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Abstract Ponto–Caspian gobies are among 
Europe’s most invasive freshwater fish species. 
These small freshwater and brackish water fish have 
spread rapidly since the end of the last century, invad-
ing the major European river systems, including the 
Rivers Danube, Rhine, Moselle, Meuse, Vistula, 
Elbe, Nemunas, Neva, Volga, while also establish-
ing in streams, dam reservoirs, lakes, and artificial 
canals in 17 European countries. Two species have 
also successfully established in North America. The 
contribution of Ponto–Caspian gobies to local fish 
assemblages varies, but locally they are abundant or 
dominant components of fish assemblages in invaded 
ecosystems. We have considered their invasive dis-
tribution, range of occupied aquatic environments, 
abundance, and frequency of occurrence, and sum-
marised their role and position in the trophic webs 

of invaded ecosystems. We focused on four goby 
species: western tubenose goby Proterorhinus semi-
lunaris, bighead goby Ponticola kessleri, racer goby 
Babka gymnotrachelus and monkey goby Neogobius 
fluviatilis. Based on our own research and other pub-
lished studies, we described the habitat preferences of 
these species and assessed their ecological impact on 
co-occurring species, both native and non-native, as 
predators, prey, competitors, and as hosts and vectors 
of parasites.

Keywords Biological invasions · Gobiidae · 
Impact · Alien species

Introduction

The negative economic and biological impact of inva-
sive species, including freshwater fish, is well docu-
mented for those species listed as the world’s worst 
invasive species on the Global Invasive Species Data-
base of the IUCN (Lowe et al. 2000). Yet, many more 
alien species not included on such lists are potentially 
harmful to the environment based on risk assessment 
protocols (Kulhanek et  al. 2011; Vilizzi et  al. 2019, 
2021). Among the invasive species in Europe and 
the Laurentian Great Lakes of North America are 
Ponto–Caspian gobies. These are small freshwater 
and brackish water fish that have been rapidly spread-
ing since the end of the previous century. Ponto–Cas-
pian gobies are relatively small bottom-living species, 
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mainly benthophagous, guarders, and cavity nesters 
(speleophils) with male parental care (Miller 1984; 
2003; Balon 1990). They can be distinguished from 
other freshwater fish species occurring in the Central 
European bioregion by a particular suite of life-his-
tory traits, similar to other invasive fish species, such 
as the topmouth gudgeon (Pseudorasbora parva), 
Chinese sleeper (Perccottus glenii), pumpkinseed 
(Lepomis gibbosus) and brown bullhead (Ameiu-
rus nebulosus) (Grabowska and Przybylski 2014). 
They are characterised by small-to-medium body 
length, short lifespan, early maturation, relatively 
low fecundity, relatively large eggs, multiple spawn-
ing, extended reproductive seasons and some form of 
parental care (Grabowska and Przybylski 2014). The 
life-history traits of Ponto–Caspian goby species dis-
play plasticity during their non-native range expan-
sion, which may be a factor facilitating their inva-
sion success, demonstrated in several studies on the 
round goby (e.g. Gutowsky and Fox 2012; Hôrková 
and Kováč 2013; Masson et al. 2018). However, simi-
lar studies on other invasive goby species are scarce 
(Kováč et al. 2009; Placha et al. 2010; Gertzen et al. 
2016; Grabowska et al. 2021).

Goby species have migrated through three inva-
sion corridors identified by Bij de Vaate et al. (2002) 
and have invaded major European river systems, i.e. 
the Rivers Danube, Rhine, Moselle, Meuse, Vistula, 
Elbe, Nemunas, Neva, Volga (Slynko et  al. 2012; 
Roche et  al. 2013; Manné et  al. 2013; Rakauskas 
et al. 2018; Nogueira Tavares et al. 2020). They have 
become established in large and small rivers, streams, 
dam reservoirs, lakes and artificial canals and occur 
locally at high density (Erős et al. 2005; Polačik et al. 
2009; Borcherding et  al. 2011), sometimes compris-
ing more than 70% of all fish sampled (Cerwenka 
et al. 2018).

The largest species is the round goby Neogobius 
melanostomus, which is the most widespread, often 
becoming dominant in local fish assemblages within 
a short time after its arrival. It has been one of nine 
freshwater fish species designated as a ’globally’ 
high-risk species, i.e. the most potentially invasive 
freshwater fish species globally (Vilizzi et al. 2019). 
It is also a high-risk species based on the Basic Risk 
Assessment (BRA) and the Climate Change Assess-
ment, which additionally require an evaluation of 
how predicted future climate conditions are likely to 
affect the BRA regarding the risks of introduction, 

establishment, dispersal and impact (Vilizzi et  al. 
2021). Interest in this species has stimulated con-
siderable research in studies on its biology, ecology, 
genetic diversity and impact on invaded ecosystems, 
resulting in numerous papers; reviewed by Charlebois 
et al. (2001) and Kornis et al. (2012).

Less attention has been given to the other goby 
species from the same region that have expanded to 
many European waters over the same period. These 
are the western tubenose goby (Proterorhinus semilu-
naris), bighead goby (Ponticola kessleri), racer goby 
(Babka gymnotrachelus), and monkey goby (Neogo-
bius fluviatilis). Depending on the geographical area 
and individual scoring by an expert, each of these 
goby species is classified as posing a medium or high 
risk of being or becoming invasive as part of the BRA 
assessment (Vilizzi et  al. 2021). This finding shows 
that these species, although not as unequivocally 
and highly rated for invasiveness as the round goby, 
have significant potential to impact native organisms. 
There are 17 European countries where at least one of 
these four goby species has been recorded as an alien 
species, and four countries, i.e. Hungary, Slovakia, 
Germany and Belarus, where all four invasive goby 
species have established self-sustained populations 
(Fig. 1a–d). Moreover, in Bulgaria, Romania, Russia 
and Serbia, they have the status of native species but 
have expanded their range within the last two decades 
to regions or river basins where they have not been 
observed previously. The monkey goby and west-
ern tubenose goby have the most extensive invaded 
range (present in 11 countries as non-native spe-
cies), followed by the bighead goby (9 countries) and 
racer goby (8). Based on historical data, the western 
tubenose goby (designated P. marmoratus before tax-
onomic revision) was present in the 19th Century in 
some countries along the Danube (Ahnelt et al. 1998; 
Švolíková et al. 2021). However, since the 1960s, its 
further expansion within the Danube system has been 
observed and is an ongoing process (Švolíková et al. 
2021). Thus, it is not clear whether they are native or 
non-native species in some countries in the region.

