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1 Summaries 

1.1 Summary 

Biological invasion has become one of the great threats to ecosystems worldwide. 

Frequently, invasion is caused by anthropogenic activities either intentionally due to 

an introduction of free-living organisms for agricultural or recreational purposes as well 

as unintentionally for instance if species are transported unperceived in cargo 

containers from one ecosystems to another.   

However, only a small amount of these species will be able to establish itself 

after entering a new habitat. As soon as a species is successful they might become 

invasive and cause negative effects to local biocoenosis that might lead to loss of 

biodiversity or eventually initiate a meltdown of the entire system.   

Biological invasion is a global problem, which is exacerbated inter alia by 

globalization, (wrong) environmental management and climate change. In that context 

Europe have become one of the hotspot for invasion where various Ponto-Caspian 

species that are considered very successful invaders established many self-sustaining 

communities. Ponto-Caspian (PC) species such as the zebra mussel, killer shrimp 

(Dikerogammarus villosus), round-, bighead-, and monkey goby usually adapt easily 

to environmental conditions and frequently become dominant species in newly invaded 

habitats. Additionally various PC species seem to favor the distribution of pathogens 

and parasites.  

However, these relatively new discovery are scarcely studied, which represents 

a general problem in the research of invasion biology since the effects of invasive 

species on parasites are frequently neglected. The ignorance towards parasites is 

surprising because they are considered as important response variable for ecosystems 

health. Generally, parasites contribute to 40 % of the biomass of an ecosystem, govern 

host behavior, and potentially alter the structure, dynamics and function of food webs.

Therefore, the effects of invasion by the example of PC invasive species on 

local parasite communities were at the focus of the present doctoral thesis. Hence, 

their impact on parasite prevalence and infestation intensities within various hosts of 

habitats that were free of or invaded by PC species were compared and evaluated. 
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Additionally, possible interactions of co-introduced PC parasites with local parasites 

and the consequences for local species were investigated.  

Thus, within a period of four years three local and one PC fish hosts as well as 

two different amphipod species were sampled in various rivers (in Germany, the 

Netherlands, Switzerland) and parasitological examined. The results were compared 

with each other and subsequently placed into context. 

The results of various substudies showed that PC species affect the parasite 

communities of recently invaded habitats on many layers. In this context, the 

acanthocephalan Pomphorhynchus laevis and the nematode Raphidascaris acus have 

been identified as key species since an increase in their prevalence in local hosts seem 

to be related to PC invasion. Furthermore, the interaction between P. laevis and other 

PC species might have caused the replacement of the local acanthocephalan P. 

tereticollis in invaded habitats and eventually directly encouraged interactions between 

P. laevis and other local parasites.  

The results of the present doctoral thesis have shown that effects of PC invasive 

species on parasites are multilayered and therefore suggest that not only PC species 

but invasive species in general might affect local parasite communities. Hence, 

parasites have to be integrated into proposed or existing conservation efforts, since 

invasive species might cause an increase of local parasites and/or a loss of parasite 

diversity, both with grave consequences for local environments. 
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1.2 Zusammenfassung 

 

Die Ausbreitung oder biologische Invasion von gebietsfremden Arten in neue 

Lebensräume, die häufig durch anthropogene Beeinflussung verursacht bzw. 

begünstigt wird, hat sich zu einem der großen Problemen unserer Zeit entwickelt. 

Dieser Einfluss ist vielschichtig und kann intendiert, wie bei der Einfuhr von Nutz- und 

Haustieren sowie durch den Anbau von gebietsfremden Pflanzen in der Agrarindustrie, 

oder nicht vorsätzlich sein wie z.B. bei dem unbemerkten Einschleppen von 

Organismen die in Frachtcontainern bzw. Ballastwassertanks von Schiffen mitreisen 

und dadurch in neue Lebensräume vordringen.      

 In der Regel gelingt es jedoch nur einem kleinen Prozentsatz dieser Arten sich 

auch effektiv in einem neuen Gebiet zu etablieren. Sobald eine Art erfolgreich ist, kann 

sie Einfluss auf die Biozönose bzw. auf die Interaktionen zwischen verschiedenen 

Arten diese Ökosysteme nehmen oder sogar verschiedene Prozesse und Funktionen 

dieser Systeme stören oder beeinflussen. In der Folge kommt es gegebenenfalls zu 

Biodiversitätsverlust oder im Extremfall zu einem Zusammenbruch des ganzen 

Systems.            

 Biologische Invasion ist dabei ein globales Problem das unteranderem durch 

die Globalisierung, (falsches) Umweltmanagement und den Klimawandel verstärkt 

wird. In diesem Zusammenhang ist Europa zu einem der Hostspots für Invasion 

geworden, in dem sich in den vergangenen Dekaden besonders viele invasive Arten 

aus dem pontokaspischen Raum angesiedelt haben. Diese Region liegt auf dem 

eurasischen Kontinent und umfasst unteranderem das Schwarze und Kaspische Meer. 

Durch verschiedene (neue) Migrationsrouten konnten sich Arten wie die 

Zebramuschel, der große Höckerflohkrebs, die Schwarzmaul-, Kessler- und 

Flussgrundel ohne große Schwierigkeiten über den ganzen europäischen Kontinent 

ausbreiten. Alle diese Arten können sich leicht an neue Habitate anpassen und 

schaffen es in der Regel sich durch ihr aggressives Konkurrenzverhalten gegenüber 

lokalen Arten durchzusetzen und nach kurzer Zeit häufig zu den dominanten Arten in 

diesen Gebieten zu werden.  Zusätzlich scheinen viele pontokaspische Invasoren eine 

Rolle bei der Verbreitung von Parasiten und Krankheiten zu haben. 

 Diese relativ neue Erkenntnis ist jedoch wenig erforscht, was ein generelles 

Problem in der Invasionsbiologieforschung offenlegt, da diese sich sehr selten mit den 
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Effekten oder Interaktionen von invasiven Arten auf oder mit Parasiten beschäftigt, 

obwohl Parasiten als wichtiger Indikator für die Gesundheit von Ökosystemen gelten. 

Sie machen nach neustem Erkenntnisstand rund 40 % der Biomasse eines Systems 

aus, gelten als Regulatoren ihrer Wirtsorganismen und sind wichtiger Bestandteil von 

Nahrungsnetzten deren Strukturen, Dynamiken und Funktionen sie auch beeinflussen.

 Infolgedessen stand die Frage nach einem möglichen Effekt von Invasion, am 

Beispiel von verschiedenen pontokaspischen Arten, auf lokale 

Parasitengemeinschaften im Fokus der hier vorliegenden Doktorarbeit. Hierfür wurde 

der mögliche Einfluss von diesen Arten auf die Häufigkeit von Parasiten bzw. deren 

Befallsintensitäten bei verschiedener Wirtsarten, innerhalb von invadierten und nicht 

invadierten Habitaten, anhand von verschiedenen ökologischen Parametern evaluiert. 

Außerdem wurde untersucht, ob mögliche parallel eingeführte Parasitenarten mit 

lokalen Parasiten interagieren und was sich daraus für möglichen Konsequenzen für 

lokale Arten ergeben können.        

 In einem Zeitraum von 4 Jahren wurden hierzu in verschiedenen Flüssen 

(innerhalb Deutschlands, der Schweiz und den Niederlanden) insgesamt 3 

einheimische und eine invasive Fischart, sowie verschiedene Amphipodenarten 

beprobt und parasitologisch untersucht. Die hieraus hervorgehenden Ergebnisse 

konnten in der Folge miteinander verglichen und anschließende in den 

entsprechenden Kontext eingeordnet werden.      

 Im Rahmen von verschiedenen Substudien wurde gezeigt, dass 

pontokaspische Arten vielschichtige Effekte auf die Parasitengemeinschaften von 

neuinvadierten Habitaten haben. In diesem Kontext wurden zwei Parasitenarten als 

Schlüsselarten identifiziert. Durch die Anwesenheit von pontokaspischen Wirtsarten 

scheinen sich besonders die Prävalenzen des ebenfalls pontokaspischen invasiven 

Kratzer Pomphorhynchus laevis und des einheimischen Nematoden Raphidascaris 

acus, in den untersuchten Wirten massiv erhöht zu haben. Des Weiteren wurden, 

wahrscheinlich durch das Zusammenwirken von P. laevis mit anderen 

pontokaspischen Wirtsarten, zumindest eine einheimische Parasitenart (P. tereticollis) 

aus dem Hauptstrom des untersuchten Gewässers verdrängt. Schließlich scheinen 

pontokaspische Wirtsarten direkte Interaktionen zwischen pontokaspischen und 

lokalen Parasiten zu fördern bzw. zu begünstigen.     

 Durch diese vielschichtigen Einflussnahmen lassen die Ergebnisse der 

vorliegenden Doktorarbeit den Schluss zu, dass nicht nur pontokaspische Arten, 
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sondern invasive Arten generell einen Einfluss auf lokale Parasitengemeinschaften 

haben. Daher schließt die Arbeit mit dem Appell, dass aufgrund der besonderen 

Bedeutung von Parasiten für die Biozönose verschiedener Ökosysteme und durch die 

Tatsache, dass Invasion zu höheren Befallsraten durch Parasiten für lokale Wirte und 

zu konkreten Nachteilen für einheimische Parasiten führt, Parasiten in Zukunft Teil von 

Managementplänen zum Naturschutz werden sollten bzw. müssen.   
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2 General Introduction 

 

2.1 Background 

 

Biological invasion has generally become a threat to ecosystems worldwide (Pimentel 

et al. 2001, Molnar et al. 2008, Pejchar and Mooney 2009). According to the 

International Union for Conservation of Nature (IUCN), invasive or alien species are 

any free-living organisms that are introduced by anthropogenic activities to places out 

of their natural range of distribution, where they become established and disperse, 

possibly generating a negative impact on the local ecosystem and species. Historically, 

humans introduced new species either intentionally or accidentally. Intentional reasons 

include the introduction of plants and livestock for nutritional and economical causes 

(Pimentel et al 2005), animals for recreational purposes such as sport fishing and 

hunting (Dextrase and Mandrak 2006, Genovesi et al. 2009, Kark et al. 2009), or as 

pets (Padilla and Williams 2004), as well as exotic plants for gardening (Pyšek et al. 

2012). Furthermore, species were and still are introduced for population control of 

formerly introduced species (Messing and Wright 2006). Apart from that, wildlife often 

established itself accidentally in new areas as a result of global trade or anthropogenic 

induced changes of environments, e.g. building of channels and flood gates (Essl et 

al. 2011, Chapman et al. 2017).        

 Effects of invasive species on new environments can be wide-ranging since 

these species might affect populations, community interactions, ecosystem processes, 

and/or abiotic variables (Charles and Dukes 2007). Consequently, invasive species 

are able to evoke alterations in ecosystem functions, shifts in community dominances 

that can include a switch from a competition to a predation-dominated system, loss of 

biodiversity, and the meltdown of entire ecosystems (Löveit 1997, O’Dowd et al. 2003, 

Shochat et al. 2010).        

 Nevertheless, in accordance with several researchers, biological invasion is 

principally not always caused by anthropogenic activities nor do alien species always 

have a negative impact on new environments. Natural biological invasion might be 

caused by a change of natural conditions for instance as a consequence of extreme 

weather conditions, volcanic activities, earthquakes, or wild fires (Zalba et al. 2008, 
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Seebens et al. 2015, Han and Young 2016). A good example for natural invasion was 

presented by Lovette et al. (1999) who suggested that all colonization of the island 

Barbados by terrestrial organisms must have occurred naturally and relatively recently 

by birds from source populations of nearby islands.    

 However, different studies have demonstrated that just a small amount of 

species are able to establish self-sustaining populations after entering a new 

environment and only a small fraction of these species will become invasive 

(Williamson 1996, Zalba et al. 2008). In spite of this fact, these relatively few species 

potentially remain an immense and global disturbance for entire ecosystems. 

 Nowadays, globalization, (inconsiderate) environmental management, climate 

change, and other circumstances have transformed Europe into a hotspot for biological 

invasion, generally with severe ecological and economic consequences (Chiron et al. 

2009, Hulme et al. 2009, Vilà et al. 2010). Invasive species like the giant hogweed 

(Heracleum mantegazzianum) or the Asian tiger mosquito (Aedes albopictus) can 

cause problems for human health due to allergic reactions or the transmission of 

diseases (Nielsen et al. 2005, Angelini et al. 2007). Native species such as the red 

squirrel (Sciurus vulgaris) are outcompeted or replaced by new species like the eastern 

gray squirrel (Sciurus carolinensis) due to their competition advantage regarding food 

and habitat resources (Gurnell et al. 2004). In addition to their impacts on living 

organisms, invaders might cause damages to the environment itself. The burrowing 

activities of the Chinese mitten crab (Eriocheir sinensis) for instance cause erosion of 

dikes and river embankments (Gilbey et al. 2008). According to the European 

Commission (COM/2008/0789 final), invasion-related impacts engender annual costs 

for Europe of 12 billion Euro, the removal of the toxic marine algae Chrysochromulina 

polylepis alone causes costs of 8.18 million Euro per year (Hopkins 2002).  

 As illustrated by these few examples, origins of invasive species that invade 

European ecosystems are globally distributed. However, in the course of the past 

decades, one specific region was identified as a source of various highly successful 

invaders that were able to establish themselves in nearly all European countries (Bij 

de Vaate et al. 2002, Ojaveer et al. 2002, MacNeil et al. 2010). This region, the so-

called Ponto-Caspian steppe, is situated on the Eurasian continent and includes the 

Black, Azov and Caspian Seas (Cristescu et al. 2004). Mass range extension of 

species from the Pontic steppe to western and central Europe was enabled through 

the interconnection of river basins through manufactured canals (Bij de Vaate et al. 
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2002). The most relevant of these inland migration corridors is the Main-Danube Canal 

that was inaugurated in 1992, connecting the Danube with the Rhine Rivers (Müller et 

al. 2002, Molloy et al. 2007). Simultaneously, commercial shipping facilitated range 

extensions since individuals that either attached themselves to the ship’s hulk, or were 

passively accommodated in the vessels ballast tanks were transported over long 

distances (Bij de Vaate et al. 2002).       

 However, the availability of different invasion pathways contributes only partly 

to the invasion success of Ponto-Caspian species. Generally, these species are 

successful invaders that turn out as dominant species after they establish in a new 

environment (Ketelaars 2004, Gallardo and Aldridge 2015). The zebra mussel 

(Dreissena polymorpha) for instance is considered as one of the most aggressive 

freshwater invaders worldwide (Sinitsyna and Rotasov 1994, Karatayev et al. 2002). 

Dreissena polymorpha causes physical modification of aquatic environments by 

altering their biotic and abiotic characteristics (Fahnenstiel et al. 1995, Idrisi et al. 2001, 

Noonburg et al. 2003). Another example is the so-called killer shrimp Dikerogammarus 

villosus that has its origin in the Ponto-Caspian region as well (Bollache et al. 2004, 

Pöckl 2007). It easily adapts to new environmental conditions (Platvoet 2005) and 

usually has a high impact on other amphipods with the potential to reduce amphipod 

diversity in Europe by outcompeting and replacing indigenous, nonindigenous as well 

as other invasive species (Dick and Platvoet 2000, Caselatto et al. 2005, Taraschewski 

2006, Pöckl 2007). Ponto-Caspian gobiid fish such as Neogobius melanostomus, 

Ponticola kessleri, and Neogobius fluviatilis are considered to be responsible for the 

decline and/or disappearance of local fish species due to their successful invasion 

strategies and their competitiveness for sustenance, energy resources, and spawning 

grounds (Dubs and Corkum 1996, Janssen and Jude 2001, Balshine et al. 2005, 

Karlson et al. 2007, Jakšić et al. 2016, Kessel et al. 2016).    

 Apart of the direct impacts of certain Ponto-Caspian species on free-living 

organisms in different European ecosystems, the effects of these invaders on parasite 

communities are still widely neglected. This is remarkable since parasites are 

considered important response variables for ecosystem health due to their role in food-

web structures, as a contributor of biomass, or as a regulator of host populations 

(Dobson and Hudson 1986, Kuris et al. 2008, Lafferty et al. 2008, Sures et al. 2017). 

In fact, this does not only apply to Ponto-Caspian species in Europe, but generally to 

invasive species worldwide. According to Jeschke et al. (2012), there are several major 
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hypotheses in invasion biology that either focus on (1) ecosystems that experience 

invasion (biotic resistance hypothesis; Jeschke and Genovesi 2011), (2) the invasive 

species itself (tens rule; Jeschke 2008), or (3) invader-ecosystem interactions 

(invasional meltdown; Simberloff and von Holle 1999, enemy release hypothesis; 

Blumenthal et al. 2009). Although theoretically all of these hypotheses can also be 

applied to invasive parasites, only few studies have been carried out yet and usually 

concentrate on the enemy release hypothesis (Kvach and Stepien 2008, Ross et al. 

2010, Prior et al. 2015). However, there are three additional theories discussed that 

are exclusively concerned with parasites and their host species (cf figure 1.1). The first 

hypothesis implies that if invasive parasites are co-introduced with their invasive hosts, 

they may spill over to naïve native host species, which can lead to high parasite 

abundances (Kelly et al. 2009). Secondly, local parasites spill back from a 

nonindigenous or invasive species if it acts as an appropriate host, which will finally 

result in higher infestation rates in native hosts as well as in an increase in the relative 

ratio of these parasites (Tompkins and Poulin 2006, Kelly et al. 2009, Slapansky et al. 

