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Information on measures and related costs in relation to species included on the Union list - Pseudorasbora parva 
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IUCN or any person acting on the Commission’s behalf, including any authors or contributors of the notes themselves, may be held responsible for the use 
which may be made of the information contained therein. Reproduction is authorised provided the source is acknowledged. This document shall be cited as: 
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Date of completion: 26/06/2019 
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Species (scientific name) Pseudorasbora parva 
Species (common name) Topmouth gudgeon; stone moroko; false harlequin 
Author(s) Robert Britton, Bournemouth University, UK 
Date Completed  26/06/19 
Reviewer Elena Tricarico, University of Florence, Italy 
 

Summary  
Highlight of measures that provide the most cost-effective options to prevent the introduction, achieve early detection, rapidly eradicate and manage the species, 
including significant gaps in information or knowledge to identify cost-effective measures. 
Preventing inadvertent introduction  
The primary introduction pathway of Pseudorasbora parva into Member States (MS) of the European Union is through contaminated batches of larger 
fish being moved for aquaculture, especially involving fishes of the Cyprinidae family. The small body size of P. parva (most individuals are <50 mm, 
largest sizes rarely exceed 70 mm) means that their detection can be difficult within large tanks containing other fishes. This accidental introduction of P. 
parva is the pathway by which the species has been introduced into most, if not all MS, and it requires the most attention to prevent inadvertent 
introduction into MS where it is believed that the species is still absent.  
Correspondingly, where a MS considers itself to be P. parva free, inadvertent introduction can be prevented though raising awareness among regulatory 
authorities over the dangers of enabling movement of fish into the country without sufficient screening/auditing for alien species, including P. parva; 
specialist training for identifying all life-stages of this species is critical. This should allow processes to be established at ports of entry to enable screening 
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for the species.  
 
Preventing secondary spread 
Containment efforts to prevent further spread of P. parva in the environment should be done via installing filters on pond outflows and by implementing 
regulatory measures to prevent fish movements off-site. 
 
Surveillance to support early detection  
The early detection of P. parva would be best achieved through the application of environmental DNA (eDNA) surveys (complemented with capture 
methods such as baited traps), coupled with a scheme that enables fishery professionals, anglers and other water users to report suspected catches in a 
regulated manner. 
 
Rapid eradication of new introductions 
The eradication of P. parva from isolated waters (principally small ponds) is possible through application of a piscicide containing rotenone, in MS where 
it is allowed to be used. An alternative method is draining-down, drying and disinfecting the water body, although this is more difficult to apply. 
Rotenone application is only cost-effective over relatively small spatial areas. Where P. parva is present over large spatial areas, rapid eradication is not 
considered feasible.  
 
Management  
Pseudorasbora parva is an ecosystem-altering invasive fish, changing ecosystem functioning and impacting native species, especially their prey 
populations. Minimising P. parva impacts on communities in invaded waters should focus on population control via long-term reductions in population 
abundance by mechanical removal (and potentially supplemented by biocontrol efforts). Control should go in hand with containment efforts.  
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Prevention of intentional introductions and spread – measures for preventing the species being introduced intentionally. This table is repeated for 
each of the prevention measures identified. If the species is listed as an invasive alien species of Union concern, this table is not needed, as the measure applies anyway. 
Measure description 
Provide a description of the measure, 
and identify its objective 

 

As the species is listed as an invasive alien species of Union concern, the following measures will automatically apply, in 
accordance with Article 7 of the EU IAS Regulation 1143/2014: 
Invasive alien species of Union concern shall not be intentionally:  
(a) brought into the territory of the Union, including transit under customs supervision;  
(b) kept, including in contained holding;  
(c) bred, including in contained holding;  
(d) transported to, from or within the Union, except for the transportation of species to facilities in the context of eradication;  
(e) placed on the market;  
(f) used or exchanged;  
(g) permitted to reproduce, grown or cultivated, including in contained holding; or  
(h) released into the environment. 
 
Also note that, in accordance with Article 15(1) – As of 2 January 2016, Member States should have in place fully functioning 
structures to carry out the official controls necessary to prevent the intentional introduction into the Union of invasive alien 
species of Union concern. Those official controls shall apply to the categories of goods falling within the Combined Nomenclature 
codes to which a reference is made in the Union list, pursuant to Article 4(5).] 
 
Therefore measures for the prevention of intentional introductions do not need to be discussed further in this technical note. 
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Prevention of un-intentional introductions and spread – measures for preventing the species being introduced un-intentionally (cf. Article 13 of 
the IAS Regulation). This table is repeated for each of the prevention measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

 

Stakeholder awareness, coupled with training on screening consignments of live fish 
 
Aim: Prevent the unintentional introduction of P. parva into a Member State by raising awareness of stakeholders 
on the impacts caused by the species and by training them on screening imported consignments of live fishes.  
 
Reducing the risk of unintentional introductions of P. parva into Europe requires elevated awareness across 
stakeholders of the risks the species poses to the environment. There are two groups of stakeholders that require 
attention, those associated with inland fisheries (aquaculture and angling), and those in the aquarium trade. 
 

(1) Inland fisheries 
The contamination of consignments of fish species being legally imported into a Member State has been recognised 
as the primary pathway by which P. parva entered Europe from China (Gozlan et al., 2002, 2010), and has since been 
spread between Member States. This happens due to the small body size of the fish, making their detection difficult 
in batches of larger fish (Davies & Britton, 2015). Their introduction into MS in this manner could be reduced 
through the dissemination of information on the species (and other small invasive fishes of concern) to ports of 
entry, to enable personnel involved in checking consignments to identify all P. parva life-stages. In particular, 
developing the screening processes of imported consignments of fish, whereby the fish being brought in are 
checked for the presence of contaminants should reduce the probability of unintentional introduction of alien 
species (such as P. parva) with other fishes. This could also work in conjunction with audits on alien fish pathogens 
(Williams et al., 2013).  
 

(2) Aquarium trade 
Pseudorasbora parva have previously been present in the aquarium trade, although this is now less of a concern. 
However, given that ornamental fish remain popular and the species could be used ornamentally after capture in 
the wild, then maintaining awareness programmes within the aquarium trade sector should assist in reducing risks 
of P. parva and other alien fish being imported into Member States.  
 
It should be noted that P. parva is already present in most, if not all, Member States of the European Union, so this 
measure is unlikely to have substantial influence on P. parva EU presence. 
 
This measure also has relevance for avoiding secondary spread of the species and as a surveillance method to detect 
the species at an early stage. 
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Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

This would require application at Member State level, with staff at all ports of entry through which fish are legally 
imported being trained to check for P. parva presence. There are no known examples of where this measure has 
been applied successfully against P. parva.  
 

