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The only constant in life is change. This famous quote of the Greek philosopher Heraclitus (530-

470 BC) stems from his observations of the natural world, where he saw everything constantly 

shifting, changing, and becoming something other than it was before. Panta rhei concluded the 

Greek philosopher, life is a flux. This thesis was inspired by ecological changes, in particular by 

one of the largest changes during the last centuries: the human-aided introduction of species to 

ecosystems around the globe. 
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Biological invasions 

Alien species are organisms not naturally present in native communities, but which have been 

moved beyond the limits of their native geographical ranges by human activities (Blackburn et 

al., 2011, 2014). These human-aided introductions present one of the greatest threats to 

biodiversity and ecological communities worldwide (Elton, 1958; Vitousek et al., 1996; Mack et 

al., 2000). Species introductions can be intentional as often is the case for species which are 

cultured or managed, such as crops, life stock and shellfish. However, many introductions also 

occur accidentally, for example via species hitchhiking on transport vectors (e.g. organisms in 

ship ballast water or seeds on outdoor equipment). 

Once organisms are entrained in a vector they must overcome various barriers at 

different stages of an invasion process (transport, introduction, establishment and spread) before 

they become invasive (Kolar and Lodge, 2001; Blackburn et al., 2011; Fig. 1.1). As the entire 

invasion process involves the survival of at least six of these barriers (Blackburn et al., 2011; Fig. 

1.1), only about 10% of introduced species will eventually become invasive and establish self-

sustaining populations in the introduced range (Kolar and Lodge, 2001).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1.1 The invasion process of an introduced species in four stages (represented by grey boxes; after 

Blackburn et al., 2011). I) Organisms must survive the vector transport to overcome geographical barriers 

to reach the introduced range. II) Some organisms must escape captivity or culture settings to be released 

into the new environment, while unintentionally introduced organisms skip this barrier. III) The survival 

and propagule pressure (number of released organisms) must be high enough and environmental 

conditions suitable to establish a successfully reproducing population. IV) The population of the introduced 

species must overcome dispersal and environmental barriers to successfully spread and becoming 

invasive. Invasion barriers are illustrated with black dotted lines. Green arrows and lines represent a 

successful invasion process, while red arrows represent invasion failures.  

 

To start the invasion process, a species must survive the vector transport stage to cross 

geographical barriers and become introduced in the new environment (see stage I in Fig. 1.1). 

Species that are intentionally introduced, must escape captivity and culture settings to be  

released into the new ecosystem (see II in Fig. 1.1). The number of released individuals, also 

known as the propagule pressure (Blackburn et al., 2014), and their survival must be high enough 
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to establish a reproducing population in the introduced range (Kolar and Lodge, 2001; Simberloff, 

2009; see III in Fig. 1.1). Once this is the case and the introduced species becomes established, 

barriers to dispersal need to be overcome before the species can spread into new areas away 

from the point of introduction (see IV in Fig. 1.1). The further the species spreads, the more 

dissimilar these locations become and the wider the range of biological interactions and 

environmental conditions it encounters (Blackburn et al., 2011). At this point, the progression 

from introduced to invasive species often involves a lag phase, followed by a phase of exponential 

increase until the species encounters ecological, physical or spatial boundaries that cause a limit 

to population growth rates and population sizes and in some cases even a strong decline and 

eventual a late invasion failure (so-called ‘boom and bust dynamics’; Mack et al., 2000; Blackburn 

et al., 2011; see IV in Fig. 1.1).  

 

Invasions and species interactions  

For ecologists and evolutionary biologists, this fourth phase in the invasion process (the spread 

in the introduced range) is particularly interesting, as introduced organisms establish novel 

biological interactions with native species and are subject to different environmental constraints. 

Therefore, biological invasions offer a unique opportunity to observe ecological and evolutionary 

processes across large spatial and temporal scales, processes which are often difficult or unethical 

to study in experiments with native species (Sax et al., 2007).   

Classically, biological invasions have mostly been used to study competitive or trophic 

(typically predator-prey) interactions between invasive and resident species (Fig. 1.2), and the 

resulting impacts on native communities. By using biological invasions as ‘experiments in nature’ 

in this context, researchers already came to the insight that competition, unlike predation, seldom 

causes global extinction of native populations (reviewed by Sax et al., 2007).  