2016). Thirdly, the “dilution effect” that occurs if a nonindigenous or invasive species 

acquires local parasites, but acts as an inappropriate or dead-end host. As a result, 

the infestation rate of this parasite decreases in native host populations (Gagne et al. 

2016, Slapansky et al. 2016).         

 However, all theories described above are commonly single-sided since they 

address the impacts of free-living and parasitic invaders on a single parasite species 

rather than on entire parasite communities of a given group of hosts. Consequently, 

there is limited knowledge about the question if and how local parasite communities 

are impaired by invasive species and how they affect local host-parasite and / or 

parasite-parasite interactions. 
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Figure 2.1: Hypothetical example of three possible scenarios that might take place following the 

introduction of an invasive host to a new environment  

In order to illustrate possible invasion-related consequences on local parasite 

communities, attention will be paid once more to invasion from the Ponto-Caspian 

region. Over the last decades, different studies have determined the special 

importance of Ponto-Caspian species as (paratenic, intermediate) host species for 

local, nonindigenous or invasive parasites (Pronin et al. 1997, Ovcharenko et al. 2009, 

Francová et al. 2011, Rewicz et al. 2014). Dikerogammarus villosus demonstrably 

introduced the microsporidian parasite Cucumispora dikerogammari to its invaded 

environments, where it was able to infest local gammarid species (Ovcharenko et al. 

2010). Kvach et al. (2015, 2017) have additionally shown that the parasite communities 

of Ponto-Caspian gobiids usually differ from the parasite communities of native fish 

species, especially in the first years after their introduction. Recent research has 

furtherly shown that Ponto-Caspian invaders seem to play also a role in the distribution 

of parasites and pathogens in their new environments (David et al. 2017, Herlevi et al. 

2017). However, once again these results only demonstrate the effects of individual 

invasive species with a Ponto-Caspian origin on a single parasite or host species.

  Therefore, the purpose of this doctoral thesis was to generate a deeper insight 

into the effects of invasive free-living species for entire local parasite communities 

covering different hosts. To maximize the outcome of this research, various 
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approaches were chosen. On one hand, the thesis addressed the question how free-

living Ponto-Caspian species influence the densities and infestation rates of parasites 

within different local and invasive host species over a given period of several years. 

For this purpose various ecological parameters from host species sampled in habitats 

free of any Ponto-Caspian invaders and such invaded by Ponto-Caspian species were 

calculated and the results were compared with each other. On the other hand, this 

work aimed to fill the knowledge gaps regarding the interactions of invasive parasites 

with local parasites and the possible consequences that are caused on community 

level. The research combined different approaches including field sampling and 

various laboratory experiments and analyses.   

    

 

2.2 Aims and hypotheses 

 

This study aims at investigating the parasite communities from various native host 

species from waterbodies in Germany, the Netherlands and Switzerland in order to 

give an overview of the possible effects of invasion of free-living species on local 

parasite communities. Based on these aims, various hypotheses are derived leading 

to individual approaches:  

1. The invasive free-living species induce changes in parasite infection patterns of 

native host species due to possible spillback-, spillover-, or dilution effects. 

Spatial aspect: In order to evaluate the effect of free-living neozoans on the 

structure and composition of local parasite communities, parasitological 

investigations on Anguilla anguilla and Gymnocephalus cernua sampled from 

waterbodies with and without presence of invasive Ponto-Caspian species (e.g. 

Neogobius melanostomus, Dikerogammarus villosus) were performed and different 

parasitological and diversity parameters were compared.  

2. Native and / or local parasite species might be replaced or outcompeted by 

invasive parasites, which leads to irreversible changes in local parasite fauna. 

Timeline approach: The acanthocephalan species (mainly of the genus 

Pomphorhynchus) of the local Anguilla anguilla were analyzed twice over a period 

of three years (2003-2005 and 2013-2015) at three different sampling locations 
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within the Rhine River (Germany, the Netherlands, and Switzerland) in order to 

determine a change of different ecological parameters, and the absence / new 

appearance of different acanthocephalans. The first sampling period represented 

the time before, and / or while Ponto-Caspian invasion took place in the River 

Rhine, while the years 2013-2015 corresponded with the time where Ponto-

Caspian species had already established.  

3. Interspecific interactions between invasive Ponto-Caspian parasites and local 

parasite species will lead to higher infestation rates in hosts of invaded areas 

due to newly introduced transmission mechanisms. 

Laboratory diagnostic approach: The role of Ponto-Caspian species for the 

transmission of local parasites was evaluated under laboratory conditions. 

Therefore, susceptible local fish species Leuciscus cephalus and A. anguilla were 

experimentally infected with encapsulated parasites found in body cavities of the 

invasive gobiid N. melanostomus. The infestation potential of these parasites 

(Anguillicola crassus and Pomphorhynchus laevis) was evaluated after checking 

the establishment rates in the selected fish species.  

Taken together, the results will provide a more detailed insight into the role of invasion 

with regard to native parasite and host species. 
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3 Material and methods 

 

This chapter gives a general outline of the material and methods that were used in 

order to study possible effects invasive Ponto-Caspian species might have on the local 

parasite communities within selected German rivers. However, detailed accounts of 

material and methods of the individual studies are provided in the chapters 3.1 Study 

area, 3.2 Sampling, and 3.3 Parasitological analysis. 

 

3.1 Study area 

 

In order to evaluate the possible effects that Ponto-Caspian host species have on local 

parasite communities after invading a new environment, various fish and amphipod 

species were sampled at different locations within certain German rivers (cf table 3.1 

and figure 3.1). The rivers Rhine, Elbe, and Ems are part of the main dispersal routes 

for Ponto-Caspian species and are therefore already invaded by these species (Bij de 

Vaate et al. 2002). Sampling sites in the rivers Schwentine and Wupper were not 

invaded by any Ponto-Caspian species by the time the sampling took place. However, 

all sampling sites were part of natural water bodies that are used for commercial and/or 

recreational fishing. Furthermore, some of the rivers represent major routes for 

commercial shipping.  
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Table 3.1: Account of all sampling locations (GPS coordinates) including general information of each 

river system 

River Primary 

source in 

Mouth Basin Discharge 

(mean) 

Sampling 

location 

GPS 

coordinates  

Rhine Switzerland 

 

North 

Sea 

185,000 km2 2,900 m3/s Laufenburg 

(Switzerland) 

47°33’58.2 N 

  8°06ʹ04.2 E 

Karlsruhe 

(Germany) 

48°58’43.8 N 

  8°15ʹ27.7 E 

Grieth 

(Germany) 

51°47’31.0 N 

  6°19ʹ07.3 E 

Beneden 

Leeuwen 

(Netherlands) 

51°54’06.7 N 

  5°33ʹ42.4 E 

Elbe Czech 

Republic 

 

North 

Sea  

148,268 km2 870 m3/s Winsen  

a. d. Luhe 

(Germany) 

53°25’16.7 N 

10°16ʹ15.0 E 

Ems Germany  North 

Sea  

17,934 km2 80 m3/s Ditzum 

(Germany) 

51°14’34.6 N 

  7°06ʹ12.6 E 

Wupper Germany 

 

Rhine 

River  

827 km2 17 m3/s Wuppertal 

(Germany) 

54°07’27.7 N 

10°24ʹ40.9 E 

Schwentine Germany Baltic 

Sea 

(Kiel 

Fjord) 

 

  Großer Plöner 

See 

(Germany) 

54°07’27.7 N 

10°24ʹ40.9 E 
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3.2 Sampling  

 

Different host species were sampled for parasitological examination. The sampling 

was divided into three different campaigns: 

1) The spatial sampling was performed annually in four successive years 

(2013-2016) by professional fishermen. Fishes were sampled by bow nets, 

fish traps, and fishing rod. Each specimen was sacrificed immediately after 

catch and kept frozen at -20°C or was transported alive to the research 

facility. Here, fish were kept alive for a maximum of 4 days until 

parasitological examination (depending on sampling design). Table 3.2 lists 

each sampled host species with a detailed indication on sampling location 

and total number of individuals.   

2) The timeline sampling took place annually within two independent periods, 

namely between the years 2003 and 2005 as well as between 2013 and 

2015. Throughout both periods, sampling was performed at three different 

sampling locations within the Rhine River (cf. figure 3.1; I-III). Exclusively 

eels were sampled by professional fishermen by fish traps or electrofishing. 

The total number (n) for each sampling location and each period varied 

between 40 and 100 individuals. 

3) The amphipod sampling was conducted by hand-nets or by kick-sampling in 

two consecutive years (2015-2016). Amphipods of the species 

Dikerogammarus villosus were collected from the river Rhine (cf. figure 3.1; 

A). Gammarus pulex specimens were sampled from the river Wupper (cf. 

figure 3.1; a). 
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Figure 3.1: Map of all sampling locations indicating all different sampling periods: ● timline sampling: 

2003-2005 and 2013-2015, I-Laufenburg (Switzerland), II-Karlsruhe (Germany), III-Beneden Leeuwen 

(Netherlands); ♦ spatial sampling: 2013-2016, A-Grieth (Rhine River), B-Ditzum (Ems River), C-Winsen 

a.d. Luhe (Elbe River), D-Großer Plöner See (Schwentine River); ▲ amphipod sampling: 2015-2016, a-

Wuppertal (Wupper River), b-Grieth (Rhine River) 

 

 

 

,b 
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Table 3.2: Host species of the fish sampling campaign (2013-2016) and the amphipod sampling 

campaign (2015 and 2016) with corresponding sampling locations and total number of individuals 

sampled  

Fish species Sampling location (river) Number of sampled 

individuals 

Neogobius melanostomus Rhine  146 

Ems  55 

Elbe  91 

Anguilla anguilla Rhine  49 

Ems  79 

Weser  89 

Elbe  50 

Schwentine  62 

Gymnocephalus cernua Rhine  18 

Ems  33 

Elbe  6 

Schwentine  47 

   

Amphipod species Sampling location (river) Number sampled 

Dikerogammarus villosus Rhine  18 

Gammarus pulex Wupper  65 
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3.3 Parasitological analyses 

 

Parasitological investigations 

After sacrification, each host individual was studied for parasites. Amphipods were 

crushed between two squeezing-plates and examined by means of a binocular 

(Olympus S7X9) with a 8 x magnification and visually checked for infestation with 

parasites. Alternatively, amphipods were twisted apart and carefully checked under the 

binocular.            

 Fish hosts were treated as follows: The fish’s skin, fins, gills, eyes, liver 

(excluding A. anguilla), digestive tract, and swim bladder (if applicable) were examined 

under a binocular (10 x magnification) for the presence of parasites and the discovered 

parasites were removed and stored for further identification. 

 

Parasite identification 

Different identificaton keys (such as Brohmer et al. 1938, Moravec 1994, Moravec 

2004) were used in order to identify detected parasites based on their morphology to 

species level or lowest possible taxon.       

 Due to a high possibility of morphological misidentification, parasites of the 

genus Pomphorhynchus were also analyzed by molecular identification methods.  

 

Molecular identification of Pomphorhynchus species 

DNA was extracted from tissue samples of acanthocephalans belonging to the genus 

Pomphorhynchus using “my-Budget DNA Mini Kit” (Bio Budget Technologies GmbH, 

Krefeld). Therefore, tissue samples of each parasite individual (~40 mg) were mixed 

with 400 μl lysis solution TLS and 25 μl Proteinase K. Subsequently, the mixture was 

incubated at 50 °C until the sample was completely lysed. Afterwards the sample was 

centrifuged at 12,000 rpm for 1 minute. Hereafter 400 μl binding solution TBS was 

added to the lysed sample before the mix was applied to a Spin Filter. Then the sample 

was centrifuged again at 12,000 rpm for 2 minutes. Subsequently, 500 μl washing 

solution HS was added and centrifuged again at the same speed for one minute. Then 

the sample was centrifuged again after 750 μl washing solution MS was added to it. In 

order to remove all traces of ethanol, samples were centrifuged again for 2 minutes at 
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maximum speed. Finally, 200 μl elution buffer was added and centrifuged again after 

one minute incubation time (room temperature) at 8,000 rpm for 1 minute. 

Subsequently, internal transcribed spacer 1 (ITS 1) rDNA genes were amplified by 

polymerase chain reaction (PCR) according to Franceschi et al. (2008). The length of 

the final PCR products (expressed in base pairs (bp)) allowed an explicit distinction 

between the sampled Pomphorhynchus species (cf figure 3.2). 

 

 

Figure 3.2: Molecular indentification of acanthocephalans according to the size of PCR products 

including positive control of both Pomphorhynchus species; negative control (Mili-Q water) - 320 bp = 

P. laevis; 350 bp = P. tereticollis.   

 

Additional molecular analysis were performed in order to locate the possible origin of 

the analyzed Pomphorhynchus specimens. Therefore five individuals from each 

sampling spot (sampling years 2003 and 2004), which were identified as P. laevis, 

have been randomly chosen. Subsequently, these samples were prepared for 

sequencing by using a “MicroElute® Cycle-Pure Kit” (Omega Bio-Tek, Inc. Norcross). 

Readily prepared samples were sent to GATC Biotech for sequencing. Final DNA 

sequences (ITS1 and ITS 2 genes) were inserted to GenBank (www.ncbi.nlm.nih.gov) 

in order to find a congruency between sequences that will allow conclusions about the 

geographical origin of the sampled individuals.  

 

Laboratory experiments 

In order to study the infestation potential and strategies of some parasites, namely 

Anguillicola crassus and Pomphorhynchus laevis, additonal laboratory experiments 

were performed. The laboratory infestation experiments aimed to evaluate whether 

larvae of A. crassus are still able to infest the swim bladder of their final host and to 
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reproduce after entering cysts of encapsulated P. laevis individuals. First, cysts were 

removed from infested N. melanostomus individuals that were sampled in the Rhine 

River. Subsequently, cysts were stored in a 0.9 % sodium-chloride solution (Carl Roth 

GmbH + Co. KG, Karlsruhe, purity >99 %). Generally, all cysts contained individuals 

of P. laevis, but only a few of them were additionally infested by A. crassus larvae (L3). 

To determine the infestation rate with A. crassus, cysts were transferred from the saline 

solution to a well plate (cf. figure 3.3) that contained an artificial stomach acid solution, 

which was prepared according to Llarena-Reino et al. (2013) and was composed of 

1% hydrochloric acid (Carl Roth GmbH + Co. KG, Karlsruhe, purity 35%) and pepsin 

(0.5 g per 100 ml) (Fluka Analytical, Bucharest). Cysts were placed in well plate 

compartments (one cyst per well). Afterwards each well-plate was incubated for 40 

minutes at 37 °C.  

   

Figure 3.3: Experimental setup of the artificial digestive process 

After the incubation, the cysts were dissolved while their content remained in the well 

plate chambers. Remains in each chamber were examined under a stereomicroscope 

(OLYMPUS SZX9) in order to access the infestation status with A. crassus. By means 

of the total number of infested cysts, the mean infestation rate was calculated. 

 Based on these results, a group of ten European eels (A. anguilla) with a mean 

size of 42.6 cm (SD = 6.4 cm) were infested with cysts  of P. laevis that were collected 

from the body cavity of N. melanostomus. All eels of the experimental group were 
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provided by a commercial eel farm and were free of any infestation with A. crassus. 

The total number of cysts that were manually administered to each eel by a stomach 

tube (Ø = 0.5 mm) varied between 16 and 18. Subsequently to the infection, each eel 

was kept individually in water tanks with a volume of 30 liters at a water temperature 

between 10 and 13°C with permanent air supply. A parasite-free control group of five 

eels was kept simultaneaously under the same experimental conditions.   

 After 154 days the eels were sacrificed and parasitologically examined. Inner 

organs were removed and digestive tracts as well as swim bladders were carefully 

examined under a stereomicroscope. Detected individuals of A. crassus were 

subsequently categorized according to larvae stage, sex, and size (measured in mm). 

 

Mathematical analysis 

In order to characterize the composition and diversity of the parasite communities  

different parasitological parameters and diversity measures at α- and β-diversity levels 

were calculated. All used variables are listed in table 3.3. The parameters that were 

used are:  

 prevalence (                       ), 

 mean intensity (                  ), 

 and abundance (                 ). 

The alpha diversity was calculated by means of: a) Shannon Wiener Diversity Index, 

b) Shannon Wiener Evenness, c) Simpsons Diversity Index, and d) Brillouin Diversity 

Index (and standard deviation). 

a)                                                                 b)  

 

 

c)                                                                       d) 
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In order to describe the similarity and to express the faunistic overlap of the parasite 

communities of the fish species and different river systems, the Sørensen index (Wolda 

1981) was used.  

Table 3.3: List of variables that were used in order to calculate all mentioned ecological parameters 

Mathematical 

variable 

Specific meaning 

D Simpsons Diversity Index 

E Shannon Wiener Evenness 

H  Shannon Wiener Diversity Index 

HB Brillouin Diversity Index 

Hmax Natural logarithm of the total number (of parasites) at sampling 

location 

MA Mean abundance 

MI Mean intensity 

N Total number of host individuals at sampling location 

ni Number of individuals of parasite species i 

ninf Number of infected host individuals 

nspecies Total number of parasites 

P Prevalence 

pi Relative frequency of parasite species i 

S Total number (of parasites) at sampling location 

 

Multidimensional scaling (MDS) was applied for visualizing the similarities and 

dissimilarities of parasite communities of particular fish species between different rivers 

and for all fish species within each river. Additional ANOSIM analyses were used in 

order to further clarify the results of the MDS (if required). MDS as well as ANOSIM 

were performed with Primer 7 (©Primer-E Multivariate Statistics for Ecologists) by 

using the Bray-Curtis dissimilarity index. 
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Chapter I: Direct effects of Ponto-Caspian invasion 

on local fish parasite communities by the example 

of three native and one invasive host species 
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4 How Ponto-Caspian invaders affect local parasite 

communities of native fish  

M. A. A. Hohenadler, M. Nachev, M. Freese, J. D. Pohlmann, R. Hanel, B. Sures 

Submitted to: International Journal for Parasitology: Parasites and Wildlife (18-110) 

4.1 Summary 

Invasive species have become a major threat to ecosystems worldwide. Their effects 

on these systems are versatile and mostly well studied. However, not much is known 

about the impact that invasion might have on local parasite communities, although 

parasites are usually important response variables for ecosystem health. To improve 

the knowledge on how local fish parasite communities and their dynamics are affected 

by invasive species and how these processes change local host-parasite interactions 

over time, we studied different host-parasite systems in four German rivers. Three of 

these rivers (Rhine, Ems, and Elbe) are heavily invaded by different Ponto-Caspian 

species, while the fourth river (Schwentine) was free of any Ponto-Caspian invaders. 

