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[bookmark: _Toc36674085]1. Introduction

1.1 [bookmark: _Toc36674086]Research Problem 
Can a mixed-method approach of trapping and drag netting be effectively utilised to manage signal crayfish?
[bookmark: _Toc36674087]1.2 Overview
The signal crayfish is native to North America and is thought to have arrived in Europe via the ballast water of ships, with the first reported case in Italy in the 1800s (Manfrin, 2019). Not thought to be an issue, the species was once commercially harvested for its meat alongside other non-native species (Kirjavainen, 2004). 
In the 1970s it became apparent in Sweden that this species was beginning to impact the native European white-clawed crayfish via the introduction of a deadly crayfish plague (Aphanomyces astaci) (Kirjavainen, 2004). This realisation came too late for other European contries such as the UK, with its first specimens thought to have arrived in the 1970s (Inland Waterways Association, 2020). 
The rapid spread of the species in the UK was largely attributed to there being a multitude of releases in to the wild at varied locations, in the north and south of the country (Ronsewarne, 2017). The signal crayfish has since decimated the native crayfish population (>80% reduction) (Rosewarne, 2017). There have been many attempts by academics to develop an effective strategy for the eradication of invasive signal crayfish but none have yet proven to be consistently effective.
The only method that has achieved complete eradication in an open-system (i.e. river or stream – Input/output) to date was a case study that involved the complete drainage of a river channel (Skov et al, 2011; Stebbing et al, 2014). A highly destructive method that impacts all other species present, especially aquatic invertebrates (Stebbing et al, 2014). Therefore, it has been deemed infeasible as a future management tool.
Traditional control measures that have so far been trialled include biocide (pesticide application), biological (introduction of predators), physical controls (i.e. electro-treatment, trapping, hand removal etc.) and structural barriers (placing of artificial riverine obstructions to halt upstream migration) (Freeman et al, 2009; Stebbing et al, 2014; Latham, 2016; Ballantyne et al, 2019). However certain combinations of these methods remain untested and as one method alone may not solve the problem then perhaps a combination of two may be necessary (i.e. mixed-method approach)
This study will trial the use of trapping combined with drag-netting. Currently, there is no academic study that has tested both methods in conjunction with one another. The trapping will take place using two designs - Artificial Refuge Traps (ARTs) & Baited Traps (BTs). In previous studies, BTs and ARTs have proven effective at capturing larger individuals but largely miss out on the smaller specimens, with these juveniles known to account for 80% of a population (Green et al, 2018). 
Drag-netting on the other hand has proven effective at capturing juveniles which typically live in the substrate of a river or stream, as this method works by disturbing that substrate (Rui-zhang, 2000; Freeman, 2009). Juveniles are kicked up in to the water column and subsequently ensnared in the net, with the vast majority of larger individuals evading capture (Rui-zhang, 2000; Freeman, 2009). The theory is that if the trapping and drag-netting method were combined then specimens of all sizes could be theoretically be targeted. 
Previous studies have tended to gloss over the effectiveness of site selection along a watercourse (Englund, 2000). Currently, there are no official guidelines as to specific instream habitat preferences for signals. If this could be determined, then this could aid in yielding the maximum number of specimens in a given trapping period. Greatly enhancing the effectiveness of mixed-method management at reducing population densities.
[bookmark: _Toc36674088]1.3 Site Chosen
The site chosen for this study is that of the Nant Gurrey-Fach, a tributary of the River Towy (longest river in West Wales). This site was chosen as up until relatively recently the South West Wales region was largely devoid of any signal crayfish populations. However, in a survey of the catchment in 2010, a small population was recorded in the stream. In the decade since the discovery no such survey has been made and so the presence or absence of the species is yet known. 
[image: ]
[bookmark: _Toc36674104]Figure 1: Illustration of the spread of signal crayfish in England (Rogers & Watson, 2011).
[image: Figure 12 – Complete 2018 Article 17 sub-catchment map, showing distribution of A. pallipes and P. leniusculus in England]








[bookmark: _Toc36674105]Figure 2: The most updated map currently available on the spread of signal crayfish in England (Chadwick, 2019).


This study will determine as to whether this population has persisted. In turn, this will highlight the risk to neighbouring tributaries and the catchment as a whole. It is therefore imperative that the environmental regulating body (NRW) are informed as to its status within the catchment in order to formulate a plan of action for its control and/or eradication.
[image: ][image: ][bookmark: _Toc36674106]Figure 3: The range map produced as part of the fourth report by the UK under Article 17 on the ‘European Community Directive on the Conservation of Natural Habitats and of Wild Fauna and Flora’ (JNCC, 2019).
[bookmark: _Toc36674107]Figure 4: Produced to exemplify the current range of White- Clawed Crayfish in the UK as part of the same Article 17 report as figure 7 (JNCC, 2019).









