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Executive  Summary

Introduction

1

The signal crayfish is recognised as a threat to the native wlateed crayfish through
disease transmission and competitive ewibn It also impacts the wider ecosystem e.g. by
burrowing. These impacts may compromise progress towards good ecological status under
the terms of the Water Framework Directive (WFD), therefore,-native crayfish are a key
contributing factor to water bodies failing to meet WFD targets.

Work has been conducteolver a3-yearperiod, with a view to develdpg methodologies by
which signal crayfish populations can be managed. The project can be hitoigninto 5

main areas: 1) the development and implementation of trapping trials at selected study sites;
2) the development of a crayfish population model, whishrefined using the trapping data;

3) the use of the model to investigate the long term effects of trapping, beyond the life of the
project, 4) the effects of varying degrees of trapping intensity in retatm population level
control and 9 examining the effects afther control methods (male sterilisation and biocidal

control) on a simulated crayfish population.

Trapping programme

T

Work was conducted at small enclosed bodies of water, where signal trdds been
reported as presentSome sites had been previously trapped prior to the project, while one
site had an establishing population.

A total of 6 sites were selected for use in the study with the aid of the Angling Trust, although
1 site dropped ougfter one year of trappindlhe sites varied in size from 0.67 to 19.09 acres.
A short laboratory study was conducted to select the most appropriate trap, based on efficacy,
availability and ease of use.

A programme of trapping was developed in-awlination with volunteers at each site,
suitable for the collection of scientific data, but also within their means of delivery.

Trapping was conducted at each of the sites from the beginning of 2015 to the end of 2016.
Baited traps were emptied at least oncerpeeek for 52 weeks of the year, conditions
permitting. The density ofcrayfishtraps deployed at the sitesaried from 1.3 to 45.6 traps

per acre.

Data on the total catch from each trap was recorded by the volunteers each time the traps
were emptied, theotal number of crayfish caught was recorded, along with the size category

the animal was in (small, medium or large), the gender of the animal and if the female animals
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were carrying eggs. Additionally, volunteers were asked to redarther information
pertinent to the trapping or general observations concerning the nature of the site.
In the final year of studyalf of the traps were modified based on communications with

commercial trappers with a view of increasing trap efficacy.

The effects of trapmg on a population

T

None of the populations were eradicated as part of the study (but this was not expected),
however, valuable information in relation to the effects of trapping on crayfish populations
has been gatheredncreasing our knowledge in rei@an to the effort required to physically
remove a crayfish population

Numbers of crayfish caught at all sites were highest during summer months in comparison to
winter months, although more berried females were caught during winter months than at
other times of year, emphasising the need to trap during the winter.

In general terms trapping resulted in an increase in the proportion of females being removed
and a decrease in berried females, with a decrease in the proportion of large crayfish being
caught aml an increase in small crayfish.

The increase in proportion of small and femalayfish is likely to be result of the removal

of the larger animals, which act as a deterrent for female and smaller animals to enter traps.
The decrease in beed femalescaught is likelya result of fewer suitable side(i.e. large)
males as partners, and therefore tHeequency in successful mating everdecreasing
combined with a reduction in total female numbers.

Theeffect that trapping had on the site varied based the size of the site, the density of
trapping, and the status of the population (e.qg. if it was establishing, or if it had been trapped
before).

Ingeneralthe data suggests a change in tbeyfish populations occurs over time, where key

phasesr the process can be identified.

Trap modifications

T
1

Traps were modified by increasing entrance size and decreasing mesh size.

After modificationtraps were more likely to catch small and female crayfish than other
classes.

The results show that tramodifications can be used to manipulate the catch, influencing the
size and gender of animals entering the trap, and could be improved on significantly with

further refinement.
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Predicting the effects of further trapping

1

The population model was used to tdemine the effects of the continuation afurrent
trappingeffort on the crayfish population all study sites.

Under current efforteradication was estimated to be possible at 3 of the diketsveen 2020

and 2022 these sites aréhe smallest in sizeral have tke highest trapping density.

In the case of two of the sitesrapping had been previously conducted at the sites in the
previousthreeyears, therefore the population had been depleteecause oprevious efforts
before this study began.

One poplation was establishing at the beginning of the study and was predicted to be capable
of being eradicategber the model.

With an increase in trap numbebging usedfrom current densitieso between50 and 100
traps per acre) eradication was estimatedpassible at all sites, with the amount of time to
eradication decreasing with the more traps being used.

With an increase in the number of traps being used the number of visits required to achieve
eradication decreases, but the effort required to emptge ttiapsat any one visitncreases.

At large bodies of water, considerable effort would be required to achieve eradication using
the trapping methoddescribed \ithin this study alone. It was estimated that to empty the
equivalent of 50 traps per acre ateHargest of the study sites would take just under 153
person hours per weelkzhich would have to be sustained eysveek of the year over multiple

years

The effects of low intensity trapping

1

Intensive trapping sustained over a long period with a viewratlicating a population may

not always be a viable option, therefore alternative low level trapping has been investigated
with the aims of controlling a populatiort a level where iho longerposes the same degree

of issues to the water and stakeholders

Periods of intensive trapping were simulated for one and two years proceeded by low level
trapping to examine if this was a viable management approach.

With constant low intensity trapping all year round a population can be substantially
controlled, potentially reducing the size by 75% over ayBar period if 10 traps per acre are
emptied once a week. Populations size can be decreased by about 50% with 6 traps per acre.
One or two summers of intensive trapping preceding the constant low level trgppin

marginally decreased the time spent to reach a point of new equilibrium in the population.
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1 With one summer of intensive trapping, the populatiodiecreased in sizebut once the
trapping pressure had been removed or decreadedpopulation size increasedxceeding
its original density before returning ® point of equilibrium.

I With continuous summer trapping, between May and August, a level of control can be
achieved, but much less than when trapping is constant throughout the year. With removal of
thistrappingpressure it is likely that the population will recover as observed previously.

1 Low intensity trapping does present a viable management option for the control of a crayfish
population where a reduction in the density of crayfish in the water meguce issues
associated with the presence of the crayfithshould be noted however, that if trapping was

to stop then the population would return to its previous density.

Simulating other control methodand combinations

9 Alternative methods of contralere examined to determine their relative effectiveness under
simulation compared to trapping. Male sterilisation and the use of biocides as potential
control methods were examined.

1 A smulated crayfish population in@ne-acrepond was used to estimatd¢ effectiveness of
the different control methods.

1 Male sterilisation was very effective, even when a low (10 per acre) number of traps were
usedto collect the males for sterilisatigreradication was achieved by 2022, while without
sterilisation (i.e. tapping aloneat the same trap densitywhere animals were just removed
eradication was determined not to be possible.

I With an increase in trap number, and therefore the number of méleimg caught and
sterilised, the time to eradication decreased to animum of March 2019 when deploying
100 traps.

T ¢KS STFSOGa 2F Iy WIHGGNFXOG FyR (AfftQ 0A20ARS

1 With a low number of doses per?of the biocide eradication was not achieved, but with 5
doses per rheradication was achieved rafty (by June 2017).

1 Changes in the replenishment rate of the biocide had little effect on time to eradication.

1 When a combination of the control methods was simulated (trapping, sterilisation and biocide
control), eradication was achieved in all but oneegariq where only trapping was applied at
alevel of 10 traps per acre

1 Male sterilisation and trapping together achieved eradication quicker than trapping alone.
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1 Biocide treatment with only 1 dose perim combination with trapping achieved eradication
more effectively than trapping alone, but was less effective than trapping and male
sterilisation together.

1 When biocide treatment with only 1 dose pefwmas combined with trapping and sterilisation
there was little marked differencén time to eradication compared with trapping and
sterilisation.

f  When using the biocide treatment at 5 doses péerthere was no marked difference in time
to eradication between using the biocide alone or in combination with other control methods.

1 These resits suggest that biocidal control should be deployed in isolation at 5 doses?per m
and should not be considered for deployment at a lower dose density.

9 Sterilisation in combination with trapping is potentially a viable means of increasing the
effectivenes of a trapping programme, although more work is required to determine the
actual recovery rate of the sterilisation process used in this model.

1 Biocidal control at the higher dose rate was the most effective means of control estimated to
result in eradicdon within a year of deployment, however there are a number of assumptions
made in relation to the attractiveness and therefore the efficacy of this methods which would

still need to be determined.

Conclusion

1 As aresult of this stugwadditional insighinto the effects of trapping on crayfish populations
hasbeen obtained.

1 Phases in the response of crayfish populations to trapping have been identified.

1 While eradication has not been achieved as a result of this stutigs been estimated using
the dewelopedpopulation modeto be feasible

1 The effects of low intensity trapping and the level of control this will exert on a population has
been examined. With as few as 6 traps per acre emptied once per week throughout the year
a 50% decrease in populatigiensity can be observed over a-§6ar period.

9 A suggested step wise process to developing a trapping programme has been provided,
suggesting that trapping programmes following a similar design would require at least 46 traps
per acre emptied at least orca week all year rounidlthe aim of the trapping is to eradicate

the population.
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1 A simulated population took 7 years to be eradicated where 50 traps per acre were deployed
and emptied once per week for 52 weeks of the ydore frequent emptying of trap would
shorten the time to eradication.
9 Alternative methods of control have been examined, male sterilisation may be a valuable tool
G2 SYyKIFIyOS OdaNNBy(d GNILIWAY3I STF2NIAEAT 6KAES Wi
eradication could be achied over a short period of time (less than 1 year).
1 While the results of this study are directly applicable to small enclosed bodies of water some

of the principles will apply to larger waters, but would need to be scaled accordingly.
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1. Introduction

Non-native species of crayfishave been pesent in Great Britain (GB) since the 197idtially
introduced for aquaculture, the ornamental trader human consumption, they have subsequently
escaped, or been released into natural waters. There are seven speciesmdtivcrayfistturrently
established in British waterways: signal crayfBhdjfastacus leniusculysrurkish or narrovelawed
crayfish Astacus leptodactyl)snoble crayfishAstacus astacysred swamp crayfisiPfocambarus
clarki), white river crayfishRrocambars acutu3 spinycheeked crayfish(rconectes limosjsand
virile crayfish Qrconectes viriljs

While several of these species are considered invasive, the signal ciayfigistwidely distributed

in the UKand currently haghe greatest impactThe sigal crayfish isnostrecognisedor the threat

it poses to the native whitelawed crayfishAustropotamobius pallipg@shrough disease transmission
and competitve exclusionlt alsq however,impacts on the wider ecosysterthrough various means
including a) negative effects otine wider invertebratecommunity, b) competitive interactions with
native fish;c) predation on native speciesndd) impacts on river morphology through burrowing and
sediment mobilisation.Because ofthese impacts the signal orfish can havea wide manging
detrimental impact on invaded ecosystemdgy of these impacts may compromise progress towards
good ecological status under the terms of the Water Frameviirkctive (WB). Therefore, non
native crayfish are a keypntributing factor to water bodies failing to meet WFD targets. Furthermore,
signal crayfish impact on ecosystem servitigsting the use and productivity of affectedaters; for
exanple, signal crayfish can have a detrimei@bact on fisheries, where the crasffi maydestabilise
bankside, predate on fish and steal bait fromy 3 fligedl&A @cent case in Oxfordshire (2016) has
seen historical structures built close to a river bank becoming destabilised through signal crayfish
burrowing.

Given thewide-rangingdistribution of signal crayfish within the UK it would seem unlikely that a
national scale eradicationf the specieds possible given current technology, understanding and
resources. Despite this, there are clear requirements for methods of cdéetemication to be
developed tomanagesignal crayfistandother invasive crayfish speciaader certain circumstances,
for example, where they are impacting @tosystems, lte service they providegnvironmental
protected habitats or featuresr because o& rapid response to a newly discovered population
There are methods afontrol/eradicationdeveloped and demonstrated to be successfutier certain
circumstances such a the application ofpyrethrin pesticide Pyblast The current method of
application of Pyblast is to dose the water column and bankside with sufficient quantity of the

chemical to kill all crayfisibespite being fast acting and effectivieis methodof pesticide application
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is not suitable foruse in conservation areas, sensitive habitats or working fisheries due to their
indiscriminate mode of action (i.e. they kill most things). In additimsing of the water column with
pesticidesis not suitable for application iflowing water or large bodies aftanding waterjs often
expensiveto apply and require speialist training and equipmentThere are, thereforescenarios
where control/eradication is required, bdior which the currently available methods are not suitable.
Over the years there have beaeveralstudies conducted on the effectiveness of crayfish trapping,
what effect it has on populations of crayfish, and how effective it may be as a control method. Annex
1 provides a brief overview and summary of some issues relating to trappicgmma view of
crayfish trapping is that it is an ineffective tool in the management of crayfish, and eradication is not
possible with trapping alone.

