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Abstract 
Invasive species risk assessment tools are a vital means of identifying taxa likely to be 
introduced and cause adverse effects within a specified area, allowing for the 
preparation of targeted management strategies. Following the first report of the 
shimofuri goby (Tridentiger bifasciatus) in Europe, a risk assessment was undertaken 
for this species for Great Britain using the Aquatic Species Invasiveness Screening 
Kit (AS-ISK). This was achieved by the completion of two risk screenings, one 
undertaken for England and Wales, and another for Scotland. The results of this 
assessment place the shimofuri goby in a category of medium risk for both assessed 
areas. The shimofuri goby’s adaptable nature and ability to change its reproductive 
strategy in response to climatic conditions increase the likelihood of the species 
persisting and proliferating within the area after introduction. However, the species’ 
inability to survive in marine salinities reduced the score for likelihood of its introduction, 
and its small size and generalist nature coupled with a lack of available evidence 
made the prediction of specific impacts difficult. In addition, the extent of suitable 
habitat for this species is likely to expand throughout Great Britain under predicted 
climate change, thus increasing the risk of its establishment and potential impacts.. 

Key words: AS-ISK, brackish, euryhaline, freshwater, Gobiidae, invasive fish, non-
native fish 
   

Introduction 

The introduction of a non-native fish can have varying consequences on 
native taxa and ecosystems (Britton 2023), with cascading impacts through 
the food web (Makarewicz et al. 2016; Pagnucco et al. 2016). To provide 
environmental managers with information on potential environmental threats 
prior to a species’ arrival, it is important to carry out risk identification 
(risk screening) to inform decisions on early detection, rapid response and 
management measures (Britton et al. 2011). Such pre-emptive risk identification 
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is vital because freshwater and estuarine habitats are particularly susceptible to 
the impacts of non-native fishes (Fabrizio et al. 2021; Glamuzina et al. 2021). 
However, the comprehensiveness of these assessments is often limited by a 
lack of available information on the early phases of biological invasions 
(Marsico et al. 2010), including factors affecting certain species’ failure to 
establish non-native populations in certain areas (Copp et al. 2007; Zenni 
and Nuñez 2013). 

An example of a recent pre-emptive assessment for Great Britain (GB) is 
the risk screening of the naked goby Gobiosoma bosc (Lacépède, 1800), in 
response to the species’ appearance in coastal waters of the eastern North 
Sea (Belgium, Germany, Netherlands). This assessment placed the species 
in the low-medium invasiveness risk category across the east coast of GB 
(Dodd et al. 2022). Another goby species, the shimofuri goby Tridentiger 
bifasciatus Steindachner, 1881, has recently been reported in Belgium 
(Verhelst and Verreycken 2023). It is therefore important to assess the 
likelihoods, under current and future climate conditions, of the shimofuri 
goby appearing in GB, establishing a self-sustaining population, dispersing 
more widely, and exerting impacts. 

The shimofuri goby is a euryhaline fish native to eastern Asia, including 
regions of China, South Korea, and Japan (Qin et al. 2020a). This species 
has been introduced to and has successfully established breeding populations 
in two different regions in recent decades, the first being a network of 
reservoirs and lakes in eastern China (Qin et al. 2020a, b), and the second 
including a range of estuarine and freshwater environments in the western 
United States of America (USA) (Meng et al. 1994; Matern 1999; Matern 
2001; Howard and Booth 2016). The two specimens of this species reported in 
Belgium, the first such report for Europe, were found in the Gent–Terneuzen 
shipping canal (Verhelst and Verreycken 2023). The unexpected appearance 
of the shimofuri goby in a North Sea neighbouring country serves as a reminder 
of the unpredictable nature of species introductions and highlights the 
need for a risk screening of this species to be undertaken for GB. Indeed, 
despite no indication of the shimofuri goby being present in GB at the time 
of this assessment, the completion of a risk screening can serve to ensure a 
more targeted and effective management response, should the species be 
introduced (Britton et al. 2011).  

