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Abstract

Invasive species lose parasites in the process of invasion and tend to be less parasitized than con-
specifics in the native range and sympatric native species in the invasive range (enemy release).We
evaluated enemy release in an invasive freshwater fish in Ireland, common dace Leuciscus leucis-
cus, using helminth parasite community surveys at the core and front of the invasive range of com-
mon dace. Furthermore, we undertook a systematic literature review of helminth infection in
common dace across its native range in Great Britain and Europe and invasive range in
Ireland. The helminth parasite community survey revealed that invasive common dace were
infected with fewer helminth species at the invasion front than at the core. Four helminth taxa –
Acanthocephala, Monogenea, Digenea and Nematoda – were present in dace at the invasion
core compared to only a single helminth species (Pomphorhynchus tereticollis) at the front. The
systematic review revealed that invasive common dace in Ireland hosted fewer species of helminths
than common dace in the native range.We report a total of three helminth species in common dace
in Ireland compared to 24 in Great Britain and 84 in Continental Europe. Our results support the
hypotheses that invasive populations are less parasitized than native populations and that more
recently established populations host fewer parasites. However, we demonstrate that invasive
species may continue to experience release from parasites long after initial invasion.

Introduction

Invasive species are recognized globally as one of the largest threats to biodiversity as well as to
human health, the environment and the economy (IUCN, 2000; Pimentel et al., 2001; Hulme,
2014; Lucy et al., 2016). The success of invasive species may be partially explained by their
capacity to escape natural enemies such as competitors, predators and parasites in the process
of invasion, known as enemy release (Keane & Crawley, 2002; Colautti et al., 2004; Liu &
Stiling, 2006). Evidence is mixed as to whether and to what extent enemy release confers a
competitive advantage to invasive species (Blossey & Notzold, 1995; Lacerda et al., 2013;
Heger & Jeschke, 2018). However, there is strong evidence that invasive species host fewer
parasite species compared to conspecifics in their native range (Torchin et al., 2003;
Goedknegt et al., 2016; Sarabeev et al., 2017; Schoeman et al., 2019).

Parasites are lost in the process of invasion due to a combination of failure to arrive
with invading hosts and failure to persist in the new environment (Macleod et al., 2010).
Non-native species must overcome a number of barriers to invasion: geographic barriers in
order to be introduced to a novel range, growth and reproduction barriers in order to establish
new populations, and dispersal barriers in order to invade new ranges (Blackburn et al., 2011).
Parasites must overcome the same barriers to invasion as free-living organisms, often with the
additional barrier of switching to native hosts in the introduced range, especially if introduced
parasites have multi-host life cycles (Lymbery et al., 2014). Moreover, small founding popula-
tions of non-native hosts are likely to harbour only a subset of the parasite fauna of the source
population (Hatcher & Dunn, 2011; Lymbery et al., 2014). Among invaders that co-introduce
parasites, freshwater fish are the most common and account for over half of documented cases,
probably reflecting the high incidence of invasive fish in freshwater ecosystems (Lymbery et al.,
2014). Parasites that are successfully co-introduced alongside their invasive hosts may go on to
establish infections in native hosts, known as parasite spillover (Prenter et al., 2004; Dunn &
Hatcher, 2015; Sures et al., 2019).

While parasites of invasive species are typically lost during the invasion process, invaders
often acquire novel parasites as they are exposed to the local parasite community in their invasive
range (Sheath et al., 2015; Gendron & Marcogliese, 2016; Loxton et al., 2016). Invasive species
usually do not accumulate a sufficient number of local parasite species to replace the lost parasite
diversity (Torchin & Mitchell, 2004; Loxton et al., 2016; Schoeman et al., 2019; Stuart et al.,
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2020) (although see Gendron et al., 2012; Lacerda et al., 2013). This
may be due to low competency of invasive hosts for native parasites
(Paterson et al., 2013; Tierney et al., 2020) or the absence of
host-specific parasites in the invaded range (Kennedy & Bush,
1994; Torchin & Mitchell, 2004). However, it has been suggested
that invasive species are more likely to be infected with parasite spe-
cies that are directly transmitted (e.g. Monogenea, Myxosporea,
Crustacea) or generalist parasite species that can utilize many
species of intermediate hosts (Dobson & May, 1986; Bauer, 1991;
Torchin & Mitchell, 2004; Heger & Jeschke, 2018).