TheDefra fundedwvork presented within this report examiné®w effective trapping is as a means of
controlling populations of signal crayfish. Despite being labour intensive and potentially taking a very
long time to eradicate a population (if at all), physical removal is comparativelyteamyply, is
accessild to a wide range of people, as it does not require specialist training or equipment and does
not have significant environmental impacihis document reports on the findings toappingfield

based studies conducted laydedicated and highly motivateddm of volunteers Although the aim

of the trapping at the study sites was to remove as many crayfish as possible with a view of eradicating
the population, complete eradication was never perceived as a viable end point within the life time of
the project.Data collected from the trapping study sites in turn lfexd into a population model. The
population model has then been used to estim#te effectiveness of the trappingrogramme and

how much further effort is required to achieve eradication. The woals flocused primarily on
managing signal crayfish populations in small enclosed lakes, as it is within these environments that
eradication is most likely to be achieved and therefore attempted. Furthermore, the proskdes
insight into howother methods d control can be appliewith a view of eradicating signal crayfish
population, what methods may be of ug® combinationand how much effort would be required.
When developing thisvork, the project has had contact with commercial trappers, who provided
invaluable insight into how crayfish populat®ean be controlled (see Annex ¥e hope that dl

those involved in the management of crayfish Wit information within this report of use.
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2. Trapping trials set up

Field trialswere set up to examin¢he effects of trapping on signal crayfish populations. The trials
conssting of programmes of trappingun & 5 still water sitesfrom across Englandver a twoyear

time period(2014¢ 2015, a & site wastrapped for one yeabut subsequently droppedut of the
programme Each of the sites was managed by a fishing club bilghgthe Angling Trust. The clab
provided volunteers taundertakethe trapping and disposal of animal&. process was set up to
shortlist sites for possible inclusion into théal, from this shortlist the 6 sites were selected. Annex 3
details the selection procesthe information relating to thesite and the processes set up specific to
each of the sites

The view was to implemerttapping basednanagenent plans at the sitesiwhich would not only
provide information into the effectiveness of crayfish trapping, but which coalso be easily
replicated elsewhere. With a view of developing information on how a control programme could be
implemented efforts were made to ensurenait the methods and materialssedwere easily applied

and readily availableTherefore,a process was developed to setiehe most effective off the shelf
trap design (see Anne®. While these trials only looked at three trap types, there are many other
designs available off the shathich could prove as, if not mayeffective than those used in this study

At each site baited traps were to be set at predeterminiedations. These locations were
predominantly where the most suitable crayfish habitat wasbserved, but in some cases was
restricted by other variables, such as public accébs. number of traps varied between sites based
on different trapping densities, to determine a range of effect, but was predominantly dictated by
how many the volunteerat each of the sites were able to manadéetraps would then be emptied

on a frequencyagreed with the volunteersalthough this varied with the time of yeand between
sites to some degreéNhen the traps were emptied the i@ number of animals ascounted, the
gender of each animal recorded, which length category the anmaal in(small, medium or large)
and the reproductive state of the femaleBappers were also requested to make general observations
in relation to the crayfish anthe site. Amex 5 provides more detail into how this process was
established and the reasoning behind the approach, including the number of traps to be set and the
frequency of emptying. Annex 6 provides a summary of the informatioaachsite.

In 2015 half the trap (alternate trap numbers) were modified (see Annex 7) with a view to increasing
trap efficiencyThe modifications were based on discussions had with commercial trafgger&nnnex

2). The reasons behind examining trap efficiency is that the more eféettiey trap then the quicker

the population will be removedn addition, if traps could bdesigned to target specific life stages or
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females then they may increase the likelihood of eradicating the population and decrease the time it
would take.

The follaving sections present the analysis of the trapping data in relation to each site, in addition to
how the trapping data was used frarameterise the population model in addition to exaingnthe

effects of trapping on crayfish populations.
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3. The effects of trapping on population
structure

The total crayfish count per trap per visit was plotted by the date the traps werfosetch of the
sites(figure 1) Strong seasonglatternsin the number of crayfish cauglatre visible at Bird in the

Hand Pool and Ydan Tarn as well as, to a lesser extefthornhill Roadwhere trapping efficacy
increased over summeEach site had a period in the winter when trapping occurred and at
Rookery Reservoir as a result of changes in management at thingite. caseof Starmount the site
withdrew from the trapping programme in March 20¥sdecrease in the crayfish caught per trap and

the mean number of crayfish per trap can be observed Bird in the Hand Pool and Yeadon Tarn, and to

a lesser degree at Rookery ReservBtarmount Fishery and Thornhill Road.

Bird in the Hand Pocl Hstfield Forest Lake Rookery Reservoir
. i X =ont
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Figurel: Light blue: crayfish counts per trap plotted against the date the trap was set. Dark blue: mean count per trap

Size and sex structure

In figures2 and 3 the trapping data has been manipulated to give daily totals, in order to make
comparisons between the sites. While traps were emptied 3, 4 or 7 days after they were set, the count
per trap has been averaged across the intervening days in these figures.

In figure 2 the small(dark blue) medium (light blue)and large(red) counts are shown. With the

exception of Starmounkisheryand ThornhilRoad Pongthere is a visible decrease in the number of
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large crayish caught throughout the studyAn increase irthe proportion of small ayfish being

caught,relative to other sizeancreased at all sites with the exception of Bird in the Hand Pool, where

the number of small animals being caught decrehse

Bt in S thand Pocl

S2emoun! Fahsry

Wmediumaarge per day

Number of sma

Mathiuig Foral Late

Thomhis Roed Foos

O3 traps sal

Buckery Rasarvsy

Yesaon Tom

Figure2: Daily totals per site: small crayfish in dark blue, medium in light blue and large.in red

In figure 3 the malégyellow)and femaleg(blue)counts are shown. With the exception of Thornhill and

Hatfield Forest there is a visible decrease in the numbenale crayfish. A reduction in numbers of

female crayfish is clearly visible at Yeadon Tarn, but less obvious elsewhere.
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Figure3: Dalily totals per site; males in yellow, females in blue
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Statistical aalysis of the data (byiomial General Linear &iels(GLM) wasconducted tocompare
the difference irproportion of crayfish being caught at the beginning and end of the studyzbyand
genderfor each site The amlysisof results can be found innkex 8.

Figure 4 shows the proportion of females beinggiat atthe beginning of the trapping exercise (grey
dot) in comparison to the end (black dot) feachsites There was no significant change in the
proportion of females caughbetween thebeginning and end of the trapping exerciseThornhill
RoadPond. Bird in the Hand Pool saw a decreiasthe proportion of female crayfish being caught
from 14 to 4% from the start to the end of the study, while at other sitesrti® increased from

between 2842% at the start, to 460% at the end of the study.

Site

Propoeion females

Figure 4.Start (grey) and end (black) proportions of small and fe
trapped crayfishfor each site according to a GLM with time as
explanatory variable.

Figure 5, 6 and 7 show the proportion of female and male crayfish for eachasemgory (small,
medium and large) being caught at the beginning (grey dot) and end (black dot) of the trapping
programme for each site.

There are many ways in which this data can be examindugreby size or gendePotentially the

most useful way, in fation to understanding the effects of trapping on the population structure is to
examine the data by sitén general terms the proportion of small crayfish caught increased and large
crayfish decreased.

At Bird in the Hand the proportion of small animals being caught increased from 16% females and 54%
males to 99% for both, therefore almost all of the catch from Bird in the Hand by the end of the study
consisted osmall animals. The number of medium dadye animalslecreasedaccordingly, with a
reduction from 77% to <1% observed for medium females, a decrease from 43% to <1% for medium

males, a decrease from 12% to <1% observed in large femaldsoamd% to <1% in large males.
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site according to a GLM with time as an explanatory variable. Examples where the relationship with time is s
are joined by dlack line.
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Figure 7.Start (grey) and end (black) proportionslafgefemales (left) and male (rightyapped crayfistfor each sit
according to a GLM with time as an explanatory variable. Examples where the relationship with time is signit
joined by a black line.
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At Hatfield Forest the proportion of small animals being caught increased (5% to 60% femaés and

to 65% males). The proportion of medium animals caught decreased (79% to 43% females and 57% to
45% males). Likewise, the proportionlafgecrayfish caught also decreased (26% to 3% females and
52% to <1% males).

RookeryReservoishowed a similar response with the proportion of small crayfish caught increasing
(1% to 20% females and <1% to 16% males). The proportioadifim crayfish caught also increased
(19% to 79% females and 22% to 73% males). The proportion of large ccayfight at Rookery
Reservoidecreased (81% to 9% females and 78% to 15% males).

At Stamount Fishery the proportion of small crayfish caught also increased (44% to 53% females and
40% to 49% males). Medium crayfish caught at the site decreased (41% fer88%s and 48% to

35% males), which was also the case for large females (16% to 9%) while the proportion of large males
increased (11% to 16%) although not significantly. It should be noted that Starmount Fishery stopped
trapping in March 2015, thereforenaking any direct comparison with other sites in this manner
difficult.

Thornhill Road was unique in seeing an increase in the proportion of small female crayfish (8% to 20%)
yet a decrease in small male crayfish (31% to 10%). The site saw a decread@in 8ized crayfish

being caught (54% to 48% females and 53% to 41% males), and likewise for large females, (40% to
33%), but an increase in the proportion of large males being caught (20% to 49%).

Yeadon Tarn observed an increase in the proportion oflstrayfish being caught (4% to 60% females

and 6% to 56% males). The proportion of medium crayfish caught varied very little (33% to 27%
females and 21% to 20% males), but significant differences @mgervedin the proportion of large
animals caught b&teen the beginning and the end of the programme (74% to 28% females and 79%

to 28% males).

Females: Berried and normal

Figure8 showsthe number of fenales caught per trap through the trapping period, for both berried
(carrying eggs in orange) and normal (not carrying eggs in puBae)ed females appead to be
most abundant ovewinter months with the female proportion of some catches only conegptof
berried females This is most apparent in the plots for sitdatfield Forestand Yeadon TarnThe

proportion ofberried females decreased across the statlyll sites
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Bird in the Hand Pool Hatfield Forest Lake Rookery Resenvoir

Starmount Fishery Therhill Read Pand Yeadon Tam

Females pertrap perweek

- - AR

Ciate traps set

Figure8. Females caught per trap per week; berried (orange) and normal (purplefe the differences in scale.

Conclusios

1 Although all sites had some gaps in trapping data as a result of cold weather, particularly over
winter months, gaps also appeared for etfreasos, such as change irsite management
(RookeryReservoiy or sites electing noto be part of the study (Starmount Fishery). The
inclusion of these sites itihe analysis of the effects of trapping on crayfish populations can
confuse the overallanclusions.

1 Numbers of crayfish caught all sites weréhigherduring summer months in comparison to
winter months, although more berried femal@gere caught during winter monthghan at
other times of year, emphasising the need to trap during the winter.

1 Ingeneral terms trapping resulted in an increase in the proportion of females being removed
and a decrease in berried femalbsing removedwith adecrease in the proportion of large

crayfish being caught a@nan increase in small crayfish
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1 The increas@n proportion of small and female crayfish is likely to be as a result of the removal
of the larger animals, which act aslaterrentfor female and smaller animals to enter traps.

1 The decrease in berried females caught is likelge a result of fewer siable size rales as
partners, causing a decrease in the frequeotmating eventscombined with a reduction in
total female numbers.