Additionally, literature data on parasite communities before invasion were compared 

with the post invasion status for the rivers Rhine and Elbe. The results showed an 

explicit difference between the parasite communities of different host species from the 

three invaded rivers when compared to the Schwentine River. Among the local internal 

parasite communities, especially the acanthocephalan Pomphorhynchus laevis and 

the nematode Raphidascaris acus have to be considered as key species associated 

to invasions from the Ponto-Caspian region. Our study revealed that the invasive 

Ponto-Caspian species interact with local parasite and host species potentially causing 
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an increase of parasite infestation rates in native host species due to a parasite spill 

back or spill over. The results were supported by the analysis of literature data on 

parasite communities. Consequences for local parasite communities include 

decreased prevalence of native parasites towards an extinction of entire parasite 

species. 

4.2 Background 

Anthropogenically induced invasion by neobiota has become a major threat to 

ecosystems worldwide (Pimentel et al. 2001, Molnar et al. 2008). Non-indigenous free-

living species can disturb the balance in the new environment by reducing food and 

space resources for native species or by changing food web structures as well as 

energy flows in invaded ecosystems (Sapota 2004, Carman et al. 2006). Although 

many of these alterations have already been studied, the consequences of invasion 

on the transmission of local parasites as well as on the composition and dynamics of 

local parasite communities are often neglected. In contrast to their contribution to the 

general biodiversity (Poulin 2000, Bush et al. 2001), parasites may also have negative 

impacts on the fauna of the invaded ecosystem (Lafferty et al. 2008) and are therefore 

important response variables in impact evaluation (Sures et al. 2017). Changes in 

parasite communities can appear either if invasive host species interact with local 

parasites or if native host species are confronted with non-indigenous parasites. A 

good example of such a direct effect is the interaction between the nematode 

Anguillicola crassus, being invasive in Europe, and the native European eel (Anguilla 

anguilla). This parasite was presumably introduced to Europe with Anguilla japonica 

elvers from Taiwan for stocking programs in the 1980s (Wielgoss et al. 2008). As a 

result, the less adapted European eel shows both, higher prevalence and intensity of 

infection compared to the naturally co-evolved host, A. japonica (Münderle et al. 2006, 

Knopf 2006). As the European eel has experienced a massive decline in recruitment 

since the early 1970s, infection with A. crassus can be regarded as one of the potential 

causes together with other threats such as climate change, overfishing, obstruction of 

habitats, predation and pollution (Sures & Knopf 2004, Freese et al. 2016, 2017). 

Nevertheless, invasion of parasites can also have indirect impacts on local free-

living species. Parasites might be able to modify interactions between invasive and 
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native hosts or even mediate their interactions through their effects on host fitness 

(Dunn 2009). Examples could be a reduction of the host’s competitive ability (Aliabadi 

and Juliano, 2002, Young et al. 2017), or a host-manipulation, which might lead to 

increased predation (Mouritsen and Poulin, 2005). With respect to free-living species, 

several scenarios show what might happen to an environment invaded by new species. 

For instance, the enemy release hypothesis states that invasive species usually benefit 

from a loss of natural enemies during the invasion process (Colautti et al. 2004). 

Subsequently, they also encounter fewer parasites in the new area compared to their 

native range, and therefore often show a lower parasite infestation rate when 

compared to native hosts (Torchin et al. 2002, Dang et al. 2009, Limbery et al. 2014). 

Although invasive species accumulate local parasites over time, their number generally 

reflects only a fraction of the ones they have escaped from (Torchin and Mitchell 2004). 

However, the non-indigenous species can also serve as an additional appropriate host 

that might amplify the transmission of local parasites. This so called “parasite spill 

back” results in an increased parasite infestation rate in native host species, which 

might lead to changes of relative ratios of certain parasite species within the community 

(Tomkins and Poulin 2006, Kelly et al. 2009, Slapansky et al. 2016). Furthermore, if 

non-native parasites are introduced together with their invasive hosts, they could “spill 

over” to the native host communities and become highly abundant (Kelly et al. 2009, 

Hohenadler et al. 2018). In this case, a replacement of native and sometimes closely 

related parasite species can occur due to a missing co-evolutionary history and missing 

resistance of local host species to newly introduced parasites (Diagne et al. 2016). 

However, the invasive free-living species might also decrease the infection risk in 

native host populations, i.e. the so called “dilution effect” (Slapansky et al. 2016, Gagne 

et al. 2016) if they acquire local parasites but turn out to be an inappropriate host for 

further parasite development or maturation (so called dead-end host).   

 The scenarios described above usually focus on effects of free-living or parasitic 

invaders on one or few parasite species but rarely on parasite communities of a given 

group of hosts. Therefore, the questions how local fish parasite communities and their 

dynamics are affected by invasive species and how these processes change local 

host-parasite interactions over time remain largely unanswered and are thus the focus 

of the present study. Some German river basins are a good basis to address this 

question as they provide access to the front of immigration of Ponto-Caspian species, 

where native free-living biota and their parasite communities are confronted with alien 
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species (Essink and Dekker 2002, Bernauer and Jansen 2006, Nehring 2006). 

Furthermore, there are published data sets of parasite communities of various hosts 

from different German rivers that were recorded before Ponto Caspian invasion had 

occurred, which allow additional analyses of possible impacts these invasions might 

have on local species and communities (e.g. Jakob et al. 2016). Usually, the invasion 

of Ponto-Caspian species, originating from the Black, Azov, and Caspian Seas (Micklin 

et al. 2014) is a consequence of anthropogenic impacts. For example, new passages 

and distribution pathways (e.g. cargo shipping, ship lifts, and canals) allowed former 

geographically isolated species to spread into new areas (Bij de Vaate et al. 2002, 

Boonstra et al. 2016). Examples are the so-called “killer shrimp”, Dikerogammarus 

villosus, and the freshwater mussel Dreissena polymorpha, both of which spread 

successfully from the Ponto-Caspian region to nearly all big water systems of Western 

and of Central Europe (Ketelaars 2004, Gallardo and Aldridge 2015). Additionally, 

migrating Ponto-Caspian gobiid fish were considered a potential risk for native fish 

species due to their high invasive potential and competitiveness for sustenance, 

energy resources, and spawning grounds (Jakšić et al. 2016). The most recognized 

species among these gobiids are the round goby (Neogobius melanostomus), the 

bighead goby (Ponticola kessleri), and the monkey goby (Neogobius fluviatilis), with N. 

melanostomus being the most successful invader among them. Despite the great 

attention that was given to Ponto-Caspian species lately, their role in the transmission 

of parasites as well as the potential risk of introducing new parasites as well as their 

specific impact on local parasite (infra-) communities of other (native) hosts remained 

partly unclear. It is already known that Ponto Caspian species can serve as 

intermediate and / or paratenic hosts for parasites (Ondračková et al. 2009), and 

therefore potentially evoke a parasite spillback or spillover (Hohenadler et al. 2018) 

when acquiring local parasites (Francová et al. 2011). However, Kvach et al. (2015, 

2017) have shown that the parasite communities of Ponto-Caspian gobiids usually 

differ from the parasite communities of native fish species, especially in the first years 

after their introduction.         

 Consequently, in this study we focused on possible impacts of Ponto-Caspian 

invasive species (mainly N. melanostomus) on parasites and their transmission to 

native fish species. Therefore, we compared the internal parasite communities of three 

different fish species (including N. melanostomus) from habitats invaded by, and free 

of Ponto-Caspian species. Furthermore, we analyzed data of parasitological studies 
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performed before, during, and shortly after Ponto Caspian invasions had occurred in 

the same rivers in order to be able to place our results in a wider context. 

4.3 Material and methods 

Host and parasite sampling 

Fish sampling was performed annually in three consecutive years (2014-2016) in the 

Rhine River, near the city of Grieth, (mean water discharge MQ < 3,000 m3/s; flows 

into the North Sea), the Ems River, near the City of Ditzum, (MQ < 150 m3/s; flows into 

the North Sea), the Elbe River, near the city of Winsen a.d. Luhr, (MQ < 900 m3/s; 

flows into the North Sea), and the Schwentine River (MQ < 50 m3/s; flows into the 

Baltic Sea), cf. figure 1. Each year, samplings were performed simultaneously in each 

river during summer season (June-September). The rivers Rhine, Ems, and Elbe were 

already invaded by N. melanostomus and other Ponto-Caspian species whereas the 

Schwentine was considered as a reference river system, which remained free of Ponto-

Caspian invasion until the end of the sampling period. 
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Figure 4.1: Sampling locations: A = Rhine River at the of city Grieth; B = Ems River at the city of Ditzum; 

C = Elbe River at the city of Winsen a. d. Luhe, D = Schwentine River, close to the Großer Plöner See 

Target fish species have been sampled during this study, namely, the invasive N. 

melanostomus, as well as the native species, ruffe (Gymnocephalus cernua), and 

European eel (Anguilla anguilla) (cf. table 2). During each sampling, collected 

individuals corresponded to the same size class (cf. table 1). 

Table 4.1: Mean sizes and weights of collected fish species at all sampling locations 

Host species Mean size (mm) Mean weight (g) 

N. melanostomus 11.9 (9.7 / 13.4) 22.8 (14.3 / 34.1) 

G. cernua 11.1 (9.8 / 12.3) 16.4 (10.4 / 28.7) 

A. anguilla 56.8 (44.9 / 74.0) 326.0 (157.9 / 587.2) 
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The native fish species were selected due to their rather broad distribution within the 

selected river systems. All of them are spawn predating, bottom dwelling fishes, and 

share partly the same habitats (Gebhardt and Ness 1997, fishbase.org). Furthermore, 

both selected native species interact with the invasive round goby, another bottom 

dwelling fish and spawn predator, for either sustenance (A. anguilla, G. cernua), 

spawning grounds (G. cernua), or form a prey-predator relationship (A. anguilla) (e.g. 

Jůza et al. 2018, Hohenadler et al. 2018). 

Table 4.2: Catch numbers of the three fish species (G. cernua, A. anguilla, N. melanostomus) for each 

sampling year (2014-2016) and waterbody (the rivers: Rhine, Ems, Elbe, Schwentine) 

 
Waterbody Year  Fish species Number 

individuals 
(n) 

Rhine River 2014 Anguilla anguilla 20 

Neogobius 
melanostomus 

43 

Gymnocephalus 
cernua 

18 

2015 A. anguilla 9 

N. melanostomus 22 

2016 A. anguilla 20 

N. melanostomus 28 

Ems River 2014 A. anguilla 8 

 N. melanostomus 35 

G. cernua 12 

2016 A. anguilla 44 

N. melanostomus 22 

G. cernua 21 

Elbe River 2015 N. melanostomus 33 

2016 A. anguilla 46 

N. melanostomus 40 

G. cernua 6 

Schwentine River 2014 A. anguilla 27 

2015 A. anguilla 21 

G. cernua 21 

2016 A. anguilla 17 

G. cernua 26 

 

Due to an unequal sampling size (different number of individuals per year, locality, and 

species), rarefaction analysis was performed in order to ensure that results are 

representative for each year.        

 In line with sampling for the Data Collection Framework (DCF) of the European 
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Commission, eel and forage fish samples were obtained from commercial fishermen, 

fishing with fyke nets at the given locations. Immediately after sampling, the fish were 

sacrificed and kept frozen at -20°C or transported alive to the research facility where 

they were kept in designated tanks for a maximum of 4 days until parasitological 

examination (latter only applied for individuals of N. melanostomus for the year 2014 

that were sampled in the Rhine River). The respective fish treatment in 2014 was 

depended on fish handling by local fishermen. However, frozen and fresh fish provide 

comparable results if dissected within four days after sampling (Kvach et al. 2016). 

Therefore, freezing is an accurate alternative to fresh samples as it provides adequate 

data on parasite species richness, although the results might not reflect the parasites 

abundance sufficiently (Kvach et al. 2018). The fish’s liver, digestive tract, and swim 

bladders (with exception of gobies) were checked for presence of endoparasites using 

a binocular and the recovered parasites were removed and identified to species level 

or alternatively to the lowest possible taxonomic level by morphological identification. 

Morphological parasite identification was based on keys provided in Moravec (1994 & 

2004) and Brohmer and Ehrmann (1966). 

As acanthocephalans of the genus Pomphorhynchus usually have a very similar 

morphology, all individuals were identified using molecular approaches. Internal 

transcribed spacer 1 (ITS 1) rDNA genes were amplified by PCR according to 

Franceschi et al. (2008), which ensures a differentiation between all eligible 

Pomphorhynchus species by the length of their PCR-product (Perrot-Minnot 2004; 

Nachev et al. 2010).  

Evaluation and processing of parasitological data 

In order to describe the internal parasite community within each habitat and for each 

examined fish species, different parasitological and diversity parameters were 

calculated. Parasitological parameters such as prevalence, mean intensity and 

abundance were determined according to Bush et al. (1997). Parameters were 

determined for each year in which sampling was performed with no distinct differences 

among the years, consequently only their mean values are presented in this study. The 

diversity indices considered in this study were Shannon Wiener Diversity Index, 

Shannon Wiener Evenness, Simpsons Diversity Index, and Brillouin Diversity Index. 

Latter were calculated according to Magurran (1988). In order to describe the similarity 

and to express the faunistic overlap of the parasite communities of the fish species 

within the different rivers, the Sørensen index (Wolda 1981) was used. All described 
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parameters are commonly used in parasitological research (e.g. Sures et al., 1999, 

Thielen 2005, Ondračková et al. 2015, Jacob et al. 2016), and can therefore be placed 

in a wider context.   

Multidimensional scaling (MDS) was applied for visualizing the similarities and 

dissimilarities of parasite communities of particular fish species between different 

rivers, and for all fish species within each river. Additional ANOSIM analyses were 

used in order to further clarify the results of the MDS (if required). MDS as well as 

ANOSIM analyses were performed with Primer 7 (©Primer-E Multivariate Statistics for 

Ecologists) by using the Bray-Curtis dissimilarity index.  

In order to discuss our results and to be able to determine possible changes 

between the parasite communities before and after Ponto-Caspian invasion had 

occurred, additional analyses were performed, using data of the past three decades of 

the parasite communities of A. anguilla and G. cernua from the rivers Rhine and Elbe. 
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4.4 Results 

Parasitological data such as prevalence, mean intensity, and abundance of the 

detected parasites are summarized for all investigated rivers (cf. table 3). Generally, 

the acanthocephalan Pomphorhynchus laevis was a common or sometimes the 

dominant parasite species in the rivers Rhine, Ems, and Elbe while no records were 

made of it in any hosts sampled from the Schwentine River. The nematode Anguillicola 

crassus was the dominant parasite species in all sampled eels (with no distinct 

variations in prevalence) within all rivers. Comparison of the internal parasite 

community composition between the rivers showed clear differences for the parasite 

communities of G. cernua sampled from the Schwentine River when compared to the 

rivers Rhine and Elbe with none of the ruffe sampled from the Schwentine River being 

infected with any parasite.  
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Table 4.3: Parasitological data of the parasite community of G. cernua, N. melanostomus and A. anguilla within the four sampled rivers (Rhine, Ems, Elbe, 

Schwentine) 

River Host 
species 

Nematoda Acanthocephala 

A. crassus R. acus P. laevis A. lucii P. ambiguus 
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Rhine G. cernua - - - 5.0 0.1 1.0 (0.0) 5.0 0.1 1.0 (0.0) - - - - - - 

N. 
melanostomus 

- - - 12.6 0.4 2.2 (3.6) 83.4 13.6 18.6 (24.1) - - - - - - 

A. anguilla 73.5 3.2 4.2 (5.3) 13.6 0.5 3.1 (2.5) 27.3 4.5 12.1 (17.5) 10.7 0.5 3.3 (12.9) 11.1 7.3 66.0 (0.0) 

Ems G. cernua - - - 12.5 0.4 1.7 (0.9) 8.3 0.2 2.5 (1.5) 2.4 >0.0 1.0 (0.0) - - - 

N. 
melanostomus 

- - - 4.6 0.1 1.0 (0.0) 8.0 1.7 1.1 (1.2) - - - - - - 

A. anguilla 61.9 3.1 3.1 (2.2) 15.9 3.7 14.4 (7.2) 2.3 0.1 1.0 (0.0) 10.8 8.7 36.8 (52.5) 3.4 3.6 65.3 (46.8) 

Elbe G. cernua - - - - - - - - - - - - - - - 

N. 
melanostomus 

- - - 3.3 >0.0 1.0 (0.0) 12.2 0.2 1.4 (0.8) - - - - - - 

A. anguilla 80.0 10.3 10.3 (9.9) 15.7 0.3 1.6 (0.7) 13.3 0.3 1.8 (1.2) 33.3 9.0 21.0 (36.4) 11.1 2.4 16.8 (20.3) 

Schwentine G. cernua - - - - - - - - - - - - - - - 

A. anguilla 72.7 5.7 8.9 (12.1) 6.8 3.2 1.0 (0.0) - - - 8.1 0.4 4.3 (2.3) 5.9 0.3 2.3 (1.9) 
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Table 4.3: Continuation 

 
 
 
 
River 
 
 

 
 
 
 
Host species 

Cestoda Microsporidia 

B. claviceps Proteocephalus spec. Microsporidia 
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Rhine G. cernua - - - - - - - - - 

N. melanostomus - - - - - - 8.4 0.2 4.8 (3.0) 

A. anguilla 14.1 0.7 4.5 (4.2) 10.7 1.0 7.2 (0.5) - - - 

Ems G. cernua - - - - - - 28.6 2.5 8.8 (6.1) 

N. melanostomus - - - - - - 35.8 2.0 4.6 (3.0) 

A. anguilla 9.1 0.2 1.4 (0.5) - - - - - - 

Elbe G. cernua - - - - - - - - - 

N. melanostomus - - - - - - 24.0 2.0 9.1 (7.7) 

A. anguilla 8.9 0.2 1.8 (1.3) - - - - - - 

Schwentine G. cernua - - - - - - - - - 

A. anguilla 6.4 0.2 1.5 (0.5) - - - - - - 
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All three fish species were infested by parasite species in different prevalence and 

abundances. In all rivers hosts were usually infested by 1 to 2 parasite species (when 

infested) (cf. figure 2). The highest infracommunity richness within a single host 

individual was found in the Rhine River. However, the results from the Elbe River 

provided the most striking results, with single host individuals being infested with up to 

six different parasite species (cf. figure 2 C). 