The aim of the present study was to undertake a risk screening and habitat 
suitability assessment of the shimofuri goby for GB, to inform environmental 
managers and policy makers of any potential threats posed by this species 
should it be introduced to GB coastal rivers and associated waters. This 
assessment was undertaken through two separate risk screenings, one for 
England & Wales and another for Scotland, providing both an overall 
screening for GB, and information on potential differences in the species’ 
invasiveness in these risk assessment areas. 
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Materials and methods 

The risk assessment for the shimofuri goby’s potential invasiveness in Great 
Britain was undertaken using the Aquatic Species Invasiveness Screening 
Kit (AS-ISK), which is available for free download at www.cefas.co.uk/ 
nns/tools/. This electronic decision-support tool was developed to standardise 
and streamline risk screenings for aquatic taxa (Copp et al. 2016) and has 
been extensively tested in a global trial (Vilizzi et al. 2021). The tool 
comprises of a series of 55 questions, the first 49 of which form the Basic 
Risk Assessment (BRA), assessing the studied taxon’s biological characteristics 
to estimate the likelihood of its arrival and establishment within the risk 
assessment (RA) area. The assessment questions also allow for the evaluation 
of the taxon’s potential impacts within the RA areas on native species, the 
surrounding environment, and ecosystem services. The final six questions 
comprise the Climate Change Assessment (CCA), which serve to assess the 
species’ responses to changing environmental conditions, and how these may 
affect the species' establishment, distribution and impacts within the RA 
areas in the future.  

Two separate assessments were performed by different assessors for the 
shimofuri goby: the first assessor (LP) undertook a risk assessment for 
England and Wales, and the second (JD) for Scotland. Within these areas, 
all freshwater, brackish and marine environments were considered. Once 
the two screenings were completed, both were reviewed by a third investigator 
(PD), and a meeting was held to discuss any discrepancies in the results 
which were due to differences in interpretation of the questions (as opposed to 
genuine differences between the two RA areas). A few minor modifications 
to the assessors’ answers were made following this quality control process. 

To enable comparison of the shimofuri goby’s invasiveness with that of 
other non-native fishes in GB, the Basic Risk Assessment scores (BRA) for 
both RA areas were judged against the threshold developed by Dodd et al. 
(2019), who defined the limit between classification as medium or high risk 
as a BRA score ≥21.0. This threshold was chosen as it was specifically 
designed to be used in the risk assessment for non-native fishes in Great 
Britain, thus providing more accurate results for this assessment. As 
recommended by Vilizzi et al. (2022), only the BRA scores were considered 
for this assessment of score against threshold, rather than the BRA+CCA 
values, to reduce the likelihood of incorrect risk classifications caused by 
the climate change questions. 

Climate suitability for this species in the RA areas was primarily assessed 
using Koppen-Geiger Climate Classification (Peel et al. 2007). This system 
was used to compare the climate of the species’ native and non-native ranges 
with that of Great Britain. In addition, Climatch (Australian Bureau of Rural 
Sciences 2020) scores comparing the species’ native and non-native ranges to 
the RA areas were considered, to provide an overall value for their similarities. 
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Table 1. A summary of the AS-ISK scores and summary statistics for two risk assessments undertaken for the shimofuri goby: the 
first for England and Wales, and the second for Scotland. Scores are separated into three categories, according to the assessed traits 
or impacts (full details in AS-ISK user manual). Summary statistics are presented as emboldened values in lower rows. 

 Risk Assessment 1 – England & Wales Risk Assessment 2 – Scotland 
Score Partition   
A. Biogeography/Historical −1.0 −1.0 

1. Domestication/Cultivation −2.0 −2.0 
2. Climate, distribution and introduction risk 3.0 3.0 
3. Invasive elsewhere −2.0 −2.0 

B. Biology/Ecology 18.0 13.0 
4. Undesirable (or persistence) traits 5.0 5.0 
5. Resource exploitation 7.0 2.0 
6. Reproduction 3.0 3.0 
7. Dispersal mechanisms 2.0 2.0 
8. Tolerance attributes 1.0 1.0 

C. Climate change 4.0 4.0 
9. Climate change 4.0 4.0 

Statistics – Sectors affected   
Commercial 4 4 
Environmental 6 1 
Species or population nuisance traits 17 17 
Statistics – Scores   
BRA 17.0 12.0 
BRA+CCA 21.0 16.0 
Statistics – Confidence Thresholds   
BRA+CCA 0.51 0.52 
BRA 0.53 0.53 

Information from the Freshwater Environments of the World online 
database was used to compare the two RA areas (England & Wales; Scotland) 
considered for this screening. Finally, the results of climate mapping by 
Chen et al. (2024) were used in the quantification of current and potential 
future distributions of suitable habitat for the shimofuri goby throughout 
Great Britain.  

Results and discussion 

Results 

The BRA scores were 17.0 for England & Wales and 12.0 for Scotland 
(Table 1), with most of the divergence coming from the questions on resource 
exploitation (i.e. impact on the environment), as shown in Figure 1. These 
scores suggest a categorisation of medium risk for the shimofuri goby in 
both RA areas, as both values are below the threshold value of BRA ≥21.0, 
as developed by Dodd et al. (2019) for freshwater fishes in GB. 