1 For morein-depthassessment is important to consider the history of the sites in addition to
the trapping intensitybeing gplied when examining the datdn summary the sites can be

categoriseds follows:

Site name Traps per acréat | Population status | Previous trapping (in
end of study) last 3 years)?

Bird in the Hand Pool 46.511(high) established Yes

HatfieldForest Lake 1.761(low) established None

Rookery Reservoir 27.322(high) established Yes

Starmount Fishery 11.858(low) established None

Thornhill Road Pond 29.851(high) establishing None

Yeadon Tarn 1.310(low) established None

9 Bird in the HandPool is a establishegbopulation that has already been trapped and therefore
most of the large and medium crayfistave beenpreviouslyremoved. This has resulted in
small decreases in large and medium animals being observed over the trapping programme,
but large increases in the proportion of small anim@#ig removedThis is also the only site
where the proportion of females beingeght decreasedThis decrease was observed in small
animalspossibly as change in the sex ratio ahimals at recruitmentn response to the
trapping. Increases in male birth rate has been observed in many species as a response to
decreases in populatiosize.

9 Hatfield Forest Lake is an established population which has not been trapped before, and
therefore is responding to the initial stages of trappiBgspite the low number of traps, a
decrease in the number of large and medium aninvéds observed wih an increase in the
proportion of small animals. Téis the same for both genders.

1 Rookery Reservoir has an established signal crayfish population, which has been trapped
previously. As many large animals had already been removed as a reshé pfevious
trapping, the proportion of large crayfishtrapped decrease rapidly when trapping
commencedas part of this programme and contintiéo decrease coupled with an increase

in the proportion of mediumand smallcrayfish caughtThis was the only site lvere the
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proportion of medium crayfislcaught increased. This may beecause ofthe previous
trapping underaiken at the site, and eelative absence of large animals.

1 Starmount Fishery contains an established population of signal crawfisbh had not been
previously trapped. As the trapping data is incomplete it is difficult to draw clear conclusions
in the same way as can be done for the other sites. However, there are some indications that
the proportion of large and medium crayfish are decreasing calpl¢h an increase in the
proportion of small crayfish.

9 Thornhill Road Pond is unique amongst the sites as it is the only one containing an establishing
population. Aghis is an establishing population the crayfish density is likely to beloery
There was an observed decrease in the proportion of small crayfish being caught with an
increase in the proportion of large (when combining both genddtss possible tht the
number of large animals in the populatianerare in comparison to smaller animalgith the
large animals being the founders and theadl®ar animals there of§pring.

1 Yeadon Tarn contains an established population of crayfish and had not been trapped prior to
this programme of workOver the trapping period there has beamecrease ithe proportion
of large and medium animals and an increase in the proportion of small a)idegpite the
lowest trapping density of all of the sites.

I This data suggests phasesthe response of crayfish populations to trappiagsuming the
trapping isof an established population which has not been previotrsigpedand trapping
effort is sustained at a level at which eradication will occur (see further in the report)

0 Phase 1Catches wilpredominantlyconsist oflargemalecrayfish

0 Phase 2A decrease in the proportion of largeale crayfishcaught, with arincrease
in the proportion ofmediummalecrayfishandall sizes ofemales beingaught

0 Phase 3. A decrease in theportion of medium crayfish caughtvith an increase in
the proportion of small crayfish caught

0 Phase 4. A decrease in the number of small crayfish cacginpled with a decrease
in the number of females

0 Phases. Suppression/eradication
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4, The efficacy of trap modifications

Alternate trapsat each site (5 totalvere modfied from ring2015to ensure that both types of trap

were evenly distributed throughout the water®etails on how the traps wereadified can be found

in annex 7, but in general terms, the entrance size was increased, the mesh size was decreased and
guards were put in to stop animals from escaping through the entrar@teer than the modifications

the modified traps were handled in exactly the same way as normal tFapthermore, data from the
corresponding period in 2014 was used to determine whethe positions of these traps were more

or less effective prior to the modifications.

Figure Shows the number of crayfish caught, categorised by site, year and type obaapis shown

for 2014, before the traps were modified, and 2015, when th@dravere modifiedThe traps that

GSNBE adzo0aSljdzSyidfte Y2RATASRRMIA SHREM pli NI NI slial/o Sif K SS Rr

whether these traps were more or less effective prior to modificatibime premodified (2014) and

modified (2015) traps are compared with the unmodified traps from the corresponding year.

2014, Bird in the Hand Pool 2014, Haffield Forest Lake 2014, Rockery Reservair 2014, Thornhill Read Pond 2014, Yeadon Tam
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Figure9. Number of crayfish trapped by year and trap type, divided by number of traps falling into each category.

Generaligd linear models were used to determine differences between the efficacy of modified and
unmodified trapsThe premodified traps caught slightly less than unmaodified traps in 2014 at all sites
with the exception of Yeadon Tarbut in none of the differeces were significanfOnce modified in
2015 the traps caught less animals atséts with the exception of Yeadon Tafine mean catch was

significantly lower aBird in the HangHatfield Forest LakeRookery and hornhill Road
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Further analysis lookinat the size of the crayfish in modified traps in comparison to the unmodified

traps showed that the modified traps caught more small animals, this is in addition to the overall

increasein small crayfish caught in 2015.

The same analysis was run to sethd sex ratio caught as different in modified traps. While the

proportion of female crayfish caughtcreased in 2015 compared to 20B4urther increasewas also

observed in the modified traps when compared to unmodified traps although this was ndtcsigt.

Conclusions

T

Although traps selected for modification were less effective than those left unmodified,
statistical analysisshow that the traps selected for modification were not significantly
different in terms of size and sex ratio than the other traps prior to modification.
After modification traps were more likely to catch small and fmerayfish than other
classes.
Thetotal number of crayfish caught in the modified traps was lower than unmodified traps.
The results show that trap modifications can be used to manipulate the catch, influencing the
size and gerelr of animals entering the trap, and could be improvedsognificantly with
further refinement.
Further refinemens to the trap modifications are requiretb fully realise how much trap
efficacy can be improved, these include:

0 The stockings used to reduce mesh smeved impractical and may reduce the

attractiveress of the trap, therefore other alternativeesh should be looked into.
0 The zip ties facing into the main body of the trap, while preventing animals from

escaping, also prevented larger animals from entering the trap.
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5. The population model

The signal crgfish population modelused deterministic compartmental mathematical models
developed to describe the basic dynamics of a clqsedimmigration or emigrationpopulation of
signalcrayfish.Each compartment relates to a specific life stage of a craydiskeich gender. Animals
will move between the compartments dependent on the growth rate and density of the population in
addition to the time of yearThe models are based on a series of coupled-liv@ar ordinary
differential equations that described thehange in density (per fhover time of each subset of the

crayfish populatior{figure 1Q. These equations were solved numerically u§tng
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FigurelO. Life-cycleof signal crayfish in the UKolours denote the months in which transition betwestates occur

The population model was refined in a number of ways over the course of the project to better reflect
what was observed in wild populatioriBata from the trapping programme was used to improve the
predictive robustness of the modérhis included the addition of temperature dependant seasonality

into the model, adjustments were made to betteccommodatehe density dependent element and
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additional compartments were added to better represent the life cycle of signal crayfish wlghin t
model.

The aim of this modelling work was to produce a model whigscribedall of the sites studied, with

a minimal amount of parameterisatioffo determine how well the model fitted each site thetput

from the model was compared to the data colledt Accordingly, for each site the model was run
from 1980, and seeded with a small number of crayfish in the year that the speciesswescbrded

as being preserdt the site Thetrapping, as undertaken at each site, was simulated using the model
andcompared with the actual results collected over the same time period. This provided an estimation
of how well the model fitted the actual data and therefore how good it is as a predictor. Figure 11
shows a graphical representation of the outputs from tteenparisonof the model outputs and the

real trapping data collected from the sitéhe red areas on the bar graph show where the model and
actual data agree; the dark grey areas are where the modderestimatedthe number of animals
being trappedmore animals were actually trapped than the model predicted shoulddpel)the light
red/transparent areas show where the mod®gterestimatesthe number of animals being removed

by the trapping taking pladgess animals were actually trapped than the modeldacted should be)

Bird in the Hand Pool Hatfield Forest Lake Rockery Reservoir
= - I
L‘E i
= Starmount Fishery Thomhill Road Pond Yeadon Tam
m
B
| I
a 1 1 1 1 1 1 1 1 1
2013 014 2015 2013 2014 2015 2013 21014 2015

Year

Figurell. Total number of crayfish caught in 2013, 2014 and 284 predicted by the model in red, dark grey/black areas
show where the modehasoverestimatedthe effects of thetrappingin comparison to the live datand the transprent,
lighter red areas show where thmodel has under estimated theffects oftrapping.
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Trying to create a model that §itall of the sites is challengingut the model is supposed to provide a

best fit under alscenariosAs can be seen in figure 11, there are occasions where the model has under
or overestimatedthe effects of trappingAcross the full dataset and model simulations, the models
explained upwards of 90% of the variance in annual counts between sitesttétierfodels were able

to pick up significant trends such as increases and decreases in capture rates between years, however
the predictive value of the model was limited in some cases. At Yeadon Tarn in particular the model
did not predict a strong declinia the number of crayfish caught in 2015 relative to 200i4e rotable

decline seen at Yeadon Tdmetween the first and second year is surprising given the relatively low
density of traps, but may be explained by the fact that the crayfish is relatreslyto this water (3

& S | pué@sedce prior to the study). Alternatively, the habitat at this site may not be suitable for
sustaining as high a density of crayfish as the other sites, making this population less resilient to even
smallscale trappinglt was not possible to set trapat locations within Yeadon Tarn where the
populations may be densest e.g. along the dam wall and nearjéx#gs. Not trapping the population

in its entirety, especially in areas where the population density may be high etaycexplain some

of the discrepancy between the model output and the trapping data.
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6. Model predictions of continued
trapping

The population model was used to predict the-going long term effects of trapping at each of the
sites. The model wasin for each sitefrom January ¥ 2016 until the end of 2030, to estimate the
outcome of continued trapping. It was assumed that the same number of traently present at

the site would be set and emptied weekly for the entirety of this period.

The models wee run with starting population densities equal to those predicted by the model; and
with equivalent trapping levels (in terms of traps per acre), to determine how many traps per acre
would be required for eradication. Eradication is defined here as thet @ which the population
drops below a density of one crayfish per acre, and dates are rounded up to the nearest (seath
figure 12)

According to the simulations the earliest that the cialgfcould be eradicated is 2020 Thornhill,
where the popuhtion was not fully established prior to the commencement of trapping, and Bird in
the Hand Pool, where the trapping rate is much higher than the other,sited where trapping
occurred prior to this studyThe other site where eradication was determinexbe possible was
Rodkery Reservoir, b2022 where trapping also occurred prior to this studyhese 3 sites are those
where the highest density of trapping has been conductechdication was not determined to be

possible at the other sites with curretrapping effort.

Bird in the Hand Pool Haffield Forest Lake Rookery Reservoir
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Figurel2. Grayfish population density estimates from 2016 to 2@@%h continuation of current trapping efforDashed
blue lines represenfemalecrayfish yellowsolid linesepresent male crayfish
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The model was used &stimatethe effect of trapping if the number of trapsasincreased to 50 traps

per acre and 100 traps per acre for each shteble 1showsthe results from the model showing the

number of traps, the number of animals trapped and the time to eradicatidh current trapping

effort, and an increas@ the numberof trapsto 50 per acre orl00 traps per acre.

As discussed above, under current trappdgites are predicted to achieve eradication; Bird in the
Hand Pool (2020), RookeReservoir(2022) and Thornhill (2020). With an increase to 50 traps per

acre, it has been predicted that all sites woalthieveeradication, and those sites where eradication

had already been predictednder current effortwould achieve eradication quicker (eggadication

at RookeryReservoilby 2021). However, in some cases this would result in a sizable increase in the

number d traps required e.gat Yeadon Tarn 954 trapsould be needed A similarpattern was

observed with a further increase dhe number of traps to 100 per acre, with a minimum time to

eradication of 201&t Thornhill Road Pond

Table 1. Number of traps, number of crayfish removed and timescale for eradication with 1) current trapping levels
maintained, 2) 50 traps per acre and 3) 100 traps per acre. NAs represent scenarios where the crayfish is still prbdicted to
present in 2031.