Figure 4.2: Distribution of species richness in the parasite infracommunities of the three different fish 

species (A) G. cernua; B) N. melanostomus; C) A. anguilla) within the four German rivers (blue = Rhine; 

orange = Ems; gray = Elbe; yellow = Schwentine) 

Diversity measures of the component parasite communities at sampling locations 

showed that the internal parasite communities in the Rhine River exhibited always the 

highest diversity, except for N. melanostomus whose internal parasite community 

showed the highest diversity in the Elbe River. The parasite communities within the 

Schwentine River showed the lowest diversity when compared to any of the other three 

rivers (table 4). An exception here is the internal parasite community of G. cernua, 

since no parasites were detected in any sampled individual from the rivers Elbe and 

Schwentine.  
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Table 4.4: Component community and infracommunity diversity indices of all sampled fish species (G. 

cernua; N. melanostomus; A. anguilla) within the four German rivers (Rhine; Ems; Elbe; Schwentine) 

Fish species Waterbody Species 
richness 

Shannon 
Wiener 

Diversity 
Index 

Shannon 
Wiener 

Evenness 

Simpsons 
Diversity 

Index 

Brillouin 
Diversity 

Index  
(mean / SD)  

G. cernua Rhine 2 0.28 0.40 2.16 0.13 ± 0.10 

Ems 4 0.83 0.46 2.03 0.03 ± 0.31 

Elbe 0 - - - - 

Schwentine 0 - - - - 

N. 

melanostomus 

Rhine 3 0.32 0.30 1.26 0.05 ± 0.13 

Ems 3 0.37 0.33 1.22 0.01 ± 0.04 

Elbe 3 0.54 0.49 3.61 0.01 ± 0.05 

A. anguilla Rhine 7 1.44 0.74 3.58 0.21 ± 0.28 

Ems 6 1.26 0.70 2.87 0.09 ± 0.21 

Elbe 6 1.12 0.62 2.61 0.12 ± 0.15 

Schwentine 6 0.35 0.19 1.15 0.04 ± 0.10 

 

The beta diversity for the parasite communities of A. anguilla showed a high similarity 

among the rivers Rhine, Ems, and Elbe, whereas latter rivers had a lower similarity 

with the Schwentine River (table 5). The parasite beta diversity of all endoparasites of 

G. cernua was less similar between the rivers Rhine and Ems, while no endoparasites 

were found within the rivers Elbe and Schwentine. The parasite beta diversity of N. 

melanostomus did not show any differences in any of the sampled rivers.  
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Table 4.5: Beta diversity of all sampled fish species (G. cernua; N. melanostomus; A. anguilla) within 

the four German rivers (Rhine; Ems; Elbe; Schwentine) 

Fish species Waterbody 

Waterbody 

Rhine Ems Elbe 

G. cernua 

Rhine  66.7  

Ems 66.7   

Elbe 0.0 0.0  

Schwentine 0.0 0.0  

N. 

melanostomus 

Rhine  100.0 100.0 

Ems 100.0  100.0 

Elbe 100.0 100.0  

A. anguilla 

Rhine  92.3 92.3 

Ems 92.3  100.0 

Elbe 92.3 100.0  

Schwentine 76.9 83.3 83.3 

 

Comparative analyses (MDS, ANOSIM) between the parasite infracommunities of 

each fish species within all tested rivers confirmed that the communities of G. cernua 

did not show any distinct differences between the rivers Rhine and Ems. The results 

of the MDS analysis for A. anguilla revealed patterns with no visible differences for 

either of the four rivers. The same applied for the analysis of the different parasite 

communities of the three different rivers in which N. melanostomus was sampled (cf. 

figure 3). The additional ANOSIM analyses for A. anguilla and G. cernua showed no 

further effect of the sampling locations on the parasite communities (R value between 

0.03 and 1.15) while the results for N. melanostomus show that the endoparasite 

communities of the rivers Rhine, Ems, and Elbe do not show a distinct dissimilarity (cf. 

table 6).  
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Figure 4.3: Internal parasite community of A) G. cernua; B) N. melanostomus; C) A. anguilla within the 

tested rivers (Rhine; Ems; Elbe; Schwentine).  

 

Table 4.6: ANOSIM analyses (pairwaise test) of the internal parasite communities of all sampled hosts 

(G. cernua, N. melanostomus, A. anguilla) within all rivers (Rhine; Ems; Elbe; Schwentine) individually 

G. cernua Sample Statistics (Global R): 
0.153 

Significance level of sample 
statistic: 0.1% 

 

 
 
 
 
N. 
melanostomus 

Sample Statistics (Global R): 
0.340 

Significance level of sample 
statistic: 0.1% 

Group R Statistics Significance 
Level (%) 

Rhine – Ems 0.50 0.1 

Rhine – Elbe 0.38 0.1 

Ems – Elbe -0.01 89 

 

A. anguilla Sample Statistics (Global R): 
0.032 

Significance level of sample 
statistic: 0.8% 

 

Data analyses of the internal parasite community of A. anguilla from the rivers Rhine 

and Elbe from times before, during, and after Ponto Caspian invasion took place 
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showed that the parasitological parameters of the internal parasites varied over the 

last three decades (cf. table 7). The prevalence of A. crassus steadily increased from 

76.7 % to over 90 % in the Rhine and from 78 to 100 % in the Elbe River. 

Simultaneously, the prevalence of the acanthocephalan A. lucii in the Rhine River 

varied between 1.6 and 15.8 %, while its prevalence in the Elbe River was at a similar 

level during the entire period with only one outlier in 1994. The prevalence of P. 

ambiguus in the river Rhine did not show much variation neither, although the 

prevalence of the parasite in A. anguilla slightly decreased between 1995 and 2004. 

Due to a lack of datasets, only one sampling period is represented for P. ambiguus in 

the river Elbe with a mean intensity of 373 individuals per eel. The prevalence of P. 

laevis in A. anguilla accounted for around 6.5 % in the Rhine River shortly before the 

first invasion interval occurred, it increased to around 16 % between both intervals and 

up to 60-90 % during the second interval. Similar developments occurred within the 

Elbe River (cf. table 7). During the presented sampling period the prevalence of the 

nematode R. acus in the Rhine River increased from 6.6 % to 30.0 %. A similar 

increase can be recognized for the Elbe River. However, while the prevalence of B. 

claviceps in the Elbe River differs over the years following no specific pattern, its 

prevalence in the river Rhine decreased from 21.7 % in 1995 to 4.0 % in 2001.  

 The parasitological parameters of the internal parasites of G. cernua are 

fragmentary, however the prevalence of P. laevis was 72.7 % in 2001, while at the 

same time the prevalence of R. acus was 13.6 %. 
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Table 4.7: Parasitological parameters of the internal parasite community of A. anguilla and G. cernua from the rivers Rhine and Elbe obtained from parasitological 

studies performed before, during, and shortly after the two Ponto Caspian invasion intervals 

Host Parasite 

species 

Locality N Prevalence Mean 

intensity 

Mean 

Abundance 

Year of 

sampling 

Temporal 

classification 

Reference 

A. anguilla A. crassus Rhine 61 76.7 % 5.0 3.9 1995 

 

Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine 19 85.0 % 6.4 5.5 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 

Rhine 26 92.3 % 3.0 2.5 2000 Between first and 

second invasion 

interval 

Sures 2002 

Rhine 25 91.3 % 8.4 7.7 2001 

Elbe 13 78 % 21 - 1995 Before first invasion 

interval 

Movarec and 

Scholz 2015 

Elbe 10 100 % 1 - 2001 During first 

intervasion interval 

R. acus Rhine 61 6.6 % 3.3 0.2 / 0.9 1995 Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine 19 26.3 % 4.8 1.3 / 3.1 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 

Rhine 26 23.1 % 5.5 1.3 2000 Between first and 

second invasion 

interval 

Sures 2002 
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Rhine 29 30.0 % 2.3 0.7 2005 Beginning of second 

invasion interval 

Thielen 2005 

Elbe 30 13.3 % 3.0 0.3 2006 Before second 

invasion interval 

Jakob et al. 

2016 

Elbe 30 23.3 % 246.4 56.67 2007 Beginning second 

invasion interval 

Jakob et al. 

2016 

P. laevis Rhine 61 6.6 % 14.0 0.9 1995 

 

Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine 19 15.8 % 1.0 0.2 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 

Rhine 20 60.0 % 2.2 1.3 2004 Beginning of second 

invasion interval 

Thielen 2005 

Rhine 20 90.0 % 7.6 6.9 2005 Beginning of second 

invasion interval 

Thielen 2005 

Elbe 16 Parasitological examinations did not 

show any individuals of P. laevis within 

A. anguilla 

1988 Before first invasion 

interval 

Movarec and 

Scholz 2015 Elbe 13 1991 

Elbe 31 1994 

Elbe 30 6.6 % 1 0.1 2007 Beginning second 

invasion interval 

Jakob et al. 

2016 

A. lucii 

 

 

 

Rhine 61 1.6 % 5.0 0.1 / 0.6 1995 Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine 19 15.8 % 4.0 0.6 / 1.7 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 
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Rhine 29 10.3 % 1.3 0.1 2004 Beginning of second 

invasion interval 

Thielen 2005 

Elbe 10 63.0 % 2 - 1982 Before first invasion 

interval 

Movarec and 

Scholz 2015 Elbe 10 67.0 % 19 - 1990 

Elbe 31 13.0 % 2 - 1994 

Elbe 10 57.0 % 5 - 2000 During and shortly 

after first invasion 

interval 

Elbe 10 67.0 % 5 - 2003 

P. ambiguus Rhine 61 39.3 % 41.6 16.4 1995 

 

Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine  19 36.8 % 16.3 6.0 / 17.2 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 

Rhine 29 31.0 % 33.9 10.5 2004 Beginning of second 

invasion interval 

Thielen 2005 

Elbe 30 6.6 % 373 22.4 2007 Beginning second 

invasion interval 

Jakob et al. 

2016 

B. claviceps 

 

 

 

 

 

 

Rhine 61 21.7 % 4.7 1.0 / 2.5 1995 

 

Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine 19 20.0 % 2.3 0.5 / 1.0 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 

Rhine 26 11.5 % 1.7 0.2 / 0.6 2000 Between first and 

second invasion 

interval 

Sures 2002 

Rhine 25 4.0 % 0.0 0.1 / 0.4 2001 
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Elbe 31 38 % 2 - 1994 Before first invasion 

interval 

Movarec and 

Scholz 2015 Elbe 13 18 % 4 - 1995 

Elbe 10 33 % 1 - 2008 During second 

invasion interval 

Proteocephalus 

spec 

Rhine 61 - - - 1995 

 

Shortly before first 

invasion interval 

Sures et al. 

1999 

Rhine 19 15.8 % 4.7 0.7 / 1.9 1999 Several years after 

first invasion interval 

Sures and 

Streit 2001 

Rhine 26 - - - 2000 Between first and 

second invasion 

interval 

Sures 2002 

Rhine 25 8.0 % 2.0 0.2 / 0.6 2001 

Rhine 29 3.4 % 4.0 0.1 2004 Beginning of second 

invasion interval 

Thielen 2005 

Elbe 30 50 % 4.9 2.45  2007 Beginning second 

invasion interval 

Jakob et al. 

2016 

G. cernua 

 

 

 

 

 

P. laevis Rhine 22 72.7 % 27.5 20.0 2001 Between first and 

second invasion 

interval 

Thielen 2005 

R. acus Rhine 22 13.6 % 2.7 0.4 2001 Between first and 

second invasion 

interval 

Thielen 2005 
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Diversity measures of the component parasite communities within the river Rhine 

showed that the internal parasite communities of A. anguilla are remarkably less 

diverse before than several years after the first Ponto Caspian inversion interval (cf. 

table 8).   

Table 4.8: Component community diversity indices of A. anguilla within the Rhine River obtained from 

parasitological studies performed before and after the first Ponto Caspian invasion interval 

Host 

species 

Water 

body 

Sampling 

year 

Species 

richness 

Shannon 

Wiener 

Diversity 

Index 

Shannon 

Wiener 

Evenness 

Simpsons 

Diversity 

Index 

Calcula-

tions 

based on  

A. 

anguilla 

Rhine 

River 

1995 6 0.36 0.2 1.18 Sures et 

al. 1999 

1999 6 0.58 0.32 1.33 Sures and 

Streit 

2001 

2000 6 1.36 0.76 3.05 Sures 

2002 2001 6 0.91 0.51 1.77 

2004 6 1.22 0.68 2.92 Thielen 

2005 
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4.5 Discussion 

 

Our study revealed notable differences between the internal parasite communities of 

various fish species from the Schwentine River when compared to the rivers Rhine, 

Elbe, and Ems (cf. table 3, 6; figure 3). These different results might be related to the 

invasion of Ponto-Caspian species into the three rivers, which occurred in two intervals. 

Ponto-Caspian gammarids such as Dikerogammarus villosus entered West German 

rivers around 1995, whereas the Ponto-Caspian gobiids were first recorded in the early 

2000s (Kinzler et al. 2009, Borcherding et al. 2011). These results are further 

strengthened by data analyses of the internal parasite communities of Anguilla anguilla 

and Gymnocephalus cernua from the rivers Rhine and Elbe from times before, during 

and after the two invasion intervals. In that context analyses both of our results as well 

as of historical data revealed that the results for the acanthocephalan 

Pomphorhynchus laevis and the nematode Raphidascaris acus are particularly striking 

since both parasites might be considered as key species associated to invasions from 

the Ponto Caspian region. Simultaneously, the results for the other internal parasites 

did not show an unambiguous link between changes in the parasites prevalence and 

the arrival of Ponto Caspian species (cf. table 7).   

 Pomphorhynchus laevis, which occurred as (sub-) adults in all studied hosts, 

presents itself as a common parasite species in samples from most rivers in this study, 

which reflects the outcome of previous studies (Sures et al 1999, Emde et al 2014). 

However, this only applies to the rivers Rhine, Elbe, and Ems since the parasite did 

not appear even as a single finding in any sampled host species from the Schwentine 

River. In fact, molecular analysis revealed that P. laevis is native to the Ponto-Caspian 

region and was recently co-introduced to European waterbodies together with different 

host species such as D. villosus and Neogobius melanostomus (Hohenadler et al. 

2018). These hosts promoted the fast dispersal of the parasite within the new habitats 

due to a parasite spill-over (Kvach et al. 2006). Subsequently, the infestation rates with 

acanthocephalans of the genus Pomphorhynchus within the rivers Rhine, Ems, and 

Elbe increased noticeably (Sures et al. 1999, Jakob et al. 2009). After the first Ponto-

Caspian invasion interval two different Pomphorhynchus species, the invasive P. laevis 

and the native P. tereticollis, were recorded in all three rivers. Due to a very similar 

morphology, the two species were most probably often misidentified and thus confused 
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with each other (O'Mahony et al. 2004; Kennedy 2006; Tain et al. 2006; Emde et al. 

2012). Therefore, no reliable statements about the dispersal of the two species and 

their interaction with each other can be made. However, after several years of 

coexistence, P. laevis outcompeted the native P. tereticollis within the rivers Rhine, 

Ems and Elbe.           

 As P. laevis could only be found in rivers invaded by Ponto-Caspian species, it 

can be concluded that there is strong evidence that the appearance of P. laevis and 

the consequences for local ecosystems such as extinction of native parasites as well 

as high infestation rates in native hosts are related to the Ponto-Caspian invasion. The 

absence of the parasite in the Schwentine River supported this assumption.  

 However, when discussing possible reasons for the differences in the fish 

parasite communities it must be considered that the Schwentine River shows the 

lowest mean flow velocity of all rivers, and is furthermore the only river that flows 

through a system of different sized lakes on its way from spring to estuary. 

Furthermore, the Schwentine is the only river in this study that discharges into the 

Baltic Sea while the rivers Ems, Elbe and Rhine all discharge in the North Sea. 

