out at around 94 hz.  

If the presence of DNA was confirmed, 1.1 µl of Exo1-Fast AP (0.1 µl Exonuclease 1 + 1 µl 

Fast AP Thermosensitive Alkaline Phosphatase enzyme) was added to the non-purified PCR 

tubes. The tubes were spun to mix the solution and remove any bubbles. Afterwards they were 

placed in the PCR machine on a thermocycling profile of 40 min incubation at 37°C, and 

deactivation for 15 min at 94°C. The tubes were then stored in the freezer at - 20°C. The purified 

DNA was diluted by mixing the PCR products with 10 µl of MQwater to account for any 

evaporation during PCR. In each well of a Macrogen EZ-seq-plate, 5 µl of forward or reverse 

primer was added at 5 pmol/µl (JB3 and trem.cox.1.rrnl), followed by 5 µl of purified DNA. 

The plate was sent for sequencing at Macrogen Europe BV. 
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2.5 Sequence alignment and phylogenetic analyses  

Geneious Prime (Geneious Prime® 2023.0.4, 2023) was used for sequence alignment. 

Sequences were assembled using De Novo Assemble with the standard settings and scanned 

for any errors. Outgroup and reference sequences were downloaded from NCBI GenBank 

(Benson et al., 2013). All sequences were aligned using MAFFT Alignment with standard 

settings and trimmed to the same number of nucleotides.   

The alignment was uploaded to the CIPRES Science Gateway V. 3.3 (Miller et al., 2010) for 

phylogenetic analyses. The alignment was run on two programs: RAxML-HPC2 on XSEDE 

for maximum likelihood (ML) and MrBayes on XSEDE v3.2.7a for Bayesian inference (BI). 

For ML, GTRCAT was used, and the number of bootstrap iterations was set to 1000. BI analysis 

was carried out using two independent Markov chain Monte Carlo runs with 4 chains for 107 

generations. The sample tree frequency was set to every 1000th generation, with a burn-in frac 

of 0.25. The consensus tree were uploaded to FigTree Version 1.4.4. (Rambaut, 2018) to 

visualise the phylograms. The phylogram presented in the results below was edited in Inkscape 

Version 1.2 (Inkscape, 2022).  

Species assignments of each specimen represented in the phylogram were transferred to 

Microsoft Excel for further analyses, including host distribution, infracommunity analyses, 

seasonal distribution, and adult and juvenile distribution. To account for low/no occurrence of 

some species in certain months, the sampling months were grouped together into four seasons 

for looking at seasonal distributions: summer (June and August), autumn (September and 

October), winter (November and January) and spring (March and May). As the specimens in 

this dataset is a subsample of the original data, there was not done any statistics for the 

distributions. Frequency is therefore used to describe seasonal patterns instead of statistical 

terminology like abundance and prevalence. For infracommunity analyses of the fish hosts, 

only fish with four or more Crepidostomum specimens were selected. The infracommunity 

analyses does not include the complete infracommunity of any fish, as only a subsample was 

kept from the original study, in addition to many samples not being successfully amplified 

during PCR due to DNA degradation.  
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3 Results 

In total, 1701 Crepidostomum spp. specimens were collected from 158 fish (1587 adults and 

114 juveniles). DNA extractions were carried out for 812 of these, and 744 were run through 

PCR. Of these, 560 were successfully amplified for CO1 and used further for genetic analyses. 

These specimens were collected from 106 fish: 364 specimens from 67 charr, and 196 

specimens from 39 trout. For both fish species, around 19% of the fish from the original study 

were used in this dataset. Of the sequenced parasites, 486 were classified as adults and 74 as 

juveniles. Four species of Crepidostomum from Takvatn were molecularly detected in this 

study: C. farionis, C. pseudofarionis, C. metoecus and C. brinkmanni (table 1).  

  

 

 

Table 1: Details of sequences used in phylogenetic analyses based on CO1 gene fragments 

with information about total number of sequences (n), host species, locality and geographic 

region, origin of sequences (reference) and GenBank ID. Data from this study are marked in 

bold. All sequences are CO1. No CO1 sequences for C. pseudofarionis and C. brinkmanni 

existed in GenBank.   