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective  Neutral   Ineffective  Unknown X 

 
Rationale: 
Eliminating the presence of contaminants of fish being moved is not easy to police and, while training and 
monitoring is important, capability and capacity across enforcement agencies is important too. Whilst there are 
some examples of programmes that have started to be developed in Europe (e.g. Tarkan et al., 2015; NOBANIS, 
2016), the effectiveness of the measure remains uncertain over large spatial areas.   
 
To have results, assessments of inland fish movements require improved planning and the aquaculture sector needs 
to be better informed on the risks that their activities pose to the environment, though training at the Member State 
level. The need to audit/screen for unintentional spread of species within fish movement exercises needs 
highlighting.  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

The effort will need to be applied at all times and should not be lifted.  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
The exact costs, staff and equipment will vary by Member State and are difficult to quantify. They will include the 
formation of an awareness and educational campaign for creating and disseminating the information. Increasing the 
screening of fish imports/stocking will require increased effort and capacity at the Member State level and this will 
have specific, but quantified costs.  
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 

Environmental effects Positive X Neutral or mixed  Negative  
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
Implementing this measure could assist in preventing the unintentional introduction of other alien fish species.  
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For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

 
 

Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable X Neutral or mixed  Unacceptable  

 
Rationale:  
Pseudorasbora parva is a small pest fish of negligible value to fisheries and aquaculture, and so this measure should 
be acceptable to all stakeholders.  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

-Cost of inaction:  
High. This is because inaction could lead to P. parva spreading unintentionally through activities that could be better 
managed and, given the species high invasiveness, their socio-economic and ecological impacts will eventually be 
high (Gozlan et al., 2010).  
-Cost-effectiveness:  
High. The use of fish auditing/screening, and having more informed public and stakeholder groups supporting steps 
to prevent the unintentional release of P. parva, would be more cost-effective than their subsequent eradication 
(Britton et al., 2008, 2010).   
  

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive  Unresolved  Established but 
incomplete 

X Well established  

 
Rationale: 
Some screening/auditing of fish movements do occur, although they tend to be non-specific for P. parva; 
educational and training activities for stakeholders are also likely to be commonly used, although there is limited 
evidence of the use of these exercises in preventing unintentional P. parva releases. 
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Prevention of secondary spread of the species – measures for preventing the species spreading once they have been introduced (cf. Article 13 of the 
IAS Regulation). This table is repeated for each of the prevention measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Containment by preventing natural dispersal of lentic populations 
 
Aim: To contain all propagules of the species in invaded lentic waters to prevent their spread to neighbouring 
waters.  
 
Preventing the natural dispersal of lentic populations of P. parva requires removal of their ability to escape into the 
wider environment through outflows that connect to river systems. Given the small size of larvae and young-of-year 
(<20 mm) this can be challenging, requiring the use of some form of permeable barrier (e.g. screen or filter) on 
outflows that prevents egress of P. parva, but allows effective drainage of water to prevent flooding of the site. The 
barrier used for this could take a variety of forms, such as a screen that filters the water but prevents fish 
movements, or a gravel filter that enables draining of water whilst preventing fish dispersal.  
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

This measure would require application to all known lentic waters in a Member State in which P. parva are present. 
There are no known documented examples of where this has been enacted at large spatial scales and been effective 
at preventing further P. parva invasion. 

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective  Neutral   Ineffective  Unknown X 

 
Rationale: 
In the absence of specific studies on the prevention of lentic P. parva dispersal into the wider environment by the 
construction of permeable barriers on outflows, it is unknown as to how effective the measure would be. 
Nevertheless, it represents a potentially effective measure at preventing the dispersal of individuals, especially those 
of small body sizes (<20 mm). Scientific planning would be needed to determine whether this level of containment 
at invaded sites for P. parva is a necessary step to setting goals in their management plan at a Member State level.  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

The effort and effectiveness of this containment measure is likely to be case-specific according to local conditions. In 
particular, local hydrological conditions are likely to dictate the extent of water flow from the site and the extent to 
which it can be channelled through some form of permeable barrier to prevent P. parva dispersal. Nevertheless, 
containment by preventing natural dispersal could form part of an effective and sustainable containment 
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programme that involves this measure coupled with tighter regulation of fish movements from these sites (see next 
table).   
 

Resources required 1 

e.g. cost, staff, equipment etc. 
At individual invaded sites, the resources required will be context dependent on the extent of hydrological connection 
with neighbouring water bodies, the size and number of outflows, and whether these enable a permeable barrier to be 
placed over them that would enable water to drain from the site, whilst preventing P. parva dispersal. Once installed, 
regular (at least daily) maintenance is likely to be required to ensure no fouling that could lead to a loss of 
permeability and thus the prevention of water from draining from the site.  
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

Environmental effects Positive  Neutral or mixed  Negative X 
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
Dispersal barriers to prevent P. parva spread into the wider environment might block the movement of native fishes 
or other aquatic species. Where this natural dispersal of native species forms an important component of that 
species’ life history, then it represents a negative environmental concern. Social and economic effects are 
considered as likely to be neutral.  
 

Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable X Neutral or mixed  Unacceptable  

 
Rationale: 
Containing P. parva populations in this manner should be acceptable to stakeholders, given that the fish is a known 
pest species that impacts recreational activities such as angling (Britton & Brazier, 2006). The prevention of dispersal 
of native fish from ponds to rivers is likely to be seen as acceptable to most stakeholders, providing it does not lead 
to the site flooding (by preventing drainage).  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 

-Cost of inaction:  
The cost of inaction will result in P. parva dispersing into the wider environment and developing highly invasive 
populations that will be increasingly difficult and expensive to manage.  
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- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 
Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive X Unresolved  Established but 
incomplete 

 Well established  

 
Rationale: 
The use of a permeable barrier to prevent the egress of P. parva from invaded lentic sites can be a regulatory 
requirement within some Member States, but there remains an insufficient knowledge base to ascertain how to 
apply the measure and how effective this would be under a range of hydrological regimes.  

 

 

Prevention of secondary spread of the species – measures for preventing the species spreading once they have been introduced (cf. Article 13 of the 
IAS Regulation). This table is repeated for each of the prevention measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Containment by preventing dispersal by anthropogenic means 
 
Aim: To prevent the movement of the species from invaded sites by anthropogenic means.  
 
