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Abstract

The sea trout Salmo trutta has considerable ecological and economic importance in the
Baltic Sea basin. In recent years, the landings of this species from the Main Basin have
decreased significantly. Consequently, it is necessary to consider whether this decline has
been associated with any changes in the diversity and domination of its parasitofauna.
We examined 101 sea trout specimens originating from the southern Baltic Sea basin and
its tributary (the Gulf of Gdarisk and the River Reda) collected between 2003 and 2020.
The fish were infected with five parasite species: one tapeworm (Eubothrium crassum), one
digenean (Brachyphallus crenatus), and three nematodes (Anisakis simplex, Hysterothylacium
aduncum, and Raphidascaris acus). Overall parasite prevalence was high (parasites were
found in 94.7% of sea trout), with a mean intensity of 37.4 and a range of 1-125 parasites per
fish. Eubothrium crassum, a species widely distributed in Europe and North America, clearly
dominated the parasite community: a total of 3345 specimens were recorded in 92.6% of
fish, with a mean intensity of 38.0 and an intensity range of 1-125 individuals. Correct
morpho-anatomical identification was confirmed by molecular methods. The tapeworms
were located primarily (96%) in the pyloric caeca. Other parasite species occurred only
sporadically. Infection levels increased with both the length and mass of the fish; however,
despite the high parasite infection, no deterioration in the host was indicated by Fulton’s
condition factor. Comparison of fish originating from the different time periods revealed no
changes in their parasitological characteristics, suggesting that parasite-host interactions
are unlikely to have contributed to the decline in fish catches.

Keywords: Cestoda; Digenea; fish; host-parasite interaction; Nematoda; parasites; Salmonidae

1. Introduction

The species Salmo trutta Linnaeus, 1758 comprises anadromous (sea trout), resident
(brown trout), and lacustrine (lake trout) forms inhabiting the Atlantic, North Sea, and
Baltic Sea basins [1,2]. The anadromous form exhibits considerable plasticity in its life
cycle, and, depending on the latitude of the river, juveniles spend between one and six
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years in freshwater, reaching the length of 12-25 cm as a smolt before descending to the
sea [1,2]. Because adult fish spawn in the periodically drying streams of Gotland (Baltic Sea),
juveniles (parr) are also known to migrate to the sea during the summer before reaching
the smolt stage, at sizes as small as 3 cm [3]. Parr migration has also been observed during
high autumn flows in the River Imsa (Norway) [4].

Sea trout grow in the marine environment for one month or longer (up to five years)
before migrating back to their home river to spawn [1]. In comparison to the Atlantic salmon
Salmo salar Linnaeus, 1758, sea trout are generally coastal; however, some specimens from
the Vistula River, Bothnian Sea and Bothnian Bay tributaries can migrate hundreds of km in
the Baltic Sea [5,6]. Similarly, sea trout that reproduce in tributaries of the English Channel
can migrate as far as Dutch or Irish marine waters [7].

Historically, the largest Baltic population of sea trout reproduced in the River Vistula,
a tributary of the Gulf of Gdansk, which forms part of the Main Basin. Owing to habitat
loss in the upper catchment and the construction of a hydroelectric power plant in its
middle course in 1969, landings declined from 100 tonnes to less than 1% of that value,
despite extensive stocking efforts [8,9]. According to the Assessment Working Group on
Baltic Salmon and Trout of the International Council for the Exploration of the Sea [9],
commercial catches of sea trout in the Baltic Sea reached 96 tonnes in 2024, of which 69%
originated from the Main Basin. Most of the fish (92% of 348 tonnes) were also caught
by the recreational fishery in this Baltic basin. In the 1990s, total sea trout catches in the
Baltic Sea were reported to reach up to 1300 tonnes, declining to 700-800 tonnes at the
beginning of the following decade, and most recently, in 2023-2024, combined catches
reached 599 and 444 tonnes, respectively.