 

13 

 

3.1 Phylogram 

Based on 560 CO1 sequences obtained from Takvatn, as well as nine reference sequences, a 

phylogram was built using a maximum likelihood analysis (ML) (fig. 3). The sequences formed 

two main clades: Crepidostomum spp. and Bunodera spp.. Within the Crepidostomum clade, 

the sequences from Takvatn grouped into four distinct lineages; C. farionis, C. pseudofarionis, 

C. metoecus and C. brinkmanni, while the reference sequence for C. nemachilus formed its own 

separate lineage. The support for these five lineages was strong. Within this clade, C. farionis 

and C. pseudofarionis were more related to each other than the other three species. 

Crepidostomum metoecus and C. brinkmanni were more related to each other and to C. 

nemachilus than to the other two.   

For C. pseudofarionis all sequences clustered together. There were no available CO1 reference 

sequences for this lineage, and it was identified by its sister relationship to C. farionis (see 

Faltýnková et al., 2020; Soldánová et al., 2017). The specimens of C. farionis from Takvatn 

and the reference sequences from GenBank grouped together. Within the C. metoecus linage 

there was separation between the Takvatn specimens and the reference sequences. The three 

reference sequences for C. metoecus were slightly divergent from sequences of the Takvatn 

specimens but were still more related to the C. metoecus Takvatn specimens than any of the 

other species. Crepidostomum brinkmanni formed its own lineage and all the specimens 

clustered together. There were no available CO1 reference sequences for C. brinkmanni either, 

and the species was also identified by its relation to the other species. The three outgroup 

sequences of Bunodera spp. (B. mediovitellata, B. luciopercae, B. acerinae) formed a separate 

lineage from all the Crepidostomum sequences with strong support.  
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Fig. 3: Phylogram built from maximum likelihood (ML) analysis based on CO1 gene 

fragments (n = 888), showing Crepidostomum species sampled from Takvatn in addition 

to Crepidostomum spp. reference sequences and outgroup sequences (Bunodera spp.) 

from GenBank. Support for the lineages is shown as bootstrap values on the nodes. 

Lineages are highlighted with different colours and sequences from this study are in bold. 

Behind the species names, the number of sequences from this study is written in 

brackets. On the right in brackets is the number of sequences collected from each of the 

fish host species in this study: S. alpinus and S. trutta. 
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3.2 Species and host distribution 

The dominant species of Crepidostomum from trout and charr in Takvatn were C. farionis and 

C. metoecus, accounting for 88% of the specimens. Crepidostomum farionis made up 41% (n 

= 230), while C. metoecus made up 47% (n = 263). Both C. pseudofarionis and C. brinkmanni 

were rarer and had an occurrence of 6%, with 32 and 35 specimens belonging to each 

respectively (fig. 4). For C. metoecus, 224 specimens came from charr and 39 came from trout. 

For C. farionis, 135 came from charr and 95 from trout. Almost all C. pseudofarionis specimens 

were found in trout (n = 31), while only one came from charr. All 35 C. brinkmanni specimens 

came from trout (table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Distribution of Crepidostomum spp. in Takvatn, showing the 

percentage each species accounts for, sampled from trout (n = 39) 

and charr (n = 67).   
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To account for the uneven number of trout and charr in the sequenced dataset, the number of 

Crepidostomum specimens in the trout were multiplied with a factor of 1.72 to even out the 

difference. Crepidostomum farionis was more frequent in trout (55%) than charr (45%), while 

C. pseudofarionis was almost exclusively found in trout (98%) with only 2% coming from 

charr. Crepidostomum metoecus mostly utilized charr as a final host (77%) but could also be 

found in trout (23%). Crepidostomum brinkmanni was exclusively found in trout (fig. 5).  

