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SUMMARY

The aim of this thesis was to examine metazoan parasite communities and viral infections of
European eel, Anguilla anguilla, from fresh water, brackish and marine localities in northern
Germany. The here collected data shall help to evaluate the suitability of the studied
localities for potential restocking purposes regarding the presence of pathogens.

In Chapter | a comparative examination of the metazoan parasite communities of the
European eel was conducted including measures of parasite diversity characteristics. Special
focus was given on the prevalence and intensity of infection with the invasive swim bladder
nematode Anguillicoloides crassus and the gill monogenean Pseudodactylogyrus spp.

In all, 29 parasite species/taxa were found in 170 eels from six different sample sites.
Parasite communities of European eels clearly exhibit the habitat preferences of their hosts,
salinity-dependent specificities, and a clustering into fresh-water, brackish, and marine
groups. The highly pathogenic parasite species Anguillicoloides crassus and
Pseudodactylogyrus spp. were found at all sampling sites in fresh water and brackish water,
with high prevalence. Therefore, the common practice of catching glass eels in river
estuaries for restocking solely in inland waters as management measure for stock recovery
should be critically considered.

To set a baseline for future trend analyses and biodiversity considerations an updated and
comprehensive literature review on prevalence and distribution of parasites of the European
eel in European waters was conducted (Chapter Il). The resulting checklist provides evidence
for 161 parasite species/taxa from 30 countries. Special consideration was given to the
distribution of the swimbladder nematode Anguillicoloides crassus. A map and table of first
reported records as well as a survey map indicating all published localities of A. crassus
documented in the checklist are provided.

In Chapter Il the prevalence of virus infections in European eels from natural habitats with
differing salinity regimes were evaluated. Out of the 140 examined eels, HVA was detected
in two of the five investigated water bodies with an overall infection prevalence of 2%. Virus
infection was only detected by direct PCR testing, whereas none of the three HVA PCR-
positive eels showed any clinical sign of disease. However latent infections of HVA were
found in the investigated water bodies and as proven for the first time, also in a marine
habitat (Helgoland) of northern Germany. The only reliable method for the verification of
viral genome in latent herpesvirus infections is by PCR examination. For the verification of
even low virus copy numbers in asymptomatic carriers, a more sensitive detection method
was developed (Chapter IV). This method was tested on eel samples from two freshwater
localities in northern Germany, Lake Ponitz (n=16) and River Elbe (n=30). But even with this
high sensitive nested-PCR, HVA positive eels were only detected in 2 eels from Lake Ponitz
(Chapter IV). Hence, the rate of HVA infection seemed to be quite low among northern
German eel stocks. But the source of infection is present in at least three of the seven
studied localities (Chapter Ill & IV) and under favourable conditions for virus replication like
high water temperature or stress a reactivation and further dispersal of HVA might be
induced.






ZUSAMMENFASSUNG

Ziel dieser Arbeit war es die metazoischen Parasitengemeinschaften und Virusinfektionen
des Europdischen Aals, Anguilla anguilla, aus SiRwasser, Brackwasser und marinen
Habitaten Norddeutschlands zu untersuchen. Die erhobenen Daten sollen helfen die
untersuchten Gewasser auf ihre Eignung als potenzielle Besatzstandorte in Bezug auf
Pathogene zu evaluieren.

In Kapitel | wurden die metazoischen Parasitengemeinschaften des Europaischen Aals
vergleichend untersucht und zusatzlich Diversitatsindizes zur Charakterisierung der
Artengemeinschaften erhoben. Besonderer Fokus wurde auf den Befall mit dem
Schwimmblasen-Nematoden Anguillicoloides crassus und den Kiemen Monogeneen
Pseudodactylogyrus spp. gelegt. Insgesamt konnten 29 Parasitenarten/Taxa aus 170 Aalen
von sechs verschiedenen Standorten nachgewiesen werden. Die Parasitengemeinschaften
der Aale spiegeln die Habitatspraferenzen ihrer Wirte wider, weisen salinitatsbedingte
Spezifitaiten auf und clustern sich in SUR-, Brack- und Salzwassergruppen. Die
eingeschleppten und pathogenen Parasitenarten Anguillicoloides crassus und
Pseudodactylogyrus spp. wurden fiir alle SUBR- und Brackwasser Standorte mit hohen
Pravalenzen nachgewiesen, nicht jedoch fiir den marinen Standort. Die gangige Praxis Aale
ausschlieBlich in Binnengewadsser zu besetzen, sollte aufgrund des fehlenden Auftretens
dieser Pathogene in reinen Salzwasserstandorten kritisch Gberdacht werden. In Kapitel Il
wurde eine umfassende Literaturrecherche zum Vorkommen und Verbreitung der Parasiten
des Europdischen Aals in Europdischen Gewdssern vorgenommen. Mit der erstellten
Checklist wurde eine Grundlage erarbeitet, die zukiinftigen parasitologischen Studien als
Hilfsmittel dienen soll. Insgesamt konnte der Nachweis fiir 161 Parasitenarten/Taxa des Aals
aus 30 Europadischen Landern erbracht werden. Hierbei wurde besonders auf die Verbreitung
von Anguillicoloides crassus eingegangen. Es wurde sowohl eine Karte und Tabelle mit
Erstnachweisen fir diese Art erstellt, als auch eine Ubersichtskarte mit allen in der Checklist
aufgefihrten Untersuchungsgebieten in denen A. crassus nachgewiesen wurde.

Des Weiteren wurden 140 Aale von 5 Standorten auf ihren Befall mit Herpesvirus anguillae
(HVA) hin untersucht (Kapitel Ill). HVA positive Aale konnten fiir zwei Standorte mit einer
Pravalenz von 2% nachgewiesen werden. Dabei konnte das Virus bei diesen klinisch
unauffalligen Aalen ausschlieBlich via PCR Diagnostik detektiert werden. Somit konnten
latent infizierte Aale identifiziert werden und HVA erstmalig flr einen marinen Strandort
beschrieben werden. Damit der Nachweis auch von sehr geringen Mengen Virus DNA in der
Wirtszelle moglich ist, wurde die sensitivere Methodik der nested-PCR fir das Aal-
Herpesvirus entwickelt (Kapitel IV). Aale von zwei StiRwasserstandorten, Ponitzer See (n=16)
und Elbe (n=30), wurden mit dieser Methodik untersucht, jedoch konnte auch mit dieser
hoch sensitiven nested PCR nur 2 HVA positive Aale aus dem Ponitzer See nachgewiesen
werden. Anhand dieser Ergebnisse scheint die Belastung mit Herpesvirus anguillae in
norddeutschen Gewadssern eher gering zu sein. Allerdings ist das Virus in latenter Form in
drei der sieben untersuchten Gewadsser vorhanden und somit eine Quelle firr potenzielle
Verbreitung und Ausbriiche vorhanden.

Vii
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GENERAL INTRODUCTION

The genus Anguilla

Freshwater eels of the genus Anguilla are fascinating animals with a unique way of living
which set them apart from other fish species. The question of origin and reproduction of eel
attracted already Aristotle in 350 BC who assumed, “(...) eels come from the entrails of the
earth (...)” (van Ginneken & Maes, 2005). Since Johannes Schmidt, a Danish biologist, who
attempted the first expeditions to the estimated spawning grounds in the Sargasso Sea in
the 1920", researchers try to replace myths and speculations with biological evidence. Due
to the decline of the three main exploited anguillid species Anguilla anguilla (European eel),
A. rostrata (American eel) and A. japonica (Japanese eel), the protection and management of
eels is not longer just in focus of biologist, but also of fishermen, fish farmers,
conservationists and even politicians.

All freshwater eel species have a catadromous, semelparous life cycle in common,
comprising a continental phase of the growth stages, a spawning migration to deep sea
areas of tropical/subtropical ocean waters, and a larval drift by ocean currents back to the
continental shelves (Tesch, 2003). To date 16 species and 3 subspecies are known for the
genus Anguilla worldwide (Tesch, 2003; Watanabe, 2009). The onset of speciation is
estimated some 20 million years ago and led to the evolution of 3 geographically confined
clades: Atlantic (2 species), Oceanian (3 species) and Indo-Pacific (12 species) (Minegishi et
al., 2005; Watanabe, 2009).

The focus of this thesis is on the European eel (Anguilla anguilla Linnaeus, 1758). The
European eel together with its closely related sister species, the American eel (Anguilla
rostrata LeSueur, 1817) forms the Atlantic clade, distributed in the North-Atlantic Ocean.
Adult silver eels of both species share the Sargasso Sea (23-30° N; 48-74° W) as spawning
area (Tesch, 2003). But despite a very likely temporal and spatial overlap of spawning of
European and American eels, their larvae get distributed to their respective continents,
driven by a so far unknown mechanism (van Ginneken & Maes, 2005).

The European Eel, Anguilla anguilla

European eels are distributed throughout
the coasts of Europe with a range from the
North Cape in Northern Norway to the
north-western part of the African coast
including the Baltic Sea, North Sea, Atlantic
and Mediterranean Sea and adjacent
freshwater systems (Tesch, 2003) (Figure 1).
. The life cycle of European eels (Figure 2)
incorporates two long-distance migrations
across the North-Atlantic Ocean of
approximately 5000-6000 km. The partially
Figure 1 Distribution of European eel. Source mature adult silver eels leave the
aquamap. continental waters and migrate within 6-7
months along the Canary and North-equatorial currents to their spawning grounds in the
Sargasso Sea (Figure 3) (van Ginneken & Maes, 2005). Female silver eels (body length >50
cm) with sufficient energy reserves (Svedang & Wickstrom, 1997) start their spawning
migration from the European coast between September and November, whereas the smaller
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male silver eels (approximately 40 cm) depart around August (Usui, 1991; Tesch, 2003).
Leptocephalus larvae appear between February and July of the following year. They migrate
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passively by the Gulf Stream and the North
Atlantic Drift and reach the European and
North African coastlines approximately 2
years after hatching (Kettle & Haines,
2006). By reaching the continental waters
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Figure 2 Life cycle of European eel. Source: Dekker, Step-wise process, which can be arrested at
2000. various stages. Further, it is most probable

that eels are realizing more than one
migration attempt (Svedang & Wickstrém, 1997). Age and length at maturation show large
geographical variation and a positive correlation between distance from spawning area and
mean length whereas a negative correlation between distance and mean age could be
observed (Vgllestad, 1992). The mean age at maturation, averaged for the European eel
distribution area, for female eels is 8.73 years with a mean length of 623.2 mm and for male
eels 5.99 years at mean length of 405.6 mm (Vgllestad, 1992). Adaptations for the oceanic
migration and maturation during the silvering process are indicated morphologically as well
as physiologically. These adaptations include changes in coloration of the skin, increased eye
diameter and pectoral fin length, regression of the intestinal tract (decrease of the Gut-
4 Index) and gonadal development (increase
of Gonado-Somatic Index). It is still in doubt,
whether migrating European eels form one
single, and randomly mating population
(panmixia hypothesis). Molecular evidence
for isolation-by-distance (Wirth &
Bernatchez, 2001) and the identification of
three distinct spawning groups located in
Northern Europe, Western Europe and
Mediterranean Sea (Maes & Volckaert,
2002) seem to reject this hypothesis.
However, the results of Dannewitz et al.
(2005) and Palm et al. (2009) again support
the panmixia hypothesis by finding genetic
heterogeneity only being present between
temporally separated cohorts.

Figure 3 Eel migration and possible spawning location.

Source:www.eeliad.com.

The eel decline and potential causes

Over the last decades a decline in eel recruitment can be observed for European eel (up to
99%) as well as for Japanese eel (around 90%) and for American eel populations (Stone,

2
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2003). The exact causes for the decline are still unknown, but a combination of
anthropogenic and natural factors affecting the eel at different life stages, are assumed.

a Global capture production for b Global aquaculture production for
Anguilla anguilla Anguilla anguilla
25000 12000
20000 4 10000 -
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(] (]
= S 6000
o o
F 10000 =
4000 A
5000 2000 -
0 0 -
1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000
Year Year

Figure 4 Global capture (a) and aquaculture (b) production for Anguilla anguilla. Source: FAO, 2008.

Fishing pressure exists on all continental stages of the European eel. The exploitation by
commercial fishermen as well as by anglers varies locally and is generally a small scale
artisanal fishery, but supplies the world marked (Dekker, 2003b). Landings of European eel
decreased remarkably according to FAO capture production data from 1950 to 2007 (Figure
4a) with maximum landings of 20278 t in 1968 to 5980 t in 2007 (FAO, 2009). However,
aquaculture production (Figure 4b) of European eel in Europe increased since 1950 from 160
t to 8356 t in 2007 (FAO, 2009). Together with Asian countries, farming of European eel
currently supplies approximately 45 000 t/year, which is >80% of the world’s consumption of
this species (Nielsen & Prouzet, 2008).

Glass eel fishery is present along the Atlantic coast of Portugal, Spain, France, Morocco and
the Bristol Channel in the UK, whereas fishery on yellow eels exists throughout the
distribution area and on silver eels mainly in the Baltic Sea and Northern Ireland (Ringuet et
al., 2002). The highest market value in eel fishery has the glass eel trade with a price of 750
EUR/kg in 2008 (Briand et al., 2008). Only a small proportion of the caught glass eels (7.5-
15% in 2007) are used for restocking purposes in Europe (ICES/EIFAC, 2008) and
approximately the same amount for direct consumption, mainly in Spain (Dekker, 2003b).
But the majority is used for aquaculture in Asia (Dekker, 2003b) and consequently lost for
the spawning stock. Habitat loss as a result of wetland reclamations during the last century
destroyed approximately 50-90% of suitable habitats for eel (Feunteun, 2002). Further,
migration barriers like river dams disrupt the accessibility of river systems and inhibit
upstream migration when fish passes are missing (Ringuet et al., 2002). For downstream
migrating silver eels the turbines of hydro-electric power plants form a considerable threat
with assessed mortality rates of 16-26% (Winter et al., 2007). Contaminations of aquatic
habitats with organic pollutions such as dioxin-like polychlorinated biphenyls (PCBs) are
considered as a contributing factor to the current collapse of European eel. PCBs are
lipophilic contaminants that accumulate in the lipid stores of the respective organism and
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are known to induce embryonic malformations in fish and fish-eating birds (Palstra et al.,
2006). In female European eels most of the fat reserves (up to 52%) are transported into the
gonads during maturation and are incorporated together with the contaminants in the
oocytes (Palstra et al., 2006). Palstra et al. (2006) detected in their study critical PCB levels in
most gonads of wild European eels from different localities and suggested a deleterious
effect on embryonic development and therefore impairing successful reproduction.
Furthermore, contaminations also seem to induce a decrease in lipid levels which has been
observed in a long term study on yellow eels from Belgium and the Netherlands (Belpaire et
al., 2008). For a successful spawning migration and gonad development eels need to have
sufficient fat reserves of at least 20% of their body weight (Svedang & Wickstrom, 1997).
Therefore, the low fat content in yellow eels is considered as an essential factor for the stock
decline (Belpaire et al., 2008; ICES/EIFAC, 2008). Natural factors like oceanic and climate
changes in the Sargasso Sea may also impair the reproduction and larval survival of
European eels as well as American eels (Friedland et al., 2007; Bonhommeau et al., 2008).
Friedland et al. (2007) detected a significantly negative correlation between the North
Atlantic Oscillation (NAO) and long-term variations in glass eel catches of the European eel in
the Netherlands (Den Oever recruitment index — DOI). They suggested that NAO forced
changes in fronts and currents in the Sargasso Sea have an impact on the location of
spawning areas and larval transport. Another aspect related to climate-driven processes, like
global warming, is the decrease in global primary production of about 6% since the early
1980s (Bonhommeau et al., 2008). The food availability of leptocephali in the spawning
areas and during oceanic migration, which is thought to be dissolved organic matter and
particulate organic matter, seem to be dependent on marine primary production
(Bonhommeau et al., 2008). It is further hypothesized that an increase in sea surface
temperature, as a result of global warming, leads to a decrease in marine production and
therefore affecting the food availability of leptocephali (Bonhommeau et al., 2008). These
interdependencies were proofed by highly positive correlation between primary production
and glass eel recruitment for European eel, American eel as well as Japanese eel
(Bonhommeau et al., 2008). The aspect of oceanic and climate changes could give an
explanation of the simultaneous decline in recruitment of the two Atlantic eel species as well
as for the Japanese eel, which is affected by El Nifio events (Friedland et al., 2007;
Bonhommeau et al., 2008). However, until now the knowledge about the incidence of the
marine phase of anguillid eels is very fragmentary and rather speculative in order to evaluate
the importance of oceanic and climate changes (Friedland et al. 2007; ICES/EIFAC, 2008).
Predating birds are also considered as a natural mortality factor for eels, especially the
predation pressure of cormorants on eels inhabiting shallow fresh, brackish and marine
waters (Bramick & Fladung, 2006; Carss, 2006). Until now only rough estimates exist on the
dimension of eel mortality caused by cormorants. Cormorants are not evenly distributed
throughout the aquatic habitats and their impact on eel stocks is mostly dependent on the
size of breeding colonies (Bramick & Fladung, 2006). The estimated cormorant predation lies
in the range of 15-42% of the commercial catches and should therefore be considered in
investigations of eel population dynamics (Bramick & Fladung, 2006; Carss, 2006). European
eels also suffer from various parasitic and viral diseases (see also sections eel parasitology
and eel virology for detailed information). The most eminent eel parasite is the invasive
swim bladder nematode Anguillicoloides crassus. Heavy infections with A. crassus severely
impair the functionality of the swim bladder as a hydrostatic organ and may therefore affect
the spawning migration of eels (Kennedy, 2007). Infections with Herpesvirus anguillae (HVA)

4
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and Eel Virus European X (EVEX) are considered to be the most significant viral threats for
immunosupressed European eel due to their high pathogenicity (van Ginneken et al., 2004,
2005). Stressful conditions like high fish density, high water temperatures, pollution, and the
long-term spawning migration can be indicative for immunosupression and virus reactivation
leading to pathological alterations and even mortality (Haenen et al., 2009; Scheinert &
Baath, 2004; van Ginneken et al., 2005).

Management considerations

In answer to the alarming stock situation the EU released in 2007 a regulation with the
objective of protection and sustainable use of the European eel stock (Council Regulation EC,
2007). According to this regulation the anthropogenic mortalities should be reduced and all
member states have to develop eel management plans for their river basin districts to
achieve this objective (Council Regulation EC, 2007). For the regeneration of the European
eel stock, an escapement to sea of at least 40% of the biomass of silver eel, defined as the
best estimate of the theoretical escapement if the stock had been completely free of
anthropogenic influences, shall be allowed. Furthermore, 35% of eel less than 12 c¢cm in
length caught in 2009 should be reserved for stocking to suitable habitats, rising to 60% by
2013 (Council Regulation EC, 2007). The potential benefits or risks of restocking for an
enhanced silver eel production and stock regeneration are still in scientific debate, because
of limited quantitative information on survival and mortality rates of stocked eels
(ICES/EIFAC, 2008). The ICES Advise of 2008 (ICES, 2008) points out numerous risks arising
with restocking which should be considered in the management plans and raise concerns
over large scale stocking as a remedy for stock recovery. Stocking activities often involve
translocation of eels and might lead to decreased genetic variability, biased sex-ratios,
disruption of migration behaviour and spread of diseases and parasites (ICES, 2008). These
risks may best be avoided by stocking with glass eels from a natural state and not with on-
grown eels from aquaculture. Furthermore, the eel should be included in the European fish
disease prevention policy in order to minimize the risks of transfer of diseases associated
with stocking (ICES/EIFAC, 2008).

PARASITOLOGY

Parasitism is a highly successful life history strategy defined as a close relationship of two
organisms, in which one - the parasite - lives on or in another - the host - deriving benefit
from it (Rohde, 2005). Furthermore, parasitism is part of the natural selection process that
shape the present form and biology of individuals and forces organisms to develop defence
mechanisms (Littlewood, 2005). Hence, it appears as an important driver of biodiversity
(Hudson et al., 2006). Parasites are an important, but often disregarded integral part of
every ecosystem (Marcogliese, 1995) representing approximately 40% of known species on
earth (Dobsen et al., 2008). In developing morphological and physiological characteristics,
parasites are perfectly adapted to life on (ectoparasite) or in their host (endoparasite),
performing either a direct (only one host) or an indirect (several hosts) life cycle (Dogiel,
1964). It can be distinguished between three types of hosts: (i) the definitive host harbouring
the sexually mature parasite stage, (ii) the intermediate host harbouring the immature,
developing parasite stages, and (iii) the paratenic host, harbouring the larval forms that do
not develop within the host (Rohde, 2005).
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Fish parasitology

Fish parasites play an important role in the aquatic biodiversity and estimates suggest up to
100000 species of marine fish parasites (Rohde, 2002). Differences in parasite diversity of
specific regions or habitats are influenced and regulated by abiotic factors like temperature
(Poulin & Rohde 1997; Rohde, 1993), salinity (Moller, 1978; Zander, 1998), depth of water
(Palm, 1999) as well as by biotic factors like food (Klimpel et al., 2003a, b), availability of
intermediate and definitive hosts (Lile, 1998) and host migration (Walter et al., 2002).
Especially helminthic fish parasites (trematodes, cestodes, nematodes and
acanthocephalans) with their complex indirect life cycles are susceptible for these factors.
The knowledge of parasite life cycles can be a useful tool for ecological studies. Parasites can
reflect their hosts feeding behaviour (Campbell et al., 1980, Williams et al., 1992, Palm,
1999) and are useful indicators for environmental stress like pollution and eutrophication
(Palm & Dobberstein, 1999). In fishery biology they can be used for fish stock separation as
well as indicators for migratory behaviour of fish (MacKenzie, 1983) and are indicative of
changes in ecosystem structure and function (Marcogliese, 2004). However, parasites also
have the potential to affect their hosts’ behavior, growth, fecundity, and even lead to
mortality (Marcogliese, 1995).

Eel parasitology

The overall scientific interest in eel and the search for
potential causes of its decline also resulted in an
increasing number of parasitological studies.
Investigations from different sampling sites and
habitat types including fresh-, brackish-, and marine
water bodies were performed from all over Europe,
like Poland (Orecka-Grabda & Wierzbicka, 1994;
Seyda, 1973), Russia (Rodjuk & Shelenkova, 2006),
Denmark (Kgie, 1988a, b), the British Isles (Kennedy,
1993, 1997), Ireland (Conneely & McCarthy, 1986),
Belgium (Schabuss et al., 1997), Italy (Di Cave et al.,
2001; Kennedy et al., 1997, 1998), Spain (Aguilar et al.,
2005; Outeiral et al., 2001, 2002), Portugal (Saraiva et
al., 2005) and Germany (Reimer, 1987; Sures & Streit,
2001). All these studies provide evidence that

especially the helminth communities (Figure 5) in
European eel are of high similarity in composition and
structure, but show salinity-dependant specificities. To
further investigate the changes in parasite species
composition of eel in relation to salinity, a comparative
examination on parasite communities of eels from fresh water, brackish water, and marine
localities of northern Germany was performed in the present study (Chapter I). Of special
interest is the distribution and impact of the invasive parasite species of the European eel.
In most cases, invasive species are harmful for their new host due to the lack of protective
immune defence in the latter (Taraschewski, 2006). The host-parasite relationship is usually
a long term co-evolutionary adaptation process leading to low parasite abundances causing
only low damage in the host (Taraschewski, 2006). But, this is not the case for invasive
parasite species entering a new host. Especially the invasive and highly eel pathogenic swim

Figure 5 Typical parasites of the European

eel. (a) Podocotyle atomon, (b) Dero-
pristis inflata, (c) Bothriocephalus clavi-
ceps, (d) Proteocephalus macrocephalus.
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bladder nematode Anguillicoloides crassus has been identified as a possible threat to the
European eel stock (Kenndey, 2007). This nematode was formerly referred to as Anguillicola
crassus, until it was recently transferred to the genus Anguillicoloides (Moravec, 2006).
Anaguillicoloides crassus is originally endemic to East Asia in its native host Anguilla japonica
(Japanese Eel), where it causes no damage (Nagasawa et al., 1994). This parasite was
introduced in the early 1980s from south-eastern Asia into western European water bodies
as a result of uncontrolled intercontinental transfer of live eels for human consumption
(Kgie, 1991). An updated overview of the distribution of Anguillicoloides crassus since the
1980s was part of a comprehensive review of literature about eel parasites within this thesis
(Chapter IlI). The abundance of
Anguillicoloides crassus is only limited
by cold-water temperature (< 4°C)
(Knopf et al., 1998) and high salinity (=
50% of seawater) (Kirk et al., 2000). To
evaluate the impact of salinity on
prevalence and intensity of infection
with A. crassus eels from water bodies
with a different salinity regime were
investigated (Chapter I). The life cycle
of A. crassus in European eels involves

a wide range of copepod and ostracods
as intermediate hosts (Kirk, 2003;
Moravec et al., 2005) as well as prey
fishes, aquatic snails, insect larvae and amphibians as paratenic hosts (Moravec & Skorikova,
1998). Infection with A. crassus can cause numerous pathological and physiological
alterations of the swim bladder due to the sanguivorous feeding habit of the parasite. Effects
include thickening, inflammation and fibrosis of the swim bladder wall (Wirtz &
Taraschewski, 2000) as well as alterations of the gas secretion into the swim bladder (Wiirtz
et al., 1996) and reduced swimming endurance (Palstra et al., 2007). In extreme cases, the
lumen can be completely filled with nematodes (Figure 6). Thus, heavy infections with A.
crassus reduce the functionality of the swim bladder as a hydrostatic organ and may severely
impair the ability of eels to migrate to their spawning grounds in the Sargasso Sea (Kennedy,
2007).

Figure 6 Heavily infected swim bladder with A. crassus of

an eel caught in the Kiel Bight.

The two monogenean species Pseudodactylogyrus anguillae
and P. bini, (Figure 7) also originated from the Japanese eel,
were introduced at the same time as A. crassus to central
Europe via eel trade (Kgie, 1991). Their distribution among
wild eel stocks in Europe, as well as prevalence and intensity
of infection in relation to salinity were analysed in this thesis
(Chapter |1 & Il). Both species co-occur in European eels even
on the same individual host (Buchmann et al., 1987), are very
similar in their morphology and difficult to distinguish from
each other. They are oviparous and have a direct life cycle
with an optimal temperature for reproduction around 25-
f7 — 30°C (Kgie, 1991). Pseudodactylogyrus anguillae is tolerant to
reproduce in salinities up to 20 [psu] and can be found in
freshwater and brackish water localities, whereas P. bini

Figure 7 Pseudodactylogyrus bini.
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appears to be more restricted to freshwater (Kgie, 1991). They both feed on mucus and
epithelial cells on the eels’ gill surface (Kgie, 1991). The large hamuli of P. anguillae cause
bleeding and damage to the gill tissue and the smaller hamuli of P. bini induce extensive
tissue reactions (Buchmann et al., 1987). However, eel mortality caused by these parasites
has not yet been reported in the wild (Kennedy, 2007), but have caused heavy losses in
intensively cultured eel stocks (Buchmann et al., 1987), where the parasites find optimum
conditions for reproduction (Kgie, 1991).

VIROLOGY

A virus can be defined as an obligate intracellular parasite which totally depends on a host
cell for replication (Carter & Saunders, 2007). A virion, the extracellular state of single virus
particle, consists of a protective protein capsid which contains the viral genome either as
RNA or DNA (Carter & Saunders, 2007). Viruses are an ubiquitous part of cellular organisms
(Koonin et al., 2006), can infect all life forms, populate almost every ecosystem (Lawrence et
al., 2009), are the most abundant type of biological entity (Edwards & Rohwer, 2005) and a
reservoir of the greatest genetic diversity on Earth (Suttle, 2005). Viral infections are a major
cause of diseases and mortality in a range of organisms, and thus an important evolutionary
driver (Suttle, 2007).

Fish virology

Fish viruses are found to be the primary initiators of diseases (Moller & Anders, 1983).
However, the pathogenic potential of a virus largely depends on the individual health status
of the host and on environmental conditions (Moller & Anders, 1983). Virus-induced
diseases and mortalities rarely occur in free-living fishes (Moller & Anders, 1983) but mainly
when fish are under stressful conditions (van Ginneken et al., 2004), which is especially the
case in intensive aquaculture (Haenen et al., 2009). In teleost fish, herpesviruses are the
most commonly encountered DNA viruses (Hedrick et al., 1990), whereas only a small
fraction causes severe infections (Wolf, 1988). However, some of the important fish viruses
causing high mortalities and economic losses in fish farms belong to the family Herpesviridae
like the Channel Catfish Virus (CCV), Koi Herpes Virus (KHV), three different types of
salmonid herpesviruses as well as Herpesvirus anguillae (HVA) (Roberts, 2001).
Herpesviruses are closely related and highly adapted to their host species, which is indicative
for a long-term co-evolutionary process and success (Davison, 2002). They are characterized
by a modest pathogenicity in their natural settings (Davison, 2002) and causing severe
infections mainly in immunosuppressed individuals (Roberts, 2001). A peculiarity of
herpesviruses is their ability to establish latent infections, a lifelong persistence in the host
organism (Minarovits et al., 2006). The latency phase proceeds without any signs of clinical
symptoms but viral replication can reactivated in stressed immune suppressed hosts with
the possibility of a recurring clinical disease (Roberts, 2001). In order to avoid viral disease
outbreaks and high fish mortality in aquaculture, juvenile fish often get purposely infected
with the respective virus. This kind of controlled infection by cohabitation, either with
infected fish or virus contaminated water, autovaccinate the cultured fish species and seem
to be a common practice in eel aquaculture (ICES/EIFAC, 2008) and was practiced in koi
(Cyprinus caprio) aquaculture in Israel (Meyer, 2007). However, this practice produce
latently infected carrier fishes, which makes virus detection difficult and the infection often
remains unnoticed. These outwardly healthy fishes pose an epidemiological threat for
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farmed as well as wild fish stocks (ICES/EIFAC, 2008), when they are transferred between
aquaculture farms, or introduced into ponds or natural waters.

Eel virology

To date various viruses have been isolated from the European eel, including: (i) the
rhabdoviruses EVA (Eel Virus America) and EVEX (Eel Virus European-X), (ii) the birnaviruses
IPNV (Infectious Pancreatic Necrosis Virus) and EVE (Eel Virus European), and (iii) the
herpesvirus HVA (Herpesvirus anguillae). Among these, EVEX and HVA gained most attention
and are considered as contributing factors for the worldwide decline of eel populations (van
Ginneken et al., 2005).

The rhabdovirus EVEX is a single stranded RNA virus, with a bullet-like form (Sano et al.,
1977). It was first isolated in 1977 in a shipment of European eel from France to Tokyo and
was named after its European origin (Sano et al., 1977). EVEX infections are manifested by
haemorrhagic diathesim, skin lesions, anorexia and lethargy (Haenen et al., 2009). In a
simulated spawning migration experiment, virus-positive eels died after a swimming
distance of 1000-1500 km, whereas virus-negative eels swam 5500 km (van Ginneken et al.,
2005). Therefore, van Ginneken at al. (2005) consider the long-term migration as a major
stressful event for eels. EVEX was recently found in farmed and wild European eels from the
Netherlands, Italy and Morocco, as well as from wild Anguilla dieffenbachi from New
Zealand (van Ginneken et al., 2004). However, only the eels from Italy showed clinical signs
of disease (van Ginneken et al., 2004). Studies on virus prevalence in populations of yellow-
and silver eels in the German rivers Rhine and Mosel and in various Bavarian water bodies
indicate a minor role of EVEX infections in these water bodies, but a major impact of HVA
(Lehmann et al., 2005, Scheinert & Baath, 2004, 2006).

: 5= 7 gk o HVA is an enveloped double stranded DNA-virus
e S | with an icosahedric morphology (Davidse et al.,
1999). HVA was first isolated in 1985 from
Japanese and European eels from a Japanese eel
farm (Sano et al.,, 1990). Eel suffer from HVA
infection often show intensive haemorrhages all
over the head and mouth, the so-called “redhead”
disease (Figure 8a). Additional symptoms are
haemorrhagic lesions of fins (Figure 8b), tissue,
and abdominal skin, congestion and destruction of
gill filaments as well as pathological alterations of
spleen, liver, and kidney (Davidse et al., 1999; van
Nieuwstadt et al., 2001).

As a herpesvirus, HVA has the ability to persist and
establish a latent infection in eel (van Nieuwstadt
et al., 2001). Indicators for virus reactivation are
most likely a combination of multiple stress factors
like high water temperatures, low oxygen
concentrations, high fish density within a habitat
Figure 8 HVA infected eels. a ,redhead OF in culture, bad water quality, pollution, and lack
disease”, b haemorrhagic fin lesions. Source: Of feeding (Scheinert & Baath, 2004; Haenen et al.,
s. Bergmann (a), M. Fabian (b). 2009). During the latent phase the production of

infectious virus particles is suppressed and
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verification by serological methods or via cell culture is not possible (Cohrs & Gilden, 2001).
For the detection of virus DNA even in eels with latent infections or asymptomatic carriers
Rijsewijk et al. (2005) established a HVA PCR. Based on this PCR protocol a more reliable and
sensitive nested-PCR was developed as part of this thesis (Chapter IV). Herpesvirus anguillae
(HVA) is known to be present in cultured eels in several countries world-wide, like Japan
(Sano et al., 1990), Taiwan (Ueno et al., 1992; Chang et al., 2002) and the Netherlands
(Davidse et al., 1999; van Nieuwstadt et al., 2001; Haenen et al., 2002) where even elvers for
restocking were found to be virus positive (van Ginneken et al., 2004). More recently, HVA
was also detected in eels from natural freshwater habitats in the Netherlands (Haenen et al.,
2002) and Germany (Lehmann et al., 2005; Scheinert & Baath, 2004, 2006). To evaluate the
abundance of virus positive eels in natural waters of northern Germany, eels from different
localities were investigated in this study (Chapter Ill). Outbreaks of HVA infections in wild eel
were mainly observed during hot summer month, when water temperatures reaches 20°-
30°C (Scheinert & Baath, 2004). This equates to the optimal temperature for virus replication
of HVA, ranging between 20°- 26°C (Sano et al., 1990; Davidse et al., 1999). Some authors
(Davidse et al., 1999; Lehmann et al., 2005) consider HVA as the most significant viral threat
for the European eel due to its high pathogenicity in farmed as well as in wild eels (Scheinert
& Baath, 2004, 2006). Especially restocking of latently infected eels can be considered as a
large threat as they can introduce the virus into so far pristine habitats.
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AIM AND OUTLINE OF THIS THESIS

The general focus of this thesis was to determine the health status of European eels from
different habitats in northern Germany. Therefore, a comparative examination of the
parasite and virus infections of eels sampled from rivers, lakes, the Baltic Sea and North Sea,
was conducted to evaluate the influence of the respective locality on composition of
parasite communities and the presence of virus diseases. Information derived from the
collected data are valuable, to characterize the suitability of a habitat for restocking
purposes.

This thesis is divided into the following chapters:

Chapter |

Salinity dependence of parasite infestations in the European eel, Anguilla anguilla, in
northern Germany

In this study, a comparative examination was carried out for the first time on metazoan
parasite communities of eels from fresh water, brackish water, and marine localities of
northern Germany. Special focus was given on the swim bladder nematode Anguillicoloides
crassus and the gill monogenean Pseudodactylogyrus spp. with the aim to provide basic
information on the risks of restocking programmes solely focusing on fresh-water sites.

Chapter i

A checklist of the protozoan and metazoan parasites of European eel (Anguilla anguilla)
The aim of this literature review was to summarize all published data on the parasite fauna
of the European eel to an updated and comprehensive checklist to set a baseline for future
trend analyses and biodiversity considerations. Especially the distribution of the swim
bladder nematode Anguillicoloides crassus was taken into account. A map and table of first
reported records as well as a survey map indicating all published localities of A. crassus
documented in the checklist are provided.

Chapter il

Montitoring of Herpesvirus anguillae (HVA) infections in European eel, Anguilla anguilla
(L.), in northern Germany

In Chapter lll the prevalence of HVA infections in European eels from natural habitats was
analysed. For the first time eels from water bodies with a different salinity regime were
collected to evaluate the spread of HVA infections in freshwater, brackish and marine
habitats in northern Germany.

Chapter IV

Detection of Herpesvirus anguillae (HVA) in European eel by nested-PCR

The present study was undertaken to develop a more reliable and sensitive method for the
detection of HVA with a high probability even in latently infected eels.

Therefore a nested-PCR was developed and verified with samples from feral European eels
from two freshwater localities in northern Germany (River Elbe and Lake Ponitz).
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Abstract

The aim of the study was to examine metazoan parasite communities of European eels
(Anguilla anguilla) in fresh-water, brackish water and marine localities in northern Germany.
In all, 29 parasite species/taxa were found in 170 eels: eight digeneans, one monogenean,
five cestodes, ten nematodes, two acanthocephalans, and three crustaceans. Measures of
diversity characteristics of the helminth communities included species richness, Shannon’s
diversity index and its evenness, and the Berger—Parker dominance index. The highest
species diversity and lowest dominance values were calculated for the helminth
communities of eels from the two Baltic Sea localities. Parasite communities of European
eels clearly exhibit the habitat preferences of their hosts, salinity-dependent specificities,
and a clustering into fresh-water, brackish, and marine groups. The highly pathogenic
parasite species Anguillicoloides crassus and Pseudodactylogyrus spp. were found at all
sampling sites in fresh water and brackish water, with high prevalence. Basic information is
provided on the risks of restocking programmes solely focusing on fresh-water sites.