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1.2 Schematic illustration of a native interaction web, which involves five native host species (white 

semicircles) before the arrival of an invasive species (pre-invasion). This web grows in complexity after the 

establishment of invasive species (grey semicircles), by increasing the number of interactions between 

native and invasive species. 

 

For the most common consumer strategy in the world, the parasitic mode of life, these 

‘experiments in nature’ may involve the addition and removal of parasite and host species, 
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allowing to study the establishment of novel parasite-host interactions, and the performance of 

host and parasite populations along evolutionary time scales (Lafferty et al., 2005). In this 

context, especially the absence of parasites during species invasions gained attention in the 

literature, as it has been hypothesized that the loss of parasites during the invasion process gives 

invaders a potential competitive advantage over native species, contributing to their invasion 

success (enemy release hypothesis; Keane and Crawley, 2002; Torchin et al., 2002, 2003; Mitchell 

and Power, 2003; Torchin and Mitchell, 2004; Blakeslee et al., 2013; for more details see next 

section). However, recent empirical studies and novel conceptual ideas have identified additional 

ways of how invasive species can affect parasite-host interactions in invaded ecosystems beyond 

an initial parasite release. The various underlying mechanisms add another layer to the species 

interaction webs in invaded ecosystems and are introduced in the following.  

 

Invasions and parasite-host interactions 

As mentioned above, the successful spread of invasive species (see phase IV in Fig. 1.1) is often 

attributed to the loss of all or part of their native parasites during the invasion process, leading 

to potential competitive advantages of invaders over native species (enemy release hypothesis; 

Keane and Crawley, 2002; Torchin et al., 2002, 2003; Mitchell and Power, 2003; Torchin and 

Mitchell, 2004; Blakeslee et al., 2013). Parasite species can be lost during the invasion process, as 

these organisms must overcome similar barriers as their invasive host species (see Fig. 1.1), 

reducing the chance that parasites successfully co-invade with their hosts in the new ecosystem 

(Colautti et al., 2004). This loss can result in a competitive advantage when an invasive host is 

negatively affected by its parasites in the native range, so that a loss or reduction in parasite 

infections in its new range results in a direct fitness increase for the invasive host (regulatory 

release; Colautti et al., 2004). Additionally, the loss or reduction of parasite species may release 

resources otherwise invested in parasite defence mechanisms, such as the immune system, which 

may result in an improvement of host condition, growth and/or reproduction rates 

(compensatory release; Colautti et al., 2004). Both pathways of release are not mutually exclusive, 

but act on different time scales: regulatory release is a more immediate effect, requiring plasticity 

of the host, while compensatory release will act over longer (evolutionary) time periods (Colautti 

et al., 2004). Tests of the enemy release hypothesis showed that the proportion of infected 

individuals and parasite richness were indeed substantially reduced in invasive species (Torchin 

et al., 2002; Blakeslee et al., 2013). However, whether this parasite release or reduction is giving 

invaders a potential advantage over native species has rarely (experimentally) been investigated 

(but see Calvo-Ugarteburu and McQuaid, 1998a, b; Bachelet et al., 2004; Torchin et al., 2005).  

 Invasive species do not necessarily have to lose all their parasite species during an 

invasion process, but can also co-introduce parasites to the introduced range (parasite co-

introduction; Daszak et al., 2000; Taraschewski, 2006, Lymbery et al., 2014). Therefore, instead 

of a complete release from its parasites, invasive host species will only experience a reduction in 

parasite species burden compared to their native range. Parasites which have been co-introduced 

with their invasive hosts might cause infections in naïve native host species, a process called 

parasite spillover (Prenter et al., 2004; Kelly et al., 2009), potentially causing deleterious 

infections (emerging diseases; Daszak et al., 2000) or even mass mortalities in native host 

populations, which could further benefit the invasion success of invasive species. Alternatively, 

the spread of invasive species can also be negatively affected when invaders acquire infections 

with native parasite species. Moreover, when invasive species become suitable hosts for these 
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parasites, invaders can amplify native parasite populations, potentially resulting in increased 

infection levels in native host species, a process called parasite spillback (sensu Kelly et al., 2009). 

Many invasive species are known to indeed acquire native parasite species once they become 

established in the introduced range (step 1 of parasite spillback; Kelly et al., 2009; Poulin et al., 

2011), but evidence for the amplification of the native parasite population and the spillback to 

native host species (step 2) is scarce (but see Hershberger et al., 2010).  

