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Abstract 
The invasive western tubenose goby (Proterorhinus semilunaris) was introduced in 
the Great Lakes in the 1990s. Since then, its range slowly expanded downstream 
into Ontario’s portion of the St. Lawrence River. This rapid communication reports 
on the first occurrence of a western tubenose goby found in Lake St. Francis (St. 
Lawrence River, Quebec) in August 2022. The specimen, the study area and the 
sampling methodology are described while hypotheses about its presence and 
expansion are explored. 
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Introduction 

Western tubenose goby, Proterorhinus semilunaris (Heckel, 1837), is a 
known freshwater invasive species in eastern North America and Europe. 
This small benthic Ponto-Caspian fish, originating from the lower Danube 
River basin (downstream of Vienna) (Stepien and Tumeo 2006; Kvach et 
al. 2021), is present in freshwaters of lakes from the Black Sea basin, lower 
Dnipro River, north to the Aegean Sea and Sea of Marmara (Kvach et al. 
2021). In Europe, it is a prolific species in freshwaters, being one of the 
most widespread invasive fish (Grabowska et al. 2021). Western tubenose 
goby has invaded the upper Danube and some of its tributaries, in Austria 
and Germany, as well as other river systems such as the Rhine, Meuse and 
Vistula (Borcherding et al. 2011; Cammaerts et al. 2012; Roche et al. 2013; 
Cerwenka et al. 2018; Kvach et al. 2021). Ballast water transported and 
discharged by ships is believed to be the main vector of long-distance 
dispersal (Ahnelt et al. 1998; Wiesner 2005; Roche et al. 2013). Tubenose 
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goby has recently expanded its range to higher latitudes, showing its ability 
to colonise small river systems under colder conditions than expected for 
the species (Švolíková et al. 2021). 

In North America, western tubenose goby, together with round goby 
(Neogobius melanostomus (Pallas, 1814)), were introduced into the St. Clair 
River (Michigan) during the 1990s, probably through the discharge of 
ballast water of ships coming from Europe (Jude et al. 1992). Jude et al. 
(1992) then projected the potential expansion of these species through the 
Laurentian Great Lakes. Initially, tubenose gobies spread within short 
distances from the first occurrence. A decade after its introduction, western 
tubenose goby distribution was limited to the Hudson-Erie corridor and 
Lake Superior (Vanderploeg et al. 2002; Kocovsky et al. 2011). Between 
2011 and 2016, a slow and steady eastern expansion was observed. Western 
tubenose goby has since expanded its distribution to Eastern Lake Erie, 
Lake Ontario and the Upper St. Lawrence River (Grant et al. 2012; 
Goretzke et al. 2019). 

The western tubenose goby invasion has been qualified as discrete and 
without much detrimental impacts to the environment, mainly due to its 
generally low abundance (Borcherding et al. 2011; Švolíková et al. 2021). 
However, it may have greater impacts in habitats where its abundance is 
known to be higher, such as in submerged macrophyte beds (Cammaerts et 
al. 2012). Other consequences of its presence may include fish larvae 
predation (Gebauer et al. 2019), competition due to diet or habitat overlap 
with native benthic fishes (Jude et al. 1995; Jude and DeBoe 1996; French 
and Jude 2001; Kocovsky et al. 2011), potential overlap with endangered or 
vulnerable species (French and Jude 2001; MFFP 2021), competition for 
spawning sites (Balon 1975; Jude et al. 1995) and food web alterations 
(French and Jude 2001). They can also promote the spread of trematode 
parasites (Ondračková et al. 2019), although parasite load is known to be 
lower in invaded ranges (enemy release hypothesis) (Kvach and Stepien 
2008). Overall, western tubenose gobies are known to have a high 
biological plasticity due to its life-history traits, including opportunistic 
feeding (Ondračková et al. 2019; Tarkan et al. 2019) and variability in 
habitat use (lakes, estuaries, rivers, streams, canals, etc.) (Kottelat and 
Freyhof 2007; Ondračková et al. 2019; Top et al. 2018). 