The anadromous life cycle of sea trout plays an important role in shaping parasitofauna
communities and influences the potential for parasite transmission [10,11]. Therefore, the
results of the parasitological monitoring provide a valuable insight into fish condition and
their role as hosts in the context of parasite circulation in the environment [12]. Previous
studies of sea trout parasites from various regions suggest that fixed, recurring elements
of typical or specific parasites are present in the host. However, these elements also show
local variation, determined by the ability of parasites to complete their life cycles in a given
environment [13,14]. During spawning migration from the marine environment to the
rivers, the fish feed intensively, which favors the acquisition of parasites from various
regions and environments and their subsequent spread to other areas. However, changes
in environmental conditions may limit certain parasites that are sensitive to, for example,
fluctuations in water parameters such as salinity, temperature or currents [10,15]. To date,
research on parasites of sea trout in the Polish Exclusive Economic Zone of the southern
Baltic Sea has been fragmentary and limited [16-18].

The aim of the present study was to determine the composition of sea trout parasites
in the southern Baltic Basin (the Gulf of Gdanisk and its tributary—the River Reda) in the
context of the decline in sea trout catches.

2. Materials and Methods
2.1. Sample Collection

Between January 2003 and January 2020, a total of 101 sea trout specimens were
collected from the Gulf of Gdansk and its tributary, the River Reda. Fish originating from
the Gulf of Gdansk were caught by professional commercial fishermen. The sea trout were
caught using >80 mm mesh gillnets outside the protected period and were supplied dead.
Typically, fish were kept frozen until laboratory analysis. However, in 2019-2020, the sea
trout specimens were stored under refrigerated conditions within one to three days of being
caught, and then examined.
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Fish caught in the River Reda were captured in its lower course (approx. 1 km upstream
from the river mouth) in the ‘Beka’ Nature Reserve using two oppositely oriented, connected
fyke nets with 1 cm mesh [19] (Figure 1, Table 1). Sea trout were collected throughout the
year. The fish were humanely euthanized in accordance with the applicable regulations by
cranial percussion using a blunt instrument, and the abdominal cavity was injected in situ
with 4% formalin to arrest the decomposition process. After the fishing period, which usually
lasted 3 days, fish were kept frozen (—20 °C) until further laboratory analysis.
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Figure 1. Location of sea trout Salmo trutta catches in the Gulf of Gdarisk and River Reda.

Table 1. Total length, mass, sex, and number of sea trout Salmo trutta specimens examined from the
Gulf of Gdansk and the River Reda.

Locality
Parameter Gulf of Gdarsk River Reda
Year of capture 2003 2010 2019-2020 2005-2007
Number of fish 20 15 30 30
Mean and range of total length [cm] 67.2,54.1-85.0 73.0,61.3-86.0 53.5,40.0-72.0 62.3, 48.0-85.0
Mean and range of wet mass [kg] 42,2.1-8.1 5.4,3.3-8.7 1.7,0.6-5.1 3.4,1.1-8.8
Sex 14 29,6 o' 9Q9,6J5d not determined 2099,10 o'

Permission to use fishing gear covering more than half the width of the River
Reda was obtained from the Starost of Puck (ROS/RS-6123/d/1/05, ROS-6123/1/06,
ROS-6123/3/06). The Pomeranian Voivodeship Office issued permission for fishing
in the Beka Nature Reserve, including the capture of fish below the minimum legal
size and fishing during the closed (protected) season (SR/S.VIL.MZ/66302-164/04,
SR/S.VILMZ/66302-39/05, SR/S.VILMZ/6630-2-3/06, SR /S.VILMZ/6630-2-54/06,
SR/S.VIL.MZ/6630-2-17/ 07). The Minister of the Environment issued permission for the fish-
ing of strictly protected fish species (DPOog-4201-02-51/05/al, DPOogiz-4200/V-02/297/06/ aj,
DLOPiK-op/ 0giz-4200/IV-01/11709/06/07aj, DLOPiK-op/ 0giz-4200/V-01/11512 /07-msz).