Finally, invasive species can also affect native parasite-host dynamics by neither acting as 

a host nor as a parasite, for example by interrupting the life cycle of native parasite species. Many 

parasites have free-living infective stages by which they distribute and infect new hosts. Invasive 

species can prevent these infections via a mechanism called transmission interference, a 

phenomenon similar to dilution effects observed in vector-borne diseases (Keesing et al., 2006). 

Although this mechanism has not been described particularly for invasive species, it can easily be 

applied in the context of biological invasions. Here we shortly describe four potential ways 

(reviewed by Johnson and Thieltges, 2010) in which invasive species might interfere with 

parasite transmission from one host to the next. First, invasive species can be unsuitable hosts 

for the parasite, but still attract free-living parasitic stages that fail to infect this new species. In 

this situation, invasive species act as a decoy, removing infective stages from the system (Johnson 

and Thieltges, 2010). Second, for parasites that rely on trophic transmission to complete their 

complex life cycle, invasive species might act as dead-end hosts, in which the invader can become 

infected but is not consumed by down-stream hosts, thus inhibiting trophic transmission 

(Johnson and Thieltges, 2010). Other invasive species might prey on infective stages of parasites 

before they have the chance to infect a host (Poulin et al., 2011), either via active predation or 

predation by filter and suspension feeders (Thieltges et al., 2008a). Finally, invasive species can 

impose a physical barrier, preventing free-living infective stages to locate and/or infect their next 

host (Johnson and Thieltges, 2010). In all these mechanisms, invasive species interfere with 

parasite transmission and prevent native parasites to complete their life cycle, leading to reduced 

infections in native hosts.   

All these potential roles of invasive species in parasite-host interactions are likely to 

expand existing native parasite-host webs by creating new interactions and modifying existing 

ones. However, the complexity of these emerging parasite-host interactions as a result of a single 

species invasion has not been fully addressed to date. The focus of many studies on parasites and 

invasions has been on parasite release or reduction in the form of the enemy release hypothesis. 

Although this mechanism might explain the initial population growth of invasive species, the 

subsequent population dynamics, and the cumulative ecological and evolutionary implications of 

species invasions may be driven more by the additional mechanisms described above than by 

parasite release alone. In this thesis, the complex ways of how invaders can affect parasite-host 

interactions in invaded ecosystems are investigated for one of the most prominent marine 

invaders in the world: the invasive Pacific oyster Crassostrea gigas. 

 

The invasive Pacific oyster 

The Pacific oyster Crassostrea gigas (Fig. 1.3A) originates from East Asia where its native range 

stretches from Russia in the north (latitude ~ 48° north) to Japan in the south (latitude ~30° 

north; Arakawa, 1990; Fig. 1.4).  In the 1920s, the first oyster translocations took place from Japan 

to British Colombia (Canada) and Washington state (USA), which was the start of the Pacific 

oyster culture along the Pacific coast of North America (Arakawa, 1990; Chew 1990). This region 
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also became the source of secondary introductions to Europe and other continents, resulting in 

an almost global distribution of the Pacific oyster (Troost, 2010; Fig. 1.4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.3 A) The Pacific oyster Crassostrea gigas (source: http://northislandexplorer.com), B) Pacific oysters 

in PVC mesh bags on trestles at an Irish cultivation site (source: Lynch et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.4 The global distribution of the Pacific oyster (Crassostrea gigas), with the introduced range in orange 
and the native range in blue (after Miossec et al., 2009; plain map by Crates 
https://commons.wikimedia.org).  

 

At many locations where Pacific oysters were imported for commercial reasons, oysters escaped 

aquaculture settings (Fig. 1.3B) via their pelagic larval stage and established large populations in 

the invaded range, which form a threat to natural communities and ecosystems. The potential 

environmental impacts related to Pacific oyster invasions include the displacement of native 

species by competition for food and space, the creation of a new habitat, hybridization with local 
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oyster species and the transfer of parasites and diseases (Ruesink et al., 2005; Miossec et al., 2009; 

Nehring, 2011). While the introduction and spread of pathogenic agents of Pacific oysters are 

relatively well documented in the context of aquaculture settings (e.g. Lacoste et al., 2001; Nell, 

2001; Bondad-Reantaso, 2005; Pernet et al., 2012), investigations of parasite-host interactions 

and disease impacts on natural ecosystems as a result of the Pacific oyster invasion are rare. A 

well-suited ecosystem to study these interactions and impacts is the north-west European 

Wadden Sea, which harbours large populations of oysters in the wild since their introduction 

more than 30 years ago.  