Environmental conditions of both seas differ substantially in terms of salinity, especially 

in the coastal areas (Heath et al. 1991, Carlsson 1997). Appropriately, previous 

research on European perch (Perca fluviatilis) showed that parasite infestation rates 

differ between rivers that discharge in the Baltic and rivers flowing in the North Sea 

(Morozińska-Gogol 2013), which could also be partly responsible for the outcome of 

this study. Further analyses of (beta) diversity indices demonstrated similar results for 

each host species studied within the rivers Rhine, Elbe (exclusive G. cernua), and Ems, 

whereas results for A. anguilla showed a considerably lower parasite diversity 

(including the non-appearance of species such as P. laevis) for the Schwentine (cf. 

table 4 and 5).         

 Nevertheless, the infestation rates with other acanthocephalans suggest that 

the Schwentine is a comparable sampling site. While P. laevis could not be found in 

samples from the Schwentine River, infestation rates with other acanthocephalans 

such as Acanthocephalus lucii and Paratenuisentis ambiguus correspond to the results 

from the other rivers, suggesting suitable ecological conditions for acanthocephalans. 

Distribution patterns and infestation rates of both acanthocephalans do not show 

evidence that they can be related to Ponto-Caspian invasion. On the contrary, P. 

ambiguus usually shows a high host specificity for its intermediate as well as its final 
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host, and is strongly affected by environmental conditions such as salinity (Hiepe et al 

2006). However, the Schwentine system also bears certain advantages, as it has one 

terminal dam at a hydropowerplant with a fish pass, that is monitored on regular bases. 

This and the fact that the authors of this study have been in direct contact with all local 

commercial fishermen during the sampling period made it easy to exclude a possible 

invasion of the Ponto Caspian species from the Baltic Sea.  

Although these observations and assumptions do not rule out doubts about the 

Schwentine River as a suitable control site, an additional data evaluation of the internal 

parasite communities of A. anguilla and G. cernua in the rivers Elbe and Rhine from 

various periods (before, during and shortly after the two Ponto Caspian invasion 

intervals occurred; cf. table 7) further strengthen the conclusion that Ponto Caspian 

species have had a notable impact on the internal parasite communities of local host 

species. Analysis of the internal component parasite communities from hosts (A. 

anguilla) from the Rhine River sampled during the mentioned time period showed that 

Ponto Caspian invaders might have caused a notable change in the diversity of internal 

parasites (cf. table 8). The possible link between Ponto Caspian invasion and a change 

in the (internal) component parasite community is even more pronounced through 

comparison analyses with these results and the results gained from this study (cf. table 

4). Further analyses have shown that changes in prevalence of P. laevis occurred 

parallel to the spreading of Ponto Caspian invaders in both studied rivers. The results 

showed that the prevalence of P. laevis increased from a low single digit value before 

the first inversion interval up to 90 % at the end of the second (cf. table 7). Between 

2014 and 2016 the prevalence of P. laevis in A. anguilla in the Rhine reached a value 

of around 27 % (cf. table 3), indicating that after the invasive species evoked an 

exponential density growth of the parasite that lead to a short peak phase, its 

prevalence decreased and stabilized at a lower value, which also corresponds to the 

density development of Ponto Caspian species within the studied rivers.   

For G. cernua no reliable data is available for the period before Ponto-Caspian 

invasion at any of our sampling locations and / or rivers. However, samples of G. 

cernua from the Rhine River that were taken shortly after the second invasion interval 

showed a prevalence of 73 % indicating a similar situation than for P. laevis obtained 

from A. anguilla (Thielen 2005).     

Simultaneously, the infestation rates with the nematode R. acus also showed 

notable differences between the Schwentine River and the other three rivers. While 
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the prevalence of R. acus in the three fish species within the rivers Rhine, Elbe 

(excluding G. cernua), and Ems was between 3.5 and 24.1% (depending on sampling 

location and host species), it only appeared in the Schwentine River in Anguilla anguilla 

with a significantly lower prevalence (cf. table 3). The parasite occurred as 3rd stage 

larvae (encapsulated) in N. melanostomus and G. cernua, and as 4th stage larvae and 

adult in A. anguilla. Thus, our results as well as previous studies have shown that all 

fish species sampled in the present study are suitable hosts (intermediate, paratenic, 

definitive or paradefinitive) for R. acus (Moravec 1994). Therefore, the lack of R. acus 

in G. cernua as well as its very low prevalence in A. anguilla from the Schwentine River 

might be an indication of less infection pressure due to a lower general occurrence of 

R. acus. Accordingly, Ponto-Caspian species might be an important factor in the 

distribution of R. acus in Western European water systems. Invasive Ponto-Caspian 

species such as N. melanostomus as well as the amphipod D. villosus were described 

as suitable host species for R. acus (Ondračová et al 2005, Emde et al. 2014). It 

therefore appears to be likely that both species are able to cause higher prevalences 

of R. acus due to a parasite spillback in the rivers Rhine, Ems, and Elbe (Kvach et al. 

2017). Prior to the arrival of the Ponto-Caspian amphipod D. villosus, the native 

amphipod Gammarus pulex was a frequent species in the rivers Rhine and Elbe where 

it was outcompeted after several years (Taraschewski 2006). Apparently, G. pulex did 

not support a fast distribution of R. acus although it is considered a suitable host 

(Moravec 1996). As G. pulex was the dominant amphipod species in the Schwentine 

River during the sampling period (state authority for nature and environment of the 

Land Schleswig-Holstein; personal correspondence), this might explain that the 

occurrence of R. acus was much lower compared to the other three rivers.

 Further data analyses of the parasitological parameters of R. acus in eels and 

ruffes sampled in the rivers Rhine and Elbe did also emphasis a possible correlation 

between Ponto Caspian invasion and the distribution of R. acus. Various research 

have shown that the prevalence of R. acus in A. anguilla in the Rhine River increased 

from 6.6 % before the first to 30 % during the second invasion interval. There is no 

reliable data for the river Elbe from the time before Ponto Caspian species invaded the 

river but the prevalence increased noticeable (by 10 %) within a short period during 

the second interval. Similar to the distribution process of P. laevis, nowadays the 

prevalence of R. acus is lower than immediately during the second invasion interval 

but appreciably higher than before the first invasion interval. Furthermore, no 
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sufficiently reliable data for G. cernua was available.    

 Furthermore, it can be noted that various sampling sizes (different number of 

individuals per year, locality, and species) seem not to have had an effect on the 

outcome of the presented study. However, the results for G. cernua that were sampled 

in the river Elbe are striking since no single internal parasite was detected during the 

study most probably because of the very small sampling size of 6 individuals.

 Finally, after evaluating our results, as well as parasitological data of the same 

hosts before, during, and shortly after the two different invasion intervals in Rhine and 

Elbe, we can conclude that the invasion of Ponto-Caspian species seem to have an 

impact on local parasite communities. Parasite infestation rates increased in native 

host species due to a parasite spill back or spill over caused by Ponto-Caspian species, 

possibly with negative consequences for other parasite (towards an extinction of entire 

species) and potential host species. Therefore, we highly recommend that more 

attention has to be paid on local parasite communities when studying biological 

invasions. 
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Chapter II: Direct effects of Ponto-Caspian 

invasion on native parasites through the example 

of Pomphorhynchus sp. (Acanthocephala) 
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5.1 Summary 

 

Acanthocephalans of the globally distributed genus Pomphorhynchus have been 

intensively studied during the past decades. In Europe, Pomphorhynchus species have 

shown a certain degree of variability in their morphological characteristics and 

behavior. Nowadays two different Pomphorhynchus species, namely P. laevis and P. 

tereticollis, have been described for different waterbodies in Western and Central 

Europe. However, until now it appears that both species do not co-occur at the same 

time in the same habitat. We assume that due to their very similar morphology some 

of the individuals that were identified based on their morphological characteristics as 

either of the two species might have been misidentified in previous studies. To avoid 

this possible source of error, we used molecular marker (ITS 1, COX genes) to identify 

Pomphorhynchus individuals from European eels that were sampled within a period of 

12 years from the Rhine River to elucidate the distribution of the two species in Western 

and Central Europe. Our results together with a re-examination of former studies 

provide evidence that P. laevis might have been introduced together with potential host 

species (intermediate, paratenic, and/or definitive) from the Ponto-Caspian region, and 

that it outcompeted and repelled the endemic P. tereticollis from the mainstream of the 
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river. Our results also provide first evidence on the former coexistence of both 

Pomphorhynchus species in the river Rhine.  

5.2 Background 

Acanthocephalans are endoparasites with a complex life cycle that are usually found 

as adults in the digestive tracts of fishes, birds, mammals and less frequently in 

amphibians, and reptiles (Taraschewski 2000, Sures 2014). Acanthocephalans 

develop from one larval stage to the next in one or several intermediate host(s) and 

complete their life cycle either after the ingestion of the intermediate or the paratenic 

hosts by definitive hosts where they reach adulthood and start reproducing, or by post-

cyclic transmission (Schmidt and Nickol 1985, Taraschewski 2000, Kennedy 2006). 

Transmission to the definitive host is facilitated by behavioral changes of the 

intermediate hosts induced by larval acanthocephalans (summarized in Sures 2014). 

According to Dezfuli et al. (2003) uninfested gammarids (e.g. Echinogammarus 

stammeri) usually reduce their activity when potential predators are present in their 

surrounding while gammarids that are infested with acanthocephalans stay active, 

making them easier accessible and more attractive for their predators that may serve 

as the parasites’ definitive hosts (Baldauf et al. 2007). Additionally, some gammarid 

species show preferences to swim to the open water due to manipulated light 

responses when infested by acanthocephalans while uninfested conspecifics usually 

stay in dark and shaded areas where they are protected from predation (Brown and 

Thompson 1986). On the level of parasite community ecology, acanthocephalans 

usually do not contribute substantially to parasite species richness in mammals and 

birds. In fish helminth communities however, acanthocephalans are of enormous 

importance since they usually are among the most dominant parasite species 

(Kennedy 2006, Nachev and Sures 2009, Sures 2014). This also applies to the genus 

Pomphorhynchus, which is globally distributed with a high frequency of occurrence in 

Europe (Kennedy 2006). 

In Europe, the genus Pomphorhynchus has been intensively studied 

(Lundström 1942, Engelbrecht 1957) with an emphasis on its distribution in European 

waterbodies since the late 1970s and early 1980s (Kennedy et al. 1977, Kennedy 

1984). Early publications on Pomphorhynchus species refer to two different species, 
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i.e. P. laevis (Zoega in Müller 1776) and P. tereticollis (Rudolphi 1809). Subsequently, 

both species were considered to be subspecies of P. proteus (Meyer 1932). 

Thereafter, P. tereticollis appeared to be a synonym of P. laevis and therefore 

individuals of Pomphorhynchus were commonly designated to be P. laevis since the 

middle of the twentieth century (Kennedy 2006). Intensive research in and around the 

British Isles have identified two freshwater strains (Irish and English), and one marine 

strain (Munro et al. 1989, 1990). All these strains use different Gammarus species as 

intermediate hosts as well as different fish species as suitable definitive hosts 

(Kennedy 1989). Moreover, all strains show minor differences in their morphology, and 

their utilization of microhabitats (Kennedy 1984, Munro et al. 1989, 1990). Based on 

these differences, molecular techniques were used to show if either strain shows 

variabilities within a population (Brown 1987) or if they are sibling species within the 

genus Pomphorhynchus (Munro et al. 1990). The results gave evidence for possible 

strainspecific polymorphisms. Although these analyses were done at a time when 

molecular techniques were limited, it is a matter of fact that individuals that belong to 

the same species may show a certain degree of variability in their morphological 

characteristics and behavior. While the only species of the genus Pomphorhynchus 

that was found in European waterbodies was P. laevis (Králová-Hromadová et al. 

2003, O’Mahony et al. 2004) the appearance of a second species, namely P. 

tereticollis, in the early 2000s (Perrot-Minnot 2004, Tain et al. 2006) had led to 

confusion and scientific dispute several years later. The identification of both 

Pomphorhynchus species was carried out by means of morphological features like the 

proboscis characteristics as well as special features of the anterior and posterior hooks 

(Brown et al. 1986, O’Mahony et al. 2004). However, phenotypical variations as well 

as a very similar morphology (cf. table 5.1) make it rather difficult to separate P. laevis 

and P. tereticollis, therefore a reliable distinction between the two species which is 

based only on morphological characteristics was considered hard or even impossible 

(Franceschi et al. 2008). Nonetheless, from the time of the discovery of the second 

species until the early 2010s morphological features were still used in order to identify 

and distinguish the two species (Kennedy 2006, Emde et al. 2012).  
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Table 5.1: Comparative observation of the morphological features of P. laevis and P. tereticollis 

  Morphological 

characteristics 

P. 

teriticollis 

P. laevis 

Ratio between 

anterior and 

posterior 

proboscis 

hooks(*) 

Anterior 

hooks bigger 

than 

posterior 

hooks  

Anterior hooks 

bigger than 

posterior 

hooks  

Slight 

differences 

in size  

Pronounced 

differences in 

size  

Special feature 

of basal parts of 

the proboscis 

hooks(**) 

Possess 

proximal 

projection  

 

No proximal 

projection  

Only visible in unfixed fresh 

worms 

Total number of 

hooks per row(***) 

11 8-13  

Total number of 

longitudinal 

rows(***) 

18 14-18  

Position of 

longest anterior 

hook(*) 

4 Usually 2 or 3 / 

High variations 

possible  

Position of 

shortest anterior 

hooks(*) 

6 Usually 4 or 5 / 

High variations 

possible  

Possible 

differences 

between male 

and female(****) 

- Significant 

differences in 

length of 5th 

hook  

Significant 

differences in 

width of hooks 

(position 5 and 

7)  

Remark: Both species might show phenotypical 

variations depending on host species and 

environmental habitat(l,ll,lll) 
(*) O´Mahony et al. 2004; (**) Špakulová et al. 2011; (***) Brown et al. 1986; (****) own observation, 

not published yet; (l) Molloy et al. 1995; (ll) Kennedy 1984; (lll) Buckner & Nickol 1975 

Based on morphological features and simultaneous molecular analysis of P. 

tereticollis, Sṕakulová et al. (2011) have recently redescribed this species. 

Consequently, the method for morphological identification should be reconsidered 
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because although some morphological features like hook number, and-length can be 

used in order to distinguish both species (fixed material), several characteristics like 

the alignment of the basal parts of the proboscis hooks, which differ between the two 

mentioned Pomphorhynchus species, are visible exclusively in living worms (Brown et 

al. 1986, O’Mahony et al. 2004, Sṕakulová et al. 2011). 

Furthermore, it was shown that P. tereticollis must have occurred in Europe 

earlier than mentioned previously since individuals that were previously identified as 

P. laevis were conspecific with P. tereticollis. It appears that misidentification can be 

dated back until the late 1950s when Engelbrecht (1957) misidentified species from 

the Baltic coast in Germany, which are demonstrably P. tereticollis (Sṕakulová et al. 

2011). In summary, identifications of Pomphorhynchus species from Western and 

Central European waterbodies in the past can be considered at least questionable 

since Pomphorhynchus individuals that showed certain morphological features were 

generally identified as P. laevis (e.g. Sures et al. 1994). Accordingly, many results have 

to be reconsidered, especially since the intraspecific morphological and genetic 

variability of the two species are still a matter of debate (Nachev et al. 2010, Emde et 

al. 2012, 2014, Smrzlić et al. 2015).  

Moreover, it remains unclear if both Pomphorhynchus species were endemic in 

the Western parts of Europe (Kennedy 2006, Sṕakulová et al. 2011) or if one has been 

introduced, e.g. from the Ponto-Caspian area together with the massive invasion of 

amphipods and gobiids following the inauguration of the Main–Danube-Canal in the 

year 1992.  

In order to answer the question if the invasion of potential host species 

(intermediate, paratenic, and/or definitive) from the Ponto-Caspian region had an effect 

on different Pomphorhynchus species within large rivers molecular techniques are 

used in the present paper. Due to a long history of eel parasite studies (Sures et al. 

1999, Sures and Streit 2001, Thielen et al. 2007) several individuals of 

Pomphorhynchus were stored at -80 °C for possible later investigations. Accordingly, 

the internal transcribed spacer 1 (ITS 1) gene of Pomphorhynchus individuals was 

analyzed in Pomphorhynchus individuals from former studies as well as in individuals 

collected recently. All individuals originated from European eels (Anguilla anguilla) 

which were sampled at different sites along the river Rhine, as well as intermediate 

hosts (Dikerogammarus villosus) that were sampled in the Rhine. The river Rhine was 

chosen as a study site since both Pomphorhynchus species have been reported there 

frequently in different fish species (Sures et al. 1999, van Riel et al. 2003, Emde et al. 
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2012). Moreover, the river Rhine represents a connection between the Ponto-Caspian 

region and the North Sea as a major waterway for commercial shipping. Thus, it might 

play a role in the invasion processes from the Black Sea to West- and Central-Europe 

(Bij de Vaate et al. 2002). The River Wupper, which is currently not affected by invasive 

species, was used as a reference site. 

 

 

5.3 Material and methods 

 

Host and parasite sampling 
 

All acanthocephalans were collected from European eels (A. anguilla) from the Rhine 

River. In the years 2003, 2004, and 2015, eels from three different locations (cf. figure 

5.1) along the river Rhine were sampled for parasitological analyses (cf. table 5.2). The 

Pomphorhynchus-samples of 2003 and 2004 originated from the study of Thielen et 

al. (2007). All samples taken prior to 2015 were kept frozen at -80 °C.  