The accidental secondary spread of P. parva through their unintentional movement within contaminated fish 
consignments from invaded waters can be prevented by implementing regulations that inhibit or prevent all fish 
movements off-site from invaded waters. This would require knowledge on which waters are invaded by the 
species.  
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 

This measure would require restrictions on the off-site movement of fish to be applied to all known P. parva invaded 
waters within a Member State. There are no known documented examples of where this measure has been enacted 
at large spatial scales and been effective at preventing further P. parva invasion. Aspects of the measure have been 
implemented in the UK, but its effectiveness is not clear given it has not prevented the further spread of P. parva 
(Pinder et al., 2005; Britton et al., 2010). 
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Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective  Neutral   Ineffective  Unknown X 

 
Rationale: 
If this measure is applied across a Member State, is based on the identification of populations from strong 
surveillance methods, and is policed strongly, then there is potential for it to be highly effective at preventing the 
secondary spread of P. parva within legal fish movements. However, documented evidence of its effectiveness is 
unavailable and so remains unknown. Scientific planning would be needed to determine whether containment at 
invaded sites for P. parva is a necessary step to setting goals in their management plan at a Member State level.  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

Where fish movement policies and regulations at a Member State level enable controls to be placed on the 
movements of fish between inland waters, the measure would potentially require some form of regulatory system 
that enables movement controls to be placed on invaded waters, followed by its enforcement. Successful 
implementation is likely to require the integration of science, regulatory and outreach activities.  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
Depending on the existing regulatory framework at a Member State level and the level of enforcement, this 
potentially requires the establishment of policies to regulate movements of fish between inland waters, a system 
developed where permissions to move fish between waters can be revoked, and a system where enforcement of 
regulations is possible to ensure compliance. Given the likelihood of this varying between Member States, the exact 
resources required will be highly context dependent.  
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

Environmental effects Positive X Neutral or mixed  Negative  
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed  Negative X 

 
Rationale: 
Preventing human-assisted movement of fish between inland waters can also prevent the movement of other 
invasive aquatic species. However, it potentially results in negative economic effects, as fish are often moved 
between inland waters for aquaculture and angling, which would not be possible for waters affected by P. parva 
invasion. Social effects are considered neutral. 

Acceptability to stakeholders Acceptability to Acceptable  Neutral or mixed X Unacceptable  
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e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

stakeholders 
 
Rationale: 
Overall, preventing the secondary spread of P. parva populations should be acceptable to stakeholders, given that 
the fish is a known pest species that impacts recreational activities such as angling (Britton & Brazier, 2006). 
However, the inhibition of economic activity by preventing movements of fish between inland waters suggests its 
acceptability will be ‘Neutral or mixed’.  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

-Cost of inaction:  
The cost of inaction will result in P. parva dispersing into the wider environment and developing highly invasive 
populations that will be increasingly difficult and expensive to manage.  

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive X Unresolved  Established but 
incomplete 

 Well established  

 
Rationale: 
There is minimal evidence available that has demonstrated the use of this measure and its effectiveness at 
preventing the secondary spread of P. parva by anthropogenic means.  

 

 

Surveillance measures to support early detection - Measures to run an effective surveillance system for achieving an early detection of a new 
occurrence (cf. Article 16). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated 
for each of the early detection measures identified. 
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Measure description 
Provide a description of the measure, 
and identify its objective 

Environmental DNA (eDNA) 
 
Aim: To detect new populations of P. parva using environmental DNA techniques as part of a surveillance 
programme. 
 
This technology has mainly emerged and developed in the last decade, being based on detecting the presence of 
species from environmental samples via the presence of their DNA, and in the absence of any visual or capture 
detection (Thomsen & Willerslev, 2015; Leese et al., 2016). There is a range of options for how the method is 
applied, e.g. it can be P. parva specific or applied through the use of more general meta-barcoding approaches that 
can screen for many invasive fish species. Moreover, eDNA methods continue to develop at pace and are 
increasingly recognised as potentially providing greater accuracy in the presence/absence of alien species (e.g. Roy 
et al., 2018), when compared to more traditional capture methods (e.g. Britton et al., 2011). 
 
An advantage of eDNA methodologies is their ability to rapidly establish broad-scale patterns of occupancy for 
invasive fishes generally, but also for P. parva specifically (Davison et al., 2016, 2017). It can also be used to assess 
the efficacy of attempts to eradicate specific populations of P. parva (Robinson et al., 2019). Whilst eDNA methods 
might need further refinement for application to the early and rapid detection of P. parva within surveillance 
measures, this should be considered as the option that has the highest potential to detect the presence of P. parva 
(and other invasive fishes), even when they are at very low abundance (such as when they are newly introduced and 
yet to establish).  
 
This measure should be implemented in water bodies considered at-risk of invasion. Risk analysis can be completed 
for determining which water bodies require testing.   
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

The scale of application of this measure is dependent upon the number of at-risk waters in the Member State. In the 
EU, there are no known examples where eDNA has been applied at a coordinated level over large spatial areas as 
part of a surveillance effort.  
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Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective X Neutral   Ineffective  Unknown  

 
Rationale: 
There is a developed eDNA methodology for detecting P. parva in the wild (Davison et al. 2016, 2017). Providing that 
the sampling design is robust (i.e. it collects the appropriate amount of replicated water samples etc.), then the 
probability of detection can be estimated. The level of sensitivity of the eDNA detection is, however, likely to vary 
between waters due to context dependencies in relation to factors including water temperature (as it affects DNA 
degradation), and so trials in the laboratory might not match those in the wild (Davison et al., 2016).  
Overall, the method can be effective, provided it is completed by experienced practitioners who understand the 
need to a priori power analyses, coupled with sensitivity analyses in the laboratory. There is ample evidence of these 
practices used for fish generally, as well as for P. parva specifically (Davison et al. 2016, 2017).  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

Providing there is existing infrastructure within the Member States with the equipment required for the laboratory 
analysis, and there is sufficient competence in the design of the sampling and laboratory protocols, then the number 
of water bodies that need testing determines the effort that requires applying. The least effort would be the 
application of a P. parva specific protocol (e.g. Davison et al., 2016), but this would miss the benefit of screening for 
other fishes too.  
 
If there are a large number of water bodies to be screened, and given that robust sampling protocols require the 
collection of numbers of water samples, then the overall number of samples to be analysed might be considerable, 
but this will depend on the Member State and the scale of the proposed programme.   
 

Resources required 1 

e.g. cost, staff, equipment etc. 
Providing that there is an existing laboratory in a Member State that has the equipment and personnel to complete 
the work, then the resources required would be those to sample the water bodies and complete the laboratory 
analyses (assuming that there was minimal development work to be done, if an existing protocol for P. parva eDNA 
was being used, e.g. Davison et al. 2016, 2017). Costs include consumables and sequencing costs. For a small 
Member State wanting to sample a small number of water bodies, these costs might not exceed €50,000. These will 
increase if the scale of the surveillance programme is increased.  
 
Where an existing facility does not exist, for a species-specific programme (such as for only detecting P. parva), costs 
of developing a relatively small eDNA laboratory with the appropriate instrumentation (e.g. for PCR) will be, at least, 
€35,000.  
 

Side effects (incl. potential) – Environmental effects Positive X Neutral or mixed  Negative  
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both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
Positive environmental effects are expected, in case the method used enables the detection of other potentially 
invasive fishes in the waters sampled (plus protected/rare species).   
 
 

Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable X Neutral or mixed  Unacceptable  

 
Rationale: 
The application of eDNA methods does not negatively impact human activities, or any aspect of biodiversity, and so 
should be acceptable to all stakeholders.  