In the last few years, western tubenose goby has been found to expand 
its range downstream of the Laurentian Great Lakes into the St. Lawrence 
River (Goretzke et al. 2019) but limited to Ontario waters. Although the 
observation described in the present communication was made within the 
same watercourse, it is important to report this first occurrence of western 
tubenose goby within Quebec waters, mainly for the management and risk 
assessment of its future expansion. The aim of this rapid communication is 
thus to inform on the presence of this species in the province of Quebec 
(Canada) and to provide context on the first steps of the secondary 
invasion process. 

https://doi.org/10.3391/bir.2023.12.3.20
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Figure 1. Study area: A) location of main dams, and B) sampling stations (seine) visited in 2022, including where the first western 
tubenose goby was found in Quebec (red point). For details see Supplementary material Table S1. 

Materials and methods 

Study area 

Lake St. Francis is an enlargement of the St. Lawrence River, nearly 8 km 
wide by 50 km long, which extends from Cornwall, Ontario, to the western 
tip of Salaberry Island, Quebec (Figure 1A; Morin and Leclerc 1998). Lake 
St. Francis is thus a shared jurisdiction between the two provinces. The 
Quebec portion of Lake St. Francis represents 69% of the total area of 272 km2 
(La Violette et al. 2003). Its maximum depth is 26 m and its average depth 
is 5.7 m (Morin 2001). The water level of Lake St. Francis is artificially 
stabilized by control structures at the outlets of the lake which limit 
variations to less than 15 cm annually (Morin 2001). Upstream of Lake St. 
Francis, the water level is controlled by the Moses-Saunders dam and, to a 
lesser extent, by the Beauharnois and Pointe-des-Cascades dams, which are 
located downstream (Figure 1A). The Soulanges canal is an old shipping 
canal that connects Lake St. Francis and Lake St. Louis on the North shore 
of Lake St. Francis, downstream of the Pointe-des-Cascades dam (due to 
scale constraints, see major dam number 2 in Figure 1 to see the geographic 
location of the canal). This 23-km-long canal, which includes five locks in 
total, is another hydrologic connection that could act as a corridor for 
downstream dispersal. No sampling effort was deployed in this region, but 
additional potential for dispersal remains plausible. Because Lake St. Francis 
is located between two major dams, its fish communities are considered 
isolated from the rest of the St. Lawrence River system. 

https://doi.org/10.3391/bir.2023.12.3.20
https://www.invasivesnet.org


 First record of western tubenose goby in Quebec 

 Goldsmit et al. (2023), BioInvasions Records 12(3): 851–860, https://doi.org/10.3391/bir.2023.12.3.20 854 

 
Figure 2. Picture of the western tubenose goby found in St. Francis Lake (St. Lawrence River), 
Quebec, Canada. Conservation: 10% formalin. Photo credit: Virginie Boivin. 

Sampling method 

Since 1995, the Government of Quebec conducts annually, at the end of 
the summer/early autumn, a standardised fish survey in different sections 
of the Quebec portion of the St. Lawrence River (a fish monitoring network 
called Réseau de Suivi Ichtyologique (RSI); Deschamps et al. 2022). In this 
monitoring program, fish communities are sampled along the shoreline 
approximately every one km using gillnets in lentic and lotic habitats 
(depth between 1.5 and 14 m), while beach seine is used in lentic nearshore 
littoral habitats (depth < 1.5 m). The seine net is 12.5 × 4 meters, with a 
stretched mesh measuring 3 mm (Deschamps et al. 2022). The RSI was 
previously used to detect and assess the impacts of aquatic invasive species, 
notably the round goby (Morissette et al. 2018). Between August 22nd and 
25th, Lake St. Francis was surveyed by the RSI monitoring network using 61 
seine and 62 gillnet stations (Figure 1B). A total of 31 fish species were 
sampled with the seine and 24 with the gillnets. 