Eels were collected by professional fishermen in the main stream of the river 

Rhine. After sampling, all eels were transported to the laboratory where they were kept 

alive for a maximum of 4 days. Within this period all fish were killed and digestive tracts 

(including the stomach) were carefully removed, opened and checked under a 

binocular for parasites. Acanthocephalans were removed and determined 

morphologically to genus level.  

Amphipods were collected with hand-nets or by kick-sampling. Infested 

individuals were dissected and acanthocephalan cystacanths removed. D. villosus was 

collected from the river Rhine near the town of Grieth (Rhine km 844) and Gammarus 

pulex from the river Wupper (near the city of Wuppertal, North Rhine-Westphalia, 

Germany,*50 km from the Rhine river mouth, one of the Rhine’s tributaries) (cf. table 

5.3). 

The Wupper as part of the Rhine’s catchment area was chosen as a reference 

site since no invasive Ponto-Caspian species have been found more than 10 km 

upstream the Rhine estuary as weirs and barrages prevent the dispersal of these 

species within the river. All Pomphorhynchus-individuals were stored at -80 °C until 

further analysis.  
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Figure 5.1: a Map of Europe, countries of interest (the Netherlands, Germany, Switzerland) highlighted 

in green, b map of the sampling spots in the Rhine at Beneden Leeuwen (the Netherlands, NL), 

Karlsruhe (Germany, D) and Laufenburg (Switzerland, CH) 

 

Table 5.2: Number of analyzed Pomphorhynchus- individuals with year and location of eel sampling 

Sampling year Country Sampling location Number sampled 

Pomphorhynchus 

individuals 

 

2003 Switzerland  

 

High Rhine in Laufenburg 

(Rhine km 120) 

6  

Germany Upper Rhine in Karlsruhe 

(Rhine km 361) 

28  

Netherlands Lower Rhine in Beneden 

Leeuwen (Rhine km 910) 

5  

2004 Switzerland High Rhine in Laufenburg 23  

Germany Upper Rhine in Karlsruhe 6  

2015 Switzerland High Rhine in Laufenburg 155  

Germany Upper Rhine in Karlsruhe 24 Total: 247 
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Table 5.3: Number and species of amphipods, year and location of sampling (Rhine, Wupper), and 

number of analyzed Pomphorhynchus sp.  

Year River Species Number 

Pomphorhynchus 

individuals 

2015 Rhine D. villosus 7 

2015 Rhine D. villosus 6 

2016 Rhine D. villosus 5 

2015 Wupper G. pulex 28 

2016 Wupper G. pulex 37 

 

 

Molecular analyses 
 

In order to ensure a reliable identification of the Pomphorhynchus species molecular 

methods have been used. Internal transcribed spacer 1 (ITS 1) rDNA genes were 

amplified by PCR according to Franceschi et al. (2008), which allows a differentiation 

between P. laevis and P. tereticollis according to the size of the PCR-product (Perrot-

Minnot 2004). The product for P. laevis had a length of 320 base pairs (bp) and 350 

bp for P. tereticollis (Franceschi et al. 2008).  

In order to locate the possible origin of the analyzed Pomphorhynchus 

specimens, five samples of each sampling spot (2003/2004) have been randomly 

chosen, sequenced, and compared with gene sequences from P. laevis individuals 

from the Danube River in Bulgaria (Ponto-Caspian origin) and isolated strains from 

Western Europe (France). 

 

 

5.4 Results 

 

Pomphorhynchus sp. from European eels 

All Pomphorhynchus individuals from European eels sampled in 2003 in the 

Netherlands were identified as P. laevis. At the same time, a co-existence of P. laevis 

and P. tereticollis was detected at the sampling site in Germany, while at the site in 

Switzerland eels were only infested by P. tereticollis (cf. figure 5.2). In 2004, all 

Pomphorhynchus from eels at the German sampling spot were identified as P. laevis 

while in Switzerland both species co-existed. In 2015, P. tereticollis also disappeared 
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from the eels sampled in Switzerland. Thus, in 2015 P. laevis was the only 

Pomphorhynchus species at each sampling site. 

 

 

Figure 5.2: Sampling years (a = 2003, b = 2004, c = 2015), and Pomphorhynchus species distribution 

from eel at the three different sampling locations (filled circle) within the river Rhine [the Netherlands 

(NL), Germany (D), Switzerland (CH)] 

 

Pomphorhynchus sp. from gammarids 
 

Gammarids sampled in the Rhine in 2015 and 2016 were determined as D. villosus. In 

2015, a total of 13 individuals (0.94% prevalence), and 5 individuals (0.83% 

prevalence) in 2016, were infested with P. laevis, whereas P. tereticollis was not found. 

Collection of gammarids in the Wupper during the same years showed contrasting 

results concerning host and parasite species. In the Wupper, all gammarids were 

determined as G. pulex, and the cystacanths were exclusively identified as P. 

tereticollis. With 28 individuals (4.58% prevalence) in 2015, and 37 individuals (3.32% 

prevalence) in 2016, infestation rates of Pomphorhynchus sp. in gammarids were 

between 4 and 5 times higher in the Wupper than in the Rhine. 

 

Comparison of P. laevis sequences 
 

The comparison of sequences (ITS 1 and ITS 2 genes) of P. laevis that were collected 

from eels in 2003 and 2004 at each sampling spot and sequences from GenBank 

(www.ncbi.nlm.nih.gov) showed a congruency of 99% between our samples and 

samples that were collected in the Danube River in different Central- and East 
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European countries (Table 4). Furthermore, our samples showed a similarity of 91% 

and less with samples from isolated lakes in the Slovak Rep. (Accession number: 

AY135417.1) and waterbodies of Southern Europe (Italy). The results of a comparison 

of sequences of P. laevis individuals that were sampled in the Danube River in Bulgaria 

(Danube km 685) in September 2006 show a high similarity as well 

(congruencyC99%). Analysis of the CO1 gene showed the same results. Gene 

sequences of P. tereticollis have not been analyzed in detail. 

 

Table 5.4: Sequence-comparison of ITS 1 and ITS 2 genes of P. laevis samples from each sampling 

spot (2003 and 2004) and sequence dataset of acanthocephalans sampled worldwide 

Sample 

location 

Sample 

size (n) 

Year Similarity 

(in %) 

Accession 

number 

Matching location 

Netherlands 4 2003 99 AY135415.1 Rokytna´ River (Czech Republic), 

Danube River basin; river course 

99 KF559307.1 Sava River (Danube River basin); 

river course 

Germany 3 2003 99 AY135415.1 Rokytna´ River (Czech Republic), 

Danube River basin; river course 

99 KF559307.1 Sava River (Danube River basin); 

river course 

99 KF559307.1 Sava River (Danube River basin); 

river course 

Germany 1 2004 99 KF559307.1 Sava River (Danube River basin); 

river course 

Switzerland 4 2004 99 AY135415.1 Rokytna´ River (Czech Republic), 

Danube River basin; river course 

 KF559307.1 Sava River (Danube River basin); 

river course 
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5.5 Discussion 

 

Our data show the shift from P. tereticollis to P. laevis in eel from the Rhine (Germany, 

Switzerland) in about a decade and provides first evidence on the former coexistence 

of both Pomphorhynchus species in the Rhine. This might be due to the recent 

redescription of P. tereticollis by Śpakulová et al. (2011) who clearly defined P. laevis 

and P. tereticollis as separate species. In earlier studies, P. tereticollis might have been 

assigned erroneously to P. laevis, as scientists were not aware of the two species. 

Therefore, it has not been questioned that P. laevis was the only endemic 

Pomphorhynchus species in Central and Western European waterbodies for many 

years.  

Recently, the occurrence of P. tereticollis, in the Rhine was reported but never 

together with P. laevis (Emde et al. 2012, 2014). However, the results of the present 

study suggest that P. laevis must be considered the species introduced into the river 

Rhine while P. tereticollis appears to be the endemic species. We assume that due to 

the similar morphology of P. laevis and P. tereticollis, Pomphorhynchus individuals 

have long been misidentified (e.g. Sures et al. 1994). The results of the present study 

indicate that P. tereticollis and P. laevis co-occurred for some years (evidence for the 

years 2003 and 2004) after the introduction of P. laevis to the river Rhine in the early 

2000s, which finally lead to a replacement of P. tereticollis by P. laevis in the 

investigated area. At a first glance, the results obtained from the sampling in the 

Netherlands do not support this conclusion. At the first sampling in 2003, all analyzed 

Pomphorhynchus specimens from this site were exclusively identified as P. laevis. This 

might indicate that P. laevis has been either endemic in the sampled area or that a 

replacement of the endemic P. tereticollis by P. laevis had occurred before 2003. The 

latter possibility is supported by comparisons between gene sequences of P. laevis 

that show a high conformity between our samples and strains from the Danube River. 

This aspect will be discussed in more detailed below.  

A possible explanation on how P. laevis could invade the Rhine and replace the 

native P. tereticollis within just a couple of years might arise in the context of the 

biological invasions from the Ponto-Caspian (PC) region. This region is situated in 

Eurasia and includes the Black, Azov, and Caspian Sea and is known for its numerous 

native species that are considered successful invaders in many parts of Western 

Europe, and in other parts of the world (Copp et al. 2005, Alexandrov et al. 2007, 
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Gallardo and Aldridge 2013). With the inauguration of the Main–Danube-Canal in 

1992, several species from the PC region invaded the Rhine River using the new 

dispersal corridor from the Danube River (Bij de Vaate et al. 2002). One of the very 

effective invaders is the so called ‘‘killer shrimp’’ D. villosus, which is considered a 

suitable first intermediate host for Pomphorhynchus sp. (Rewicz et al. 2014). D. 

villosus was reported for the first time in Germany in 1992 and spread up to the estuary 

of the Rhine in just 3 years, overcoming a distance of around 900 km (Kinzler et al. 

2009).  

In addition to D. villosus and other invasive amphipods also different species of 

the family Gobiidae migrated upstream the Danube and invaded the river Rhine 

(Borcherding et al. 2011, Kalchhauser et al. 2013). The most successful invaders that 

belong to this genus are the round goby, Neogobius melanostomus and the bighead 

goby Ponticola kessleri. Both species have been described as common paratenic 

hosts for P. laevis, both in their native and non-native range (Ondračková et al. 2006; 

Kvach and Skóra 2007). P. laevis usually occurs in high abundances in a larval or pre-

adult stage encysted in the abdominal cavity of these invasive gobiid species 

(Ondračková et al. 2009). However, PC species have not only introduced P. laevis to 

the Rhine River, but also favored its dispersal since nonindigenous species (NIS) 

usually serve as intermediate or reservoir hosts for invasive or already established 

parasites. Therefore, parasite infestation rates might increase in native host 

communities resulting in a spillover (Prenter et al. 2004, Tompkins and Poulin 2006, 

Kelly et al. 2009, Peeler et al. 2011, Ślapanskŷ et al. 2016). If the invasive species 

additionally serves as a suitable host for a native or already established parasite, the 

number of dispersal pathways and host species for parasites increase, leading to 

higher infestation risks among native communities (spillback) (Kelly et al. 2009). In 

addition to its fast dispersal, the current distribution pattern of P. laevis in the river 

Rhine supports the hypothesis that it was introduced from the PC region. While the 

invasion downstream of the estuary of Rhine and Main occurred fast and with high 

success, the one upstream took longer (cf. figure 5.2). Usually species move easier 

downstream of a river (flow direction) than upstream (striving against the stream), 

showing that in the present case P. laevis has most likely entered the Rhine through 

the Main (van Riel et al. 2011). This can also be supported by the fact that D. villosus 

was reported for the first time in Switzerland in 2003, several years after its first 

appearance in the Rhine in Germany (Bollache et al. 2004).  
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However, the removal of bio-geographical barriers and the emergence of new 

dispersal corridors through which a species can spread naturally to new environments 

is not the only possibility for species to overcome huge distances to invade new 

habitats. Commercial shipping as part of world trade plays a major part in the dispersal 

of invasive species as well (Ruiz et al. 2000, Ricciardi 2006). Since all big cargo ships 

use water from one location to fill up their ballast water tanks to stabilize the vessel 

(Pereiraa et al. 2016). Together with this ballast water living organisms (fish larvae and 

small fish, crustaceans, algae, invertebrates) are transported and released to a new 

environment when the ship reaches the next harbor and discharges its ballast to load 

cargo (Ruiz et al. 1997). This approach could also explain why P. laevis was found in 

the Netherlands in 2003 since our sampling site was located within a radius of 60 km 

within major ports such as Rotterdam and Nijmegen. N. melanostomus and other PC 

species were reported in the Netherlands several years before they have been 

reported in Germany suggesting a possible dispersal via ballast water (van Beek 2006, 

Borcherding et al. 2011). Therefore, P. laevis was co-introduced to these sites before 

it invaded the downstream sections of the river Rhine.  

Finally, the results from the sampling in the river Wupper, one of the Rhine’s 

tributaries, also support the assumption that P. laevis was introduced from the PC 

region to the river Rhine. All Pomphorhynchus individuals that were sampled in the 

Wupper (n = 65) were exclusively identified as P. tereticollis. Invasive amphipod 

species as well as other NIS from the PC region are not able to spread within the river 

Wupper since man-made weirs and barrages prohibit their dispersal. Furthermore, 

these species usually stay in the main stream and do not migrate far upstream in the 

rivers’ tributaries (Chen et al. 2012). Therefore, we can assume that the native 

amphipods are repelled and/or isolated from the estuary regions of the river Rhine to 

further areas of its tributaries due to natural or manmade barriers as well as competition 

with the invasive amphipod species. Assuming that the same applies for the native 

parasites, our observations strengthen the hypothesis that the invasive P. laevis has 

caused the displacement of P. tereticollis from its former habitat (the mainstream of 

the Rhine) to the tributaries, where it was naturally adapted to the most common 

Gammarus species, G. pulex (Westram et al. 2011).  

As previously mentioned some acanthocephalans show preference for specific 

host species. The Rhine River as a hot spot of ‘‘invertebrate-xenodiversity’’ has shown 

many examples of host specificity. In the late 1980s Gammarus tigrinus, an invasive 

amphipod from North America invaded the river Rhine and replaced G. pulex as the 
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dominant species occasionally. The likewise invasive acanthocephalan 

Paratenuisentis ambiguus showed a host specificity for G. tigrinus as intermediate host 

and for the European eel as final host. It became the dominant parasite within the 

parasite community in eels (Sures et al. 1999). With the arrival of D. villosus in the mid-

1990s, G. tigrinus populations declined and finally this species was completely 

extinguished. Simultaneously, P. ambiguus vanished from the Rhine River 

(Taraschewski 2006). As assumed earlier, P. laevis might have been introduced to the 

river Rhine together with D. villosus. In its native habitat, P. laevis shows host 

specificity for D. villosus (Djikanovic et al. 2010), therefore the high prevalence of D. 

villosus might be an additional reason for the likewise high frequency of P. laevis in the 

Rhine River. G. pulex, which occurred simultaneously but with a lower frequency than 

G. tigrinus within the mainstream of the Rhine River was also outcompeted and 

repelled by D. villosus from the mainstream to its tributaries. Since there is evidence 

that P. tereticollis prefer G. pulex as its first intermediate host, the fact that G. pulex 

got repelled to the upstream areas of the river Rhine’s tributaries might be the reason 

why P. tereticollis nowadays is only present in the same areas as its preferred 

intermediate host. Hence, a certain degree of host specificity appears to be highly 

influential for the dispersal of acanthocephalans in an environment after the invasion 

of potential host species.  

In summary, results of the present study support the assumption that P. laevis 

was introduced to the river Rhine from the PC region. With its arrival to a new habitat 

and a wide range of potential host species, P. laevis spread quickly showing an 

example of parasite spillover.  

Since invasive PC amphipods like D. villosus might have introduced P. laevis to 

the Rhine, and other PC species such as gobiids might favor its fast and successful 

spreading, the importance of species such as N. melanostomus and P. kessleri in the 

distribution mechanisms of P. laevis need to be examined more closely. As mentioned 

before, P. laevis is found in high prevalences and abundances in an encysted and 

premature stage in these non-native fishes (Ondračková et al. 2006). Furthermore, it 

is known that after entering new habitats, invasive species like N. melanostomus 

usually become an important part of the food-webs (Dietrich et al. 2006, Johnson et al. 

2010). These opportunistic fishes can adapt fast to changing prey supply (Kornis et al. 

2012), and might serve as prey for local common and apex predators (Campbell et al. 

2009, Almqvist et al. 2010). Examinations of stomach content of several fishes that 

were sampled in the Rhine showed sporadic findings of N. melanostomus or P. kessleri 
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(not published yet) and there is evidence that they favor post-cyclic transmission of P. 

laevis.  

Therefore, we assume that PC species that serve as paratenic hosts for 

Pomphorhynchus sp. take an important role in their distribution processes. However, 

valid data to support this assumption are still lacking. Furthermore, more research on 

the biology of the two Pomphorhynchus-species is essential since it is not known if 

they do co-infest the same host individuals. Further studies are required to clarify these 

questions. 
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Chapter III: Indirect effects of Ponto-Caspian 

invasion for local hosts through the example of an 

interaction between Pomphorhynchus laevis 

(Acanthocephala) and the invasive Anguillicola 

crassus (Nematoda) 

6 First evidence for a possible invasional meltdown 

among invasive fish parasites 
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among invasive fish parasites 
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6.1 Summary 

Biological invasions are frequently studied topics in ecological research. Unfortunately, 

within invasion ecology parasite-associated aspects such as parasite impacts on new 

environments and on local host populations are less well-studied. Round gobies 

migrating from the Ponto-Caspian region into the Rhine River system are heavily 

infested with the Ponto-Caspian acanthocephalan parasite Pomphorhynchus laevis. 