Number of traps maintained

50 Traps per acre

100 Traps per acre

Site Traps Trz::eper Trapped Eradication | Traps Trapped Eradication | Traps Trapped Eradication
Bird in the Hand Pool | 40 46.511 461.6195 May 2020 | 43.0 463.2116 May 2020 | 86 477.5169 May 2019
Hatfield Forest Lake | 20 1.761 39302.4664| NA 568.0 | 47460.2072| May 2022 1136 52869.8255| May 2021
Rookery Reservoir 50 27.322 3356.4556 | Jun 2022 91.5 3509.8894 | May 2021 183 3821.8839 | Apr 2021
Starmount Fishery 30 11.858 19091.4549| NA 126.5 5104.6552 | Jun2021 253 4487.3673 | May 2020
Thornhill Road Pond | 20 29.851 193.4717 May 2020 | 33.5 186.5640 May 2019 | 67 188.0339 May 2018
Yeadon Tarn 50 1.310 92374.5381| NA 954.5 79870.3606| May 2022 1909 88911.9237| May 2021

An estimate has been provided of the number of site visits that would have to be made under each

trapping regime for eradication to be achieved (see table 2). As more traps are used less visits are

required to achieve eradications, but the amount of effmrtempty all the trapswould increaseTo

represent the mcrease in effortequiredto achieve eradicatioat each site the number of traps has

beenmultiplied by the number of visits (see figure 13his provides a proxy for the amount of effort

neededto eradicate the populationAs can be seen, the amount of effort required to eradicate

crayfish populatios from large bodies of watefe.g. Hatfield Forest and Ydon Tarn) is very high,

especially in comparison to small water bodies.
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G775
Table2. Number of traps and visits requirgd achieve eradication undetlifferent strategies
Number of traps
o 50 Traps per acre 100 Traps per acre
maintained
Site Traps Visits Traps Visits Traps Visits
Bird in the Hand Pool 40 226 43 226 86 174
Hatfield Forest Lake 20 NA 568 331 1136 279
Rookery Reservoir 50 335 92 279 183 273
Starmount Fishery 30 NA 127 283 253 226
Thornhill Road Pond 20 231 34 174 67 122
Yeadon Tarn 50 NA 955 331 1909 279
g Strategy
% Cument
E 50 TPA
@ _ E 100 TRA
= 200 -

site

unt Fishery Thornhill Read Pond

Figure13.Number of traps multiplied by numbeif site visits required for eradication in each of the three strategies.

Conclusions

1 The population model was used to determine the effectshef continuation of trapping on

the crayfish population at all of the study sites.

1 Under current effort eradicadn was estimated to be possible at 3 of the sites, Thornhill Road

Pond, Bird in the Hand Pool and Rookery Reservoir. These sites are smallest in size and have

the highest trapping density.

91 In the case of Bird in the Hand Pool and Rookery Reservoir ta@id been previously

conducted at the sites in the previous 3 years, therefore the population had been depleted as

a result of previous efforts before this study began.

1 Thornhill Road Pond population is just establishing and therefore may be easierdgeas

a result.

Controlling invasive crayfish

Page28of 87



. <(~Cefas

1 With an increase in trap numbers (to 50 and 100 traps per acre) eradicatioesivamted as
possibleat all sites, with the amount of time to eradication decreasing with the more traps
being used.

I With an increase in the number of trapsibg used the number of visits required to achieve
eradication decreases, but the effort required to empty the traps increases. At large bodies of
water, considerable effort would be required to achieve eradication uslireg trapping
methodsused in this widy alone.

9 To try and relate this to time spent, each site was asked to estimate the amount of time spent
on the project per week (see Annex 9). Egrample,Yeadon Tarn, which deploy&@ trapsas
part of this studygestimated the time to empty all theapsto be approximately8 hours. To
check and empty the equivalent of 50 traps per aar&’eadon Tarn will takjest under 153
personhours per week (assuming a linear relationship between the number of traps and time

spent).
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7. Alternative trapping scen arios

Given the significant levels of effort required to potentially eradicate a population of signal crayfish
from a water body, alternative trapping scenarios were investigated using the population model
where low intensity trapping was conducted. Alseady discussed, low level intensity trapping is
unlikely to result in the eradication of a population, but provides an indication of the level of control
that can be exerted on a population. In total 4 different scenarios were examined:

1. Where trapping vas conducted at low intensity (between 1 and 10 traps per acre) with traps
being emptied once per week throughout the year.

2. Where onesummerof intensive trapping (50 traps per acre emptied once per week) was
conducted between May and August, followed by low intensity trapgioeiween 1 and 10
traps per acreyvith traps being emptied once per week throughout the year.

3. Where twosummersof intensive trapping (50 traps per acre emptied once per week) was
conducted between May and August, followed by low intensity trapgioeiween 1 and 10
traps per acreyvith traps being emptied once per week throughout the year.

4. Where low intensity trappin¢between 1 and 10 traps per acneas conducted between May

and August each year, with traps being emptied once per week during this period.

Constant One summer then constant Two summers then constant

1257

100-

Traps per acre
= 10.0

% of original density

0-

Year

Figure 14 Predicted percentage of remaining crayfish populatiomesponse tovarying degrees of trappingressue (0 to

10 traps per acre)left graph)when effort remains constant (traps emptied once per week throughout the yéaijidle
graph)where one summer of intensive trapping (50 traps per acre emptied once per week between May and August)
precedesconstant trapping, and (right graphyhere2 summers of intensive trapping precedes constant trapping.
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Figure 14 shows the level of effects of i) constant trapping, ii) one summer of intensive trapping
followed by constant trapping and iii) two summers of inteestrapping followed by constant
trapping on a simulated crayfish population. Constant trapping, even at relatively low trap densities
(10 traps per acre) provides a good level of control with the population size decreasing by 75% after
10 years. Even Witasfew as 3 traps per acre, a 25% decrease in the population size is still observed.
When preceded with one or two summers of intensive trapping the same level of control is achieved,
but in slightly less time. The recovery rate of a crayfish populatioen trapping is stopped or effort

is decreased can be observed in the middle &gtt hand graph of figure 14, where in only a few
years a population will return to its original density. This further highlights the need to continue
trapping once startedin the middle graph of figure 14 (one summer then constant), the population
recovers and then exceeds its original density. This is a result of the reduction in the density dependant
effect on recruitment and juvenile survival, causing an increasingemtimber of small crayfish in

the population.

Figure 15 shows the effects of varying degrees of trapping pressure on a simulated crayfish population
where trapping is conducted during the months of May to August each year, with traps being emptied
once perweek. The level of population suppression is much less with trapping only conducted
between May and August, with approximately a 35% reduction in population size when deploying 10
traps per acre, in comparison to a 75% reduction when traps were depldygeha round (figure 14).

The population control is reduced with a reduction in the number of traps deployed.

Traps per acre
e 10.0

75
5.0

w
o
T

25

% of original density

0.0

Year

Figure 15Predicted percentage of renrang crayfish population in response to varying degrees of trapping pressure (0 to
10 traps per acre)yvhere traps are emptied between May and August once per week through the period.
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Conclusios

T

Intensive trapping sustained over a long period with a view of eradicating a population may
not always be a viable option, therefore alternative low level traggias been investigated
with the aims of controlling a population and a level where it low longer poses the same
degree of issues.

Periods of intensive trapping were simulated for one and two years proceeded by low level
trapping to examine if this was @able management approach.

With constant low intensity trapping all year round a population can be substantially
controlled, potentially reducing the size by 75% over &&#ér period if 10 traps per acre are
emptied once a week. Populations size can berelased by about 50% with 6 traps per acre.
One or two summers of intensive trapping preceding theonstant low level trapping
marginally decreased the time spent to reach a point of new equilibrium in the population.
With one summer of intensive trappinthe population responded, once trapping pressure
had been removed or decreased by exceeding its original density before returning to
equilibrium. This is possibly in response to a decrease in the level of predation of juveniles and
suppression of reproddion at high densities, which is not managed by further trapping.

With 2 summers of intensive trapping the population does not exceed its original population
density with a reduction of trapping pressure, but recovery of the population is clearly
observedwhere trapping pressure is reduced.

With continuous summer trapping, between May and August, so a level of control can be
achieved, but much less than when trapping is constant throughout the year. With removal of
this pressure it is likely that the poptian will recover as observed previously.

Low intensity trapping does present a viable management option for the control of a crayfish
population where a reduction in the density of crayfish in the water may elevate issues that
they cause. It should be ned however, that if trapping was to stop then the population would
return to its previous density.
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8. Alternative theoretical treatment
scenarios

This report has primarily focused on the potential of trapping to reduce or eradicate signal crayfish
populations. The following sections describe other potential control methods; in particular male
sterilisation and the use of a chemical attractant and biocide. The following models use the
parameters €.g.trap capacity) found in previous sections, andevein for a theoretical site one acre

in size, where trapping/sterilisation/bait replenishment occurred on a weekly basis. These models

assume that the treatment rame begin in May 2016.

Male sterilisation

Male sterilisation has been achieved under lediory conditions by removal of the male gonopods,
effectively rendering the male incapablesafccessfully being able to deposit stermaophores onto the
female during the mating process, and therefore fertilise edgle sterilisation wasimulatedso

that trapped males were sterilised and replaced whenever they were found in a trap. These males
GSNB GKSy I 6fS { 2eddcivd the$hancesbfithié femamihgtwBhdother, non
sterilised malesOther crayfish caught (i.e. females) were remdvas with a normal trapping
programme.The recovery rate of sterile males (i.e. regrowth of gonopods to a functional size) is
unclear. Thereforemodels were run with and without a rate of recovery from sterilisation, for 10, 50
and 100 traps per acre, armbmpared to the equivalent trapping modelBhe rate of recovery was
setso thatany sterilised male may revert at any time over-gedr period with all animals recovering
after 3 years. While laboratory trials have indicated that there is likely tambeesecovery it will not

be as quick as described in the model, as is likely to take a minimum of 3 years, however, this scenario
was used as a wdrsasescenario

The results are plotted ifigure 16and summarised ifable3. Notably it appears that a relatively low
density of traps (10 per acre) would eradicate the crayfish by 2023, but only if sterilisation is 100%
effective, with no recovery. With 3-yearrecovery periodpr trapping alone, the populationsersist
beyond 203(@; albeit at a reduced density. Increasing the trapping density to 50 and then 100 reduces
the estimated time to eradication to 2019, though the benefit of increasing the trepgensity from

50 to 100 only bringthe removal ofthe crayfish population approximately 2 months earlier; these
diminishing returns are due to the presence of juveniletrappable stages of the population.

In allthe scenarios studied, sterilisatiovith no recovery shows more favourable results that trapping
alone. When recovery is included, however, the time to eradication increases. As can be seen in the

plot, this is because sterilised males are immune to trappirgtbey are returned to the wer if
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trapped rather than being removédand a small but significant proportion of these crayfish recover,
allowing the population to persist for longer. This highlights the importance of optimising the

sterilisation procedure.
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Figurel6. Projectedpopulation densities with and without male sterilisation (scenarios described in table). Red lines are un
sterilised densities and blue lines are sterilised. Dashed lines represent females and solid lines represent malesityrap dens
increases from topd bottom, while the left hand column shows trapping only, the middle column shows sterilisation with a
3-yearrecovery period, and the right column shows sterilisation with no recovery.

Table3. Trapping and sterilisation simulatisasults. Models were run with 10, 50 and 100 traps per acre, with and without
arecoveryrate from sterilisation.