Introduction

After some three decades of decreasing catches and a dramatically reduced recruitment of
glass eels to the European coast, the European Commission released a regulation (Council
Regulation EC, 2007) with the objective of protection and sustainable use of the stock of
European eels (Anguilla anguilla). All member states are obliged to develop eel management
plans for their river basin districts, designed to reduce anthropogenic mortalities. One of the
measures proposed to implement such a management plan successfully is restocking of
juvenile eels to suitable habitats. However, the suitability of waterbodies for the production
of healthy spawners is not only influenced by fishing pressure and connectivity to the open
ocean, but also by the occurrence of diseases and parasites. Most studies on the parasite
fauna of the European eel have been carried out in fresh-water environments (e.g. Conneely
& McCarthy, 1986; Kgie, 1988a; Kennedy, 1993, 1997; Schabuss et al., 1997; Kennedy et al.,
1998; Sures et al., 1999; Di Cave et al., 2001; Aguilar et al., 2005; Kristmundsson & Helgason,
2007). Investigations on the parasite fauna of European eels in marine habitats (Outeiral et
al., 2001, 2002; Kristmundsson & Helgason, 2007) are scarce. Only a few comparable studies
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actually focused on changes in the parasite composition of eels in relation to salinity (Seyda,
1973; Kgie, 1988b; Orecka-Grabda & Wierzbicka, 1994). The most detailed and quantitative
analyses, including diversity indices, were carried out by Kennedy et al. (1997) on eels from
four lagoons along the Tyrrhenian coast near Rome, and by Di Cave et al. (2001) on eels from
Italian Adriatic coastal lagoons. Those studies showed that the helminth communities of
Mediterranean eels are similar in composition and community structure to fresh-water
habitats, although they differ in their generally reduced species diversity and the dominance
of single parasite taxa. Therefore, those authors hypothesized a general trend of declining
species richness and diversity with increasing salinity for European eels (Kennedy et al.,
1997). Comparable data for the closely related American eel (Anguilla rostrata) are largely
missing, because the few similar investigations dealt more with the effects of geographic
distance (Barker et al., 1996) on parasite species richness and diversity, irrespective of the
influence of salinity. Here, we carried out a comparative examination for the first time on
metazoan parasite communities of eels from fresh-water, brackish water, and marine
localities of northern Germany, focusing on the swimbladder nematode Anguillicoloides
crassus and the gill monogenean Pseudodactylogyrus spp. These eel parasites were
introduced into western European water bodies as a result of uncontrolled intercontinental
transfer of live eels for consumption (Kgie, 1991), and they are considered serious pathogens
(Kennedy, 2007). Infection with A. crassus reduces the functionality of the swimbladder as a
hydrostatic organ and is feared to influence the ability of eels to migrate to their spawning
grounds in the Sargasso Sea (Kennedy, 2007). Pseudodactylogyrus spp. appear to cause less
pronounced effects in wild eels, but they can cause economically important losses in eel
farms (Kennedy, 2007). After an investigation of the Sr/Ca ratio in the otoliths of eels from
fresh water and the sea, Tsukamoto et al. (1998) concluded that eels should be regarded as
facultatively catadromous, with ocean residents considered to be a distinct ecophenotype.
Those authors further hypothesized that only eels that grow in the sea contribute to eel
recruitment, because none of the 19 maturing silver eels caught in the ocean in their
investigation were derived from fresh-water migrants. By investigating the salinity
dependence of parasite infestation in the European eel, we aimed to test the ecophenotype
hypothesis of Tsukamoto et al. (1998) and to provide basic information on the risks of
restocking programmes solely focusing on fresh-water sites.

Material and methods

Sample collection and measurements

In all, 170 eels from six different sample sites in northern Germany (Figure I-1) were taken
from commercial fishers’ fykenets between April and October 2006, including two fresh-
water localities (Lake Plon and River Eider), three brackish localities of the western Baltic Sea
(near Maasholm, the Kiel Bay near Friedrichsort, and the Fehmarn Belt), and one marine
locality (the Helgoland coast). The salinity of the brackish water localities ranged between 15
and 26, and of the marine locality between 32 and 35. Eels were transported on ice to the
laboratory and kept frozen at -40°C until examination. For each eel, body mass (M), total
length (L;), pectoral fin length (Lpg), and vertical and horizontal diameters of both eyes were
measured, and the mean eye diameter (Ep) was calculated (Table I-1). Eels were dissected
and gonad mass (Mg), liver mass (M), and gut mass empty weight (Mgy) were determined
(Table I-1). The gonadosomatic index (/g = 100 Mg M), hepatosomatic index (I, = 100 M, M~
b, gut index (/gy = 100 Mgy M), and Fulton’s condition factor (K = 105MLT_3) were calculated
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Figure I-1 Sampling sites for eels in northern Germany from the fresh-water Lake Plon and River Eider,
the brackish Friedrichsort (Kiel Fjord), Maasholm, and Fehmarn Belt, and the marine locality Helgoland.
Map source: Ocean Data View; Schlitzer, 2007.

(Table 1-1). A “silver index” (Durif and Elie, in press), based on the external body
measurements Ly, M, Lpr, and Ep, was applied to classify eels into six groups of maturation.
These groups represented growth phases of undifferentiated stage | and female stage Il (FIl)
eels, a pre-migrant stage (Flll), and migrant stages (FIV, FV, MIl) for male (M) and female (F)
eels. Parasitological examination Eyes, skin, fins, gills, nostrils, and the mouth cavity of each
eel were examined for ectoparasites. Eyes and gills were removed and placed in separate
Petri dishes with physiological saline, then examined under a stereomicroscope. To study the
internal organs for endoparasites, each eel was dissected and its body cavity and
mesenteries examined for encysted or encapsulated parasites. All internal organs were
placed in separate Petri dishes in physiological saline, then examined. The swimbladder was
examined macroscopically for the presence of pre-adult and adult A. crassus in the lumen,
and for pathological alterations of the tissue. Larvae were counted by pressing the
swimbladder between the lid and the base of a Petri dish under the stereomicroscope.
Heart, liver, and spleen were examined by pressing the tissue between the lid and the base
of a Petri dish under the stereomicroscope. Stomach and intestinal contents were mixed
with saline and examined separately under a stereomicroscope. All isolated parasites were
fixed and preserved in 70% ethanol. Acanthocephala were transferred to distilled water to
induce an eversion of the proboscis before fixation. For identification, Digenea, Nematoda,
and Acanthocephala were transferred into 100% glycerine (Riemann, 1988). Cestoda were
stained in acetic carmine, dehydrated in a gradated ethanol series, cleared with methyl-
salicylate, and mounted in Canada balsam. The parasitological terminology used follows
Bush et al. (1997): prevalence (P) is the number of hosts infected with one or more
individuals of a particular parasite species divided by the number of hosts examined
(expressed as a percentage); intensity (of infection, 1) is the number of individuals of a
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particular parasite species in a single infected host (expressed as a numerical range), and
mean intensity (ml) is the mean number of individuals of a particular parasite species per
infected host in the sample. Analyses of parasite community structure were carried out at a
component level (Holmes and Price, 1986). Measures used to describe component
community structure of the helminth parasites (including Monogenea) were species richness
(s), Shannon’s diversity index (H’) and evenness (E), and the Berger—Parker dominance index
(d). Formulae for each of these variables were (Magurran, 1988):

H':—Z piInp;,
where p; is the proportion of individuals of each species in the sample to the total number of

individuals in the sample (ni/N);

E=—,
Hmax

where Hnax = In s, s being the total number of species in the sample (the species richness);

where Npa is the number of individuals of the most abundant species, and N the total
number of individuals at each site.

Table I-1 Mean values (£ s.d.) of total length (L;), body mass (M), pectoral fin length (L), mean eye diameter
(Ep), Fulton’s condition factor (K), gonmadosomatic index (lg), gut index (lgy), and hepatosomatic index (1)

for eels from two fresh-water (F), three brackish (B), and one marine (M) locality.

Parameter Lake Plén (F) River Eider (F) Friedrichsort (B) Maasholm (B) Fehmarn Belt (B) Helgoland (M)
It {em) 917 + 6.7 497 + 119 639+ 96 715+ 74 84.6 + 5.0 594 + 85

13274 £ 2217 35
9.03 £+ 0.63 597 £+ 096

o 1024 + 1.01 543+ 137

428 +367  2023+656 Cmm+3ar 219+ 357
0214005  02+003 017 +002 02+ o0m 016+ 002
5 1274024 018024 0681047 073028 13802 0574027
o 126+027  334+043 1924049 197068  082+031 246+ 051
v 1294015 169403 123403 135403% 1104016 1224026

Statistics

A median test (Kruskal-Wallis ANOVA) was used to compare the values of median intensity
of infection with A. crassus and Pseudodactylogyrus spp. of eels among the different
localities. To test the effect of A. crassus and Pseudodactylogyrus spp. infection on the
condition indices /g, I\, Icu, and K of the eels, a correlation analysis was performed. In all
tests, we defined statistical significance as being at the 5% level. Statistics were performed
using STATISTICA Version 6. To visualize similarities in parasite communities of eels at the
various localities, a hierarchical cluster analysis (complete linkage) was performed using
Primer Version 6.1.6. The data for this analysis used arcsine-transformed prevalence of
infection values.
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Results

Parasite community composition and structure

In all, 29 metazoan parasite species/taxa (eight digeneans, one monogenean, five cestodes,
ten nematodes, two acanthocephalans, three crustaceans) were observed in 170 eels from
the six northern German habitats investigated (Table I-2). The most prevalent parasite taxa
in fresh water were cestodes and nematodes, but in the sea, eels were infested mainly with
digeneans. Parasite species richness (s), including Crustacea, was highest in eels caught from
the Fehmarn Belt (brackish) and from Lake Pl6n (fresh water), with 16 and 13 species/taxa,
respectively (Table I-2). Eels from the River Eider and from the brackish waters near
Maasholm harboured 11 species/taxa each, followed by Kiel Bay near Friedrichsort
(brackish) with 9 species/taxa, and the marine site near Helgoland with 7 species/taxa (Table
I-2). The diversity characteristics of the helminth component community structure revealed
high parasite species diversity and low dominance values in eels from the three brackish
localities (Table I-3). The most diverse community was detected in the eels from Maasholm
(H’ = 1.83), with highest evenness (E = 0.76) and lowest dominance (d = 0.27) values. The
diversity indices of the helminth parasite community of Helgoland (H’ = 0.56) and River Eider
eels (H” = 0.55) were the lowest, whereas their dominance values were highest. Both
communities were dominated by a single parasite species: Helgoland eels by the digenean
Lecithochirium rufoviride, and River Eider eels by the monogenean Pseudodactylogyrus spp.,
verified by high Berger—Parker dominance values of 0.80 and 0.88, respectively. Only two
localities, the fresh-water site at the River Eider and the brackish site near Friedrichsort,
were dominated by the monogenean genus Pseudodactylogyrus, and the other localities by
digeneans (Table I-3). Cluster analysis of parasite prevalence data reveals a clear habitat
specific composition and a clustering into fresh-water (Lake PI6n and River Eider), brackish
(Friedrichsort, Maasholm, and Fehmarn Belt), and marine (Helgoland) groups (Figure 1-2).

+ River Eider (F)

+ Lake Plon (F)

+ Maasholm (B)

Locality

+ Friedrichsort (B)

+ Fehmarn Belt (B)

} % % % % | * Helgoland (M)
0 20 40 60 80 100
Similarity
Figure I-2 Hierarchical cluster analysis of similarity between all studied localities based on their parasite

communities. B, brackish; F, fresh water; M, marine.
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Figure 1-3 Prevalence and intensity of infection for (a and b)

Anguillicoloides crassus, and (c and d) Pseudodactylogyrus spp. for the
fresh water Lake Pl6n (LP) and River Eider (RE), and the brackish
Friedrichsort (FR), Maasholm (MA), and Fehmarn Belt (FB). Box plots

show the median values for intensity of infection (line within the box),

the boundaries of the boxes indicate the 25th and 75th percentiles, the

whiskers above and below the box the 90th and 10th percentiles, and

the filled circles the outlying points. The asterisk indicates a significant

difference in intensity of infection (p > 0.05, median test).

Anguillicoloides crassus and
Pseudodactylogyrus spp.
Anguillicoloides crassus was
more prevalent in fresh
water (P = 83.3— 93.3%) than
in brackish (P = 40-46%) or
marine (P = 0%) water (Figure
I-3a). There  was no
significant difference in the
mean intensity of infection
with A. crassus (p = 0.06)
between eels caught at the
different localities (Figure I-
3b). Pseudodactylogyrus spp.
showed the same trend and
was isolated with high
prevalence in fresh water (P
= 86.6-100%), moderate to
high in brackish water (P =
43.3-76%), and was not

detected in the sea (Figure I-
3c). A significantly higher
intensity of infection with
Pseudodactylogyrus spp. was
detected for the River Eider
eels (p < 0.05; Figure [-3d).
The Berger—Parker do-
minance index revealed
Pseudodactylogyrus spp. as
the dominant species in eels

from the River Eider (d = 0.88) and Friedrichsort (d = 0.59; Table 1-3). A correlation analysis of
infection with A. crassus as well as with Pseudodactylogyrus spp. related to Ig, I, Igy, and K
revealed no relationship (p < 0.05).

Eel maturation stage

Maturation stage determination revealed 15 undifferentiated stage | eels, 65 female stage I
eels (growth phase), 29 pre-migrating female stage Ill eels (pre-silver stage), 60 migrating
female stage IV eels, 1 migrating female stage V eel, but no male eels. The distributions of
the maturation stages at each locality differ (Table 1-4). Eels from Lake PI6n and Fehmarn
Belt were the most developed, with mean LT values of 91.7 and 84.6 cm, respectively (Table
I-4). The samples consisted of ~90% female stage IV eels. The River Eider eels were the most
undifferentiated and the smallest, with 40% stage | and a mean LT of 49.7 cm (Table 1-4).
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Table I-3 Component community structure of helminth parasites and their diversity characteristics in eels
from the freh-water (F) Lake Plon and River Eider, the brackish (B) water Friedrichsort, Maasholm, and
Fehmarn Belt, and the marine (M) locality Helgoland.

Locality Lake Plan (F) River Eider (F) Friedrichsort (B) Maasholm (B) Fehmarn Belt {B) Helgoland (M)
Number of eels examined 30 30 30 30 30 20

P Hélrﬁﬁ(ﬁusﬁec.{es;s. i
Shannon’s diversity index, H’ 142 055 121 183 167 056
Shannon's evenness, E 057 025 058 076 0.62 029
B[“rg[‘r;P;rk[:r TR T e
i sp.ac‘.cs. SR . -|.75p. SR Ps'p'p R .I’_sp.p. e

Psp., Plagioporus sp; P.spp., Pseudodactylogyrus spp.; P, Pedocotyle atomon; D, Devopristis inflata; Lr, Lecithochivium rufoviride.

Table 1-4 Mean total length (Lt s.d.) and percentage of eels in each of five stages of maturation for eels
collected from two freshwater (F), three brackish (B), and one marine (M) locality. Undifferentiated stage
Mean total length (+ S.D.) and percentage of eels in each of five stages of maturation for eels collected from
two freshwater (F), three brackish (B), and one marine (M) locality. Undifferentiated stage | and female stage
Il (FIl), growth phase; female stage Il (Flll), pre-migrant stage; female stages IV and V (FIV, FV), migrant
stages.

Locality n Mean Lt {em) + s.d. Maturation stage {%)

Growth phase Pre-migrant Migrant

1 Fll FlI FIV FV
Lake Plén (F) 30 917 + 6.7 0 0 66 933 0
River Eider {F) 30 497 £ 119 40 46.6 6.6 6.6 0
Friedrichsort {B) 30 96 33 73 20 0 33
Maasholm (B) 30 715+ 74 0 50 40 10 0
Fehmarn Belt {B) 30 84.6 + 5.0 0 0 10 90 0
Helgoland (M) 20 59.4 + 85 10 70 20 0 0

Undifferentiated stage | and female stage Il (FIl), growth phase; female stage |1l {FIll}, pre-migrant stage; female stages IV and V (FIV and FV), migrant stages.

Discussion

Size- and age-dependence of parasite infestation

The intensity of infection of metazoan parasites in fish populations increases with age or size
of the host, because parasite accumulation is a time-driven process (Dogiel et al., 1958). The
high species richness and diversity of the Fehmarn Belt eels (s = 15, H” = 1.67) can therefore
be explained largely by their considerably larger size (mean Ly = 84.6 cm) and later
developmental stage (90% stage IV). These migrating silver eels were most probably an
assemblage of eels of different origin, because the Fehmarn Belt forms a bottleneck for eels
migrating from east of Fehmarn to the North Sea and on to the Sargasso Sea. Possible origins
east of Fehmarn include the Baltic Sea proper and the adjacent river systems. Different
migration paths are also supported by the high species richness and component community
structure. Low species richness and diversity of the parasite fauna of the River Eider (s =9, H’
= 0.55) most likely reflect the overall smaller body length (mean Ly = 49.7 cm) and therefore
earlier maturation stages (40% stage |, 46.6% stage |l) of their hosts.

Dominance

Direct competition of parasites within a host can result in strong dominance (Poulin, 1999),
reflected by low Shannon’s diversity and higher Berger—Parker dominance indices. Values for
the Berger—Parker dominance index were relatively high for all localities except for the
western Baltic Sea site near Maasholm. The highest values were calculated for Helgoland
and the River Eider. These results support the hypothesis of Kennedy et al. (1997) that
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parasite communities of the European eel are characterized by low species diversity and
high dominance of a single parasite species, although the dominant species can vary. From
our study, though, we did not confirm the general dominance of acanthocephalans as eel
parasite communities in fresh water, suggested by Kennedy et al. (1998). The greatest
prevalence (20%) of an acanthocephalan, Paratenuisentis ambiguus, was detected in eels
from the River Eider, whereas the prevalence of infection of the Maasholm (6.6%;
Paratenuisentis cf. ambiguus) and Fehmarn Belt samples (3.3%; Acanthocephala indet.) was
rather low.

Salinity-dependence of parasite community structure

Parasite communities of the European eel clearly reflect the habitat preferences of their
hosts. Despite overall similarities in parasite species composition, salinity-dependent
specificities are well supported and reflect the life history of individual eels. The strictly host-
specific, introduced parasites A. crassus and Pseudodactylogyrus spp. could not be found in
the marine environment of the North Sea. Their restriction to fresh and brackish waters,
where they occur with high prevalence, might affect the locality-specific survival of eels, and
therefore contribute to recruitment success. However, salinity-dependence is also evident
for autochthonous parasite species such as the cestode Proteocephalus macrocephalus and
the digeneans Podocotyle atomon and Deropristis infalta, which can be regarded as purely
fresh-water- and seawater-specific, respectively. Although parasite species richness and
diversity are considerably reduced in the marine environment of the North Sea around
Helgoland, we cannot confirm the hypothesis of Kennedy et al. (1997) that these declines
follow a clear salinity gradient. On the contrary, the intermediate salinity conditions of the
brackish Baltic Sea seem to favour parasites in eels by integrating both marine and fresh-
water species.

Implications for the management of eels

Owing to the relatively low intensities of infestation with autochthonous parasites, a
negative effect on the health of their eel hosts that would impair their reproductive success
can be excluded. Nonetheless, the recently introduced and highly pathogenic parasites A.
crassus and Pseudodactylogyrus spp. were found at all investigated fresh- and brackish
water sampling sites at high prevalence. Although infestation intensities and observed
pathological alterations of the swimbladders of eels infected with A. crassus were mostly
moderate to low, a negative effect on the fitness of eels cannot be excluded. The unique
spawning migration, a distance of almost 5000 km to the Sargasso Sea, requires maximum
fitness and health. Anguillicoloides crassus was equally regarded as a serious threat in A.
rostrata following its first occurrence (Fries et al., 1996) in American brackish and fresh-
water habitats, where infestation rates can now be up to 90% (COSEWIC, 2006). Eels that
stay in a purely marine environment are obviously not at risk of infection by these neozoans
and may therefore be favoured to reach their spawning grounds in good condition. The
common practice of catching glass eels in river estuaries for unselective restocking of fresh-
water systems all over Europe might therefore worsen the problem of declining eel stocks by
further diluting the number of eels that would stay in marine coastal habitats. Moreover,
uncontrolled restocking further intensifies the risk of transferring diseases and parasites to
pristine areas. This outcome has been demonstrated in a longterm study of eels in Swedish
lakes and brackish waters in the spread of A. crassus; it was already well established in all
localities investigated just 9 years after its first record in 1987 (Wickstrom et al., 1998). For
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A. rostrata in Canadian waters, where A. crassus has not yet been detected, its arrival is seen
as just a matter of time (COSEWIC, 2006).
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Summary

A comprehensive literature review on prevalence and distribution of parasites of the
European eel (Anguilla anguilla) in European waters was conducted to set a baseline for
future trend analyses and biodiversity considerations. The resulting checklist, compiled from
peer reviewed journals as well as grey literature including scientific reports, conference
contributions, PhD theses and own survey data includes all protozoan and metazoan
parasites of the European eel from freshwater, brackish and marine habitats. Parasites are
arranged according to phylum and family. Species within families are listed alphabetically.
Infected host organs, recorded habitats, localities, countries and literature citations are
provided for each species. A total of 161 parasite species/taxa are listed from 30 countries.
With the trypanorhynch cestode Tentacularia coryphaenae a new host record could be
documented. Furthermore, three new locality records of parasitic nematodes could be
added based on own survey data: Anisakis simplex from an eel caught in the Baltic Sea,
Eustrongylides mergorum for German freshwaters and Goezia anguillae from the Tagus
estuary in Portugal. Special consideration was given to the distribution of the swimbladder
nematode Anguillicoloides (Anguillicola) crassus. We provide a map and table of first
reported records of this neozoan parasite species for 25 countries as well as a survey map
indicating all published localities documented in the checklist.

Introduction

To date, a comprehensive checklist of the protozoan and metazoan parasites of the
European eel hasn’t been published yet. The latest but incomplete list of parasite species
recorded for the genus Anguilla was composed by Reimer (1999) with a total of 78 records
for Anguilla anguilla. Published synopses on eel parasites are mostly geographically confined
to countries or regions (e.g. Bykhovskaya-Pavlovskaya et al., 1964; Holland and Kennedy,
1997; Kennedy, 1974). The aim of the present literature review was to summarize all
published data on the parasite fauna of the European eel to an updated and comprehensive
checklist. In the light of rising interest in the European eel and the causes of its decline, this
checklist was compiled to provide a detailed overview about the recorded parasite fauna
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known to date, the reported localities and if available about prevalences, intensities and
abundances of parasite specific infections. Therefore, this review should serve as a baseline
for future trend analyses and biodiversity considerations.

Methods

The checklist (Table 1l-1) was compiled from peer reviewed journals as well as grey literature
including scientific reports, conference contributions and PhD theses. In addition, parasite
data from own surveys comprising 150 eels from 5 different sampling sites collected in 2006
and 2007 were included (Table 1I-2).

The parasites are arranged by phylum and if appropriate class and family. Species within
families are listed in alphabetical order. Each species is listed together with infected host
organ(s), recorded habitats (if available including salinity values), localities, countries and
according literature citations. The recorded countries are listed alphabetically. If available
the number of examined eels, prevalences (P in %), mean intensities (ml), intensities (I) and
mean abundances (mA) of infection are cited from the respective source or calculated from
the given data. Protozoan taxonomy follows Lom & Dykova (1992), for Trematoda Gibson et
al. (2002) and Jones et al. (2005), for Nematoda Moravec (2001), for Cestoda Khalil et al.
(1994), for trypanorhynch Cestodes Palm (2004), and for Monogenea, Acanthocephala,
Arthropoda, Annelida and Mollusca the database “Fauna Europaea” (www.faunaeur.org) by
Karsholt & Nieukerken (2004). The swimbladder parasite Anguillicola crassus was recently
transferred to the genus Anguillicoloides (Moravec, 2006). However in the majority of
literature used for this review the parasite is recorded with its former genus name
Anguillicola. Therefore this species is referred to as Anguillicola crassus in the checklist
(Table I-1) Parasites are reported from natural localities including lakes, rivers, coastal
lagoons, fjords and marine localities but also from freshwater reservoirs and fish ponds.

Table 1I-2 Sampling localities of European eel studied in 2006 and 2007 by the first author. n = total number
of eels examined, TL = Total length, SD = Standard deviation.

Locality Country n TL+SD (in cm)
River Elbe estuary Germany 30 78 £5.6
River Elbe/Gorleben Germany 30 80+7.3
Kattegat/Skagerrak Denmark 30 55+4
Kotka/Gulf of Finland Finland 30 84+7
Hortas/Tagus estuary Portugal 30 27 £3.7
Results

A total of 161 parasite species/taxa were recorded for European eel from 30 European/
North African countries. The protozoan parasites species consisted of the classes
Mastigophora (3 species), Apicomplexa (3 species), Myxozoa (13 species) and Ciliophora (8
species) and one species of yet uncertain taxonomic position (Dermocystidium anguillae
Spangenberg, 1975). The metazoan parasite species consisted of the platyhelminth classes
Trematoda (Digenea) (39 species), Monogenea (8 species) and Cestoda (20 species), the
phyla Nematoda (38 species), Acanthocephala (15 species), Arthropoda (9 species), Annelida
(2 species) and Mollusca (1 genus). Trematodes and nematodes were the most abundant
taxonomic groups and the eel specific cestode species Bothriocephalus claviceps and
Proteocephalus macrocephalus were recorded from 19 and 18 countries, respectively. The

24



Parasite checklist of European eel

666} [ 18 UNOWee ¥661 elseun |

€661 ‘Ussalpuy B pun|boH 8861 uepams
5002 “'le 18 ojile |y G664 ureds

5002 ‘sisleld 3 UOpUAT 002 pUEjods
9002 ‘eAojuBieyS B jnlpoy 8002 eissny
2661 e 18 ZnIo 26614 [ebnuod

6861 ‘UuBwlEH % sdoo) 8861 puejod
¥661 ‘Uslels B O €664 AemioN

G861 “[e 1o Buluueg uep G861 spuepayleN
9661 'llelH I3 966+ 0200.B\

2002 “[e 18 oeD G661 eluopadej

9002 ‘seulwsa) % zoedey-e309|id 002  (puejup) eiuenyin
9002 ‘seulwssy g zoedey-exo9|id 8661  (1sB0D) BILUENYIT
9002 ‘slinizpig 8661 eIAle]

2661 ‘0oARION 88614 (Aew) ewipres

/861 'Mo11-1iseueD 1861 Aey

6661 ‘SMAUNEIN 8 SUBAT 666+ pueal|
L1661 e 18 Alexezs 0661 Arebuny

G86 L ‘Uue wnapn 2861 >CNE‘_mO

G002 :_m ° omcmchm._. 2002 Amocm\_n_v BOI1S10D

8861 ‘18led B odng G861 aouel4
Asnins umo 1002 puejui4

9002 ‘slinizpig 066+ eluojs3

066} YdK4 8 Apauusy /861 pue|bug
BgR6L ‘BI8) 9861 Jjlewusd

2661 ‘0aARION k66L  algnday yoezo

6861 “[e 1o aledjeg S8614 wnibjeg

€661 'siep 8 Auosuoy 066+ elsny
Q0UdIdJeY pJo2al isdiy Aluno)

*(pginBup pjinbuy) sjee ueadoin3 wouy snssp.id pjodjjjinbuy
J0 sp1022a1 payodai 151y JO pue salep pue sajuno) “g-j| ajqeL

*(pjpinbup pjjinbuy) 2o ueadoiny
9yl wouy snsspid bjodjjjinbuy jo spi1o3ai payiodai 1siy jo sareq T-|| 21n8|4

3.0¢ .02 .04 o0 M0t

MaIA BIEQ URIIO

— N0

;.‘ \

N.0¥

N-0S

N-09

25



Chapter Il

introduced nematode Anguillicoloides crassus and the monogenean Pseudodactylogyrus spp.
were recorded from 25 and 16 countries, respectively but the invasive acanthocephalan
Paratenuisentis ambiguus only from Germany, Netherlands and Russia. Anguillicoloides
crassus successfully spread over Europe (Figure -1, Table 1I-3) and reached even North
Africa since its introduction and first record in German waters in 1982 (Neumann, 1985) and
is present in eels from freshwater as well as from saline habitats (Figure I-2).

With the trypanorhynch cestode Tentacularia coryphaenae a new host record could be
documented. A single specimen was isolated from an eel caught in the Tagus estuary in
Portugal examined in our own survey. Furthermore, three new locality records of parasitic
nematodes could be documented based on own survey data: Anisakis simplex from an eel
caught in the Baltic Sea, Eustrongylides mergorum for German freshwaters and Goezia
anguillae from the Tagus estuary in Portugal.
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Figure 1I-2 Overview of studied localities with records for Anguillicoloides crassus (Anguillicoloides sp.) in

European eel listed in Table 1. * = A. novaezelandia. Map source: Ocean Data View; Schlitzer, 2007.
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Discussion

During the last 10 years the number of known European eel parasites has significantly grown
considering the 78 species records listed by Reimer (1999) compared to the 161 species
listed in the present checklist. The overall scientific interest in eel increased significantly
since it became obvious that recruitment of glass eels are declining and that the European
eel stock is severely depleted (ICES, 2008). The search for the causes of this decline also
resulted in an increasing number of parasitological studies. Especially the invasive and highly
eel pathogenic swimbladder nematode Anguillicoloides crassus (Kennedy, 2007) which was
introduced from south-eastern Asia into western European water bodies as a result of
uncontrolled intercontinental transfer of live eels for consumption (Kgie, 1991) has been
identified as a possible threat to the European eel stock (Kenndey, 2007). Anguillicoloides
crassus which is originally endemic to East Asia in its native host Anguilla japonica (Japanese
Eel) (Nagasawa et al., 1994) has by now already been recorded for 25 European countries
and can be found in fresh- and brackish waters with moderate to very high infection rates
(Jakob et al., 2009). The high success of this invasive species can be explained not only by its
high tolerance towards ecological factors like temperature and habitat conditions
(Taraschewski, 2006) but also by the ability to infest a wide range of copepod and ostracods
as intermediate (Kirk, 2003; Moravec et al., 2005) as well as prey fishes, aquatic snails, insect
larvae and amphibians as paratenic hosts (Moravec and Skorikova, 1998). The two
monogenean species Pseudodactylogyrus anguilla and P. bini also originated from the
Japanese eel and were introduced at the same time as A. crassus to central Europe via eel
trade (Kgie, 1991). They are presently recorded for 16 countries. Both species co-occur in
European eels even on the same individual host (Buchmann et al., 1987) and can cause
heavy losses in intensively cultured eel stocks (Buchmann et al., 1987). As a consequence of
the direct lifecycle of Pseudodactylogyrus spp., high host densities favour their spread.
However, eel mortality caused by these parasites has not yet been reported in the wild
(Kennedy, 2007). In contrast to A. crassus and Pseudodactylogryus spp. the third introduced
parasite species Paratenuisentis ambiguus (Acanthocephala) has so far only been recorded
from 3 countries. This acanthocephalan, indigenous to northern America and originating
from Anguilla rostrata, is highly host specific for its intermediate as well as for its final host
(Taraschewski, 2006). The exclusive intermediate host for P. ambiguus, the American
euryhaline amphipod Gammarus tigrinus, was naturalized into the German River Weser in
1957 and with Anguilla anguilla a susceptible final host was present to fulfil the lifecycle
(Taraschewski, 2006). As a consequence of its high host specificity, P. ambiguus is a far less
successful invader than A. crassus.

The widespread distribution of A. crassus shows the potential of parasitic invasive species to
spread rapidly under favourable conditions, including the availability of adequate
intermediate hosts and a lack of an acquired protective immune response of the final host.

Acknowledgements

This research was supported by the German Federal Ministry of Consumer Protection, Food
and Agriculture (BMELV) through the project “Habitat selection of the European Eel”
(04HS065) and the government of Schleswig—Holstein through the regional fishing fees fund
(Forderung aus der Fischereiabgabe).