We considered the invasive distribution of the four 
Ponto–Caspian gobies (monkey, bighead, racer, and 
western tubenose), and reviewed the variety of occu-
pied aquatic environments, their abundance and fre-
quency of occurrence, and summarised their role and 
position in the trophic webs of invaded ecosystems.
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Habitats vulnerable to colonisation by gobies

In contrast to North America, where the round goby 
and western tubenose goby invaded the Laurentian 
Great Lake system (Kocovsky et al. 2011), European 
inland waters colonised by the Ponto–Caspian gob-
ies are mostly rivers (e.g. Borcherding et  al. 2011; 
Manné et al. 2013; Roche et al. 2013; Cerwenka et al. 
2018; Płąchocki et  al. 2020) though they also enter 
some lakes (Biró 1972; Ulikowski et al. 2021). They 
are mainly found in shallow nearshore areas, less than 
1–1.5 m (Erős et  al. 2005; Płąchocki et  al. 2020) or 
3 m depth (Kocovsky et  al. 2011), though their dis-
tribution is not restricted to these depths. In the River 
Danube, six Ponto–Caspian goby species were found 
in offshore channel habitats at depths greater than 

2 m (Szalóky et  al. 2015). Occurrences of the racer 
goby have been recorded across the entire width of 
the riverbed in rivers with a depth of 3.5 m (Kakareko 
et al. 2016) and 0.7 m (Kukuła et al. 2019) as well as 
in a dam reservoir with a depth of 12  m (Kakareko 
2011). In lakes in the River Vistula basin, the racer 
goby has been observed in various zones, including 
the profundal, though most abundantly in the littoral 
and sublittoral (Kakareko—pers. obs.)

In inshore and offshore habitats, two environments 
appear particularly suitable for colonisation by gob-
ies: (1) those with high structural habitat complexity 
and (2) relatively homogeneous areas of soft substrate 
composed mainly of sand.

Habitats in the first category, heavily populated 
by the gobies, comprise stony and rocky substrates 

Fig. 1  Current distribution of A monkey goby, B bighead 
goby, C racer goby and D western tubenose goby in Europe 
according to Kvach et  al. 2021. Dark colours indicate coun-

tries where the goby species are native in some waters but also 
expand their range in the others. Light colours indicate coun-
tries where the goby species are non-native
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and shorelines, including rip-rap embankments. 
These structures, composed of graded solid elements, 
abound with crevice microhabitats that provide shel-
ters, feeding (Brandner et  al. 2013) and spawning 
(nesting) sites for the gobies and appear ideal for 
completing their life cycle. Replacement of natural 
woody debris by rip-rap is seen as a factor favouring 
gobies in rivers (Sindilariu et  al. 2006). Association 
with this habitat type have been recorded primarily 
in the bighead goby (Erős et al. 2005; Wiesner 2005; 
Jurajda et  al. 2005; Polačik et  al. 2008; Borcherd-
ing et  al. 2013b), racer goby (Płąchocki et  al. 2020) 
and western tubenose goby (Jude and DeBoe 1996; 
Grabowska et  al. 2008; Adámek et  al. 2010; Janáč 
et  al. 2012). Locations overgrown with macrophytes 
represent another structurally complex habitat that 
the gobies can inhabit in large numbers. Western 
tubenose goby and racer goby prefer such habitats, 
with the former species being more closely associated 
with stagnant or slow-moving waters in pools and 
old river beds (Płąchocki et  al. 2020). The study by 
Płąchocki et al. (2020) is the only report from invaded 
environments to demonstrate this habitat preference, 
although the western tubenose goby and racer goby 
are known to be associated with dense vegetation in 
their natural range (see Didenko 2013).

Some gobies may also occupy open areas of sub-
strate, scarce or devoid of submerged structural ele-
ments such as stones or macrophytes. A species that 
can occur under such conditions is the monkey goby, 
and the decisive factor for its occurrence appears to 
be the high proportion of sand or similar substrates 
(gravel, mud) (see Erős et  al. 2005; Jakovlić et  al. 
2015; Szalóky et al. 2015; Płąchocki et al. 2020). In 
rivers or river sections rich in such substrates, the 
monkey goby was the most abundant (Płąchocki et al. 
2020) or second most abundant (Szalóky et al. 2015) 
goby species. In a laboratory habitat choice experi-
ment, the monkey goby preferred sand over mud or 
gravel (Kakareko 2011). This finding suggests it has 
a strong direct association with this substrate type, 
which is also reflected in the morphology of the spe-
cies and, more specifically, in traits that may help 
them burrow into soft substrate (generally sand) to 
avoid predation, including relatively small head, 
small ventral lobe, and long caudal peduncle (Čápová 
et al. 2008; Jakubčinová et al. 2017). The high abun-
dances sometimes achieved by the monkey goby on 
other substrata, such as mud (Sindilariu et al. 2006), 

is, therefore, most likely caused by additional factors 
(e.g. absence of predators or competitors), masking 
the preference for sand. The racer goby is another 
species capable of colonising open habitats. However, 
this species prefers muddy substrates in laboratory 
choice tests and was found to inhabit extensive open 
areas (across the entire width of the water body) in a 
large lowland dam reservoir (Kakareko 2011).

From the above information, it is evident that 
Ponto–Caspian gobies, in the case of multi-species 
invasions, are capable of occupying a variety of habi-
tats. This observation suggests that, compared to the 
round goby, such simultaneous invasions of other 
goby species may have greater spatial coverage and/
or greater resistance to structural changes in the envi-
ronment and, thereby, may impair river restoration 
efforts. Evidence suggests that shoreline modifica-
tions have a high potential for controlling invasive 
species (Roche et al. 2021). River channelization, an 
increase in hard substrates such as groynes and dams, 
facilitate gobies dispersal, but restoration efforts and 
more three-dimensional structures, such as large 
woody debris, increase the abundance of native fishes 
with a decline in gobies (especially the round goby) 
(Dorenbosch et  al. 2017). Unfortunately, restoring 
rivers to preserve or rebuild native fish assemblages 
and the whole littoral ecosystem may be less effective 
in the presence of gobies other than the round goby.

Ponto–Caspian gobies as predators

The feeding strategy of gobies is described as gener-
alist and opportunistic in most studies (Kostrzewa and 
Grabowski 2003; Kakareko et  al. 2005; Grabowska 
et al. 2009; Polačik et al. 2009; Adámek et al. 2010; 
Borcherding et  al. 2013b; Všetičková et  al. 2014). 
Their range of prey is diverse but includes mainly 
benthic invertebrates, insect larvae and pupae, crus-
taceans, annelids, and gastropods; fish are found only 
sporadically (Table 1).

In the diet of the monkey goby, the dominant 
food items are often chironomid larvae and amphi-
pods, e.g. in the River Vistula (Kakareko et al. 2005; 
Grabowska et  al. 2009), the River Danube (Borza 
et  al. 2009) and the River Rhine (Borcherding et  al. 
2013b). Trichoptera are another important prey, espe-
cially in rivers or sites with a more substantial water 
current, such as the River Sava (Piria et al. 2016) and 
the River Bug (Grabowska et  al. 2009). To a lesser 
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extent, the monkey goby also consumes molluscs, 
mainly bivalves, e.g. Sphaeriidae, zebra mussel Dre-
issena polymorpha and Oligochaeta, especially in 
more lentic waters (Kakareko et al. 2005; Grabowska 
et al. 2009). There is an ontogenetic shift in the diet 
of the monkey goby. For example, young-of-the-year 
(YOY) monkey goby fed predominantly on chirono-
mid larvae, while larger individuals preferred Crusta-
cea (Borcherding et al. 2013b). Studies of diel feeding 
by monkey gobies did not show a pattern (Grabowska 
et al. 2009).