 

 

 

 

 

 

 

 

 

Fig. 5: Distribution of Crepidostomum spp. in trout and charr in Takvatn, 

showing the expected distribution in the two hosts after accounting for the 

uneven number of charr (n = 67) and trout (n = 39) in the sequenced dataset.   
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3.2.1 Infracommunity in the final hosts  

The average number of Crepidostomum species per host species was 1.4 for charr and 2.2 for 

trout. The two most common Crepidostomum spp. infracommunity structures of was one (n = 

24, 42.9%) or two species (n = 25, 44.6%) in a host. The most frequent combination of two 

species was C. farionis and C. metoecus, as these were the most abundant species in general. 

Most charr was infected by only one Crepidostomum spp. at a time (57.6%) and had no fish 

infected with more than two species. Most trout were infected with more than one 

Crepidostomum spp. (78.3%) and had five trout individuals infected with a combination of 

three species (8.9%), and two trout infected with a combination of four species (3.6%) (fig. 6).  

 

 

Fig. 6: Crepidostomum spp. infracommunity (based on sequenced specimens) in 

Takvatn for a) charr and b) trout. Each column represents one fish host and has 

the fish ID-number below it. 
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3.3 Seasonal distribution 

There was a large sample size for each season with 92 specimens from the summer months 

(June and August), 156 from autumn (September and October), 197 from winter (November 

and January) and 115 from spring (March and May) (table 2). For most of the months, there 

was a lower number of trout sampled compared to charr.  

 

 

 

 

Table 2: Total number of fish hosts and specimens of Crepidostomum spp. in the study. 

Below the fish number for each month is the number of Crepidostomum specimens 

sampled from them (in brackets). Crepidostomum specimens are divided into adults 

(AD) and juveniles (JV). The total number of Crepidostomum specimens for each month 

is shown in the far-right column. The last row shows the total number of fish hosts, and 

the total number of each Crepidostomum species. 
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Crepidostomum farionis had a peak in frequency during autumn and winter, with the highest 

frequency in autumn. For autumn in general, C. farionis was the most numerous species making 

up 51.9% of the total amount that season (table 4, appendix). C. farionis was least frequent in 

spring and summer, though it was still the most frequent of all the Crepidostomum species in 

summer at 47.7%. Crepidostomum pseudofarionis had a slight peak in frequency during 

autumn, but it only accounted for 9% of the total amount that season. For summer and winter 

there was a low and almost equal frequency of C. pseudofarionis, while the lowest frequency 

was in spring with only two individuals.  

Crepidostomum metoecus had a peak in frequency in winter, while there was also a high 

frequency in spring. It was the most numerous species both in winter and spring making up 

respectively 56.3% and 64.3% of the total amount for those seasons. The lowest frequency for 

C. metoecus was in summer and autumn, which was almost equal. Tough, in summer this 

accounted for 42.5% of the total amount, but only 24.4% in autumn. Crepidostomum 

brinkmanni had a low and similar frequency for spring, summer, and winter. In autumn, there 

is a peak in frequency which makes up 14.7% of the total amount for that season (fig. 6). 

 

Fig. 6: Seasonal distribution of Crepidostomum spp. from trout and charr 

combined in Takvatn. Summer = June and August, autumn = September and 

October, winter = November and January, spring = March and May. See 

figure 8 for differences between the seasonal distribution of C. farionis and 

C. metoecus split between charr and trout.  
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3.4 Adult and juvenile distribution 

In general, for all species and sampling seasons, mostly adult specimens were found. In the pre-

sequenced dataset, 114 were classified as juveniles (7.2%) and 1587 as adults (92.8%). In the 

pre-sequenced data, the largest number of juveniles were found in winter (n = 61). Of the 560 

sequenced specimens from the present study, 74 were juveniles (15.2%) and 486 adults 

(84.8%). The largest number of juveniles for the sequenced specimens were also from winter 

(n = 50).  