[bookmark: _Toc36674089]1.4 Aim 
To determine whether a mixed method approach of trapping and drag netting can be effectively used to manage signal crayfish alongside accurate knowledge gained of instream habitat preferences.
[bookmark: _Toc36674090]1.5 Research Objectives
1. To review the variety of management methods used in similar studies 
2. Determine the presence/absence of Signal Crayfish on the Nant Gurrey-Fach
3. Efficacy of a mixed-method approach in an open-system 
[bookmark: _Toc36674091]2. Literature Review

[bookmark: _Toc36674092]2.1 Current Management Methods
The use of a biological control method is the use of one species to suppress another (Freeman et al, 2009). In the example of European Eels (Anguilla Anguilla) shown in figure 1 below, this species is natural attributes (i.e. cylindrical shape) have made it aptly suited to hunting signal crayfish (Freeman, et al, 2009). 
Studies have proven that eels can also have indirect impacts through competing for shared food resources (Reynolds, 2011). Additionally, some studies suggest that fish predation may even override habitat quality in its effect on a crayfish population (Chadwick, 2019).
However, there is conflict in opinion among academics as to the efficacy of the use of predatory fish such as eels as a means to control crayfish populations (Freeman et al, 2008). In one study by Blake & Hart (1995) it was found that juvenile signal crayfish are well adapted at evading predation eels. To add to this, in a recent publication by leading, Manfrin (2019), it was highlighted that there were no recent studies considering the use of predators as a method for controlling the spread of invasive crayfish (Manfrin, 2019).
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[bookmark: _Toc36674108]Figure 5: An adult European Eel (Anguilla Anguilla) resting on a riverbed (Perks, 2020).
The way in which this method operates is by altering the properties of the water, such as Ph, oxygen concentrations etc., making it intolerable for the target species to survive (Recsetar & Bonar, 2015). The main issue in regards to the efficacy of biocide application is that those currently available are non-selective (Holdich, 2003; Peay et al, 2019). 
For instance, organoshate and naturally occurring substances such as retnone have proven to be highly toxic to fauna such as fish, amphibians and freshwater invertebrates (Dalu et al, 2015). Additionally, in the majority of cases, when signal crayfish are first reported it is already too late for eradication to be a feasible option due to the likelihood of the population having become widespread (Peay et al, 2019).
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[bookmark: _Toc36674109]Figure 6: The wider effect of pesticide application in an aquatic environment (Dalu, 2015).
Not as widely studies as other methods, the use of modification of existing structural barriers has and continues to be explored as a means of halting the upstream migration of signal crayfish within catchment (Frings, 2013). In the findings of study by Frings (2013) it was found that native crayfish can be protected while ensuring with migration is not hindered by careful alterations to physical barriers (Frings, 2013). 
The problem with this method is the emerging drive in many Western European countries including the UK to allow rivers to once again flow free in what academics term ‘river connectivity’. As such this method can only be explored on a case-by-case basis. Although, it has been noted that pre-existing structures such as fish ladders located besides weirs are promising candidates (Frings, 2013). The benefits gained as a result of safeguarding one species (e.g. white-clawed crayfish) must in turn be balanced against that other protected riverine species such as European eel, sea lamprey (Petromyzon marinus) etc. 
[image: Crayfish Barrier, Little Clyde]
[bookmark: _Toc36674110]Figure 7: An example from the North of England of an existing redundant weir which has been modified to prevent upstream migration of signal crayfish (Clyde River Foundation, 2020)
The use of electric fish barriers is another method utilised in a similar manner to that mentioned above and highlighted in figure 3. This method functions by transmitting an electric pulse to any crayfish which attempt to scale the structure resulting in them being either dead or moribund (Benejam et al, 2015). In one such study the use of this method resulted in halting the spread of crayfish plague upstream migration and which in turn facilitated the native population to begin to show signs of recovery (Benejam et al, 2015).
[bookmark: _Toc36674093]2.2 Artificial Refuge Traps (ARTs) & Baited Traps (BTs) 
Trapping on the whole tends to be selective for larger crayfish (carapace length >35mm) and often form the basis for density estimates of signal crayfish (Abrahamsson, 1981; Westman et al, 1999; Almeida et al, 2013). The case of licencing for trapping varies between England & Wales (Mee pers. comm, 2020). In England the Environment Agency (EA) has in the past publicly spoken in favour of trapping (Chadwick, 2019) with many hundreds of public licences issued each year (Mee, pers. comm, 2018). 
Noted in a PhD thesis by David Chadwick was that the trapping licences issued to the general public may indeed by contributing to the spread of signal crayfish in England (Chadwick, 2019). This is as a result of cross-contamination from improperly cleaned trapping equipment aiding the transport of juvenile crayfish to new waterbodies, therefore contributing to the spread in the UK (Mee pers. comm, 2020). 
Adding weight to this failure is the issuing of licences requires no prior training in identification, awareness or biosecurity and contributes no revenue to the EA as licences are free (Chadwick, 2019). This could be revenue that could be used to fund conservation efforts to safeguard white-clawed crayfish or to aid research in developing an effective control method
[image: Check Clean Dry Logo]In Wales, jurisdiction for the environment largely falls under the remit of Natural Resources Wales (NRW). The NRW is keen to discourage the spread of the species in to new waterbodies in Wales and as such promotes the ‘Stop the Spread’ campaign with the message to anglers and trappers of – check, clean and dry (Inland Waterways Association, 2020). Licences for the capture of crayfish are generally only handed out for scientific/conservation reasons and not for commercial harvesting (Mee pers. comm, 2020).