The western tubenose goby feeds mainly on Chi-
ronomidae larvae, crustaceans, such as the water 
louse Assellus aquaticus, and zooplankton in the 
Nové Mlýny reservoir system (the Dyje River, Czech 
Republic) or amphipods: Gammarus spp. and Echi-
nogammarus spp. in Lake Erie (Laurentian Great 
Lakes, USA) (Adámek et  al. 2010; Kocovsky et  al. 
2011; Vašek et al. 2014; Všetičková et al. 2014). Diet 
shifts with ontogeny (Všetičková et al. 2014), season 
(Adámek et  al. 2010; Všetičková et  al. 2014), and 
sex differences (Všetičková et  al. 2014) have been 
observed. In the Nové Mlýny reservoir system, the 
diet of < 1-year fish shifted more to chironomids and 
less to Trichoptera than 1-year fish (Všetičková et al. 
2014). It was discovered that western tubenose gobies 
feed throughout the year, including winter. Feeding 
intensity increases before and at the beginning of the 
spawning season (May) and declines markedly during 
spawning (June) (Adámek et  al. 2010). The differ-
ences in spawning habits resulted in differences in the 
amount of food consumed but not in diet composition 
between males and females. The stomach fullness of 
females was significantly higher than males through-
out March–May, which probably reflects the greater 
need for females to increase energy reserves before 
spawning as well as the time allocation of males to 
territorial defence. Males also consumed significantly 
less prey than females during nest guarding, i.e. from 
May to June, while female feeding declined over 
winter (Všetičková et  al. 2014). Ephemeroptera and 
Trichoptera larvae dominated the western tubenose 
goby diet in more riverine conditions in the Rivers 
Dyje and Morava (Vašek et  al. 2014; Ondračková 
et  al. 2019). Other prey less frequently consumed 
were water bugs (Corixidae), Ceratopogonidae, small 
Crustacea like Copepoda and Cladocera, leeches 
(Hirudinea), Ephemeroptera nymphs, Odonata larvae 

(Adámek et  al. 2010; Kocovsky et  al. 2011; Vašek 
et al. 2014).

Data for foraging by the racer goby come only 
from studies from the River Vistula (Grabowska and 
Grabowski 2005; Kakareko et  al. 2005). Their diet 
depends on the site, e.g. in the Wloclawski Reser-
voir (River Vistula, Poland), racer gobies fed mainly 
on amphipods (Pontogammarus robustoides) and 
Chironomidae larvae at one site (Grabowska and 
Grabowski 2005), but small molluscs, i.e. various 
gastropods and Bivalvia (Sphaeriidae) dominated, 
considering the relative biomass and frequency of 
occurrence, at another site 1  km away (Kostrzewa 
and Grabowski 2003). Racer gobies show pronounced 
nocturnal foraging behaviour (Grabowska and 
Grabowski 2005).

Based on data from their native range, the bighead 
goby is the most piscivorous among these four goby 
species (Vasil’eva and Vasil’ev 2003). A comparison 
of its diet in the Danube revealed that the native pop-
ulation in the Danube fed mainly on two prey types: 
fish and amphipods, while non-native populations fed 
mainly on amphipods and were overall in better body 
condition (Polačik et al. 2009). Higher fish consump-
tion by the bighead goby in its native range was inter-
preted as a consequence of lower availability of prof-
itable invertebrate prey rather than opportunistic use 
of more nutritious prey. Another study revealed that 
the trophic niche of the bighead goby in the Danube 
expanded during the growth period with an increase 
in piscivory (Brandner et al. 2013). The diet also var-
ied over seasons, reflecting food availability in the 
environment, e.g. fish appeared more frequently in 
autumn (Števove and Kováč 2013). On the contrary, 
amphipods dominated the bighead goby diet in the 
Danube in all seasons (Borza et al. 2009).

In the Rhine (Borcherding et al. 2013b), an ontoge-
netic shift was observed: YOY bighead goby fed pre-
dominantly on chironomid larvae, while larger indi-
viduals preferred Crustacea but included a proportion 
of fish in their diet, which occurred in parallel with a 
strict habitat shift from gravel and sand when up to 
50 mm, to rip-rap structures when larger (Borcherd-
ing et al. 2013b). A similar diet of the bighead goby 
was described in the River Sava (Piria et  al. 2016). 
Generally, apart from chironomid larvae, Crusta-
cea (mainly amphipods) are essential prey for all 
invasive goby species in the Danube (Polačik et  al. 
2009), Rhine (Borcherding et al. 2013b), and Vistula 
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(Grabowska and Grabowski 2005; Kakareko et  al. 
2005; Grabowska et  al. 2009). Crustacea in the diet 
are mainly represented by non-indigenous, invasive 
species of Ponto–Caspian origin: killer shrimp Diker-
ogammarus villosus (Borza et al. 2009; Borcherding 
et al. 2013b; Brandner et al. 2013; Števove and Kováč 
2013), Chelicorophium curvispinum (Borza et  al. 
2009; Števove and Kováč 2013) and P. robustoides 
(Grabowska and Grabowski 2005; Grabowska et  al. 
2009). These species have replaced native gammarids 
in large European rivers (Jażdżewski et  al. 2002; 
Grabowski et al. 2009; Van Riel et al. 2006) and are 
abundant prey. However, experiments have shown 
that prey origin does affect racer goby preferences, 
with a preference for native Gammarus fossarum to 
the Ponto–Caspian gammarids P. robustoides and D. 
villosus (Błońska et al. 2015).

There is a common belief that invasive gobies prey 
heavily on the eggs and young stages of native fish 
species. Laboratory experiments showed that even the 
smallest of these four gobies, i.e. the western tubenose 
goby, predates on larvae of cyprinids (Gebauer et al. 
2019), while the bighead goby prefers such prey over 
amphipods (Borcherding et  al. 2013a). The occur-
rence of fish larvae and juveniles in the stomachs of 
gobies collected in natural environments are much 
less frequent than was supposed, even during the 
spawning season (Vašek et  al. 2014). However, fish 
were found in small amounts in the diet of all four 
species: racer goby (Kostrzewa and Grabowski 2003; 
Grabowska and Grabowski 2005), western tubenose 
goby (Adámek et al. 2010; Vašek et al. 2014), mon-
key goby (Grabowska et  al. 2009) and especially in 
the case of the bighead goby (Polačik et  al. 2009; 
Borcherding et  al. 2013b; Števove and Kováč 2013; 
Piria et al. 2016) which is most predisposed for such 
prey given its comparatively broad gape. The gape of 
bighead gobies allows them to catch and swallow rel-
atively large prey, including fish, at earlier life stages. 
For comparison, the forceps-like mouth of round gob-
ies may be more suitable for picking small food items 
(Borza et al. 2009). Piscivory generally appears more 
frequently in autumn (Števove and Kováč 2013), with 
YOY at high densities. Intraguild predation, i.e. feed-
ing on other goby species or cannibalism occurred 
much more often than predation on native fish species 
(Borza et al. 2009; Borcherding et al. 2013b; Brand-
ner et al. 2013; Števove and Kováč 2013; Piria et al. 
2016). Among native fish species, mainly cyprinids, 

including chub Squalius cephalus (Piria et al. 2016), 
ruffe Gymnocephalus cernuus and European perch 
Perca fluviatilis (Brandner et  al. 2013) were identi-
fied from stomachs. For example, bighead goby in the 
Rhine consumed N. melanostomus (25%), cyprinids 
(15%), P. kessleri (10%), European perch (5%) and 
other fishes (45%) (Brandner et al. 2013).