27



VXHTdNODIdY WN'TAHd

Chapter Il

6461 EN0AG-W0dzZsuI aN aN aN puerog puejed aN ds 6L6T BN
‘nw 'Y 1q  -wodzsuig avymSup snajonuondg
0861 ‘ua) aeppnuuxay Ajwe
FO6T “TE aN aN AN 'S8T Jewog WSS N ooy Jepemysalg MY PIGordie)
BABYSAOAEJ-BABYSAOYYAG
L8ST
‘TyosINg Fepmopog Apyuieq
007 "8 12 repiy aN 0'68 00T uredg B JoATY 1aary
007 T8 19 1epdy aN 6'€L 343 medg I JRARY Toary
200T “TB 13 [BIAINO 90" 0/E0TX TF (& 6L uredg [0159,1  (0€) oNUENY Aremsy
6861 ‘4qNYD % BATRIEg aN L'€8 6T1 [e3mrod s 1oAY 1aary
$007 ‘UIRNL aN 008 0€ SPUBHIYIAN WYY/ 109 W]ass ] e
$007 ‘UARIL aN 981 134 SPUBRHAYIAN USMN3TRUINY J9ATY Tonry
0661 “I® 12 uoOg aN 68 0 SPUBRLIAYIN 103UIfasS (] e
LOOT 'STUBWSLA 2p wuign (ar3] aN aN aN BINE] BIRT JO JIND) 'SBWS[) SEUZEY 596 BIg 2Ny $AYE]
$007 ‘UR[ANYL, aN L9l 9¢ Augwiafy mpag/easpIF Ny e
$00T ‘USlANYL aN A 1€ Auewan axunpddry Jeany Jaany
$007 ‘UIRNL aN L'99 ! Auguiagy WIDYIAALIYNY 1AL loany
$00T ‘USRI aN 9LT 6T Auguagy Te0D) 18 PUITY J3ATY Jaany
$00T ‘UeRIYL aN $oL (44 Augmian TP WD) /UL JOAR] 1aan]
$007 ‘UARIYL aN €'€E 0l Augwiafy SrnquoyneT/yoRqIemy weang
$00T ‘USRI aN (A% 9¢ Augwiafy Smguapneyyoeqzng weang
$00T ‘UeRIYL aN L'6L 9 Auewrag SINQUaNETRUIY 12ATY 1aan]
€007 ‘UIRIY T, (IN €€8 +T AuewIan UaSIEULE UB/90UEISIO,) O] aye|
6661 “TE 12 soIng aN €84 09 AUBWIAD (WIaYsI2 UIRD) JO INOQIBY) 2UIYY JOATY] JOAT
6661 “IE J2 sermg aN 0LL 19 Auewragy (W UNY 1o WILYSIAWIT) JUINY JOAR] 1aan]
€L61 “Te12 Sutuue) aN aN aN Snypuedug Ao uodeg aye]
48861 * A143] aN 001 0€ Frewueq PRIy aYe] ave
©8861 ' 9183 aN 001 0zl Frewueq wnsg 9Ye] e 19 6061 TSN 2 Uerone]
WHSOIRULAS PUIGSOuDdiL ]
1161 ‘ubgoq
aseppewosouedia] Ajwreg
VIOHJOOIISVINODIVS
WN'TAHd
7661 BALg % wo] N aN aN adosng adomng aN 3 SL61 Troquatuedg
0N BUD WRIPHE0UWLA (]
uonisod snuouoxe) urejasun
piosaljo soyny  (JS/Vw (%) d u Anunogy Oreso]  (Duieg) 1eqeH 1S uondagu| Aqrore gyun Ay g
*Z-11 24n314 ul s1aqwinu uo11ed07 = [¢-|| 94n814 Ul *ON] ‘AlIOYyIne uMOoUMUN = , ‘BNSSI1 BULINIYNS = 1gNS ‘[|[EM UYDBWO]S = M1S
‘Yoewo3s = 1S ‘Ua3|ds = ds ‘UYS = )S ‘9|BIS = IS ‘||EM JOPPE|q WIMS = M(S ‘4SPPE|q WIMS = ¢S ‘D4n3endsnw = nw ‘A}IABD yinow = oW “4aAl| = 1] ‘ASupiy = 3 ‘||em |euiasaul
= MI ‘suedio |eusalul = ol ‘Bunsalul = | ‘Jappelq |18 = g8 ‘|18 = 8 ‘uly = } ‘9A3 = 3 ‘poo|q = |q ‘pauUIWIIBP 10U = N "UDAIS SI (QS) uoleIASp plepuels dAIdadsal By}

pue uoi199jul Jo (Yw) duepunge ueaw pue () Alsuaiul ‘(jw) Aysualul ueaw ‘(d) (% ul) ouajeaald ‘(u) S|93 paulwexa JO Jaqunu 3Y3 3|qe|leAe | "pJodaJ JO Joyine pue
(4opJo |eannageydie) Aiaunod ‘Ayijedo| ‘(Auljes) 1eligey ‘|99 ay3 uo/ul UOIIB4UI JO D1IS SH YUM Paisl| SI sa199ds yoed “uapJo Ajjeanageyd|e ul paisi| 9. Saljiwe) Y3 Ulyim
sa19ads "Ajiwe} pue wnjAyd Aq padueuse aie sapads aliseded ‘(pjjinbup pjjinbuy) [93 ueadouni sy} Jo sausesed ueozelsw pue ueozoloud ay3 O ISIHIBYD T-1l dqeL

28



Parasite checklist of European eel

FOOT 1M aN aN £08 162 Auewag (BINQIaSENYOF ) JOSIAN IOATY] 13AR]
6661 "TE 12 saIng AN IN 00T 0o AUBUIIan (WISYSI2 WIAL) JO INOQIEY) UMY AR JaAR]
6661 & 12 soIng aN aN L6T ] Luewsan (URUANTY 10 WIYSIAWRT) JUIYR JOAR] Janrg
L86T ‘U aN aN aN F0T Lueuag rewstpy Jo 1Sy Bag oufeg
L8ET WY aN aN aN 8T Luewsap uappog JoplEME] LD Bag oufeg
86T h,_mE_o.m (N (IN (IN (M)A .m:.mE._mo WONEIUIAJ; UESSET] Bag oﬁﬁmm—_\zoomj
SL6T TRNION aN aN aN aN Aurmien [o13] Eag onfeg
7661 pa0dAg 2% wo] aN aN anN anN aderng adosng aN
48861 ' 2143 aN aN 119 9¢ SIBUIIAC] efopey (FE-0€) 1edaney
98861 ' 2183 aN aN ¢ 08 Sremuac profjesy (0z-$1
rag onfed/proly
988671 ' 13 aN aN ¢T9 ¥T HIEWUA(] prolg Fuiqansuny  (01) eag yMoNyprolg
48861 ' 21a3] aN aN 0¢ 09 Sremuacy pung jin (§-1) vag oureg
48861 * 213 aN aN 0L 0z Sremuay gsjaely ove] afe]
988671 * @3] aN aN 0¢ 0€ FIEWHRJ BRIy BT e
BQQGT ' 2] aN aN 8¢9 021 SIEIUAC] WIISH 2YE ] afe] A8 ‘or ‘8 9061 “2ppdeD) 1pavi8 uimipixdpy
7681
‘ueyo[RL], sepHPIALN A[riue,]
VOZOXAW WNTAH
9007 "eaoqu[eng 3 Jnlpoy aN aN 1 1 BISSIY uoofeTE[MSIA  BRg a[Eg) uoofET g ds praugg
FO6T TER aN aN aN AN ASS sewio) F'EE T o] Jaremysar]
BAEYSAO[AB]-EAEYSAOYYAG
S00Z “'Ie 10 re[riy aN aN 4 00Z uredg €A, JOAR] J2nRg
S00Z e 12 e[y aN aN LE £7¢€ uredg B[] 19AT] 13AR]
€007 “TE 12 OIFEN aN aN LL aN uredg ENA(T ‘OIqH EPESVE, (9¢-g) vag ue
SUBIIA) A /U0OTET
€00 *TE 12 O[IFERY aN aN 6 aN uredg EYJa(] 0Fq ‘EpEssIAuEOUY (0¢-¢) Bag ue
QUELIPI/u00dET
TOOZ "TER[RINAO  F0/69°0 1 6°CL 6Lk uredg lerag  (0g) ONUENY /Aremsy
T00Z T 12 [ENRINO) COMLD Ul 8'€L Lik uredg BSNOIV  (0€) ORIy /ATEN)sT
L00T aN aN 0§ 0z pueeo] ImBoArejerD) (€09
‘U0se O} 29 UOSSPUNUNSIIS] ONUR[IY /Y31
LO0T aN aN 99 ST puereo] BSNJJO) JOAR] Janrg ! 7261 2PUE[OH
‘u0sES 9] 2y UOSSPUNUNSLIS] 2 1030 2oy Sup LAWY
€061
“UTHOUITA] Qe PILIatIE Aiure]
9007 "eaoquU2[a1g % Jnlpoy aN aN (ALY 1 BISSIY] Uo0BET E[MSIA  BAg AN[EY) U0OFET M1
7661 BAONAC % woT aN aN aN aN adorng adong aN 1 (ZZ6T 2PUE[IOH
w 1930 aypnSur vLsunardy
TI6T ‘8o
sepripriodsoydAayy Lqrune,q
picoaljo Joyny  (QS/VW T (%) d u Anunoy AieaoT  (Aywpeg) yeNqeH IS wonaajuy Arore gwniAyq

29



Chapter Il

9007 ‘ea0yu2|2qg %y Ynlpoyy aN aN 191 ol BISSIY UOORET B[MSIy  BAG AN[RE/ U0OTE 38 ‘o1 3 S06 T 1985 19potys tnpred
961 "B 19 aN aN aN aN U'S§ T o] A8 1wioy Jajemisal]
EARYSAO[ABJ-EARYEAOYJAG
SN LEER L 3 aN aN 0’66 00Z uredg B JeARy Jaary
S00Z 18 10 Fe[rEy aN aN 166 £€ce uredg B[] AT Jaary
€007 "Te W Ol aN aN 062 aN uredg EIA(] 01qH TI2A TBUBD) (ng-8) vag ue
SUBLI) PAJA/U00TE T
$00T "Te 19 OJIFely aN aN S0t aN uredg BI[3(] 01qH ‘BPEAVE ], (9¢-g) vag ue
aueLR) pajN/uoode ]
$00Z "Te 12 oY FEN aN aN 474 aN uredg BN 0193 ‘EpEssIAuEouy (0g-¢) vag ue
JUBLIA) PAJA/U00TE T
T00ZT ¢ 32 [BIIN0 S0/690 €I $'89 6LF uredg lesag  (0g) onuEpy /Aremsy
T00Z “TE 19 [BIIN0 S0/80 €UTT £6L LLk uredg BSNOIY  (0€) 2nUENY Arenysg
L8GT Tewing aN aN aN aN BISSTIR] 131 BAGN Bag oN[eg/AIemsy
9007 ‘BA0xu2]2Yg 2y Ynlpoy aN aN rog ol BISSIY uoofeTR[msLy  BAg aneg/ uooTe
6861 'Qq0T)) 3 BAIRIEG aN aN 196 621 [esnyog 918 19AT Jaary
800T “Te 32 EPIWIA] 809 561 8'8¢ FET [ednisod 0J1aAY Ap BRY onuE[ry Aremsg
FE91 1Tk
7661 "[eIR ZII) aN aN €5 i [ednpog 0J1aAY Ap BRY Jaary
€007 VIR aN aN L'99 0¢ SpuelemaN wnspEp Aeaurfass 1 e
€007 VIR aN aN 8¢S 34 SpuelemaN U2 MNIITAUIYY ALY leary
£007 ‘s1uemsp % euignfiryy aN aN aN aN BIMET] ©3ng Jo JIngy ‘noaressy BIZ Onjeg ‘S9¥e]
199 swnday 'sews) ‘seuzey ‘sefedar seye ]
£00T aN aN 004 0z puepeag InZoAIE]ELD) (eg09
‘u0sES [oH] 2 UOSSPUNUNSITS] ONUENY/Y23I))
00T aN aN 0°0€ 0¢ puE[aa] BABPERISSIJIA 9YE] e
‘uosES |oH 2 UOSSPUNUNSITS]
00T aN aN £'€e 0¢ puE[aa] 10fjpreifmsuig ave] e
‘uoseS joH % UOSSPUNUNSITS]
£00T aN aN €6 ST PUE[22] ESNYIO) ALY Jaary
‘uosed [o % UOSSPUNUNSITS]

C661 'KIPpzg 2 IFu[opy aN aN L' 18 Lredunyy uojeleg Y] e
$00Z ‘WIeI], aN aN aN 9¢ Lueunag urpageespiEngy AE]
£00Z VIR aN aN 9IS 1€ Lueuen axunpeddry rary leary
£00% ‘UVIRIL aN aN €'ee Al Luewren WIRMONAIYI J2ARY Jaary
$007 ‘USRI, aN aN 6°GL 62 Luewrag TBOL) )5 QUL IOARY Jaary
$00Z ‘U9, aN aN 6°7S [44 Luewren UIPUN WL /UTEN J2ARY Jaary
S00T ‘U9, aN aN Te 9¢ Luewsan Fmquajne yoeqzng weang
€007 ‘IR aN aN £'ee 01 Lueuan Smquapne/yaeqIazIg weang
$00T ‘U9, aN aN 0°0s ¥9 Luewsap SIquosne AU JARY Jaary
§00Z ‘ULRIY L, aN aN ot $T Aurunan U25IB U3 UBT/2OUE)SUO.) 9] ey

P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

30



Parasite checklist of European eel

L00T aN aN € 0¢ puepeag 1ofjpreifmsuiag aye] e
‘uosed [o % UOSSPUNUNSITS]
00T aN aN 99 ¢l puE[aa] BSNJIO) JRALY leary
‘uose |9 2 UOSSPUNUNSITS]
£00% ‘USRIYL aN aN L9T 9¢ Luewsan urrag/ResRIE NN aE]
$007 ‘UIRIY], aN aN ¥'8F 1€ Luewrag axunpaddry Bary Jaary
£007 ‘IR, aN aN £'ee [ Luewag WY AIAIYI] JOAR] Toary
S00T ‘U9, aN aN 179 6T Luewrn TEOD) IG5/ UIYY ARy Jaary
€007 ‘IR aN aN LF9 [44 Lueuan UopUNUIAL) /UTRN JOARY loary
€007 VIR aN aN 00T 01 Lueuan Smquapne/yaeqIazIg weang
$00Z ‘IR, aN aN 9¢ 9¢ Lueweg Tinquaynepyoegzing weang
€007 VIR aN aN L'6T ¥9 Lueuan Smquegne AU PARY leary
§00T ‘URRIL, aN aN 9°99 T KLurunag ueSIeuad U TraoUEISUO.) 2] e
7661 BAONACT % WO aN aN aN aN adorng adong aN qns J 9861 NN %
WO TRUJOJA] HPNOY SHIOQOXAY
7681
‘ueyopY I, aepHoqoxAy ATure,
0661 'TPUIOJN 29 BATRIES aN aN aN 621 [e3nuod 918 1oAY leary
7661 A& % wo] aN aN aN aN adorng adoing aN qn (§za1x¥na1sTE2)
1ospIs suyjaa2fo g
9007 ‘EaoquRRLg % Jnlpoy aN aN e ol BISSIY uooBee[msly  BAQ dU[EY/ B00TE
9861 'BY2IQZITM aN aN aN aN PUE[O] puejod aN qn 9861 "BJIqZIATMN
aojpinEur naodsoaoydy
L161
‘stae(] aepriosotaeydg Aqroue,q
7661 BAOYAQ ¥ WO aN aN aN aN J2uEl 20UEL{/5U00TE] YsIyOEIY USIOEI]/5U00TE ] LEGT 'SRIpIQ
2 19ZN ], 209118 akuroInda?)
6681
‘utayo( e priAwoyea)y Lrue,|
L00T aN aN 0¢ 07 PUE[22] I3earejels (€09
‘u0seS [oH 2 UOSSPUNUNSITS] ONUEY/Y2I)
£00T aN aN 99 0¢ puepaag MEABPEISSIITA 9YET e L 7 ds pyayyoyasz
‘u0sES [oH] 2 UOSSPUNUNSITS]
L00T aN aN 99 (119 PUE[23] 1oljpreifmsuing ave| e
‘uosES |oH] 2 UOSSPUNUNSITS]
£00T aN aN 29 ST pueraag BSNJIO) 1OATY Jaary ] 1ds sprayyorasz
‘uosed joH 29 UOSSPUNUNSITY]
9007 "eaoqu[eng 3 Jnlpoy aN aN 6% Tl BISSIR] uoofeTE[MSIA  BRg a[Eg) uoofET
0661 JEIUOIN % BATEIE] aN aN aN 621 [ednpodq sy 1A Jaary n qn L86T "BAMNQZIITM
SISURUIIIAIS DIIAYYOYIS7
FL6T Apauuay] aN aN aN aN Sn/puepoag PUOWTY AT Jaary ds wmipiipy
6661 TowIay aN anN anN anN Aueuwag yorunA puod 1798 3 0E6T 103y 2Dk WHIPIARY
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

31



Chapter Il

L00Z 'swewsTp p eugnling aN aN aN aN EIAIE ] EIAJE] SYUE],
98861 * @3] aN aN aN 0z Rt e gsjaely ove] axeT
BQQGT ' 2] aN aN 8°0¢ 021 SIEIUAC] WIISH 2YE ] afe] EL 9.8Tenbno g
sppfismus sopapyrydodyngag
1881
Yuay] seprnpydodyysy Afrure,
L00T aN aN aN <1 puE[a0] BSNJIO) AR ETANY I8 8 (6061
‘u0sEZ [OH 29 UOSSPUNUNSIIS] AIWIAES]) PYIUSUXBY D] ]PUCPONY])
9z61
‘purng ejpEuCpoIyy) Ature]
VIOHJOI'TIO WNTAHA
€00 *TE 12 OIFEN aN aN LL aN uredg ENA(] 0IGH ‘EPEOUE, (9¢-g) Bag ue
QUELII P/ u00TeT
00T *T8 19 O[IEIN aN aN LT aN medg B3] 01 ‘BpessiAueoug (0¢-¢) vag ue
QUELINIPIN/U00SE
T00Z "R R BUANO  90°0/E-0TXT ¥ 1 0 6Lk uredg lore ] (0f) FNUENY Aren)sH
TO0Z "EWRINNG  T0IX9F 1 T0 Lik uredg BSNOIY  (0€) 2Dy /Arensg
IE0TXTT
9007 ‘BaoquR[RYg 2 Ynfpoy] aN aN 71 1 BISSTIY] UCOTETR[MSIA  BRg aN[Ed/ B00TE
6861 ‘9907 % BAIRIEG aN aN $'ES 6271 [e3npog a18H 19AR] 13A1g
6661 "'TB 12 saIng IN IN €80 09 AUBUIAL) (WIAYSI2 WIDG) JO IN0QIRY) QUIYY] oA I3AI
6661 "TE 12 saIng aN aN U6k ] Luewsan (URUANTY I3 WIYSIAWIIT) JULYR] JOAR] Jaarg
98861 ' 1] aN aN aN 9¢ Fremuacg 1eSonesy (be-0€) refoney
98861 ' 2163 aN aN aN 08 Sremuac proljes] 0z-$1
eag anyeq;prolg
98851 * A1as] aN anN anN ¥Z Sjremuacg prol 3uig@ysuny  (01) vag YHoNyprol]
988671 ' 183 aN aN aN 09 SrEmac pung I (8-1) Bag oupeg
48861 * 213 aN aN aN 0z IR gsjaely ove] afe]
98861 * 2183 aN aN aN 0€ FIEWH(] #5211y 2YE] afe]
BRRET ' AP aN aN aN 0z1 p it el UInISH oYE] axe] n ‘saw
M1 ‘o1 Yy “ds snjogoxipy
€00Z “'[e 10 re[3y aN aN e 00Z uredg B2, OAR] 1anng
S00Z 18 10 Fe[rEy aN aN 997 €Te uredg B[] JoAR] Janrg
0661 "JEUIOIN % BATEIE] aN aN ¢'E6 621 [ednuog a1sH JOAR] Jaang
C661 ‘KIPpzg 2 Ipujopy aN aN LT 8 Lreduny uojE[Eg AYET afe] J 0661 ITEU[OIN
eAleIeg spsuappontiod snpoqoxipy
$007 ‘RN, aN aN L'9T 0€ SPUEPRIAN wsyEp peaurass (] afe]
S007 ‘oI, aN aN 6°LT 34 SPUEPATIAN U2 AN TR UIY JAAR] Janrg
LO0T aN aN 0¢ 0z pueaay InZoArejersy (€606
‘wosE3 [9] 2 UOSSPUNUNSLIS] OHUE[)Y /Y2217
pioaljojoyiny  JS/VW T (%) d u Anuno) AnpaoT  (Kymnpeg) jeqeH s HONSAJu] Amuregymnidyd

32



Parasite checklist of European eel

P61 BAINGZINM €00 1 €€ 0€ PUE[Oq (ucoZeT urezozg) eotudalg Bag oN[eq/U00de ]
2§ EPQRID-EYIAD)
roded s €00 T €€ 0¢ pue[ulg PUELUL JO JIND/EHIOT] (-0) &ag 2ujeyg
S86T ‘D2ARIOIN aN €1 8'¢c €l onanday] yaszyy BUIEIN 9YE] e s (9LLT "TOTINAD 1100} DIBA2Y
6061 ‘yn] sepusizy Ljpueg
VJO LVINHAL SSVTIO
SHHININTHHAHLVId
WNTAHd
961 "B 19 aN aN aN aN U'S§ T o] A8 1wioy Jajemisal]
EABYSAO[AEJ-EARYSAOYJAY
L8GT ToWIR] aN aN aN aN BISSIY 31g AN Bag oneg
9007 ‘Ea0quRRNg % Jnlpoy aN aN S6 ol BISSIY uooBeTR[mSIA  BAQ dU[EY/ B00TE] 38 8 (os61
‘2qEEY]) BO1I002IdR B PUIPOYDLLL
6661 "€ I3 aN aN 8 10 LULL L)) (UIDYNTY J2 WIAYSIAWXT) SUNY JOATY Jaary
48861 ‘193] aN aN aN 08 Jremuay profjesy (oz-sD
eag anjeg/piofg
98861 ‘193] aN aN aN 09 Jremuay pung Jin (81) B9g anpeg
98861 * 9103 aN aN aN 0g Jrewoa(y osjelg ove] AE]
®S86T ' AW aN aN ST 0z1 Jremnacy UWnIsH aYe] e g ds puipottaid |
$00T "TE 12 oY e aN aN 00 aN uredg Bla(] 01qH EpessiAuzouy (0g-¢) veg ue g (98L1
QUBLIS) PIJA/U00TE T BN I °O) sHppad puipoydiL ]
S00Z “'Ie 10 re[riy aN aN ST 00T uredg B[ ARy faary
S00T "I 10 Iepndy aN aN 16'6 [543 uredg B[] 12ATY Jaary
9007 ‘Ea0quURRLS % Jnfpoy aN aN €T ol BISSIR] uoodee[msly  BRQ d[EH/ B00RE
6861 ‘990U % BArEIER aN aN 8°LT 621 [ednpodq sy 1A Jaary
L00T aN aN aN 0¢ puepeag WBABPEISSIJIA 9B e
‘uosed [o % UOSSPUNUNSITS]
00T aN aN aN ST puE[aa] BSNJIO) JRALY leary 38T QEaT PqrRy vonuripn! tupaydid
‘uoseS joH 29 UOSSPUNUNSITY]
£00T aN aN aN 0¢ PUE[22] 10fjpreifwsurag ave] aE]
‘uosed jo 2 UOSSPUNUNSITS]
L00T aN aN aN ST PUE[22] BSNYIO) ALY Jaary 38 8 L6 T ‘s1av( Juorjnf vuipoyold |
‘u0seS |9 2 UOSSPUNUNSITS]
96T "B R aN aN aN aN |'SS ) ewiog RN RS JalB ML
EBABYSAO[AE]-BABYSAOYYAY
L86T WY aN aN aN aN BISSTIY 1431g eASN Bag onreg g *POBEUD DUIPOYILL L
6561
‘aqeey] 2ePIMIPOYSLLT, AjTue,q
€00z “'[e 10 re[3y aN aN S0¢€ 00T uredg BR[ ARy leary
007 “1e 12 epndy aN aN §el €Ce uredg B[] oA Jaary
6861 'q4UUD) 9 BATRIEY aN aN T¢ 621 [e3nyod 918 1oAY leary
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

33



Chapter Il

L8GT HsWIyg aN aN aN aN Aurmien 9asURppIH Bag oneg
saded sy 1 8 T/LT €5 0¢ puE[uly PUETUL] JO JIND/EIOT] (-0) vag onjeg
€461 ‘USN0oM $'6T 6T 001 ¥ SN/PUES ug XA8SH/II0AI89Y] PIOJSUTUURL]  I9)EMUS2IJ/II0AIISAN]
7661 "'Ie 12 Apauney] 8¢ TEUYL 9'8L 1€1 S /puEFug 2y ayooIqoyg aE]
€461 "[E 12 Sumue)) aN aN aN aN Mn/puESug Ao uoyderg e ° (6181 'diopmy)
winaowyInds wimuo1sopdi
1661 "UAI] 29 UIESNo[Hapy aN aN aN aN puEjal] aurg y3neT reddny e ° (8L6T MUAIPUY 2 UN[SEWZEY)
143pqopnasd wimyoisopdiq
1661 "UEaI] 29 UIESno[Hapy aN aN aN aN puEjal] aurg y3neT reddny e ° (0L61 ‘stoqu(y)
winsoruaanisdnd wmioisopdiq
9007 ‘eAcqURRLS % Jnlpoy SE0°0 T S'¢ ol BISSIR] UOOTET E[MISIA Eag ON[E/U00TE ] 2 (6561 's21D
wnpnpovipd wnioisopdiq
500z ‘AyneDapy 2 Lardo)) €00 /1 [y 0g PUEB[aI] JUSUIYDIED UL IATM/[ESSUOCT 0)) ‘9B 20IESSY ey
9661 120 €E€T T STl PUE[AI] 19ATY picjrey Jaary
‘AIIEDOTN 29 TEYTE[[ED
9661 91’0 8¢€T 89 L11 puejaly TOAR mijayungy Jaary
‘KqIenoIN % veydere)
9861 18'0 LT € 6€ PUEJaI] qLLon) 9] e
‘ATIIEDOTN 29 A[Q9UUD))
9861 ro 9 T 6 PUEaI] USUMLI(T AT leary
‘KYNE O 29 A[RaUU0))
861 aN aN aN ST PUE[I] BRIE JUAWYNED QLLIOT SNETAAARY 2 9961 ‘SWEIILAM
‘AIIEOTA] % A[22UUO7) 12150421508 uimuo1sopdiq
T661 ‘urau] 29 unudno[Dapy aN aN aN aN PUETaI] auig yfnogseddn AE] 2 1€61 ‘umorg
winioydotouio. sy wiki o1sopdiq
9881
“Janitod sepruoysofdi Afwe,|
1007 “T¢ 39 [EFAIN0 91/T0 e 10 8t 6LF uredg [ore g (0g) onueny Aremsy
100Z "Te 12 [BI2IN0) 0°6/5°0 0T 1 0¢ LLk uredg BSNOIY  (0€) 2Dy /Arensg
86
1007 "Te 12 95D KT LE/IY6 aN 9'Ly 12 Arert 18EQ)) 2UELPY seunenbay (09
®ag onELPY/UooTe ]
1007 " 32 243 K] 10 aN ¥'T 44 Lrea 1SEOT) QUELPY/ Ol2dEWO (Le€D)
g oNRLIPY /Uo03ET
1007 “Te 312 248D 1 £69/7°TT aN 124 2 Arerf 1880y QHELIPY/LIRY 3L 9[[EA (sesn
©OQ aNBILIPY /U003ET
£661 "I 12 Apaunay] ¥6'1/ZF0 aN €S 8¢ Lo aae[order) aye] (F-ze) Bog
UBIUSYLIAT [ /UOOTE]
£661 V12 ApaumRy L6 TTOTF aN €LT 147 A TRTOIN 9YE] (6€LT) ®og
UBTUSYIIAT [ /UOOTE]
L661 [E 19 Apauuey] 8TLEYE aN 0'0F 0T Arerf ouerFoq ave] (81-87) eeg
UBTUSYIIAT ] /UOOTE]
L661 “[E 12 Apauuay] 9€F/89°0 aN ¥'9 L81 A oueIng aye (0F-0T) ®og 181 LT8I
UETUAYIIAY [ /uooe] ‘Jaeq suydiowijod smppydaong
L06T
‘ay30J awpipeydasng A,y
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

34



Parasite checklist of European eel

861 aN aN aN ST pue[e] BOIE JUAWTIED qLUIOT AETAIARY

‘ATIIEDOTN 29 A[29UUD))
6T Apauuay] aN aN aN N pue[aI] PUE[AI] UI SIIEMYSII] 19)BMIUSAL,]
otgT 9801 aN aN aN aN SIN/pueSug BAIE JUSWYDIIED IAULIIPUIA e
8861 ' 1A 670 €8T 991 ¢ Sremuac prof Buigasuny (o) profg
98861 ‘193] 80 ST/L'T €8t 09 Jrewuacy pung Jirl (8-F) &ag 2ujeyg
98861 * 9103 €0 cUsT 0z 07 Jrewoa(y osjelg ove] AE]
98861 ' 9193 80 10T oF 0¢ Jremnacy @SOITY IYE] e

€8861 ‘90 L6'1 0T-I/Te L'T9 0z1 Jrewoag wWnisg aye] AE] ds winorsoydiq

LT ‘Apauuay] aN aN aN aN SN urejLIg Ul S12)EMYSIL] JO1BMUSAL]
€161 BpAag aN aN aN €8 PUE[Oq alqk e e
£L6T ‘Ephag aN aN aN €8 PUE[O] U1 UI0RZIZG eag oneg/uoode]
£L61 'Bphag aN aN aN €8 PUE[O] UAZDJOIFTOATY BIPO) 159 Jaary
LOOT 'suewstp p eugnlng aN aN aN aN BIAET  BIR JO JIND) JI0AIISRT JOYEA SWSIY SEUZEY BIg on[ey e
SO0z ‘AmeDary % Aardoy €1 z £99 81 pueaI] JUAUID)ED SWIH JIARJ/UEAR,) 07) ‘UEPIY [EN0T e
G003z ‘Ayirenapy 2 Lordos) aN aN 8'88 St PUB[AI]  JURWYDIED UM IAT/[ESOUOCT 0)) 9YET 201ESsY e
9861 FTl Sel 76 6¢ PUE[I] quio7) Ay AE]

ATIIEDITN 29 A[23UU0))
9861 1 87T 6 \1 PUE[I] USQUMWLIT AT Jaary

‘ATIIEDOTN 29 A[Q9UUD))
9861 67 123 L9 €€ puejal Haqqy 1oATy Jaary

ATIIEDIT 29 A[02UU0))
861 aN aN aN ST pue[e] BOIE JUAWTIED qLUIOT AETAIARY

‘ATIIEDOTN 29 A[29UUD))
1661 ‘ULMI] 29 UY2NO[DAA] aN anN anN aN puea1] surg yenogseddn aye]
L66T 'Apauuay] 29 pue[joq aN aN aN aN PUE[aI] Z1a(1 y3n0] AE]
9661 19¢ 8¢€T 96T A puefaly TOAR projyey] Jaary

‘KypeolN 2 teydee)
9661 FEST €691 906 (43 pueal] B 4Fno] e

*AIIEDOIN 29 TEYSE[[ED
9661 171 LT 443 LTI PUE[al] ToARy ulfjayun(y leary

‘AIIEDOTN 29 TEYTE[[ED
FLeT ‘Apauuay] aN aN aN aN pue[aI1] PUE[DI] UT SIRIEMYSDI] Ja1BMUSAN,]
1aded sup 900 T € i1y AUEuIIan ATENSH 2q[ AR ag ONJATEMST
600T “[B 12 qOTel 0L0 8T/5°¢ 0z 0¢ Lueuag e wewy2 g (0TS 1) Bog 2n[eg
600T “T& 32 QOYEL €10 Fiv £e 0¢ Augwip WOYSEEpy (0g-01) veg 2njeyg
A CRER LT €To TTET 01 0¢ Auewreg Teprg PAry Jaary
600Z "8 19 qoser 0TS ST-1/TS 001 0€ Aurmien ueld eye] e
6007 ‘ULRIL aN aN 06T ¥ Aurunagn uedreuad ueTreoue)sU0) AR aye]
F00T ‘wisy aN aN [ 162 Lueuran (Bnqressniuag) 1esap ALY leary

Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

35



Chapter Il

L661 "[E 12 Apauusy] €0'T/SF0 aN 81 8¢ IS aoe[o1dey) aye] (F7€) B8
UETULIAY [ /UO0SE T
£661 "'IE 19 Apauuay] 6L ETF'T aN TFE 143 Arert 1OBTOIN 9YE] (6€LT) ®og
UETURLIAT [ /UOOSE T
L661 [E 19 Apauuey] C6°LI00°E aN 0'st 0T Arerf ouerFoq ave] (81-87) eeg
UETURIIAY I /U00Se ]
S00Z "2 19 0FuauIa], 6£0 ¥ 0z 1€ (pa1s103) 92uk1g easio;ypuod ouqin (0¢) puegd 181 (Los1
SSOOT) SHIHOSHI W0 011027
100Z "Te 12 [BI2IN0) F0/€0°0 ¢ 80 6Lk uredg oL (0f) dnuENY Aremsy
1007 “T¢ 39 [EFAIN0 STen 8T-1/5°¢ 06 LL¥ uredg BSNOIY  (0€) 2nUEIY /Arensg s (€561 sauor)
WRIPIGUIO2 B W0 04110277
0L6T ToWInyg aN aN aN aN Auemiagy S38URPPIH Bag oneg
48861 ‘19 [T 0€-1/5°9 €92 08 Jremuay profjasy (0z-sD I8 G061
eag onjegyprolg TGP SIUHUHUI0D SHARTUIZ
SLOT THOMOY aN T 800 L1 PUEB[O] Aeq Ysueps) Bag onjeg
6007 “I& 32 QOYEL €80 FITI 999 0¢ Luewsap 1eg wWewyR g Bag onjeg
£T1
6661 "Te 30 WEd aN aN aN aN Luzunag Jreyzreg ‘Bmquapppagy jo 1ySig Bag onreg
6661 T8 19 WEJ aN aN aN aN Luewiag Tewsp Jo JySig Bag oneg
L8ET MWy aN aN aN aN Auewin 938URPPIH Bag onjeg
98861 ‘193] aN 9 TFT TTT 9¢ Jremuacy redanes] (FE-0¢€) 1e8apen]
98861 ' 2163 aN ST-1/9°¢ SLT 08 Jrewuacy proljes] (oz-sD
®ag onjeg/prolg
48861 ‘193] aN €1ET 991 ¥T Jrewmuacy prolg Fulqaysuny (1) vog HMON/PIOL]
98861 ‘9163 aN LTTE £8 0% JrBm U] pung Jin (§-) vag onpeg s (zog1 Mdopmy)
surpua.0 suyoydiyonig
6681 ‘SO0 ae pLInTwap] Ajroe,g
F66T ENAGZIAIM 00 € 1 1L PUE[Og (uoofe] UID2EOZg) ZAIYAZI Eag ON[E/U00TE ] s (cz81 udar))
% EPQEIN-EYIAI) sappipdaadanyd snanpiooodyyoy
6T61 MRy 2eprBing Aued
£L61 ‘ephag aN aN aN €8 PUE[O] 21k ave] AE]
€L61 'Bphag aN aN aN €8 PUE[O] M1 UIaeZZg Bag oN[eq/U00Te] ° TEST ‘UURWPION
uoa mwany siydiapod
¥L6T 'Apaunoy] aN aN aN aN N UTEILIY UT SIJEMYSL ] Jajemysarg
S00Z T8 19 xe[rEy €9°0/800 8 1/T'E ST 00g uredg B JeAry Jaary
€00Z “'[e 10 re[3y 9L 0/€0 o 1/ET €81 €€ uredg B[] AR loary
L£00F ‘stuews1A 29 wuign s aN aN aN aN BIME] SEWS[) AT AE]
L00T [ FI-7/0°9 00T 0¢ puE[aa] BABPERISSIJIA 9YE] e
‘uosES |oH 2 UOSSPUNUNSITS]
£00T A ETTFE 9°99 0¢ puepaag joljpreifusuia)g ave] e
‘uoseS joH % UOSSPUNUNSITS]
00T Lo 9 1/9°¢ 00T ¢l PUE[23] BSNJIO) 1AL loary
‘uosed [o % UOSSPUNUNSITS]
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

36



Parasite checklist of European eel

ST61 TEZO 2eplpooad( Aruey

L66T ‘Apeuuay] % pue[joyq aN N N N PUE[I] S1a(q y3no] He] 18 (0061
‘unelq) suoae13u wmyoisepidas)
SO0z ‘Amrenary 3 Kardoy 96'0 6E/6T €€ 1}3 PUE[AI]  JUSUIIED SUIF IBATY/[ESIUO(T 07) ‘3BT J0IESSY AET
2661 e 12 Apauua3] 00 Ul ¥0 £€T SrypuESug 10 Jeary Jaaly
7661 “[E 12 Apauusy] c00 T S0 90g MrypuEFug 1841 Toary Jaary
8561 SEWOY ], aN aN §9°0 Sel SrypuESug Are], rRanyg Jaary s (F8LI
I[N St orinf wnmyoisopidasn)
BS861 ‘90 €00 i 80 (A Hrewuacg wnisg eye] e (9LLT
‘19[[IN) Arasadoron) niapoung
T061 SS00T
aepIpEa DY Affure,q
1002 "€ 32 [EIRIN0) 17°0/200 6°1/0°¢ ¥0 6Lk uredg [orR g () Onuepy Aremsg
48861 ' 91e3] £0'0 Ut 8¢ 9¢ Jeuna(y 1esones| (Pg-0¢) 1wFaney 18 (z081
‘ydjopny]) susoqgqrs 1215 vy11037
S061
“auypQ aepraIsEIRaT AT
100Z e 39 [BIIN0) 0T'0/T00 1 90 6L uredg losag  (0g) dnuEpY /Aremsy
1002 “JE R [BMAN0  Z00°0/Z00°0 1 0 Lk uredg esnory  (0g) 2nuepy Arensg
L00% L0 9ULT 'St 0g PUE[a9] Zoarejeiny (€09
‘10SES o] 29 UOSSPUNTNSIIS] ONUENY/YR2ID
98861 ' 2183 £0°0 Ut 8¢ 9¢ Jeuuay 1edanes] (Pg-0¢) 1eFaney 18 (P8LT YRIMN) SHILDA 52u25045(]
0161 ‘OSIN 2epiuadoas( Lqnue,q
8007 “T& 12 BpIILIDH 90°0 08 80 FET [efmiog OJTaAY 9p BRY OBy ATENST ds wingipoy g
1007 “Te 10 [ENRANO  SF0°0/T00°0 1 0 6LF uredg forR g (0g) onuepy /Aremsg
1002 "€ 32 [EIRIN0) #0/50°0 Lle’l Le Lk uredg esnory  (0g) 2nuepy Arensg
800T "T¢ 32 BPIULIOH TTTHED €19 S'L el [e3miog OITOAY ap BIY onuepy /Aremsg
6007 “TE 2 goer v €61L 06 0g Augwran pue[og|aH (S€-7€) B8 JHoN
i8S
000T 193 I T 00T 1 SPUE[S] 20184 profg yeqpres] 1910 MUENY
98861 ' 9163 6L°0 6°1/TT 1'9¢ 9¢ Jreuruacy redanes] (rE-0¢) 1eSaney
rded s £5°9 9zl-l 9or 0¢ Jrewuag Jrewuag (r€09) 15 (6181 Tydopmy)
"1 jerafeygpedoney BPIAIADLRL UIALIHD OY11057]
1007 "€ 32 [EIRIN0) S0/iT0 9 lLT €9 6Lk uredg [orR g () Onuepy Aremsg
100Z T 19 [BIIN0) £61F9 8Tl 0’0 Lik uredg BSNOIY  (0€) 2DURNY /Aremsg
091
100T T 19 348D 1 T0 N 8% 1z A[en B0 SNELPY [eunEnbay (T 09
®ag ONELPYmooTe ]
1007 "Te 3 9485 1D 9'9/€T aN 0'69 [4% | 18B07) QNBUPY/ OIY2OB WO (LE€D)
©2g ONELIPY u0ode
1007 "Te 3 a8E] I(] 6'6/T°C N ¥oe £E | 18807 QNELIPY/HRYSL] AT[EA (ge<sD
©0g SN ELPY/u0ode
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

37



Chapter Il

7661 "TE 12 Apaune] 600°0 T 60 €€T SI/PUEE T JaNO ARy Jaary
98861 ' 1¢ L0 1T 1/Ts 6'¢l 9¢ Jrewuacy 1eSone (re-0¢) 1eTaney
48861 ‘193] 16'1 0T-T/TL S'LT 08 Jremuacy profjasy (oz-¢D
®ag onjeg/prolg
48861 ‘193] L6'T 0S-1/T'8 L9¢ 0% Jremuay pung Jin (8-) vag 2ujeyg
oded sy 90°0 e €€ 0€ Jreuruacy e wuacy (FE09 ! (zos1
RO ET PN LS ‘iydjopny]) uowior api1000po 4
100Z “T8 19 [B1I9I00) 6 S91 608 6Lk uredg [o1a] (€} DUy Arensg
911
1007 ¢ 12 [EIIN0) 9Tt LU TIPS 0°LT LLk uredg BSNOIY  (0€) 2nUENY Arenysg
6661 I8 19 Weq aN aN aN aN Lueuan Jyeyzieg ‘Smquapyoaiy jo 1Sy Bag onfeg
6661 “Te 30 WEd aN aN aN aN Lueunag rewst Jo 1ySrg Bag onreg ! (SH8I
‘urpre[ney) viopmSup apliooopoyd
600T “TB 12 qO3el 69 06911 €9 0¢ Aurmion ueld @yE] e
fL'601T
L86T Teunay aN aN anN FOT Lueunagy Tewstp Jo 1ySig Bag oleg I ds sniodoSorg
961 "B 19 aN aN aN aN U'S§ T o] A8 1wioy Jajemisal]
BAEYSAO[AB]-EABYSAOYYAG
9007 "BAcHURRLS 2 Jnfpoy F10°0 T 1 ol BISSIR] UOOTE ] E[MISIA Eag ON[E/U00TE ]
L86T 12w aN aN aN aN puE[od A& YsuEpL) BaG oneg
£00T €S0 o TiL'E 0sT 0T PUE[22] InBoArejerD) (€09
‘uosed [o % UOSSPUNUNSITS] ONUEBNY/J21))
F00T ‘wisy aN aN €1 162 Lueuan (BInqrassnuag) 10sap ALY leary
L86T TOWINT aN aN aN aN Augmrag 938URPPIH Bag onreg
L8GT Tewiyg aN aN aN aN Lueuran Temsipy Jo 1yStg Bag oneg
oded sy 60 LTLT €€ 113 puepulg PUBLUT JO JINL)/EHOD] (7-0) Bag oupeg ! SF8I
‘uipreln(g smwpmsup sniodo1Sorg
S00Z T8 10 xe[rEy TL'ESS0 Ie 1 oFT 007 uredg B JeAry Jaary
1€6'€
8661 " 12 Apauuay] aN aN 01 101 Ao Ieqr], reary Jaary
#00Z "'I& 39 TOHON aN aN aN aN piglilich) 182 ], oA leary
F00Z "'Te 13 BoHoN aN aN aN aN S /puEFug SAWEY J, RATR] Jaary
€886 9P 800 ol P €€ 0Z1 Jrewuacy urnisH aye] e ! (k6T 'SMINOCD) pagye8 vjoaiy
100T "Te 32 [BIRIN0 L0 6117 4 6LF uredg [orRd  (0€) onuENy Aremsy
100Z T8 12 [B1I9100) €8T/LS 9¢T°1 7€ Lik uredg BSNOIY  (0€) 2Ny /Aren)sg
ILLT
8007 “Te 12 BpIUId 6LEILED 4! LE FEl [e3nizod 0I1aAY ap BLY onuE[Y ArEmsg
001
1007 T8 19 948D 1T LTZ/8'ET aN 8'¢L A Aren 1BEO) SUELIPY/ OIYIOEWOS (Le €D
g oneLpY /Uoode]
600T T8 12 qoser 00T LET 08 0z Aurmion pueo3[oH (S€-TE) Bog yHoON ! (6181
A ‘wydjopnyy) vivrosef va1awoola g
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