 

The Pacific oyster in the Wadden Sea 

The Wadden Sea is situated in the south-eastern part of the North Sea and boarders The 

Netherlands, Germany and Denmark (Fig. 1.5A). This ecosystem is characterized by the largest 

coherent tidal flats on earth and supports large numbers of invertebrates, fish and shorebirds 

(Zijlstra, 1972; Beukema, 1976; Reise, 2005). Recently, the unique ecological values of the 

Wadden Sea were recognized by the IUCN, who designated this intertidal ecosystem as a UNESCO 

World Heritage Site (UNESCO WHS, 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.5 A) The Wadden Sea (light-grey shaded area) in the south-eastern part of the North Sea and the 

Dutch Delta in the south of the Netherlands, with the locations of the two oyster culture sites probably 

initiating the Pacific oyster invasion in the Wadden Sea (stars). B) Tidal flats in the Wadden Sea covered 

with mixed beds of native mussels (Mytilus edulis) and invasive Pacific oysters (Crassostrea gigas). 

 

During the early 1960s, European oyster farmers were in need of a new oyster species 

after the disappearance of the native European flat oyster (Ostrea edulis) in European coastal 

waters. In the Netherlands, the oyster culture was restarted with introduced Pacific oysters 

(Crassostrea gigas) from British Columbia (Dutch Delta; Fig. 1.5A) in 1964, after earlier attempts 
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with imports of C. viriginica (USA) and C. angulata (Portugal) had largely failed (Drinkwaard, 

1999; Troost, 2010). Oyster farmers were told that the introduction of seed stock of Pacific 

oysters was acceptable, since the low sea water temperature of Dutch coastal waters would 

prevent oysters to reproduce, as was previously the case for the closely related Portuguese oyster 

C. angulata (Drinkwaard, 1999; Troost, 2010). However, the Pacific oyster soon proved to 

reproduce in Dutch waters after all, with large natural spatfalls in the late 1970s/beginning 1980s 

resulting in the first wild Pacific oyster beds in the Dutch Delta (Drinkwaard, 1999; Troost, 2010). 

In the northern Wadden Sea, oysters were imported from the UK to the German island Sylt in 

1971 (Drinkwaard, 1999; Troost, 2010; Fig. 1.5A), and also here oyster spatfall was observed in 

the wild, but not earlier than in the 1990s (Reise, 1998). Although commercial oyster cultures 

were never established in the southern Wadden Sea, oyster introductions took place here as 

scientists deliberately released Pacific oyster spat fall in a cool water basin of a power and 

desalinization plant on the island of Texel in the late 1970s (Tydeman, 2008; Smaal et al., 2009; 

Troost, 2010). The spread of the Pacific oyster in the Wadden Sea was further aided with natural 

distribution processes via larval drift, in which pelagic stages of oyster larvae were carried with 

sea currents along Dutch and German coasts (Wehrmann et al., 2000). Currently, both genetically 

differentiated invasions from the north (Sylt) and the south (Dutch Delta and Texel; Moehler et 

al., 2011), have resulted in persistent wild Pacific oyster populations in the entire Wadden Sea 

(Ruesink et al., 2005), mostly settling on hard substrate provided by native blue mussel beds, 

creating large three-dimensional oyster reefs (Reise, 1998; Fig. 1.5B).  

The omnipresence and fast spread of the Pacific oyster raised the question whether the 

success of this invasive species could be attributed to a lack of natural enemies in the Wadden 

Sea. In its native range, the oyster is predated by crabs, several flatworms (predating on oyster 

spat) and five different oyster drill species (reviewed by Troost, 2010).  Two oyster drills 

(Urosalpinx cinereal, Ocinebrellus inornatus) recently started to predate on young Pacific oysters 

in the Dutch Delta (Faasse and Ligthart, 2007; Goud et al., 2008), but these species are native to 

the Pacific coast of North America and probably co-introduced with oyster translocations from 

this area to the Netherlands (Troost, 2010). However, so far, these oyster drill species have not 

been observed in the Wadden Sea. Additionally, Pacific oysters are rarely consumed by birds in 

Dutch coastal waters. Only herring gulls (Larus argentatus) and oystercatchers (Haematopus 

ostralegus) have been reported to occasionally feed on oysters, but locally and at very low rates 

(Cadée, 2008a, b). Furthermore, brown shrimp (Crangon crangon) are known to consume pelagic 

oyster larvae, but once these larvae settle on hard substrate they can escape shrimp predation 

(Weerman et al., 2014). Summarizing, the Pacific oyster is not consumed by many predators in 

the Wadden Sea and Troost (2010) concluded that the enemy release hypothesis is indeed true 

for the predation part. 