Considering the role of gobies as predators, a wide 
variety of aquatic macroinvertebrates are potentially 
threatened. In places where the benthos is not rich 
and abundant, the presence of gobies at high densi-
ties might be problematic for populations of benthic 
biota. A field experiment revealed a negative impact 
of the western tubenose goby on aquatic invertebrate 
density and community composition, and this impact 
increased in summer (Mikl et al. 2017a). In addition, 
a preference for larger invertebrates resulted in an 
overall reduction in invertebrate body size in the envi-
ronment (Mikl et al. 2017a).

Ponto–Caspian gobies as competitors

In expanding their range, gobies also engage in inter-
specific interactions, especially with native species, 
in recipient ecosystems. Their aggressive behaviour 
and efficient monopolisation of resources was dem-
onstrated in laboratory studies (e.g., Kessel et  al. 
2011; Kakareko et al. 2013; Grabowska et al. 2016). 
However, their direct impact under natural conditions 
is more difficult to confirm. The most vulnerable are 
native benthic species that display similar habitat, 
diet or spawning requirements, e.g. native bullheads. 
Both, gobies and bullheads feed on benthic macroin-
vertebrates (e.g. Mills and Mann 1983; Tomlinson 
and Perrow 2003; Grabowska and Grabowski 2005; 
Kornis et al. 2012). Similar ecological requirements, 
e.g. reproductive behaviour that includes male ter-
ritoriality, parental care, and nest defence (e.g. Mills 
and Mann 1983; Tomlinson and Perrow 2003; Kornis 
et  al. 2012), can lead to competition under circum-
stances of co-occurrence at high-density and resource 
deficiency, especially during the breeding period.

Research indicates an adverse effect of gobies 
on European and river bullhead populations, Cot-
tus gobio and Cottus perifretum, respectively (e.g. 
Kessel et  al. 2011; Kakareko et  al. 2013) (Table  2). 
A study performed by Baer et  al. (2017) showed a 
decline in the number of European bullhead speci-
mens caught (from 57 individuals in 2011 to one in 
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2014) following the successive invasions of west-
ern tubenose, bighead, and round goby in the River 
Rhine. A decrease in average river bullhead density 
followed by an increase in western tubenose and 
bighead goby populations was reported in the River 
Meuse, Netherlands (Kessel et  al. 2016). Similarly, 
increasing western tubenose goby abundance coin-
cided with a decline of European bullheads at a sam-
pling point on the River Moselle in Germany (Von 
Landwust 2006). Contrasting field observations 
were presented in two different long-term surveys 
conducted in the rip-rap zones of the River Danube 
in Austria, where the presence of round and western 
tubenose gobies (Janáč et al. 2018), as well as round, 
bighead, and racer gobies (Ramler and Keckeis 
2019), did not affect European bullhead abundance 
as both species avoided each other, i.e. they were not 
present together at the same site (Janáč et  al. 2018; 
Ramler and Keckeis 2019). In situ, underwater obser-
vation confirmed that habitat segregation between 
larger specimens of European bullhead and racer 
goby, noted in the River Brda in Poland (Kakareko 
et  al. 2016), may reduce competition under natural 
conditions. However, an adverse effect was suggested 
in the case of smaller bullhead.

Possible mechanisms of competitive interactions 
between gobies and bullhead were revealed under 
experimental conditions. For example, in a series of 
laboratory experiments, higher aggressiveness gave 
a competitive advantage to the racer goby over Euro-
pean bullhead regarding foraging and shelter occu-
pation (Kakareko et  al. 2013; Jermacz et  al. 2015; 
Grabowska et  al. 2016). Furthermore, racer gobies 
displayed aggressive behaviour towards bullhead and 
reduced the time spent by the native species in the 
shelter (Grabowska et al. 2016), including under vari-
ous flow conditions (Jermacz et al. 2015). Addition-
ally, the invasive goby was faster to reach food and 
limited the bullhead’s feeding time (Kakareko et  al. 
2013). The aggression of the racer goby and success-
ful control of resources depended on the size of com-
petitors (Grabowska et al. 2016) and were intensified 
during the spawning period (Kakareko et  al. 2013; 
Grabowska et al. 2016) but was also observed outside 
the breeding period (Jermacz et al. 2015). Likewise, 
western tubenose and bighead gobies outcompeted 
river bullhead in the preferred shelter habitat (Kessel 
et al. 2011). On the other hand, monkey and western 
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tubenose gobies proved uncompetitive against Euro-
pean bullhead (Błońska et al. 2016).

Although the decline of native bullhead popula-
tions is often associated with the Ponto–Caspian goby 
expansion, it might result from other environmen-
tal changes to which bullhead are vulnerable, such 
as increased siltation and channel modification, and 
water pollution (Knaepkens et  al. 2002). Neverthe-
less, the presence of gobies, their aggressiveness and 
competition for shelters observed under experimen-
tal conditions suggest interference with native bull-
head during reproduction, which can have an adverse 
impact on the reproductive success of native bull-
heads (Grabowska et al. 2016).

Habitat competition with gobies was also tested 
in laboratory studies for another native species, the 
stone loach Barbatula barbatula (Kessel et al. 2011; 
Błońska et  al. 2017). Studies performed outside the 
reproductive period showed no effect on habitat 
occupancy of stone loach in the presence of western 
tubenose, bighead, round, and monkey goby intruders 
(Kessel et  al. 2011), while in spring (spawning sea-
son), western tubenose goby males, but not females, 
significantly reduced the time spent by stone loach in 
a shelter (Błońska et al. 2017), potentially increasing 
their exposure to predation. However, there is no evi-
dence of an adverse impact of gobies on stone loach 
from field surveys (Piria et al. 2016).

The effect of gobies on other benthic species is 
less pronounced and often ambiguous based on an 
observed decrease in abundance or decline of some 
native species in coincidence with the invasion of 
gobies, or simply their presence/absence at a site. For 
example, a decline in the gudgeon Gobio gobio popu-
lation, when co-occurring with the monkey goby, 
was observed in the River Sava, which suggests a 
potential negative impact (Jakovlić et al. 2015). How-
ever, other research conducted at similar sampling 
sites did not confirm these observations (Piria et  al. 
2016). Changes in the abundance of small individuals 
of the barbel Barbus barbus corresponded with big-
head goby population fluctuations (Ramler and Keck-
eis 2019). Barbel abundance increased in response 
to a decline in bighead goby abundance, and barbel 
avoided rip-rap and groyne fields as a response to 
bighead goby presence in the River Danube (Ramler 
and Keckeis 2019). During the same surveys, nega-
tive associations between young nase Chondrostoma 
nasus and racer goby were reported (Ramler and 

Keckeis 2019), but it resulted from differences in hab-
itat preferences between these two species rather than 
an adverse impact of the racer goby.