38



Parasite checklist of European eel

F96T "B aN N aN aN |58 ewog RS NRSLEY JIBMTSIL]
EBABYSAO[AE]-BABYSAOYYAY
L£00F ‘stuemsip 2 wurgnfirsy aN aN aN aN BIAET] BEY Jo JnD ‘sews() ‘sefedar] soye] EIZ onjey S9YE]
G003z ‘Aprenapy 2 Lordo) 60°0 €/c c¢ 0€ PUB[AI]  JURWYDIED U IAT/[ESOUOCT 0)) 9YBT 201ESsY e
L66T ‘Apauuay] 79 pue[joq aN aN aN aN PUE[I] Z1a¢1 y3n0] AE]
9661 60°68 Sel 99 (43 PUEJaI] B 4Sno] e
{AIEDO1N 29 TEYTE[ED
9661 00°€T SOF 091 6Tl PUEB[RI] 1oAR piojyey leary
‘Kyreo 2 veyTeqe)
9661 €L0 00 8'81 L11 puejaly ToAR] ulfjayun(y Toary
‘KyreoIA % ey See)
9861 605 o1 6 6€ PUEaI] qLLon) 9y e
AIIEDITA] 2 A[02UUO.)
861 900 T 99 ST PUE[I] BRIE JUAWYNED QLLIOT SNETAAARY
ATIIEDITN 29 A[02UU0))
6661 “TE 312 WEd aN aN aN aN Luewsan puels] vafny Bag onjeg
1007 'Apaumnay] 2072070 aN 29 61 S/pueSuyg (wa)ss oXH IPAR]) 1410 LARY] loary
1007 'Apaumuey] F0/L0°0 aN €€ 0€ S /pueFuyg (masds ax¥g PARY) 12110 PAR] leary
T661 e 12 Apauney] So'T ST-1/8°8 88T ¥9 S/puEEug SAUSIEIN] JAISTTIIXH eag goN/Arensg (OLLT
19[ININ) 2rinLg Duio1s0.420ydS
8007 "Tel0epruBdY  1Z01/06'T 90T-1 L'é FET [efmiog OITOAT AP BT OBy ATENST ds apCooapog
56l
961 "B 19 aN aN aN aN 88T o] R NOREL LY Jajemisal]
EABYEAO[AEJ-EARYSAOYYAY
1aded sup 900 7T €€ fiTy [esnyIog ATEMIS9 SNSE,[/SE)IO] ONUEB[IY AIEMST
00T rE0 CULT 00T 0T PUE[22] ImBoArejerD) (€09
‘u0seS |9 2 UOSSPUNUNSITS] ONUENY/Y2I)
600 “T& 32 QOYEL 980 8UETY 0z 0¢ Luewsan 1eg wewyR g (0T-51) veg 2njeyg
600Z T8 12 qOTel S0'0 T S 0z Aurmiog) pueo3[oH (S€-T¢) vog YHON
6007 “I& 32 QOYEL 99t 961 & 0¢ Augwip WOYSEEpy (0g-01) veg 2njeyg
801
600T “TE 12 qoer €1 ey £ee 0€ Auewion profq 1a13] (81-T1) veg 2njeyg
6661 T8 19 WIEJ aN aN aN aN Lnewiag Jreyzieg ‘Smquapyoaiy jo 1sg Bag oneg
6661 “JE 1 WiEd aN aN aN aN Luewsan PUETS] Ja0g Bag onjeg
6661 ‘T 12 WEd aN aN aN aN Aurunag SI9)EM UE WIAL) B2g oNJeyg
6661 T8 19 Wleg aN aN aN aN Aueunagn pue[s] uadny ‘uIsseq BUOYIY Bag onfeqg
L1861 ‘Towiey aN aN aN 507 Aurunen WONSAUIRJ/ UESSE] eag onjeguooie]
L8ET W aN aN aN 8¢ Luewiep Uappodg Iap[emsjlaln Bag onreg
L8GT HsWIyg aN aN aN aN Aurmien 9asURppIH Bag oneg
L8ET W aN aN aN FOT Lueweg rewst Jo 1yirg Eag onreg
SLET ISMION aN aN aN aN Auemiegn o3 Bag oneg
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

39



Chapter Il

100Z "8 19 9AB 1T 6°09/9°8¢€ aN 666 39 Aren 18807 ONEIIPY/UATST A[[EA (49}
®2Q oTRLPY/U00TR]
L661 "'[E 10 Apaunay] 69°T/6L'T aN L¥r 8¢ Arear aoeforde)) aye] (F-7€) Bog
UBIUANLIAY [ /U003 e
L661 VB0 ApauuRy]  CTHIAE Y aN ¥9€ 114 Arert 1OBUOIN 2B (6€-L1) ®og
UEIUSILIAT [ /U00TET
L£661 "'Te 12 Apauue] €6'C/08'T aN 00F 0T Areap ouengoq ave] (81-87) eeg
UBIUAYLIAY [ /U003 e
L£661 *Te 12 Apauua] TELILLT aN Tze L81 Arerf oueIng aye] (ot-01) eeg
UBIUSNLIAY [ /U003 ET
£00T 6'88 6LET 068 0g pueraag 1n3oAte]EI) (gg09
‘u0seS |9 2 UOSSPUNUNSITS] 90T ONUENY/Y2I)
600T “TB 12 qO3el 9971 0811 9°9¢ 113 Lueuan jeg wiewya g (0T-ST) v9g anpeg
9re
600T “Te 32 QOYeL 9T'0 TTET 0z 07 Auewren pue[odjay (S€-7E) vag YHON
600Z "8 12 qoser 8F1 9C-1/L'6 el 0€ Aurmien WOYSEEPY (0T-01 veg 2njeyg
6007 “T® ¥2 qoYer ey o1 or 0¢ Augmrag profq 12131 (81-71) vog onjeg
801
6661 T8 19 W[EJ aN aN aN aN Lneuan Jreyzies ‘Bmquapyoaly jo sy Bag onjeg
6661 I8 12 WEJ aN aN aN aN Lueuag puejsy wagny Bag oneg
L1861 ‘Towiey aN aN aN 507 Aurunen WONSAUIRJ/ UESSE] eag onjeguooie]
L8GT Tswg aN aN aN 8T Lueuan ueppod Iap[emsjlally Bag oneg
L8GT Tewing aN aN aN 01 Lueuan Temsipy Jo 1ystg Bag oneg
0L6T ToWINRg aN aN aN aN Augmrag 938URPPIH Bag onreg
SLET ISMION aN aN aN aN Auemiegn o3 Bag oneg
7661 €12 Apauuoy aN 61 (401 65 Mry/puEdug 1841 TaaTy Jaary
811
7661 Te 10 Apaune] 800°0 T 0 [3%4 Srypuedug JANO ARy Jaary
996 T ‘TS MOFIEY aN 9T 1 4 A piglilieh) SSOUINJ-Ul-MOLIBE 20(] USIPUAAR]) (' [-€ 1) J10AIaSAL
191EM-YsTYORIYg
#00Z "'I& 39 TOHON aN aN aN aN Sn/puESuy SAUWEY J, AT leary
98861 ‘193] so'€ TTlTe 0s 9¢ Jrewuacy refoney] (re-0¢) 1efaney
48861 ‘193] FAR! 007°1 0S 08 Jreuruacy piofjas (0z-sD
1€TT rag anjeg/profg
48861 ‘193] 8F'6 00T-1 09 0% Jremuacy pung Jin (8-) vag 2njeg
18G1
roded sup LT'ET 81 06 0€ Jremuay Jremuay (€09
fEaal FenoFengpeSoney
007 “Te 19 oFuaTIR], St'6 S6'€l 0L 1€ (earsion) duelg puod ourqun (0¢) puog 5 (6681 WO aopiny spsiidosaq
TPhGT ‘wouImuUAL]
¥ 2[qe) 2epnstidoacy Lrue,|
BS8GT ' AW aN S 161 LT 0zl Jrewmuay WnIsH aye] e ds puiorsosavydg
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

40



Parasite checklist of European eel

9661 "IB 1 JEURD o LS-T/L 9°99 i} ELsny JR[PAISNAN YT aE] g (861 wo1s03dg 29 UIx)
aoynEuy snikSoopopnasd
LEGL ‘Kxysmondig
aseprpeydasod oy Ame,y
VHANHDONOIN SSVTD
TL6T ‘TR aN aN aN F1 LreSunyy uojejeq Y] e (8761 ‘AyZIuEMA])
gLy WRI2P20IMO1)
usouyun Afre,g
L£661 *Te 12 Apauua] T/500 aN ] L81 Arerf oueIng aye] (ot-01) eeg ! ds vuizaapouusy]
UBIUSNLIAY [ /U003 ET
aepruofooz, e,y
9661 00 01 L1 L11 puejaly TOAR mijayungy Jaary “ds wmuirorspoy K
‘KqenoiN % veyTere)
6961 ‘TamQ % [[adder) aN aN aN aN SIN/59MEM aNysUESIpIE) Y2 T, AR Toary qn 9t61
‘UIQQAN] 2]7ud1s umio1siponiiy g
2661 IE 10 Apauuey] £€9°0 ST-/8¢e $91 90T piglilieh) 18410 Teary leary qn (9181
'SIRJIO)) wmnof wmuoisipon iy 4
asepriapof 100y Aueq
1007 ‘22ABIOIN aN aN aN aN arandey yaszyy 2qnuUE( ALY Toary o8y T161 TPEInsIEd]
mpEoyol SEUTUe SoIa
$007 "TE 12 oY eI TLFETT aN I'ee aN uedg BT 0197 TIPA TEUED (0¢-8) vag ue ! (sz8l
AUELIAI PN/ UOOTE ] ‘mipdarny) wrSuy 2pi10001d44)
PI61
“awmipo aeplAydosmar] Anueg
S00Z "TBIROIIEIN  LLOT/TET aN 0Tk aN uredg B2 0197 ‘BPRIVE], (9¢-8) vag ue
JUBLIA) PAJA/U00TE T
$00T "Te 19 OJIFely 9CF/LS0 aN 6F1 aN uredg BYR(] 019 ‘EpEssiAuEouy (0g-¢) veg ue
auELR)pajN/uooTe ]
100T "Te 33 [E1RIN0) T9r/6'LT 96¢°1 Tes 6LF uredg [orRd  (0€) onuENy Aremsy
9'Ee
1007 "¢ 32 [EIIN0 06/ 6TF 1 0°LS LL¥ uredg BSNOIY  (0€) 2nUEIY /Arensg
TTT
Jaded sip €10 /1 €1 0€ redmrog Arenyso snde [/5elI0n] oNUENY ATEN) ST
8007 "Te 1R EPIUIY  LT°LO/6F ST TELT 0Lk FET [efmiog OITaAY, 3p BIY OBy ATENST
6Te
SLET THOTOY aN 0€T/ET 9'LT L1 puE[oq A& YSuEPL) Bag oneg
F66T ENAGZIIM [4AN! €92 9¢ 1L PuE[od (u00fe UIDAEOZY) ZAIGIZI, Bag oI[Eg/u00se ]
2§ EPQRID-EYIAD)
F66T BAAGZIIM 0€0 ST1 00T 07 PUE[O] (w00Fe WIRZIZS) [EUE]) IS MOISEL] Bag aneguooie]
2§ EPQRID-EYIAI)
€161 ‘Bpiag aN aN aN £8 PUE[O] a1qk( 9YeT e
1002 T8 32 985 KT 6°0/€°0 aN 06T 12 Arert 180 2NELPY eunEnbay (T 0g)
g oNRLIPY /Uo03ET
1007 "'Te 32 35D KT L9IL'6T aN 8¢t 44 Areat 18EOT) QNELIPY/ 0122 WO (LE€D)
©OQ aNBILIPY /U003ET
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Anpeso (Kyeg) 1e)qul  =1s uonsaju] Ae, g/unidyg

41



Chapter Il

1007 "Te 32 24€)) 1T o aN 8t 12 Aren 1880)) ONELPY /EuyEnboy (TF09)

g oNRILIPY /Uo03E T

1007 "T& 3 9487 1T FIT/E01 aN S¥e 2 Lren 150 2nEnpy Ry aleA (sesn

©OQ aNBILIPY /U003ET

L661 “[E 12 Apauusy] FSTWFT aN L'€E L81 Areit ouerng aye (ot-01) eeg

UBIUSYLIAT [ /UOOTE]

8661 ‘Te 10 Apauua] aN aN ¥es 101 Arerf Teqr], reary Jaary

100Z “Amenapy % &ordo) L9T LETT 001 81 PUEJaI] A WIIED SWH RARJ/UEAE,) 0)) ‘WEPIY 4Fno] e

1002 ‘Aypreapy 29 Lardo) 001 W\hww $H9 St PUEB[aI] JUSWIYDIED UL IATM/[ESSUOCT 0)) ‘9B 20IESSY ey
96T

9661 60'6 [4:)! €96 7€ PUE[aI] B Y¥no] aE]

‘KyesoIA % eySee)

1661 e 2% Ayueapy aN aN aN aN PUE[I] quIoD) ARy Jaary
L66T 'Apeuua] % puefieq aN aN aN aN PUE[I] Sraq y3no] AE]
L66T '‘Apauuay] 29 pue[joq aN aN aN aN puEjal] ToARy ulfjayun(y leary

Se6T ‘K1oMpZg % IFU[O]Y aN aN L 18 LreSunyy uojelRg AT e

L86T ToWInyg aN aN aN 01 Luewiag Tewsp Jo JySig Bag oneg

£8671 TE3I2 UUEWYONG aN aN aN aN ERLIAR 20UEI,] UIAISEIYINOS SIDATY] RETAN

T66T "I 19 Apouuay] et 86T 906 ¥9 Sn/puESug SAYSIBIA] J9)SUTWRH Bag qUON/ArEmsH

2661 “'[E 10 Apauuay] Le'l 6% €0 €€T piglilieh) 1aNQ Ieary loary

7661 Te 10 Apaune] €91 oz 118 907 Srypuedug 18417 Joary Jaary

48861 ‘193] rL 00T-1 S'LE 08 Jremuay profjesy (oz-¢D

061 eag onfegyprolg

48861 ‘193] L9'1 9 TT'E TS ¥ Jrewuacy prolg Smagysuny (1) Bag UMON/pIol]

98861 ‘193] TFI 00T-1 09 09 Jrewuacy pung Jirl (8-F) &ag 2ujeyg

9°€T

98861 * 90 [ ST-T/e 0z 07 Jrewoag osjelg ove] AE]

48861 ' 93] e TTURe 0s (119 Jrewua(] @801y aYE] e

BS8GT WY L99 0S-1/01 L'99 0zl Jrewmuay WnIsH aye] e

9661 “TE 12 BAOYLIONG aN aN 0Ty [41* onqnday gasz)) wysds puod sty BRI eXeocrg Fuyalg PUO/AE]

9661 “[812 BAOYLIONG aN aN 0°SL FARS arqnday] yoezy II0AT9SSI 1)EM HI[I0) IIOAISSY JOTBAN

9661 "TEIR FAOYIIOYG aN aN 002 [ onqnday] gyaszyy TeARy aotuz] Jaary

9661 "B 19 PAOYIONG aN 1 0'€T zIg anqnday yaezy) JAL AIUO Jaary

9661 T 12 EAOYHIOYG aN aN 0'1L [ onqnday] gyaszyy JAAR BYEAEIY) Jaary

9661 T8 12 A0 aN 671 0°08 [ onqndey yaoz) Jaang 2lmepy Jaary

9661 “[812 BAOYLIONG aN o-1 00€ FALS arqnday Yoz TIOAISSIT JAVE M EYALZ IIOAIS] J9JBAN

9661 T8 19 pA0yIOYg aN AN} 0rs [41* onqndey yaoz) JOAR] BABZEG Jaary

9661 T 12 BAOYHOYY aN €9¢ 0°0F TIg arandey] yaszyy UISEY I9ATR aqnue(] leary
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

42



Parasite checklist of European eel

1007 11ang % 8Ing aN aN 68 61 Lueueg (SUNISTIES]) JUNYR JOAR] Jaarg
1007 ‘1reng % saIng aN aN €16 ¢ Lueuan (Suopy) QUM AT ETANY
6661 B 12 s21ng N aIN 06 0o Aueuiag (WIAYSI WIAL) JO INOQIRT) U] PATY I3ATY]
6661 "Te 12 saIng aN aN 65k 9 Lnewiag (UIRYNTY 12 WIBYSIOWIYT) JUNN 1BAT] 13A0]
Taded siyp L9 €811 91 0¢ pueful] PUETUL JO JIND/ENIOT] (-0) eag oueg “dds snedfoilvpopnas g
o
€007 aN aN aN 10z PUE[O] ezidaryy ‘B3 ‘mopEy SIAR] Janrg
‘zoeded-E22[1d 3 EY9990%
LOOT ‘stuews p % ewignfiny aN aN aN aN BIAIE] B3 J0 J0D TRARY BIU9 A ‘SEWS[) 2YE] 8ag
an[EgIeAR/aE ]
T00Z "1 12 2485 1J o aN 0'¢ £ Arer 1SE0) DUELIPY/LIBTSL [E A (CeCD
99 ONELPY/U00SE ]
8661 "'[E 10 Apauuay] aN aN L8T 101 Arerf 1AL, 1ARY 1anng
100Z ‘Amaenapy % &ardo) 90¢€ el ¥'¥8 S PUERI]  JURUIYDIED SUIH JPATRY/ETAUOCT 07) ‘BT 20IESSY afe]
9'9¢
S661 'K1PMPEZS 2 JFU[O]y aN aN 6% 18 Lrefuny uoyE[Ed AYET afe
BZRAT ' 2183 S0'0 TS €€ 0z1 p it el UInISH oYE] axeT
966T “[B12 BAOYLIONG aN aN 0'L8 zig  ouqndey yaez) waisis puod qsy BYIEW OXETYooIq JuUnalg PUO/NET
9661 “TE 12 BAOYLIOYS AN N 0'8L FA LY arqnday] yoez) JIOATISAI JAJEM HITIO JIOAIISIY IAIEM
9661 “[B 19 BAOYHIOYG aN aN 00T zig  ouqndey yaez)) I0AR] 20WIZN] 1380
9661 “IE 12 PAOYHOYG aN 017 067 zig  onqndey yoez) AR 21U ETANY
966T “TE 10 BAOYIIONG aN aN 0'IL TI¢  ongndey yoez)) JaAn] BeAR[U[] Jaang
9661 “IE 12 BAOYLONG aN ISP168 0706 zig  onqndey yoez) 19ARY 221UINO] ETANY
966T "B 1 1BURD L6 £oc¢ L'LL 6 BINSIY Y2 19[Yas] e
fi9A
9661 I8 12 JEUPRD 8¢ 519 8'8¢ 1 BLISNY Ia[patsnaN aye] e (66T Tonyrs)
11q suakSop1oopopnasy
SO0T “TEWONIEIN  §6°¢/9T'T aN 6°6¢ aN uedg BI(T O19F 1A TEUED (0¢-9) vag ue
AUELIAI PN/ UOOTE ]
SO0T "TE 1B OIEIN  69°61/80 %1 aN 98 aN uredg E)A(T OIqH EPESUE], (9¢-g) vag ue
QUEBLIA} pAN/u0OTE T
€00Z “IEIDOIEIN  £6'62/5T'1 aN 6°SL aN uredg BIa( 0199 EpessiAuEaug (0¢-¢) vag ue
auELaIpauoode]
TOOZ "TER[BINNG  96°0/70°0 121z A 6Lt uredg oL (0f) onuENy Aremsy
TOOZ "TER[RIRAIG  LFO/€00 0T TEF 90 Lik uredg BSNOIY  (0€) 2nUENY Arenysg
9007 "BACYUR[AMS % Jnlpoy #10°0 1 1 Al BISSIY uooSeEMSI,  BAg dU[Eg/u00RET
6861 QquyD 3 eArEIEg aN aN o€ 621 [ednpod 218 JAR] Jaarg
8007 "TEREPIMIBH  ¢0'Sa6T  SHTTY  €T1€ FET [edniod OITAY P BRY OBy ATENST
£00T aN aN aN 10z PUE[O] ezidarpy BB mopey sIARY 1380
‘zoedep-EY02[d 3 EY02q0%
LOOT 'suewstp 2p eugnling aN aN aN aN BINE] BSRY JO JINED TOARY BIUA A 'SEWS[) AYE] Bag
SUIEGAIARY/MET
picoaljo Joyny  (QS/VW T (%) d u Anunoy AieaoT  (Aywpeg) yeNqeH IS wonaajuy Arore gwniAyq

43



Chapter Il

1007 "Te 3 24E)) 1D 10 aN 0¢ 2 ATent 1880, ONELIPY/LAYSL A[EA (sesn
g oNRLIPY /Uo03ET
8661 ‘e 12 Apauuay| aN aN 9T1 0€T Apep1 Teqr], reary Jaary
F00T ‘rwisy aN aN 9L 16T Lueuan (Bnqressn|uag) Josap ALY leary 3 0961
‘suedrg apjpinsun smpl1o0poiln
£08] ‘aSSAf] B uapauayg
wep aupifiseposds A
LO0T ‘stuems1p % euignlirsy aN aN aN aN BIAJE] sefedoryaye e 3 ds smyouon.ia ]
LEGT ‘Aysmoyadyg
aepiyouoe na ] A[nue]
SO0z “lela reIndy  /8'19/9°81 T09°1 S8 00Z uredg BaJ 1oATY Jaary
FT0E
S00Z VB0 IBIINSY  $9°99/4, 7T Fro1 098 1543 uredg B[] 12ATR] ToAry
8S0F
Jaded sip 86°€ 1€ 1/8°L 90 0€ redmrog Arenyso snde [/5elI0n] oNUENY ATEN) ST
€007 VIR aN aN £'€e 0¢ SpuelemaN wnspEpy Aeaurfass 7 e
$00Z ‘o], aN aN 60T 3 SpUBPaAN U2 MNITTRUIR] IOARY Jaary
8661 "[e 12 Apauusy] aN aN 89T 101 A Taqry, 1eany Jaary
roded s L0'8 STt €'€s 0¢ Luewsan (uagayion) 2qH 2AR] Jaary
TSI
1aded sup ¥oT1 LFT-1 08 0 AUBUIIaD ATEn)sH 2q[H RAR] Ioaryg
50t
6007 “T® ¥2 qoYer 9¢'8 o1 9L 0¢ Lueunag 1o wewy2 g (075 T) vog onjeg
9711
600Z “T8 19 Q03P 0T'T 9¢1 el 0¢ Aurmion WOYSEERY (0T-01) v9g anpeg
8L
600T T8 12 qoser 3 0T 1 [ 0€ Aurmiegn profd 113 (8171 veg 2njeyg
1¢9¢
600T T8 12 qoser €19 9€T°€ 001 0€ Auemiegn Ieprg ARy leary
€10
600 “I€ 12 QOYE[ 9¢'8 91 9L 0€ Auewin uold 29E] aE]
T11
€007 USRIy, aN aN aN 9€ Lueuan Ur1a /298RS S NN e
$00Z ‘WapI], aN aN I'L8 1€ Luewiag axunyddry manyg Jaary
£00Z VIR aN aN 001 Al Lueuen RN JRALY leary
£00% ‘UVIRIL aN aN L'68 62 Luewsan TEOD) ISR U ALY Jaary
$007 ‘UIRIY], aN aN 001 [44 Luewrag UIPUNTAL) [UTEIA] IIATY Jaary
$00Z ‘U9, aN aN €'ee 071 Luewsan Sinquapne T yaEqIezIg weang
S00T ‘U9, aN aN 6l 9¢ Luewsan Fmquajne yoeqzng weang
€007 ‘IR aN aN €79 ¥9 Lueuan SmquogneTAUIR] PARY loary
§00T ‘URRIYL aN aN 866 ¥z Aurunen ueSIeuad uR JfaOUEISUO) AYE] ey
F00T ‘rwisy aN aN L'LS 16T Lueuan (B1nqressnyag) Josap ALY leary
plo3a1 Jo Joyny as/vu /W (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

44



Parasite checklist of European eel

£981
‘snuae) eapi[Aqdopnasg 1apio)
TOOT "Te 32 [BIRIN0 LBO/TTO S-1/S°¢ T¢ 6LF uredg [orRd  (0€) onuENy Aremsy
TOOT T8 19 [B1II00) FT 0200 S T/ET 80 Lik uredg esn0Iy  ((€) 2NUEY /Aren)sg
1007 " 32 243 K] 10 aN 8t 12 Arerf 1880)) ONELPY /EuyEnboy (TF09)
g oNRLIPY /Uo03ET
48861 ‘193] 00 F1ET 991 ¥T Jrewmuacy prolg Fulqaysuny (1) vog HMON/PIOL]
600T “Te 32 QOYeL S0'0 4 S 07 Auewren pue[odjay (S€-7E) vag YHON 1 (88LT IoNINN sprauo.naid x2}0ag)
‘dsua% eapijAydenay,
0061
‘uneag seprayoqofiyd Ao
TOOT "B W [BIRIN0) 7000 9-T/L'T ST 6Lk uredg oL (0f) dnuENY Aremsy
TOOT "B 18 [BIRINO) T€0/€0°0 9 T/L'T 6'1 LLk uredg BSNOIY  (0€) 2nUe[Iy /Aren)sg ds ooy
6661 TWINT aN aN aN aN Auewren AUIY JeARy Jaary (881
‘UapauAY UEA) SHAIPUILD DHOJIML)
6961
SO FePIIOLILL Ao,
6661 1WA aN aN aN aN aN Bag Jorrg Bog JorIg dsoimnoniua |
1aded sup £0°0 11 €€ 0 regnirog ATEMS2 SNFE [ /SEMIOH ONUEIY ATEmsT 1 (6Ll
‘280¢) PPUAPYI0D PLIBIRIBINA |
9761
‘ayoo sepLienaeiua |, A[Iwe,]
8661 B 12 Apauuay] aN aN 10 05T ATEI 12q1], Jean Ioaryg 1 ‘ds we% sepreeAydoire]
$L81 Jdesona]
auprvfidydod ey fprum,g
S00T "B 19 BAIRIEY S1°0/200 01 1T Lk [e3nuod 918 1oAY leary ! Th6 1 TBPIZS PINIRq PIMDY Y
LT61
“aunp] sepnsaoA-] Ajroe,|
0L6T 991D aN aN aN aN SIN/E9MEM AIYSUIOABIIIEY) ‘UIBPE] UA[T e ! (IsL1
‘se[[ed) smpoun suppydaooypd)
TL81
‘HOSS[() FRPILIYIOOIY A[rure,]
VJOISHO 8SVTID
£00T ‘stuewsip 3 vuignling anN aN aN aN B sefeday] oyer] ] 3 7€81
‘muewpioN wrxapp.nd vaozopdiq
6v61
‘1quioed 2 prozofdi Lnrore,q
48867 ' 213 aN aN aN 08 rewmg pIofjos (0T gD 3 dds smii1oppoudn
rag onfed/proly
1007 ‘22ARIOIN aN aN aN aN onanday] yaszyy AqNUE( AR Jaary A8 1S61
‘elesmoye[ns] 7on} sup100pPoILD)
961 "B 19 aN aN aN aN 88T o] R NOREL LY Jajemisal]
EABYEAO[AEJ-EARYSAOYYAY
L8GT HswIyg aN aN aN aN BISSTY 131 BAGN Bag oneg
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

45



Chapter Il

L861 TRWy aN aN aN [&] Aueuuagy Tewsipg Jo 1ySig eag aljey
Oﬁmﬁ ;uE_DM ﬁ—.Z QZ QZ QZ h:.mEhuo :umu_uom huﬁ_m\{wm.:uho mum uﬁ_._wm
0L61 :o—:_um N N N N %:mEHQU JIBUIPPIH B3g 2N[EY
8661 ,psoo,_n:omﬁm N N (o | N h:mEuoU Uappoy IPplEMEJRID) B39 oNJEY
SL6T TRION aNn aN aN aN Aueuen 1213 vag onjeg
aded siyy L0 P 1T 0g 0§ pueful] PUEJUL] JO JIND/ENIO] (-0) vag onreyg
Lol .:mﬁookw £t (o] Q< ¥ %\tﬂw_no*ﬂm— HISSHITOATIBY @HOmwcﬁﬂcﬂm JIEMYSAT]ITOATISIY
961 dmchm N N {ON (IN VHD:.EN_WEM BAIE JUIUWIYIIED I WIIPUIAN e ]
861 .m:\mmm— N N N N %\tﬂw_wcm— QIYSIANEIDI0 M Ijemisarg
1007 ‘Apauusy] 000 aN o € SIr/puejdug (wasds axg 19AT) Joorg mydry TaATy
1007 ‘Apauusy] 80/€°0 aN L0T 9z SrpueSug (wa)sAs axH IeAn]) pasi)) ALY TaAry
1007 ‘Apauuasy] 9°0/Z°0 aN 101 (22 Sn/pue(ug (wa)sis % 19AR) WNY) ALY RETASY)
1007 ‘Apauusy] 0120 aN 002 01 SIr/puelSug (w2848 oxg I2AR) YS1ByoIg RETA Y
1007 ‘Apauus3] 1L aN 0°0€ 01 SrpueSug (waysds axg 1oAny) 28 pug L[pooig 1oARy
1007 ‘Apauuay] LOE0 aN L9t 0§ Sr/pue(Sug (21843 9% J9AT) 19110 AL 12401
1007 ‘Apauuss] LOE0 aN 012 61 Sr/pue[Suy (wa)sAs oxy 12any) 184[D) 1AL 1A
7661 "B 12 Apauuay €0 6-1/9°T 661 90% Mr/puelug (waysds oxg Joany) 18410 Joary JoAny
7661 “[e 12 Apauuay] 80°0 1 SL 9 Sr/pueSuy SOUSIEJA] JJSULWXE  ©3g HON/Aremsy
7661 “[e 12 Apauuay] Fol I€16€ 8T 1€1 Sr/pueSug ] ayoe1qoyg e
00T & 12 1oyoN aN aN aN aN SrypueSug 182 ], 18ATY 12ARY
#00Z “JE 10 uouoN aN aN aN aN MrypueSug BAUIRY ], 1AL TaAry
98861 ‘2183 00 1 ST 08 Srewuacg profjas] (0z-s1
rag onjed/proly
98861 ‘2143 F00 1 Ty ¥ Jrewua(g prolg SulgexSury  (01) vag yMoNyprolg
98861 ‘2183 €40 9-T/ET LI€ 09 Jrewuac] pung Jin (§-+) vag oureg
98861 * 212 610 TUET 61 0z Sreuuac] gs[2lg ave] e
98861 * 2123 €00 1 o 0§ Frewua(g P81y OYE] aye]
Bg86 T ‘e €0 LU8T Ve 0Z1 Jrewua(] wnIsH aye] e
1002 “UD>.EDE N ON IN N u:n—znum Yz wﬁ:DQ uerwaygog ypnog mauum.ﬁm ﬁ:DQ PUOJ/ITOATISIN
01973 0ADYIEN {AOZEIN ‘BYSAO wry ‘BYDIIO) BN
1007 ‘09ABIOWN AN N N aN arqnday] yoaz) BAEB)| A PUE BABZEQ ‘9§[EJN Q01UZIr] ‘9q[H SIoARY JaAI
$861 DIABION €€ I8 A2 Z€l  ouqnday yasz) BYIRIN e ] e
L661 *TE 12 ssNgEYag 700 A €60 L01 wngjeg PIayag JeaR] 9] Jeary JoAny
$00Z e 12 s8nqeyag 0€00 OSI-0T 89790 0TL BLIENY Ia[parsnan] aye| aye] 1 (Z8LT 9z30D)
sdaoiappo smpoydaooriyiog
6F81 ‘pavyoue[g
sepipeydasorpog Ao,
LOOT 70 0T 001 0z pueaa] InZoarejeir (£€-09) ML ds "uag wapipiLydopnasg
‘wosE3 [9] 2 UOSSPUNUNSLIS] OHUE[)Y /Y2217
paosal Jo Joyyny as/vu W (%) d u Anunc) Anpeso]  (AyuIeg) yeNqeH  2)Is UONdAJUL e ymnidyg

46



Parasite checklist of European eel

8661 " 13 ApouUIY] aN aN o/ 101 Arerf Ioqry, eany Toary
€T

00T ST ST LS 992 0¢ puE[aa] WBABPRISSIJIA 9YE] e

‘uosed joH 29 UOSSPUNUNSITY]
5007 ‘Aypenopy 2 Lordo) o z 77T g1 puEjaI] U2 WYIED 2UN JOARY/UBAED) 07) ‘UEPIY YSno| ey
5007 ‘AypeDopy 2 Ao1do) aN aN 997 St PUE[I] JURWYDIED QU J2ARY/ES2UO(] 00 ‘OB 20JESTY ey
L66T 'Apauuay] 2p pue[ioH aN aN aN aN pueal] S1aq1 ySno] e
9661 P 9¢ 90r 4% PUE[I] B Y¥no] AE]

‘AyedIN 2 eySee)
9661 ¥0'0 ST 91 STl PUE[AI] 19ATY picjrey Jaary

*AIIEDOTN] 29 UBYSE[[ED)
9661 00 01 8t L11 puelal] ToAR] uljayun(y ToAry

*AIIEDOTN 29 UEYSE[[ED)
9861 6£0 L1 €2 6€ PUEJaI] qLLon) 9] e

‘ATIIEDOTN 29 A[Q9UUD))
9861 00 1 ¥ 6k puefaly U23UMWLI(T IAATY Jaary

‘KYNE O 29 A[RaUU0))
9861 900 1 9 133 pueal] Hoqqy ARy Toary

‘AIIEOTA] % A[22UUO7)
9961 ‘Apauuey] aN aN aN aN PUEaI] aufoq ARy leary
9961 ‘2aue3] aN aN 991 9 PUETAI] aukoq JoARy/mouy gino] AE]
TL6T ‘TR aN 081 L'SE F1 LreSunyy uojelRg AT e
S66T 'K19WPZS 2 JFUjOpy aN aN [ 18 Lrefuny uoElEg 9] aE]
F00T ‘1Pwiy aN aN ¥z 162 Luewiag (B1nq[assnyag) 1083 10AR] Jaary
[00T 11913 37 820G L0/€0 L1 8°¢I 61 Lueuag (9YNISIET]) QUL JOARY Toary
1007 ¥1ong % 8Ing STE0 oS Ls S¢ Luewsan (swicpy) Uy JoAry Jaary
6661 "I 10 saIng ST0T Ly L'1T 0% Lueuan (WIaYSIa UIAE) JO INOGIRY) JUITY JOARY loary
6661 "I 19 saIng 8°0/2°0 L'e 6% 19 Lueuan (UIRYNIY 13 WIAYSISWT) JUITY ALY leary
saded s 8T FI-T/E 0s 0¢ Lueweg (u2qay10D) 2qH 1241 Jaary
aded sip 10T €UT9 €€ 0¢ Lueunag Arems aq[ BAR] Jaang
600T “TE 12 QOYEr €To T €1 0€¢ Luewsan 1oy wewyR g Bag onfeg
600Z “T8 19 Q0%B[ 8¢'T 6°T/€ el 0€ Auemiagy Taprg ARy Jaary
6007 “TE 12 qoer 8¢€'T S-T/ET 09 0€ Auewin uold 29E] aE]
S00T ‘9], ¥o 1 06t 9¢ Luewsan urrag/aesRER NN A
£007 ‘IR, fA] 01 L91 [ Luewag WY AIAIYI] JOAR] Toary
$00T ‘U9, ¥o T 0or 071 Luewsap Srnquapne T/aEqIenIg weang
$00Z ‘IR, S¢S0 LT Pee ¥9 Luewiep Srnquagne TR uN 1eAny Jaary
€007 VIR L8'0 LTET S'LE ¥T Lueuan UASIEUAT UET/R0UEISTO)) YE ] e
6661 “TE 12 WEd aN aN aN aN Lueweg puels] uafny Eag onreg
1861 ‘1oWIay] aN aN aN 50T Aurunan WOISoUJ/ UBSSE] Bag oNeu00Se ]

Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

a7



Chapter Il

8861 JY0EILIY (4% TET1 59 or Esny JIPIsUAN E] L] (6LLI
8T1 YOO ) tIHSSDLD WIRLIYIOGRT
6881 ‘BraquugyT
seprioydousers], Afiume,g
TOOT "8 R B0 #0°0/00°0 /1 [ 6Ly uredg [ore g (0g) onueny Aremsy “ds smpydaooryiog
6661 ‘oW N AN aN aN AuBwIaD Bag oNJEg/uo0dE] LENE T fliGIY g nd.ioos smpyvdaoornylog
¥96T "TER N N N N AR Iewo) R RNOREL Joremysalg
BAEYSAO[AB]-EAEYSAOYYAG
0L6T 'qqnu) aN aN aN aN SIN/sereM AIYSUOATEUIIEY) ‘UIEPE] UA[T L]
0L61 990D aN aN aN aN Irysere M AITYSYIPUO RN ‘(B[eg a9eT) p1Fa], udrT 2L
SN LEER L 3 0T°0/T0°0 1 01 002 uredg B L ARy Joanry
$00Z "I 10 ey T 000 LE/S w90 £€TE uredg B[] 1oAY Toany
$00T "Te 12 OJIFEly #1700 N 71 N uredg BIP(T 019 ‘EPESSIAURDUE  (7) BOG BOUBLIANIPOIN
‘noodeT
1007 ‘93ABION N aN N AN orgqndey yeaorg AqNUEBC ALY TeAry
L8GT TOWINRg aN aN aN aN BISSIY WErg-eman rog anegLiensy
9007 "BAOYURAMg % Jnlpoy F10°0 [ L0 ol BISSR] T0OSE BIMSIA Bag oN[Eg/U00TET
6861 QYD 3 BATEIER N N [ 671 [ednpod s RAR] Joanry
S00Z "B 12 BAIRIEG §T0A0°0 et [ €6 [eSnyog BSNOG JOATY Toany
S00T "B 19 BAIRIEY 11°0/100 01 €1 6L [e3n0q 0A07) JOATY Toany
S00T "Ie 12 BATEIEg ¢o0sT0 10T €L £S [ednpog E[2A0L], ALY Joary
8007 'Te 12 BPIUIA L6070 €L T el [e3n1zoq OJI0AY 9p By onuEy Aremsg
L8GT HswIyg N aN N N puElog Leq YsuEpPL) Bag alreg
F66T BAIGZINM w0 €1 76T ¥T PUE[O] N0 BIPO I9ATY rog anegLiensy
29 EPQRID-BYIRIO)
FE6T BANGZINM 19'0 T S'19 €1 PUEIO] (u008e nazzg) oudiey amoN Bag oN[Eg/U00TET
2 BPQRID-BYIIO)
F66T BANGZIM LED 1 L9t 0€ PUEIO] (ucoZeT urezozg) eatudalg Bag oN[EG/U00TET
29 EPQEID-EYII0)
P61 BAINGZINM SLO 61 8'ee 1L PUE[Oq (u003e uIezAZg) ZAKazI], Bag oN[eq/U00Te]
29 EPQRID-BYIRIQ)
F66T ENAGZIAIM 780 €1 0TS $T PUE[Og (U00TET UI0RZ0ZS) WIqI] Eag ON[E/U00TE ]
29 BPQRID-EYII0)
F66T ENAGZIIM ST0 1 oSt 0% PUEIOq (UOOTET UIDIZOZY) [EUE) FSMOISEL] Bag ON[EG/U00TE ]
29 BPQRIN-BYII0)
€L6T ‘EpAag N N N €8 PUE[Oq 2lqk( ave] A
£L61 'Bplag aN aN aN €8 PUE[O] M1 UI9ZIZY Bag oN[Eg/U00TET
€L6T "Ephag N N N €8 PUE[Og UAZOJOIGHOAR BIPO 159 JoaRy
S00T ‘U9, ¥o v 00T 0¢ SPUEHAWIaN wsyEp e urass ] L]
LO0T ‘swewstp 2p eugnling N N N N BIAE] BITY JO JIND) "OAR] BIUO A TIOAIDSNY BIZ AN[EHBAE]
I9JEAN SWNSOY ‘SEWS) ‘SUOSNY ‘SEUZEN S9eT
Pa03al1 Jo 1ony as/vw v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

48



Parasite checklist of European eel

1007 ‘Apauua3] €0°0/60°0 aN 98 4 S /puEEug (wa)sis o J2ARY) Joorg uiyd[y Jaary
L66T Apauney] aN aN aN aN S /pueFuyg (wa1sAs aXH AR 12110 AR] leary
T661 T8 10 Apauuay] €10 S1/8'T €L j3¥4 S/puEEug (w2184 o¥H 12AR]) J2)1Q) 19ATY Jaary
T661 "I 10 Apouuay] LT0 8°T/ET €L 20% Sn/pueSug (21845 OXT 13AN) 15A]) JIATY Jaary
€L6T ‘USNooM ST'T [ 0S ¥ SypueS ug XAESH/I10AI989Y] PIOJTUTUURL]  JOJEMUSDI]/TI0AIIEAN]
9961 ‘T8 MONIEIN 91’0 1 91 z1 SMn/puESug SSOUINJ-Ul-MONBY 2O(J USIPUOART  (EF[-€ 1) JI0AIISAI
Iojem [SDjorlg
¥L61 'Apauuoy] aN aN aN aN piglilieh) 1aNQ Ieary loary
#00Z "'I& 39 TOHON aN aN aN aN piglilieh) 182 ], oA leary
F00Z " 32 TOMoN aN aN aN aN SrypuEEug SIWEY J, LAY Jaary
48861 ‘193] €00 T ST 08 Jremuay profjesy (oz-sD
eag anjeg/piold
98861 ‘193] FO'T LTIST LTk ¥T Jremuacy prolg FulqgqSuny (1) Bog UMON/pIoL]
98861 ' 1¢3 80 Im-1ee se 09 Jrewuacy pung Jifl (8-F) ©ag onjeyg
98861 ' 9193 €0 Tl 4 0z Jremnacy gsjaely ove] e
48861 ' 93 €To T €€l 0¢ Jrewmuay @821y aYE] e
B886T ‘910 10 o T/0T 'L 0z1 Jremoacg WnIsH aYE] AE]
8861 “1dey] % z[oyog €91 91 001 [ arandey] yaszyy QaMZNT 1AL leary
1007 ‘09ABION aN aN aN aN arqnday] yoaz) spuod SPUOJ/IIOATISY]
URIW2YOE] YINOG ‘BYSAIQ7 PUE BEYII[IO ‘AOZBIN I9TeAN
1007 ‘294810 aN aN aN aN onqndey yaoz) BAENA PUE 2JYC Q90IUZNT SIIAR] Jaary
L66T "'TB 19 88NQEYDG 18'C 69'9 1'Tr L01 wnidfag PISUAS 19AR] 9197 19ARY Toary
8861 1Y0EILI] S¥'T 161 st or BLsny JA[palsnaN aYE] AE]
'S
$007 “Te 32 ssnqeyag L0070 SO¢T TPTET  0TL RIS I9[PASNIN 3B AE] ! (5z81 ‘urdary)
snppyda0 0400w sBoyda00210.4 4
1161 any
] sepifeqdasoaold Ljrue,q
F96T "TE R aN aN aN aN R RNAREL S R NOREL LY Jajemisal] nuw (8GLT ‘snovuury)
BABYSAO[AEJ-BARYSAOYJAL wmiw] winaoqondydiq
0161 ‘aqnT
seprrapoqopdydiq Afrured
8€61 1aa1qpsuy aN aN €S aN Lueuag Uoppodq lep[emsjlalsy Bag oneg (6LLT 201
suvprdsnota sudoydouavis]
961 "B 19 aN aN aN aN U'S§ T o] A8 1wioy Jajemisal]
BAEYSAO[AB]-EAEYSAOYYAG
FLeT ‘Apauuay] aN aN aN aN SIN/S9TE M 211512 WOTIVOJA] ‘UIIAG JOATH RETAN
LOOT 'sEWSTA % enrgnling aN aN aN aN BIAJET] seledory soyey e
1007 ‘29ABION aN aN aN AN angnday yeaolg o1qnday] YEAOTS PUE Y22Z)) JO SINEMSIL] JajeMTSAL] 1 (I8LI
£ arjqnday Yoz ‘Se[[ed) SHSOIIPOY SHAOYdoUADILL
TS ‘wosMEY ST'0 €ie Y 61 SIn/saEM IS A9 WOSIUOR ‘UIAAAG JOATY leary 1 (9LLI
SN 2128} sHdoydouapiif
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

49



Chapter Il

100T "Te 19 3a%D I STE0 aN T6 €€ Areif 1500 QUELIPY/LIYSL] O[[EA (ge€n
®aQ OIRLPY/U00TE]
L£661 IE 12 Apauuey] 8t°0/SE0 aN <8 L81 Arerf OuUEIng aye] (ot-01) ®eg
UETUAYIIAY [ /uooe]
8661 "t 12 Apouua3] aN aN 0r/80 101 Areap Teqr] reary Jaary
F0€T
£00T o TlET 991 0¢ PUE[22] 1ofjpeidwsuiag oye] AE]
‘uoseS [o} 2 UOSSPUNUNSITS]
L66T 'Apauuas] 29 pue[joq aN aN aN aN PUE[aI] Z1a¢1 y3n0] aE]
€00z ‘AmpeDagy % Lardon 050 € L91 81 pueal] U I2)ED W WARJ/UEAE,) 07) ‘UEPIY YFno] e
5007 ‘AypeDopy 2 Lordo) or'1 99 £971 0g PUE[I]  JUAWYDIED QUK J2ATRY/[EF2UOCT 0)) ‘9YE] 20JESTY ey
9861 800 1 8 6¢ PUE[I] quioD) e AE]
ATRIEDOTN 29 A[Q9UUD))
1L6T ‘TeIny aN 080¢ [ag! 1 Lregunyg ToyRIRy AYE] AE]
C661 ‘KIPpzg 2 Ipujopy aN aN T 18 Lreduny uojeleg Y] e
£00% ‘UIRIIL T T 1414 9¢ Luewsan urrag/ResRIE NN aE]
$007 ‘UIRIY], 0 0¢ 9 1€ Luewrag axunpaddry Bary Jaary
$00Z ‘U9, €0 €1 06T Al Luewren WIRMONAIYI J2ARY Jaary
S00T ‘U9, T0 o e 6T Luewrn TEOD) IG5/ UIYY ARy Jaary
€007 ‘IR LEOD 0T 1 60T ¥9 Lueuan SmquogneTAUIR] PARY loary
€007 VIR w0 MN_M\M 80T ¥T Lueuran UASIEUAT UET/R0UEISTO]) YE ] e
FOOT WY aN aN St 162 KLueunag (B1ngrassnyog) 1983 A 19ATH I3ATY
[00T 11o1§ % 821ng 6°T/L°0 L'y 8°¢CT 61 Luewiag (9UNISIIBT]) AU JOARY Jaary
roded s €Te 1€ 16s €'€s 0¢ Luewsan (uagayion) 2qH 2AR] Jaary
roded sy SF'T 8 T1/6F 0s 113 Lueuan L1emsg 2q[H 10AR] ToAry
600T “[B 12 qOTel LTO T 8s € 0¢ Lueuag e wewy2 g (0TS 1) Bog 2n[eg
600T “T& 32 QOYEL LED S1/eLE €€l 0¢ Augwip WOYSEEpy (0g-01) veg 2njeyg
600Z “T8 19 qoser 98'0 8T-1/TS 991 0¢ Aurmion prold 1o13] (81-7 1) vog 2n[eg
600T T8 19 QoY €S'1 8 TTE 0s 0€ Aurmien Ieprg ARy leary
600T “Te ¥ qoYer £5°6 6T°T/LC 998 0¢ Augmrag RHEE LS AE]
6661 [ 19 Wled aN aN aN N Aurunan puejsy uadny Bag oNfeyg
8651 MyoaIqaiug aN aN 7T aN KLurunag ueppog Iap[eME) 110 Bag oneyg
1861 ‘ToWIy aN aN aN 50z Aueunag WONSIUIS] ‘UBSSE ] eag oNleguoode]
L8GT W aN aN aN 8T Luewsan uappog Iap[emsjlaln Bag onjeg
L86T WY aN aN aN aN Augwien 938UAPPIH Bag onjeg
L8GT MWy aN aN aN 01 Lueuan Temstpy Jo 1ystg Bag onjeg
SLGT TNON aN aN aN aN Luewsap Auewreg fary Bag onjeg
rded sup 60 FI-1/8°S 91 0¢ pueuly PUBLUL] JO JIND/EHOT] (t-0) vag 2ujeyg
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

50



Parasite checklist of European eel

ST6l
“atirey sepueqide) £jrue
VJO LVIWHN WNTAHd
0L6T 990U aN aN aN aN SIN/59MEM AIYSUIOABUIIEY) ‘WIBPE] UA[T e
0L6T 990U aN aN aN aN p:IpTE LN ISyl oL (efeg axe ) ISR, U4l SaE]
8007 “T¢ 12 BPIULIOH FEO/LOD TIFT 4 FEl [edmrog OJTAAY Ip BRY onuepy/Aremsy
600Z "8 19 qoser 98T 61-1/9°9 432 0€ Aurmien ueld eye] e
696T 9qnED % BIYSTIN §T0 T 4 ¥ Mrypuefug anysayy ‘propyoeg jjeue) vorur argsdoyg [BUED ds smppydoacatosd
6661 1WA aN aN aN aN uredg BIOUS[EA  BAGZ UBQUBLAIPAN (08L1
‘Sann) evosad snppydaoosiosg
Fo6T “T8 10 N N N N SIS ewio) RN RS Jajemysarg
BAEYSAO[AB-EAEYSAOYYAY
0L61 'qqnyD aN aN aN aN SIn/saEM AISUIOABUIAE)) ‘WIBPE] UL e
0L61 9901 aN aN aN aN p:IpTE LT ansyeucaN (B[eg aye ) prita], Al AE]
$00T "Te 19 OJIFely 1L°0/€T0 aN e aN uredg BIR(] 019 IR A TBUBD) (0g-8) vag ue
aueLR) pajN/uoode ]
$00T "Te 13 OJIFEpy 85°0/€0°0 aN e aN uredg BN 019 ‘EpEssIAuEOUY (0g-¢) eag ue
JUBLIA) PAJA/U00TE T
TOOT "B 18 [BIRINO) €E0/70°0 S1/6°T 1T 6LF uredg oL (0f) onuENy Aremsy
T00Z “TE 19 [BIIN0 FLO/LOD ST-1/6'g €T LLk uredg BSNOIY  (0€) 2nUENY Arenysg
L8GT Tewiyg aN aN aN aN BISSTY 131g BmeN eag 2nlegAysig
9007 ‘EAcqURRYS 3 Jnfpoy 6.L6°0 FI 1 st ol BISSTIR] UOOTE T E[MISIA Eag oN[E/U00TE T
1aded sup £0°0 1 ¢ 0f rednyrog Arenysa suSe [ /SE)I0 ONUE[IY ATEMST
SLET THOMOAY aN 61°1 Ty L1 PuE[oq £eg suUEpD Bag onjeg
F66T BANGZINM SZ0 1 L91 ¥ pue[oq OO BIPO BAR]  BOg oN[eg/Aren)sg
2§ EPQRID-EYII0)
F66T ENAGZILM oF'0 €1 80¢ €1 PUE[O] (ucoFe uroazozg) cudrem amoN eog neguocde]
2 EPQRID-EYDAI0D
F66T BANGZINM L0°0 1 L9 0€ PUE[O] (uooZe urvazazg) eotudalg Bag NIEgu0oie]
2§ EPQRID-EYOAIO
F66T BANQZINM €T €1 L08 1L puE[oq (w005 UIAZAZY) ZAIQazZI], BAG NIEF/U00TE]
¥ EPQRID-EYDIIO)
P61 BAINGZINM €0 [ 0FT ST PUE[O] (uo0ZeT UI29z0Zg) W] Bag NIeg/U00de |
2§ EPQRID-EYOAIO
FE6T EAIMZINM STT 1 0'0L 0T PUE[Og (U00TET UIDIZIZY) [EUE]) FSMOISEL] eag nyegyuoofe|
2§ EPQRID-EYDIIO)
€L6T ‘Bphag aN aN aN €8 PUE[O] alqk(g ave] AE]
£L6T ‘Ephag aN aN aN €8 PUE[O] U1 UI0RZIZG eag oneg/uoode]
€L61 'Bphag aN aN aN €8 PUE[O] UAZDJOIGARAR] BIPO 159 M leary
$00Z ‘IR, ] 0T L9t 0¢ SpUBlIamaN wassel pee s/ AE]
£00Z ‘stuemsLA 29 wuignirsy aN aN aN aN BIMET] BST Jo JInD ‘sews() ‘seledary soye] Bag anjed/see]
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

51



Chapter Il

L00T 00 IS £el 0¢ PUE[SI] TBAEPEISSIJIA 9E] AE] ds sapiEuousig
‘uoseS joH 29 UOSSPUNUNSITY]
roded sy 900 e €€ 113 Lueuan L1emsg 2q[H 10AR] ToAry
600 “I€ 12 QOYE[ €F0 8 T/ETr 01 0¢ Luewsan ey WeEwyR g Bag onjeg
600T T ¥ qOYEL [AN! PUTT £es 0¢ Augwip uQld 2yE] AE]
BS8GT " AW 800°0 T 80 0zl Jrewua(] wnisH aye] e
$861 2IABION c10°0 T Lo el onqndey yoaz)) BUIBIN YT AE] (6081 ‘ydiopmy)
WinL08430 sapyiSuossnsg
F66T BANGZINM 9F'0 € 29! €1 PUE[O] (uooZe nazozg) oudiem amoN Bag oN[EgU00TET
2§ EPQRID-EYIAI)
F66T BANQZINM 00 1 8T 1L PUE[O] (U005 UIAZAZY) ZAIQazZI], Bag oN[EE/U00TET
2 EPQRID-EYDAU0)
£L61 'Bphag aN aN aN €8 PUE[O] M1 Ulaezazy Bag oN[eq/U00Te] 6061 ‘PloTsIadEr
sns10x2 sapnABuclsng
ST6T @I
seppemdydoraolq Ajrureg
TOOT "8 19 [BIRIN0) TT'0/100 Sic To LLk uredg ESNOIY () 2Dy Aren)sg ds "uog eeprireide)
1007 'Apautoy] €0/80°0 aN L9 ¥L S /pueFug (wsds 9xH JeAR]) Wn) PARY Jaary
T00T ‘Apaunay] FOZ0 aN 8°¢T 61 S/puEEug (w2)s4s oXH J2ARD) 18417 J2AR] Jaary
1007 'Apaumuey] 010 aN €€t 0¢ S /pueFuyg (wa1sAs aXH AR 12110 AR] leary “ds vy idroopnasd
007 1812 repndy 61°0/600 S 1/68'1 Sy 007 uredg B eAly Jaary
$00Z "I 10 Ie(nsy €€°0/90°0 F1oF1 0 1543 uredg B[] 1PATY] Jaary
8661 "'[e 10 Apauua] aN aN 01 101 Arerf Teqr] reary Jaary
600T T8 19 q09EP €10 TlET 01 0¢ Aurmion ueld @yE] e
£007 ‘IR, €00 01 e 62 Luewag TBOD) 15/ UIYY I9ARY Toary
$00T ‘U9, 80 9T 69T [44 Luewrn UIPUN WAL UTEIN J2ARY Jaary
€007 ‘IR €€0 TP 76T ¥T Lueuan UGSIEUOT UET/A0UEISTO)) AYE ] e
F00T ‘wisy aN aN 9 162 Lueuan (BInqrassnuag) 10sap ALY leary
B886T ‘910 600 TITT €8 0z1 Jremoacg WnIsH aYE] AE] (g8 ‘urprelngp)
vsomauwol i deoopnas g
L66T 'Apauuay] 2 pue[joq aN aN aN aN puejal 1a¢1 yEnoT e
9661 €00 01 T¢ 7€ PUE[aI] B Y¥no] aE]
‘KyreoIA % ey See)
9661 €00 01 [ STl PUE[I] JoARY piojyey Jaary
‘Aol 2 ueySeqer)
9661 110 P L'L L11 puejal TOAR mijayungy Jaary
‘KqenoiN % veyTere)
SLET 12119 aN aN aN aN Aurmion prold 1o13] (81-7 1) vog 2n[eg
7661 Te 10 Apaune] 00 cleT e [3%4 Srypuedug JANO ARy Jaary
2661 “IE 10 Apauuey] 700 TUTT € 90T piglilieh) 18410 Teary leary ds vLiode)
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

52



Parasite checklist of European eel

007 “Te 12 oFuauia], %00 T SO 1€ (ea18107) 90uEI] e18105/puod ourgin] (0£) puod AL (zog1 Tydiopmy)
WHOUBDE WRIIDIYI04215K
1661 T aN aN 11 101 Luewiag Alen)sa o[ AR Bag YMION jArEmsg
SE6T @yoaua(g aN aN aN aN AurwIan JoAR] 2q[ Jomo]  Bag YHON] /Aremsg A 98 “MQs
LU T *0q ds p1zagn
1aded sup 9cn 1T 97 fiTy [esnyIog ATEMIS9 SNSE,[/SE)IO] ONUEB[IY AIEMST
£661 e 12 Apaunay] 78°0/80°0 aN LT L81 Ao ouBIng aye] (ot-01) eeg ! €861
UeIuayLIAY ] /U003 | ‘198 29 21qYT 2oyHSur P10 L)
TOOT T8 19 B0 0 LT-TiFE 8¢ 6Lk uredg o1 (0f) dNUENY ATEn)sH
TOOT "B W [RIIIN0) 9'Z/8€E0 LETITS SL Lik uredg ESNOIY () 2DUBIY/Aren)sg
1aded sup oF 0 9-1/¢ €T fils regnirog ATEMS2 SNFE [ /SEMIOH ONUEIY ATEmST
800T "TeWEPIWIY  0Z'LL/TT'E 11¢1 Fel FET [e3n1zoq 0l19AY 9p BRY onuE[Y ArEmsg
1TET
100T "Te 19 3aED I FIL6'ET aN 6’19 1z Arerf 18EQ)) 2UELPY seunenbay (09
®ag onELPY/UooTe ]
1007 " 32 243 KT S0 aN S'6 44 Lrea 1SEOT) QUELPY/ Ol2dEWO (Le€D)
g oNRLIPY /Uo03ET
1007 "T& 3 9487 1T TSLI08T aN L'69 2 AL 1880, ONELIPY/LAYST A[EA (sesn
©OQ aNBILIPY /U003ET
L661 " 12 Apauuas] PSOTTO aN Sy 143 A 1OBTIOIN o3BT (6¢-LD) ®2g
UBIUSYLIAT [ /UDOTE]
L£661 *Te 12 Apauuay] €6'8/6TT aN 001 07 Arerf ouenFoq ave] (81-87) eeg
UBIUILIAT [ /UOOSE]
600T “T& 32 QOYEL 08'T T 1S £'¢e 0¢ Lueweg og wewy2 g (075 T1) veg onjeg
600T T8 12 qoser 1 9T 1 €T 0€ Aurmien WOYSEEPY (0T-01 veg 2njeyg
10
6007 “TE 12 qoer €10 T €€l 0€ Auewin profq 1a13 (81-71) veg 2njeyg
600T “T€ 32 QOYEL o P1TT 0z 0¢ Augwien uQld 2yE] AE]
1aded sup 90 FI- 15 €€l 0¢ Jremuay Jrewmuacg (€09
eradeygnesSapesy
®QQGT | 218 800°0 /1 80 0zl YIRUua(] wnIsg aYe ] ey 59U ‘mI ‘aq “ds win20aInAIU0))
96T "B R aN aN aN aN RN RS YRS 1 w0y JalB ML LELURE 8061
EBABYSAO[AE]-BABYSAOYYAY ' MO)SUYT INORDS WRIDIDAIU0))
48861 ‘193] aN aN aN 08 Jreuruacy piofjas (0z-sD
rag onfedyproly
48861 ‘193] aN aN aN 0% Jremuacy pung Jin (8-) vag 2njeg Al ‘sow F961 ‘YoranEH
nYdjopRL WRIDIDAI0))
S00T "I 10 Iepndy ELFOTO0 <8 €0 [543 uredg B[] oAl TeAly
£00T S0'0 T 0¢ 0T PUE[22] ImBoArejerD) (g€
‘uosed jo 2 UOSSPUNUNSITS] -0€) ONUBNY /Y221
600T “T€ 32 QOYEL 01’0 =43 £e 0¢ Augwien WOYSEEpy (07-01) veg 2njeyg sew (5081 ‘udiopmy) xzpduis spypspy
161 ‘Aauapy
2 191M[reY 2epr{esIny Afrue,|
£00T ‘stuewstp % eurgnlirsg aN aN aN N BIAJE] II0AISSSY] 191 A SWNaS] 19)BMIUSAL,]
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

53



Chapter Il

1861 oWy aN AN AN 50T JETETS) WON) 52U, J/ UEBSSE] £ag ON[E/UO0TE ]
L86T 1wy aN aN aN 82 Lueuan Uoppog lepemsjlalsy BaG oneg
L8GT MWy aN aN aN 01 Lueuan Temstpy Jo 1ystg Bag onjeg
666T W aN aN aN aN pueuly Jin ystoutg Bag onjeg
rded sup 0 S-T/ET 01 0¢ pueuly PUBLUL] JO JIND/EHOT] (t-0) vag 2ujeyg
2661 IE 10 Apauuey] S0'0 €ie 91 ¥9 S /pueFuyg SUSIEA] JR)ISUTIIXE Bag qUON/AIEmSH
1007 'Apauuo3l €010 aN 00T 0T SnpuejSug (woyss ox JoATY) 23 pug A[pooig soAng
1007 'Apaumuey] 0200 aN 9T ¥L S /pueSug (uresds 9XH 12ARY) WN) RAR] leary
1007 ‘£pauuoy] €010 aN SoT 61 S /pueSug (wysis oxg FARY) 15417 JoAR] Jaary
7661 1€ 12 Apauuay] €000 T =] 90T Sn/puESug (wa)sAs OXH IPAR]) 1541 LATY ToAry
1007 ‘Apaunoy] oo aN L9 0¢ S /pueSug (worsds axy AT 1210 JOAR] Jaary
F00Z " 3 vopoN aN aN aN aN Srypuedug 182 ], oA Jaary
00T "€ 39 BOHON aN aN aN aN Sny/pueFuyg SAUWEY J, AT loary
98861 ' 1¢ 1000 T €1 08 Jrewuacy profjes] (0z-sD
vag onfeqyproly
48861 ‘183 LEO I1-1/8°¢ €€l 09 Jreuruacy pung Jin (8-1) Bag onfeg
€886 9P 9¢'0 TTUTS LT 0Z1 Jrewuacy urnisH aye] e
S861 0IARION aN [4! € €l onqnday] gyaszyy BYIEIN 29T aE]
$00T T8 19 ssnqeyag €000 06T0'T 8890 0ZL BLYSNY Ia[parsnaN aye] e LT (L1 Y201 sHR spvasopiyduy
7661 ‘UBISIOY] €10 ST L8 €T Aurunan AIEN)S9 1989 Ay IOAT g QUON/AIEMST
66T ‘UBISIOY 620 [ 811 L1 Aurunen Arenjse 2q[g JoAry ®Q QUON/AIEMST
1661 “T8 18 BIION 600 LT L' 8LLT Lueuan A1en)se 2q[H ARy Bag qUON/AIEmSH
1661 T aN aN 6 101 Lueuan £eIn)se aq[ ARy Bag qUON/AIEmSH I8 (8481 "2qqeryp)
‘nw ‘'sam ‘aq SuIdIa P PAOUDLIDIOPNAS ]
1661 MorT aN aN g 101 KLurunag Arenjsa aq[g ;AR BG YUON/AIEMST
1861 ‘ToWI aN aN aN 50z Aueunagn WOISoUdRJ/ UBSSE] ©ag onrequoode]
L8GT ToWyg aN aN aN 82 Lueuag Uoppodq lep[emsjlalsy Bag oneg
L8GT WY aN aN aN FOT1 Luewsap rewsiy Jo 1ySrg Bag onjeg
1861 ‘Tounay (IN (IN (IN (IN AUBWIAL) prolq 1ars BAQ ON[EY NI ‘SOWI ‘T '2q “ds umpovpyiosnisy
£00Z ‘stuemsLA 29 wuignirsy aN aN aN aN BIMET] BIRY Jo JInD Bag oneg
600T “Te 32 QOYeL cro Fiv € 0¢ Auewren pue[odjay (S€-7E) vag YHON
600T T8 19 QoY 01’0 T 01 0T Lueuran eg wiewye Bag oneg
SLET 119N aN aN aN aN Auewin profq 1a13 Bag onjeg
8CsT 1pargpEBuy aN aN Lo aN Luewiag ueppoq Iapemsjlalsy Bag oneg
6661 T 12 Wled aN aN aN aN KLurunag puejs] uafny Bag oneyg
98861 ‘193] FE0 LTTE €11 08 Jremuacy paofjos] (0z-sD
zag onfedyproly
48861 ‘193] L00 T L9 0% Jremuay pung Jin (8-F) vag 2ujeyg
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

54



Parasite checklist of European eel

F66T BAAGZIIM 2] T o ¢T PUE[O] (w00 W2ezozg) WIgN] eag oneq/uooTe]

2 EPQRID-EYDAI0D
FE6T BANGZINM 0€0 9 0¢ 0z PUE[O] (U005e UIDIZIZF) [BTEY) IS MOJSEL] Bag 2NEg/U00TE]

2§ EPQRID-EYDIO)
£L61 'BpAdg aN aN aN £8 PUE[O] a1k 2vyeT e
€L6T ‘ephag aN aN aN €8 PuE[og M1 UIRZIZg Bag ON[EG/U00TE ]
£L6T ‘Ephag aN aN aN €8 PUE[O] UAZOJOIS [TOARY BIPO 1894 Eag onreg
€007 VIR T0 0T €€ 0¢ SpuelemaN wnspEpy Aeaurfass 7 e
$00Z ‘o], L0 91 6Tk 3 SpUBPaAN U2 MNITTRUIR] IOARY Jaary
£007 ‘sTuemsLA % euign firsy aN aN aN aN BIAVET] BE1Y Jo Jnp ‘sewsy) ‘sefedary soye] Bag oMJeq Y]
8661 "'[e 10 Apauua] aN aN 0'¢ 0€T Arerf Teqr] reary Jaary
£00T L1 8T L/OF ek 0¢ puEraa] j0fperiwsumg aye] e

‘u0sES [oH] 2 UOSSPUNUNSITS]
L66T 'Apeuuay] % puefjoq aN aN aN aN PUE[AI] Sraq y3no] AE]
9861 o 1T 1z 6€ PUEaI] qLLon) 9y e

AIIEDITA] 2 A[02UUO.)
9861 00 1 ¥ 6 PUE[aI] USQUMWLIT AT Jaary

ATIIEDITN 29 A[02UU0))
9861 SO'T S 1c 33 PUE[I] Haqqy Jeary Jaary

AIIEIT 2 A[0UUO.)
1aded sup L0906 0091 o 0¢ Aurunagn Arenysg 2q[g JoARy JaAT

i
1oded sy £€0 LTiE €€l 0€ Auemag) (uagapiogy) aq[g IeALy JaAny
600T “TB 19 qQOYE[l LO0 T % 0¢ Aurmiog Ioprg ARy ToARy
F00T Wy aN aN ¥l 16T Luewsan (Zrnqressnyog) Josam JOAR] Jaary
€007 ‘IR L1 8¢ sk 1€ Lueuan axungeddry ary loary
€007 VIR T0 01l €8 Al Lueuen RN JRALY leary
$00Z ‘IR, To €1 €01 67 Luewrag TBOD) ISR U ATy Jaary
€007 VIR T0 0'¢ S [44 Lueuen UapuUN AL /UTRN JRALR leary
$00% VIR A 8 TUF'TY 0°0s 01 Luewsan Simquapne T yaEqIezIg weang
$00T VIR, €00 T 8T 9€ Luewiag SmquajneTyoeqzINg weang
§00T ‘URRIYL 800 T [ T KLurunag ueSIeuad U JraoUEISUO) 2] ey
1007 120§ % 8Ing Teret 8t €92 61 Luewsan (aUnIS|IE3]) JUIYY J2ATY faary
[00T 11913 37 820G 6°0/T°0 0'¢ 6T S¢ Lueuag (5WIOAY) QUMY AR Toary
6661 1B 12 sIng SO0 07 L9 09 Aurunen (WI2YSI2 WIAL) JO INOQIEY) 2UIYR] JOARY Jaary
6661 "€ 1 8INg 6°0/2°0 €€ 99 10 LULL L)) (UIDYNTY J2 WIAYSIAWIXT) SUNTY JOATY Jaary
8661 1oRIqRsug aN aN Y aN Lueuan ueppod Iap[emsjlally Bag oneg
8561 oargedug aN aN €71 aN Lueweg JJEH saula[3y] Eag onreg
6661 I8 1° WEq aN aN aN aN Lueuran puels] wany Bag oneg
pa03al jo aony’ aswvw vw (%)d u Anunoy Anpeso (Kyeg) 1e)qul  =1s uonsaju] Ae, g/unidyg

55



Chapter Il

7661 UOSMEY aN aN aN aN S/puesug PUE[210UNSAA Mo A9sun)) Weang
#1671 'Apauuay] aN aN aN aN piglilieh) axrysd urey leanq
1007 'Apaumuey] 0°€r9'1 aN [ 0¢ S /pueFuyg (wa1sAs aXH AR 12110 AR] leanq
00T ‘Apaunay] 0T aN 1oL 61 S/puEEug (w2)sds oXH 12ARY) 18417 12AR] Jaary
1007 'Apaumuey] 6°1/6°0 aN o€ €T S /pueSug (meysks axg 1eAny) joorg unydy leanq
1007 'Apautey] SO0 aN T+T 9T S /pueSug (wsds 9Xg FAR]) APaa1) JOAR] Jaarq
1007 'Apaumay 1'1/9°0 aN S9¢ ¥L SMn/puESug (wasis 9X 19ARY) W[ PARY JaAny
1007 'Apautey] TIL0 aN 00¢€ 071 S /pueSug (wasAs aXH JRALY) ME( MUY ] Jaarq
1007 'Apautoy] Lo aN 00¢g 071 S /pueFug (w8 s o3 FAR]) Y310 Jaary
1007 ‘Apauuy] £0/1°0 aN 001 01 SnpurSug (waysds axg] 10ARY) a3pug Lpovig S|
1007 'Apautoy] 8°0/9°0 aN 8TF L S /pueFug (wayss oxg reary) vordweg Jaary
7661 "I 12 Apaunay] 0T’ o T/TT oy 1€1 S/puEEug 2T ay00Iq0Y AE]
T661 " 19 Apauuay] ST OT-1/0°€ 008 ¥9 S /pueFuyg SUSIEA] JR)ISUTIIXE Bag qUON/AIEmSH
T661 "I 12 Apaunay] °ET 6T T/EF 4% 907 MrypueSug 18410 19ATY Jaary
7661 “[E 12 Apauuay] oT'1 T IiFe ¥or [3¥4 piglilibl ) TN0 ATy JaAny
F00Z "'Te 32 BOHON aN aN aN aN SypuEdug 183 ], RATRY Jaarq
00T “T8 19 TOMON aN aN aN aN SI)/puelSug SAWEY J, AT Toany
98861 ' 9193 T0 T 01 0¢ Jremnacy @SOITY IYE] e
€8861 ‘90 €To 10T L9 0z1 Jrewoag wWnisg aye] AE]
1007 ‘29ABION aN aN aN aN anqnday yaez) B A0 pue ejAly BIda ], 0qH S10AR] loanq
§00T T8 32 ofuaua, €0 4 S9 1g  (eomsI0D) souelg puod owrqin (0€) pued w1 (881 ‘moysurp
pruriLoual B dunboing
96T “TE R aN aN aN aN 'S Jeuriog RSESRNRREL I Jaye mysany ! TE6T ACHIYZAY 29 AOYLIEPNG
EBABYSAO[AE]-BABYSAOYYAY 1uIpaus vuiauo4qosyIo|
8761
‘a1puan) sepriadwing) Arweq
FL6T ‘Apauuay] aN aN aN aN SIN/saEM anysuedipre) ‘Y [, 1RAng Jaary
0L61 'qqnyD aN aN aN aN SIn/saEM AISUOAIBUIAE)) ‘UIBPE] UL e
0L6T "QqnuD aN aN aN aN SINY/8EM AIYSYIPUOR ‘(B[ed e ) PIFa] udr] aE]
9k6T 18019 aN aN aN aN SMn/puESug BITE JUIWYDJED SIIULIPTL MY e
8T61 'snieg aN aN aN aN S /pueSug QITYSIANSAII0 M Jajemysarg saw Y (TLg8l
MOISUIT) DIRISILD Supasopiydoy
¥96T "TER aN aN aN aN SIS ewog RN Rl Jaremysalg
BAEYSAO[AB]-EAEYSAOYYAG
9007 ‘BAcyu2[2yg 2y Ynlpoy £90°¢ €T |4 ol BISSIY uooFeT BImSIA og aneg uoode]
FE6T BANGZINM 800 z (A4 ¥ PUE[O] MO BIPO) TOATY Bag DR /ATEN ST
2§ EPQRID-EYDIO)
F66T BANGZIM €10 S 8T 1L PUE[O] (w003 UIDAZAZG) ZAIQAZI], Bag oN[EG/U00TET
¥ EPQRID-EYDIIO)
Pa03ad 3o I0pnyy aswvw v (%) d u Anunoy Anpeso (fyueg) 1eIquy  =1s uons>aju] Aueg/urnidyg