Few juveniles were collected for both C. pseudofarionis (n = 4) and C. brinkmanni (n = 2), and 

there is not enough data to see any trends in the distribution of the developmental stages for 

these two species. For C. farionis and C. metoecus there is a trend in the seasonal distribution 

of their developmental stages with a peak of juveniles in winter, though the trend is less clear 

for C. farionis (fig. 7). The largest amount of C. farionis juveniles were found in winter (n =13) 

and makes up 5.7% of the total amount of C. farionis for all seasons. For the other seasons there 

is a low percentage of juveniles. For C. metoecus there is a significant peak in the number of 

juveniles in winter with 34 individuals. This accounts for 12.9% of the total C. metoecus 

specimens for all season. For the other season there is a low and equal number of juveniles (fig. 

7). 
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Fig. 7: Distribution of adults and juveniles for each Crepidostomum species from 

trout and charr in Takvatn. The amount each stage for each season accounts for 

in total is shown in percentage (e.g., out of all C. metoecus specimens, juveniles 

in winter accounts for 12.9%). 
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When splitting charr and trout, the distribution of life stages for C. farionis shows that most of 

the juveniles came from trout (17 out of 26), with the largest amount in winter with 12 

specimens. For charr the largest amount was found in autumn with five specimens. For C. 

metoecus almost all juveniles came from charr (n = 41), with most of them being found in 

winter. Only one juvenile came from trout, and it was found in winter (fig. 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Distribution of adults and juveniles for C. farionis and C. metoecus 

in Takvatn, split between charr and trout.  
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4 Discussion  

This study has been able to uncover seasonal patterns and host distributions of four cryptic 

Crepidostomum species in Takvatn. Few studies have looked at the seasonality of 

Crepidostomum spp. (e.g., (Mariaux, 1986) and this is the first time CO1 has been used on 

Crepidostomum spp. to this extent. Crepidostomum species showed distinct patterns both when 

it came to their seasonal distribution and host distribution as I originally hypothesised. As 

expected, four species of Crepidostomum were detected in the two final hosts, trout and charr, 

from Takvatn. The infracommunity of trout was more diverse than for charr and comprised all 

four species. In contrast, charr was mainly parasitised by the two dominant species: C. farionis 

and C. metoecus. Crepidostomum farionis and C. metoecus showed a peak in frequency during 

autumn and winter, while C. pseudofarionis and C. brinkmanni showed a peak in frequency 

during autumn. Patterns of adult and juvenile distribution throughout the season were harder to 

uncover as the sample size was too small. Juvenile specimens were mostly found in winter, 

though this is very likely to differ from one Crepidostomum species to another.  

The most numerous species were as expected C. farionis and C. metoecus which made up 88% 

of the sequenced Crepidostomum samples from Takvatn, while C. pseudofarionis and C. 

brinkmanni made up a much smaller proportion at 12%. Crepidostomum farionis and C. 

metoecus have previously been recorded as the most common species in European salmonids 

(Moravec, 2002). However, their populations in their final hosts are likely overestimated as 

new species like C. pseudofarionis and C. brinkmanni are discovered (Faltýnková et al., 2020; 

Soldánová et al., 2017). The low frequency of C. pseudofarionis and C. brinkmanni in Takvatn 

and the morphological similarities within this group explain why it has taken so long to detect 

and describe these species. They were observed as possible separate species from C. farionis 

and C. metoecus in Takvatn already in 1992 (Rune Knudsen personal communication) but were 

first officially detected molecularly in their first intermediate host in 2013 (Soldánová et al., 

2017) and described morphologically in 2020 (Faltýnková et al., 2020). Moreover, Kuhn et al. 

2016 hypothesised that the most common species in Takvatn was C. farionis based on the 

placement of the parasites in the intestine. Crepidostomum farionis is known to infect the lower 

intestine, while C. metoecus infects the upper intestine and pyloric caeca (Kuhn et al., 2016; 

Mariaux, 1986). Most of the Crepidostomum specimens from Takvatn in previous studies were 

found in the lower intestine, and it was therefore concluded that C. farionis represented the 

most common species (Kuhn et al., 2016). In contrast, C. metoecus was shown to be the most 
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common species in Takvatn in the present study. This highlights the importance of molecular 

methods to study cryptic parasite diversity and how it can help to re-assess the conclusions of 

previous host-parasite studies from this ecosystem and subarctic lakes in general.  