Recovery rate

Scenario Traps per acre Sterilisation (annual) Trapped Eradication date
A 10 FALSE 0.0000000 12395 NA
B 10 TRUE 0.3333333 3061 NA
C 10 TRUE 0.0000000 2219 September 2022
D 50 FALSE 0.0000000 7693 April 2023
E 50 TRUE 0.3333333 3323 January 2031
F 50 TRUE 0.0000000 2471 May 2019
G 100 FALSE 0.0000000 5822 April 2022
H 100 TRUE 0.3333333 2969 February 2030
| 100 TRUE 0.0000000 2147 March2019

Biocide

An Wttract and kilDbiocide delivery mechanism is being developeg Cefasand the crayfish
populationmodelwasused to determine its potential successramoving a populationThe elivery

mechanism consists offaeding station containing a bait that crayfish find attractive. Within this bait
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is a biocide, lethal to crayfish if any is consumed. In relation to modelling this control method, it is
assumedhat the bait is equally attractive, available and palatabdenpared with other available food
sources. Practically speaking this means that the bait is evenly distributed and available to all meta
populations, and that individuals travel widely enough that they will come into contact with the
feeding stations sooafter they have been placedVithin the model two variables were examined,

the number of lethal doses and the time between the biocide being replaced, as the amount of
available biocide within the population will limit how quickly the population is rerdovee feeding

rate itself varies according to the amount of bait remaining at each time point, the density of live
crayfish, and the relative abundance of alternative food sourdes.biocide is assumed to be stable
enough that the dose and its efficaayll not decline between bait replenishments.

In the model simulations, the bait was added at a variety of intervals. All crayfish stages were assumed
to feed at the same rate, and experienced the same mortality rate per unit of bait consumed. To
provide an upper estimate of thelosesof biociderequired for eradication, it is assumed that each
crayfishweighs100g and consumes 1% of its bodyweight per day.

In the simulations different volumes of spiked bait were added at weekly, fortnightly, monthly and
guarterly intervalqtable 4) It was assumed that the bait was consumed only by crayfish, and that the
feeding rate of the bait was proportional to the ratio of bait to other resources (assumed adequate to
sustain a population of 1€ayfishad ). The rasults show that increasing the voluroébiocideadded
provides much better results than increasing the frequency of replenishimémugh this assumes

there is no leaching, decline in efficacy or consumption by other spgsgedigure 1Y.

Table4. Time to eradication using a biocide attract and kill delivery mechanism with varyimfer of dosesf biocide
being introduced with variable times between replenishment of the biocide.

Days between replenishments| Dose per m Eradicdion

7 0.5 NA

14 0.5 NA

30 0.5 NA

91 0.5 NA

7 1 NA

14 1 NA

30 1 NA

91 1 NA

7 5 June 2017
14 5 June 2017
30 5 Jul 2017

91 5 Aug 2017
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Figurel7. Time to eradication using a biocide attract and kill delivery mechanism with varying volumes of biocide being
introduced with variable times between replenishment of the biocide. Fiosft to right graphs representweekly,
fortnightly, monthly aad quartety bait replenishment, with graphs-B showing simulations fd.5 doses of biocide perim
EH1land | to L5doses per rh

Treatment combinations

To determine the efficacy of combining treatments, scenarios were run with differing levels of
trapping, steilisation and biocidéreatments The values used are provided, along with the number
of trapped crayfish and date of eradication (defined as the last day the trappable population is in
excess of one animal per acre) in tabl& he results are plotted, Wi and without male sterilisation,

in figure 16andfigure 17respectively.
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Table5. Table showing the date of eradication of the modelled population where different combinations of control methods
were applied, there were #&pping (and increasing trap numbers) sterilisation (yes or no) biocide and the number of doses
per ne(either 0, 1 or 5).

Number of Date of
Code Traps per acre Sterilisation Biocide Doses ) o
trapped crayfish | eradication
A 10 \ 0 2212 Oct 2022
B 10 0 12382 NA
Cc 50 \ 0 2400 Jun 2019
D 50 0 7267 May 2023
E 10 Y, Y, 1 1916 Jul 2022
F 10 Y, 1 3004 Jun 2025
G 50 \Y, \Y 1 2352 Apr 2020
H 50 \Y 1 4107 Mar 2022
I 10 \ \Y, 5 78 Jun 2017
J 10 Y, 5 78 Jun 2017
K 50 \ \Y, 5 296 May 2017
L 50 \Y 5 298 May 2017
10 50
= Dose
5
2 0
E —
=
& 5
& | 5
_ . o o © Year . o o o

Figurel6. Crayfish density plotted against timfer 10 traps per acre (lefgnd 50 traps per acre (right) witho sterilisation
and varying doses of biocide, (Q and 5 per ).
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Figurel7.Crayfish density plotted against time; 10 traps per dteft) and 50 traps per acre (rightyvith male sterilisation
(100% efficacy and no recovemnd varying doses of biocide, (§ and 5 per ). Sterilised individuals not included in the
density.

Conclusion

1 Alternative methods of control were examinealdetermine their relative effectiveness under
simulation compared totrapping. Male sterilisation and the use of biocides as potential
control methods were examined.

1 An annual recovery rate for male sterilisation was included to account for regrowthauser
in laboratory trials.

1 With no recovery rate sterilisation was very effective, even when a low (10 perraard)er
of traps were used, eradication was achieved by 2022, whileout sterilisation (i.e. trapping
alone) eradication wadeterminednot to be possible.

1 With an increase in trap number, and therefore thember of males sterilised, the time to
eradication decreagkto a minimum of March 2019 when deployih§0 traps andwvith no
recovery of sterilised crayfish.

1 The effects of asHttract and KiCbiocide delivery mechanisifcurrentlybeing developed by
Cefa3was modelled.

1 With alow number of doses per fiof the biocideeradication was not achieved, but with 5
doses per rheradication was achieved rapidly (by June 2017).

1 Changes in theeplenishment rate of the biocide had little effect on time to eradication.
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1  When a combination of the control methods was simulated (trapping, sterilisétwith no
recovery rat@ and biocidecontrol) eradication was achieved, in all but one scené&mle B
on table 5) where only trapping was appliata level of 10 traps pern

1 Male sterilisation and trapping together achieved eradigatquicker than trapping alone.

1 Biocide treatment with only 1 dose persin combination with trappingchievederadication
more effectively than trapping alone, buwas less effective than trapping and male
sterilisationtogether.

1 When biocide treatment with only 1 dose pefwas combined with trapping and sterilisation
there was little marked difference to time teradication compared with trapping and
sterilisation.

1 When using the biocide treatment at 5 doses péithere was no marked difference in time
to eradication between using the biocide alone (table 4) or in combination with other control
methods.

1 These reslts suggest that biocidal control should be deployed in isolaio® doses per
and should not be considered for deployment at a lower dose density.

1 Sterilisation in combination with trapping is potentially a viable means of increasing the
effectiveness of a trapping programme, although more work is required to determine the
actual recovery rate of the sterilisation process used in this model.

1 Biocidal control at the higher dose rate was the most effective means of control estimated to
result in eradiation within a year of deployment, however there are a number of assumptions
made in relation to the attractiveness and therefore the efficacy of this method which would

still need to be determined.
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9. Developing a trapping programme

In many cases the remal of crayfish by trapping (or other means) is controlled, and requires
permission from the authorities. For the purpose of making this section applicable to a number of
scenariosspecific authorities are not mentioned, buefore commencing any trappingr other
aaions with a vew of controlling a crayfish populatipirrelevant of where the programme is to take
place it is imperative that you talk to the appropriate authority to ensure thal ativities are
undertakenlegaly. This outlined approach is based on the results from this work alone,isand
therefore a combination of field data and modelling results. Following these steps will not guarantee
the eradication of the population being targeted, biltey should be used tdelp formulate an
approach. The followinig a step by step process to aid in the depenent of a trapping programme:

1. Identify the problem populatiohe extent of the population needs to be understodis
is important as any control programme needsdffect the whole population. It is advisable
to contact your locatelevant authorityto discuss the population, what is being planned and
the legal requirements before taking any further action.

2. Are sufficient resources availablé?only trapping is tdoe used, deally at least 46+raps
should be set per acre of watandemptiedat least once per weefor 52 weeks of the year
for multiple years (7+) to achieve eradicatidinsuring that therere sufficient resources
available to purchase traps, baihd empty them is important. Control and/or eradication will
be a long term process and therefore commitment is requivgdhose undertaking the work.

3. Health and safety firsit is imperative that all measures are taken to ensure the safety of all
those undertaking any trapping exercise. Even setting traps from the bankside can be
dangerous and an appropriate assessment of the potential risks needs to be conducted before
any work is conducted.

4. Prevent further immigrationAny potential sources of animadsitering the target population
needs to be identified and stopped or limited as much as possible, otherwise
control/eradication will be impossible.

5. Be mindful of all water users and water user engagemgvihen setting up a trapping
programme be mindful odll of the water users and how people may interact with the traps
as well as potentially aiding in trap emptying and setting. Traps can cause snag and trip hazards
so should be set away from where people will be using the water, especially if entering the
water body. People are curious and often care about the water body that theydeslyall

should beinformed of the plan, what it hopes to achieve, how it will potentially affect them,
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the time scale the work is likely to be undertaken for, the potaiitienefits and how they can
contribute to the programme.

6. Setting and emptying trap3.raps should be set so that all of the population will be affected,
although this may not be possible due to constraints due to water use or accessibility. At the
least traps should be distributed around the perimeter of the water body as this is likely to
encompassnuch of the suitable habitat.

7. Trap all year roundMore animals will be trapped during warmer weather, but itthie
trapping during the winter and autumn & can have the biggest impact on a crayfish
population as this is when the females carrying eggs are observed in the population. The
removal of females carrying eggs has a huge impact on recruitment.

8. Collection of dataldeally the number of animals in eatrap, the gender of each animal and
their size should be recorded. This informationsefulin understanding how the population
is responding to the trappingCollection of data in relation to other related observations such
as the number of fish frjpait being taken by crayfish from anglers or knocks on line can also
give some indication of how effective the trapping programme is.

9. Biosecurity and animal dispos&insuring that there is no risk of transferring crayfistiheir
diseaseso other watess is of utmost importance. Do not transfer traps or equipment between
bodies of water. All animals removed should be destroyed on site, none should be taken off
site live or soldunless under specific caseBhe Check, Clean, Dry guidelines should be

followed http://www.nonnativespecies.org/checkcleandry/index.cfm
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10. Discussion

The work presented within this documentvas conducted with a view to providing insight into
methods of controlling and eradicating populations of signal crayfish in enclosed bodies of water
primarily through physical removal in the form of trappinghowever, other methods of
control/eradication have also been examinedhe project was conductedpecifically to meet
objectives under the Water Framework Directiverelation to the impact of invasiveon-native
species with the aimof providing guidance on how a programme todipping with the gal of
controlling or eradicating a population of signal crayfish ctaa@@stablished and ruriThe rert has
been structured with a @w to make the large amount of data and information generated during the
project accessiblego a wide range of peoplen¢ludingmanagers of waterbodieqolicy makers,
scientists and stakeholders alike.

At the end of the project the manager of each site were asked a range of questions in relation to how
they felt the work had gone, what they would have done differently, the perceived impact that the
trapping has had on the site, and if they would contimith the trapping after the end of the project.
These questions and the answers from each site are provided in Annex 9.

The success of the project relied heavily @nlunteers who conduced the trappingin a citizen
scientist format The volunteersnadethis project possiblend allowed for droadrange of sites to

be used providinga wider view of the effects of trapping on enclosed crayfish populatidns
comparison tostudyingone ste in isolation Thecontinued hard work, dedication and inpaf the
volunteershas been invaluableproviding a clearnsight into the practicalitieof conducting a
programmeof work with the aimto control and eradicate a crayfish populatibg members of the
public

While all of the sites agreed to take part in theidy before work commenced, all volunteers were
exemplaryin their continued effort and dedication to the projedthe enthusiasm for the work shown

by the volunteers certainly hedg in gaining universal support from angling club members,
landowners, other water course users and stakeholders (see Annar®jherefore the continuation

of the work The activity of the volunteers has also helped to raise awareness of the issuesdinrgou
invasive crayfish, and nemative species as a whole, from a broad range of society incluiliyng
council members, anglers, recreational sailors and school children (see AnriExeQrojecthas
helped to illustratethat while there are complexitie with organisingcitizen scientist, the quality of

the reailts and the volume of workhich can be achieved far outweigh gmmpblems, or at least those

that arose during thiproject

Controlling invasive crayfish Page42of 87



. <(~Cefas

In the majority of cases the sites did not experience any issuesinglto the running of the
programme, especially at the sites where a clear benefit has been observed as a result of the trapping,
such as an increase in juvenile fish being observed or a decrease in the crayfish being a pest to anglers
(see Annex 9). Adites kept members of the associated angling club informed which in turn maintained
interest in the progct.