Parasite diversity of an invasive host varies across its invasive
range and is expected to be lowest at the expanding edge of the
range (the invasion front) (White & Perkins, 2012; David et al.,
2018; Stuart et al., 2020). Host density at an invasion front is typ-
ically low, which inhibits parasite transmission, and parasites are
likely to lag behind the establishment of their invasive hosts or be
lost along the invasion corridor due to stochastic events or tran-
sience of hosts (Phillips et al., 2010). Lags in parasite establish-
ment along an invasion gradient have been observed in fish
(Gaither et al., 2013; David et al., 2018), amphibian (Phillips
et al., 2010) and small mammal invasions (Stuart et al., 2020).
This decrease in parasite infection along an invasion corridor
leads to enhanced enemy release at the invasion front compared
to the core of the invasive range (site of first introduction and
expansion) (White & Perkins, 2012).

The cyprinid fish, common dace Leuciscus leuciscus (Linnaeus
1758), is native to continental Europe with the exception of
Ireland, Spain, Italy and Greece (Welcomme, 1988; Kottelat &
Freyhof, 2007). Common dace was first introduced to Ireland
from Great Britain in 1889 by the accidental release of bait fish
into the Munster Blackwater River, County Cork (Went, 1950).
Common dace invaded the lower River Barrow in 1992 (Caffrey
et al., 2007), and by 2015 their range had spread approximately
90 km upstream (Delanty et al., 2017). Two helminth species
(both native to Ireland) have previously been recorded in com-
mon dace in Ireland: the eel acanthocephalan Acanthocephalus
clavula (Kane, 1966) and the generalist acanthocephalan
Pomphorhynchus tereticollis (Tierney et al., 2020). The current
study is the first survey of the helminth community of invasive
common dace to be conducted in Ireland.

The distribution of invasive common dace in Ireland provides an
opportunity to study helminth parasite community dynamics of an
invasive species at the core and front of its invasive range. By sam-
pling from the invasion core on the Munster Blackwater (over 120
years post-introduction) and from the invasion front on the upper
River Barrow (less than five years post-colonization), we can utilize
a ‘space for time’ substitution (e.g. Kołodziej-Sobocińska et al.,
2018) to study how the helminth parasite community of invasive
common dace has changed over time since introduction. In the
absence of longitudinal data across the invasion history of an inva-
sive species, a ‘space for time’ substitution method allows us to infer
the timing of events in an invasion by studying spatially separate
populations at different stages of invasion. We then supplement
our own data with information on the helminth species of common
dace across their European range to assess the helminth parasite
community between the native and invasive range of common dace.

We aim to answer three main research questions: (1) Is there
evidence for enemy release – that is, is the parasite diversity of
common dace in Ireland reduced compared to common dace in
its native range? (2) Have common dace replaced lost diversity
by acquiring local parasites in its invasive range? (3) Do we find
enhanced enemy release at the invasion front?

At the macroscale, the recorded parasite diversity of a species is
likely to vary across its native range due to variation in the diversity
of other hosts and heterogeneity in research effort (Poulin et al.,
2020). Host diversity is known to drive parasite diversity
(Hechinger & Lafferty, 2005; Thieltges et al., 2011; Kamiya et al.,
2014; Johnson et al., 2016). Due to species extirpations caused by gla-
ciation events, northern and western Europe have a lower native bio-
diversity of freshwater fish than central and Mediterranean European
regions (Reyjol et al., 2007). As islands, Great Britain and Ireland have
yet lower native freshwater fish biodiversity than continental Europe
(Wheeler, 1977). Combining the effect of enemy release and low
host biodiversity, we expect helminth parasite diversity in invasive
common dace to be lowest in Ireland, at an intermediate level in
Great Britain and highest in Continental Europe.