Regarding parasitic enemies, the overall role of the Pacific oyster in parasite-host 

interactions has so far not been investigated in the Wadden Sea. However, prior investigations 

identified five macroparasite species which are expected or known to be associated with the 

Pacific oyster (see below), providing a good model system to study the manifold impacts of an 

invasive species on parasite-host interactions in an invaded ecosystem. Whether these impacts 

differ along the entire Wadden Sea is not known as preliminary investigations on the distribution 

of these species have so far been limited to small local areas (Krakau, 2006; Thieltges, 2006a; 

Elsner et al., 2011). In this thesis, I will address these knowledge gaps to further comprehend the 

encompassing effects of invasive species on parasite-host interactions and the impacts on native 

hosts and ecosystems.  
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Parasites interacting with the Pacific oyster in the Wadden Sea  

Mytilicola orientalis (copepod) 

The coastal waters surrounding Japan are the native range of the parasitic copepod Mytilicola 

orientalis (Mori, 1935; Fig. 1.6A), which extended its distribution to the Pacific coast of North 

America via co-introductions with its Pacific oyster (Crassostrea gigas) host in the 1930s (then 

still known as Mytilicola ostreae; Wilson, 1938). From here, the parasitic copepod further spread 

via initial oyster imports from British Columbia to Europe in the 1960s and 1970s (His, 1977). In 

the Dutch Delta, M. orientalis was first observed in the 1990s, whereas it has only recently been 

documented in the (German) Wadden Sea (Elsner et al., 2011; Pogoda et al., 2012).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.6 Macroparasites in the Wadden Sea. A) The invasive parasitic copepod Mytilicola orientalis. B) The 

previously established parasitic copepod Mytilicola intestinalis. C) The native shell boring polychaete 

Polydora cilliata in an invasive Pacific oyster Crassostrea gigas. D) Metacercariae of the native trematode 

Renicola roscovita infecting palps of the blue mussel Mytilus edulis. E) A single metacerceria of the native 

trematode Himasthla elongata encysted in the foot of the blue mussel M. edulis (source: T. Stier). Note: In 

figures A and B, Mytilicola individuals lost their red color due to storage in ethanol. 

 

 

The parasitic copepod has a direct life cycle, involving only a single host species and a 

free-living larval stage, after which it resides in the intestines of molluscs (Mori, 1935). Whether 

the parasite is feeding on the hosts’ tissue or on the hosts’ stomach contents has not been 

investigated so far. Furthermore, the exact developmental stages of M. orientalis have not yet been 

described, but are expected to be similar to the congeneric species Mytilicola intestinalis 

(Katkansky et al., 1967), which is discussed below. The maximum length of adult males is 4 mm, 

while females can become twice as large (10-12 mm; Fig. 1.6A), excluding the external egg sacks 

attached to the thorax, which can carry around 200 eggs (Grizel, 1985).   
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In Europe, the red-coloured parasite spread first via its principle host, the Pacific oyster, 

but was later additionally found in native blue mussels Mytilus edulis and European flat oysters 

Ostrea edulis (His, 1977; Stock, 1993; Elsner et al., 2011; Pogoda et al., 2012), indicating spillover 

events. The relatively low host specificity of M. orientalis (Lauckner, 1983; Grizel, 1985), and high 

abundance and richness of mollusc species in the Wadden Sea (Beukema, 1976) suggest that the 

parasite may be found in more native host species in this region.  

While Mytilicola orientalis is generally considered a serious pest (Holmes and Minchin 

1995) and registered in the list of the 100 worst invaders of the Mediterranean Sea (Streftaris 

and Zenetos, 2006), studies on the lethal and sublethal effects of M. orientalis are inconclusive for 

oyster hosts (C. gigas: Katkansky et al., 1967; Deslous-Paoli, 1981; De Grave et al., 1995; Steele 

and Mulcahy, 2001; Ostrea lurida: Odlaug, 1946) and generally lack experimental approaches. 

Effects of M. orientalis on its new European hosts, the blue mussel and the European flat oyster, 

have not been studied to date.  