Food competition is another suggested interaction 
between gobies and native fish species. Several stud-
ies indicated high dietary overlap between gobies and 
native species (Kocovsky et  al. 2011), e.g., bighead 
goby with Balon’s ruffe Gymnocephalus baloni (Copp 
et  al. 2008) and European perch (Borcherding et  al. 
2019) as well as western tubenose goby with Euro-
pean perch (Adamek et al. 2010). On the other hand, 
there was no significant dietary overlap between the 
racer goby and perch and ruffe in the River Vistula. 
There was spatial segregation through different prey 
dominating the diet of native percids and racer goby 
during their main foraging period (Grabowska and 
Grabowski 2005). Similar results for the same native 
species and other non-native gobies (round, mon-
key, and bighead gobies) in the River Sava have been 
obtained (Piria et al. 2016). While most studies have 
focused on adult individuals as competitors, much 
less is known about food competition between juve-
nile stages. Borcherding et  al. (2019) studied multi-
species juvenile assemblages in the Lower Rhine, 
where native predators co-occurred with invasive 
gobies under limited food resources and high dietary 
overlap. They showed how the competitive advantage 
of round and monkey goby over young pikeperch and 
European perch forced native species into a competi-
tive bottleneck, i.e., native predators were exposed as 
potential prey or competitors to alien gobies before 
reaching a size or ontogenetic stage that enabled them 
to prey on gobies. This example showed how compli-
cated and multidimensional the interaction between 
alien and native species is in the environment.

Although most research and management activi-
ties focus on interspecific interactions between gobies 
and native species, they also interact with each other 
(Gaye-Siessegger et al. 2022). The round goby is usu-
ally the latest invader among Ponto–Caspian gobies, 
but its impact is the most noticeable, including on 
other gobies; the western tubenose and bighead goby 
are the most affected. A decline in the abundance of 
both species after the arrival of round goby was noted 
in the River Neckar (a tributary of the Rhine, Gaye-
Siessegger et  al. 2022). The greater aggressiveness 
and competitive ability of the round goby facilitate 
the replacement of western tubenose (summarised 
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by Švolíková et al. 2021) and bighead gobies (Janáč 
et al. 2018) in some locations.

Although there was no effect of the round goby on 
the western tubenose goby at the YOY stage (Janáč 
et al. 2016), a significant size difference in adulthood 
and the shorter life cycle of the western tubenose 
goby makes the species a relatively poor competitor 
in later life stages (Švolíková et  al. 2021). Indeed, 
under laboratory conditions, direct competition for 
a shelter resource between mature western tubenose 
gobies and immature round gobies showed higher 
aggression of round gobies against size-matched indi-
viduals (Cartwright et  al. 2019). The bighead goby 
was a weaker competitor in direct interactions with 
the round goby, despite size differences, in labora-
tory experiments (Borcherding et  al. 2013a). Field 
surveys suggest that adapting habitat use patterns 
can limit competition with the round goby (Ramler 
and Keckeis 2019), though not always successfully, 
as a continuous decline in the abundance of tubenose 
and bighead gobies was observed (Janáč et al. 2018; 
Gaye-Siessegger et  al. 2022). Generally, at sites 
where the round goby is present, it is the dominant 
goby species (Cerwenka et  al. 2018; Janáč et  al. 
2018). The arrival of round gobies correlated with 
the decline in abundance of other alien gobies that 
established populations earlier was observed after 
the arrival of the round goby (Šlapanský et al. 2017; 
Cerwenka et al. 2018). The racer goby appears much 
less abundant than the other goby species in the Dan-
ube and the Rhine, probably due to a lack of preferred 
habitat (Haertl et  al. 2012) and competition with 
other goby species, especially the round goby. A spe-
cific situation exists in assemblages of Ponto–Caspian 
gobies in the River Vistula system where the round 
goby is absent, except for the lowermost section 
(close to the Vistula mouth), and does not affect other 
goby species in contrast to their native region and 
the Danube–Rhine corridor. The racer goby was the 
first invasive Ponto–Caspian goby species recorded, 
but the later arrival of the monkey goby and western 
tubenose goby (Grabowska et  al. 2008) did not sig-
nificantly reduce its abundance.

Intraguild interactions among monkey, tubenose 
and/or bighead gobies are less pronounced, and no 
significant population decline was reported under 
co-occurrence. During the spawning season, under 
limited shelter conditions, displacement of racer gob-
ies by monkey gobies was observed, probably due to 

the larger body size of the latter species (Kakareko 
2011). Potential competition between the monkey 
goby and the newest invader from the Ponto–Cas-
pian region, the Caucasian dwarf goby Knipowitscha 
cf. caucasica, is suggested due to their dietary over-
lap (Borcherding et  al. 2021). Potential spatial com-
petition between western tubenose and racer gobies, 
considering their habitat preferences and results of 
laboratory experiments, was suggested by Płąchocki 
(2017).

To summarize, several circumstances shape the 
result of interspecific interactions. They include the 
goby species involved in competitive interactions, 
season, the relative size of competitors, and limitation 
of resources in the environment. As benthic species, 
gobies may pose the biggest threat to other native 
benthic species, especially during the reproductive 
season when males seek a shelter to build a nest that 
they later aggressively defend (Błońska et  al. 2016; 
Grabowska et al. 2016). Prolonged batch spawning of 
gobies from spring until early autumn increases this 
shelter space occupation and may negatively impact 
indigenous species that also depend on shelter avail-
ability, like the bullhead or stone loach (Błońska et al. 
2016, 2017; Grabowska et  al. 2016) with a poten-
tial relaxation of competition outside the reproduc-
tive season (Kessel et al. 2011; Błońska et al. 2016). 
Ponto–Caspian goby species are not equally competi-
tive (Błońska et al. 2016), and the size of the adult or 
ontogenic stage influences the outcome of competi-
tive contests (Błońska et  al. 2016; Grabowska et  al. 
2016, Kessel et  al. 2011; Cartwright et  al. 2019). 
Mechanisms decreasing interspecific competition 
include habitat segregation (Kakareko et  al. 2016), 
prey partitioning (Grabowska and Grabowski 2005; 
Števove and Kováč 2013) or lower consumption rates 
(Borcherding et al. 2019) are sometimes encountered. 
Resource availability also influences the intensity of 
species interactions (Borcherding et  al. 2019), but it 
is difficult to prove in natural conditions; thus, meso-
cosm studies would shed more light on this question.

Ponto–Caspian gobies as prey

Invasive species can impact ecosystems by altering 
established predator–prey relationships in the native 
community and thereby modifying the structure of 
food webs in complex ways (David et al. 2017). This 
effect includes cases where invasive species impact 
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native predators and their new prey. This outcome 
can take various forms, depending on whether the 
new species become attractive prey for predators and 
how they interact with native prey, which in turn may 
decrease (Venable et al. 2019) or increase (Castorani 
and Hovel 2015; Noonburg and Byers 2005) preda-
tor pressure on native prey species. The Ponto–Cas-
pian gobies are mainly represented by small-sized 
individuals (< 10 cm of total length) in invaded envi-
ronments (Kakareko 2011; Plachá et al. 2010), being 
bottom dwellers and considered poor swimmers (Tel-
etchea and Beisel 2018). They, therefore, potentially 
represent attractive prey. However, the representation 
of Ponto–Caspian gobies, other than round gobies, in 
the diet of predators in invaded waters is still poorly 
understood. The few papers addressing this problem 
deal mainly with predatory fish (Table  3). There is 
surprisingly little information on the contribution of 
invasive gobies to the diet of non-fish predators. The 
gobies have been recorded as a rare component of the 
diet of the cormorant Phalacrocorax carbo sinensis 
(Wziątek et  al. 2010) and Eurasian otter Lutra lutra 
(Mirzajani et al. 2021).