Materials and methods

Invasive common dace were caught by electrofishing in July and
August 2015 and 2017, from the core of the common dace
invasive range on the Munster Blackwater and at the invasion
front on the upper River Barrow (see Tierney et al., 2020).
Recent fish community surveys have recorded 11 species of fish
in the Munster Blackwater comprising six native fish (brown
trout Salmo trutta, Atlantic salmon Salmo salar, European eel
Anguilla anguilla, lamprey Lampetra sp., three-spined stickleback
Gasterosteus aculeatus and European flounder Platichthys flesus)
and five non-native species (common dace, Eurasian minnow
Phoxinus phoxinus, roach Rutilus rutilus, stoneloach Barbatula bar-
batula and gudgeon Gobio gobio) (Kelly et al., 2014). In the River
Barrow, recent large-scale surveys recorded 12 species comprising
five native (brown trout, Atlantic salmon, European eel, lamprey
and three-spined stickleback) and seven non-native species (com-
mon dace, Eurasian minnow, roach, stoneloach, gudgeon,
European perch Perca fluviatilis and Northern pike Esox lucius),
along with one non-native hybrid (bream × roach) (Delanty
et al., 2017). Native twaite shad Alosa fallax and non-native fresh-
water bream Abramis brama, rudd Scardinius erythrophthalmus
and tench Tinca tinca are also likely be present in the River
Barrow (Delanty et al., 2017). Over the two sampling years, a
total of 168 common dace were collected from the River Barrow
and 119 common dace from the Munster Blackwater (table 1).
Subsite sample size varied between years due to the distribution
and availability of common dace in these rivers. The size range
of the sampled dace were similar between regions (Gaussian
Generalized Linear Model: df = 285, coefficient ± standard error
(SE) =−0.02 ± 0.03, t =−0.6, P = 0.55) (table 1).

Fish were euthanized on site using anaesthesia by eugenol oil
or percussive stunning and decerebration. Fish were bagged and
transported on ice to the laboratory where they were frozen and
stored at −20°C until dissection. The eyes, gills, alimentary
tract, swim bladder and body cavity were examined for helminth
parasites. Keys by Brown et al. (1986), Moravec (1994), Gibson
et al. (2002), Jones et al. (2005), Bray et al. (2008) and
Yamaguti (1963) and the paper by Špakulová et al. (2011) were
used for parasite identification. The identification of P. tereticollis
was additionally confirmed with molecular analysis (see Tierney
et al., 2020). Five digenean trematode specimens and three nema-
tode specimens found in common dace were unidentifiable
beyond class (Digenea) and phylum (Nematoda), respectively,
because the characteristic features in these specimens were not
sufficiently clear to allow for morphological identification.
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Statistics were conducted using R (R Core Team, 2018).
Helminth community structure was analysed at the component
and infracommunity levels (Bush et al., 1997) following
Kennedy & Hartvigsen (2000). We described component commu-
nity structure using total number of taxa and Simpson’s Index of
Diversity, calculated as:

D = 1−
∑

in (n− 1)
N(N − 1)

where n is the total number of individuals of taxon i and N is the
total number of individuals of all taxa, using the R package vegan
(Oksanen et al., 2019). The value of D ranges from zero to one
and increases with increased diversity and evenness (Pielou,
1966; DeJong, 1975).

To describe infracommunity structure, we calculated mean
taxonomic richness, maximum taxonomic richness, prevalence,
mean intensity (Bush et al., 1997), aggregation (mean-to-variance
ratio, σ2/x¯̅; Wilson et al., 2002) and mean and maximum
Brillouin’s Index of Diversity (Pielou, 1966). Brillouin’s Index
was calculated in R using the formula:

HB = ln (N!)− ∑
ln(ni!)

N

where N is the total number of parasite individuals in a host and
ni is the number of individuals of taxon i. Brillouin’s index
measures the diversity of a fully censused collection where HB
increases with increased diversity (Pielou, 1966).

Prevalence of the acanthocephalan P. tereticollis was modelled
with a binomial generalized linear mixed model (GLMM) and
intensity of P. tereticollis was modelled with a negative binomial
GLMM using the R package glmmTMB (Brooks et al., 2017).
Data on P. tereticollis combined intra-intestinal adult and extra-
intestinal subadult parasite individuals (see Tierney et al., 2020).
Models incorporated invasion region (front or core) and host
standard length as fixed effects, and subsite and year as random
effects. Model fit was validated using the R package DHARMa
(Hartig, 2019). All other helminth taxa detected in common dace
occurred at too low prevalence and intensity to be fitted to a model.

A systematic literature search of helminth parasites of common
dace across their European range was conducted in Web of Science
using the search string (dace OR ‘Leuciscus leuciscus’) AND
(parasit* OR helminth) and in Google Scholar using the search
terms ‘Leuciscus leuciscus’, ‘dace’, ‘parasite’, ‘helminth’. Additional
searches were conducted by replacing ‘Leuciscus leuciscus’ with
‘freshwater fish’. Records of non-helminth parasites, experimental
infections and records of the subspecies Siberian dace, Leuciscus
leuciscus baicalensis, were excluded. The Natural History Museum
Host-Parasite database (Gibson et al., 2005) and references in the
collected literature were also checked for additional relevant
material that had not been captured in the literature search.