 

Mytilicola intestinalis (copepod) 

The closely related congeneric copepod species, Mytilicola intestinalis (Fig. 1.6B), is also invasive 

in the Wadden Sea, but was introduced approximately 80 years earlier. This parasitic copepod 

originates from the Mediterranean Sea, where it naturally infects the Mediterranean mussel 

Mytilus galloprovincialis (Steuer, 1902). Presumably via mussel fouling on ship hulls the parasite 

was introduced to North Sea coastal waters in the 1930s, infecting native blue mussels (Mytilus 

edulis; Caspers, 1939; Ellenby, 1947; Korringa, 1950; Theisen, 1966). In the Wadden Sea, M. 

intestinalis was first found in Wilhelmshaven and Cuxhaven in Germany (Caspers, 1939) and via 

two invasion fronts it spread north- and southwards towards both ends of the Wadden Sea 

(Meyer and Mann, 1950). It reached Germany’s most northern island Sylt by 1970 (Dethlefsen, 

1972), and the Dutch island Ameland in 1968 (Korringa, 1968), and probably arrived at the most 

western Wadden Sea island (Texel) during the 1970s (Feis et al., 2016).  

Similar to the recent invader M. orientalis, the previously established M. intestinalis has a 

conspicuous bright red-colour, but generally M. intestinalis reaches smaller maximum lengths (3-

4 mm in males, 7-8 mm for females; Steuer, 1905). The copepod has a direct life cycle with a free-

living dispersive phase in which the larvae undergo three consecutive stages (as nauplius, meta -

nauplius and first copepodite), with only the first copepodite stage causing infections in its host 

(Grainger, 1951; Hockley, 1951; Gee and Davey, 1986a). Native blue mussels have been 

documented as the dominant host species for M. intestinalis along North Sea coasts, but invasive 

Pacific oysters have also been mentioned as potential hosts for the invasive parasite (Gotto, 

2004), making spillback via invasive oysters to native host species a likely scenario. Alternatively, 

if the Pacific oyster appears to be an incompetent host for M. intestinalis, the invasive species 

potentially acts as a sink for the parasite, making transmission interference effects likely.  

In Europe, M. intestinalis became notorious as the ‘red worm disease’ as it allegedly 

caused mass mortalities of its blue mussel host in the North Sea in the 1950s and 1960s (Korringa, 

1950; Meyer and Mann, 1950; Cole and Savage, 1951; Theisen, 1966; Williams, 1969). However, 

there has been considerable debate about the actual lethality of the parasite (reviewed by 

Lauckner, 1983) as experimental evidence for negative impacts based on controlled infections of 

mussels is lacking.   
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Polydora ciliata (polychaete) 

Shell boring polychaetes belonging to the genus Polydora have a complicated taxonomy and a 

cryptogenic status in many countries (Simon and Sato-Okoshi, 2015). The species Polydora ciliata 

(Fig. 1.6C) has been described in the coastal seas of Japan (Fuyija, 1970; Manchenko and 

Radashevsky, 1998), but also in the Wadden Sea (Thieltges et al., 2006a; Gittenberger et al., 2015) 

where it is considered to be a native (Gittenberger et al., 2015) and not a cryptogenic or invasive 

species (Buschbaum et al., 2012).  

In the Wadden Sea, the host range of the native P. ciliata involves two native species, the 

common periwinkle Littorina littorea and the blue mussel Mytilus edulis, and two invasive species, 

the American slipper limpet Crepidula fornicata and the Pacific oyster Crassostrea gigas (Thieltges 

et al., 2006a). Therefore, the arrival of the Pacific oyster in the Wadden Sea as a new host species 

for this polychaete, might amplify P. ciliata populations, potentially increasing infection levels in 

native host species. Whether this spillback scenario is true for P. ciliata has not been investigated 

so far.  

The polychaete has a direct life cycle with a short planktonic phase (about 2 weeks; Daro 

and Polk, 1973) after which it burrows in mollusc shells, causing reductions in the shell strength 

(Kent, 1981; Buschbaum, 2007). As deteriorated shells enhance predation by crabs on infected 

native periwinkles L. littorea and blue mussels M. edulis (Ambaryianto and Seed, 1991; 

Buschbaum, 2007), the host must deliberate energy for shell repair, thereby compromising the 

host condition (Kent, 1979).  