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

-Cost-effectiveness:  
High. The method has high potential for detecting the presence of small numbers of individual fish within relatively 
large water bodies. It is considered more sensitive than traditional capture methods for sampling (seine nets, 
electric fishing, etc.) (Hoffman et al., 2011; Evans et al., 2016). It also allows surveys to be rapidly deployed over 
relatively large spatial scales.  
 

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 

Inconclusive  Unresolved  Established but 
incomplete 

 Well established X 

 
Rationale: 
Although the method has only been developing strongly in recent years, there are sufficient studies now available 
that demonstrate its applicability and effectiveness. There is also a P. parva specific methodology in place (Davison 
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Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

et al., 2016, 2017).  
 

 

 

Surveillance measures to support early detection - Measures to run an effective surveillance system for achieving an early detection of a new 
occurrence (cf. Article 16). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated 
for each of the early detection measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Fish sampling via standard fish capture techniques  
 
Aim: To detect new populations of P. parva using standard fish capture techniques as part of a surveillance 
programme. 
 
Whilst P. parva is already present in the majority of the EU Member States, where it is either unconfirmed or a new 
occurrence has yet to be detected, and in the absence of eDNA techniques (or as a complementary method to 
validate eDNA findings), early detection can also utilise more traditional fish sampling techniques.  
 
In general, sampling by capture methods of fish communities involves electric fishing, seine netting and gill netting, 
with these methods being effective across fish assemblages and habitat types. Methods are sufficiently standardised 
so that, within fish monitoring programmes, standard protocols can be adopted (Radinger et al., 2019). However, 
these standard methods all come with biases, especially in relation to fish length. For seine netting and gill nets, 
mesh sizes dictate the size of fish captured. For electric fishing, unless the gears used are modified, capture of very 
small bodied individuals, as is the case for P. parva (< 70 mm), can be rare. As such, micro-mesh seine nets (capable 
of sampling fish >20 mm; Gutmann Roberts & Britton, 2018) and small meshed gill nets can be deployed in littoral 
areas to sample P. parva, although both methods will likely result in the capture (and sometimes death) of other 
fishes.  
 
An alternative to these methods is the use of small fish traps. Britton et al. (2011) demonstrated in small 
aquaculture ponds that small fish traps (approximately 1 m in length and baited with pelletized fishmeal) were the 
most effective sampling technique for P. parva in small lentic environments. Their probability of providing false 
negative results was lower than electric fishing, and their deployment was highly efficient. Given that P. parva tends 
to be a littoral species, sampling of water bodies using a number of baited traps should provide a relatively efficient 
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sampling method that, if P. parva are captured, provides specimens for analysis of biometrics and life history traits 
that can help inform wider patterns of their invasions. Baited traps can be left in the water body for as little as one 
hour, although it might be more efficient to leave them overnight. 
 
The water bodies that can be prioritised for surveillance in this manner should be those where it has been assessed 
that the risk of P. parva presence is at least above minimal, such as ponds, lakes and reservoirs that have 
hydrological connections to waters with known populations, or that are near to established populations of P. parva. 
In addition, traps could be deployed in waters with fish stocking histories that suggest there has been a risk of 
unintentional P. parva release in recent years, but where this has yet to be confirmed.  
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 

The method would be best deployed in relatively small spatial areas where it is suspected that P. parva are present 
in the vicinity and are at risk of spreading.  

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective X Neutral   Ineffective  Unknown  

 
Rationale: 
Britton et al. (2011) demonstrated that the use of baited fish traps provided a reliable capture method that was 
more effective than other methods, although not when P. parva densities were very low (when all capture methods 
were unreliable and P. parva capture was random). Thus, where a new introduction might have occurred involving a 
low number of individuals, it might be better to use eDNA detection techniques, or use trapping in conjunction with 
eDNA. 
In all cases, the efficacy of the capture methods are at least partially temperature dependent, with their use in 
colder temperatures in the winter months more likely to result in reduced probability of capture (Radinger et al., 
2019).  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

Although the effort needed for the early detection of invasive fish at a high-probability can be substantial (Hoffman 
et al., 2011), this can be reduced when methods used require relatively low effort for deployment, and when they 
can be used in a complementary manner with other methods (e.g. eDNA (above) and citizen scientists (below)).  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
Accurate resource costs are difficult to quantify given that each Member State (MS) is likely to differ in their 
procedures for standard fish monitoring schemes. The resources required at a MS level will be dependent on the 
spatial area needing surveillance and each MS would need to develop a wider strategy of P. parva management in 
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which surveillance for early detection is embedded. Publicly funded fisheries and research institutes can use these 
early detection methods within their existing activities (e.g. within EU Water Framework Directive monitoring), 
which would reduce the cost of implementation of this measure. Otherwise, costs will be incurred through 
programme design and implementation, with these costs varying by Member State.  
 
The costs of sampling by electric fishing can be expensive, with Schmutz et al. (2007) estimating costs at between 
€380 and €2,900 per 100 to 500 m of river length sampled, with the variation in cost being a function of, for 
example, stream type (including width and habitat characters). Although its cost has not been quantified, sampling 
using baited fish traps is likely to involve fewer resources, as traps can be deployed using less man-power (e.g. being 
set and lifted by individuals rather than teams) and the costs of equipment are considerably lower (e.g. a single trap 
might cost as little a €10, although a series of traps would most likely need to be used). Overall cost would thus be 
dependent on the scale of the programme (e.g. size of water body, number of traps to use, number of people to 
deploy them).   
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

Environmental effects Positive  Neutral or mixed X Negative  
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
Environmental side effects will depend on the method used, as by-catch of native species could be a concern, 
especially if these are species that are protected and/or threatened. This would be of most concern for gill nets, 
which tend to be destructive in sampling of fish, and less so for the other methods (including traps), as these capture 
the fish alive and enable their release post-capture. However, should traps be lost, then there is a risk of them 
‘ghost-fishing’, where non-target fish become trapped in the gears and are unable to be removed.  
All nets/traps also require thorough disinfecting between different water bodies, to prevent unintentional transfer 
of fish/pathogens, including P. parva. On the other hand, these methods have the capacity to also capture other 
non-native fish, if they are present. 
 

Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 

Acceptability to 
stakeholders 

Acceptable X Neutral or mixed  Unacceptable  

 
Rationale: 
The sampling of fish assemblages by capture methods (with the possible exception of gill nets) is considered 
acceptable by most stakeholders, especially as P. parva is highly invasive and considered a pest species for fisheries.  
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evidence and examples if possible. 
Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

-Cost of inaction:  
If a new population is not detected early, then it increases the risk of spread and the difficulty and cost of 
subsequent eradication and management actions.  
-Cost-effectiveness:  
Other than at very low densities, P. parva can be captured from littoral areas of lakes using baited fish traps 
relatively easily; if their use can be incorporated into existing monitoring programmes, then the cost-effectiveness of 
this measure of early detection will be high. Similarly, if completed in conjunction with eDNA surveillance methods, 
this will also reduce some costs.  
  