Trout and charr showed differences in Crepidostomum community composition where trout 

was infected with all four Crepidostomum species, while charr was mainly parasitised by the 

two dominant species. This is the first time such differences are discovered using a large dataset. 

Such patterns could be caused by different immune systems between the two host species as 

even closely related fish species can have different immune reaction to parasites (Wegner et al., 

2006), but a more likely cause may be the differences in the fish species feeding behaviour. 

When living in sympatry, charr has a broader diet than trout and thus a richer community of 

tropically transmitted intestinal parasites (Knudsen et al., 2008). In the ice-free season their 

diets are more segregated than under ice over (Eloranta et al., 2013; Prati, 2019). In addition to 

insect larvae, zooplankton is also an important prey item for charr during the ice-free season. 

Trout has insect larvae and surface insects as a main prey item during summer, while both fish 

species additionally prey upon amphipods (Prati, 2019). Naturally, one would assume that charr 

have a more diverse infracommunity of Crepidostomum than trout due to their broader diet, 

though this was not shown to be the case. The host distribution and infracommunity analyses 

clearly shows the difference between the two fish host species for the first time. Trout had a 

much more diverse community at the individual level with many different species 

combinations, while charr was mainly infected with only one species. Even though the present 

study only analysed a subsample of the Crepidostomum populations in the two fish hosts, the 

infracommunity analyses indicate a clear pattern and should reflect the total infracommunity of 

the fish.  

Crepidostomum farionis was well represented in both fish hosts, while C. metoecus preferred 

charr. Both C. pseudofarionis and C. brinkmanni almost exclusively utilized trout as their final 

host in the current study. Historically, trout was almost eradicated in Takvatn due to the 

overcrowded charr population (Amundsen et al., 2015). Thus, these two rarer parasite 

populations may have been larger historically before the charr was introduced. Although rare 

species can be overlooked in studies if the sample size is low, the 560 sequenced samples in the 

present study likely adequately captures the composition and distribution of the Crepidostomum 

community in Takvatn and allows comparisons to other systems. Similar to this study, a study 

from Iceland found C. brinkmanni exclusively in trout, while C. pseudofarionis were only 
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found in charr (Faltýnková et al., 2020) in contrast to this study. The Icelandic study was on a 

smaller scale with 22 Crepidostomum samples collected from four lakes. A study from Scotland 

found C. pseudofarionis in charr (Rochat et al., 2022), while another from Switzerland found 

C. brinkmanni in trout (Rochat et al., 2021). In a previous study from Takvatn, Crepidostomum 

specimens were collected from the intermediate hosts, as well as some of their final hosts 

(Soldánová et al., 2017). The samples of C. farionis came from their first intermediate clam 

hosts Sphaerium sp. and Euglesa casertana (previously Pisidium casertaum). Crepidostomum 

pseudofarionis were collected from their first intermediate host Sphaerium sp. and second 

intermediate Ephemeropteran (mayfly) host Siphlonurus lacustris. Crepidostomum metoecus 

were collected from their first intermediate host Euglesa casertana and their second 

intermediate amphipod host Gammarus lacustris. Lastly, Crepidostomum brinkmanni were 

collected from their second intermediate hosts S. lacustris and Plecopteran (stonefly) host 

Diura bicaudata. (Soldánová et al., 2017) (table 5, appendix). Another study from Takvatn and 

Lake Skogsfjordvatn (Troms and Finnmark) also found trout to be parasitised by all four 

Crepidostomum species, while only C. farionis and C. metoecus were found in charr (Slåteng, 

2022). Life cycle data of C. pseudofarionis and C. metoecus in Takvatn are therefore partly 

available. With the knowledge of their seasonal distribution in their fish hosts, as well as 

complete life cycle data for some species, we can connect this to the fish’s diet in Takvatn.  