Studies on predatory fish show that invasive goby 
species can become a substantial or dominant dietary 
item for some native piscivores within a few years 
after establishment (Płąchocki et  al. 2012; Rakaus-
kas et al. 2018). Such rapid incorporation in the diet 
supports the idea that gobies have a high potential 
to integrate relatively quickly into food webs they 
invade. Additionally, it shows that native preda-
tors can efficiently learn how to exploit gobies as 
new prey resources, despite there being no native 

counterparts of this family in European freshwaters 
where surveys were conducted. Laboratory studies 
(Augustyniak et al. 2022; Kłosiński et al. 2022) sug-
gest that the gobies might be relatively easily acces-
sible prey for some predators. It has been shown that 
the monkey and racer goby, compared to their native 
analogues, i.e. gudgeon G. gobio and European bull-
head C. gobio, do not exhibit more effective defence 
behaviour in the face of a direct threat from European 
perch (Augustyniak et  al. 2022). In other labora-
tory studies, the behavioural responses of the mon-
key goby and gudgeon to predation cues (prey skin 
extracts) were less pronounced in invasive than native 
species (Kłosiński et  al. 2022). These findings sup-
port the idea that invasive gobies have no advantage 
over native prey in avoiding predation.

Dietary studies of predatory fish indicate that 
factors like size and species (of both predator and 
prey) and habitat type are important in shaping the 
role of gobies in the diet of predators. Gobies were 
found to be consumed chiefly by mid-size predators 
(10–30 cm standard length, SL) in age classes ≥ 1 + , 
although they were also found in the diet of smaller 
individuals (5–10 cm SL) (Specziár 2011; Všetičková 
et  al. 2018). Generally, small predators (YOY), due 
to gape size limitations, focused on invertebrates as 
a prey source. In contrast, larger individuals (> 30 cm 
SL) preyed primarily on larger, more profitable prey, 
including native cyprinid fish. In the River Dyje 
(Mikl et  al. 2017a, b), including the Mušov Reser-
voir (Všetičková et al. 2018), rip-rap bank structures 
seem to shape the role of the gobies in food webs. 
This type of habitat has been successfully colonised 

Table 3  The role of Ponto–Caspian gobies as prey in invaded ecosystems

Symbols: Bg—racer goby, Ps—western tubenose goby, Nf—monkey goby

Goby species Taxa (species) affected Type of studies References

Nf Pike-perch Sander lucioperca, Volga pikeperch Sander 
volgensis

Field (Lake Balaton) Specziár 2011

Nf, pike Esox lucius Field (Nemunas and Neris rivers) Rakauskas et al. 2018
Nf, Bg Pike-perch Sander lucioperca, pike Esox lucius, Euro-

pean perch Perca fluviatilis
Field (Vistula River) Płąchocki et al. 2012

Nf, Bg European perch Perca fluviatilis Lab Augustyniak et al. 2022
Ps European perch Perca fluviatilis, burbot Lota lota, 

European catfish Silurus glanis, pike Esox lucius, 
Volga pikeperch Sander volgensis and pike-perch 
Sander lucioperca

Field (Dyje River) Mikl et al. 2017a, b

Ps European perch Perca fluviatilis Field (reservoir on the Dyje River) Všetičková et al. 2018
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by the western tubenose goby (and round goby), 
which in turn translates into a higher proportion of 
the gobies in the diet of predators closely associated 
with it (burbot Lota lota, ≥ 1 + European perch P. flu-
viatilis, ≤ 2 + wels catfish Silurus glanis) compared to 
those foraging more in open waters (pike Esox lucius, 
Volga pikeperch Sander volgensis, pike-perch Sander 
lucioperca) (Mikl et  al. 2017a, b; Všetičková et  al. 
2018). It should be noted that of these predators, wels 
catfish and European perch exhibited positive selec-
tion towards western tubenose goby, while burbot pre-
ferred the round goby (Mikl et al. 2017a, b). In Lake 
Balaton (Specziár 2011), as in rivers lacking rip-rap 
banks (Płąchocki et al. 2012; Rakauskas et al. 2018), 
where fish were collected in open areas of soft sub-
strate, the monkey goby was the most abundant goby 
species in the diet of piscivorous fishes. Under these 
conditions, the monkey goby was the preferred prey 
for top predators such as pike-perch, Volga pikeperch 
(Specziár 2011) and pike (Rakauskas et  al. 2018). 
There are suggestions that native predators, such 
as asp Aspius aspius, burbot, European perch, pike-
perch, and wels catfish, benefit from the presence of 
the gobies, as co‐occurrences of these prey and pred-
atory fish have been noticed, although this pattern has 
not been found to affect predator abundance (Mueller 
et al. 2018; Ramler and Keckeis 2019).

These findings show that invasive gobies are rela-
tively easily accessible prey for native piscivorous 
fish and have become an essential component of their 
diet in habitats with contrasting structural complex-
ity (rip-rap, open, soft-bottom areas). Furthermore, 
the availability of gobies as prey varies enormously 
according to the species of both goby and predator. 
Therefore, complex changes in trophic interactions 
within fish assemblages can be expected in multispe-
cies goby invasions.

Ponto–Caspian gobies as hosts/vectors of parasites 
and pathogens

Ponto–Caspian gobies are hosts of a wide range of 
parasites in both their native and non-native ranges, 
with up to 167 parasite taxa recorded in the racer, 
monkey, bighead, and western tubenose goby species 
(Kvach and Ondračková 2020). A reduced parasite 
fauna in non-native compared to the native range was 
reported for the racer (28 vs. 43 parasite spp. in non-
native vs. native range, respectively), monkey (53 vs. 

110 spp.) and bighead gobies (37 vs. 49 spp.), while 
comparable parasite numbers between ranges are 
recognised for the western tubenose goby (58 vs. 60 
spp.; summarised in Kvach and Ondračková 2020). 
The susceptibility of Ponto–Caspian gobies to local 
parasite species has been observed in all non-native 
regions where gobies established after expansion or 
translocation via four major European invasion cor-
ridors (Panov et al. 2009) or via transoceanic invasion 
into the Great Lakes in North America and the North 
and Baltic Seas in Europe. Most species reported 
to infect gobies in both ranges include fungi, proto-
zoan and metazoan parasites (Kvach and Ondračková 
2020), while reports for viruses and bacteria are rare 
(see Tarján et al. 2014 for exception). Although por-
cine circovirus type 2 was detected in the internal 
organs of monkey gobies in the Middle Danube, it is 
unclear whether this represents an active infection in 
the fish or (more probably) just a passive carrier sta-
tus (Tarján et al. 2014).