Benefits of the work varied between sitdsom environmental changes such as reduced bank erosion
and increasing juvenile fish numbete changes in overall management strategies at the water in
response to the crayfishopulation declingsee Annex 9). laddition,all sites observed a decrease in

the problems crayfish caused anglers, demonstrating that the trapping also has a positive impact on
the sites as an ecosystem servible. significant impact of the trapping itself on the environment was
observed by the volunteers, all reported somedatch, but these tended to be fish that could be
easily returned live to the water. On two occasiomsmmals were caughé rat and a mink (see Annex

9).

When asked their opinion concerning the modified traps (see Annax@t sitemanages were of

the opinion that they did not work and were more difficult to use as a result of the modifications,
especally the meshingWhile not as successful as hoped, the modifications do provide an interesting
insight into how trap modifications could improve the efficacy of current trap deslMfith some
refinement of the modifications madehe modified traps coulde used to increase the efficacy of
trapping further.

The results from the projecsuggests a likely minimum effort of trapping required to achieve
eradication with a minimum of46 traps per acrbeing deployed and emptied at least once per week

all year round and deployed for approximately 7 yeait using trapping alone The model
demonstrates that with an increase in trapping effort eradication is nmadee possble over a shorter

time period but this would result isignifcant demands on resourseOther means of increasing the
effectiveness of trapping, or a combinations of methods would have to be used to tackle populations
in larger bodies of water, purely down to the resource demand required otherwise.

In addition to the use of traps to eradicaéepopulation for whicha high intensity of trapping would

be required, the effectsfdess intensive trapping was also investigated. While low level tragbomg

would be unlikely to achieve eradication, it did help to suppress a population, whictbenaigwed

as sufficient in some cases to reduce the impact of the signal crayfish. Re@iesrof the population
were, however, very rapid and any such control programme would have to be implemented
indefinitely.

In addition totrapping the other methods examined are still very much in development, with the only

meaningful data available for either of the methods being from laboratory studies, however, the
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population model does present interesting information suggesting thair thether development
would be key in contrééradication of crayfistpopulations. The population model presents a useful
tool by which the efficacy of control methods can at least be exathinecost effective and
environmentally sound means, befoamyfield trails are conducted.

Four of the five sites that finished the study could see a clear benefit to the trapping. Thornhill was
the only site that was discouraged, but this may be due to the establishing nature of the population.
All of the sites haveaid that they wish to continue with trapping either at the same trapping density
or changing it slightlySome sites are intendintp examire other means of control, such as the
introduction of predatory fish to help with the management of the crayfigke (8nnex 9)All sites
stated that they would be prepared to take part in further studies if requested.

This study has presented evidence that trapping could eradigapulations of crayfish under certain
circumstancesHowever eradication has stithot been achieved via trapping, and if it was to occur
would require further long tam investments While thetrapping protocol put togethefor the sites
wasbased on what was consideraghievable andqactical for citizen scientistspmmercial trappers

may have the mean and resources available to deployany more trapsand empty themmore
frequently, possibly reducing the time to eradication considerably. There would, however, have to be
incentive for commercial trappers to remove small animals and toicoattrapping once the
numbers being caught start to reduce.

While this work may go some way in addressing the common view that trapping will not eradicate a
crayfish population, the amount of effort required would indicate that in most cases this is not a
tenable means of eradication on its own, especially if there is no commercial incentive to trap smaller
animals or to go beyond the point of diminishing returns. The further development and testing of
other methods of control, such as male sterilisationmtroducing predatory fish, to enhance trapping
STF2NIax yS¢ (NI LI RSaradya G2 AyONBIaAS STFTFAOIF Oex
control, are therefore essential to enable citizen scientists to eradicate crayfish populations more

effectively.
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Appendix
Annex 1 . The trapping of crayfish

The effect of trapping on crayfish populations depends on several factors, including environmental

variables.

1 Seasonal changémve been reported in the distribution and abundance of crayfish lriging

traps (Miller & Van Hyning 1970; Klosterman & Goldman 1983). Changes in trap catches
(kg/trap) has been attributed to temperature fluctuation combined with the moulting period
(Shimizu & Goldman 1983; Lowery & Holdich 1988). In Oregon, it has hewhtfat catches

in winter are generally low due to the decrease in feeding rate with decreased water
temperature causing animals to become quiescent (Miller & Van Hyning 1970). AltRough
leniusculupopulations generally have a stable sex ratio of thére are seasonal differences

in the catches based on sex (Miller 1960). Spring catches are more biased towards males, but
total catch may be generally low because the males are in their moulting period. Berried
females are reluctant to enter traps (Abmainsson 1971; Mason 1975; Kirjavainen &
Westman 1999)but are often caught subsequerib the hatching period, when they
aggressively seek food to replenish reserves lost while carrying eggs (Lewis 1997). Both
genders are caught in increasing numbers dusimgmer months as they become more active

and the breeding period when both sexes are more active. Despite this, catches consist of
between 0 and 50% females (Cullen et al. 2003), but rarely exceed more than 20% females.
How catch compositioomay vary withexploitation of a population over time has not been
explored. Trapping is often considered to be inherently biased to the removal of dominant
large adult males (Holdich et al. 2006). However, this bias may not be a function of trapping
per se, but the typ of traps used, and the use of traps with smaller entrances may be biased
in the opposite direction. The removal of the dominant (large) males from a population may
lead to reduced pressure on juveniles giving rise to even larger populations (Gheratdi et
2011), but will also result in changes in catch composition. This was observed in populations
of Astacus astacushere the removal of larger animals reduced the level of competition on
smaller animals resulting in the development of much denser pojmiat(Skurdal & Qvenild
1986), although stunted growth may be a result of limited resources rather than over
exploitation (Skurdal & Qvenild 1986). Several trapping programmes on riverine systems have
found that removal of large adult males from one sewctiaf the river acts like a drain on
neighbouring areas (both from up and down stream), with large adult males moving into the

available space formed by the trapping (Ibbotson et al. 1997; Holdich et al. 1999; Moorhouse
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& Macdonald 2010). It is thought thahe removal of females may result in feedback
mechanisms resulting in the production of more eggs and maturation at a lower size by the

remaining adult females (Holdich et al. 1999).

Several studies have examined the potential for trapping to control and/or eradicate with varying
degrees of success and subsequent conclusions:

1 Bills & Marking (1988) conducted intensive trapping in the USA on a populatircarfiectes
rusticusover a &-week period. Although the trapping programme failed to remove smaller
animals, due to the design of traps used, the population was significantly suppressed. In a
similar study, Roqueplo et al. (1995) trapped a populatioRraicambarus clarkin France
Modified traps allowed the removal of a larger range of sizes, resulting in suppression of the
population, but not eradication. Similarly, Frutiger et al. (1999) conducted a trapping
programme in 1997 on a population Bf clarkiin Switzerland. The pgsamme resulted in
the temporary reduction of total population size; however, evidence suggested that removed
crayfish were replaced in a short time by young animals.

1 Several studies have also been conducted in England with similar effects (see papers by
| 2ft RAOKO® w23ISNAR S [ftd ompdTo NBLRNISR |
estimated that the population was reduced by more than half. However, despite a reduction
in the number of larger animals, smaller animals were unaffected. THerityaof these
studies concluded that trapping is effective at reducing total population size, and therefore
could be used to potentially control crayfish, but not eradicate.

1 Another study (Peay & Hiley 2001) concluded that trapping was wholly inefextia control
method. However, the study conducted by Peay & Hiley (2001): i) used a comparatively low
intensity of trapping; ii) was conducted over a short time period; iii) did not mitigate the effect
of migration into the area being trapped and iv) tvbole population was not susceptible to
the methods applied when compared to other referenced studies.

1 West (2010) reports on a significant trapping exercise that has been conducted since 2001 and
is still in progress on the River Lark, England. Thegiroges: i) refined the types of traps used;

i) used a range of trap styles to capture a wider range of sizes; iii) undertook trapping
upstream of the control area to reduce migration and iv) has been conducted for 9+ years.
Although intensity of trappindias varied throughout the study, there has been a total

reduction of 70% in the catches. This has resulted in observed recovery of the immediate

ecosystem, such as river banks and fish populations.
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91 Another long term trapping programme (1999 to present)tbe River Clyde in Scotland has
seen a significant reduction in total numbers caught (from 10,625 in-2002 to 5,335 in
2006H N NTO BAGK GKS alyYS GNYLWAY3 AyaSyaaiae owS:
for the whole period and a relativelpw trap density. However, the average size of the
crayfish being caught is smaller and the animals are becoming sexually mature at a smaller
size, possibly as a result of the trapping. This could be an important issue to consider when
determining the effets of a control or eradicate programme on a crayfish population.

1 Extensive work has been conducted on controllirgleniusculusn Loch Ken, Scotland
(Ribbens & Graham, 2009). Loch Ken is currently a unique situation in the UK, being the largest
still water body of water (9 miles long) containing crayfish. Other methods of control, such as
the use of pesticides, would be impossible in a water body of this size, therefore trapping was
investigated. The study investigated a variety of trap types suitableu$e in such an
extensive body of water, in addition to an intensive trapping period to determine feasibility.
Trapping trials found prawn creel traps to be most effective given the scale of work (>400
traps being placed every 24 hours), with the trapfbesuitable for hydraulic lifting and self
shooting systems. Although difficult to assess trap effectiveness when trapgsitg,iall the
traps tested (prawn creels, pyramid traps, cylinder traps, fyke nets and homemade barrel
traps) caught similar lenly profiles while the prawn creel retained the greatest numbers.
During the 56day intensive trapping approximately 450 prawn creels were set every 24 hours.
Although only part of the water (and therefore population) was trapped, it is estimated that
659,30 animals were removed. More male crayfish than females were caught at the
beginning of the trapping period, while by the end the sex ratio of catches had become more
balanced, with the size of the male animals being caught reducing during this pereyd. Th
was also a reduction in the mean number of crayfish caught per trap over the trapping period
suggesting a reduction in the population. Despite being an extensive project, for the size of
the body of water this was a trial with some interesting insighhow trapping may alter

population structure.
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Annex 2 . Commercial trapping of crayfish

As part of the project and in order to gain a better understanding of crayfish trapping and the
commercial sector a day was spent in the field with a commerciap&aprho arranged a visit to a
crayfish processing plant, a visit to the holding facilities of a crayfish trapping team and the lifting of
his own different types of traps; and around LondanCommercial trapping all involves the wild
harvest of live animia and their transportation to a holding facility for depuration. Animals are then
either sent live to consumers in the UK, to other EU Member States or are processed before being
shipped. This short summary of trade focuses on the gathering of live anforathe commercial
trade, and the processing of animals.

AsP. leniusculubas spread across England the number of trappers and commercial value of the sector
has risen and this has now led to some larger processing plants becoming estalblistadcally the

trade focused on live trade, but this has recently changed to a processed prathactinit visited in
Oxfordshire hasecentlyinvested approximately £500,000 in processing and packing equipment and
now exports in the order of 48 tonned processed product to Sweden and 18.3 tonnes of live product

to Finlandper annum in addition to supplying markets in France, Russia and some smaller markets in
the UK.

The plant is supplied by teams of trappers whose busiest period is a window ofntiorgts (Juneg
August) leading up to the Scandinavian summer holidays in order to supply this market. This is
currently where the large demand is and fits with the time of year when the crayfish are most active
and easiest to catch. This results in thegassing plant working long hours to make the most of this
window of opportunity. However, commercial trapping does take place throughout the rest of the
year, but not to the same extent. It is considered that other market areas are growing and developing
resulting in an increased demand for crayfish.

The trapper made the point that there are many within the industry that wish to be regulated and
have a stamp of approval legitimising their business and demonstrating compliance with the law. This
has resulte in the establishment of the National Institute of Crayfish Trappers (NICT) that is
attempting to get crayfish trapping organised and working to develop codes of conduct. During
discussions with the trapper it was stressed that most trappers are not atetivby seeding or
stocking other waters as this represents a longer term return of 10 years to build a good adult stock.
In addition, concern was expressed that at present anyone can get a licence for any number of traps
and it was felt this was an arehdt required more stringent control.