Results

Helminth community survey

Four helminth taxa were recorded in common dace across their
invasive range in Ireland: one acanthocephalan species, one mono-
genean species and a number of nematode and digenean trematode
individuals, which were unidentifiable to species level. All four taxa
were present in common dace at the invasion core (although dur-
ing different years) and one species was recorded at the invasionTa
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front. At the invasion core, we recorded three and two helminth
taxa in 2015 and 2017, respectively (table 2). At the invasion
front, we recorded one helminth species in 2015 but did not detect
any helminths in 2017. Helminth community diversity in dace was
greater at the invasion core than the invasion front, as measured by
taxonomic richness, total number of taxa, Brillouin’s Index and
Simpson’s Index (table 2). The maximum taxonomic richness
per fish was two, which was recorded in both years at the invasion
core. Here, Brillouin’s and Simpson’s diversity indices were lower
in 2017 than 2015, but mean taxonomic richness increased from
2015 to 2017.

The majority of common dace (82%) were uninfected. Among
the four helminth taxa recorded in common dace, the acanthoce-
phalan P. tereticollis was the most prevalent (table 3). The preva-
lence of P. tereticollis ranged from zero at the front in 2017 to 52%
(95% confidence interval: 37–67) at the core in 2017. At the inva-
sion core, prevalence of P. tereticollis was significantly higher than
at the front (binomial GLMM: df = 282, coefficient ± SE = 6.02 ±
1.49, Z = 4.05, P < 0.001). Intensity of P. tereticollis infection did
not differ significantly between the invasion core and front
(negative binomial GLMM: df = 41, coefficient ± SE = 0.83 ±
1.30, Z = 0.63, P = 0.53). Both prevalence (binomial GLMM:
df = 282, coefficient ± SE = 0.07 ± 0.01, Z = 5.71, P < 0.001) and
intensity (negative binomial GLMM: df = 41, coefficient ± SE =
1.05 ± 0.17, Z = 6.35, P < 0.001) of P. tereticollis increased with
host size (see also Tierney et al., 2020). Pomphorhynchus tereticol-
lis infection at the front was highly aggregated with a small
number of infected fish (3.7%) hosting high worm burdens
(mean intensity ± standard deviation (SD) = 48 ± 35) (table 3).
Pomphorhynchus tereticollis was the only helminth that infected
common dace populations at the invasion front. The other
three helminth taxa all occurred in few hosts and in low numbers
(prevalence less than 6% and intensity less than 2; table 3). The
monogenean Discocotyle sagittata was represented by only a single
individual, recorded in the core in 2017. The three nematode
individuals and five digenean trematode individuals found in
common dace were all recorded from the invasion core in 2015.

Systematic review
The literature search yielded 443 records of 109 helminth species
from 20 European countries (see supplementary material for the
full dataset). For the purposes of this study, locations were categor-
ized into four broad biogeographical ranges: Ireland, Great Britain,

Nordics and Continental Europe (excluding Nordics) (adapted
from Reyjol et al., 2007). We combined our own survey data for
helminth species present with the previous record for A. clavula
in common dace in Ireland to give a total of three helminth species
recorded in invasive common dace in Ireland, representing two
acanthocephalan species and one monogenean species. This num-
ber was low compared to the number of helminth species in the
native range of common dace in Great Britain, the Nordics and
Continental Europe (fig. 1). Digenean trematodes are the most
commonly recorded helminth parasite species of common dace
in Great Britain, the Nordics and Continental Europe (fig. 1). In
the Nordics and Continental Europe, monogeneans are the next
most common, while, in Great Britain, similar numbers of acantho-
cephalan, cestode and monogenean species are recorded.