 

Renicola roscovita and Himasthla elongata (trematodes) 

The native trematode species Renicola roscovita (Fig. 1.6D) and Himasthla elongata (Fig. 1.6E) are 

among the dominant trematode species in the Wadden Sea (Werding, 1969; Lauckner, 1983; Buck 

et al., 2005; Thieltges et al., 2006a). These parasites have a complex life cycle  in which they rely 

on multiple hosts to survive and eventually reproduce. The life cycle starts when parasite 

miracidia hatching from eggs are consumed by snails grazing in intertidal habitats (Fig. 1.7). 

Inside their first intermediate snail host, the common periwinkle Littorina littorea, the parasites 

reproduce asexually, creating many clones inside the snails’ reproductive tissue (sporocysts  or 

rediae), resulting in the castration of its host. After an environmental trigger (typically a rise in 

temperature) the parasites emerge from the snail and undergo a free-living larval phase 

(cercariae) in the water column in which they have limited time and energy to locate their next 

host, which is a bivalve species (mainly common cockles Cerastoderma edule and the blue mussel 

Mytilus edulis; Thieltges et al., 2006a). Once they have found their second intermediate host, the 

cercariae rely on the hosts’ filtration currents to complete a successful infection, after which the 

parasite encysts as metacercariae in the designated bivalve tissue (in the palps, gills or foot). Here 

the parasite awaits the consumption of the bivalve by a bird (gulls Larus spp. or common eider 

Somateria mollissima; Werding, 1969; Lauckner, 1985), its definitive host, in which it can proceed 

its life cycle as an adult and reproduce. The life cycle is completed when trematode eggs are 

dispersed with the bird feces in the intertidal environment, where snails can become infected and 

start a new cycle (green arrows in Fig. 1.7). 

Both trematode species are known to exert serious negative effects on their second 

intermediate bivalve hosts. By encysting as metacercariae in the gills and palps of bivalves, R. 

roscovita affects the growth rate (Thieltges, 2006b), clearance rate and condition of native blue 

mussels (Stier et al., 2015). Himasthla elongata encysts in the foot and siphon of its host and can 

impact cockle (Cerastoderma edule) survival under hypoxic conditions (Wegeberg and Jensen, 
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1999). In addition, heavy H. elongata infections impair the byssus-thread production in mussels, 

reducing the mussels’ attachment capacity (Lauckner, 1984). However, in experimental settings 

the invasive Pacific oyster is acting as a dead-end or decoy host for the parasite species and 

interferes with the transmission from the first to second intermediate host, thereby reducing the 

disease risk for blue mussels (Thieltges et al., 2008a; Welsh et al., 2014; Goedknegt et al., 2015).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.7 A typical life cycle of a trematode species. Green arrows represent parasite transmission from one 

host to the next. See text for more details on the life cycle.  

 

Objective and outline of the thesis 

In this thesis, biological invasions are used as ‘experiments in nature’ to study newly established 

parasite-host interactions and the underlying ecological processes across spatial scales. The 

overall objective is to disentangle the manifold roles of invasive species in affecting parasite-host 

interactions in invaded ecosystems and to identify the ecological impacts. The thesis specifically 

aims to I) provide a conceptual framework for the study of parasite-host interactions as a result 

of marine invasions, II) identify the manifold roles of the invasive Pacific oyster (Crassostrea 

gigas) in parasite-host interactions in the Wadden Sea ecosystem, and III) determine the resulting 

ecological impacts of changes in parasite-host interactions mediated by Pacific oysters. Below 

follows a more detailed description of the contents of each of these three parts of this thesis. 

Part I - Marine invasions and parasites: a review 

In Chapter 2, I provide a conceptual framework of six mechanisms by which marine invasive 

species can affect parasite-host interactions in invaded ecosystems. To do so, I give a 

comprehensive overview of what is currently known about the roles of invasive species in 

parasite-host interactions and review empirical evidence from the literature, and subsequently 

discuss the ecological and evolutionary implications for each of these mechanisms. 
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Part II - Pacific oysters and parasite-host interactions  

In Chapter 3, I investigate the effects of the invasion of Pacific oysters (Crassostrea gigas) on the 

distribution and abundance of parasites in native blue mussel (Mytilus edulis) and invasive oyster 

hosts across the entire Wadden Sea. A hierarchical field sampling design with three spatial scales 

was used to determine the spatial distribution of parasites in both hosts. Furthermore, the most 

important environmental and biological drivers of infection levels were identified, demonstrating 

that spatial infection patterns and their drivers are host and parasite specific.  