[bookmark: _Toc36674111]Figure 8: A campaign by the Non-Native Species Secretariat promoted by NGOs such as the Inland Waterways Association as well as government bodies such as NRW (Inland Waterways Association, 2020).



In regards to Scotland, the Scottish Environmental Protection Agency (SEPA) and Scottish Natural Heritage (SNH) joined forces in blocking a petition put forth to the Scottish government in allowing the commercial harvesting of signal crayfish by the public. The reasoning behind the petition ultimately being rejected was based on grounds of published evidence on the negative impact that had been seen in Spain & Sweden (Petition PE01558: American Signal Crayfish, 2015). This was as a result of these countries having previously endorsed trapping/harvesting prior to acknowledging the impacts signal crayfish were having on their native ecosystem (Chadwick, 2019).
The two most widely used trapping techniques are BTs and ARTs (Green et al, 2018). In a study by Green (2018) found that over a two-year trapping period ARTs had a significantly higher catcher per unit effort than BTs over a 24hr period (Green et al, 2018). Using ARTs a researcher can leave the device in-situ for a prolonged period of up to a week in contrast to BTs which have to be redeployed once every 24hrs following rebaiting (Green et al, 2018). 
However not all advantages are in favour of ARTs to BTs, as BTs are noted as consistently capturing larger class sizes (i.e. larger individuals) compared to ARTs (Green et al, 2018). In previous studies it was thought that the less active nature of females compared to females resulted in them being less susceptible to capture (Gherardi et al, 2011). 
Contrary to this, ARTs have been shown to produce a relatively equal sex ratio with BTs tending to correlate with the previous assumption with it being largely male dominated (Green et al, 2018). The use of trapping continues to be one of the most effective methods currently in place at limiting the spread of signal crayfish to conserve the native species. 
A trapping project involving the EA and (EA, 2019) in Nottinghamshire, now in its third year, released promising findings in 2019. The findings reported that over a two year trapping period (2017-18) there was a reduction in the number/size of signal crayfish caught. This number fell from 7,800 in 2017 to 5,700 in 2018 and indicates the crayfish population is decreasing as a direct result of trapping efforts.