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive  Unresolved  Established but 
incomplete 

 Well established X 

 
Rationale: 
There is a strong literature base available on these methods for fish generally, and P. parva specifically. Hence, 
confidence in the information provided is high. 

 

 

Surveillance measures to support early detection - Measures to run an effective surveillance system for achieving an early detection of a new 
occurrence (cf. Article 16). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated 
for each of the early detection measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Citizen science, including through anglers, and data-mining 
 
Aim: To detect new populations of P. parva by fostering relationships with anglers, fishermen and the general public 
to enable better reporting of new captures. 
 
Fisheries activities in inland waters in much of Europe are dominated by recreational angling, with a much greater 
presence of anglers on inland waters throughout the year than that of researchers/fishery biologists. The recording 
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of individual catches by anglers is common-place, usually for ‘trophy specimens’, i.e. captured fish of above average 
size. These tend to be photographed and disseminated via angling media, including social media. Where unusual 
species are captured, it is not uncommon for this to be reported to local scientists in order to determine the species 
identification. Indeed, this is how P. parva was first discovered in some Member States (e.g. Britton & Brazier, 2006). 
 
These activities can be captured within surveillance measures to support early detection of the species. In the 
author’s experience, recreational water users (including anglers) are not aware of P. parva and their identification. 
As such, the development and dissemination of simple identification guides in areas of concern would assist anglers 
and other water users to identify any captured P. parva, and this can be assisted by the development of a validation 
scheme. This scheme is likely to have a number of components, ranging from reporting to the local, publicly-funded 
fishery department, to recording the image and submitting it on a smartphone ‘app’ that has been developed 
specifically for that purpose, such as ‘That’s Invasive!’1 or ‘Invasive Alien Species Europe’2. The advantage of the 
latter is that it also provides the location of the capture. 
 
A more traditional method is requesting that anglers (and other water users) report their suspected catches of P. 
parva via printed angling media. Pinder et al. (2005) used this method in the UK and had a number of suspected 
catches reported within 10 days, all of which were previously unknown to scientists and the majority of which 
subsequently resulted in positive identifications of the species, thus increasing the known number of waters 
containing P. parva substantially.  
 
An alternative method to this is ‘data-mining’ from social media. Using computer scripts, searches can be completed 
relatively quickly that enable the locations and recordings of alien fish to be collated and mapped, including P. parva 
(Radinger et al., 2019), potentially providing new locations for this, and other alien fish species, populations.  
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

This measure can be applied at an EU level (via citizen science apps), Member State level or below. Aspects of the 
method have been reported at the Member State level (e.g. Pinder et al., 2005), but information on the use of 
complementary methods within a citizen science framework that is incorporated into surveillance for early 
detection is not available for this species.  
 

                                                            
1 http://www.rinse-europe.eu/resources/smartphone-apps/ 
2 https://easin.jrc.ec.europa.eu/easin/CitizenScience/About 

https://easin.jrc.ec.europa.eu/easin/CitizenScience/About
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Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective X Neutral   Ineffective  Unknown  

 
Rationale: 
Providing information has been disseminated to water-users, the effectiveness of the method should be high, as P. 
parva is relatively distinct from other fish species and easy to identify.  

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

As with eDNA and sampling using capture techniques, the use of this citizen science and data-mining method needs 
co-ordinating within a wider surveillance programme. 
 
The effort required comes from engaging with citizen scientists, including anglers (and professional fishermen in 
inland freshwaters). The required effort is likely to be high in the initial stages, especially as such approaches are still 
generally in their infancy at present.  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
Citizen science campaigns and their associated infrastructure can have high start-up costs and require careful 
development in this phase. The extent to which this infrastructure is needed will depend on the situation in the 
Member State and the starting-point from which initiatives are launched. As a minimum, Member States should 
develop programmes for training citizen scientists to detect P. parva, and other invasive fishes, in their locality and 
report them online (e.g. MS wide mapping database that has scientific coordination, or via an app). Costs will vary 
widely by MS. The use of currently existing smartphone apps for species reporting (e.g. ‘That’s Invasive!’3 or 
‘Invasive Alien Species Europe’4) can substantially reduce costs.  
  

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 

Environmental effects Positive X Neutral or mixed  Negative  
Social effects Positive X Neutral or mixed  Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
Environmental and social side effects are assumed to be positive, as citizen science initiatives will elevate the 
awareness and understanding of alien fishes among recreational water users, with no detrimental side effects. 
Other alien species could also be detected. 

                                                            
3 http://www.rinse-europe.eu/resources/smartphone-apps/ 
4 https://easin.jrc.ec.europa.eu/easin/CitizenScience/About 

https://easin.jrc.ec.europa.eu/easin/CitizenScience/About
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categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 
Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable X Neutral or mixed  Unacceptable  

 
Rationale: 
The method should have high acceptability, as public perception is increased, and positive outcomes for stakeholder 
acceptability of a variety of other alien species issues are usually gained (Gallo & Waitt, 2011).  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

-Cost-effectiveness:  
Given that the method is reliant on the efforts of the public, it is likely to provide a cost-effective option, although to 
be effective it requires some coordination and, thus, resources.  

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive  Unresolved  Established but 
incomplete 

X Well established  

 
Rationale: 
Examples of how these measures have helped in the surveillance of newly detected populations of alien species 
generally, and fish specifically, remain limited, and so confidence in the information provided is of a medium level. 
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Rapid eradication for new introductions - Measures to achieve eradication at an early stage of invasion, after an early detection of a new occurrence 
(cf. Article 17). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated for each of 
the eradication measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Application of a piscicide 
 
Aim: To eradicate new populations of P. parva using application of a biocide. 
 
When at an early stage of invasion, such as P. parva being present in only a small number of isolated water bodies, 
the most effective manner to eradicate these populations is via the application of a piscicide. Rotenone is the 
piscicide most commonly used in these situations and has been used in countries including South Africa, United 
States of America, UK and Norway as a method to eradicate invasive fish and control fish pathogens (Ling, 2003; 
Britton & Brazier, 2006).  
As rotenone is insoluble in water, it must be applied within a formulation where it is present in solvents, with at 
least two commercial versions available (e.g. Nusyn-Noxfish®, CFT Legumine®). Within applications of these to inland 
waters, the effects on species other than fish are rarely considered, although some non-fish taxa will be impacted. A 
principal advantage of rotenone application is that it degrades relatively rapidly through pathways involving 
photolysis and hydrolysis. Its relatively short half-life means that following an application, it can degrade to non-
toxic levels within a short number of days. Moreover, should high levels of rotenone have been applied, and if this 
requires more rapid degradation, potassium permanganate can be used to achieve this (Ott, 2006).  
 