Although every effort was made to be comprehensive, it was not
possible to gather information relating to specific site and sample size
for every record due to some data being drawn from checklists that
did not report such details. In total, we obtained site data for 163
records. The number of papers that recorded helminth species in com-
mondace (as a rough proxy for sample effort) varied between countries
and sites (supplementary table S1).We note that this approach is likely
to underestimate sample efforts where records came from existing
checklists, which were coded as one paper. Additionally, some papers
included in the systematic review specifically studied only a single
parasite species or taxon, including Thomas & Ollevier (1992)
on Anguillicola crassus (Belgium), Zrnčić et al. (2009) on
Posthodiplostomum cuticula in Croatia, Kirk & Lewis (1994) on
Sanguilicola spp. in Great Britain (Anglian and Thames regions) and
Perrot-Minnot et al. (2019) onPomphorhynchus laevis andP. tereticollis
in France. Where relatively comprehensive surveys of the helminth
community have been conducted in common dace, the number of
helminth species in the component community is similar across the
native range. For example, in England, a total of ten species of helminth
have been recorded in common dace in the River Avon (Kennedy,
1974), 14 species in the River Kivijoki system in Finland (Ieshko
et al., 1997), nine species in the River Morava in the Czech Republic
(Gelnar et al., 1994) and ten species in the Tamis River region in
Serbia (Djikanovic et al., 2012) (supplementary table S1).

Discussion

Invasive common dace in Ireland had a lower diversity of hel-
minth parasites compared to common dace in their native

Table 2. Parameters of component and infracommunity structure in invasive common dace Leuciscus leuciscus from the front (Upper River Barrow) and core
(Munster Blackwater) of its invasive range in Ireland.

Front Core

2015 2017 Both years 2015 2017 Both years All sites

n 81 87 168 71 48 119 287

Mean taxonomic richness ± SD 0.04 ± 0.19 0 0.02 ± 0.13 0.35 ± 0.54 0.54 ± 0.54 0.43 ± 0.55 0.19 ± 0.42

Max. taxonomic richness 1 0 1 2 2 0 2

Total number of taxa 1 0 1 3 2 4 4

Mean Brillouin Index ± SD 0 0 0 0.01 ± 0.07 0.001 ± 0.01 0.01 ± 0.05 0.003 ± 0.03

Max. Brillouin Index 0 0 0 0.46 0.07 0.46 0.46

Simpson’s Index 0 0 0 0.14 0.01 0.04 0.03

SD, standard deviation.
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range and a lower diversity of helminth taxa at the invasion front
compared to the invasion core. The total number of species
recorded in dace was markedly lower in Ireland compared to
Great Britain, the Nordics and Continental Europe where com-
mon dace are native. These findings support the hypothesis that
common dace have lost parasites in the process of invasion and
have experienced release from helminth parasites. Populations
of common dace at the long-established invasion core had higher
component and infracommunity diversity than those at the
recently colonized invasion front. This supports the hypotheses
that enemy release is enhanced at the invasion front and more
recently established populations host less diverse parasite
communities.

The lower number of total helminth species in common dace
in Ireland compared to Great Britain is as expected. Holland &
Kennedy (1997) found a reduced parasite fauna in most fresh-
water fish in Ireland compared to Great Britain and demonstrated
that the helminth parasites found in Ireland are a subset of the
British parasite fauna. In the literature review, we found fewer hel-
minth parasites in Britain compared to Continental Europe, but
the difference in scale and in sample effort between these areas
must be noted. It would be expected that a geographically smaller
area would have lower biodiversity (Rosenzweig, 1995). Moreover,
there are fewer papers reporting helminths in common dace in
Great Britain than in Continental Europe, probably by virtue of
fewer researchers specializing in fish parasitology. Nonetheless,
when we compare Great Britain and Europe at a similar scale,
the parasite community of common dace at the population level
has similar richness across the native range. For example, the
River Avon in England and the River Morava in the Czech
Republic have both been well studied (see Kennedy, 1974;
Moravec, 2001) and have similar numbers of recorded helminth
species. Our finding of enemy release in invasive common dace
compared to Great Britain remains valid when examined at the
scale of river/host population. Esch et al. (1988) studied three
English rivers and found between eight and nine helminth species
infecting common dace populations. This is in contrast to our
findings of zero to four helminth taxa in total at the population
level in Irish rivers. These considerations highlight the limitations
of producing checklists of species: that biases are likely to exist in
sampling effort, geographic coverage and possible inclusion of
accidental infections (Holland & Kennedy, 1997; Poulin et al.,
2015, 2020; Poulin, 2019). Helminth parasite species richness is
likely to have been underestimated in some regions due to lack
of study and, in some cases (e.g. France, Perrot-Minnot et al.,
2019; and Croatia, Zrnčić et al., 2009), the available records focus-
sing on a given helminth species or taxon rather than the com-
plete helminth community.