In the field, the fish were measured for the total length in mm and weighed to 100 g ac-
curacy. Parasitological analyses were performed exclusively on the digestive tract, gonads,
liver, kidney, heart, swim bladder, and visceral fat.

2.2. Parasitological Analysis

The collected parasites were fixed and preserved in 70% ethanol solution, and selected
parasite specimens were taken for microscope preparations. Flukes and tapeworms were
stained in alcohol-borax carmine, differentiated (i.e., excess pigment rinsed) in acidified
ethanol, dehydrated in alcohol series (80, 90, 2 x 99%), cleared in benzyl alcohol, and
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submerged in Canada balsam. Nematodes were cleared and embedded in polyvinyl lac-
tophenol [20,21]. Transverse sections of the Eubothrium crassum scolex were also performed
to visualize the structure of the apical disk (grooves) [22].

The specimens of parasites (wet and microscopic preparation) were deposited in scientific
collections within the framework of the Collection of Extant Invertebrates in the Department of
Invertebrate Zoology and Parasitology, University of Gdarisk, Poland (UGDIZP).

2.3. Molecular Characteristic of Eubothrium crassum

DNA was extracted with the Genomic Mini Kit (A&A Biotechnology, Poland). The
mitochondrial cytochrome c oxidase subunit II gene (cox2 mtDNA) was amplified using the
primers PBI-cox1F_PCR (5-CATTTTGCTGCCGGTCARCAYATGTTYTGRTTTTTTGG-3)
and PBI-cox1R_PCR (5-CCTTTGTCGATACTGCCAAARTAATGCATDGGRAA-3') [23].
DNA was amplified using OpiTaq PCR Master Mix (2x) containing 0.1 mM of each dNTP,
1.5 mM of MgCl,, 1.25 U OptiTaqg DNA Polymerase and 0.5 mM of each primer. Cycling
conditions consist of an initial denaturation at 94 °C for 3 min, followed by 40 cycles
of denaturation at 94 °C for 30 s, annealing at 54 °C for 30s, elongation at 72 °C for
1min, and a final product extension at 72 °C for 5 min. The amplification products were
visualized on a 1% agarose gel using ethidium bromide. Amplicons were purified using
exonuclease (EPPiC, A&A Biotechnology, Gdansk, Poland). The PCR products were
sequenced at Macrogen (Amsterdam, The Netherlands) using the Sanger sequencing
method. The nucleotide sequences were compared with known sequences using the Basic
Local Alignment Search Tool (BLAST+ version 2.14) available at http:/ /blast.ncbi.nlm.nih.
gov/Blast.cgi (accessed on 27 July 2023).

2.4. Statistical Analysis

To define the level of fish infection, the following main parasitological parameters were
measured: prevalence (percentage of hosts infected), mean intensity (mean number of parasites
in infected hosts), and intensity range (minimum and maximum number of parasite individuals
per host) [24]. In turn, the dominance index (D), which according to Magurran [25] was
calculated using the following formula: D = Nmax/N; where Nmax is the number of individuals
for the most abundant species and N is the number of individuals of all species.

Comparative statistical analyses and Fulton’s body condition factor were calculated only
for the most abundant parasite species—E. crassum. The Fulton’s condition factor (K) was
calculated as: K =100 x W x L~3; where W is the mass (g) and L is the length (cm) [26].

The normality of the data was assessed using the Shapiro-Wilk test. A significance
level of p < 0.05 was regarded as statistically significant. Comparisons between years were
carried out using the Kruskal-Wallis test, followed by multiple comparison tests. The
Mann-Whitney test was employed to compare data between two consecutive samples
(localities). Correlations between datasets (number of E. crassum vs. fish length and mass,
Fulton’s condition factor) were evaluated using Spearman’s rank correlation coefficient.
Statistical analyses were performed using Statistica, version 13.