A key feature of rotenone is that it is a general piscicide, i.e. it is non-species specific (Britton et al., 2008). 
Consequently, its application to inland waters will potentially result in all fish present being killed, although 
removing non-target species in advance can reduce these losses. Correspondingly, pre-application assessments that 
cover the suitability of the water body for application of the treatment and the potential effects on non-target 
species have to be performed, including in adjacent waters, and especially if assemblages include threatened or 
protected species (Britton et al., 2011).  
 
There are manuals and risk assessment procedures available for rotenone applications (e.g. Turner et al., 2007). It 
should be noted that in some countries, and also in some protected areas, the application of piscicides might be 
illegal. Therefore, EU/national/local legislation needs to be respected and authorities should ensure that chemicals 
are licensed for use in their respective countries/regions. 
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 

This method has been applied effectively on small numbers of enclosed lentic habitats across England and Wales 
(approximately 20 water bodies over a 10-year period) (Britton & Brazier, 2006; Britton et al., 2008, 2010). It was 
also successfully applied across Norway to eradicate the fish pathogen Gyrodactylus salaris from salmon populations 
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has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 

(Sandodden et al., 2018).  
The use of piscicides, such as rotenone, is most effective in enclosed water bodies, including ponds, lakes and 
reservoirs. 
 

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective X Neutral   Ineffective  Unknown  

 
Rationale: 
In general, when applied correctly and well mixed through the water column, rotenone application provides an 
effective method to eradicate isolated lentic populations of P. parva (Britton & Brazier, 2006; Britton et al., 2008, 
2010, 2011).  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

Preparation and application of a rotenone based piscicide can be completed over relatively short time periods, given 
that the toxicity of rotenone occurs quite rapidly (Britton & Brazier, 2006), especially in high temperatures. 
However, for applications to be effective, monitoring before and after the application is required, with the post-
application monitoring potentially lasting several years. Although monitoring is not compulsory, it should form part 
of the surveillance measures outlined in earlier sections.  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
The resources needed are dependent upon the number and sizes of water bodies to be treated and the 
requirements of pre-application measures needed (e.g. environmental impact assessment). Within Member States, 
it is likely that there are few or no experienced practitioners to apply the piscicide, which would entail training needs 
and costs prior to the initial application. Following the initial application, the cost of subsequent applications is likely 
to decrease, as local practitioners would then be in place and using approved protocols and systems (Impson et al., 
2013).  
 
Nevertheless, costs can be high, with the eradication of the invasive fishes Cyprinus carpio and Gambusia holbrooki 
in a 37 hectare lake in Spain costing approximately 600,000 € (Ferreras-Romero et al., 2016), and the application of 
rotenone to eradicate centrarchid fish in 4 km of stream in South Africa costing approximately 214,000 € (Impson et 
al., 2013). 
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 

Environmental effects Positive  Neutral or mixed X Negative  
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
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species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

The non-specific effects of piscicide application on fish and some other taxa mean that, in the short-term at least, 
this method will have detrimental environmental impacts. These also include the application of chemicals to water 
bodies that might leave residues or trace amounts. The recreational use of treated waters is also impacted in the 
short-term, leading to negative social and economic effects. The side effects are considered mixed, given that they 
are only apparent in the short-term. In fact, where non-fish taxa, such as invertebrates and amphibians, have 
incurred mortalities, their communities tend to recover and/or recolonise relatively quickly post-treatment, 
especially where adjacent waters are untreated.  
 

Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable  Neutral or mixed X Unacceptable  

 
Rationale: 
The evidence for detrimental impacts of piscicides on human health and long-term detrimental impacts on 
biodiversity has received attention and has been demonstrated to be negligible (Ling, 2003). However, the 
application of piscicides such as rotenone is, nevertheless, relatively controversial and there is little experience in its 
use across Member States. More widely, there are issues around public acceptability in relation to animal welfare of 
both the target species and other possibly impacted species. There are also concerns among fishery owners as to the 
extent of disruption to their activities, irrespective of P. parva being a major pest species. As such, the method might 
not be acceptable to all stakeholders.  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

- Cost of inaction:  
High. If newly introduced P. parva populations are not eradicated immediately, experience suggests that they will 
spread rapidly to the point where it is no longer feasible to manage them in this manner (Gozlan et al., 2010).    
 

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 

Inconclusive  Unresolved  Established but 
incomplete 

 Well established X 

 
Rationale: 



25 
 

categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

The use of piscicide methods, such as rotenone application, has been widely used to eradicate new populations of P. 
parva in the UK (Britton et al., 2008, 2010, 2011).  
 

 

 

Rapid eradication for new introductions - Measures to achieve eradication at an early stage of invasion, after an early detection of a new occurrence 
(cf. Article 17). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated for each of 
the eradication measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Drain-down, drying and disinfecting 
 
Aim: To eradicate new populations of P. parva by draining invaded waters. 
 
In situations where the application of a piscicide is not feasible, then an alternative rapid eradication measure is the 
de-watering of the water body and its disinfection (e.g. through the application of quick lime) (Britton et al., 2008, 
2010). This has been used against P. parva, although it is only feasible in some contexts, such as in canals that allow 
dewatering and small ponds. Maintaining de-watered conditions for long periods can be difficult, especially where 
surface waters are fed by underground springs.  
 
The method is reliant upon the ability of practitioners being able to either mechanically remove water using a 
pump, or the pond/canal having a draining system that enables complete de-watering. Given that fish such as P. 
parva have the ability to survive in small amounts of water for short periods, for the method to be most effective 
the system has to be dried for a sustained period. The application of a disinfectant, such as quick lime that raises pH 
to lethal levels, can complete the process. When it is considered that all life-stages of the invader have been 
eradicated, the water is allowed to fill the system once more, and the process of recovery is allowed to begin. 
 
Losses of non-target fishes can be reduced by removals before drying out, but if they were to be re-introduced after 
the measure, these species would potentially need to be held in bio-secure facilities for relatively long periods.  
 

Scale of application 
At what scale is the measure applied? 

The method should be employed as a secondary method to piscicide application in the rapid eradication of small 
numbers of newly introduced populations. To the author’s knowledge, the method has been applied to P. parva on 
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What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

only a very small number of populations in this manner (Britton et al., 2008). Given the difficulty of maintaining 
dewatered conditions for long periods, its application is limited to very small areas, such as a low number of ponds. 
It might be easier to achieve in warmer climates (e.g. Southern Europe) than in more temperate regions, especially 
those subject to high rainfall. 
 

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure previously 
worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective X Neutral   Ineffective  Unknown  

 
Rationale: 
Dewatering can provide an effective measure against newly introduced populations, especially in relatively 
controlled conditions, although it is acknowledged as logistically difficult (Britton et al., 2008).  