56



Parasite checklist of European eel

98T
‘progqoy) sepluefnony) e

FL6T ‘Apaunoy] aN aN aN aN S /sarEM QNYSUESIPIE]) YT, JAR] Jaary
0L61 qqng) aN aN aN aN SIN/EaMEM ANYSUOAIBIIE)) ‘UIEped U] AE]
0L61 "qqnyD aN aN aN aN SIY/seEA AITYSYIPUO TR ‘(B[e 2Me]) PIFa], udr] e
007 e 10 repndy £5°1/98°0 011 S6E 007 uredg B eAly Jaary
'
$00Z e 10 Ie(nsy 06°2/96'0 €k 1 6'GE 1543 uredg B[] 1PATY] Jaary
L9
FL6T ‘Apauuas] aN aN aN aN Sn/puepoag PUOWTY JRAT] Jaary
6861 'q4UUD) 39 BAIRIEY aN aN 6t 621 [e3nuod 918 1oAY leary
S00T “Te 12 BATEIES 6C°0/P00 0T 1T Ly [ednuog 91sH JoAT] Jaary
S00T "B 12 BAIRIRG FT'1/900 0T-T/F'e 80T €6 [efnyog ESNOG IOATM Jaary
S00T "B 12 BATRIER ¥8'0/62°0 S-TTT 6'¢l 6L [ednpod 0407y RAT faary
S00T “TB 12 BAIRIRG 96°0/0F"0 S T/0T 002 SS [esnyog B[AAOL], JOATY Jaary
£007 ‘IR, S0'0 01 Ly 34 SpuBpIeIoN U2 MNIITAUNR] 1AL Toary
5007 ‘AypeDopy 2 Ao1do) aN aN 00T St PUE[I] JURWYDIED QU J2ARY/ES2UO(] 00 ‘OB 20JESTY ey
9861 6€'1 99 1T 6€ pueal] QLoD 9] e
‘ATIIEDOTN 29 A[29UUD))
9861 ¥To ST 91 6 PUEaI] USUMLI(T AT leary
‘KYNE O 29 A[RaUU0))
9861 8F'1 s¢ LT €€ PUE[aI] Haqqy JeARy Jaary
‘AIIEOTA] % A[22UUO7)
L66T 'Apauuay] 2p pue[joq aN aN aN aN PUEaI] B1a(1 y3no] e
9661 €00 0T T¢ 4 PUE[I] ey y3no] AE]
{AIEDO1N 29 TEYTE[ED
9661 00 01 91 A puefaly TOAR projyey] Jaary
‘KqenoiN % veyTere)
9661 €00 01 9T L11 puejaly ToAR] ulfjayun(y Toary
*AIIEDOIN 29 TEYSE[[ED
900T ‘Alo¥pzg aN anN anN anN Lregungy uoye[ed e aye]
600T "€ ¥2 qoer 8¢€'T T 19 €C 0€ Auewion WOYSEERY (0T-01) veg 2njeyg
$00T VIR, T FE S'69 62 Luewag TBOL) )5 /A UNYR] I9ARY Jaary
£00% ‘UVIRIL €1 6T Sy [44 Luewren UIPUN WL /UTEN J2ARY Jaary
S00T ‘9], 0's ST-UTL 0°0L 071 Luewsan Srnquapne T aEqIenIg weang
£007 ‘IR, 8€T w1 L6 9¢ Lueuag SmquajneTyoeqzing meang
Tr1
€007 VIR 01’0 S-T/eT Ly ¥9 Lueuan Smquegne AU PARY leary
$00Z ‘IR, 620 P TIEET STl ¥T Lueweg uedreusdue/e0uElsU0]) aYE] AE]
FO0OT oWy aN aN €77 162 Aurunan (31ngessnyog) 1983 19AT JELAN
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

57



Chapter Il

F66T ENAGZIAIM 100 1 1 1L PUE[O] (uoofe] UID2EOZg) ZAIYAZI Eag ON[E/U00TE ]
¥ EPQRID-EYDIIO)
F66T ENAGZIIM 9€0 o1 0TI ST PuE[og (woofe] wisazozg) wiqu] eag oneg/uoode]
2§ EPQRID-EYIAD)
€L6T ‘EpAag aN aN aN €8 PUE[Og 2lqk( ave] aE]
£L61 'BpAag aN aN aN €8 PuE[Og UAZDJOISAOAR] BIPO) 1590 ToAry
LO0T ‘suewstp p eugnlng aN aN aN aN BIAET B3R JO JIND TOAR] BIUA A SEINS[) 'SEUZEY SOYE] Eag onjed/see]
500z ‘Ao 2 Aordo)) 870 LT £971 g1 puEaI] U WYIED 2T JRARY/UBAED 0 ‘UEPIY YSno| ey
S00Z ‘Aypreapy 2 Lardo) aN aN o St PUE[aI]  JUUIYIIED QUL I9ATM/[ES2UOCT 0)) ‘9B 20IESSY e
L661 'Apauuey] % puejeq aN aN aN aN PUE[aI] Sraqq yFno] AE]
9661 8T0 $1 881 [43 PUEB[RI] B 4Fno] e
‘ATIIEDOTN 29 UEYTE[[ED
L66T 'Apauuay] 2 pue[joq aN aN aN aN puejaly TOAR mijayungy Jaary
9861 120 91 €1 6€ PUE[aI] quion) ayE] aE]
‘AIIEOTA] % A[22UUO7)
¥861 aN aN aN ST PUE[I] BRIE JUAWYED QLU0 AETAATY
AIIEDITA] 2 A[02UUO.)
saded sy 06'¢ STI/TS 9°9L 0¢ Lueunag (u2qa110D) 2qJH 18R] Jaary
Iaded sup L€ €01-1 0z 0f AUEUIIAD) ATen)sq 2q[ RAR I9ATY
981
600T T8 12 qoser €To el 01 (119 Lueuan o wiewye Bag onjeg
600T “T& 32 QOYEL €00 T £e 0¢ Augwip prolq 1a13] (81-71) veg 2njeg
600T T8 12 QO L60 euse €€l 0¢ Aurmiegn Ieprg ARy leary
600T T8 12 qoser 6181 6L°1 £€8 0€ Aurmien ueld eye] e
TTT
£00% ‘UIRIL T0 01 LL 9¢ Luewsan urrag/ResRIE NN aE]
1861 ‘ToWI aN aN aN 50z Aueunagn WOISoUdRJ/ UBSSE] ©ag onrequoode]
L8GT ToWIyg aN aN aN 01 Lueuag rewstpy Jo 1Sy Bag oneg
roded s 80 LTIET 99¢ 0¢ pue[ulg PUELUL JO JIND/EHOT] (-0) &g 2njeyg
2661 “IE 10 Apaunay] 160 6°1/6'C £'1e 1€1 Sn/pueSug aye] 9yocIqoyy e
€461 UAJOOA SL0 € Sz aN S/puES ug XOSSH/10AISSY] PIOUSUIUUBL]  I9)eMUS2I]/II0AII8AN]
F00Z " 32 TOMoN aN aN aN aN Mrypuefug 182 ], AT Jaary
#00Z "'I& 39 TOHON aN aN aN aN Sn/puESuy SAUWEY J, AT leary
98861 ' W3] S00 T ¢ 0T Jrewua(g osjeelg ove] aE]
98861 ' 9193 €10 T €€l 0¢ Jrewuacy @SOITY aYE] e
BS8GT AW 9.0 o TFT L'TE 0zl Jrewua(g WnisH aye] aE]
S861 2IABION 69°¢ SET-Ti6 iz el onqndey yaoz) BUIBIN 29T AE]
L66T "'Te 19 SSNQEYDG 100 T €6°0 L01 wnidfag PISUAS 19AR] 91T J9ARY loary (9LLI
‘©3007) S1.45RIB] SHUBTIOUITD)
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

58



Parasite checklist of European eel

48861 ‘193] aN aN aN 08 Jremuay profjesy (oz-sD
vag onfeqprolg
48861 ‘2183 anN aN aN T Frewuac profg Fug@sSuny (1) vag yoN/pioly
48861 ‘193] aN aN aN 09 Jreuruacy pung Jin (8-1) vag onjeqg SaW ‘M1 ‘2 (5z81 ‘undar))
SEIDpPAGO SHppydadouso))
TI6I TIosis R Aawayg
“er[Irey fEprIEnay A[ae,q
9007 "BACYUR[AMS % Jnlpoy 8700 ¥ Lo faal BISSIRY] U00SE BIMSIA Bag oN[EgU00TeT qs ds smugman)
0L6T 99y aN aN aN aN SN /saEM ANYSUIOABUIIE]) ‘UIEPE] UL ] aE]
0L61 990D aN aN aN aN SIY/sRE A AITYSYIPUO RN ‘(B[eg a9eT) p1Fa], udrT e
1aded sup €0 €1/9°T 0z iy [esnyrog ATENys9 15 [ /SE)IOL] DNUE[IY ATEMST
6861 ‘990U % BArEIER aN aN ¥81 621 [ednpodq sy 1A Jaary
S00T "B 1 BAIRIEY 9E'1/€9°0 L TIFT L'LT Lk [e3nyog 918 1oAY loary
S00T "B 19 BAIRIEY €TT19°0 LT- 1€ LLT 6L [e3nuod 0AO7) AT leary
S00T "Te 12 BATEIES €F'0/9T0 TIeT 60T Y [ednuog B[2ACL], JoATY Jaary
9861 8€0 8¢ 01 6 PUEaI] USUMLI(T AT leary
‘KYNE O 29 A[RaUU0))
9861 120 €T 6 €€ PUE[aI] Haqqy JeARy Jaary
‘AIIEOTA] % A[22UUO7)
¥861 aN aN aN ST PUE[I] BRIE JUAWYED QLU0 AETAATY
AIIEDITA] 2 A[02UUO.)
996 1 JorUENG aN aN aN aN SnypuEdug (U] 3 189, ¥ oAV ) sleary anysd wey faary
+00Z T8 10 TOHON aN aN aN aN Mry/puEdug 182 ], IOATY Jaary
1007 'Apautey] T0/c00 aN €1 ¥L S /pueSug (wsds 9% J2AR]) WN) PAR] Jaary I PELT SMIOLIGE ] AULAI STUDHIN])
<007 “IeJ0 B3y IT'ERLO €1 0°LT 002 uredg BAJ 1AL ToAry
TEr
007 “1e 12 repndy COTTE0 €rlice €6 €Te uredg B[] AT Jaary
TOOT "B 19 [BIRINO) 00°1/S0°0 TTTT To LLk uredg BSNOIY  (0€) 2nUe[Iy /Aren)sg ! z08T ‘ydiopmy
SHOLYDOLPIZY SHUPIHIN))
¥o61 “Te 12 aN aN aN aN SIS ewio) RN RS Jajemysarg
BARYSAO[ABJ-BARYSAOYJAYG
£L6T ‘Ephag aN aN aN €8 PUE[O] U1 UI0RZIZG eag oneg/uoode]
TLAT ‘TeInpy aN aN aN ¥1 Lredunyy uojeleg Y] e
100T "29ABIO]Y aN aN aN aN anqnday yaez)) onqudey] yo2z) Jo sremysal] JalB ML ! risl
‘A [OPIY]) SHIDOURL SHUDHOWE)
96T "B 19 aN aN aN aN A8 Jeurtog A 1ewiog Joye mysang
EBABYSAO[AE]-BABYSAOYYAY
9007 ‘eacyu22yg 2 ynfpoyy L0070 T Lo 4l BISSIY uooFe B[msIA eag oneg/uoode]
P61 BAINGZINM 0 L €€ 0€ PUE[O] (ucoZeT urezozg) eotudalg Bag oN[eq/U00de ]
2§ EPQRID-EYIAD)
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

59



Chapter Il

€661 ‘2I00J\ 29 J2Y[I 8670 € T€ SOT Sr/puesug [81] (reprL) 2o seany (g-0) 1A
€661 00N 39 LY[IJ ST1 g sZ ¥ Sr/pue(Sug [81] xossg ‘weaq 1ALy 1A
0661 ‘4211 29 £pauuay] aN aN 001 aN SIrypuelsug [6 1] 1uar], 1oary JaARy
0661 ‘421 2 Apauuay] aN aN 07e aN Mr1/pueSug [81] sawrey J, roary JoAny
L66T UISPIN €L0 67 §T $6 IR IA(] [L1] vedanes] (be-0€) 1eSaney]
L66T ‘UIS[AIN 96°0 (A 0g 68 Jrewua(] [91] uaprofjasy (0z-s1)
rag onjeq/proly
L66T ‘UISJAIN 95, 68 8 0Z1 Hrewua(y [£1] #sa1ry a3 ave
98861 ‘216 F00 1 ¥ ¥z HIewua( [S1] profg Buigay3uny  (07) 2§ YMoNyprolg
98861 ‘214 700 i L1 09 Jrewuag [1] pung 10 (8-+) vag oufeg
98861 ‘2163 £€ 0T-1/6°€ 8 07 Hrewua(y [€1] ws[lg avye] e
98861 ‘21 90°0 T €€ 0§ Jrewua(] [€1] #saury aye] e
E8R6T ‘e €00 ST L1 0g1 Hrewua(g [€1] wnisg oye] e
1007 “9ARIOIN N IN IN IN arjqnday] yoaaz)y [Z1/11] AurAI103] puE AOgn] II0AI98AT ID)BAL
EYSAOUEI A »wuﬁw.ﬁkm hWMQ:,_O (BITOAJISAT INE A
100T “0aABIOP aN aN aN aN onqnday yaazy) [z1/11] eARIOW 1aAR
PUE BjA0 AN ‘B1opnory ‘ofA( ‘2q1g sroany
S661 ‘gnreg aN SI-1 00T 6T angnday goazy [21] (110419833 £3[[E A AOTBIA) BABIOIN JOALY 12AR
T661 “DABION ¢ Ll 08 AN ougqndey yoez) [11] (erweyoqg yuoN ‘oysuafH) 2qr ARy REEAR |
€007 e 19 HeruApNY (€24 [ 888 ¥s6 wnidfeyg [01] (s1uawayorea [ ) $10ATy s1apue]{ 1aARy
L66T "TE 12 s8NQEYDG 06 TII1 S8L 0T wnfeg [6] prouog 1aary ‘210 Joary JoAny
176711
7661 RIARIO % SEWOY], 6l Ll 706 ShE wniffeg [8] (usp) ‘ueAyuR|OS]) [PUUEYD) MRG[Y [2uuEy;
6861 Te 10 arredppg aNn aN ¥y aN wnidfag [] (1ap1oq yaingT) JIepN 1AL 1A
6861 'Ie 12 arrediag aN aN Lg aN wnifeyg [9] puog sjpms0oy puod
6861 Te 10 aredjpg aN aN 8¢ aN wngjeg [] 1ouueyD poqry [auuEy;
6861 e 12 auredjag aN aN L6 aN unidpyg [t7] 31201 prassee[yq puod
6861 TE 12 autedjpg aN aN 8Fs aN wnifjeg [¢] 1ouuey) arepuasse|] [auuEy;
6861 & 12 anedpeg aN aN £6¢ aN wniifeg [7] 22112da] JeAny
£661 'SIEA 29 AUd2UOY] aN €11 0§ 06 BLIENY [1] patsnaN e e qs PLET THESEI] % 1UHN
BIBYBMIS] SHSSDL0 D]OIINSUY
sgel ‘pniewe g
aepipoonnduy e,
6007 “I& 12 QoyEr LTO 66 € 0g Aueuag 1jog wewya Bag onjeg
98861 ' o163 aN aN aN 08 SIeUIIa(] paofjasy (07sT
eag onjeg/proly
98861 ‘216 aN aN aN 09 Frewuac] pung Jin (§-1) eag onpeg M1 ‘S (oF81
‘WITdaIy) POURPD PLRIDAP ]
1007 "B 12 288D I(T 10 aN 8t A% Aei 1880 2IRLPY/ O1YIB W) (Le-€D
©og onjeLpy uoode]
Pa0331 Jo Joqyny as/vw W (%) d u Anunc) [z 8iguroN] &npeaoT  (Ayuifeg) yeiqe  <Is uonaaju] e ymnidyg

60



Parasite checklist of European eel

6661 T€ 19 W[ed N aN N aN Aueuag SI9)E A\ UEWIAL) ©ag oNJeq’ - YUON
66T ‘UBISIOY T G FA ¥1 Aurunen [1€] Aremse swrg reany ®Q QUON/AIEMST
7661 ‘URISIOY 1 LT Sl 71 Aurunagn [0€] Aremsa 105940 J0ATY B2G UON/ABINST
7661 ‘UBISIOY] P1 09 g€y 101 Aurunan [g7] A1emsa 1opIg IeARy g QUON/ABIMST
7661 ‘UBISISY] FAA 79 £GE L1 KLueunag [87] Aernysa aqig 1oAY 3G YUON/ABINST
L86T "TB 12 IsmaTdseIR], r 0T-T/€8 I'1s 6F Luewag [0€] 19824 10ATY Jaary
L86T "TE I3 FsmIyosere], [A3! w1 S'L6 oF Luewren [62] 23e1 1ymy aE]
L86T “TE 12 PEMAYISEIE], 8T'0 m\w.\wﬁ 23! Fel Luewsap [87] Aremisa 2qH ARy Bag quoNArEmsH
1661 "TE 12 219 €€ 9L L'LS 8LLT Luewiep [87] Lrenise 2qg Jearg eag goN/Arensg
1661 T aN aN €L 101 Lueuan [87] Aremisa 2qH seany Bag qUON/AIEmSH
6861 UUEWNEL 'L 08 06 6¢ Lueweg [87] (3241 1am0]) 2q[H AT Jaary
1661 aN aN aN N Aurunan [g7] Aeimise aqig g QUON/AIEMST

‘FraquayyonT 2 efuerdg
661 N N 09 N Luewsan [LT] 295 Jeyoaquaeny aE]

‘proquisy] % Srpquaduedg
661 aN aN 001 aN Lueuan [Lz] 835 1ovnz e

‘proyu1ay x Irquoduedy
661 aN aN 99 aN Luewsan [92] 225 1ouaypnay AE]

‘proyuiay] 2 s1aquaduedg
661 aN aN s8 aN Auguiag [oz] 99833 nIN ]

‘proyuIay] 2 Srquaduedy
F66T T R W aN aN 768 ¥9 Lueweg [sz] peyzres (ZT-171) veg onreg
T661 F23qIeH 1.6 €11 8'98 9L Lueuan (6] spunuasanyyjey Bag onfeg
T661 A23qIYEH 66t ¥'9 S'8L 011 Luewsan [62] wonsausaq/uesse] Eag oN[E/U00TE T
T661 M29qIyeH Tl S8 S'68 £8 Aueuagy [€Z] mossaty T /uappog Jap[essjIalLny Bag onreg
T661 J23qIYeH] [74] T 7T 8¢S Luewsan [sz] vernpypuers] vafny Bag onjeg
7661 Yo2qIyeH L8V 8¢ S8 8t Luewsan [§2] punsieng Bag onjeg
T661 A29qIYeH 1Tt 8t o 0s Lueuag [-z] (1502 129n0) SpUn WA UIE Y Bag oneg
7661 YoaqIyeH €0°T e $'8c €l Luewsap [Pzl 1usrg rewsiy Bag onjeg
007 “1e 12 oFuauiag, oT'0 STT €€l 1€ (ea18107) 90uEI] [¢7] earsierypuad ourqin (0£) puod
F00T ‘MIPAHD) 2§ 21AQ3J] aN 99'6 €L°9¢ 61¢ souel] [z2] (eifep 2uQI RARY) [EUE) auomamn  (670) AIBMSH/IRAR]
8861 ‘1o % yodneg aN oﬁmAm € sT 2ouEl] [z2Z] (Baj2p 2UQUX JOARY) [EUED) apOWAWN ] Aremsgaaang
8861 ‘1op2d 29 yuodagg aN aN 96 ol QduELy [zz] andiemey)/ unjed puels) Bag U
SUELIR) PAA/U0OTE ]
saded s Lo €I lige 4 0¢ puE[uly [12] puerurg jo Jinoyeyo3y (-0) Bag oujeg
9007 SMZPK] aN aN aN aN BlI0JSH [oz] eruoysy jo suoz [eyseey Bag oneg
€661 MO0 33 RY2[I] 170 T 12 ! S/puEEug [81] qooug Lepranag Jaary
€661 Q100N 2 I 0 81 Tl Tzl S /pueSug [81] yoouny L 1594 (SZ-01) teany

Paodal Jo loqpny’ as/ivw e (%) d u Anunoy [T 8L w oN] Aneao] (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

61



Chapter Il

L00T 'smemsTp 2p eugnling N N N aN BIAVE] [ot] ¥3ngjo BaF oN[eYSAE]
JInD) BIUS A JAARY ‘SBWS[] SEUZBY SIZnd SIYE]

9007 ‘SUMZPK] N N 001 N EIAIET] [or] B1ua A ToAny ‘sewsn BT 19ATR]SYE]

1007 “Te 32 24€3 KT #0010 N 611 [44 Lrea [sr] 1se0y onenpy/ o1yacewe) (Le€D)

©9G D1IBLPY /U00TR ]

1007 "T& 12 9487 1D €90 aN 1o %3 AL [sr]1se0)) oneLpy/LRYSLL AEA (sesn

3G 1B PY /U0OTE ]

£661 "I 12 Apauuay] o' T6T'T aN ¥LE L81 A [pt] oueing a3e] (ot-01) ®og

UEIUAYIIAT ] /UOOTE]

8661 “[e 12 Apauusy] aN aN €99 101 A [tr17] 2091, 19aKy Toany

7661 0ABIOJ aN aN aN AN (erpeg) £m [er] ermpreg aN

L86T THOIL-HISAUE) N aN 9 Fel Arerf [er] mea ed ERrd

9002 LT°0 £el 0¢l €7 PUE[aI] [T+ reSeuecT o) ‘e gstungg (£-0) wooSe

FAIEDON 29 A21IJE 0N

6661 SMIUNEN 2 SUBAH 1o S TET 9¢ s PUEB[RI] [1+] 219200 g3nor TeAry

6661 SMIUNEWN 2 SUEA] <o - 1rT T'e 8 PUE[3I] [1+] (reddy) swrg ySnor] Joanry

6661 SMINRIN 39 SURAT [ T 19s T €9 PUE[aI] [1#] (1am07] urayynog) 2urg y3no| ToARy

6661 ‘SAAYUEIN 29 SUBAT 10 18T [ €9 PUE[3I] [1#] (romoT wrersea yioN) ousg y3n0] Joanry

S66T ‘A1oN9zEg % JFUjORY N N 999 18 LreSuny [ot] worejeq avye] L]

1661 “IE 12 A[9%92g N 8I¢ 001 0Z Lredunyy [0f] uorejeq avyery ]

F00T Wy N aN LLS 162 Luewsap [2€] (Bmgpessniyog) Josapm JoAR] Joary

1007 1o0§ % Ing SLIO8 Te S'68 61 Lueweg [6£] (synispresy) auryy s2ary Jaary

[00T 1190§ 2§ SaIng TEUTS 98 £F6 ¢ Lueuan [6€] (suue ) aunpy ARy Tealy

6661 "TB 19 I3 Tr6E 0¢ L9L 0% Augmrag [6€] (mraysrowiagy Jo moqIey) AU BARY Jaary

6661 T8 12 saIng 6y £ 9'€8 19 Auemiag) [6€] (wyNTY 19 WIAYSIOWIAT) SUNR JOARY ToAly

8661 "TER ZHIM 6T 9'¢ 08 66¢ Luewsan [6€] (aynispresy) auryy J2ary JoaRy

866T “T8 19 ZUAM 0t L' 6¢ 8¢ Luewag [8€] qreeN 1Ay Toary

9661 T8 19 ZHIM e 9¢ 19 0T1 Lueuag QEEN AR] QUL 1AR] Toary

661 “TE 12 saIng AN aN aN aN AUBWIAD [2€] (Singpassniyog) Jasem JoART JoAR]

roded sup 06'¢ SI-I/TS 9°9L 0¢ Lueuan [9€] (uagapien) 2qI 1oAny Toaly

roded sup LI'8 Lr 156 998 o€ Lueuan [8z] Aremsg 2q1q reary Tealy

600T “T& 32 QOYEL 96'0 0T 1/F'E or 0¢ Lueweg [s€] yag wrewyag (075 T1) veg onjeg

600Z T8 12 qoser L0T Fo 1Sy o o€ Lueuran [£] wioyseepy (0T-01) veg 2njeyg

6007 “TE 12 qoer 0Tl FI-T/€ or 0¢ Luewsan [6€] profg 1or3y (81-71) veg 2njeyg

6007 “T& 19 q0YEP £re €1 £€8 0¢ Luewrag [8Z] rop1g 1oary ToAly

“ToLE

600T T8 12 qoser 6€T [Am iy £'E6 0¢ Lueuan [i-€] vord @31 ]

F00T Hounag §E 1 0L s Luewsap [c¢] Broquierg aye] L]

I66T “TR[IOIN 29 S19pUyY N N N N Lueuan [7€] vog usppepm BIE JUON
PIO3a1 JO Jony as/wvu v (%) d u Anunoy [T 811 w oN] ANeac| (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

62



Parasite checklist of European eel

£661 aN 8 99 [ uspamg [-o] uaprefjauwey (1) eag onjeg
‘UOSSIIPUY 2 pun[oy
S00Z “IE 12 Tepndy (AR SEISS §6S 00% uredg [€9] ea], reary Jaary
€007 “Te 19 oI e STT/TLO N 80¢ N uredg [z9] enag 01gq T2 A TeUED (0g-8) vag ue
AUELII PN/ U00SET
S00T "1 19 O JEA €00T/LET N 96T N uredg [z9] y2(g 0197 ‘eproue |, (9¢-8) vag ue
QUELINIPIN/U00SE
$00Z “Te 12 ORI 69°6/ET T N €1T N uredg [z9] eip 0197 ‘Epessidueouy (0g-¢) vag uE
auElLaIpauoode]
$007 ‘s19301q 23 TOpU] N LT 001 4 n/puepoag [19] (an1ysyarag) wreg jo 2Sprrg Jaary
9007 ‘eaoqud[ayg % Ynlpoy 6¢0F 8¢1 99 ol BISSIY [09] uoode epmsip Bag oneg/U00de]
8007 "B 19 EpruIsH PIFOLT T 1TS 8TE FEl [e8miog [65] o1ty ap eRy onuery AIEn sy
66T 1B 1R 21D aN aN g ol [eSnpodg [65] ortansy ap ery Taary
soded sy 99F 8E-1/9°C  €€8 0€ [e3mIog [85] Aremsa sne[/se}10H onuepy /Arensg
S007 ‘TR0 29 190210 N aN 001-6T N puEjoq [Ls] fep 'arysunpey ‘udzeng ‘audoujog e
‘ATWER ‘WID0SAIN ‘9T SMO1 ‘OYSU] ‘9TMpPaT|y
‘anjormarargy ‘adeyg ‘eyormizig ‘oysqa] ‘ouznig
S00T TOM0Y 2 19Iq[0y aN N 99-8¢ N puejoq [Lg] rImsIA pea(] ezIdatpy “mopey] B3y Jaany
S007 TEM0Y % 1aaIq[oy] N aN 0012 N PUE[Od [95] &eg uerueramo  pue yong Eag oned
S[SUEPL) JO JIND) ‘TOOSE ] UINAZOZY PUE B[MISIA
F661 ‘RIS 29 0N 800 6°1/€ ST 661 AemION [S<] TareAry/pRISYLIPaI ] 8I2)BM [EJSEC) Jenafeyg
661 B 10 usuaeH N N 0678 9L91 SPUBMISYION [26] (e0m[s pueziapromuIos]) aezuappeyy BIS USPPEM
P661 B 19 UaUREH N N L6 0F L60T SPUE[AIAN [z6] 1o2urass ] e
0661 "8 12 nCOg LTT T¢E 0L 0¢ SpUB[IATIAN [25] 192unass (] e
0661 N aN 001-08 0S SSPUEHIIN [z6] 1o2urass ] e
‘UHUSEY] 3 SUIUUEE UBA
6861 ‘UM % 1N N aN L8 N SSPUEHIMIN SPUE[IRPIN SIJEM QULIEW
-ysIyaeIq -Usarg
$861 “Ie 1o Furuueq uep N N Z 0s SPUE[AIAN [26] (uaBuiprety) 22zuappe sy B UIPPEM
G861 [t 12 Suluueg UBA aN aN €1 159 SPUB[IATIAN [6] (ma mnaa ‘uapauag)y BN 12ATY Taany
$861 “Ie 1o Furuueqg uep N aN ol 620 SPUEMAIAN [€5] roapry astarrgg e
$861 “Ie 10 Furuueqg uep N N 001 L SPUEMRIAN [€5] puepsam uaurpree|p €2g qHON/ATENSH
$861 “[& 12 SuruuRg UBA aN N e el SPUBMIOION [z¢] 1o2unass (] e
$861 “[& 10 Furuueqg uep N aN 15 121 SPUEMRIAN [16] 1eowssomne] AE]
1007 T 19 noyuyey o 801 I FIT 0220IEN [0€] AremsH eAnofnoyy Bag UE
AUELIA PN /ATEN) ST
T00Z "B 12 21ED) AN 0671 or 89 BIUOPIEN [6¥] prgo aye e
€01
9007 ‘seulwsa3] aN N N N BlUENIT [8] eluenyrT jo 2uoz [e)sEO)) Bag onped
w zoedey -eyoalld
9007 ‘seulwsay LET FI-1/6'E L09 8T eluenqry [L¥] (pred revoreN efuregpny) sisuug aye] e
» zoedey -eoa[l]
PH0231 JO Jomny as/vu /™ (%)ld u Anunc) [z 811 ur oN] Aaipeao | (fyuieg) 1eqeH IS wOnSAJUL Ao ymniiyg

63



Chapter Il

988471 * 2183 To 1 01 0¢ FIEWH(] BRI BT e g8 (08T IOPIZ) PIDAC DUAMIO]N ]
7961 UUEN aN aN aN aN Auemiegn 2q[H 1AL ETANY aq 8261
‘UITRQAN] SHPURHOPGD DLW ]
9761 ‘Aauqme g
2 sideg sepLnamopid A[roe,g
S661 ‘Klovpzg 2 JEUON aN aN FL 18 Lrefunyg uoyE[Eg AYE] e
988671 ' 183 700 1 LT 09 SrEmac pung I (8-1) Bag oujeg
48861 * 213 0 S IOE L9 0€ IR AsaLIY AYE] afe]
BZRAT 2183 SLO €TULT €8T 0z1 piut el WInISH 9YE] axeT
£86T 2193 7 DIARION aN aN aN AN 2uqndsy yaez) BIBIN OYET axeT qs LBET 19N %
DINBIOTN] 21111 EUR UGG
L86] 2167 2 22RO
ARPIIEWAUOSTUR (] A[Ioue,J
6861 ‘wueurier 2 sdooyy aN 0'¢ 01 aN PUE[O] [.5] puetod IaremysaL]
9661 *TB 13 TENH 1H 780 871 € 09 03001 [rrL] (nogag) wseoy) onueny ANTENY
9661 "T& 12 TENH 15 860 61 5 09 02001 [i72] (soxyno) 1507 SN UERY muERY
6861 TueUMEL] 2 sdoox] AN 'L 09 t AUBULIDD) [tz] aa®I], IoAR] oA
6861 ‘mueuner] 3 sdoosy aN 6 L6 8¢ Luewag [2.2] 1oABH 10ATY 1aary
6861 ‘wuEwIeH % sdooy] aN 8T/9T  8€0T L Luewsan [1¢] swg sean] samo] J2nRg
01/0§
6361 ,::wEﬁmI % m&OOM N €1 81 0S h:mEhoU HWNH 8 AR pERN
6861 ‘uururel % sdooy] aN 1'T/0 61/0 8 Lueunag [82] 2918 1041y 12407 13ARg
OT/LL
6861 ‘mueunIEr] 3 sdooyy aN 0'6/LT £ 0%/€8 Lueuan [co] puepoSlopL  (6€-7¢) BOS YHON
L861 aN aN aN aN Luemap [62] (sesne1g sepeuwas]) 1yny ToAry
‘THSMITISEIE], 29 UUBWY]
L1861 aN aN 08 0€ LULIET) [zL] (rexpey ‘JouuoH ped) unyy ARy ToAry
‘THSMIYISEIR], 29 UUBWYI]
L86T UTEWIEH aN aN ¥ LE Luewren [14] weSuminN afe]
LBET ToUIIY aN aN aN FOT Luewiag [rz] remsipy jo 1ySig vag onjeg
$861 ‘UUEWNIN aN aN aN aN Luewsan [1¢r0¢] vorSay swi-resam Jaarg qs ds wjooymSuy
F66T TE 12 D9ABIORY aN aN 00107 €L AL [oL] oueraorrg aye] e qs
7861 T8 19 153eg aN aN or aN Arerf [04] cueraorag axey afe g8 886T 'MISMIYISEIE], 2 DPARIOP
BPIPUPIRIPOA0U DIOIIRSUY
6661 "TE 12 LNOUIEER] 0 I 07 ¢ BIsoun, [69] cueufeg pangy ETANY
6661 "TE 12 LNOWEERY o €TS'T L e EIsIUN, [60] meyyor e ] (91-T) 29E]
8661 ¢ 12 WONSYILM aN T 61 801 uapa Mg [go] uarewglfy oy axeT
8661 “IE 12 WONSIOLY, aN 81 69T 8¢ uapamg [L9] wast  oye] afe]
8661 & 19 WONSYILM aN o€ L €01 uIpIMG [99] uaxias3iagsuor 3D
BIG oN[ELH/AA0])
9661 ‘TUEPIAT aN aN aN aN uapamg [¢9]1se00 150m Usipamg  YELIIENGAESANEY
pa05a1 Jo Iotpny; asvw T (%) d u Anunoy [T 8 ut oN] &npeso]  (Ayunnfeg) yuliqef]  2)Is Uonsaju] Aueg/urnidyg

64



Parasite checklist of European eel

666T W aN aN aN aN B3 Y0U|d EAF UEIUELIAIPAY Bag yor[g (8S8T "UIOND)

‘29 UBOUBLINIPIJN smpsspLou] saprojoydaoiupoy

S£61 ‘Tndeure

aeprpjuesewAyy L[roe,|

VIVHdIDOHINVOV

WNTAHd

T00Z “TE R [BIANO  €90°0/F00°0 4 0 LLk uredg esnory  (0g) anuepy/Arenysg ‘ds "ued aeprjcorpnsd)
961 "B 19 aN aN aN aN U'S§ T o] A8 1wioy Jajemisal]

EABNEAO[ABJ-EARNSAOYYAY

0L6T "QqnuD aN aN aN aN SIN/EREM AIYSYIPUOR ‘(B[ed e ) PIFa] udr] aE]
S00Z T8 19 xe[rEy LOTEOF0 ST 1/8¢ 0TI 00g uredg B JeAry Jaary
€00Z “'[e 19 B[Sy 9¢'¢/8E'T 9C-T/E'L 681 1543 uredg B[] 12ATR] ToARy
TOOT "8 R B0 #0°0/00°0 T To 6LF uredg [ore g (0g) onueny Aremsy
FL6T ‘Apauuas] aN aN aN aN Sn/puepoag PUOWTY JRAT] Jaarg
S00T "B 19 BAIRIEY €9°C/68°0 ST 1/5°S 191 €6 [e3nuod ESNOG 1AM leanq
1aded sup £0°0 /1 9'9 0¢ Aurunagn (u2qay100)) 2qIg 1A JaAT
1aded sup S0 61-1/8 01 0f AUBuan ATen)sa aq[e 1A I9ATY
$00% VIR ¥o Fiv 00T 01 Luewsan Simquapne T yaEqIezIg weang
$007 ‘USRI, €1 [ARFIY s 9¢ Luewiag SmquajneToeqzIng weang
£007 ‘IR, 101 8T-1/5°9 ERY ¥9 Lueuag SinquagneTAUNR] ALY ToARy
1007 'Apaumoy] 8ET'T aN L0t 9z S /pueSug (wsds 9XH RAR]) APaRL) JOAR] Jaary
1007 'Apaumnay] 9°1/9°0 aN 681 FL Sn/puESug (msds 9XH 19AR]) WN) RATY ToARy
1007 'Apaumuey] S0F0 aN 0'oF 01 S /pueFuyg (w845 ox IARY) 3 [YoLg leanq
T00T ‘Apaunay] SFRT aN 9'8¢ L S/puEEug (waysds ax 1eAny) vordweyg Jaarg
1007 'Apaumuey] 0'ST/9°C aN 0'0F 0¢ S /pueFuyg (wa1sAs aXH AR 12110 AR] leanq
7661 "Ie 12 Apauney] €To €i0'e (44 e SnypuEdug JaNQ ARy Jaanq
+00Z T8 10 TOHON aN aN aN aN Mry/puEdug 1531, IRARY JaAny
F00Z "'Te 32 BOHON aN aN aN aN SypuEFug SAWEY J, RATR] Jaarq

$86T DIABIOIN aN Tl € el onqndey] yasz) BUOEIN YT A 18T (0081 19paZ) stussou] snioenulds