During autumn and early winter, G. lacustris constitute a large portion of the charrs prey items 

(Prati et al., 2020b). One can therefore expect to find an increased abundance of C. metoecus 

in charr in autumn and early winter. This was the case in the present study, as the highest 

frequency of C. metoecus were found in charr in winter. Gammarus lacustris may be the most 

important or only intermediate host for this species, as they have not yet been found in other 

arthropods. Fewer specimens of C. metoecus were found in trout, which could be explained by 

amphipods being a less important prey item for trout compared to charr (Prati, 2019). 

Crepidostomum farionis had its highest peak in autumn but remained frequent in winter. Their 

second intermediate host has not yet been confirmed molecularly, but they have been described 

morphologically from Gammarus pulex (Awachie, 1968). From their seasonal distribution in 

Takvatn and the fish’s diets, we can infer that C. farionis likely utilize G. lacustris as a host. 

As C. farionis were well represented in both fish species, but mainly found in trout, it could 

suggest that this Crepidostomum species also uses another second intermediate host, such as 

insect larvae, which are an important prey item for trout throughout the year (Prati, 2019). 

Another study from Switzerland also found similar seasonal patterns to the present study with 
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a predominance of C. metoecus in winter, a predominance of C. farionis in autumn, and with a 

lower prevalence of both species over spring and summer (Mariaux, 1986).  

Both mayflies and stoneflies emerge from the substrate in large numbers over the warmer 

months (Britannica, 2010; Kjær et al., 2021; Tikkanen et al., 1997). At that time, they are an 

abundant host for parasites as well as important prey items for fish (Britannica, 2010). 

Stoneflies hatch early in the spring usually around the time the ice breaks, while mayflies hatch 

over the summer months (Kirkemo, 1990). The fish can then feed on nymphs emerging from 

the substrate, adult insects and eggs on the surface, as well as dead insects in the water column 

(Kirkemo, 1990). In this study, C. pseudofarionis and C. brinkmanni specimens were mainly 

found as adults during autumn in trout. Both stoneflies and mayflies are important prey for trout 

(Kirkemo, 1990), but less important for charr (Prati, 2019), which could explain their extremely 

low presence in charr. Few trout were sampled in May, and none in June/July. August was the 

only summer month during which a substantial number of trout were sampled (Prati et al., 

2020b). Based on the life cycles of their intermediate hosts, it is likely that May, June and July 

are the most important months for transmission of these rarer Crepidostomum species from the 

insect host to the fish host. Finding the highest number of established infections of these species 

in August could therefore be expected. Sampling during the other summer months might also 

contribute to a larger number of juveniles. In general, more sampling across the summer months 

might reveal a higher frequency of these species in Takvatn than presented in this study. In 

other systems, grayling (Thymallus thymallus) may be an important final host for C. 

pseudofarionis and C. brinkmanni as they also prey upon mayflies and stoneflies (Kirkemo, 

1990). This could mean that in systems with more diverse fish communities, these two 

Crepidostomum species may be more prevalent.  

When classifying Crepidostomum samples into life stages, some specimens did not fit into the 

characteristics set for each stage because the transition in the morphological development of 

the organs is a continuum. Consequently, the number of juveniles might have been over- or 

underrepresented in this study. The seasonal distribution with a peak of juveniles in winter is 

therefore only a preliminary pattern and need to be interpreted carefully. In the pre-sequenced 

dataset, most of the juveniles came from the winter months, and based on the seasonal patterns 

of the sequenced specimens they should mainly be C. metoecus. A preliminary pattern for 

differential life stage distributions of C. farionis and C. metoecus was also observed at a smaller 

scale study in Takvatn and Lake Skogsfjordvatn (Slåteng, 2022). Juvenile C. farionis were more 
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frequent in August (from both charr and trout) (Slåteng, 2022), in contrast to the present study 

where most juveniles were found in winter in trout. For C. metoecus, mostly juveniles were 

found in November in charr (Slåteng, 2022) similar to the present study. Future studies with a 

distinct focus on life stages would be helpful to get more insight into the transmission periods 

and intra-host development of these parasites. Some trematode species have also been 

confirmed to be progenetic, meaning that the trematode matures into adults while still encysted 

in their second intermediate host (Villa & Lagrue, 2019). This was the case for many of the C. 

metoecus specimens examined from G. lacustris in the study by Slåteng (2022). Thus, looking 

at the distribution of life stages in the final host may not accurately reflect the time of infection 

and the time they develop into adults, as they may already have evolved into adults in their 

second intermediate hosts. However, data from both studies indicate that for C. farionis and C. 

metoecus, as expected, autumn/winter is an important recruitment period in the fish.   