Several reports of parasite co-introduction along 
with goby hosts have been documented, including 
eight parasite species (Table  4), all showing speci-
ficity or preference for Gobiidae, limiting their abil-
ity to switch and, consequently, a potential threat to 
native host species. The microsporidian Loma aceri-
nae was co-introduced with the monkey and/or west-
ern tubenose gobies into the Middle Dnieper basin 
(Kvach et  al. 2014; Zaichenko 2015), Vistula basin 
(Kvach et  al. 2014), and Lower Volga (Kvach et  al. 
2015). Three coccidian species, i.e. Eimeria daviesae, 
Goussia kessleri, and Goussia szekelyi were co-intro-
duced along with monkey and/or bighead gobies into 
the Middle Danube in Hungary (Molnár 2006). The 
myxosporean Sphaeromyxa sevastopoli was reported 
from the western tubenose goby in Lake St. Clair in 
the United States (Pronin et al. 1997). The monoge-
nean Gyrodactylus proterorhini, infecting all four 
goby species, was introduced into the river basins of 
the Vistula (Kvach et  al. 2014; Mierzejewska et  al. 
2014), Rhine (Huyse et  al. 2015; Ondračková et  al. 
2015a, 2021), Middle Danube (Ondračková et  al. 
2009, 2021), and Middle Dnieper (Zaichenko 2015). 
Finally, the co-introduction of cestodes along with 
the monkey goby was reported for Ligula pavlovskii 
in Southern Hungary (Vitál et al. 2021) and Proteo-
cephalus gobiorum the Middle Dnieper (Kvach et al. 
2014; Zaichenko 2015).
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Of the parasites co-introduced into the non-native 
ranges of the Ponto–Caspian gobies, only G. proter-
orhini infected species other than gobies. For exam-
ple, in the Wloclawski Reservoir (Vistula basin), 9% 
of European perch were infected (Ondračková et  al. 
2021). Nevertheless, parasites experimentally trans-
ferred to European perch and pike-perch did not sur-
vive 24 h, indicating that natural infections of G. pro-
terorhini are accidental without a significant risk for 
native fish species (Ondračková 2016).

Interactions between parasites and non-native 
hosts are highly variable, reflecting, among others, 
behavioural, ecological, immunological, and physi-
cal barriers that might cause parasite transmission to 
fail among natives and invaders (Prenter et al. 2004). 
Where introduced, Ponto–Caspian gobies are com-
monly involved in parasite life cycles, varying in the 
position in the parasite life cycle and showing differ-
ent parasite load levels. Release from parasites and 
pathogens, a part of the so-called Enemy Release 

Table 4  The role of Ponto–Caspian gobies as host/vector of parasites in invaded ecosystems

Symbols: Bg—racer goby, Ps—western tubenose goby, Pk—bighead goby, Nf—monkey goby, Nm—round goby

Goby species Taxa (species) affected and/
or threatened

Type of studies Main results & conclusions References

Nf Pigs Field (Middle Danube, 
Hungary)

Porcine circovirus type 2 
detected in monkey gobies 
in the Middle Danube 
River; potential risk in 
pig farms using natural 
riverine waters

Tarján et al. 2014

Ps Sander lucioperca, Perca 
fluviatilis

Experiment No direct threat of mono-
genean Gyrodactylus 
proterorhini infection for 
native fish species

Ondračková 2016

Nf, Bg Perca fluviatilis Field (Włocławski Reservoir, 
Poland)

Non-native parasite Gyro-
dactylus proterorhini 
infected 9% of native 
European perch. Potential 
(although low) impact on 
the new host at sites with 
high poplulation density of 
gobies

Ondračková et al. 2021

Pk, Nm Local parasite community Field (Rivers Rhine, Elbe, 
Ems, Schwentine, Ger-
many)

Introduction of non-native 
gobies change parasite 
community structure in 
native fish hosts. Potential 
risk for rare native parasite 
species

Hohenadler et al. 2019

Ps, Nm Cyprinidae, Percidae, 
Bucephalus polymorphus 
(Trematoda)

Field & experiments 
(Morava and Dyje rivers, 
Czech Republic)

Density and distribution 
range of the trematode par-
asite Bucephalus polymor-
phus increased following 
introduction of non-native 
gobies. Potential effect on 
local fish species due to 
increased parasite pressure

Ondračková et al. 2015b

Ps, Nm Sinanodonta woodiana, Unio 
tumidus

Field (Dyje river, Czech 
Republic)

Early life stages of gobies 
are preferred hosts for glo-
chidia of unionid mussels, 
supporting the invasion of 
non-native mussel species 
Sinanodonta woodiana

Šlapanský et al. 2016
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Hypothesis, has been proposed as one of the factors 
supporting the invasion success of non-native spe-
cies in new areas (Torchin et al. 2003). Significantly 
reduced parasite fauna compared to the native range 
has predominantly been reported in distant and dis-
connected non-native areas, such as North Ameri-
can Great Lakes for the tubenose goby (e.g. Pronin 
et  al. 1997; Kvach and Stepien 2008; Kvach and 
Ondračková 2020), while parasite load reduction in 
non-native populations of the bighead goby intercon-
nected with the native Danubian range was not appar-
ent (Ondračková et  al. 2012). In addition, parasite 
release is apparent mainly during the period imme-
diately following fish host introduction and establish-
ment (Gendron et al. 2012), as was found for all goby 
species introduced into the Lower Rhine (Ondračková 
et al. 2015a).

Over time, non-native species are parasitized 
by local parasite species, which they acquire in the 
new environment (Poulin and Mouillot 2003). All 
four goby species have acquired new parasites in 
their non-native range, mainly larval endoparasites 
exhibiting low host specificity (Kvach et  al. 2014; 
Ondračková et al. 2009, 2021). Due to the lack of evo-
lutionary host-parasite adaptation, novel host-parasite 
interactions can lead to high infection intensities and 
insufficient immune responses to parasite species that 
the host has not yet encountered (Lively and Dybd-
hal 2000). For example, high prevalence and abun-
dance in the racer, monkey, and tubenose gobies were 
found for larval trematodes Bucephalus polymorphus 
(Ondračková et al. 2015b), a parasite whose life cycle 
is associated with the invasive zebra mussel (Kvach 
and Mierzejewska 2011). Data from tributaries of 
the River Danube show that both the prevalence and 
intensity of B. polymorphus infection significantly 
increased in local cyprinids serving as natural inter-
mediate hosts just after the introduction of tubenose 
and round gobies (Ondračková et al. 2015b).