The results for the CCA questions 50 to 55 were identical in the two 
assessments (Table 1; Supplementary material Tables S1, S2), implying that 
the effects of climate change on the chance of arrival, establishment and 
impacts of this species are likely to be similar in the two RA areas. In both 
cases, the shimofuri goby’s invasiveness risk was predicted to increase 
under climate change, due to an increased risk of establishment and dispersal. 
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Figure 1. Summaries of the AS-ISK screening responses for both risk assessment areas. A) Boxplots of the scores by risk 
assessment section. B) Bar charts of the confidence levels for both risk assessment areas by questionnaire section 

Risk screening 

The risk assessment scores derived in this study place the shimofuri goby 
in a category of medium risk. This matches the results from a recent assessment 
for the naked goby, another estuarine species, in the North Sea (Dodd et al. 
2022). In part, the medium score reflects a lack of definite impact in the 
areas where it has established non-native populations in China and the USA, 
and there is potential for its risk score to increase if impacts are found there 
in future. The species scores relatively highly in terms of its adaptability 
(particularly in terms of diet and tolerances to a range of temperatures and 
salinities), suggesting that establishment would be likely if the shimofuri 
goby were to arrive in GB waters. However, the shimofuri goby’s generalist 
and adaptable nature makes the confident prediction of specific impacts 
difficult, due to a lack of information on its interactions with native taxa. 
This, along with limitations on available information on the species’ ecology 
and behaviours within its native range, was highlighted with the generally 
medium to low confidence that the assessors assigned to question 
responses (Figure 1b). 
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The greatest distinction in the scores for the two RA areas was caused by 
differences in potential impacts on bullheads (Cottus spp.) which were 
identified as the most likely species to be directly affected by the 
shimofuri goby’s introduction. Notwithstanding current debate on the 
taxonomy of bullhead populations in GB (e.g. Freyhoff et al. 2005; Fast et al. 
2017; McLeish et al. 2020), their differing conservation status between the 
two RA areas results in varying policy and ecological relevance for any 
potential impacts which the shimofuri goby could exert on these populations, 
driving the difference in scores in this study (Figure 1b). In England & 
Wales, the bullhead is native and considered a species of conservation 
importance as a designated feature of a number of Special Areas of 
Conservation (Cowx et al. 2009). In Scotland, the species is not native and 
is designated as invasive due to a perceived threat to native species (Gaudin 
and Caillere 2000; Elliott 2006). Decline in bullhead abundance was observed 
in the Netherlands, after the establishment of several Ponto-Caspian goby 
species, most notably the round goby Neogobius melanostomus (Pallas, 1814) 
(van Kessel et al. 2016). As such, it was deemed likely that the shimolfuri 
goby would exert similar impacts on bullheads if it were introduced to the 
RA areas, which led to a divergence in the responses to question 26 in the 
two risk screenings (Tables S1, S2).  

Dispersal mechanisms 

The most likely potential mechanism for the shimofuri goby to arrive in 
both RAs was deemed to be via ballast water exchange, with a potential 
additional route of introduction as eggs attached to shells or solid material 
in dredging waste. Transport in ballast water was identified as the most 
likely route for the species’ introduction to the USA (Matern 2001; Howard 
and Booth 2016), and the recent discovery of this species in a Belgian 
shipping canal (Verhelst and Verreycken 2023) lends further credence to 
this theory. Due to this factor, open-ocean ballast-water exchange has been 
suggested as a measure to limit the risk of introducing this species to new 
areas (Matern 2001).  

Unaided dispersal to GB from Belgium or other undiscovered or future 
populations in continental Europe is unlikely as the species cannot tolerate 
true seawater salinities (Matern 2001). The shimofuri goby’s dispersal within 
fresh and brackish water environments has been attributed to the passive 
dispersal of their planktonic larvae, which can be transported by water 
currents (Qin et al. 2023). This has notably taken place in the context of 
inter-basin water transfer projects (IBWT) in eastern China, where the 
goby’s spread to new freshwater environments has been attributed to two 
IBWTs which involved the diversion of water from the lower reaches of the 
Yangtze River (Qin et al. 2023). These enabled the shimofuri goby to 
establish populations in several lakes and reservoirs throughout the region 
(Qin et al. 2020a, b; Qin et al. 2023). In a similar manner, the shimofuri 
goby’s dispersal in various lakes and reservoirs throughout its non-native 
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North American range has been attributed to the California State Water 
Project (Howard and Booth 2016). Inter-basin water transfers are considered 
a high-risk pathway by which species may colonise new areas, as these 
create high propagule pressures, by regularly transporting large numbers of 
individuals to previously inaccessible catchments or regions (Qin et al. 2023). 
A number of current and planned IBWT projects exist within Great Britain, 
such as the Tyne-Tees Transfer (Khadem et al. 2021) and the planned 
River Severn to River Thames Transfer (Severn Trent Water 2021), which 
could provide the shimofuri goby with a means of dispersing to new river 
systems, if inlets were accessible to gobies in the lower reaches of rivers. 