Parasites can serve as environmental indicators, and host-parasite associations and community 

composition can reveal valuable insights into ecological processes, such as biological 

invasions. Parasites can hitchhike with introduced fish hosts, which has likely occurred in 

Takvatn (Amundsen et al., 2013). In Sagelvvatn, the fish community consists of trout, charr 

and three-spined stickleback (Kuhn et al., 2015). The salmonids in the lake have been confirmed 

to be infected with Crepidostomum spp., but not the sticklebacks (Kuhn et al., 2015). In a study 

by Kuhn et al. 2015, no Crepidostomum specimens were found in the stickleback from 

Sagelvvatn, while very low numbers were found in the sticklebacks from Takvatn (Kuhn et al., 

2015). It is therefore unlikely that any Crepidostomum species were introduced with the 

sticklebacks from Sagelvvatn. However, the sampling in the aforementioned study was 

conducted during the summer, which is one of the seasons with the lowest intensity of 

Crepidostomum infection (Prati et al., 2020b). This means that sampling in another season 

might have revealed a higher intensity of infection. In Fjellfrøsvatn, only charr and trout are 

native to the lake (Klemetsen et al., 1997). Crepidostomum infection have also been confirmed 

here (Knudsen et al., 1997), but not molecularly identified down to a species level. As C. 

pseudofarionis and C. brinkmanni were almost exclusively found in trout, the original fish 

species in Takvatn, it is likely that these two species are also native to Takvatn. Crepidostomum 

farionis was commonly found in both charr and trout and could therefore be either introduced 

or native. Crepidostomum metoecus was mainly found in charr and is more likely to have been 

introduced to the lake with the charr from Fjellfrøsvatn. Alternatively, all Crepidostomum 

species may be native to Takvatn, and the differences in distribution in the final hosts could be 
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just connected to the fishes’ diets. The variable seasonal patterns of Crepidostomum spp. could 

be a result of competition-avoidance when the parasites occur in sympatry, though only a small 

proportion of the host had high levels of infection (Prati et al., 2020b). It could also be because 

of differences in biotic and abiotic factors in the three lakes, if Crepidostomum spp. were 

introduced with their final hosts. In both Sagelvvatn and Fjellfrøsvatn, no molecular analyses 

have been carried out on Crepidostomum. Conducting these analyses could help to uncover 

which species are native to which lake, and could possibly uncover even more cryptic diversity.  

A thorough understanding of the diversity and distribution of Crepidostomum spp. will allow 

us to better assess how they will respond to climate and/or environmental changes. Warmer 

temperatures will have effects on both the lake environment and on the host species involved 

in their life-cycle (Jeppesen et al., 2012; Magee & Wu, 2017; Magnuson et al., 2000). A warmer 

climate means longer summers and shorter winters, with a decrease in the ice-covered season 

of the lakes (Magnuson et al., 2000). Crepidostomum species that are more frequent in summer 

and use insects as intermediate hosts will get a longer window for transmission, which could 

increase their populations. On the other hand, Crepidostomum species that have their 

recruitment period in winter might decrease if they are dependent on colder temperatures, either 

directly or indirectly through their different hosts. For the final hosts of Crepidostomum spp. in 

Takvatn, charr is most likely negatively affected by increasing temperatures. Charr is a cold-

water adapted species, and their populations are expected to, and have already started to decline 

as an effect of the warming climate (Hein et al., 2012; Jeppesen et al., 2012). Trout will likely 

handle these effects better as they are more adapted to warmer temperatures than charr, but they 

are still vulnerable to the warming climate (Mitro et al., 2019). Fewer charr in Takvatn would 

also reduce competition in the lake and could positively affect the trout population as it did 

during the mass removal in the 1980s (Klemetsen et al., 2002). I would therefore hypothesise 

that C. pseudofarionis and C. brinkmanni populations will increase with the warming climate 

as they were mainly found in trout during the summer months. In contrast, C. farionis, and 

especially C. metoecus, might decrease as they were most frequent in charr during winter. The 

present study therefore provides a valuable insight into the diversity and distribution of several 