Results and discussion 

In 2022, other aquatic invasive species were caught by the RSI, notably the 
round goby, which was present in both types of sampling gears (gillnet and 
seine) and the common carp (present in gillnets) (Table S1). A western 
tubenose goby was caught during the RSI seine sampling, representing the 
first occurrence point in the province of Quebec (Lake St. Francis; latitude: 
45.22142; longitude: −74.29092) on August 25th, 2022 (Figures 1 and 2). This 
new occurrence is 11 km away from the closest report within Ontario 
waters (M. Windle, River Institute, pers. comm). The specimen was first 
preserved in formalin (10%), and subsequently measured (53 mm total 
maximum length) and weighed (1.88 g). The sex of the specimen was not 
determined. The western tubenose goby was caught at a station where 
depth ranged from 0.75 to 1.10 m. The water temperature was 25.7 °C, 
with a specific conductivity of 323 μS/cm and a turbidity of 0.74 NTU. The 
substrate was dominated by sand, with a moderate abundance of macrophytes 

https://doi.org/10.3391/bir.2023.12.3.20
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(Vallisneria americana was the dominant species). Other fish species 
caught in the same seine haul included, in order of importance: Lepomis 
macrochirus Rafinesque, 1819 (bluegill), Labidesthes sicculus (Cope, 1865) 
(brook silverside), Neogobius melanostomus (round goby), Lepomis gibbosus 
(Linnaeus, 1758) (pumpkinseed), Perca flavescens (Mitchill, 1814) (yellow 
perch), Ambloplites rupestris (Rafinesque, 1817) (rock bass), Micropterus 
salmoides (Lacepède, 1802) (largemouth bass), Fundulus diaphanus 
(Lesueur, 1817) (banded killifish), and Semotilus corporalis (Mitchill, 1817) 
(fallfish) (Table S1). 

This first mention of western tubenose goby in Quebec waters is most 
likely the result of a downstream expansion through the St. Lawrence River 
system coming from Ontario. Goretzke et al. (2019) has shown that 
tubenose gobies are dispersing outside the Great Lakes. In 2022, over 300 
individuals from 20 sites were found in the Upper St. Lawrence River, all 
representing eastward expansion within the St. Lawrence River (M. Windle, 
River Institute, pers. comm.). Other dispersion vectors, however, could 
have contributed to the expansion. 

Although passive downstream dispersal by water currents is a known 
dispersal mechanism for tubenose gobies (Zitek et al. 2004), downstream 
dispersion of adults in the St. Lawrence River may be possible but seriously 
impeded by the presence of the Moses-Saunders Power dam (Figure 1A) 
that could potentially act as a downstream barrier, specially for benthic fish 
known to have low mobility. Migration of tubenose and round gobies 
despite the presence of dams have been reported in the past (e.g., Moselle 
River in Germany, Rhine River in France, Border Meuse area in The 
Netherlands and Belgium, Dyje River in Czech Republic, historic Rideau 
Canal in Canada) (Von Landwüst 2006; Manné and Poulet 2008; Cammaerts 
et al. 2012; Janáč et al. 2013a; Bergman et al. 2022), with high juvenile 
survival (only 3% mortality) following turbine passage (Janáč et al. 2013a). 
Juvenile drift in currents may act as an important vector of passive 
downstream dispersal, as observed in other gobiid fish species, including 
western tubenose goby (Janáč et al. 2013b). Vertical migration is an 
important factor in drift of early life stages of tubenose goby (Kocovsky et 
al. 2011). Larvae are known to perform nighttime vertical migrations, 
facilitating passive and unassisted dispersion (Zitek et al. 2004). Moreover, 
early life stages drift is commonly known for the dispersion of non-native 
invertebrates and plant species (Dawson and Holland 1999; Stoeckel et al. 
2004; Jacquemyn et al. 2010; Van Riel et al. 2011), and other gobiid fish 
species (such as round goby and bighead goby Ponticola kessleri Günther, 
1861), which together with western tubenose goby, have been found to 
disperse downstream after being introduced by anthropogenic means (e.g., 
ballast water discharge) (Borcherding et al. 2011; Janáč et al. 2012). 

Even if downstream expansion is the most probable hypothesis of this 
first mention of western tubenose goby in Quebec, other potential explanations 

https://doi.org/10.3391/bir.2023.12.3.20
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cannot be ruled out. Even though live baitfish is banned in Quebec since 
2017 (Paradis and Brisson-Bonenfant 2017), and that the use of gobies as 
baitfish is prohibited by law in Ontario (MNRF 2023), there is still a 
potential for illegal introductions and intentional release that cannot be 
excluded. As suggested by Kocovsky et al. (2011), bait bucket introduction 
may be one of the hypotheses of its expansion through the Great Lakes. 