3. Results

Five parasite species were recorded, including two Platyhelminthes: Brachyphallus
crenatus (Rudolphi, 1802) (Digenea: Hemiuridae), E. crassum (Bloch, 1779) (Cestoda: Tri-
aenophoridae), and three Nematoda Anisakis simplex (Rudolphi, 1809) (Anisakidae), Hys-
terothylacium aduncum (Rudolphi, 1802) (Raphidascarididae), and Raphidascaris acus (Bloch,
1779) (Raphidascarididae) (Tables S1-S5). The overall infection level across all sampling
locations was as follows: prevalence 94.7%, mean intensity 37.4, and intensity range 1-125.
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Very high prevalence and mean intensity of infection were observed in both locations:
92.3% and 38.1 for the Gulf of Gdansk, and 100% and 36.1 for the River Reda (Table 2).

Table 2. Prevalence and intensity (mean, range) in the sea trout Salmo trutta from the Gulf of Gdarisk
and the River Reda across different years.

Locality
Gulf of Gdansk Gulf of Gdarisk River Reda All Localities
Parasite Total
Years

2003 2010 2019-2020 2003-2020 2005-2007 2003-2020
B. crenatus - - 3.3(1.0,1) 1.5(1.0,1) 6.7 (2.5,2-3) 3.2(2.0,1-3)
E. crassum 100 (38.3, 6-70) 933 (47.0,1-71)  80.0(35.2,1-125)  89.2(39.1,1-125) 100 (35.9,5-82)  92.6 (38.0, 1-125)
A. simplex, L3 5.0(1.0,1) - - 1.5(1.0,1) - 1.0(1.0,1)
H. aduncum, ad. - 20.0 (2.3, 1-3) 6.7 (2.5, 1-4) 7.7 (2.4, 1-4) - 5.3 (2.4, 1-4)
R. acus, ad. - 6.7 (3.0, 3) - 1.5(3.0,3) - 1.0 (3.0, 3)
Total 100 (38.3, 6-70) 93.3 (47.7,1-71) 86.7 (32.7, 1-125) 92.3 (38.1, 1-125) 100 (36.1, 5-82) 94.7 (37.4, 1-125)

—: no parasites found.

The dominant species in all regions and years was the tapeworm E. crassum
(D =98.5-99.9%, overall D = 99.4%), as determined by molecular analyses. The sequences
of the identified E. crassum have been deposited in GenBank (accession numbers OR352556
to OR352564). These tapeworms showed a characteristic distribution within the gastroin-
testinal tract: 96% of individuals (n = 3219) were found in the pyloric caeca, being attached
to the walls of the pyloric processes (Figure 2); the remaining 4% was found in the intestine
(n =126). Other parasite species were found sporadically.

Figure 2. Eubothrium crassum (as shown by the arrows) in the pyloric caeca and intestine of a sea trout
Salmo trutta.

The two regions (the Gulf of Gdarisk and the River Redar) did not differ in the number
of E. crassum (p = 0.764) or in Fulton’s condition factor (p = 0.196). No statistically significant
difference in the number of tapeworms was observed between the study years (p = 0.058).

The number of E. crassum increased with the fish length and mass (Spearman’s rank
correlation coefficients: rs = 0.55 and 0.53, respectively, p < 0.05). The mean length and mass
of the infected fish were 62.6 cm and 3.4 kg respectively (Figures 3 and 4).
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Figure 3. Relationship between Salmo trutta total length and the number of Eubothrium crassum
(Spearman’s rank correlation coefficient: rs = 0.55, p < 0.05).
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Figure 4. Relationship between Salmo trutta mass and the number of Eubothrium crassum (Spearman’s
rank correlation coefficient: rs = 0.53, p < 0.05).