As shown by experimental infestations the acanthocephalans occur as preadults in 

host-encapsulated cysts within the internal organs of the migrating gobies, but remain 

infective for their definitive host chub. Recently, we described the occurrence of larvae 

of another parasite, the invasive eel swim bladder nematode Anguillicola crassus, in 

these Pomphorhynchus cysts. In the present study, we could prove the infectivity of 

the nematode larvae for European eels for the first time. After experimental inoculation 

of Pomphorhynchus cysts occasionally infested with A. crassus larvae, the nematodes 

grow to maturity and reproduce whereas all P. laevis were unviable. We therefore 

postulate that the nematode larvae behave like immunological hitchhikers that follow a 

“Trojan horse strategy” in order to avoid the paratenic host’s immune response. 

Accordingly, the interaction between both invasive parasites, gives first evidence that 

the invasional meltdown hypothesis may also apply to parasites.  
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6.2 Background 

 

Invasion of free-living organisms and their effects on new habitats has emerged as a 

major threat for ecosystems around the globe, partly with irreversible consequences 

for the local biota. Invasive species might cause habitat modification, extinctions of 

endemic species, affect human health, and therefore engender enormous economic 

costs (Perrings et al 2000, Simberloff et al. 2013, Jeschke et al. 2014). However, not 

every newly introduced species will be able to establish itself in a new habitat (Sol et 

al. 2012). Success rates depend on different biotic and abiotic conditions such as 

absence/presence of enemies, competition with local species for resources, and 

climatic conditions (Stachowitz et al. 2002, Vignon and Sasal 2010, Blakeslee et al. 

2013). Besides these aspects, the occurrence of other invasive species is one of the 

most substantial factors for invasion success. The so-called invasional meltdown 

hypothesis (IMH) states that if several new species invade the same habitat, they 

usually facilitate each other’s establishment since one species might serve e.g. as food 

or energy resource for another, which initiate its invasion process (Simberloff and Holle 

1999, Green et al. 2011). This might result in an increased rate of invasion, leading to 

crucial impacts within the new habitat (Gallardo and Aldridge 2015). In this context, it 

seems surprising that alien parasites, although generally co-introduced to new 

environments with invasive host species (Sasal et al. 2008, Ondrackova et al. 2011, 

Pizzatto et al. 2012, Amundsen et al. 2013),  are often not taken into account when 

evaluating the effects and mechanisms of invasion. This is even more surprising as 

parasites are considered an important response variable for ecosystem health 

(Lymbery et al. 2014, Ortega et al. 2015, Goedknegt et al. 2016). Although the IMH did 

not show any significant differences among taxonomic groups, that have been studied 

yet (Jeschke et al. 2012). It remains unclear if it also applies to nonindigenous 

parasites.           

 In order to be able to invade a new habitat parasites usually depend on free-

living alien hosts (Vignon et al. 2009a, 2009b). Therefore, the presence of a sufficient 

number of free-living invasive species is an obligate prerequisite for the establishment 

of non-indigenous parasites. Nevertheless, the question whether a certain parasite 

species also benefits from the occurrence of other invasive parasites remains to be 

unanswered. The Rhine River, a Western European river is considered a hot spot for 
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biological invasion, and thus might be an ideal system to study the relevance of the 

IMH for invasive parasites (Galil et al. 2007, van Kessel et al. 2016). Although many 

nonindigenous species were able to establish in the Rhine River over the past 

decades, invaders from water bodies of the Ponto-Caspian steppe were among the 

most successful (van Keesel et al. 2016). Species such as the amphipod 

Dikerogammarus villosus or the fish species Neogobius melanostomus or Ponticola 

kessleri usually become dominant species in newly invaded areas due to their invasion 

strategy that provide them with competition advantages against local species (Kinzler 

et al. 2009, Borcherding et al. 2011). Recent research has shown that both the 

amphipods as well as the fish species introduce the acanthocephalan 

Pomphorhynchus laevis to the river Rhine since the mid 1990’s after the inauguration 

of the Main-Danube-Canal (cf. chapter II). Subsequently, the parasite spread rapidly 

and successfully established itself along the river Rhine, showing a high prevalence in 

cyprinid fishes as well as in predators that feed on infected intermediate host species 

(Dudinak and Snabel 2001, Tieri et al. 2006). After a potential paratenic host ingests 

pre-adult individuals of P. laevis, a cyst will be formed by both the hosts’ immune 

response and the parasite itself. Such parasite stages thus occur encapsulated in the 

hosts’ internal organs as well as in its body cavity (Dezfuli 1992, Sures and Siddall 

2001, Cornet et al. 2010). Infection experiments with chub, Squalius cephalus, have 

demonstrated that encapsulation does not have any apparent effect on the parasite 

since it remains infective for its definitive host (unpublished data). Recent research has 

also shown that cysts of P. laevis in N. melanostomus may contain larvae of another 

invasive parasite species, Anguillicola crassus (Emde et al. 2014). This nematode 

causes severe health impacts for the native eel species in Europe (Molnar et al. 1991, 

Würtz et al. 1996). Initially it was co-introduced with Japanese eels (Anguilla japonica) 

to European waterbodies in the early 1980s (Knopf and Mahnke 2004).  Shortly after 

its arrival, A. crassus adapted to local environmental conditions and accepted the 

European eel (Anguilla anguilla) as its suitable final host. Within a short period, the 

infestation rates of A. crassus in A. anguilla increased to more than 90 % in large parts 

of Western and Central Europe (e.g. Taraschewski et al. 1987, Würtz et al.1996, Sures 

and Streit 2001, Jakob et al. 2009). The nematode parasitizes the swim bladder of its 

final host after undergoing different development stages by using a wide variety of 

species as intermediate and paratenic hosts (Emde and Klimpel 2015). Accordingly, 

the eel’s swim bladder is frequently affected to a significant extent, leading to a reduced 
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functionality, which might result in the host’s death during its spawning migration from 

the European coast to the Sargasso Sea (Pelster 2015). In fact, A. crassus is also held 

partly responsible for the massive decline of the overall stock of European eel that 

resulted in its occurrence on the list of critically endangered species by the International 

Union for Conservation of Nature (Sures and Knopf 2004, Jacoby and Gollock 2014).

 The fact that individuals of A. crassus utilize cysts of encapsulated P. laevis 

individuals provides evidence that establishment of a parasite species might have been 

facilitated by the arrival of another invasive parasite within the Rhine River. 

Hyperparasitized cysts – what in detail describes acanthocephalan cysts that were 

simultaneously infested by P. laevis and A. crassus - which were gathered from N. 

melanostomus individuals from the Rhine River demonstrated that A. crassus 

frequently enters the cyst most likely to avoid immune responses of the paratenic host. 

Generally, third-stage larvae (L3) of A.crassus evoke an immune response of their 

paratenic hosts, with diversified intensities among the various host species, which 

might cause the parasites’ death (Emde et al. 2014). Recently, it was suggested that 

A. crassus might use the cyst as a “hideout” to evade the immune response of the 

round goby, which might serve as prey for A. anguilla, one of the parasites’ definitive 

host. Therefore, the nematode larvae are protected from host defenses while being in 

the goby. Theoretically, with such a “Trojan horse” strategy the parasite could be able 

to infest the hosts’ swim bladder more readily. However, it is still unknown whether A. 

crassus is still infectious for the definitive hosts after entering the acanthocephalan 

cyst. If yes, this could be seen as support that the IMH also applies to nonindigenous 

parasites. In order to test the viability and infectivity of encapsulated A. crassus larvae, 

we therefore conducted an experiment where European eels were infested with cysts 

collected from Ponto-Caspian gobies. 

 

6.3 Material and methods  

 

A total of 22 individuals of the invasive goby Neogobius melanostomus were collected 

by professional fishermen with bow nets in the River Rhine close to the city of Grieth 

at Rhine km 844 (North Rhine Westfalia, Germany). Within two days after sampling, 

all fish were sacrificed and examined for the presence of acanthocephalans of the 

83



genus Pomphorhynchus, which were discovered encapsulated in the abdominal 

cavities of the fishes. All encapsulated P. laevis individuals (n = 364) were stored in a 

0.9 % sodium-chloride (saline) solution at 5 °C.     

 200 isolated cysts were transferred one by one into a well-plate chamber to 

check whether cysts were infested by Anguillicola crassus. Wells were filled up with 

artificial stomach acid-solution, composed of 1 % hydrochloric acid and Pepsin (0.5 g 

per 100 ml) (Llarena-Reino et al. 2013). Filled-up well plates were incubated for 40 

minutes at 37°C to induce cysts to break open and allow parasites to be released and 

eventually found free in the solution (cf. figure 6.1C). After the incubation time, the 

content of each chamber was carefully examined in order to determine whether cysts 

were infested by A. crassus and if so to what extent. A mean infestation rate (number 

of A. crassus per cyst of P. laevis) was calculated, which was then used as a basis for 

subsequent infection experiments with European eels. We infested ten European eels 

(mean size of 426 mm) that were provided by a commercial eel farm known to be free 

of any infestation with A. crassus and / or Pomphorhynchus sp. with the remaining 

cysts (n = 164). Apart from a longstanding cooperation with the eel farm, eels are 

regularly checked by parasitological examinations to verify absence of A. crassus as 

well as of any other endoparasites. A total of 16 to 18 cysts were manually 

administered to each eel by a stomach tube (diameter of 0.5 mm). Following infection, 

the eels were kept individually in a single water tank (30 l) at a water temperature 

between 10 and 13°C with permanent air supply. An uninfected control group of five 

eels (mean size of 464 mm) was kept under the same experimental conditions to verify 

that the eels were free of parasites. The eels were killed and examined for parasites 

154 days post infection (dpi). Internal organs were removed and digestive tracts and 

swim bladders were carefully examined under a stereomicroscope for the presence of 

A. crassus and P. laevis. Individuals of A. crassus were subsequently categorized 

according to their developmental stage and sex.      

 All experimental protocols were approved by the Ethics Council (Landesamt für 

Natur, Umwelt und Verbraucherschutz, Nordrhein-Westfalen, permit number: 84-

02.04.2017.A245) and were carried out in accordance with the relevant guidelines and 

regulations. 
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6.4 Results 

 

The initial screening of cysts removed from N. melanostomus (cf. figure 6.1) showed a 

prevalence of 12 % of A. crassus larvae within the cysts. In all 200 cysts 96 larvae of 

A. crassus were detected, thus the mean intensity was four nematodes per cyst 

(ranging between one to twelve larvae per cyst). Individuals of P. laevis found in the 

cysts were alive and showed a normal activity level. 

 

Figure 6.1: A) Cysts of encapsulated P. laevis individuals as detected and removed from the digestive 

tracts of N. melanostomus B) Encapsulated P. laevis irradiated with high light intensity C) Digested cyst 

with released A. crassus individuals 

Eels administered with intact cysts showed a prevalence with A. crassus of 40 % 154 

days post infection (dpi). While two eels were found to be infested infested by an 

individual A. crassus (either male or female) each, two eels showed a double 

infestation. In one eel two females occurred, whereas a pair of both sexes containing 

eggs with L2 larvae was detected in the second eel. In sum, 164 cysts were 

administered to the eels, which corresponds to a total of 79 A. crassus when 

considering the results of the initial cyst screening. Based on these results, the 

recovery rate can be determined as 7.6 %. The size of the A. crassus individuals found 

in the eels corresponds with the developmental period of 154 days when compared 

with previous infection experiments (Knopf et al. 1998, Keppel et al. 2014). Further 

parasitological examination of the eels did not show any infection with P. laevis in the 

experimental group. Eels of the uninfected control did not contain any individual of 

either parasite species.   
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6.5 Discussion 

The present study demonstrates for the first time that larvae of A. crassus, enclosed in 

the cysts of encapsulated P. laevis, remain able to infest their definitive host, the 

European eel. The experiment showed that A. crassus is still able to complete its life-

cycle and produce offspring after entering the cysts in a potential paratenic host. 

Moreover, as the invasive nematode larvae use the cyst of an invasive 

acanthocephalan parasite species, the invasional meltdown hypothesis is supported.

Parasitological examination of the eels revealed a prevalence of 40 % of A. 

crassus with a recovery rate of 7.6 %. Previous experiments with eels using isolated 

L3 of A. crassus under similar conditions showed generally higher recovery rates of up 

to 40 % (Knopf et al. 1998, Keppel et al. 2014). Apart from the fact that the number of 

introduced A. crassus larvae can only be estimated as an average value and not using 

exact data, the relatively low infestation rate might also be related to this, so far 

unknown, way of transmission of A. crassus. It was demonstarted that encapsulation 

might be a barrier for some parasites in order to establish themselves after beeing 

transmitted to a new host (Kennedy 1999). As implied by the relatively low prevalence 

and recovery such a barrier effect might also apply for A. crassus. Nonetheless, the 

use of cysts containing encapsulated P. laevis in fish lacking a swim bladder represents 

an additional way of transmission to the preferred final host for A. crassus. 

The results demonstrate the infectivity of A. crassus individuals from cysts co-

infected with P. laevis. Interestingly, A. crassus has no obvious disadvantage of the 

co-infection of the cysts whereas no individual of P. laevis was detected inside the eels 

at the end of the experiment although P.laevis is regularly found in eels from the Rhine 

River (cf. chapter II). This is striking since encapsulated P. laevis that were ingested 

by their preferred definitive hosts such as S. cephalus and Barbus barbus are able to 

mature (Dezfuli 1992, Sures et al. 1994, Kennedy 1999, Dezfuli et al. 2012), which was 

also confirmed by additional infection experiments in which encapsulated 

Pomphorhynchus individuals developed to full maturity after being infested to 

individuals of S. cephalus (unpublished data). The lack of any P. laevis in the examined 

eels after 154 dpi might therefore be related to the following reasons. On the one hand, 

European eel as a non preferred host was used for laboratory infestation experiments. 

Even if P. laevis can regularly be found in eels in the field (cf. chapter II) this might be 
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a result of eels ingesting cystacanths from the first intermediate host, i.e. different 

species of amphipods and not by feeding on paratenic hosts. On the other hand, it is 

also conceivable that the lifetime of P. laevis in its non-preferred hosts is shorter than 

the time of seven to eight months estimated for this species in their preferred definitve 

hosts (Nachev and Sures 2016). In the latter case, the acanthocephalans might have 

already been shed from the eels after 154 dpi. However, during daily inspections, no 

acanthocephalans were recovered in the tanks.     

 Both parasites have been described as succsessful invadors in European 

waterbodies and have been intensively studied during the past decades (Norton et al. 

2005, Knopf 2006, Keppel et al. 2014). Nonetheless, a relation or possible interaction 

between the two invasive parasites was only discovered recently (Emde et al. 2014). 

The reason might be that usually P. laevis is carefully removed from the cysts and then 

further examined while the tissue of the cyst is treated as waste material. 

Simultaneously, the larvae of A. crassus are not recognized since they are hardly seen 

by bare eye. Accordingly, the parasite has always been overlooked prior to the 

preliminary field study by Emde et al. 2014. Furthermore, we assume that if individuals 

of A. crassus have already been detected in gobies before, their exact localization (in 

the cysts) was not recognized. However, in the context of these findings and the results 

of the present study we assume that P.laevis might facilitate A. crassus’ establishment 

and distribution in a new environment. This corresponds to the invasional meltdown 

hypothesis (IMH), which has never been described for invasive parasites before, 

although interactions of free-living invasive species are already referred to as a major 

aspect of biological invasion (Green et al. 2011,Jeschke 2012, O’Loughlin et al. 2017). 

The IMH states that the arrival of nonindigenous species in an environment facilitates 

the establishment of other invasive species (Simberloff and Holle 1999). The fact that 

both parasites were able to establish themselves successfully in environments that are 

recognized as hotspots for invasion, such as the river Rhine, and the fact that A. 

crassus seem to benefit from the presence of encapsulated invasive parasites 

supports the assumption that the IMH also applies to invasive parasites. 

 Although A. crassus larvae utilize cysts and thereby eventually avoid the 

paratenic host’s immune response (of e.g. N. melanostomus) this could also be a side 

effect associated to the fact that gobies lack a swim bladder. It is already known that 

A. crassus larvae can be found in many different tissues of paratenic hosts (De 

Charleroy et al. 1990, Moravec and Konecny 1994, Li et al. 2015). The idea that the 
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parasite uses a “Trojan horse strategy” was firstly mentioned in 2014 (Emde et al. 

2014). Although the present results do not directly support a trojan horse strategy as 

no immunological responses were analysed, they show that A. crassus benefits from 

the presence of the cysts of encapsulated P. laevis individuals. Obviously, the 

distribution and establishment of A. crassus is (at least partly) facilitated by another 

invasive parasite that consequently turned a possible dead-end host into a paratenic 

host in order to increase the nematodes’ infestation success. As there are not many 

other fish species described in which P. laevis occurs in cysts (Moravec and Scholz 

1991, Sures and Siddall 2001), the particular type of co-occurrence of both parasites 

that is described here is only known for gobies.     

 The fact that both parasite species have been studied intensively over the past 

decades but their interaction was only discovered recently demonstrates the necessity 

of future research on possible interactions between (invasive) parasites in order to 

evaluate the effects of parasites invasion on local biota. 
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7 General Discussion 

 

The present doctoral thesis comprises several surveys addressing the effects of Ponto-

Caspian invasive species such as Dikerogammarus villosus and Neogobius 

melanostomus on local parasite communities in invaded habitats (cf. figure 7.1). 