Establishment – climate factors 

Both assessed areas were scored as being moderately similar to the shimofuri 
goby’s native range, as indicated in question 4 of both risk assessments 
(Tables S1, S2). The adaptability of this species is demonstrated by its ability 
to thrive in a wide range of ambient temperatures. A study by Matern (2001) 
found the species’ critical thermal maxima to be around 31°C to 34 °C 
when acclimated to 20 °C. This trait is believed to have aided in the 
shimofuri goby’s establishment in California, by allowing it to tolerate 
highly variable conditions within the estuary, and to survive in small pools 
at low tide (Matern 2001). Despite a lack of specific information on the 
species’ lower thermal limits, some information can be gleaned from its 
current native and non-native ranges. The shimofuri goby is native to areas 
which undergo drastic changes in temperature throughout the year. In 
Korea, Ye et al. (2014b) found the shimofuri goby to be the most abundant 
species in a tidal creek which experiences considerable temperature fluctuations 
over the course of the year, reaching temperatures of around 28 °C in the 
summer, and dropping to around 5 °C in the winter. Furthermore, the 
shimofuri goby appears to be able to adapt to lower temperatures in its 
non-native range in China. In particular, the shimofuri goby is present in 
Shuangwangcheng Reservoir where water temperatures reach an average 
minimum of 3.1 °C in January (Tang et al. 2018), and Nansi Lake which drops 
to an average of around 0 °C in January and February (Tian et al. 2012). 

This information suggests that the shimofuri goby would be able to 
tolerate winter temperatures which it would encounter within Great Britain. 
Verhelst and Verreycken (2023) drew similar conclusions in their assessment 
for Belgium, when first reporting the discovery of this species in Europe. 
Furthermore, modelling work undertaken by Chen et al. (2024) indicated 
that a significant amount of suitable coastal habitat for the shimofuri goby, 
most notably in the form of “low-adaptive areas” and “moderate-growth 
areas” are present around Great Britain. The findings of this modelling 
work also indicate that the range of suitable habitats would increase under 
several Representative Concentration Pathway scenarios. However, it should 
be noted that Chen et al. (2024) makes a comprehensive assessment of 
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coastal habitats, but does not account for freshwater habitats, and as such 
only provides a partial view of the shimofuri goby’s potential invasive 
range in Great Britain. 

Establishment – other factors 

In both RA areas, it was considered that the species’ generalist and adaptable 
traits would facilitate its establishment, if introduced, as noted in questions 
17, 23, 25, and 28 (Tables S1, S2). These traits include a broad diet (Ye et al. 
2014a; Qin et al. 2020b), and tolerance of a wide range of environmental 
conditions (Matern 2001). The shimofuri goby predominantly feeds on 
benthic invertebrates, as well as other fish and their eggs (Matern and 
Brown 2005; Ye et al. 2014a; Qin et al. 2020b). In the San Francisco Bay, 
Matern and Brown (2005) found that a significant proportion of the shimofuri 
goby’s diet was composed of two non-native invertebrate species which were 
not predated by native fishes. The exploitation of novel prey may limit the 
goby’s direct impacts on native species in the San Francisco Estuary and 
may partly explain how the goby has proliferated in the area while other fish 
species have declined (Matern et al. 2002; Matern and Brown 2005). 

The shimofuri goby inhabits brackish environments within its native 
range and possesses an upper salinity tolerance of 17% (Matern 2001). 
However, this species has successfully established itself in freshwater lakes 
and reservoirs in its introduced ranges of both China and the USA, where 
it has bred for multiple generations (Matern 2001; Qin et al. 2020a). This 
species would therefore likely be able to establish itself in a wide range of 
freshwater and brackish habitats within GB.  