98861 ‘193] 900 S/ €1 08 Jremuay paofjosy (oz-¢D 861

eag onreqyproly ‘Kysuelfjod vonoup stdoivisy

el

‘urqel.oyg seprjospnsiy Ajure,
$00T e 12 BAIRIER 8L9/6T'T SO L8 69T €6 [ednpod ESN0G JRATR] Jaary

6661 1WA aN aN aN aN euefng eueSing Joye mysang LT61

‘[nedg aoypnSUr PUOYIOPGLI N

9r61 ‘uiqelog

FePIUOYIOPYEN Afure]

FO0OT oWy aN aN g1 162 Aurunan (31ngessnyog) 1983 19AT JELAN ‘ds pazatiogny J

Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

65



Chapter Il

€L6T BpAag aN aN aN €8 PUE[O] alqk( ave] AE]
£L61 'Bphag aN aN aN €8 PUE[O] UAZDJOIGARAR] BIPO 159 M leary
L00T ‘stuewsip 2 ewignfiryg aN aN aN aN BIAET] B3y Jo Jnp Messesay Bag onjed/sae]
Ioje Ay swInFoy] ‘sews) ‘seuzpy ‘sefgdory soye
€00z ‘Aqprenagy % £ardo)y S0'0 T 9¢ 81 PUE[aI] 1WA WYIED UNT JARJ/UEAE)) 0)) ‘WEPIY [Fno] aE]
€00z ‘AmpeDagy % Lardon €10 ¥t 43 0¢ PUEI]  JUQUIYIIED JUIH JIATRY/[ESUOT 07) ‘9B 20IESSY e
2661 ‘Apauuey] aN aN aN aN PUEaI] SAYE| UOUUEYS aE]
L86T “KEUOI 29 Apauuay] aN aN aN  aN PUE[aI] 312 y3no] ae]
9661 100 01 60 STl PUE[aI] ToARy ulfjeyun(y loanq
‘AyeSdIA 2 reySee)
F00T ‘wisy aN aN 8FI 162 Lueuran (Bnqressniuag) 1esap ALY leary
[00T 112§ % 821ng LT1/9°0 o' 8°¢CT 61 Luewiag (aUNISIIBS]) SUIYY 1BALY Jaary
[00T 11o1§ % 821ng €010 0'Z 6T S¢ Luewiag (5uIoA) QUIYY 1oARY Jaary
£00% ‘UVIRIL €0 01 06T Al Luewren WIRMONAIYI J2ARY Jaary
$007 ‘IR, T0 €1 €01 62 Luewag TBOD) 15/ U 1AL ToAry
€007 ‘IR ¥o 0y T6 [44 Lueuan UopUNUIAL) /UTRN JOARY loary
$00T ‘U9, 00 T Sl ¥9 Luewsap SIquosne AU JARY Jaary
6661 "I 19 saIng 9°0/0°0 01 91 19 Lueuan (UIRYNIY 13 WIAYSISWT) JUKTY AR leary
8661 1oRIqRsug aN aN Lo aN Lueuan ueppod Iap[emsjlally Bag oneg
8561 o21gp2dug aN aN 0°09 aN Lueunag JJBH saulaf3] Bag onreg
1861 ‘1oWIay] aN aN aN 50T Aurunan WOISoUJ/ UBSSE] Bag oNeu00Se ]
L8GT HoWIng aN aN aN F0T1 Luewsan rewsty Jo 1ysSrg Bag onjeg
SLET 1219 aN aN aN aN Aurmion prolq 1a13] BaG oneg
roded s T 19/19 €€ 0¢ pue[ulg PUELUL JO JIND/EHIOT] (-0) &ag 2ujeyg
F00Z " 3 vopoN aN aN aN aN MypueSug SIWEY J, RATY Jaary
48861 ‘193] €100 T €1 08 Jremuacy profjasy (oz-¢D
eag onjegyprolg
48861 93 0’1 6 1/6'€ L'9T 0¢ Jrewmuay @821y aYE] e
BS8GT AW LSO FETIS8 L9 0zl Jrewua(g WnisH aye] aE]
1007 ‘D9ABION aN aN aN aN arqnday] yoazy) arqnday] yaszy) aY) Ul IJemYsIT] I9)BMTSIL]
LBGT "'TE 19 SSNQEYDY 6'¢ 6111 ¥LE L01 wnidfag PISYOS 12AR 917 AR Jaary
6101
$00Z “TE 12 55NqEYag F81-1T0 €6T €T §086'c 0TL BLsny JA[palsnaN aYE] AE] ! (08L1 921D
aopmSup smpoydaooyrupoy
66671 ‘ToWIN aN aN aN aN aN JSE0D DNUE[)Y YOUIL] ‘BOQ UBIUBLID)IPATA BIQ ANUEIY
‘29g UBQUBLIAIPIJY
T00ZT ¢ 19 [BIIN0 T0°0/200 P 16T 80 6LF uredg [ore g (0g) onueny Aremsy
TOOT "B W [BIRIN0) F8ELY0 € 18'L 98 LLk uredg BSNOIY  (0€) 2Dy /Arensg ! (StgT ‘wprelnc)
sanburdoad sapropoydaooyiupoy
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

66



Parasite checklist of European eel

$00Z “TE 1 s5NqEYag €80 €TICT 6°L9 0TL BLsny JA[palsnaN aYE] AE] ! (OLLI
0€T "IN Han] sEpydasoyiunay
0L61 99y aN aN aN aN SIN/saEM SISUDAIRIIIE]) UIEPE] U] AE]
F961 990D 6% ¥81 L'LT ¥ SIN/selE M AIISTAUOTISIA (B[eH &) PISa], udr] L]
SN LEER L 3 TT'0/€00 TSI 0T 00Z uredg B JeARy Jaary
$00Z "I 10 Ie(nsy SS°0/60°0 ST/ST L'e 1543 uredg B[] 1PATY] Jaary
TOOT "B W [RIIIN0) 8T°0/100 9T/6°E 0 Lik uredg BSNOIY () 2Ny /Aren)sg
S00T "IE 12 BATEIEg 68°0/FT0 o T/TT 60T SS [ednpodq B[RAOL], ARy Jaary
800T “Te 12 EpPIUIA 100 01 Sl FET [e3n1zoq 0l19AY 9p BRY onuE[Y ArEmsg
LOOT 'suews1A % eurgn iy aN aN aN aN BIAJET] senzey ‘sefedory sese] Bae]
8661 e 12 Apauuey] aN aN €60 101 Ao Ieqr], reary Jaarg
19C6  f0€T
L66T 'Apauuay] 2 pue[joq aN aN aN aN puejal 1a¢1 yEnoT e
9661 €10 01 STl 7€ PUE[aI] B Y¥no] aE]
‘KyreoIA % ey See)
9661 00 ¢ 80 LT1 PUE[aI] ToAry uijayun(y Jaary
‘Aol 2 ueySeqer)
9861 0Z e 65 6¢ PUE[AI] qUIoT) AE] AE]
ATIIEDOTN] 29 A[02UU0))
9861 17 SLI Tl 6t PUE[I] ULQUMWLIT RATY Jaary
ATIIEDITN 29 A[23UU0))
861 aN aN aN ST PUE[I] BRIE JUAWT)ED QLU0 AAETAATY
‘ATIIEDOTN 29 A[Q9UUD))
9961 "2Uey aN aN 0°08 9 puepaIy aukog JDAT ‘MOITY [En0] TOARY/ANET
1007 'Apautey] 0°Z/0°T aN €9 61 S /pueSug (wysis oxg FARY) 15417 JoAR] Jaarq
1007 'Apaumoy] Loreo aN [4:)! ¥L S /pueSug (wsds 9xH J2AR]) WN) PARY Jaary
7661 “'[E 19 Apauuay] L0°0 RN Sl 1€1 Sn/puESug 23] 9yocIqoyy e
T66T " 10 Apounay] LT L& T L'LY ¥9 S /pueFug SAUSIBIN] JAISUTIXH Bag quoNArEmsH
7661 “Ie 12 Apauuay] €00 4 e 907 Mrypuefug 18410 JeAny Jaarg
2661 IE 10 Apauuey] S00 CUrFT 6'¢€ €€T piglilieh) 1aNQ eAry leanq ! (S8 T urprelng)
ppHAp) smpoydaooyunoY
¥o61 “Te 12 aN aN aN aN SIS ewio) RN RS Jajemysarg
BARYSAO[ABJ-BARYSAOYJAYG
L86T WY aN aN aN aN BISSTIY 1431g AN Bag onjeg
F66T BANGZIM 1L0 Ll (44 ¥T PUEB[O] MO BIPO AR Bag onjeg
2 EPQRID-EYOAI0)
F66T BYOIQZIAIM ST'0 z LL €1 puE[Oq (uoo3e] utoezozg) oudiep amonN Bag oNeu00Se ]
2§ EPQRID-EYOAIO
F66T BANQZINM L0°0 1 L9 0¢ PUE[O] (ucoFe urezazg) eatudalg Bag oN[EE/U00TET
¥ EPQRID-EYDIIO)
P61 BAINGZINM 100 1 ¥l 1L PUE[O] (m003e UIeZAZg) ZAKQAzZI], Bag oneg
2§ EPQRID-EYIAD)
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

67



Chapter Il

£L6T 'BpAag aN aN aN €8 PUE[O] 1 UI9ZIZG Bag onreg
€L61 'Bphag aN aN aN €8 PUE[O] UAZDJOIG ALPAR] BIPO 159 M Bag oneg
£007 ‘sTuemsLA 2 euign firsy aN aN aN aN BIAJET] BER JO JIng) ‘T9ATY Bag oMJeq Y]
BIUL A 'SEWS[] ‘SUOSNY ‘seuzey ‘seledar] seye

00T ‘AypreDagy % Lordo) 8T0 LT LoT 81 PUE[I] W WYIED QUIF RARJ/UEAE]) 0)) ‘VEPIY [¥n0] AE]
500z ‘Ayrenapy 2 Lardo) 0'0 /1 P St PUE[2I]  JUSUIYDIED UL ISATM/[ES2UOCT 0)) 9B 20IESSY e
LSGT Aepiopy 3 Apauuay] aN aN aN an puefar] S yEne] el
9661 € €01 8'cr 43 PUEaI] B 4Fno] e

‘AIIEDOTN 29 TEYTE[[ED
9661 8€0 TS [ A puejal TOART projey Jaary

‘KqIenoIN % veydere)
9661 €To 88'1 89 L11 PuEjal] ToARy ulfjeyun(y loary

“AIEDOIN % TeySE(IE)
7661 Apauuey] aN aN aN aN puEjal] SaYE[ UOUURYF e
9861 €1 e 8¢ 6¢ PUE[AI] qUIoT) AE] AE]

ATIIEDITN 29 A[02UU0))
9861 80°0 €1 9 6 pueal] USQUMWLI(T AT ToAry

ATRIEDOTN 29 A[Q9UUD))
F861 aN aN aN aN puE[I] BRIE JUSWIT2IED qLLIOT SETAAALY

‘ATIIEDOTN 29 A[Q9UUD))
8Cs1 1dagEBuy aN aN S'GF aN Luewiag J3eH sautary] Bag oneg
6661 “JE 1 WEd aN aN aN aN Luewsan puefs] vafny Bag onjeg
1861 ‘ToWI aN aN aN 50z Aueunagn WOISoUdRJ/ UBSSE] ©ag onrequoode]
£007 ‘IR, 00 T Sl ¥9 Lueuag SinquagneTAUNR] ALY Toary
$00T ‘U9, oT0 T 991 ¥T Luewsap UOSIEUOT UL /A0 UEISTO) ANE ] AE]
6661 "I 19 saIng 9°0/T°0 0¢ 91 19 Lueuan (UIRYNIY 13 WIAYSISWT) JUKTY AR leary
6661 1w aN aN aN aN pueuly Jnp ystuurg Bag oneg
6961 '99nYD 3 BIYSTI LTT 96T SL ¥ MrypueSug anysay) ‘propyoeg jjeue)) vorur) argsdonyg [BUED
8z61 suieg aN aN aN aN piglilich) aN Jajemisal]
€L61 “[eid Fumuue) anN aN aN aN SrypueSug L] vopderg ]
00T “T8 19 TOMON aN aN aN aN piglilibl ) 1891, IRARY Jaary
#00Z e 32 vopoN aN aN aN aN SypuEFug SAWEY J, RATR] Jaary
98861 ‘193] 100 T €1 08 Jremuacy paofjos] (oz-sD
zag onfedyproly
98861 * 218 co0 4 ¢ 07 Jremoacg esjly aye] AE]
BS8GT ' AW €0 TruTe ST 0zl Jrewmuay WnIsH aye] e
$86T DIABIOIN ST 8T-Tik 8¢ €l onqnday] gazzy) BUIBIN 2YF] AE]
L661 "B 19 ssnqeyag s 0LT 1 79T L01 wnijag PI2UAS J9ATY 9197 JIATY Jaary

fLS61
0861 194asITy] 6T°T 00T-1 C8'LI 9s BLySY 19[palsnaN ayE] e
S€1
P103a1 Jo 10y asivu v (%) d u Anunoy Anpeso (fyueg) 1eIquy  =1s uons>aju] Aueg/urnidyg

68



Parasite checklist of European eel

L661 “1E12 Apautay]  FE0/L00 aN L'E L81 A OUBING 3B (ot-01) ®eg (1061
UBIUSYLIAT [ /UDOTE] ‘MOISUTT UOA) SHASIGD SIUASO)A [
aepnUasOIT ATrore,{
0007 ‘193] I T 001 1 SpUE[s] 2018 ] pioff yeqp[ey] 100 MUY
9061 ‘YORUBNS aN aN aN aN SypueSug  (ueyo) Y 8ol M ‘U0AY ) s1eaRy anysd wepy Jaary “ds smyppukyrovpog
961 "B 19 aN aN aN aN 88T o] R NOREL LY Jajemisal]
EABEAO[AE]-EAEYSAOYNAY
£007 ‘sTuemsLA % euign firsy aN aN aN aN BIAJET] BENg Jo JIn5 Bag oneg
8T61 'snieg aN aN aN aN S /pueSug SIIYBIANEIIIO M Jajemysarg 9LLT
IRNNIN STuOups SHEoUlIouyosg
FLOT ‘Apauuay] aN aN aN aN SN PUE[I] PUE UTEILI UL SI9JEMUSAI] JoJB MU
tL6T Apauuay] aN aN aN aN pue[aI1] PUE[I] UI SIIEMYSIT] I9)BMUSAL]
€007 VIR 9'¢ ey 0°09 01 Lueuan Smquapne/yaeqIazIg weang
$00Z ‘IR, 1 e LTk 9¢ Lueweg Tinquaynepyoegzing weang
Op6T 1501 aN aN aN aN S /pueFuyg BRIE JUQMIY2IED IQULAPUIM e
F00Z "'I€ 32 BOHON aN aN aN aN SnypuEdug 183 ], RAR] Jaanq
1007 'Apaumay L0/L0°0 aN ¥'S ¥L SMn/puESug (uwr2)sds OXH 13AR) WN) JATY JaAny 88L1
SUBIYAG ABIA SHYIUCIIOUIYDT
9007 "BAOYUR[RLS 2 Ynfpoy L0070 1 Lo Tl BISSIR] UOOTET B[NISIA Bag oN[EE/U00TET
6661 I8 1° WEq aN aN aN aN Lueuan puels] wadny Bag onfeg
L86T Tomay aN aN aN 50T Aurunagn WO AU/ UBssE] B2g oNeguooie]
L8GT HsWIyg aN aN aN aN Aurmien 9asURppIH Bag onfeg
L8GT HowIng aN aN aN F01 Luewsan rewsipy Jo 1ySrg Bag onreg
SLET 12T aN aN aN aN Auemiagy profq 1a131 Bag oneg 9LLT TRTINN
ul 3007 108 sHypuiiounog
961 "B 19 aN aN aN aN U'S§ ) o] WSS w0y JajeMTSAL]
BAEYSAO[AB-EAEYSAOYYAY
L8GT Tewing aN aN aN aN BISSTIR] 131 BAGN Bag on[eg/Aremsy
Jaded sip €00 /1 fats 0€ redmrog Arenyso snde [/5elI0n] oNUENY ATEN) ST
6861 'Qq90T)) 3 BATRIEG aN aN ST 621 [efnyog 9)8H I2AT JaAny
FE6T EAIMZINM 90 -1 L9T ¥T PuE[oq OO BIPO AR eag onjeqAremsy
2§ EPQRID-EYDIIO)
F661 BYOIQZIALM ST0 z Ll €1 puE[Rg (ucoSe urezozg) oudiep, amoN eag onjeguooie]
2§ EPQRID-EYIAD)
F66T BAAGZIIM €670 LT LoT 0¢ PUE[O] (ucoFe uazozg) eotudalg eag oneg/uoode]
2§ EPQRID-EYIAI)
FE6T BANGZINM ST0 P LT1 1L PUE[O] (1008 WIAZIZY) ZA1QazZI], Bag oN[Eg/U00TET
2§ EPQRID-EYIAI)
F66T BANGZIM ST0 € 0¢ 0z PUEIOq (w00 UIDAZIZY) [EUE)) DYSMOISEL] Bag onjeg
2 EPQRID-EYOAI0)
€161 BpAag aN aN aN €8 PUE[Oq alqk e Bag anjed/see]
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

69



Chapter Il

9861 87 8t 65 6 PUEaI] USUMLI(T AT leanq
‘ATIIEDOTN 29 A[Q9UUD))
9861 ¥6'0 L1 sS €€ PUEaI] Heqqy ARy laany
KYNEDHOIN 29 A[22UU07)
86T aN aN aN ST pue[aI1] BAJE JUSWTED QL0 AYETIRAR
AIIEOTA] 2 A[22UUO7)
6T Apauuay] aN aN aN N pue[aI] PUE[AI] UI SIIEMYSII] 19)BMIUSAL,]
FOOT WY aN aN §'GT 162 KLueunag (B1ngrassnyog) 1983 A 19ATH I3ATY
€007 VIR ¥'T e 0'1L 1€ Lueuen axunpeddry rary leary
£00% ‘UVIRIL €1 8¢ SFE 62 Luewren TEOD) ISR U ALY Jaary
$007 ‘IR, 0T-T/LT 89 0°0F 071 Lueuan SrnquaneT/aEqIZ)g weang
$00Z ‘U9, 0T 1/9°¢ ¥¥ 908 9¢ Luewsan Fmquajneyoeqzng weang
£007 ‘IR, 6€'8 LTIT-1 $T9 9 Lueuag SinquagneTAUNR] ALY Toary
6007 ‘ULRIL €0 \M\MM [ ¥ Aurunagn uedreuad ueTreoue)sU0) AR aye]
[00T 1190§ 2§ SaIng F0/z0 01l 8°¢I 61 Lueuran (aUnISIES]) JUIYY JOALRY leary
6661 T8 10 s21I0g LTF0 9% €8 09 Luewiag (WRYSISUIAL) JO INOQIBY) AU ALY Jaary
6661 T8 10 sa1Ing LFI60 oI 29 19 Lnewiag (UYNTY 1o WISYSIAWIYT) QU JOALY ToAly
roded s 80 IT-e €€ 0¢ Luewsan (uagayion) 2qH 2AR] Jaary
1aded sup 90°0 1 99 0§ AUBULIaL) ATen)s 2q[ BRART I9AT
1661 ‘120N 2 S19pUy aN aN aN aN Aurunan [ BATY Jamo[ g YUON
6661 TE 39 WEd aN aN aN aN Augwip T2y onreg Bag onjeg
6661 [ 19 wWled aN aN aN aN Aurunan puejs] uadny] Bag oNeyg
8661 1oRIqRsug aN aN €11 aN Lueuan ueppod Iap[emsjlally Bag oneg
86T ‘ToWIay aN aN aN 507 KLueunag WON)8aUd ]/ UBSSE] eag onjequoode]
1861 ‘1oWIay] aN aN aN ¥4 Aurunan ueppog Iap[eMs)1a1n) Bag oNfeyg
1861 JowIay] aN aN aN aN Auewran 228URPPIL] Bag oneyg
L86T ToWInyg aN aN aN 01 Luewiag Tewsp Jo JySig Bag oneg
SLET 1RO aN aN aN aN Auewin prolq 1a13] Bag onjeg
7661 Te 10 Apaune] €0 STTT 96T st Srypuedug JANO ARy Jaary
1007 'Apaumnay] FSILT aN L£9T (119 S/pueSuyg (wa1sAs 9 AR 19110) AR] loary
1007 'Apautoy] 0OF1/89 aN 6'St ¥L S /pueFug (wsds 9xH JeAR]) Wn) PARY Jaary
F00Z " 32 TOMoN aN aN aN aN Mrypuefug 182 ], AT Jaary
+00T "'[B 12 UCHON aN aN aN N SIN/puesug SOWRY ], AT g QUON/AIEMST
FL6T Apauuay] aN aN aN aN SI/SOTEM Sa[E M PUE pUR[SUT UI SI12)EMYSAI] 19)BMTSAL]
‘puE[T U
98861 ' 1¢3 €10 TlET 00T 09 Jrewuacy pung Jifl (8-F) ©ag onjeyg
100Z ‘22ARION aN aN aN aN anqnday yaoz) B0 ATy loary (9LLI
I[N S14287 sHyduyioydog
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

70



Parasite checklist of European eel

L86T '[B 12 [YSMAYISEIR], aN LiL €0 Fee Lueuan Aremsg 2q[H AR] B g GUON/AIEMSH (1TGT 24830
UEA) SHASIGUID STIUBSTHUAIDD ]
TT61 ‘2as[D
ue A deppuasinua ] Aqrure
961 "B 19 aN aN aN aN U'S§ ) o] WSS w0y JajeMTSAL]
BAEYSAO[AB-EAEYSAOYYAY
SLAET TP aN 21! 900 L1 PUE[O] Leq YsuEpPL) Bag oneg
LOOT ‘stuewms p % euignfiry aN aN aN aN BIMET] B3Ry Jo JIng ‘sewsp aye] BRF ON[ERIE]
8C81 1pagiaduy aN aN 9 aN Luewiag J3eH sauTar3] Bag oneg
6661 1WIR aN aN aN aN puEuly Jing ystourg Bag onjeg
1007 'Apaumay 0°Z/8°0 aN 0'1g 9z SMn/puESug (ur2)s4s OXH ISAR) APaLy) 19AR] Jaary
1007 ‘Apauuay] 6°0/9°0 aN 0ot 01 SIr)/pueldug (waysds ox IARY) 28 pug A[pooly 12401
T66T "8 10 Apounay] 1T STLT 00r ST S /pueSug SAUSIBIN] JAISUTIUXH Bag quoN/ArEmsg
2661 “'[E 10 Apauuay] 900 Ti0e 67 89 piglilieh) 18410 Toary loary
L66T Apauuay] aN aN aN aN piglilieh) 1aNQ eAry leary
F00Z " 32 TOMoN aN aN aN aN Mrypuefug 182 ], AT Jaary
1007 ‘23ABION aN aN aN aN anqndey] yaez) PO PUE BF[E[N IOAR] BYIBIN YE ] TeAR/eNe] (08L1
RN P4 SRYOUKYLOUIIB 03N
£00Z ‘stuemsip 2 ewignlirsy aN aN aN aN BIMET] EERT Jo JInD Bag onjeg (zog1 'mydiopmy)
WHSOUINAS PUoS 0UAL6])
¥96T "TER aN aN aN aN SIS ewog RN Rl Jaremysalg
BAEYSAO[AB]-EAEYSAOYYAG
L86T ToWInyg aN aN aN aN Auemiagy S38URPPIH Bag onreg o6 1
‘[TO8SI0) 21kP142S PUIGS 0UiL6])
961 "B 19 aN aN aN aN U'S§ ) o] WSS w0y JajeMTSAL]
EABYEAO[AEJ-EARYSAOYYAY
8007 “Te 12 BpIUId 100 01 80 FEl [e3niog 0I1aAY ap BLY onuEIy Aremsg
L8GT 1w aN aN aN aN PuE[oq 131g eASN Bag onfeg
€161 'BpAag aN aN aN £8 PUE[O] A1k e e
£00% ‘UVIRIL 01 8T 6F¢ 34 SpUElIaaN U2 MNITTRUIYR] JARY Jaary
£007 ‘stuews1A 29 euign sy aN aN aN aN EIMET] SEWS[) YT A
8661 "'[E 10 Apauuay] aN aN 01 101 Arert Ioqry, eany Toary
9961 ‘Apauuay] aN aN aN aN PUE[I] qufog Jaary Jaary
9661 €10 01 STI (43 PUEJaI] B 4Sno] e
{AIIEDOTN 29 TEYTE[[ED
9661 8L0 0T T6¢€ A PUEaI] 1oAR piojyey leary
‘Kyreo 2 veyTeqe)
9661 0s'e 1359 £'€9 L11 puejal] ToAR] ulfjayun(y Toary
‘KyreoIA % ey See)
9861 0 LT 8 6€ PUEaI] qLLon) 9y e
AIIEDITA] 2 A[02UUO.)
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

71



Chapter Il

1aded sup €00 11 ¢ s AUEUIIAL) ATen)sq 2q[ PAR] 19ATY
600T T8 12 QO €00 T €€ 0¢ Lueuan eg wiewye Bag oneg
600 “T® 12 9oyE[ 690 S T/ET 0¢ 0¢ Augmrag Teprg eary Jaary
600Z "8 12 qoser €00 T €€ 0€ Auemiegn ueld eye] e
1861 ‘JowIay] aN aN aN 507 KLurunag WON 82U/ UBSSE] eag oNequoofe]
L86T 1wy aN aN aN 01 Lueuan Tewsp Jo JySig Bag onjeg
SLET 1RO aN aN aN aN Auewin prolq 1a13] Bag onjeg
T66T " 10 Apounay] L00 10T L9 ST S /pueFug SAUSIBIN] JAISUTIXH Bag quoNArEmsH
€L61 “[e10 Tutuue) aN aN aN aN Snypurdug Loy uopderg ]
98861 ' 1¢ €L0 OF-T/E'L 01 08 Jrewuacy pacfjas] (0z-sD
vag onfeqyproly
48861 ‘183 €80 T €8 ¥z Jreuuacy prolg SmagySuny (1) Bog UMON/PIol]
48861 ‘193] €T 0€T°1 £'98 09 Jreuruacy pung Jin (8-) BOg onfeg
{E'ET
BS86T WY o et L'9T 0zl Jrewua(] wnisH aye] e
100T 29AEBIORY aN aN aN aN anqndey Yooz Bl yoy Jaremysalg g TEBI
UHBWIPION] UCA 5HGGIE sHyIspS.Lq
6661 ToWINg aN aN aN aN Leym, Bjeg aye] e ] €081 akery Lafyf snpsoBig
SE8T
“msuning sepipsed g A
VJOdOIHLIV WNTAHA
9007 "BACHUR[RYS 29 Ynfpoy] 610°0 1 8T il BISSTIR] UOOTET B[MISIA Bag oN[eq/U00Te]
€007 VIR [} ¢4 0'9¢ L'99 0¢ SpuelemaN wnspEpy Aeaurfass 7 e
1aded sy 7T FhL€ 99 0§ Aueuiag Aremysg aqpg 10ATY RETN
{€LE
600T T8 19 q09EP L0°0 T 99 0¢ Aurmion WOYSEERY (0Z-0T) B2g onjeg
600T T8 192 QOB 90'1 9T 1/ES 0z 0¢ Aurmiog) Ioprg ARy ToARy
$00T ‘U9, 61 911 91 1€ Luewrn axungeddr rearyg Jaary
€007 ‘IR S01 (B33 0'1€ 62 Lueuan TBOD) 15 /AU ARy loanq
€007 VIR T0 0T S [44 Lueuen UapuUN AL /UTRN JRALR leanq
F00T ‘TPWIg aN aN 'L 16T Lueweg (Sruqassn[yag) Jasay 1eAny Jaary
[00T 1190§ 2§ SaIng TLTIOD €91 8'9¢ 61 Lueuran (aUnISIES]) JUIYY JOALRY leary
T00T 191§ 2§ saIng L8TIEY 8'6T €1 S¢ Luewsan (swiopy) Uy J2Any Jaary
6661 T 10 sa1ng LETSET 8'€T £'98 09 Luewiag (WIRYSIZ UL, JO IN0GIBY) QUL JOATY Jaary
6661 "TE 12 5aINg 0FEP 9T o'Tr £6€ 19 Luewsan (UIRYNTY J2 WIAYSIAWT) JUIYY J2ATY Jaary
F661 “TE 10 s2Ing aN aN aN aN Aurunan (Z1ngessnyog) Josap 1oAY Jaary
1861 ‘TE 12 IYSMOYISEIE ], aN 0T 1 L8 ¥ Aurmagn 1989 AN IOATY JETAN
1786
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

72



Parasite checklist of European eel

FE6T EAIZIAM T -1 0TL 4 PuE[oq (UOOTET UIXAZOZS) UIQIr] £ag ON[EG/U00SE ]
2§ EPQRID-EYIAI)
F66T ENAGZIIM 0€0 fal! 06T 07 PUBIOg (w00 UID9ZIZY) [EUE)) IISMOISEL] Bag onjeg
2§ EPQRID-EYIAD)
£L00T ‘siuews1A % ewignfirsy aN aN aN aN BIAET] SETWS[) YT AE]
98861 ' 9183 o0 o TFT <z 0g Jremuacy gsjaely ave] e
1007 ‘@9ATION aN aN aN aN anqndey yaez) EIRIAG JPAR BYIEIN SYE] JeAR] Y]
SLET 12728 c00 FARVI LEE 9s BIYSNY I3[parsnaN aye] e TE8T
‘UURWPION] UOA JP]0G21s SHIIsSpSi5
961 "B 19 aN aN aN aN 88T o] R NOREL LY Jajemisal]
EABYEAO[AEJ-EARYSAOYYAY
€00z “'[e 10 re[3y €T'0/S00 16T 1 € 00T uredg BR[ ARy leary
S00Z “'Ie 10 re[riy STIITO 61-1/F'L 91 €T€ uredg E[IN] RARY faary
$00T T8 19 OJIJEIN €€'8/6S°0 aN L'L aN uredg B}[3(J 0195 TI2A TRUED (0g-g) vog uw
SUBLIS)I PIJA/U0OTE ]
1007 ‘29ABION aN aN aN AN angnday] yeaolg BIEAO[ JajeMTSAL]
I2YINO0s ‘oaoun)) Ul s1ajem uado pue spuod
L8GT HswIyg aN aN aN aN BISSTY . 131 BAGN Bag oneg
9007 "BAcHUR[RYS 2 Jnfpoy 1200 1 e ol BISSTIR] UOOTET E[MSIA Eag oN[E/U00TE T
6861 ‘90T 3 BAIRIES aN aN ¥re 621 [efnyog 9)8H I2AT TeAly
8007 "Te 32 EPIWIA] €9°TILS0 ST 1/6'S L'é FET [ednisod 0J1aAY Ap BRY onuE[ry Aremsg
F66T ENAGZIIM L0°0 1 8T 1L PUEO] (U005 UIAZIZS) ZAIQazI], Bag oN[eg/UeoTeT
2§ EPQRID-EYII0)
F66T ENAGZILM 0T'0 ¥ 0¢ 07 PUBIOg (uocTeT U129z0Z3) [EUE)) IS MOISEL] Bag onreg
2 EPQRID-EYDAI0D
9007 “TE 2 IysAcuEfo)g TTI1 [N A 008 S BIUOPIDERN ueiloq pue edsar g ‘puye) soyeT L]
£00Z ‘stuemsLp 2 eurgnfirsy aN aN aN aN BIMET] ESR] JO JIND) TI0AISRY BRF onjed/Re]
1oye A\ suinoy] ‘sews) ‘suogny] ‘sefpdary soye
1007 “Te 312 248D 1 o aN ¢ 2 AL 1880y QHELIPY/LIRY 3L 9[[EA (sesn
©OQ aNBILPY/U00ZE T
1007 ‘Ao 2 Ao1do)) €T 966+ IR Sk PUBII]  JUAWYDIED UM J2ATRM/[ES2UO(T 0)) YR 20JESSY aye]
100€
L66T ‘Apauuas] 2p pue[joq aN aN aN aN PUE[aI] UOUUEYG ALY faary
9861 9'¢ St 08 6€ pueal] QLoD 9] e
‘AIIEOTA] % A[22UUO7)
9861 90°0 ST 4 6 PUEaI] USUMLI(T AT leary
AIIEDITA] 2 A[02UUO.)
9861 cro 4 9 €€ PUE[aI] Haqqy JeARy Jaary
KIEHOIN 2 A[22UU07)
¥861 aN aN aN ST PUE[I] BRIE JUAWYED qLUI0T AETAATY
AIIEIT 2 A[0UUO.)
S661 ‘K1o%9zg 2 JEUO aN aN €T 18 Lreduny UojElEy Ay AE]
roded sup T0 T 01 0¢ Lueuran (usgapion) aqH RAR] leary
Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

73



Chapter Il

€861 99 aN aN aN 0z1 Jrewoag wWnisg aye] AE]
100Z ‘93ABION aN aN aN aN arandey] yaez)y BYIEIN @YE] e s ‘aur 3 Yy (19L1
‘SNOBUUY) DUZU0SE DIODIDSTY
S981
uossuLof 2epijoatasly Lqrureq
VATI'TINNV N TAHA
1007 ‘294810 aN aN aN aN onqndey yaoz) BUIBIN YT AE] g ds sar0z04pA Y
1£61
‘UMEM[IA, JeproEia Ly AfTure,]
F961 “Te 19 aN aN aN aN 'S8T o] A wioy TajemysalL]
EARYSAO[ABJ-EARYEAOYJAG
F66T BANGZIM ST0 1 7Sl €1 PUE[Og (ucoZe uroazozg) oudiem amoN Eag ON[EG/U00TE]
¥ EPQRID-EYDIIO)
P61 BAINGZINM 100 1 1 1L PUE[Og (m003e UIRZAZg) ZAKQazI], Bag oN[eq/U00de ]
2§ EPQRID-EYIAD)
LOOT 'syuews1p % eugn iy aN aN aN aN EIAET] seuzey ‘sefedory sove] aE]
600Z “T8 19 Q0B €00 T 43 0¢ Aurmion Ioprg ARy ToAny
7661 “'[E 19 Apauuay] €00 T Te 1€1 Sn/puESug 23] 9yocIqoyy e
€8861 ‘90 600 TUTT €8 0z1 Jrewoag wWnisg aye] AE] g (8sLI
ENSEUUIT) SHAIDIO, sHIRELY
S8LT ‘oI seplnB 1y Afureq
8007 "Te 19 BpIuId TF0/L00 P81 L'e FEl [e3nirog 0I1aAY ap BLY onuE[ry ArEmsg
€861 aN aN aN aN Sry/pueSug AENQ JAAR]  BAG YHON/ATEmsT 3 ds "uag sepryjeny
‘SSBEIQA[EIS 29 95 pUSNIY
T00ZT ¢ 32 [BIIN0 TT0/e00 €lET €T LL¥ uredg ESNOTY onuE[ry Aremsg
2661 “IE 10 Apaunay] 100 el €1 €€T piglilieh) 1aNQ Ieary loanq (081
‘0T BIUOIN]) SLIBFIXPU DIYIPUL)
PIST ‘gowar] eapnyyeusy Afrue,]
6007 “TE 12 qoer [74] €8T €€l 0€ Auewin profq 1a13 (81-71) veg 2ured
48861 ‘193] ST0 S-1/8°1 6'€T 9¢ Jreuruacy redanes] (PE-0€) 1e8apey] 3 (L9LT ‘snovuuTT)
SHPIYOUD LY DAZIOULDT
961 "B 19 aN aN aN aN 88T o] R NOREL LY Jajemisal] 3 8CLI
BAEYSAO[AB-EAEYSAOYYAY ‘SNSEUTIT PaopuLidia variiag
6L8T
‘proqqoy) supravuta Afroreq
9007 ‘EAcqURRLS % Jnfpoy 99¢'1 121 6'8C ol BISSIR] UOOTE ] E[MISIA Eag ON[E/U00TE ]
F66T BAINQZINM SL0 1 £'ee ¥T puE[od O BIPO IOARY Bag ON[EE/AIEN)SH
2 EPQRID-EYDAU0)
F66T BAAGZIIM 00’1 91 9% €1 PUE[Oq (ucoZe utoezozg) oudiem amoN Bag oN[eq/U00Te]
2 EPQRID-EYDAI0D
FE6T BANGZINM LT1 L1 L'9% 0¢ PUE[O] (uooBe urvazozg) eotudalg Bag oN[Eg/U00TET
2§ EPQRID-EYDIO)
F66T BANGZIM 6£T ST-1 €9¢ 1L PUE[O] (w003 UIDAZAZG) ZAIQAZI], Bag oN[EG/U00TET
¥ EPQRID-EYDIIO)
P103a1 Jo 10y asivu v (%) d u Anunoy Aieao (Ayuneg) ymIqey  Mis uonsau| Ao gywnify g

74



Parasite checklist of European eel

98861 " W3] ¥o 10T 0z 0T Jrewua(g osjelg ave] aE]
€886T 90 150 9T /89 SL 0z1 Jrewua(y Wnis aye] A g ds pruopouy

£00Z ‘stuemsLp 2 euign sy aN aN aN aN BIAJET] SEUWS[) SaYE] e
1007 ‘Ayne)apy % Aojdo) aN aN ¥re St PUEII]  JU WYDIED AW JOATRY/[EIAUO(T 07) ‘BT 20JESSY AE] g (8sLI
snoeuury) £AUELD pruopouy
0T8T
‘anbsauigey] sepuem) Arweq
VOSNTTIOW WNTAHA
6661 1WA aN aN aN aN PUE[O] aN aN 0881
‘[ayas01 ] suriidsas Bjodastd

9661 900 0T T¢ 43 PUEaI] B 4Fno] e

‘Aol 2 ueySeqer)

Pl10331 Jo Jopny as/ivuw e (%)d u Anunoy Kipeao (Aunpes) ymIqu  21s vonaaju] Arore gwniAyq

75






CHAPTER 1l

Monitoring of Herpesvirus anguillae (HVA) infections in European eel,
Anguilla anguilla (L.), in northern Germany
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! Leibniz Institute of Marine Sciences, Kiel, Germany

% Unit of Fish Pathology and Fish Farming, University of Veterinary Medicine Hannover, Hannover, Germany

? Institute of Fisheries Ecology, Johann Heinrich von Thiinen-Institut, Federal Research Institute for Rural
Areas,Forestry and Fisheries, Hamburg, Germany

Short Communication
Journal of Fish Diseases, 32: 557-561 (2009)

Freshwater eels, Anguilla spp., have experienced a worldwide decline over recent decades.
European eel, Anguilla anguilla (L.), numbers have decreased remarkably since the early
1980s, with observed losses in overall recruitment of up to 99%. Similar, but slightly less
dramatic declines have been reported for Japanese eels, Anguilla japonica Temminck and
Schlegel, and American eels, Anguilla rostrata (Lesueur) (Dekker, 2003a). Although a
coherent explanation for this phenomenon is still lacking, there are several possible causes,
including: (i) contamination of aquatic habitats with xenobiotics, (ii) oceanographic/climatic
changes, (iii) migration inhibitors, (iv) overfishing, (v) predating birds and (vi) infectious
diseases (Dekker, 2003a, b; van Ginneken & Maes, 2005).