 The spatial approach (cf. chapter I) revealed significant differences between the 

parasite communities of specific host species from habitats that experienced Ponto-

Caspian invasion and habitats that were free from any Ponto-Caspian invaders. The 

analysis highlighted that the nematode Raphidascaris acus and the likewise invasive 

Ponto-Caspian acanthocephalan Pomphorhynchus laevis distinguished themselves as 

key species associated to invaders from the Ponto-Caspian region. Generally, both 

parasites were common species in rivers that were invaded by invasive Ponto-Caspian 

(paratenic / intermediate) hosts presumably facilitating the distribution of the likewise 

invasive P. laevis and the local and widely distributed R. acus. Eventually, Ponto-

Caspian hosts evoked an increase of the infestation rates within local hosts due to a 

parasite spillover (P. laevis) and spillback (P. laevis and R. acus), respectively (cf. 

figure 7.1 A). These results disclosed a core problem in invasion biology research, 

which rather focuses on the absence of natural enemies in a new habitat (enemy 

release hypothesis (ERH)) than on the presence of additional and / or new species as 

a possible interacting counterpart when covering the drivers of invasion success. This 

is especially true for invaders from the Ponto-Caspian region, for which also the ERH 

has been frequently tested (e.g. Kvach and Stepien 2007, Kvach et al. 2014). On the 

downside, not much attention has been paid to what happens to or with these invaders 

after entering a new habitat. New approaches such as parasite spillback and spillover 

or the dilution effect have only been rarely taken into account (Kvach et al. 2017). 

However, the spatial approach has shown that although the absence of natural 

enemies might have accelerated and simplified the establishment of Ponto-Caspian 

species in new environments, interactions between invasive and local potential host 

species might also facilitate the mass distribution of additional Ponto-Caspian 

parasites such as the co-introduced P. laevis. Furthermore, these interactions might 

have encouraged an increase of the prevalence of local parasites in various German 

rivers. Therefore, the study explicitly demonstrated that the approaches of a parasite 

spillback and / or spillover are important factors when evaluating the consequences 
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and results of invasion.          

 Into the bargain, the second study (cf. chapter II) showed that Ponto-Caspian 

species might have further impacts on local parasites. The timeline approach 

demonstrated that the acanthocephalan P. laevis, which most probably was introduced 

with the other Ponto-Caspian invaders, might have caused the extinction of the local 

and closely related P. tereticollis population after both parasites have co-occurred for 

several years at different locations along the Rhine River. The results suggested that 

the local P.  tereticollis was outcompeted by P. laevis through enhanced infection 

abundance as a result of the invasion of Ponto-Caspian amphipods such as 

Dikerogammarus villosus, which in turn outcompeted local amphipods such as 

Gammarus pulex, which is the preferred first intermediate host of P. tereticollis. 

 Additionally, the third study (cf. chapter III), namely the lab diagnostic approach 

showed that Ponto-Caspian species could contribute and intensify the transmission of 

local parasites. Generally, the immune response of various host species to different 

local parasites might be evaded since the presence of Ponto-Caspian parasites and 

the host responses to these invaders ensure a ‘hide out’ condition for local (potentially 

also invasive) parasites. Furthermore, the lab diagnostic approach provides evidence 

that the presence of different invasive host and parasite species facilitated the 

establishment of additional invasive parasites, which corresponds to the invasional 

meltdown hypothesis (IMH). According to Jeschke et al. (2012), the IMH represents 

one of the major hypotheses of invasion biology that conclusively explain a successful 

establishment of new species in non-native habitats. However, a possible application 

of the IMH to parasites has only rarely been discussed prior to the present study. The 

results showed that interspecific interactions between invasive Ponto-Caspian 

parasites and local (but also invasive) parasites such as the nematode Anguillicola 

crassus might promote higher infestation rates in the available hosts of invaded areas 

(cf. figure 7.1 C). 
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Figure 7.1: Graphical illustration of the three presented scenarios that potentially follow a Ponto-Caspian 

invasion. Scenario: A) parasite spillback / spillover, B) extinction of native parasites, C) enhancement of 

local parasites through new transmission pathways 

In summary, each of the studies within the present doctoral thesis confirmed that 

Ponto-Caspian invasive species are able to potentially affect local parasite 

communities on different levels, which was often underestimated or completely 

neglected in the context of invasion biology (Kelly et al. 2009, Dunn et al. 2012). 

 The evaluation of the results additionally implied that not only Ponto-Caspian 

species, but presumably most invasive (or nonindigenous) species that are suitable 

hosts for local parasites potentially cause severe effects for local parasite communities. 

Occasional research with other invasive hosts (including amphibians, reptiles, fishes, 

mammals, insects, and birds) corroborate this assumption (Rauque et al. 2003, 

Sepulveda et al. 2004, Colautti et al. 2005, Thieltges et al. 2006, Burke et al. 2007, 

Kelly et al. 2009, Wells et al. 2015). However, these approaches usually addressed 

the impacts on a few species rather than on entire communities. Nevertheless, 

analyses show that the increase of parasite infestation rates in an environment might 

have grave consequences for local species that might result in the extinction of 

individual species (White et al. 2006, Tompkins et al. 2011), which potentially cause 

(severe) disturbances for entire ecosystems (Kuris et al. 2008, Hatcher and Dunn 

2011, Dunn et al. 2012).        
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Generally, the loss of biodiversity induced by invasion and the resulting 

consequences for local biota have become a major threat to ecosystem health 

(Vitousek et al. 1996, Naeem 2002, Didham et al. 2005, Worm et al. 2006, Cardinale 

et al. 2012). Therefore, the management of invasive species and the adaption of 

measures to avoid severe effects for local systems have been part of various 

conservation strategies in order to maintain global biodiversity (e.g. Dorrough et al. 

2004, Tscharntke et al. 2005, Dudgeon et al. 2006). Ordinarily, these considerations 

do not include the preservation and / or management of the parasitic biodiversity (Dunn 

et al. 2009, Griffith 2012, Gómez and Nichols 2013), although parasites are recognized 

to drive and sustain biodiversity (Meffe et al. 2006, Derso et al. 2016). Remarkably, 

according to Dobson et al. (2008), and Weinstein and Kuris (2016), around 40 % of all 

species in an ecosystem are parasitic, at least at one stage of their life cycle and are 

involved in 75 % of the species interactions within the system (Preston and Johnson 

2010). Inter alia, parasites are drivers of community compositions, govern host 

behavior, and potentially alter the structure, dynamics and function of food webs (Arim 

et al. 2007, Lafferty et al. 2008, Lefevre et al. 2009, Dunne et al. 2013, Derso et al. 

2016).  

Nevertheless, these attributes did not yet initiate the implementing of parasites 

as a component of management plans for biodiversity conservation. However, the 

results of the present doctoral thesis should further contribute to a change of this policy. 

So far conservation biologists frequently regard parasites as a threat that generally 

enable, encourage, and / or accelerate the loss of biodiversity (Daszak et al. 2000, 

Lafferty and Gerber 2002, Altizer et al. 2003). Naturally, the results of this thesis partly 

support this assumption since introduced (intermediate / paratenic) hosts have most 

likely caused an increase of specific parasites (P. laevis and R. acus) in newly invaded 

habitats with possible negative effects for local hosts. However, beyond that, the 

results of this thesis also showed that local parasites and their communities are 

affected by invasion as well. Invasive parasites might thus replace native and local key 

species and the diversity of the parasite communities might be negatively influenced 

due to a massive increase of a few species. Consequently, the parasite community 

might be more homogeneous and vulnerable to disturbances leading to a meltdown of 

local parasite communities with negative impacts on ecosystem level (Gompper and 

Williams 1998, Dunn et al. 2009, Derso et al. 2016).    

Conclusively, effects of invasive species on new environments are widely 
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studied showing various consequences for global biota (Didham et al. 2005, Charles 

and Dukes 2007, Reich et al. 2012). As addressed and criticized several times, 

parasites usually not taken into consideration when evaluating the effects of invasion 

and in approaches to manage these effects, respectively. The present doctoral thesis 

demonstrated that henceforth parasites have to be integrated into proposed or existing 

conservation efforts, since invasive species might cause an increase of local parasites 

and / or a loss of parasite diversity, both with grave consequences for local 

environments.         

 Nonetheless, although the results of this doctoral thesis are striking, they give 

only a coarse overview about the various possibilities how invasion might affect the 

parasite-parasite and / or parasite-host interactions of a system. However, the results 

open the doors to additional aspects in ecological parasitology and may induce a 

revision of evaluations of previous researches. Therefore, further research is highly 

recommended, which should include other parasites, hosts, as well as aquatic and 

terrestrial habitats. 
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Appendix 1 

Agarose gel electrophoresis of the PCR product of ITS 1/2 genes for DNA extracted from analyzed 

Pomphorhynchus individuals (P. laevis, P. tereticollis), extracted from European eels sampled in the 

river Rhine in Germany (KA-R), Switzerland (CH-R), and the Netherlands (NL-R) between 2003 and 

2005 

Visual illustration of PCR-products Amplified gene 
sample /sample 
location, year , ID 

Identified as 

1 Germany (2003) 
KA-R-03 A 

P. laevis 

2 Germany (2003) 
KA-R-03 B 

P. laevis 

3 Germany (2003) 
KA-R-03 C 

P. laevis 

4 Germany (2003) 
KA-R-03 D 

P. laevis 

5 Germany (2003) 
KA-R-03 E 

P. laevis 

6 Germany (2003) 
KA-R-03 F 

P. laevis 

7 Positive control P. 
tereticollis 

8 Positive control P. 
laevis 

9 Blank 

1 Switzerland (2003) 
CH-R-03 A 

P. tereticollis 

2 Switzerland (2003) 
CH-R-03 B 

P. tereticollis 

3 Switzerland (2003) 
CH-R-03 C 

P. tereticollis 

4 Switzerland (2003) 
CH-R-03 D 

P. tereticollis 

5 Germany (2003) 
KA-R-03 G 

P. laevis 

6 Germany (2003) 
KA-R-03 H 

P. laevis 

7 Germany (2003) 
KA-R-03 I 

P. laevis 

8 Switzerland (2003) 
CH-R-03 E 

P. tereticollis 

9 Positive control P. 
tereticollis 

10 Positive control P. 
laevis 

11 Blank 

1 Germany (2003) 
KA-R-03 H 

P. laevis 

2 Germany (2003) 
KA-R-03 I 

P. laevis 

1    2    3   4   5  6   7   8   9 

1    2    3   4    5    6    7    8    9   10   11 
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3 Germany (2003) 
KA-R-03 J 

P. laevis 

4 Germany (2003) 
KA-R-03 K 

P. laevis 

5 Germany (2003) 
KA-R-03 L 

P. laevis 

6 Germany (2003) 
KA-R-03 M 

P. laevis 

7 Germany (2003) 
KA-R-03 N 

P. laevis 

8 Germany (2003) 
KA-R-03 O 

P. laevis 

9 Switzerland (2004) 
CH-R-04 A 

P. tereticollis 

10 Switzerland (2004) 
CH-R-04 B 

P. tereticollis 

11 Switzerland (2004) 
CH-R-04 C 

P. tereticollis 

12 Switzerland (2004) 
CH-R-04 D 

P. tereticollis 

13 Switzerland (2004) 
CH-R-04 E 

P. tereticollis 

14 Switzerland (2004) 
CH-R-04 F 

P. tereticollis 

15 Switzerland (2004) 
CH-R-04 G 

P. laevis 

16 Switzerland (2004) 
CH-R-04 H 

P. tereticollis 

17 Switzerland (2004) 
CH-R-04 I 

P. tereticollis 

18 Switzerland (2004) 
CH-R-04 J 

P. tereticollis 

19 Positive control P. 
tereticollis 

20 Positive control P. 
laevis 

21 Blank 

1 Germany (2004) 
KA-R-04 A 

P. laevis 

2 Germany (2004) 
KA-R-04 B 

P. laevis 

3 Germany (2003) 
KA-R-03 P 

P. laevis 

4 Germany (2003) 
KA-R-03 Q 

P. laevis 

5 Germany (2004) 
KA-R-04 C 

P. laevis 

6 Germany (2004) 
KA-R-04 D 

P. laevis 

7 Germany (2004) 
KA-R-04 E 

P. laevis 

8 Germany (2004) 
KA-R-04 F 

P. laevis 

9 Germany (2004) 
KA-R-04 G 

P. laevis 

10 Positive control P. 
tereticollis 

11 Positive control P. 
laevis 

12 Blank 

1  2  3   4   5  6  7  8   9  1011 12131415 16 1718 1920 21 

1     2     3     4     5    6     7     8     9   10   11  12 
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1 Switzerland (2004) 
CH-R-04 K 

P. tereticollis 

2 Switzerland (2004) 
CH-R-04 L 

P. tereticollis 

3 Switzerland (2004) 
CH-R-04 M 

P. tereticollis 

4 Switzerland (2004) 
CH-R-04 N 

P. tereticollis 

5 Switzerland (2004) 
CH-R-04 O 

P. tereticollis 

6 Germany (2004) 
KA-R-04 H 

P. laevis 

7 Germany (2003) 
KA-R-03 R 

P. tereticollis 

8 Germany (2003) 
KA-R-03 S 

P. laevis 

9 Germany (2003) 
KA-R-03 T 

P. tereticollis 

10 Germany (2003) 
KA-R-03 U 

P. laevis 

11 Germany (2003) 
KA-R-03 V 

P. tereticollis 

12 Blank 

13 Blank 

14 Positive control P. 
tereticollis 

15 Positive control P. 
laevis 

1 Switzerland (2004) 
CH-R-04 P 

P. tereticollis 

2 Switzerland (2004) 
CH-R-04 Q 

P. tereticollis 

3 Switzerland (2004) 
CH-R-04 R 

P. tereticollis 

4 Switzerland (2004) 
CH-R-04 S 

P. tereticollis 

5 Switzerland (2003) 
CH-R-03 F 

P. tereticollis 

6 Positive control P. 
laevis 

7 Positive control P. 
tereticollis 

8 Blank 

1 Switzerland (2004) 
CH-R-04 T 

P. laevis 

2 Switzerland (2004) 
CH-R-04 U 

P. tereticollis 

3 Switzerland (2004) 
CH-R-04 V 

P. tereticollis 

4 Switzerland (2004) 
CH-R-04 W 

P. tereticollis 

5 The Netherlands 
(2003) NL-R-03 A 

P. laevis 

6 The Netherlands 
(2003) NL-R-03 B 

P. laevis 

7 Positive control P. 
tereticollis 

1   2   3   4   5   6    7   8   9  10 11 12 13 14 15 

1    2   3   4    5   6   7   8  
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8 Positive control P. 
laevis 

9 Blank 

1 Germany (2005) 
KA-R-05 A 

P. laevis 

2 Germany (2005) 
KA-R-05 B 

P. laevis 

3 Germany (2005) 
KA-R-05 C 

P. laevis 

4 Germany (2005) 
KA-R-05 D 

P. laevis 

5 Germany (2005) 
KA-R-05 E 

P. laevis 

6 The Netherlands 
(2003) NL-R-03 C 

P. laevis 

7 The Netherlands 
(2003) NL-R-03 D 

P. laevis 

8 Blank 

9 Positive control P. 
tereticollis 

10 Positive control P. 
laevis 

11 Germany (2003) 
KA-R-03 W 

P. laevis 

12 Switzerland (2005) 
CH-R-05 A 

P. laevis 

13 Switzerland (2005) 
CH-R-05 B 

P. laevis 

14 Switzerland (2005) 
CH-R-05 C 

P. laevis 

15 Switzerland (2005) 
CH-R-05 D 

P. laevis 

16 Switzerland (2005) 
CH-R-05 E 

P. laevis 

17 Positive control P. 
tereticollis 

18 Positive control P. 
laevis 

1    2    3   4    5    6    7  8   9 

1   2  3  4   5   6    7   8   9   10  

1   2   3    4   5   6   7 
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Appendix 2 

Detailed sequencing information of ITS 1 /2 and CO1 genes of Pomphorhynchus laevis individuals sampled in the 

rivers Rhine (Germany, the Netherlands, Switzerland) and Danube (Bulgaria) that were used for the sequence-

comparison as presented in chapter II (cf. table 5.4)  

Seq. ID Habitat / 
sampling 
year 

Chromatogram / sequence information r(DNA) 
gene 
sequences 

38FG21 Rhine in the 
Netherlands, 
2003 

ITS 

38FG24 Sequencing was not successful! 

38FG25 Rhine in 
Switzerland, 
2004 

CO1 

38FG27 Rhine in 
Germany, 
2003 

CO1 

38FG31 Danube in 
Bulgaria, 
2006 

CO1 
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38FG32 Rhine in 
Switzerland, 
2004 

ITS 

38FG33 Danube in 
Bulgaria, 
2006 

ITS 

38FG34 Rhine in 
Germany, 
2003 

CO1 

38FG35 Rhine in the 
Netherlands, 
2003 

ITS 

38FG36 Rhine in 
Germany, 
2003 

ITS 
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38FG37 Rhine in the 
Netherlands, 
2003 

CO1 

38FG38 Danube in 
Bulgaria, 
2006 

CO1 

38FG39 Rhine in 
Switzerland, 
2004 

CO1 

38FG40 Danube in 
Bulgaria, 
2006 

ITS 

38FG41 Sequencing was not successful! 

38FG42 Rhine in 
Switzerland, 
2004 

ITS 
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38FG43 Rhine in 
Germany, 
2003 

CO1 

38FG44 Sequencing was not successful! 

38FG47 Rhine in 
Germany, 
2003 

ITS 
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