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

Prior to implementation, this would require an environmental impact assessment, planning of where the water 
would be pumped to and for how long, a detailed plan of how long the dewatered state would last, and how long 
the programme should be monitored for (e.g. 4 years post-dewatering). As such, considerable effort might be 
required, although this will be highly context dependent.   
 

Resources required 1 

e.g. cost, staff, equipment etc. 
These will vary considerably according to the size of the water body being drained and the degree of difficulty in 
maintaining a de-watered state.  
Whilst the overall cost of the operation undertaken in the UK was not quantified accurately, it required high man-
power and resulted in the water-body being out of use for any purpose for approximately six months (Britton et al., 
2008). 
 

Side effects (incl. potential) – both 
positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 

Environmental effects Positive  Neutral or mixed  Negative X 
Social effects Positive  Neutral or mixed  Negative X 
Economic effects Positive  Neutral or mixed  Negative X 

 
Rationale: 
Similar to piscicide application, the method is disruptive to all water users (recreational and societal uses) but, 
unlike piscicides, it will have consequences for all aquatic biodiversity that are intolerant of desiccation. Recovery 
rates will be dependent upon local conditions, the time of year, the connectivity of adjacent waters and the length 
of time the water body has been de-watered for. This method is considered here as being more disruptive than 
piscicide application, but with the potential for similar success levels in eradicating new introductions of P. parva. 
Nevertheless, overall, the disturbance will be relatively short-term.  
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and examples if possible.   
Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and provide 
a rationale, with supporting evidence 
and examples if possible. 

Acceptability to 
stakeholders 

Acceptable  Neutral or mixed X Unacceptable  

 
Rationale: 
Whilst P. parva is a highly undesirable species, many stakeholders, especially those with little interest in fish, might 
consider the amenity loss of a water body for a sustained period as undesirable. Once again, there are also issues 
around public acceptability in relation to animal welfare of both the target species and other possibly impacted 
species. 
  

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

- Cost of inaction:  
The costs of allowing P. parva to establish and spread are potentially high and render any subsequent eradication 
efforts as highly difficult.  
  

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive  Unresolved  Established but 
incomplete 

X Well established  

 
Rationale: 
There are few examples of successful de-watering in the literature, although it is commonly applied on aquaculture 
sites, where drain-down operations are easier to implement. This measure has been applied to P. parva 
populations (Britton et al., 2008).  
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Management - Measures to achieve management of the species once it has become widely spread within a Member State, or part of a Member State’s territory.  
(cf. Article 19), i.e. not at an early stage of invasion (see Rapid eradication table above). These measures can be aimed at eradication, population control or containment 
of a population of the species. This table is repeated for each of the management measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Population control through fish removals  
 
Aim: To control population size by fish removals to limit ecological and economic impacts in invaded water bodies. 
 
Population control of P. parva is inherently difficult due to the species having high plasticity in life history traits. This 
means that, when population sizes are reduced, they are able to compensate for losses by increasing growth rates 
and fecundity (Davies & Britton, 2015). Correspondingly, control efforts need maintaining over prolonged periods to 
have lasting effects. A method that can help achieve this is mechanical removals utilising a range of fish capture 
techniques, but especially baited fish traps. These can be placed in the littoral areas of invaded water bodies, with 
their targeted use in spring (prior to the reproductive period) and autumn (at the end of the first growth season for 
the young-of-the-year). The aim would be to remove as many reproductive adult fish in spring, and as many young-
of-the-year fish in autumn. Clearly, there are options to continue trapping outside of these periods, if resources are 
available.  
 
This measure should be deployed together with containment of all propagules to neighbouring waters (see tables 
for ‘Prevention of secondary spread’), in order to control and prevent species spread.  
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

This measure would require application to all known waters in a Member State in which P. parva are present.  

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective  Neutral  X Ineffective  Unknown  

 
Rationale: 
The reduction of population abundances by fish removals as a management measure has potential to reduce the 
ecological impacts of P. parva at a water body level. However, due to the inherent capacity of the species to 
compensate for population declines through increased reproductive investment, the effectiveness of the measure as 
an individual control technique is limited and should be considered as one component of a more integrated 
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management approach. Scientific planning would therefore be needed to determine whether control (and 
containment) at invaded sites for P. parva is a necessary step to setting goals in their management plan at a 
Member State level.  
 

Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

The effort required to keep P. parva abundances at relatively low levels using only mechanical fish removals is 
potentially high, although will be context dependent on the size of the water body being managed, the abundance 
of the population being managed and the ease of the deployment of equipment. To be effective, the control is likely 
to be required to be applied over several years, with efforts at key points in the year to prevent population recovery.  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
The management of P. parva populations in this manner will have long-term economic costs (Britton et al., 2008).  
 
Removal techniques are commonly applied to control invasive fishes. For example, in the San Juan River, USA, fish 
removals (not using fish traps, though) have been completed for over a decade, costing around $250,000 USD per 
year (Mueller, 2005).  
There are no known studies that evaluate the cost of long-term trapping efforts on P. parva at single or multiple 
sites, but the extent of these costs will be highly context dependent and is difficult to quantify further (but see table 
on ‘Fish sampling via standard fish capture techniques’ for details).  
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

Environmental effects Positive  Neutral or mixed X Negative  
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
The use of trapping methods should not entail high losses of native fish to bycatch, as these can be separated and 
released back to the water alive. However, should traps be lost, then there is a risk of them ‘ghost-fishing’, where 
non-target fish become trapped in the gears and are unable to be removed.  
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Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable X Neutral or mixed  Unacceptable  

 
Rationale: 
Controlling P. parva populations by capture methods should be acceptable to stakeholders, given that the fish is a 
known pest species that impacts recreational activities such as angling (Britton & Brazier, 2006). High population 
sizes of P. parva can also suppress native species and communities, hence there are substantial benefits to be 
gained from controlling their population sizes.  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 
Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 

- Cost of inaction: 
If P. parva populations are not controlled, they will potentially attain relatively high numerical abundances. This will 
result in increased zooplankton grazing, leading to increased algal growth (Jackson et al., 2014). High population 
sizes could also result in higher rates of dispersal from lentic sites via outflows that lack an effective barrier. Thus, 
the cost of inaction is high.  
P. parva population sizes that potentially increase their ecological impacts at the site level, and increase rates of 
dispersal from connected waters, increase their invasion risk. 

Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive 
 

 Unresolved  Established but 
incomplete 

X Well established  

 
Rationale: 
The removal of alien fish by mechanical removal as a management control measure is well established and can be 
successful in control (Britton et al., 2011; Rytwinski et al., 2019), including for P. parva (Davies & Britton, 2015). 
However, as a stand-alone method for controlling P. parva, information remains scarce. 
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Management - Measures to achieve management of the species once it has become widely spread within a Member State, or part of a Member State’s territory.  
(cf. Article 19), i.e. not at an early stage of invasion (see Rapid eradication table above). These measures can be aimed at eradication, population control or containment 
of a population of the species. This table is repeated for each of the management measures identified. 
Measure description 
Provide a description of the measure, 
and identify its objective 

Biocontrol 
 
Aim: To control population size by biocontrol to limit ecological and economic impacts in invaded water bodies. 
 