Crepidostomum species, and future studies should investigate the effects of temperature on the 

intermediate hosts, as well as on survival rates for the parasite free-living stages. This would 

help to further predict the impacts of a warmer climate on parasites in general and specifically 

on Crepidostomum spp.  
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5 Conclusion 

In this study the seasonal dynamics and host distribution of Crepidostomum spp. in Takvatn 

was uncovered. The dominant species were C. farionis and C. metoecus, with C. pseudofarionis 

and C. brinkmanni being much rarer. Trout was parasitised by all four Crepidostomum species, 

while charr was mainly parasitised by the two dominant species. There was some variance in 

the seasonality of Crepidostomum spp.; the dominant species were more frequent in autumn 

and winter, while the rarer species were more frequent autumn. Based on the distribution of 

adults and juveniles, autumn and winter is an important recruitment period in the fish for C. 

farionis and C. metoecus. Infection of C. farionis and C. metoecus could be connected to the 

fish, especially charr, preying upon the second intermediate host Gammarus lacustris during 

autumn and winter. Trout preys upon the second intermediate hosts mayflies and stoneflies over 

the summer months, which can be connected to the trout being infected with C. pseudofarionis 

and C.  brinkmanni. The two rarer Crepidostomum species might be more prevalent in Takvatn 

than indicated in this study, due to the lack of trout sampled during the summer months when 

the second intermediate hosts of these species are more abundant. There is a possibility that C. 

farionis and C. metoecus hitchhiked with the introduced charr from Fjellfrøsvatn. 

Crepidostomum farionis and C. metoecus are vulnerable to climate change due to their use of 

charr as a final host, as the charr population is expected to decline with the warming climate.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Artistic illustration of Crepidostomum spp. from Takvatn. Illustration: Kristine Drage 
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7 Appendix 

Fig. 10: Stereomicroscope pictures of Crepidostomum spp. from Takvatn showing the 

morphological diversity of the cryptic species. The scale in the pictures measures 10 mm.  
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Table 3: Overview of the different primer combinations tested for CO1 for Crepidostomum 

spp. with gradient PCR, also showing the master mix with the volume of reagents used, and 

the gradient PCR temperatures.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Distribution of Crepidostomum spp. in trout (n = 39) and charr (n = 67) combined in 

Takvatn. Showing the percentage of each Crepidostomum species found in each fish host. 

 

 

Primer F Primer R 

PlagDipCO1hF CO1R-trema

PlagDipCO1hF trem.cox1.rrnl

PlagDipCO1gF CO1R-trema

PlagDipCO1gF trem.cox1.rrnl

JB3 trem.cox1.rrnl

Gradient PCR
Master Mix 10 µl temperature (°C)

MQwater 1,2 48,4

Primer F 0,4 51,3

Primer R 0,4 55,0

MyFiMix2x 5,0 57,9

CO1 DNA 3,0 59,4
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Table 4: The seasonal distribution of Crepidostomum spp. in trout (n = 39) and charr (n = 67) 

in Takvatn. Showing the number of specimens found for each parasite species for each season. 

Also showing the percentage this makes up for that season in total.  

 

 

Table 5: Identified Crepidostomum spp. hosts in Takvatn based on this study and the study by 

Soldánová et al. 2017, showing molecularly confirmed first intermediate hosts, second 

intermediate host, and final hosts.  

 

 

 

 

 

 

 



 

38 

 

Table 6: Complete data of the number of sequenced Crepidostomum specimens of each species 

from Takvatn divided into sampling months, showing which fish species they were sampled 

from, with accompanying fish host ID numbers (Arctic charr = AC, brown trout = BT).   
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