Academics now suggest that the most beneficial trapping method is to combine both techniques as to counter each other’s flaws (Chadwick, 2019).
[bookmark: _Toc36674112][image: ]Figure 9: To the left is the baited Sweddish ‘Trappy’ trap design and to the right is the tubular ART (Green, 2018).
[bookmark: _Toc36674094]3. Methodology
[bookmark: _Toc36674095]3.1 Ethics
In the trapping process, signals have to be euthanized via a cut to the carapace due to their invasive nature resulting in it being illegal to release back in to the wild. Considerations have therefore been made of the persons conducting the trapping as the dispatching of signals under law may conflict with personal beliefs (i.e. veganism/vegetarianism). As a result, both the researcher and assistant have confirmed to have no conflict of interest in performing said task.
Additionally, careful practice should be adhered in ensuring proper differentiation between both native and non-native crayfish species. As failure to do this may result in the illegal killing of native specimens through misidentification. Precautions have therefore been taken to ensure that both the researcher and assistant are aware of distinct variations in both species that allow for accurate differentiation.
[bookmark: _Toc36674096]3.2 Realistic Timetable 
Following completion of all course related assignments, the focus of the researcher will shift entirely on to the postgraduate project as of mid-May. The first stage will be to complete the introduction, literature review and methodology. which will account for roughly a 1/3rd of the overall report and take an estimated 4 weeks to complete. 
The next stage will be in choosing the appropriate statistical method in order to analyse said data, which it is thought will take 2 weeks (mid-June to July). The 6-week period from Mid-May to the start July will therefore be productively used while awaiting the start of the surveying period for signal crayfish. Beginning in July and ending in December in line with the seasonal increase in water temperature in Summer and subsequent decrease in Winter.
The data collection and analysis combined is predicted to take up to 4 weeks. This month long period is required to ensure an accurate sample size is obtained but also for sufficient scrutiny of results, so that the validity of findings can be maintained. Consideration has been given to set-aside a duration of 8 weeks to finish the remainder of the write-up. As a result, this means that the study will be completed over an 18-week period starting in mid-May and concluding at the start of October with submission.
[bookmark: _Toc36674121]Table 1: A Timeframe for the completion of the study (Thomas, 2020).
	Timeline
	March
	April
	May
	June
	July
	August
	September
	October

	Desktop Study
	
	
	
	
	
	
	
	

	Completion Part 1 of Course
	
	
	
	
	
	
	
	

	Introduction, Methodology & Lit. Review
	
	
	
	
	
	
	
	

	Choosing Statistical Method
	
	
	
	
	
	
	
	

	Data Collection/Analysis
	
	
	
	
	
	
	
	

	Discussion
	
	
	
	
	
	
	
	

	Conclusion/Recommendations 
	
	
	
	
	
	
	
	

	Reviewing Period 
	
	
	
	
	
	
	
	

	Final Submission
	
	
	
	
	
	
	
	


[bookmark: _Toc36674097]4. Results
As this report takes place prior to the data collection phase, there is currently no data and therefore no results to analyse. However, following discussions with the programme director, Prof. Chris House, it was suggested that it may be suited to being dispayed in the form of ratio data. 
[bookmark: _Toc36674098]5. Evaluation

[bookmark: _Toc36674099]5.1 Predicted Outcome 
· Mixed-method approach of combining ARTs and BTs in conjunction with drag-netting will prove to be an effective short-term management solution for future conservation of native crayfish populations in open-systems (i.e. small streams/rivers). 
· Given the timeframe from the most recent survey in 2010 when signal crayfish first recorded in small numbers it is expected it will have spread to the headwaters.
· Findings could be used to better inform the environmental watchdog for Wales NRW on its strategy towards the management of Signal Crayfish (Pacifastacus leniusculus) and the future conservation of the native White-Clawed Crayfish (Austropotamobius pallipes).









[bookmark: _Toc36674100]5.2 Limitations
There have been three significant limitations encountered thus far in the study which were all detected during the desktop study phase. Firstly, there was the issue of access to sampling locations which was hampered by the realisation that permission would have to be obtained by a number of landowners in accessing sampling sites.
[image: ]
[bookmark: _Toc36674113]Figure 10: The six sampling locations along the Nant Gurrey-Fach (Thomas, 2020).
[image: ][image: ]After consulting with the project officer of the West Wales Rivers Trust (Ieuan Davies), it was decided that the best course of action would be to utilise sites at with public access already guaranteed (i.e. road bridges, layby’s and public rights of way). The sampling sites chosen were found by utilising the following digital software – Digimaps, Google maps Streetview and Ordnance Survey.

[bookmark: _Toc36674115]Figure 12: One of the footpaths used in order to gain access to a sampling site (Thomas, 2020).[bookmark: _Toc36674114]Figure 11: A car park near to a sampling site that was noted during the desktop study on Google Maps Streetview (Thomas, 2020).