We did not find evidence that common dace co-introduced
novel helminth species to Ireland when introduced from Great
Britain. Pomphorhynchus tereticollis is considered native to
Europe, including the British Isles (Perrot-Minnot et al., 2018).
It is hypothetically possible that genetically distinct strains of P.
tereticollis could have been introduced from Great Britain with
the introduction of common dace (O’Mahony et al., 2004a, b).
However, given that the Irish strain of the parasite is considered
to be widespread and any founder population of genetically dis-
tinct strains co-introduced with dace would have been small,
such an introduction would have been unlikely to impact the
native P. tereticollis strain. Discocotyle sagittata is similarly wide-
spread throughout Ireland and Great Britain (Kennedy, 1974;
Molloy et al., 1993; Holland & Kennedy, 1997; Byrne et al.,Ta
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2002). As the nematode and digenean trematode specimens
recovered from common dace were unidentifiable, we cannot
state whether they represent novel species to Ireland. However,
considering that the prevalence and intensity of these taxa were
so low, it is unlikely that these would represent co-introduced spe-
cies maintained by the invasive population of common dace.
Discocotyle sagittata, nematodes and digeneans were rare in com-
mon dace and each taxon was present only in one locality in one
year, respectively. This could be an indication that these were acci-
dental infections of parasites maintained by other hosts and not
regular components of the dace parasite community (e.g. as
with Crepidostomum sp. in eel in Thomas, 1958).

We found notably few monogeneans and digenean trematodes
in common dace in Ireland, although they are among the most fre-
quently reported taxa in the native range. The generalist digenean
eye flukes of the family Diplostomidae are frequently acquired para-
sites of invasive fish species (Ondračková et al., 2009; Francová
et al., 2011; Lacerda et al., 2013; Tyutin et al., 2013; Gendron &
Marcogliese, 2017). In Ireland, there was a notable absence of eye
flukes in dace, despite eight species of the family Diplostomidae
having been previously recorded in introduced cyprinids in
Ireland (Holland & Kennedy, 1997). Given that diplostomids are
known to detrimentally impact the foraging ability and anti-
predator response of their fish host (Crowden & Broom, 1980;
Seppälä et al., 2011; Lacerda et al., 2013; Gopko et al., 2017), the
release from eye flukes in Ireland may be advantageous for invasive
common dace. Monogeneans, being directly transmitted, theoretic-
ally should be less likely to be lost during invasion since additional
intermediate hosts are not required for their persistence. Host-
specific monogenean parasites have been found to have been suc-
cessfully co-introduced in a number of invasions and capable of
host switching to native fish (Galli et al., 2007; Sarabeev et al.,
2018; Šimková et al., 2019). Conversely, several studies have refuted
that directly transmitted parasites make especially successful inva-
ders. Lymbery et al. (2014) found no association between parasite
life cycle and host switching, and Lyndon & Kennedy (2001) found
that the indirectly transmitted acanthocephalans are the most suc-
cessful parasite colonizers of the British Isles. Holland & Kennedy
(1997) also noted that monogeneans and digeneans are both poorly
represented in the Irish helminth parasite fauna compared to that
of Great Britain. The success of acanthocephalans as colonizers was
mirrored in our study; two of the three species recorded in

common dace in Ireland were acanthocephalans. In contrast, the
Acanthocephala make up 19% of total parasite species in common
dace in Great Britain and 6% of total parasite species in common
dace in Continental Europe. Moreover, the acanthocephalan
P. tereticollis was the only helminth to infect common dace at
the invasion front.

Helminth diversity in common dace was particularly low at the
invasion front. This population of common dace had effectively
no parasite diversity, being infected with only one species, the gen-
eralist acanthocephalan P. tereticollis (see Tierney et al., 2020).
Moreover, that species was present in only one year at low prevalence
and intensity, raising the possibility that stochastic events may have
caused it to disappear from the front population in the latter of the
two sampling years. Additionally, given that parasites tend to be spa-
tially aggregated in their environment (Sherrard-Smith et al., 2015),
it is possible that differences in subsite sample sizes between 2015
and 2017 resulted in differences in detection between years.
Nonetheless, our findings of low helminth diversity at the invasion
front support theoretical predictions (Phillips et al., 2010; White &
Perkins, 2012) and other empirical studies (Gendron et al., 2012;
Loxton et al., 2016; David et al., 2018; Stuart et al., 2020) that dem-
onstrate that parasite diversity is lowest in most recently invaded
parts of the range. These findings also fit the colonization time
hypothesis that areas recently colonized by host species have the low-
est diversity of parasites (Guégan and Kennedy, 1993).