Gobies can also be susceptible to non-native 
parasites unrelated to the Ponto–Caspian region. 
For example, high infection intensities of glochidia, 
bivalve larval stages of the invasive Asian mussel 
Sinanodonta woodiana, were observed in early life 
stages of tubenose (and round) gobies in the Rivers 
Morava and Dyje, potentially supporting the disper-
sal of the non-native mussel species along these riv-
ers (Šlapanský et  al. 2016). Furthermore, all four 
goby species have also been found as paratenic hosts 

of the nematode Anguillicola crassus (Kvach and 
Ondračková 2020), an invasive Asian parasite of the 
European eel Anguilla anguilla, exhibiting severe 
pathological effects on its definitive host (Palstra et al. 
2007). However, the prevalence and infection intensi-
ties were relatively low in western tubenose and big-
head gobies (Koubková and Baruš 2000; Ondračková 
et  al. 2009, 2019) in the Danube basin compared to 
case in the round goby in the River Rhine, where 
over 30% of fish were infected (Emde et  al. 2014). 
Furthermore, infection of the Asian cestode Schyzo-
cotyle acheilognathi, spreading from its native range 
and causing fish mortalities in aquaculture (Kuchta 
et al. 2018), has been reported from the monkey goby 
in the River Ros in the Dnieper basin (Zaichenko 
2015). As a specific example, the bighead (along with 
round) gobies contribute to the expansion of non-
native acanthocephalan Pomphorhynchus laevis in the 
River Rhine (Hohenadler et al. 2018). Using compar-
ative and genetic methods, Hohenadler et  al. (2018) 
found that P. laevis outcompeted and suppressed the 
endemic Pomphorhynchus tereticollis from the main-
stream of the river. All these examples indicate that 
non-native gobies may contribute to the distribution 
of invasive parasites, supporting the invasional melt-
down theory (Simberloff and Von Holle 1999).

Introduction of non-native species that are either 
susceptible to local parasite species, supporting the 
increase of the parasite numbers in the environment 
(parasite spill-back, Kelly et  al. 2009) or serving as 
a sink for other parasites, i.e. diluting the infection 
(Gendron and Marcogliese 2017), may consequently 
lead to changes in parasite communities of local fish 
species. Hohenadler et  al. (2019) compared parasite 
communities of native fish species at sites affected 
and unaffected by the invasion of Ponto–Caspian 
gobies in Germany. They found increased prevalence 
and abundance of the native nematode Raphidascaris 
acus and non-native acanthocephalan Pomphorhyn-
chus laevis in native fish species at localities invaded 
by bighead (and round) gobies, indicating spillback 
(for R. acus) and spill over (for P. laevis) effects in the 
River Rhine associated with the goby introduction.

Conclusion

Our review summarizes published evidence that 
Ponto–Caspian gobies have successfully adapted 
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to environmental conditions, including their abi-
otic and biotic components, in non-native areas (see 
Sakai et  al. 2001 for a review). The contribution of 
Ponto–Caspian gobies to local fish assemblages and 
their impacts on the ecosystem varies depending on 
the river basin, habitat type, duration of established 
population and presence of co-occurring fish species, 
including other gobies and the order of their arrival 
into the invaded ecosystem.

Although Ponto–Caspian alien gobies inhabit 
inshore and offshore habitats, they are most com-
monly found in shallow waters (< 1–3 m). Although 
it is often stated that Ponto–Caspian alien gobies pre-
dominate in rivers at sections where anthropogenic 
river embankments, i.e. rip-rap habitats, are present, 
goby species vary in their habitat preferences and 
utilise many other types of habitats that are encoun-
tered in rivers and lakes, like open sandy bottoms 
(e.g. monkey goby, racer goby) or densely vegetated 
bottom (e.g. tubenose goby), where the round goby 
is absent or scarce. This pattern suggests that multi-
species invasions of Gobiidae (other than round goby) 
cover a wider range of habitats than in the case of 
round goby invasions, which can translate into better 
establishment of invaders in the environment and, e.g. 
impair restoration efforts of river systems.

All goby species appear to be flexible in the type 
of prey utilised; thus, a wide variety of aquatic mac-
roinvertebrates are potentially threatened, while for-
aging on native fish eggs, larvae and juveniles is less 
intensive than expected, except for the most piscivo-
rous bighead goby. Under certain circumstances, the 
opportunistic feeding strategy of gobies may affect 
macroinvertebrate communities and native fish spe-
cies, especially in the case of benthophagous fishes, 
through exploitative competition. Food competition 
may occur among adults and juveniles of gobies and 
native fish species, often using the same nursery area. 
Moreover, the results of experiments showed that the 
aggressive behaviour of gobies, especially males dur-
ing the reproductive period, can cause spatial compe-
tition with some native species, especially bullhead. 
However, field observations of co-occurring racer 
goby and European bullhead suggested that resource/
space partitioning allows for avoidance of competi-
tion in natural conditions. These findings demonstrate 
that to understand the real impact of invasive gobies, 
other than the round goby, more field-oriented studies 

are needed, ideally combined with field experiments 
or mesocosm experiments.

There are few studies on the role of gobies as prey 
for predators, and these are mainly concerned with 
piscivorous fish and rarely other predators (birds, 
mammals). However, gobies have been shown to rap-
idly (within a few seasons) become components of 
the diets of piscivorous fish, indicating their poten-
tial to change trophic networks. Laboratory studies 
suggest that gobies are relatively easy to hunt and 
thus attractive prey for piscivorous fish. Field stud-
ies have shown that the importance of gobies as prey 
for the predators is determined by factors such as size 
and species (of both predator and prey) and habitat 
type (e.g. rip-rap, open, soft-bottom areas) in newly 
invaded areas. Therefore, multispecies goby invasions 
in highly diverse environments, such as rivers, should 
be expected to cause complex changes in trophic 
interactions within fish assemblages. However, the 
nature of these changes is still unexplored and should 
be assessed in long-term studies.

The invasion of Ponto–Caspian gobies has resulted 
in the co-introduction of eight new parasites from the 
same region, but all of them show specificity or pref-
erence for Gobiidae and appear no threat, or at most 
a limited threat, to native host species. Records of 
parasite co-introduction are somewhat rare and usu-
ally cover one geographical area. Exceptions are L. 
acerinae and G. proterorhini; these species have been 
introduced with hosts to several non-native areas, but 
only within Europe. Although low parasite prevalence 
and abundance were observed in the initial invasion 
stage, gobies acquired a wide range of local parasite 
species with low host specificity shortly after estab-
lishment. They included not only native parasites but 
also invasive species of other than Ponto–Caspian 
origin. Non-native gobies, therefore, can potentially 
increase the total parasite numbers in the environment 
and may contribute to the spread of some invasive 
parasites, such as the Asian nematode A. crassus, the 
cestode S. acheilognathi, or the non-native acantho-
cephalan P. laevis and the glochidia of Asian mussel 
S. woodiana.

Based on the documented impact of the round 
goby on recipient ecosystems (Kornis et  al. 2012), 
other Ponto–Caspian goby invaders were expected to 
display a similar detrimental effect. However, pub-
lished studies do not support this prediction, although 
some field-based and experimental studies provide 
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indications that the presence of Ponto–Caspian gob-
ies, other than the round goby, can also be non-neu-
tral for invaded ecosystems (Fig. 2). The intensity of 
the interactions between gobies and native species 
and the overall outcome of their presence in invaded 
ecosystems depends on several variables. When the 
goby species discussed in this review were studied 
in co-occurrence with the round goby, its impact on 
native species was much more pronounced, which 
obscured the impact of the other goby invaders. Thus, 
we recommend long-term studies in a variety of envi-
ronmental contexts and fish communities for future 
research. We also consider the presence or absence of 
the round goby and other invasive fish species critical 
in understanding the impacts of Ponto–Caspian gob-
ies in their non-native range.
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