[image: ]The second limitation involved a conflict between the deadline of submission and the timing of the surveying period for signal crayfish. The issue of this was that due to the tight schedule (highlighted in table 1) surveying could only occur in the period between July-August. This would result in data collection commencing at the very beginning of the surveying period and hence not at the optimal period of peak crayfish activity (Johnson et al, 2014). 
[bookmark: _Toc36674116]Figure 13: The surveying calendar used by ecologists with the light green indicating low level activity and dark green being the optimal period (BSG Ecology, 2020).
It was decided that surveying would be extended from 2 weeks to a month long. The aim of which would be an expected increase in the sample size and thus added validity to results. Lastly, there was the unforeseen impact of the Covid-19 worldwide pandemic which resulted in a re-evaluation of how the data collection would be conducted. 
The issue was regarding the UK government rules on social distancing with individuals having to keep a 2m distance between one another at all times. As a result of this, drag-netting would be unable to be carried out due to the close proximity that two individuals must keep within while conducting the task.
A solution was devised whereby the researcher would conduct the experiment with the aid of a member of their household. This was in accordance with government guidelines which allowed for close social interactions to be permitted only with members of the same household while out in public.
[image: ]The Towy catchment, in which the Nant Gurrey-Fach is a tributary, is prone to pollution events, with this being widely publicised in recent years. The potential disruption that has been caused by historic pollution on the riverine ecology of this stream is largely unknown due to the often unreported nature of these events. Taking this in to consideration, any signal crayfish population may have been depleted as a result. By taking this in to consideration, the true representation of upstream migration since the time they were last recorded present on the Nant Gurrey-Fach in 2010 may be distorted.
[image: ][bookmark: _Toc36674117]Figure 15: The latest report by the Wales Land Management Forum on agricultural pollution events across Wales over an 8-year period from 2010 to 2018 (Natural Resources Wales, 2018).
[bookmark: _Toc36674118]Figure 16: Evidence of a failing by the Welsh government to respond to the issue of agricultural pollution (Messenger, 2019b).





[image: ][bookmark: _Toc36674119]Figure 14: An agricultural pollution incidence on a neighbouring tributary to the Nant Gurrey-Fach (Messenger, 2019a).


[bookmark: _Toc36674101]6. Conclusion
The evidence gained of whether crayfish are present in the Nant Gurrey-Fach will aid in determining the urgency at which NRW would need to act in producing a management strategy for the Towy catchment. If signal crayfish are found to be present, then the use of a mixed-method approach will enable this study to contribute to a gap in the academic study of the topic. 
This is in regards to the effectiveness in the use of the trapping devices of ARTs and BTs in combination with drag netting. If proven to be efficient at targeting all individuals in a population (i.e. juvenile & adult). This could be another management option alongside tried and tested methods which are non-detrimental to the surrounding environment and are instead target specific.  A comprehensive review of the plethora of existing management methods based from previous case studies will aid in justifying the use of a mixed-method approach. 
There is potential to develop a more accurate understanding of the most effective locations along a watercourse for the placing of traps. This is in order to maximize the number of invasive crayfish captured by utilising newly acquired knowledge from this study on in-stream crayfish density ‘hotspots’ as a result of environmental factors such as pH, tree cover, water depth, sediment type etc.
[bookmark: _GoBack]Not only could this study aid the management strategy but it could be used as a case study for other rivers in South West Wales that have yet to be invaded by the signal crayfish as is the case in the majority of Welsh rivers and streams.
[bookmark: _Toc36674102]6.1 Future Trends
There is still a concerted effort in the academic community to find a solution that does not simply involve translocation of white-clawed crayfish to ‘Ark’ sites (James et al, 2015. This is despite 40 years of research yet to develop an effective control method which can be universally applied to a variety of different sites of varying habitats. 
There are currently two highly promising methods being evaluated by the academic community as possible solutions. An example of which is the use of sexual attractants in the form of pheromones. These pheromones could be used to enhance the success of trapping as well as to attract signal crayfish in to areas where trapping is more effective (Rogers & Holdich, 1998). 
It is also worth highlighting the SMRT or Sterile Male Release Technique that is producing positive results in recent publications. In this technique, sexually active males are captured and then released back in to the environment following sterilisation by removal of reproductive parts. This does not inhibit the crayfish in anyway and so released specimens are able to compete with untreated males to mate with females. This method has been praised for exclusively impacting the target species unlike previously used methods (e.g. biocide application, electro-treatment, etc.).
Advancements have also been made in the swiftness of conducting presence/absence surveys, with the emergence of e-DNA technology. For example, a water sample could be taken from a site and trace elements of a researcher’s target species found, such as in the form of faecal matter or urine. However, the technology is not yet fully refined and as such can occasionally produce false negatives leading to scepticism as to the accuracy of some surveying results. 
[image: Image result for e DNA river sampling]
[bookmark: _Toc36674120]Figure 17: An example of the process of e-DNA sampling being carried out in a river (United Sates Forest Service, 2020).
The technology certainly has the ability to do far more than simple presence/absence analysis. In the case of white-clawed crayfish, it could be used to rank populations in order of priority for translocation based upon associated risk. Populations of native crayfish that have only recently come in contact with invasive signals could be given precedence over mixed-populations due to the ability to save a greater number of specimens.
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