We expected that invasive species acquire local parasites over
time (Kvach & Winkler, 2011; Emde et al., 2012; White &
Perkins, 2012). However, parasite diversity in common dace was
low even in the invasion core where common dace have been
established for over 120 years, especially considering the possibil-
ity that dace may be merely an accidental host for some of the
recorded taxa. The acquisition of local parasite species by invasive
common dace seems markedly slow compared to other fish inva-
ders – for example, Ponto–Caspian gobies. Gendron et al. (2012)
found that, following an initial period of parasite release, invasive
round goby Neogobius melanostomus in the Great Lakes accumu-
lated native parasites and had similar parasite diversity to native
species by 15 years post-colonization. Francová et al. (2011)
found that round goby acquired native parasites and reported
no difference between the parasite species richness of native
and invasive round goby populations in the River Danube. In
contrast, Kvach & Stepien (2008), studying invasive round goby

Fig. 1. Total number of helminth species recorded in
common dace Leuciscus leuciscus in its invasive
range in Ireland and its native range in Great Britain,
the Nordics and Continental Europe.
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and tubenose goby, Proterorhinus semilunaris, in the Great Lakes,
found lower parasite species richness compared to the native
Ponto–Caspian range and that most parasite species were rare,
but observed no increase in parasite richness over ten years.
Both Kvach & Stepien (2008) and Gendron et al. (2012) recorded
that the helminth parasite communities of invasive gobies were
composed entirely of acquired native parasites with no evidence
of goby specialists or helminths co-introduced by gobies.

The low helminth diversity of common dace in Ireland may be
similarly due to a lack of co-introduced cyprinid-specific parasites
and an absence of suitable parasites in the invaded range. Ireland
has a depauperate freshwater fish fauna, dominated by salmonids
and other anadromous fish (Wheeler, 1977; Fahy, 1989).
Furthermore, Ireland has no native cyprinids, although a number
of cyprinid species such as bream, rudd and roach have been
introduced prior to the 20th century (Fitzmaurice, 1984;
Fitzsimons and Igoe, 2004). The River Barrow has a relatively
rich community of other non-native cyprinid species (Delanty
et al., 2017), which one might expect would promote greater para-
site diversity in common dace. However, we observed markedly
low parasite diversity in this river. Given that Ireland’s cyprinid
fauna are the result of introductions and presumably underwent
parasite loss over the course of their invasions, there may be
few cyprinid-specific helminth parasite species present in the
local parasite community adapted to infect common dace. If
cyprinid-specialist parasites are present, their transmission may
be diluted by the presence of dominant native hosts such as sal-
monids. Adaptation of local parasites to introduced common
dace may take some time. For example, the parasite community
of introduced bream in Ireland comprises 16 species, similar to
the total number of helminth species in its native British range
(Holland & Kennedy, 1997). However, this may be explained by
the length of time since colonization; unlike common dace,
bream are thought to have been present in Ireland since around
the 5th century (Hayden et al., 2010). Furthermore, in the eco-
logical context of Ireland where biodiversity is known to be low,
it may not be possible for an invasive species to regain similar
parasite richness to its native parasite diversity without the occur-
rence of subsequent invasion and co-introduction events to intro-
duce suitable and/or specific parasites.

Conclusions

Invasive common dace in Ireland are infected with a consider-
ably less diverse parasite community than common dace in
their native ranges in Britain and Continental Europe, support-
ing the hypothesis that this invasive species has undergone
enemy release. The generalist acanthocephalan P. tereticollis
was the only helminth parasite species detected in the common
dace populations at the invasion front, and all helminth taxa
found at the invasion core, other than P. tereticollis, were rare,
despite this population being established for over 120 years.
Our findings provide evidence that not only do recently estab-
lished populations host less diverse parasite communities, but
that enemy release may persist in invasive populations long
after establishment. This apparent slow acquisition of local para-
sites by common dace may be explained by the biogeographical
and ecological context of Ireland, where biodiversity is low and
native cyprinids are absent.
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