There was also a positive correlation between the number of pyloric caeca of the
Salmo trutta and the number of E. crassum (rs = 0.78, p < 0.05) (calculated for fish from the
River Reda (Table S6, Figure 5).

The mean Fulton’s coefficient for all tested fish was 1.211, with infected fish averaging
1.225 and uninfected fish (n = 5) averaging 1.003. A positive correlation was observed
between Fulton’s condition factor and fish length and mass (rs = 0.45 and 0.67, p < 0.05);
however, no relationship was noted between the number of parasites and the condition of
the fish (rs = 0.18, p > 0.05).
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Figure 5. Relationship between the number of pyloric caeca and fish length (Spearman’s rank
correlation coefficient: rs = 0.74, p < 0.05) and the number of Eubothrium crassum (Spearman’s rank
correlation coefficient: rs = 0.78, p < 0.05.

4. Discussion

Any comparative analysis of sea trout parasitofauna from different regions is difficult,
as the geographical distribution of the host appears to play a crucial role in shaping its
parasitofauna [10,11].

In the sea trout examined in this study, the dominant species was the tapeworm E. crassum,
irrespective of location or study period. This parasite, associated with various fishes of the
family Salmonidae, is widely distributed across Europe and North America [14,16,18,27-33].
It is typically the dominant and common parasite in the sea trout (e.g., [14,30-33]), but often
shows lower infection levels in the freshwater residential form—brown trout [34] or may be
absent [35-38]. The tapeworm life cycle typically involves two intermediate hosts (a copepod
and a fish, usually a European perch Perca fluviatilis Linnaeus, 1758) and a definitive host, a
salmonid fish [39]. In marine conditions, however, the cycle may occur with only a single
intermediate host (a copepod) [40,41]; this may contribute to higher infection levels in sea trout.
For example, in studies of S. trutta occurring in freshwater Polish lakes, the tapeworm showed
a low level of infection (prevalence 6.4%, mean intensity 2.0) [34]. In contrast, the present
study revealed that 92.6% of fish (mean intensity 38.0) were infected, with a clear topographic
preference: 98% of tapeworms were attached to the walls of the pyloric caeca. This indicates a
relationship between the number of pyloric caeca and tapeworm presence. A positive correlation
was also observed between fish size (length and mass) and the level of infection.

Parasites are known to exert detrimental effects on their hosts [20,42,43]. In fish, such
effects are often evaluated using the Fulton condition factor [26]. In the present study, this
factor was analyzed in relation to the dominant and most abundant parasite, the tapeworm
E. crassum. Previous studies have reported negative effects of tapeworms from this genus
on host condition. For example, Saskvik et al. [32] found a negative correlation between the
condition factor of Atlantic salmon and the number of Eubothrium sp. individuals, while
Hoffmann et al. [44] observed that E. salvelini (Schrank, 1790) reduced the condition factor of
Arctic char Salvelinus alpinus (Linnaeus, 1758). Nevertheless, in the present study, although
larger fish tended to harbor higher levels of infection with E. crassum, no correlation was
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observed between the number of parasites and host condition. Studies on various tapeworm
species infecting different hosts have reached similar conclusions. An example is the study
by Gjurcevic et al. [45] on adult tapeworms of the genus Triaenophorus (Triaenophoridae) in
the northern pike, Esox lucius Linnaeus, 1758, in which no negative effects of these parasites
were observed. Thus, while the condition factor is generally expected to decline with
increasing parasite abundance [44], particularly for large and prevalent parasites such as
E. crassum, our findings suggest that this relationship may be more complex. For example,
some tapeworms can cause the death of their hosts, such as Schyzocotyle acheilognathi
(Yamaguti, 1934) (Bothriocephalidae), which is considered one of the most dangerous
pathogenic cestodes of cyprinid fishes, in particular the cultured common carp Cyprinus
carpio Linnaeus, 1758 [46]. However, Pei et al. [47] did not demonstrate a similar effect
of this parasite in another host, the grass carp, Ctenopharyngodon idella (Valenciennes in
Cuvier and Valenciennes, 1844). The impact of parasites on host condition can therefore
vary depending on the host species and its biology. This impact is further complicated by
other factors, such as co-occurring pathogens (e.g., viruses, bacteria, and fungi), which are
rarely considered in parasitological studies. Furthermore, when multiple parasite species
coexist, it is difficult to determine whether only one (e.g., the dominant) species negatively
affects the host or whether the effects are synergistic [43].