In general terms, crayfish are removed from a body of water by a trapper, and then taken directly to

the processing unit or to a centralised holding facility and then to the processing unit. Not all trappers
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supply a pocessing unit, such as the one visited, with some trappers selling their product directly
themselves.
When the Crayfish arrive at the processing plant they are held in depuration systems for purging

before cooking, processing and packing for export (spedi 1 below).

Figur.klmages frorﬁ t-f.le:‘r‘ayfish processing plant, showing the a) cooking and b) packing equipment, in ac

¢) the packaging itself.

Duringavisit to a crayfish holding unit (a disused trout farm) oppority was provided to both look

at the stocks being held and discus#iwthe trappers their findingsStock held at the timefdhe visit
consistedpredominatelyof larger mature specimens that weeestimated by trappers to bepwards

of 8 to 10 years dl. The trappers were keen to emphasise that they also remove smaller animals which
are traditionally below market size and markets are being developed for these. The various merits of
different types of traps were discussed and the modifications useddiraippers. Modifications used
included the opening up the mouth of the trap (while staying within the maximum limits set to avoid
unwanted bycatch) and using a system of inward pointing cable ties to stop the crayfish (of all sizes)
exiting the traps. Ogning up the aperture has been driven by the fact that at some sites the maximum
size of the crayfish being caught was up to 220g in weight. At other sites sizes in excess of 250g have
occasionally been reported. The commercial trappers confirmed thafishagf this size would not

0S FtoftS G2 SyidSNI G4KS adlFyRFNR WGiNILILRQ GNIXLBAQ S
both extract larger specimens and provide better retention of all sizes. This could potentially be
enhanced further by reducindné mesh size of the traps.

When emptying the traps set by the trapper on the previous evening it was demonstrated how
effective fyke nets can be. One double ended fyke net set in a small lake in the Cotswolds caught a
bucket of crayfish in each end. Anott¢ SEI YL S 61 &8 LINROARSR 6KSNB |
been set down the river Thames in an area that had been trapped consistently for six years. Each trap
on the chain still caught up to 4 crayfish but because it is a river new crayfish keep nmofriomy i

beyond the trapping zone (as the whole population is not trapped). The trappers would like to carry

out more work using both fyke nets and traps in combination, but this currently needs special
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permission, in addition to fyke nets requiring some extskills to set, in addition to being set within

the water rather than from the bank.

At one sitethat was trapped consistently over four years the catches were quoted as dropping from

Figure3.{ K2gAy 3 0 | 0 NI 0SAy3 Lz ¢

1.8 tonnes to 1.2 tonnes, to 365.3 kilos to 65.4 kilos on a year by year basis. The trappers also thought
GKIFIG 2y0S (GKAA KFIR 0SSYy | OKWiGgS R GKS LR LJzZ F dAz2y
One interesting observation from some of the commercial trappers is that the best catches are
influenced by the moon and atmospheric pressure with best catches being on the nights approaching

full moon. They also thought that at other times dats were made up of smaller sized crayfish and

crayfish with missing claws and this was area for further research. As a general rule of thumb
commercial trappers estimate there are usually 20 crayfish per kilo. Consequently, a catch of 20,000

would equateto 1 tonne of catch.
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Annex 3 . Site selection criteria and
description

In order to select sitefor the project fromacross England to take part in the trapping programme
trials a check list of desirable qualities was drawn@mtact was made via the gting Trust (AT) to
sites that were AT members and thought to be likely candidates. The criteria for the sites to be
selected includedi) full buy in froma G | { S Klantl R & WRdAH Wers and volunteersi) the
presence of a signal crayfish poputetj iii) no trapping has been previously conducted at the site
(preferred);iv) the site is stil(lentic)water preferably with no in or out floyw) limited access to non
members;vi) background to the site is availabkmnd vii)easy bank accessdlow flood risk.
Following initial selection of possible sites further assessment of the sites was conducted to determine
suitability. These visits were conducted by Cefas and the Angling Trust to discuss with site
operators/owners the nature of the work artd establish the final sites to be used in the study. At
the site visits the following questions were asked and data recorded.
1) Have the given criteria all been met?
2) How many volunteers are available?

a) Are they available to provide assistance all year round?

b) Can they provide assistance up until the end of the project (March 2015)?

¢) How much time can they commit to the project?

d) Are they prepared to work sometimes independently?
3) Can data be submitted to Cefas (either by mail or electronically) on a monthl® basis
4) How large is the site?
5) How long havesignal crayfish been present at the site?
6) Has there been previous attempt to trap or control the crayfish population?
7) How soon can the site start trapping?

8) Are there means by which the site can dispose of crayfighdui selling them)?

Information was collated and the most suitable sites selected. Although these criteria were ideals, no
site could meet all of thenOne site was dropped from the study after showing reluctance to commit
to the long term trapping pro;amme. However, an additional site was added to the list following
recommendationsfrom the Environment Agencylhis provided contingency in the case of a site

dropping out of the process.
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Bird in the Hand, Hilderstone, Staffordshire.

Site description

This is a well maintained small coarse fishing lsikeated in a rural area oude of Stone in
Staffordshirerun by Creda Redhouse Angling cllilis fed by a small spring and three run off dsai

with the bottom of the lakebeing clay based. THishery was originally built as a trout lake but now
contains fish typical of a mixed coaisé&e.The clubconducts anglingnatches on the water but it is

not consdered a heavily stocked water.

The site has easy access and good safety facilities witthy gdoping grassed surround3he site is
restricted to members only and is fairly secure and well policed but does &dwetpath running
through it. There was no memory of the water ever having flooded. The club does not own the water
but leases it from théandowner who has just constructed a new Igket yet filled)adjacent to the

site. The close proximity of the new water was discussed in terms of crayfish movement and it was
concluded that prevention of movement across this distance with an outlet ngndirectly into the

new pond would be very diffidgt. The water is currently classified as online whereas the adjoining lake
is classified as offline. There is concern that fish health checks on the adjacent water (if they happen)
will not be as stringentand could risk undermining fighealth at the Bird in the Hand sitend the
effectiveness of this project. However, this discrepancy is currently bdiscussed with the

Environment gency.

History of signal crayfish at the site

The signal crayfish pafation have been present on site for an estimated 30 years. It is thought that
they were introduced at the same time as the site was dug andhaue to supply the local pulsome
previous trapping has been carried out since 2008 consisting of 12 traggasing to 21 in 2010 for

which some data was supplied.

Impact of signal crayfish on the site

When asked about their obseations of the effects of therayfish they thoughthat there had been

a decrease iffish fry andsmaller fish C1s or C3sRoachhave generally declined along with other
small species. They had also noticed odd burrows in the bank but it was difficult to say ifuttidigrc
was caused by the crayfisihwave actionThis is in addition to bait being taken and fishing lines being

knocked by crayfish.
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Methodology and trapping process

The club has many members who were interested in the project many of whom were retired but the
core work was to be carried out by a regular team of three. The numbers of traps positioned was set
at 40which was the maximum that the club felt it could manage for the duration of the project. No
traps were placed on the small island in the centre of the lake dgaftety andogistical reasons'he

club set themselves up very well with a specially designaley for sampling purposes. All 40 traps

have been sampled twice per week.

Biosecurity and animalisposal
A system was already in place for disposal of the crayfish on site whereby they either crushed and
buried them or cooked them in the clubhou® membersThe cooking of crayfish by club members

is a regular club social event.

Data recording and submission
Data was recorded manually as all the traps were emptied twice per week. This was then copied and

posted to Cefas.

Hatfield Forest Lake, Bhops Stortford, Essex.

Site description

The lake is situated within area of ancient woodlandwned and managed by the Nation&lst.

It is approximately 11 acres in size and is fed purely from forest run off water. Hatfield Forest is also
an SSSI areh NNRThe lake is generally fairly shallow sloping to 12ft at the deepest point. It has a
nature conservation area at one end and is surrounded by paths used by walkers and bird watchers.
There are duck fading areas used amiliesand a café/restauratsituated close by. While there is
open public access the site is closed during the night and well policed during thEdasingling
pressure on the site is very light with only a limited humber of tickets and memberships available
through the Nationallrust. The lake is known as a superb carp water, but is not advertised as such
by the small number (£25) of anglers who fish the lak&he anglers have voluntarily chosen to
implement a close month, to reduce fishing pressure on the carp. There isttlersidk of flooding
affecting the lakeAny overflow or spillage through the outflow settles into the forest and soaks

away.
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History of signal crayfish at the site

The site is not sure exactly when the signal crayfish arrived within the lake bub¢fieye it to be in

the order of 10 years agdhere is some runff from the lake that enters the River Basin, so this is a
possible entry route. Alternatively, crayfish were apparently seeded in lakes at a property on the
entrance roado the sitein the 1980s (intended for farminglsome small scale trapping for food is

believed to hae taken place a few years ago.

Impacts of signal crayfish on the Site

The site has developed an extensive network of volunteers and students working on the project. A
significant amount of interest has been developed at the site for the projSatveywork has been
completed by naturalistat the site This information will be made available separately once finalised.
Although no specific comments had been made by anglers on line knocking and bait removal by the

crayfish, it is suspected that they crayfish have had an impact on fish recruitment.

Methodology and trapping process

The team at the site has been led by a volunteer warden who is a retired engineer. They applied a very
rigorous and methodical approach to the project amal/e also had MS& PhDstudents use the site

as part of their studiesThs has provided bothaluable labour, studentwith relevant experience and
additional information relating to the site which would not have been collected otherwWise.traps

were laid out and coordinates taken across the lake with the site preferringdess the traps by boat
rather than disturb too much vegetatiom\ total of 20 traps were deployed around the perimeter of

the lake (see figure 16The site was very innovative in developing a type of marker float for the traps

that prevented the fishenan from getting their lines tangle@rigure 17)

Biosecurity and animal disposal
As a National Trust site there was already a system in place for disposal of fallen stock within Hatfield

forest which was utilised for this work.

Data recording and subnsi®n
Data was initially recorded manually as all the traps were emptied. This was then transferred onto a

master spreadsheet and periodically emailed to Cefas.
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Rookery Reservoir, Bordon, Hampshire.

Site description

This water is one of a series of wateswned and managed by Obknger Angling club. The water

was originally used as a trout lake but now contains a typical mix of coarse fish species. It has a fairly
consistent depth of § 7ft and has a fairly light fishing pressure with typically 6 oe@pte fishing the

water each day in the autumn. The lake has a goopulationof big roach. The lake is closed for 1 %2
Y2yiGiKa FNRBY al NOK (2 GKS SyR 2F !ILINAfsS G2 3IADS
The reservoir is ditered by large treegnd isvery secure, membeonly water with chairfencing

around the perimeterThe lake is dug into the water tabdad has no inflow or outflowThere is an

overflow but this is very rarely in use and the reservoir has never flooded in living memory. There is

good access around thresenoir with prepared angler swims.

History of signal crayfish at the site
The site is reported to have a large populatgvayfishpresent and it was thought that they appeared
approximately 10 ago. There has been some previous trapping carried out about 3 years ago with 1.5

tonnes of crayfis being taken out by commercially trappers.

Impacts of signal crayfish on Site
The fishery ranager thought that there were holes and damage to the banks. filih population
seemed to be lowand crayfish have been observed predating on.fiBhe main problem was the

anglers being plagued by signal crayfish taking thait and knocking lines.

Methodology and trapping process

Alarge team ofvolunteers was put together and were given differenfitshio check the traps. A total
of 50 trapshave been deployed at the site (figure 20he sampling teams were to check the traps
weekly but split intatwo lots of 25 traps eachThe teams were provided with labelled buckets, ID

cards, measting plates and instruction.

Biosecurity an@nimaldisposal

The project team crushed the crayfish and then incinerdtedcarcase®n site.

Data recording and subission to Cefas

Data was initially recorded manually as traps were emptied and reset. This was then transferred onto
a master spreadsheet and emailed into Cefas on a monthly basis up until the point where the fishery

manager changed and the club wasorganised.
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Starmount Reservoir, Radcliffe, Borough of Bury.