In Chapter 4, I assess the reliability of the morphological identification of two invasive 

parasitic copepods, Mytilicola orientalis and Mytilicola intestinalis, which play a potential role in 

parasite co-introduction, spillover and spillback scenarios after the arrival of the invasive Pacific 

oyster. The two parasite species have originally been described from different continents, but 

now co-occur in the same host species (blue mussels M. edulis) and at the same locations (the 

Wadden Sea and Dutch Delta), challenging the reliability of their identification. Using a multitude 

of morphological variables and multivariate statistics, I demonstrate that the invasion of both 

Mytilicola spp. in the Dutch Delta and Wadden Sea represents a case of ‘cryptic by invasion’ and 

recommendations for reliable identification are discussed.  

In Chapter 5, I use the recommendations suggested in Chapter 4 to illustrate the role of 

the Pacific oyster in the co-introduction and spillover of M. orientalis and the spillback of M. 

intestinalis to native host species. Using a substantial field sampling of 11 different host species 

across the Dutch Delta and Wadden Sea, I found evidence for spillover of M. orientalis to three 

native bivalve species, but no evidence for spillback of M. intestinalis to native mussels via 

invasive Pacific oyster hosts.  

In Chapter 6, I introduce a new mechanism of how invasive ecosystem engineers such as 

the Pacific oyster can affect parasite-host interactions. In a field experiment performed at both 

ends of the Wadden Sea, I demonstrate that as a result of trait-mediated indirect interactions 

initiated by invasive Pacific oysters, infections in native blue mussels (M. edulis) are altered. This 

is the first time that an indirect modification in parasite-host interactions as a result of the 

physical structure of an invasive ecosystem engineer has been described.  

 

Part III - Ecological implications 

In Chapter 7, I focus on the newly established parasite-host relationship of the invasive copepod 

Mytilicola orientalis and the native blue mussel Mytilus edulis. With the aid of controlled 

infections, the effects of the invasive parasite on its new (native) host (M. edulis) are 

experimentally investigated under different food regimes. While the condition of the mussels was 

significantly reduced, mussel clearance rates and growth were not affected by the invasive 

parasite. This is the first time controlled experimental infections are used to demonstrate adverse 

effects of the invasive M. orientalis on native host species.  

In Chapter 8, I investigate the mechanism behind the reduced condition in native mussels 

(M. edulis) as a result of M. orientalis infections found in Chapter 7. As the trophic relationship of 

the invasive parasite and its new native mussel host has never been identified, we used stable 

isotope analysis to determine the trophic enrichment of the parasite compared to its host species, 

indicating that the parasite is feeding on host tissue. Furthermore, we used isotope mixing models 

to show that mussel food sources (phytoplankton and microphytobenthos) could also be part of 
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the parasites diet, indicating that the invasive M. orientalis has probably a parasitic as well as a 

commensalistic relationship with its new native mussel host.   

In Chapter 9, we explore whether the trophic enrichment found in Chapter 8 is a general 

pattern in parasite-host relationships. By compiling a large data set from the published literature 

on stable isotope measurements across many parasite and host taxa, we found no general pattern 

in trophic enrichment or depletion of parasites in nitrogen, nor carbon isotopes compared to their 

host species. This indicates that parasite-host interactions in general may not fit well into the 

traditional stable isotope framework with standardized trophic fractionation factors.   

 

General discussion 

In Chapter 10, all the findings of this thesis are brought together. Specifically, I summarize the 

general mechanisms discussed in Chapter 2 in the context of the Pacific oyster invasion in the 

Wadden Sea. For parasite release of Pacific oysters in their new range compared to their native 

range, a mechanism not investigated in this thesis, a mini literature review is provided. In 

addition, this chapter integrates studies on microparasitic species into the framework of the 

different mechanisms by which Pacific oysters affect parasite-host interactions. Furthermore, the 

results of this thesis are discussed in an ecosystem context identifying the ecological and 

evolutionary implications of the Pacific oyster invasion on the Wadden Sea ecosystem. Finally, 

recommendations are given for future research. This thesis ends with some concluding remarks 

highlighting that ecosystem changes by human-aided introductions are not simply resulting in 

the addition of a new species to a community, but rather in diverse and complex changes of 

species interactions of which the effects cascade through entire marine communities and 

ecosystems, proving the early observations of Heraclitus: the only constant in life is change.   

 