Population control of P. parva is inherently difficult due to the species having high plasticity in life history traits. This 
means that, when population sizes are reduced, they are able to compensate for losses by increasing growth rates 
and fecundity (Davies & Britton, 2015). Correspondingly, control efforts need maintaining over prolonged periods to 
have lasting effects. For this, biocontrol, the release of a biological agent to control population size, such as a 
piscivorous fish species, can be used. The method is dependent upon the ability to manipulate piscivorous fish 
numbers, which might sometimes not be feasible.  
 
This measure should be deployed together with containment of all propagules to neighbouring waters (see tables 
for ‘Prevention of secondary spread’), in order to control and prevent species spread.  
 

Scale of application 
At what scale is the measure applied? 
What is the largest scale at which it 
has been successfully used? Please 
provide examples, with areas (km2 or 
ha) if possible. 
 

This measure could be applied to all known waters in a Member State in which P. parva are present, providing it is a 
feasible management measure.  

Effectiveness of the measure 
Is it effective in relation to its 
objective? Has the measure 
previously worked, failed? 
 
Please select one of the categories of 
effectiveness (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Effectiveness of 
measures 

Effective  Neutral  X Ineffective  Unknown  

 
Rationale: 
When used as an integrated management measure combined with removals by trapping, biocontrol has been an 
effective method contributing to reducing P. parva abundances (Davies & Britton, 2015; Lemmens et al., 2015), 
although knowledge is incomplete and its long-term effectiveness (> 3 years) unknown. The measure thus has 
potential to control population abundances in the short-term (< 3 years), but the factors constraining its 
effectiveness remain unknown (hence, the effectiveness of the measure is given as ‘Neutral’). Scientific planning 
would be needed to determine whether biocontrol for P. parva is a necessary step to setting goals in their 
management plan at a Member State level.  
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Effort required 
e.g. period of time over which 
measure needs to be applied to have 
results 

The effort and effectiveness of this control measure will be case-specific according to local conditions. It is 
dependent on the existing fish assemblage of the water body (e.g. if piscivorous fish are present), whether the 
assemblage can be manipulated and with what biological agent.  However, if the measure is feasible then it 
potentially provides a very low effort management measure.  
 

Resources required 1 

e.g. cost, staff, equipment etc. 
High initial resources are required for assessment of biocontrol feasibility. 
 

Side effects (incl. potential) – 
both positive and negative 
i.e. positive or negative side effects of 
the measure on public health, 
environment including non-targeted 
species, etc. 
 
For each of the side effect types 
please select one of the impact 
categories (with an ‘X’), and provide a 
rationale, with supporting evidence 
and examples if possible. 

Environmental effects Positive  Neutral or mixed  Negative X 
Social effects Positive  Neutral or mixed X Negative  
Economic effects Positive  Neutral or mixed X Negative  

 
Rationale: 
A potential issue of manipulating numbers of piscivorous fishes in a relatively enclosed water body is their increased 
predation pressure and top-down effects on non-target fishes, hence there is potential for negative environmental 
effects.  

Acceptability to stakeholders 
e.g. impacted economic activities, 
animal welfare considerations, public 
perception, etc. 
 
Please select one of the categories of 
acceptability (with an ‘X’), and 
provide a rationale, with supporting 
evidence and examples if possible. 

Acceptability to 
stakeholders 

Acceptable  Neutral or mixed X Unacceptable  

 
Rationale: 
Whilst controlling P. parva populations should be acceptable to stakeholders, given that the fish is a known pest 
species that impacts recreational activities such as angling (Britton & Brazier, 2006), the manipulation of piscivorous 
fish numbers for this purpose might not be considered acceptable.  
 

Additional cost information 1 
When not already included above, or 
in the species Risk Assessment.  
- implementation cost for Member 
States 
- the cost of inaction 
- the cost-effectiveness 
- the socio-economic aspects 
 

- Cost of inaction: 
If the population of P. parva is not controlled, it will potentially attain relatively high numerical abundances. This will 
result in increased zooplankton grazing, leading to increased algal growth (Jackson et al., 2014). High population 
sizes could also result in higher rates of dispersal from lentic sites via outflows that lack an effective barrier. Thus, 
the cost of inaction is high. 
P. parva population sizes that potentially increase their ecological impacts at the site level, and increase rates of 
dispersal from connected waters, increase their invasion risk. 



33 
 

Include quantitative &/or qualitative 
data, and case studies (incl. from 
countries outside the EU). 
Level of confidence on the 
information provided 2 
 
Please select one of the confidence 
categories along with a statement to 
support the category chosen. See 
Notes section at the bottom of this 
document. 
NOTE – this is not related to the 
effectiveness of the measure 

Inconclusive 
 

 Unresolved  Established but 
incomplete 

X Well established  

 
Rationale: 
For P. parva, there are two studies that suggest biocontrol could form part of an integrated management approach 
to reduce population abundances over relatively short timeframes (<3 years) (Davies & Britton, 2015; Lemmens et 
al., 2015). However, there remains uncertainty about its use and effectiveness over longer timeframes and in a 
range of different water bodies.  
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Notes 
1. Costs information. The assessment of the potential costs shall describe those costs quantitatively and/or qualitatively depending on what information is available. This 
can include case studies from across the Union or third countries.  
 
2. Level of confidence5: based on the quantity, quality and level of agreement in the evidence. 
 

 

 

 

• Well established: comprehensive meta-analysis6 or other 
synthesis or multiple independent studies that agree.  
 

• Established but incomplete: general agreement although only a 
limited number of studies exist but no comprehensive synthesis 
and/or the studies that exist imprecisely address the question. 
 

• Unresolved: multiple independent studies exist but conclusions 
do not agree. 
 

• Inconclusive: limited evidence, recognising major knowledge 
gaps 

 
 
 
 
 

 
 
3. Citations and bibliography. The APA formatting style for citing references in the text and in the bibliography is used. 
e.g. Peer review papers will be written as follows: 
In text citation: (Author & Author, Year) 
In bibliography: Author, A. A., & Author, B. B. (Publication Year). Article title. Periodical Title, Volume(Issue), pp.-pp.  

(see http://www.waikato.ac.nz/library/study/referencing/styles/apa) 

                                                            
5 Assessment of confidence methodology is taken from IPBES. 2016. Guide on the production and integration of assessments from and across all scales (IPBES-4-INF-9), which is adapted from 
Moss and Schneider (2000). 
6 A statistical method for combining results from different studies which aims to identify patterns among study results, sources of disagreement among those results, or 
other relationships that may come to light in the context of multiple studies. 
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