Finally, several attributes of this species’ reproductive biology and behaviours 
have been suggested to assist its proliferation within new environments. 
These include high reproductive investment, parental nest guarding, and 
phenotypic plasticity in its life history traits (Qin et al. 2020a). Work undertaken 
by Qin et al. (2020a) indicated that individuals in Nansi Lake in China 
typically live for one year and adopted a single spawning strategy, in contrast 
to the species’ life history in the San Francisco Estuary in the USA, where 
individuals live for two years and spawn in multiple batches throughout an 
extended reproductive season from March to August. These contrasting 
strategies are believed to best suit surrounding environmental conditions, 
with the more variable conditions of the San Francisco Estuary making 
batch spawning within a longer reproductive season more advantageous 
(Hočevar et al. 2021), while the relatively stable conditions of lakes and 
reservoirs would make the high energetic cost of multiple batch-spawning 
inefficient (Qin et al. 2020a). Studies undertaken in Nansi Lake in China 
also revealed that males of this species exhibit parental care and nest-
guarding behaviours after spawning, further assisted by male-biased sexual 
size dimorphism and sex ratios (Qin et al. 2020a). The ability to adapt life-
history traits in this manner is believed to offer certain fish species a 
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considerable advantage when establishing themselves in new areas (Fox 
and Copp 2014). 

Potential impacts in GB 

During the risk screening process, little direct evidence could be found for 
impacts on biodiversity or ecosystems in its non-native range, although 
there are potential impacts which have not been definitively proven. In both 
areas outside its native range where the goby has become established, its 
arrival was followed by a decline in the abundance of native fishes (Meng et al. 
1994; Qin et al. 2020b), although direct causation cannot be proved. 
Additionally, through behavioural studies, Matern (1999) found that the 
shimofuri goby displayed aggressive behaviours towards ecologically 
similar native gobies in the San Francisco Estuary, and concluded that the 
goby’s invasion to the area could pose a risk to the endangered tidewater 
goby Eucyclogobius newberryi (Girard, 1856). In addition, laboratory 
studies showed that the shimofuri goby outcompeted the non-native Harris 
mud crab Rhithropanopeus harrisii (Gould, 1841) for shelter, especially 
during the day and in the spawning season (Matern 2001).  

The shimofuri goby’s propensity to feed on small fish and fish eggs, 
along with its tendency to display territorial aggression towards other species, 
suggest that this species’ introduction could lead to deleterious effects for a 
wide range of native fishes. As a whole, it was deemed that the shimofuri 
goby’s introduction would most likely impact on similarly-sized or smaller 
brackish and freshwater fishes through competition and predation, with 
the most likely impacted taxa being bullhead. As a predator of fish eggs 
expected to occupy a similar niche to bullheads, shimofuri goby has the 
potential to exert similar negative effects on salmonid recruitment, at least 
at a local level, as have been recorded for bullheads (Palm et al. 2009). 
Another species of conservation concern in both RA areas which might be 
expected to be subject to egg predation by the shimofuri goby is the European 
smelt Osmerus eperlanus (Linnaeus, 1758), which generally spawns in the 
lower reaches of rivers, and deposit their eggs onto available substrates 
(Quigley et al. 2004). However, a lack of information on the interactions 
between the shimofuri goby and native taxa to the RA areas makes the 
accuracy of these predictions uncertain. 

Future directions 

Non-native species risk analyses are a vital conservation tool, as they serve 
to underpin management strategies for species likely to be introduced, and 
those which could have significant impacts on native taxa (Lodge et al. 2016). 
The development of electronic decision-support tools in recent years has 
improved the quality and efficiency of such analyses (Copp et al. 2016), 
which in turn has improved the efficacy of management efforts (Vilizzi et al. 
2021). As such, these tools are now seen as essential for the development of 
effective policies and management strategies for non-native species (Copp 
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et al. 2016). Indeed, freshwaters are regarded as possibly the most widely 
threatened ecosystem worldwide (Carpenter et al. 2011; Taybi et al. 2020), 
and the position of estuaries at the interface between freshwater and marine 
environments make them vulnerable to introduction vectors from both 
environments (Padilla and Williams 2004; Gertzen et al. 2008; Bailey 2015). As 
such, monitoring potential threats to these environments, and continuing 
to develop effective detection and management methods is of vital 
importance (Crall et al. 2011; Thomas et al. 2020). 

The recent report of shimofuri goby from Terneuzen shipping canal in 
Belgium (Verhelst and Verreycken 2023) was insufficient to conclude 
whether the species has successfully established itself in the area, highlighting 
the need for further investigations. The authors noted that the small size of 
the species and relative similarity to other goby species may have allowed a 
small population of shimofuri gobies to survive in the canal undetected. In 
the UK, there is little monitoring targeted at non-native fishes, particularly 
in brackish water. The continued monitoring of potential introduction 
routes, especially around estuarine shipping ports using environmental 
DNA surveying which has proven successful for detecting invasive gobies 
(Adrian-Kalchhauser et al. 2016; Nevers et al. 2018), combined with raising 
awareness of the species’ potential arrival with anglers and other stakeholders, 
is likely the best means to increase likelihood of detection. 
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