As a result of the steep decline in European eel numbers, the European Commission has
proposed a Community Action Plan for protection and recovery of the severely depleted eel
stock (Council Regulation EC, 2007). This regulation includes the preparation of management
plans for each eel river basin by the member states with the objective to reduce
anthropogenic mortalities so as to permit the escapement to the sea of at least 40% of the
silver eel biomass relative to the best estimate of escapement that would have existed
without anthropogenic influences (Council Regulation EC, 2007). One of the measures
included is that 60% of eels <12 cm in length caught annually should be reserved for
restocking to suitable habitats (Council Regulation EC, 2007). Besides fishing mortality,
natural predation and turbine losses, recruitment to the eel spawning stock in a given water
body might also be dependent on habitat quality in terms of pollution (Maes et al., 2008) as
well as the occurrence of viral diseases (van Ginneken et al., 2004) and parasites (Kennedy,
2007).

While the impact of parasites, particularly, infection with the swim bladder nematode
Anguillicoloides crassus was investigated in great detail (Kennedy, 2007), eel viruses have
not received much attention (van Ginneken et al. 2004). Various viruses have been isolated
from the European eel, including the rhabdoviruses eel virus America and eel virus
European-X (EVEX), the birnavirus infectious pancreatic necrosis virus as well as
aherpesvirus, Herpesvirus anguillae (HVA) (Sano et al., 1977; Jgrgensen et al., 1994; Davidse
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et al., 1999; van Nieuwstadt et al.,, 2001; van Ginneken et al. 2004; van Ginneken et al.,
2005). Among these, EVEX and HVA have received most attention. Some authors (Davidse et
al.,, 1999; Lehmann et al., 2005) consider HVA as the most significant viral threat to the
European eel because of its high pathogenicity. The virus has caused severe losses in
aquaculture as well as in wild eels of German rivers and lakes (Scheinert & Baath, 2004,
2006). Herpesvirus anguillae has been isolated from cultured eels in several countries
worldwide, including Japan (Sano et al., 1990), Taiwan (Ueno et al., 1992; Chang et al., 2002)
and the Netherlands (Davidse et al., 1999; van Nieuwstadt et al. 2001; Haenen et al., 2002).
More recently, HVA was also detected in eels from natural habitats in rivers and lakes in the
Netherlands (Haenen et al. 2002) and Germany (Scheinert & Baath, 2004, 2006; Lehmann et
al., 2005), with a prevalence of up to 48% in eels from some Bavarian water bodies
(Scheinert & Baath, 2006).

Clinical signs of HVA infection include dermal haemorrhagic lesions, mainly in the pectoral
fin and opercular regions, as well as congestion and destruction of gill filaments (van
Nieuwstadt et al., 2001). A peculiarity of herpesvirus infection is a rapid shift from a latent
phase without clinical signs to an acute aetiopathology induced by immune suppression
caused by endogenous or exogenous factors (Mossman & Ashkar, 2005). As the
establishment of an HVA-specific polymerase chain reaction (PCR) by Rijsewijk et al. (2005),
virus DNA has been detected in farmed and wild eels from many European countries, even in
eels without any pathology.

The present study was undertaken to further determine the prevalence of virus infections in
European eels from natural habitats. For the first time, eels from water bodies with differing
salinity regimes were collected in Schleswig Holstein (northern Germany) and evaluated for
the spread of viral infections in freshwater, brackish and marine habitats.

Eels (length range: 40-106 cm) were
taken from commercial fyke nets at
five different sample sites in
northern Germany (Figure 1lI-1)
between April and October 2006.
The sample sites included two
freshwater locations (Lake Plon and
River Eider), two brackish water
locations in the western Baltic Sea
(near Maasholm and in Kiel Bay near
Friedrichsort) and one marine
location (Helgoland coast).A total of
140 eels were examined for HVA
infections. Tissue samples from liver,
kidney, spleen and gills were

collected from individual fish and
Figure lll-1 Eel sampling sites in northern Germany including stored at - 40 °C until anaIysis. For

H
s
2
3
5
8

§E 9E 10E 11E

the freshwater localities Lake Plén and River Eider, the \jrys isolation, pooled samples from
brackish water localities Fiedrichsort (Kiel Fjord) and liver, kidney, spleen and gills of each
Maasholm, and the marine location Helgoland. Map source: og| were supplemented with 5%
Ocean Data View, Schlitzer, 2007. foetal bovine serum, 200 IU mL?

penicilin -~ and 200 pug mL™
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streptomycin with sterile sand. The suspensions were kept at 4 °C for 1 h, centrifuged at
3000 g for 30 min and sterile filtered through a 0.20 um pore filter (Sartorius). Additionally,
non-pooled tissue samples (liver, kidney, spleen and gills) from 15 of the 30 River Eider eels
were processed and examined separately. Tissue suspensions were tested on eel kidney (EK-
1) cell monolayers (Chen & Kou, 1981) grown on Leibovitz L-15 medium supplemented with
10% foetal bovine serum, antibiotics and non-essential amino acids in a humidified
atmosphere with 2.5% CO2 at 25 °C. For virus isolation, tissue suspensions were inoculated
into 1-day-old monolayers at 1 : 10 and 1 : 100 dilutions in culture medium, incubated at 25
°C and observed for the appearance of cytopathic effects over 7 days. Samples were
examined over at least three subcultures. In case of cytopathic effect, the infected cell line
was examined by PCR as described by Rijsewijk et al. (2005) for the detection of an HVA
infection.

Total DNA was extracted from aliquots (25 mg) of the pooled tissue samples from all eels
using DNAeasy Kits (Qiagen) following the manufacturer’s instructions. DNA was also
extracted from tissue cultures showing cytopathic effect after incubation with tissue sample
suspensions. All DNA samples were submitted to a PCR using HVA-specific primer pairs
designed by Rijsewijk et al. (2005). The reaction was performed in a 50 UL reaction mixture.
Amplification was performed in a programmable thermal cycler (Eppendorf Mastercycle)
with the following parameters: initial heating at 95 °C for 2 min, followed by 36 cycles of
denaturation at 94 °C for 15 s, annealing at 60 °C for 30 s and extension at 68 °C for 1 min,
with a final extension at 68 °C for 10 min. The samples were then kept at 4 °C until
electrophoresis. The products were separated in a 1% agarose gel, stained with ethidium
bromide (Sigma) and visualized under UV illumination (Biometra).

Cell-based virus isolation did not Number of positive
reveal virus infections in any of Eels examined sampies
the 140 eels investigated (Table Sampling site n TL & SR {emy  Sample date PCR  Virus isolation
[1I-1). Additionally, PCR tests for iax pisn e 30 817287 4 May 2006 o o

. . River Eider {F) 30 497 £ 118 49 QOctober 2008 0 0
the deteCtlon Of HVA n CE” Friedrichsort (8) 30 639 + 496 29 April 2008 0 0
pe”ets and culture supernatants  Maashcim (5] v 71E£74 30 June 2008 o 0

Helgoland (M) 20 504 L85 23 July 2006 5 o

from EK-1 monolayers, which

were incubated together with
tissue suspensions from eel Figure -1 Herpesvirus anguillae detection in pooled tissue

#n, number of eels; TL, toral lengthy 81, standard deviaden.

samples, gave negative results. samples from eels collected from the freshwater (F) localities Lake
Nevertheless, when the PCR was Pl6n and River Eider, the brackish (B) water localities Friedrichsort
performed directly on eel tissues, and Maasholm and the marine (M) location Helgoland.

the virus was detected in eels from the North Sea around Helgoland. Two of the pooled
tissue samples from 20 eels gave positive PCR results for HVA (Table 1lI-1). In addition, when
samples from gills, kidney, liver and spleen of
eels from the River Eider were analysed

Number of positive samples

Tissue n PCH Virus isolation . .
separately, one of 15 gill samples were positive
Gilis 15 1 . . .
Koy i 0 o by PCR (Table I1I-2), while pools of liver, kidney,
'g*\"?f 1: g 8 spleen and gills from 30 eels from this location
pleen f

(including samples from the 15 individuals

Figure Il-2 Herpesvirus anguillae detection in tested in the previous round) were negative
individual tissue samples from River Eider eels. (Table IlI-1). Negative PCR results were also
obtained from samples collected in the western
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Baltic Sea near Maasholm, in the Kiel Fjord near Friedrichsort and in the freshwater Lake
Plon.

Herpesvirus anguillae surveys in European eel have so far been restricted to western and
central European freshwater habitats. The high prevalence of the virus within the
investigated areas with local prevalences of up to 48% (Scheinert & Baath, 2006), partly led
to the conclusion that HVA was ubiquitous within Europe (van Nieuwstadt et al., 2001;
Haenen et al., 2002; Scheinert & Baath, 2004). This study is the first viral investigation of eels
in northern Germany. Even though HVA was detected in two of the five water bodies
investigated, the overall infection prevalence of 2% is remarkably low compared with similar
investigations in the Netherlands (van Ginneken et al. 2004) and southern (Scheinert &
Baath, 2004, 2006) and western Germany (Lehmann et al., 2005). Virus infection was only
detected by direct PCR testing of tissues and not by virus isolation. None of the three HVA
PCR-positive eels showed any clinical sign of disease. The low virus loads of the three
positive eels could represent levels characteristic of an HVA carrier state (van Nieuwstadt et
al., 2001).

It might be that the low prevalence of infection is related to a temperature effect on
detection methodology. Eels were caught at water temperatures between 8 °C
(Friedrichsort, Lake PI6n) and 20 °C (Maasholm, Helgoland). PCR-positive eels at Helgoland
were collected in July when water temperatures were approximately 20 °C and at the Eider
location in October at water temperatures around 12-14 °C. A temperature-dependent
reactivation of latent HVA infection has been widely discussed, for example by Scheinert &
Baath (2004, 2006), who observed mortalities associated with HVA isolation in eels from
Bavarian waters mainly during summer. In addition, Davidse et al. (1999) recorded clinical
signs of HVA infection in farmed eels at 24 °C. The European eel is considered to be adapted
to warm waters with an optimal temperature of about 26 °C (Tesch, 2003). Thus, summer
temperatures between 20 and 24 °C would not be considered as stressful for eels and
predisposing latently infected eels to reactivation of virus shedding. A possible factor for
reactivation might be found in the temperature-dependent replication of HVA. In tissue
culture experiments, HVA replicated at temperatures between 15 and 30 °C, but not at 10 °C
(Jakob et al. unpublished data), with a more rapid replication at higher temperatures. This
would facilitate the spread of HVA infection during the warm summer months. In the
present study, HVA was not detected in eels collected at Maasholm at the end of June 2006
at water temperatures of approximately 18 °C, which would be within a “permissive”
temperature range of 15 to 30 °C. It seems unlikely that the low prevalence of HVA-positive
eels in northern Germany in the present study is related only to a temperature effect, but
rather reflects the distribution of the infection in the area under investigation. However,
when considering negative HVA results from wild eel samples, the effect of water
temperature on virus replication and reactivation needs to be taken into account.

Based on the results of this study, we conclude that HVA is established in local populations
of eels in freshwater and, as shown for the first time, also in marine habitats in northern
Germany. Latent HVA infections were found in apparently healthy eels, which harboured low
virus concentrations at a very low prevalence in marine and brackish water habitats. This is
of particular importance for management options such as the choice of suitable locations for
restocking.
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Abstract

For the detection of latent infections of Herpesvirus anguillae (HVA) in European eels from
natural waters, a nested PCR was developed. With this assay, an improvement in sensitivity
compared to a standard PCR assay was achieved.

Using this method, latent infections with HVA could be detected in eels caught in Lake Ponitz
(northern Germany) during July 2007. In eels which were collected from the same lake in
June, and eel from the River Elbe, latent HVA infections could not be detected. This indicates
that HVA is present in various waters in Germany and can be traced using sensitive
diagnostic methods.

Introduction

Since the first detection of Herpesvirus anguillae (HVA) in European eel (Sano et al., 1990),
this virus was isolated from cultured eels in several countries world-wide, like Japan (Sano et
al., 1990), Taiwan (Ueno et al., 1992; Chang et. al., 2002) and the Netherlands (Davidse et al.,
1999; van Nieuwstadt et al.,, 2001; Haenen et al., 2002) where even elvers for restocking
were found virus positive (van Ginneken et al., 2004). More recently, HVA was also detected
in eels from natural habitats in rivers and lakes in the Netherlands (Haenen et al., 2002) and
Germany (Lehmann et al., 2005; Scheinert & Baath, 2004, 2006; Jakob et al., 2009b), but also
in one eel sampled at the marine locality Helgoland in the North Sea (Jakob et al., 2009b).
Some authors (Davidse et al., 1999; Lehmann et al., 2005) consider HVA as the most
significant viral threat for the European eel due to its high pathogenicity in farmed as well as
in wild eels (Scheinert & Baath, 2004, 2006). Symptoms of HVA infections include dermal
haemorrhagic lesions mainly in the pectoral fin and opercular regions as well as congestion
and destruction of gill filaments (van Nieuwstadt et al., 2001). HVA can also establish a latent
infection in eel (van Nieuwstadt et al., 2001) but can be reactivated by immune suppression
caused by endogenous or exogenous factors (Mossman & Ashkar, 2005).

During the latent phase the production of infectious virus particles is suppressed and
verification by serological methods or via cell culture not possible (Cohrs & Gilden, 2001).
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Since the establishment of a HVA PCR by Rijsewijk et al. (2005) virus DNA was detected in
farmed and wild eels from many European countries, even in eels without pathological
findings. This method had an enhanced sensitivity compared to serological or cell culture
procedures and therefore seemed to be appropriate to detect HVA DNA not only in eels with
an acute aetiopathology and high virus concentrations but also latent infections or
asymptomatic carriers. In the presence of eel DNA, background bands may appear which
made it difficult to detect faint bands resulting from tissue samples with low virus load.
Latently infected eels, which harbour low virus copy numbers, can be considered as a large
threat as they can serve as carrier for the virus. Restocking of these, apparently healthy eels,
can lead to virus introduction into so far pristine habitats. As part of the EU regulation (EC,
2007) for protection and sustainable use of the European eel stock 60% of eels less than 12
cm in length caught annually should be reserved for restocking to suitable habitats.
Screening of these eels for HVA is necessary and a reliable method essential to avoid a
further viral spread and to support a successful restocking.

The present study was undertaken to develop a more reliable and sensitive method for the
detection of HVA with a high probability even in latently infected eels.

Therefore a nested-PCR was developed. Using this method samples from feral European eels
from two freshwater localities in northern Germany (River Elbe and Lake Ponitz) were tested
for the presence of HVA.

The advantage of a nested-PCR over a conventional PCR is a 10 to 100 times raised
sensitivity combined with a higher specificity (Noda et al., 1998, Porter-Jordan et al., 1990)
to eliminate false negative results with a high probability.

Material and methods

Genomic DNA of HVA was extracted

\ from virus tissue culture
e

oAy / . supernatants obtained from eel

\"‘, v? kidney 1 (EK-1) cell cultures infected

. ~ with the virus using DNAeasy Kkits

(4 ‘ Baltic Sea (Qiagen, Germany). Genomic DNA

N \ ¢ from virus free fish was isolated from

North Sea © . .
carp kept in recirculated water under

specific pathogen free conditions
(Fish Disease Research Unit,
University of Veterinary Medicine
Hannover). Additionally genomic DNA
was extracted from European eels
(n=45) from two sampling site (Figure
IV-1) in northern Germany, River Elbe
E 9E 10E e estuary and Lake Ponitz. The eels

were sampled in June and October

Figure IV-1 Eel sampling sites in northern Germany including 2007 (Table IV-1). Tissue samples
the freshwater localities Lake Ponitz and River Elbe. Map from liver, kidney, spleen and gills
Source: Ocean Data View, Schlitzer, 2007. were collected from individual fish
and analysed for infection with HVA
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by means of tissue culture methods as well as by PCR based assays. For virus isolation,
pooled tissue samples were homogenised and the material was tested on monolayer
cultures of the EK-1 cell line as described earlier (Jakob et al., 2009). For PCR based analysis,
aliquots (25 mg) of the pooled tissue samples from all eel specimens were taken and the
total DNA was extracted using DNAeasy Kits (Qiagen, Hilden) following manufactures
instructions.

Table IV-1 Sampling sites of European eels in northern Germany. n=number of eels, TL=total length, TW, total

weight, S.D.=standard deviation.

Sampling site n TL(cm)+S.D. TW (g) £ S.D. Date of catch
River Elbe Estuary 30 78+5.6 1016 £ 195 October 2007
Lake POnitz 16 571438 337196 June-July 2007

All DNA samples were submitted to a first round-PCR using primers based on the DNA
dependent DNA polymerase gene (Rijsewijk et al., 2005, Table IV-2). The reaction was
performed in a 30 ul reaction mixture with following cycle parameters: initial denaturation
at 94°C for 10 min, followed by 30 cycles of denaturation at 94°C for 30 sec, annealing at
60°C for 45 sec and extension at 72°C for 1 min with a final extension at 72°C for 5 min. .
Subsequently, 2ul amplification product of the initial-PCR was re-amplified in a second round
PCR using the internal primer pair (Table 1V-3). The reaction was done in a total volume of
25ulcontaing Taq polymerase and with an annealing temperature of 68 °C. PCR products
were separated in a 1% agarose gel, stained with ethidium bromide (Chemicals: Sigma,
Munich, Germany) and visualised under UV illumination (Biometra, Goettingen, Germany).

Table VI-2 External primer pairs used for the first round HVA-PCR (after Rijsewijk et al., 2005).

External Primer Sequence Length
HVAPOLVPSD (forward) 5°- GTGTCGGGCCTTTGTGGTGA -3’ 394 b
HVAPOLOOSN (reverse) 5'-CATGCCGGGAGTCTTTTTGAT-3’ P

Table IV-3 Internal primer pairs used for the second round HVA-PCR.

Internal Primer Sequence Length
AHVn_FW1 (forward) 5"-AGAATAGGGAGTACGGGGAGG-3’ 255 b
AHVn_RV1 (reverse) 5"-ACATCTGACAGATCGGATCCG-3’ P

Results and discussion

HVA detection by the nested PCR assay

From HVA genomic DNA fragments of the appropriate size (394 bp for the initial PCR, 255
bp for the nested PCR) were amplified. The PCR conditions were optimised by using different
DNA polymerases and gradient PCR for adjustment of annealing temperatures for external
and internal primer pairs. The primers selected did not amplify genomic DNA from carp or
eel tissue or from CyHV-3. The nested PCR detected HVA DNA up to a dilution of 108, while
the detection limit for the first round PCR was 10™ (Figure IV-2).

Nucleotide sequence alignments between the fragment amplified in the nested PCR and the
DNA dependent DNA polymerase gene (Rijsewik et al., 2005, GenBank Accession
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No.AF333066.1) revealed 100 % homology. BLAST search also showed 100 % homology with
the HVA DNA dependent DNA polymerase gene.

Figure IV-2 PCR detection of Herpesvirus anguillae (HVA) by PCR. A, B: Agrarose gels

showing detection limits of Rijsewik's (2005) assay by amplifying 10 fold serial
dilutions of a genomic DNA isolated from tissue culture raised HVA. This assay was
able to detect virus DNA up to a dilution of 10™. C, D: Agarose gels showing detection
limits of the nested PCR of the same DNA preparation. This assay was able to trace
virus DNA up to a dilution of 10, M: 100 bp DNA ladder, 1 to 10-9: serial tenfold DNA
dilution used as template in the PCR assays, pos: positive, neg: negative (non
template) control.

Detection of HVA infection in eels from field samples

Cell culture examination did not reveal HVA infection in any of the tested tissue samples of
eels from the Lake Ponitz or the River Elbe. Results of previous studies indicated that the
sensitivity of cell culture based methods is not sufficient to detect HVA in latent infected
eels. This became first evident when eels, which were tested negative for HVA by means of
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cell culture based virus isolation were found virus positive after dexamethasone treatment
(van Nieuwstadt et al., 2001). In field studies, latent HVA infections in feral eels were
detected only by PCR examination, but not by virus isolation methods (Jakob et al., 2009). In
many cases, tissue samples from latent infected eels however gave very faint signals in the
PCR assay.

Therefore we developed a 2- round PCR with external and internal primers specific to the
DNA polymerase. As external primers, previously designed sequences were used (Rijsewik et
al., 2005). With the 2 round PCR assay, the detection limit of HVA DNA could be improved by
several powers of ten (see Figure IV-2). In addition, the specificity of this assay reduced the
amplification of background DNA bands, which sometimes occurred in the initial PCR when
genomic DNA of eels was present in the reaction mixture. These background bands made it
difficult to clearly identify faint bands from tissue samples with low virus load. The nested
PCR assay reduced the possibility of false positive results as mis-interpretation of
background bands from the initial PCR, because the internal primers used in the second
round amplification act as internal controls and allow to confirm the presumptive product of
the initial amplification (Porter-Jordan et al., 1990). Because of its high sensitivity, the nested
PCR assay, however is extremely prone to contamination and therefore needs to be
performed under extremely clean conditions.

In the present study, tissue pools from the same individuals were analysed for the presence
of HVA by both PCR assays. Althoug HVA could not be detected by the first round PCR, in the
nested PCR 2 of 46 eel samples were found HVA positive. The positive eels were caught from
Lake Ponitz in July 2007, while in individuals, which were collected from the same lake in
June, and all eels from the River Elbe an infection with HVA could not be detected.

This together with previous reports from other sites (Scheinert & Baath, 2006; Jakob et al.,
2009) indicates that latent HVA infections are present in eel populations from several waters
in Germany. They can be traced by applying sensitive detection methods. Latent infections
could be reactivated under stress conditions and infective HVA virus particles could be shed
(van Nieuwstadt et al., 2001). These eels might be responsible for further spread of the
infection. Whether elevated water temperature, social stress or migration activities might
act as stressors and can reactivate latent infections has to be clarified.
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GENERAL DISCUSSION

Over the last decades the recruitment of European eel, Anguilla anguilla, decreased
remarkably with observed losses of up to 99%. To consider the reasons for the eel decline,
all possibilities have to be evaluated to determine their potential impact. A combination of
high fishing pressure, habitat loss, migration barriers, possible oceanic changes,
contaminations and the impact of parasites and viruses needs to be considered for a
successful management of this highly endangered species.

In order to implement a successful fishery management plan it is essential to understand the
biology and the processes driving the population dynamics of the target species.

This study aimed to add knowledge on the distribution and detection of parasites and
viruses of the European eel from different habitats in northern Germany. Furthermore, the
abundance of eel pathogens was determined for each habitat as potential quality indicators
for restocking suitability.

Parasite composition and community structure

In summary, the results of Chapter | and Chapter Il generally confirm previous studies (e.g.
Kpie, 1988b; Kennedy et al., 1997; Di Cave et al.,, 2001) and further provide evidence that
helminth communities in eels within their European distribution are of high similarity in
composition and structure for specific habitats. In addition, salinity-dependent specificities
of parasite communities are well supported by the present study and thus reflect the life
history of individual eels. Eels, living most of their life in fresh water habitats, were mainly
infested by cestodes and nematodes, whereas the parasite community of eels originating
from marine habitats were dominated by digenean parasites. The habitat specific
composition of parasite communities was well supported by a cluster analysis. This test of
similarity reveals a marine, a brackish, and a freshwater group, which was further divided
into River and Lake (Figure I-2, Chapter 1) in accordance to the sampled localities. The
assumption of Kennedy et al. (1997) that helminth communities of eels are generally
characterised by low species diversity and high dominance of single parasite taxa could be
confirmed for two localities (River Eider and Helgoland). In addition, a decline in species
richness and diversity with increasing salinity (Kennedy et al., 1997) can be supported for the
marine location Helgoland, but not for the sampling sites in the Baltic Sea. On the contrary,
especially eels caught in the brackish environment of the Baltic Sea harboured the most
diverse taxa composition (Table I-3, Chapter 1) consisting of marine and freshwater parasites
(Table I-2, Chapter 1). The brackish water environment of the Baltic Sea is characterized by
decreasing salinity from 30 PSU in the Skagerak, to 10 PSU in the Belt Sea, to 6-8 PSU in the
Gulf of Finland and freshwater conditions in the north eastern part. With its changing
salinities, the Baltic Sea can be seen as a transition zone for many parasite species. The
distribution boundaries of parasites species are dependent of their own or of their host’s
salinity tolerance (Zander, 1998). Some freshwater parasite species like the digenean
Diplostomum spathaceum or the nematode Anguillicoloides crassus are able to fulfil their
lifecycle even in waters of lower salinity (Zander, 1998). The same has been observed for
marine parasites like the digeneans Podocotyle atomon and Deropristis inflata, which are
distributed as far as Bornholm and the Fehmarn Belt, respectively (Zander, 1998). These
distribution patterns were also verified for the analyzed Baltic Sea samples of the present
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study (Chapter 1) and further verified by the compiled checklist (Chapter Il). The majority of
eel specific parasites can be found in European freshwaters (Marcogliese & Cone, 1993). Out
of the eleven known specific species, eight were identified for northern German freshwater
habitats (Chapter | & Il). On the contrary, only one eel specific parasite (Deropristis inflata)
was found in the marine location of Helgoland (Chapter I). These findings indicate that most
of the co-evolutionary and adaptation processes in the parasite-host system of the European
eel evolved in freshwater systems. Similar observations were made for rainbow trout
(Oncorhynchus mykiss) with parasite communities composed to 52% - 72% of salmonid
specialists in its area of origin, but with increasing distance from the heartland, the
proportion of specialist decreased and were replaced by generalists (Bush et al., 2001).

Parasites as biological tags

These habitat dependent specificities make parasitological studies to appropriate tools for
answering questions of the host’s biology. In fisheries, parasites are often used as biological
tags for fish stock separation (MacKenzie et al., 2008) or as indicators for migratory routes
(Williams et al., 1992). When studying migratory fish species, parasites are indicative for the
recent habitat of their host. This was also found for the eels of the Fehmarn Belt,
investigated in the present study (Chapter ). Although these eels were caught in a brackish
water environment, their parasite fauna reflected a freshwater background of most of the
eels. This result clearly indicate, that these silver eels were most probably an assemblage of
eels originating from the Baltic Sea proper and adjacent river systems on their spawning
migration to the Sargasso Sea. On the contrary, the parasite community of eels caught
around Helgoland, solely consistent of marine species, indicates a more resident behaviour
in the marine environment. These assumptions were verified by micro chemistry otolith
analyses conducted on the same eel specimen (Hanel et al., in prep).

Invasive parasites

Since the introduction of aquaculture in Europe, nearly 100 pathogens have been introduced
into European water bodies (Blanc, 1997). For the European eel Anguillicoloides crassus,
introduced in German waters in 1982 (Neumann, 1985), can be regarded as the only harmful
parasite species for wild eels (Kennedy, 2007). This very successful invader has by now
already been recorded for 25 European countries (Chapter Il) and can be found in fresh- and
brackish waters. The two introduced monogenean species Pseudodactylogyrus anguillae and
P. bini, originated from the Japanese eel, are presently recorded for the European eel in 16
countries (Chapter IlI) in fresh- and brackish waters. Although A. crassus and
Pseudodactylogyrus spp. were found with high prevalence of infection at all investigated
fresh- and brackish water sampling sites, infestation intensities were mostly moderate to
low (Chapter 1). Pathological alterations of the swimbladder caused by A. crassus were rarely
observed in the eel of northern Germany and the gills were without pathological findings.
Furthermore, a correlation analysis of infection with A. crassus as well as with
Pseudodactylogyrus spp. related to condition indices (lg, I, lgu and K) revealed no
relationship (Chapter I). However, a negative effect on the fitness of eels cannot be excluded
and might have a delayed effect during the oceanic spawning migration (Dekker, 2004).
Furthermore, parasite accumulation is a time-driven process and intensity of infection
increases with age or size of the host (Dogiel et al., 1958). Especially for eels with their
undetermined continental life span, like the highly variable timing of maturation (van
Ginneken & Maes, 2006), it is unpredictable if and how intense an impairment caused by
parasites may be. This is of particular interest for considering the deleterious effect of A.
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crassus on the swimbladder, which increases with intensity, duration and frequency of
infestation. Owing to the long distant spawning migration eels are highly dependent on a
functional swimbladder, maximum fitness and health to contribute to recruitment success.
The same three species, A. crassus, P. anguillae and P. bini, also successfully invaded
Anguilla rostrata in American brackish and fresh water habitats (Kennedy, 2007). For wild
American eels, A. crassus can be considered as an equivalent pathogen as for the European
eel (Kennedy, 2007). Since its first occurrence in 1995 in North America (Fries et al., 1996) A.
crassus has been recorded from river systems from South Carolina to Maine with infestation
rates up to 90% (COSEWIC, 2006) and since 2007 also in American eels caught in Nova
Scotia, Canada (Rockwell et al., 2009).

Apart from these invaders, the pathogenic potential of the remaining parasite species of eels
are negligible (Kennedy, 2007). These autochthonous parasites were found with low
intensities of infection (Chapter | & Il). Thus, due to co-evolutionary processes of theses
autochthonus parasites a negative effect on the health of the eels is not likely to occur.
Furthermore, parasites which reduce the gonadal development of their host and therefore
inhibit a successful reproduction are not known for the European eel. This is for example the
case in cyprinid fish, which are infested as second intermediate host with the tapeworm
Ligula intestinalis (Carter et al., 2005). The gonads of infected fish, both male and female,
remain in an immature state and therefore inhibit their reproduction (Carter et al., 2005).

Detection of Herpesvirus anguillae

The evaluation of the occurrence and dispersal of Herpesvirus anguillae in eels from
northern German water bodies revealed a remarkably low prevalence of infection of only 2%
in two out of five investigated water bodies (Chapter Ill). The assumption of previous studies
of an omnipresence of HVA (Scheinert & Baath, 2004; van Nieuwstadt et al., 2001; Haenen
et al., 2002) is therefore challenged by the present findings. However latent infections of
HVA were found in the investigated water bodies and as proven for the first time, also in a
marine habitat of northern Germany (Chapter lll). These latent infections often remain
undetected (Cohrs & Gilden, 2001) and therefore prevalence of infection might be
underestimated. For detection of latent infections, virus isolation methods were found less
reliable than assays based on molecular biological tests such as PCR or in situ hybridisation.
In the case of HVA, target cells or tissues still are not indentified, and therefore PCR based
analyses often are performed on tissue pools, which contain combined material from
different organs (Steinhagen, pers. com). This may result in a "dilution" of virus genome
below the detection limit of the assay and therefore has some limitations in respect of
reliability (Chapter Ill & IV). For the detection of HVA DNA in eels, Rijsewijk et al. (2005)
established a PCR protocol. However, even by using this method, in many cases tissue
samples from latent infected eels gave only faint signals in the PCR assay (Chapter IV). For
the verification of even low virus copy numbers in asymptomatic carriers, a more sensitive
detection method was developed (Chapter IV). A second round PCR was established by using
the amplification product from the first round PCR, following the protocol of Rijsewijk et al.
(2005), whereby the detection limit could be improved by several powers of ten (Chapter
IV). This method was tested on eel samples from two freshwater localities in northern
Germany (Lake Ponitz (n=16) and River Elbe (n=30)). But even with this high sensitive
nested-PCR, HVA positive eels were only detected in 2 eels from Lake PoOnitz (Chapter IV).
Hence, the rate of HVA infection seemed to be quite low among northern German eel
stocks. But the source of infection is present in at least three of the seven studied localities
(Chapter lll & IV) and under favourable conditions for virus replication like high water
temperature or stress a reactivation and further dispersal of HVA might be induced.
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Outlook

Methodological constraints

The detection of virus infections often fails with the method in use. The comparative
examination with distinct PCR methods for the detection of Koi Herpes Virus DNA revealed
strong variations in sensitivity and detection limit dependent on DNA extraction method and
the combination of primer pairs and polymerase (Meyer, 2007). Differences in PCR
sensitivity were also shown for the detection of HVA (Fabian, 2008). Therefore the
implementation of a standardized method of high quality and sensitivity for the estimation
of viral spread among European eel stocks is essential for future management
considerations. Furthermore, induced stress, like simulated transport, can lead to a raised
detection probability of latent infections due to virus reactivation and shedding (Meyer,
2007; Bergmann, 2008). In conclusion a combination of stress trials together with sensitive
PCR methods should be used as pre-screening for stocked eels before their release in wild
waters.

Vaccination and immunisation

Against HVA

Until now a standard vaccination of eels against HVA does not exist. However, an
immunisation of eels with heat-inactivated antigen preparation is in use in at least one eel
farm in Germany (Bergmann, pers.com). A vaccination containing live attenuated
Herpesvirus anguillae is under development, but is not completed yet (Bergmann, pers.com).
Although this vaccine could not build-up a protective immunity in eels against infections with
the wild type-virus, it has the ability to reduce the mortality rates of this infectious disease
(Bergmann, pers.com). Interestingly even glass eels were found to be HVA positive, raising
concerns, that the virus is already present in these early live stages (Bergmann, pers. com.).
Until now, the transmission pathway of HVA is not fully understood. Whether the virus is
transmitted horizontal — from eel to eel - or vertical — from mother to offspring — or both
ways, is still an open question as well as if eels get already infected in the sea or as early as
entering the freshwater systems. Further research to address this issue is needed to develop
reasonable advises for management measures.

Against Anguillicoloides crassus

Until now there is no evidence, that the population of the European eel developed a
resistance against A. crassus (Knopf, 2006). However, with an ongoing co-evolution of A.
crassus and A. anguillae, the immune system of the European eel will likely develop effective
defence mechanisms, leading to a balanced parasite-host system, as it is known from
Japanese eel (Knopf pers. com; Knopf & Mahnke, 2004). Although Knopf et al. (2008)
detected an activation of phagocytes in European eels after infection with A. crassus, it is
guestionable if this host reaction implies a protective function. Furthermore, a vaccination
with irradiated L3 of A. crassus successfully induced resistance in the original host Anguilla
japonica, but failed in the newly acquired host Anguilla anguilla (Knopf & Lucius, 2008).
Therefore the only method to control A. crassus is by medication with the anthelminthic
drug L-Levamisole, either as bath treatment or mixed with the feed resulting in a complete
immobilisation of the nematodes (Hartmann, 1989; Kamstra, 2007). However, this treatment
is only applicable in eel farms, but not in the wild (Kennedy, 2007).
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Conclusion

Implications for the management of eels

The collected data help to evaluate the suitability of the here studied localities for potential
restocking purposes regarding the presence of pathogens.

The abundance of Herpesvirus anguillae appeared to be very low within northern German
eel. However latent HVA infections in apparently healthy eels were present in fresh and
marine waters, which should be considered as a potential risk.

On the contrary, eels inhabiting freshwater habitats are at high risk for infections with
Anguillicoloides crassus as well as with Pseudodactylogyrus spp. These neozoans are already
an integral part of the eel parasite fauna and even prominent in brackish waters, but absent
in habitats of higher salinity. Eels that stay in a purely marine environment are therefore of
selective advantage and favoured in reaching their spawning grounds in good condition, with
respect to parasite infection. Therefore, the common practice of catching glass eels in river
estuaries for restocking solely in inland waters as management measure for stock recovery
should be critically considered. This approach might worsen the problem of declining eel
stocks by further diluting the number of eels that would stay in marine coastal habitats and
therefore escape an infection with A. crassus. Moreover, uncontrolled restocking further
intensifies the risk of transferring diseases and parasites to pristine areas. Although
pathogens might be controllable in aquaculture by chemotherapy or vaccination, they
cannot be eliminated from wild eel populations. Therefore monitoring programs and
screening of the seed stock for pathogens, especially when stocking with ongrown eels from
aquaculture or wild caught yellow eels, are essential to prevent a further spread of these
pathogenic organisms.
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