Lastly, the maritime traffic along the St. Lawrence Seaway is also a 
potential explanation, acting as an introduction pathway. The St. Lawrence 
Seaway is a very important shipping route, summing 3700 km in length. It 
connects the Great Lakes to the Atlantic Ocean through the St. Lawrence 
River and Gulf of St. Lawrence, with more than a hundred ports, 15 of 
which are major ports while the remaining are regional ports (GLSLS 
2023). Lakers, the group of shipping vessels only transiting in the Great 
Lakes, are one of the main users of the Seaway and are responsible for 95% 
of the ballast water that is discharged between the Great Lakes and the St. 
Lawrence River (Rup et al. 2010). Lakers could easily act as facilitators and 
a significant vector of aquatic invasive species at any one port in the system 
(Niimi 2004; Ricciardi 2006; Rup et al. 2010). This pathway poses an 
important risk since trip duration is shorter than international transits, 
which could lead to considerably higher survival rates (Lavoie et al. 1999). 
Moreover, smaller boats could also act as vectors at a smaller scale. In fact, 
it was recently shown that round goby, which is closely related to western 
tubenose goby, can use and feed on vertical walls and boat hulls (Bussmann 
and Burkhardt-Holm 2020). In their study, Bussmann and Burkhardt-
Holm (2020) showed round gobies in direct contact with boats, which 
could eventually be used as hiding or potential suitable structures for 
laying eggs. Although this behaviour has not been observed for western 
tubenose goby, it could be expected as both species share high ecological, 
morphological, and phylogenetic similarities (Neilson and Stepien 2009). 
In addition, tubenose goby has been observed hiding in crevices and 
submerged objects such as shipping material (Grabowska et al. 2021). 

Although several potential vectors and dispersion pathways could 
explain the presence of the tubenose goby in Lake St. Francis, it is 
important to highlight that plasticity of life-history traits provide tubenose 
goby a high adaptive capacity when facing conditions following 
introductions (Top et al. 2018). Some of these traits depend on the 
invasion stage, such as the ones related to fecundity that may be favoured 
during early stages of the invasion (Grabowska et al. 2021) or flexibility in 
their diet and habitat type that could facilitate secondary invasions 
(Ondračková et al. 2019). 

Tubenose goby in Europe has been found to colonise small water bodies 
at high latitudes (in colder rivers than expected for the species), illustrating 
its tolerance to and optimal metabolism at lower temperatures compared 
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to round goby (O’Neil 2013; Švolíková et al. 2021). This characteristic may 
help tubenose spread, survive, and reproduce in inland waters in Quebec. 
This colonization potential in inland waters may be enhanced by the 
absence of round goby, one of their main competitors (contrary to the St. 
Lawrence River). Round goby outcompetes tubenose goby (Baer et al. 
2017; Cartwright et al. 2019), but in the absence of its competitor, tubenose 
goby can become abundant and dominant (Valová et al. 2015). Moreover, 
in their native ranges, they occupy different habitats. Tubenose goby has 
been generally associated with more lentic environments with submerged 
vegetation, while round goby has been generally found in rivers (Lelek 1980; 
Miller 1984). Vegetation may act as expansion corridors and a dispersal 
pathway into inland waters and slow-moving shallow areas (Kocovsky et 
al. 2011). 

It is a matter of time until it can be seen if Quebec has a self-sustaining 
population of tubenose gobies, as more individuals may be found through 
future sampling efforts. It will also be important to examine whether the 
western tubenose goby shows a similar dispersion pattern and population 
dynamic in the St. Lawrence River compared to what was observed for the 
round goby in Quebec. The latter species was first detected in the St. 
Lawrence River in 1997 near Quebec City and in the year 2000 in Lake St. 
Francis (Vachon et al. 2014; Morissette et al. 2018). The species was still in 
low abundance in 2004 but the population has increased considerably since 
2009 (Bernatchez et al. 2022). 

For the time being, this is the first mention of western tubenose goby in 
Quebec waters. This is a new aquatic invasive species with the potential to 
further expand downstream through the St. Lawrence River and with risks 
of colonizing more lentic water bodies. 
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