The tapeworm, E. crassum, was subjected to molecular characterization. The results
will be useful for future comparative studies across the host range and across different host
species. It may also facilitate tapeworm identification in cases where morpho-anatomical
identification is uncertain.

Apart from E. crassum, other parasite species were represented by single individuals
and were reported in previous studies, e.g., [10,14-16,18,33,48,49]. The fluke B. crenatus
has a wide host range, occurring in marine fishes (definitive hosts), mainly from the fol-
lowing families: herrings (Clupeidae), salmonids (Salmonidae), flatfish (Pleuronectidae),
sticklebacks (Gasterosteidae), gadids (Gadidae), sturgeons (Acipenseridae), percids (Perci-
dae), pikes (Esocidae), eels (Anguillidae) as well as lampreys (Petromyzontidae) [31,50-52].
It has also been recorded in sea trout from various regions of its range [10,14,17,48].
Hysterothylacium aduncum is considered one of the most common nematode species in
the North Atlantic region and has a wide host range, including fish [53,54] and appears
to be a recurring element of their parasitofauna. Anisakis simplex is similarly common in
fish parasite communities [48,55,56]. It was identified in sea trout from the German coastal
waters of the Baltic Sea [14] and nematodes from the genus Anisakis have also been found
in the Scottish waters of the North Sea [11]. The third nematode identified, R. acus, is
widely distributed and has been recorded mainly in freshwater, but also in fish inhabiting
waters with low salinity [48,55]. It has also been found in sea trout from other regions and
forms [36,48,57], although it occurs relatively rarely compared to other parasites currently
found in sea trout.

It should be noted that the sea trout parasitofauna of the southern Baltic Sea contains
universal components occurring across the entire host range, and present not only in
anadromous individuals but also in residential and lacustrine forms of S. trutta: the tape-
worm E. crassum is undoubtedly one such example. Infections with other parasites are more
local, reflecting species diversity across different trout habitats. Their composition may
depend on regional parasite communities, which are influenced by local environmental
factors, including the availability of intermediate and definitive hosts [4,29].

The present study of sea trout from the southern Baltic Sea population reveals low
parasite diversity (only five species), yet a generally high infection level (prevalence 94.7%,
mean intensity 37.4). According to Unger [14], the reduced species composition results from
the migratory form having originated from a resident form, which lost part of its parasite
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assemblage in the novel brackish environment of the Baltic Sea. Moreover, despite high
intensity infection level (caused mainly by E. crassum), an analysis based on Fulton’s factor
showed that the presence of parasites had no impact on the condition of the examined fish.
The results suggest that parasite—sea trout interactions are unlikely to have contributed to
the decline in fish catches. Among the parasite species identified, only A. simplex L3 larvae
can pose a zoonotic risk to humans, causing anisakiasis [58,59].

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/d18020078 /s1. Table S1. Measurements of Eubothrium cras-
sum (in mm unless otherwise stated); Table S2. Measurements of Brachyphallus crenatus (in mm unless
otherwise stated); Table S3. Measurements of Anisakis simplex, L3 (in mm); Table S4. Measurements
of Hysterothylacium aduncum, females (in mm unless otherwise stated); Table S5. Measurements of
Raphidascaris acus, females (in mm unless otherwise stated); Table S6. Summary of Eubothrium crassum
tapeworms recovered from the gastrointestinal tract of sea trout from the River Reda.
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