Site description

Starmount is one of a small group of stone based reservoirs that is run by Radcliffe Angling club. The
lake has stone lined sides then an evenly sloping stone lined bottom reagliegth of 18ft with a

flat bottom. There is no inflow and the outflow is rarely in use and is blocked with chicken wire. There
was thought to be a very low flood risk. The site is open to the public with easy foctpatss all

around the site.

History of signal Crayfish at the site

The site thought that the signal crayfish had appeared in the last 3 years. Trapping has been taking
place in some adjoining lakes but only a couple of test traps had been set in the main larger reservaoir.
The waters clear with cayfish being easily visible in the margins. Divers in the lake have reported not

seeing crayfish in the deeper flatter areas.

Impacts of signal crayfish on the Site

The only impact noted was on the nuisancesefé on Anglers whilst fishing

Methodology and trapping process
Thirty traps were positioned around the lake. This was thought to be the maximum number that the

club could manage

Biosecurity and disposal of animals

The project team crushed the crayfish and then incinerated the cragfidite.

Data recording and submission to Cefas
Data was initially recorded manually as traps were emptied and reset. This was then transferred

onto a master spreadsheet and emaileto Cefas periodically.

Thornhill Road Pond, Dewsbury, borough of Kirklees.
Site description
This site consists of a small concrete and stone sided pond situated amidst an industrial area. The pond

itself is beside the river Calder but is at a much hidgnezl with all the surrounding development. The
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water is stocked with a typical mix of coarse fish and is run by Dewsbury Angling Club. The pond is only
fed by gutter water from the surrounding industrial area and the outflow has a valve and a large drop
to the river below. It was felt that there was very losk of flooding at that heighT he site has secure
access for members only via locked fencing. Whilst the pond structure is beginning to age and crack

there remains good access all around the fiteanglers and trapping teams.

History of signal Crayfish on the site
Club members have no memory of catching or seeing any signal crayfish on site from 1992 until
2012.

Impacts of signal Crayfish on the site
As the crayfish had only just arrived it wielt it was too early to say what impact they have had. The

site was nosure if the carp were breedingowever, they would necessariyeedevery year anyway.

Methodology and trapping process

Introductions to the club were nde via the Environment Agey. Before trapping could begin or
licences be issued, a management plan was submitted by the club to thefnent AgencyThis
covered policies and procedures to be followed during the trapping operations. The sita i)

10 traps which was incrased to 20 shortly after thstart of the project.

Biosecurity and animal disposal

Due to the sites northerly location and being in an area where crayfish are fairly recent arrivals the
Environment Agency developed a management plan with the site to document the processes to be
followed. All captured cayfish were disposed of in accordanwith the management plan. This

involved crushing and incineration on site and disinfection of the tubs and bins.

Data recording and submission
Data was initially recorded manually as traps were emptied and reset. This was then transferred

onto a masteispreadsheet and emailed into Cefas periodically.

Yeadon Tarn, Leeds, Yorkshire.
Site description
YeadonTarn is a large shallow water body situated between resid¢mreas and Leeds airportt is

used by multiple interest groups including sailors &aglakers, model boat owners, walkers, nature
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conservatim, bird wachers and fishermarThe lakas filled with land drain water only (but none from
the Airport) and has an outflow with a 3ft drop to a drain.

It has zonal areas for each interest group #mete is an active group that meets to discuss managerial
issuesRecreational activities tend to take pkat one endavhile there is a naturesserve at the other
The margins are surrounded by many large stones which act to reduce the impaavefewsion.

The public havacces around the lake at all times.

History of Signal Crayfish on the site
The site first saw crayfish skeletons appearing approximately5 € S N& | 32® LIQ& A& vy
arrived at the reservoir. It was questioned if theould have arrived as eggs on keep nets but this was

thought very difficult to establish.

Impacts of Signal Crayfish on the Site

The crayfish have become a major problem for the fishermen due to the nuisance effects on their
baits. There is some undertung of banks but it is unknown if this is due to crayfish damage or wind
and wave erosion. There appeared to be a lackyaduid small fish, mainly carffter one year there

appeared to be more fry, however extra spawning habitat was added to theslodi¢thke wave baffles.

Methodology andrapping process

Due to the large size of the water the team optedegin with a full 50 traps situated primarily around

the perimeter of the lake, but with some situated with the nature reserve where the wastaliow.

No traps were set along the dam edge or near to boating areas to avoid disruption wigatienal
activities

There was initially some concern among the users as to what the traps involved and how they worked
and associated safety issues. Thisswesolved by setting up a meeting with the user group and
demonstrating the trapsrad how they would be tetheredeventudly, the sailing club supporteitie

project and have offered the use of a boat.

Biosecurity andnimaldisposal

Due to the sites ndherly location and being in an area where crayfish are fairly recent arrivals the
Environment Agency developed a management plan with the site to document the processes to be
followed. All captured mayfish were disposed of in accordance with the managehmplan. This

involved crushing and incineration on site and disinfection of the buckets and tubs.
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Data recording and submission
Data was initially recorded manually as traps were emptied and reset. This was then transferred onto

a master spreadsheet aranailed into Cefas periodically
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Annex 4 . Laboratory testing of trap types to
be used in field trials

The trapping of crayfish is normally conducted using cylindrical funnel traps, these are commonly
NEFSNNBR (G2 & { 6SRAA&Kostyeinmidondtap @edlinNBuroieanh crayfisR | NB
fisheries (Fjalling 1995). A number of other traps have been used and tested in a variety of different
trials (Bean & Huner 1979; Westman et al. 1979; Fjalling 1995; Campbell & Whisson, 2000). One of the
main drawlacks of most of these trials when considering their use in the control/management of
populations is that they are based primarily around the commercial exploitation of populations. There

are a number of factor found to be important in relation to trap etfeeness:

9 Trap retention is a key feature of trap functionality for control/management purposes.
Westman 1991 found retention an issue with the majority of traps used in a test of trap
efficacy, with animals being able to enter and exit some trap desigmsll. Modification of
the entrance to crayfish traps to a dlike aperture was reported to increase retention
O2yaARSNIote o02SadyYry mpdpmod a2NHIY Si Ffd O+
junction that animals have to enter the trap thugh. This modification improved trap
efficiency and reduced the number of fish caught.

1 One common feature of traps used in commercial fisheries is that the mesh size is big enough
to allow the escape of animals that are below a commercial size. Thetimiaate of traps
has been improved by decreasing the mesh size of the traps (Peay & Hiley 2001). Unmodified
Wi NI LILJR Q G NJ LA granimicardpacé Ienkth, whléitrdps that hageta redyzed
mesh size will trap considerably smaller animalsimimm 18mm according to Wright &

Williams, 2000.

T ¢NI LA ¢AGK | fFNBS AYOdSNYylLt wg2fdzyrSQ KI @S 0S5
the most animals in total) and the best retention (Bean & Huner 1979; Fjalling 1995; Campbell
& Whisson, 2000). Ehincreased volume of the traps may negate the prior occupancy effect
of deterring smaller animals from entering a trap as the additional volume makes encounters
less frequent. The additional volume may also improve retention as it will make relocating

entrances by animals, once in the trap, more difficult.

A short laboratory based study was conducted to assess the relative efficacy of three crayfish trap
types. The laboratory trial results were to be used to inform on the most suitable trap type to e use
in field trials and the development of best practice guidance for trapping invasive crayfish populations

in enclosed water bodies. The trap types were selected based on the following criteria:
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0 Robust- traps need to be able to withstand prolonged periods submersion
throughout the year, with regular (at least weekly) handling. Some nylon traps, or trap
types with zips can snag and break easily and therefore were avoided for this study.

o Easily deployed for the development of management plans which aaeessible to
a broad range of people, the equipment required for implementation should ideally
not require any specific training or relevant qualifications, therefore use of the
method had to be accessible to all.

o0 Safe to deploy traps ideally should bsafe to deploy at all times of the year. Entering
into a water body to deploy traps is a health and safety risk which should be ideally
avoided, ruling out the potential use of fyke nets.

0 Readily available to control a population of crayfish large numbeof traps may be

required, therefore the trap design needs to be readily available for purchase.

A variety of methods and types of traps were examined as part ofréips selection process for this
study, including fyke nets, a range of cylindricapgaa variety of homemade traps used during various
studies and trap types used in the marine crustacean fisheries.

Based on theriteria it was decided to use bankside deployed baiglihdricalcrayfish traps for the
field trials. These are easily depéal by all age groups, require no training and are comparatively safe
to use. There are a range of crayfish traps available commeirtiatiyneet this description

There are a number of commercial traps that were made from nylon netting on a coiled aine:fr
due to concerns of durabilityhese types of trap were not usebespite a number of comments on
how effective fyke nets were at attracting crayfish, deployment required entering into the water and
requires considerable physical effort to remove whiei of crayfish, theefore fyke nets were
excluded.

Three trap types were shortlisted for comparidoy laboratory based trials. These were the Swedish
Wi NI LILIE Q,YiANAYIE 6R SifNEELS G KS { 6 SRAAK WOINI LR Q GNI LI

Figured.¢ NI LJ (& L)Sa
trap.

OFNRY ST

trials were conducted to assess how effective these traps were at: i) attracting crayfish; ii) iggtainin
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crayfish and if: i) time of deployment; ii) comparative population density iii) gender or iv) size of animal

effected either retention or attractiveness.

Materials and methods

Animal husbandry

Approximatelyl,700signal crayfishRacifastacuseniusculuy were collected and brought to Cefas
Weymouth laboratory in November 2012. The animals were of mixed size and age. These animals
were acclimatised for 1 week and experiments conducted in November and December of the same

year. Stock populations SNBE KSft R Ay Gg2 onn[ Glyla O2ydlAyAy3
and maintained at 12°C with constant aeration. The animals were fed twice a week on potato and

carrot mix, feeding was avoided on experimentation days.

Experimental design

All experiments were conducted in large 900L experimental tabksng dl experimenshides (UPVC
plastic drainpipelere available for the animals in the experimental tahldes were provided for
animals at a ratio of 2:3, each hide was approximatelyrilong with a 10cm diameter, each providing
room for one or two animals to hidélhe sex, carapace length and additional observations (e.g.
missing limbs) were recorded for each animal before it entered the experimentalTange tyges of
experiment wereconducted:

i trap attractivenessexamining how many animals moved into a trap from outside. In these
experiments crayfish were placed into the tank and left to acclimatise. A baited trap was then
placed into the centre of the experimental tank. After a petiod the number of crayfish
inside and outside of the trap were recorded.

1 trapretention (trap effectiveness) examining how effective the trap is at keeping crayfish in.

In these experiments a set number of crayfish were placed into the trap anddbethen
placed in the centre of the experimental tank. After a set period of time the number of crayfish
inside and outside of the trap were recorded.

1 prior residencyg examining whether the size of the fist animal entering a trap will alter the
subsequen catch composition or size. Crayfish were placed into the tank and left to
acclimatise. A trap containing either a large male or female crayfish that had been marked for
identification was placed into the middle of the tank. After a set period of timentimaber of

crayfish inside and outside of the trap were recorded. Prior residency experiments were
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O2yRdzOGSR 2yté& 20SNYAIK(I omp K22d2NBOX gAGK (K-
of animals.
All traps were baited using a standard commerciallgilable bait box filled with 25g (£5g) bacon

(except where empty bait boxes were used as a placebo).

Three commercially available palesigns were used in the laboratory trials:
T tKS {6SRAAK WENI LIRQ GNI LI ONBFWINBESR (2 K
T theWe¢ NI LILBQ G(NJ LI RSt dzES 6¢¢50
1 THE minnow trap (MIN)

(0p))
2
190}

Initial experiments examined the trap attractiveness of the 3 trap types in relation to time of day. Four
different time slots were compared; these were:

1 Inthe morning, referred to as AM withduration of 3 hours.

1 Inthe afternoon, referred to as PM with a duration of 3 hours.

9 During day light hours, referred to as DAY with a duration of 7 hours.

1

During darkness, referred to as NIGHT with a duration of 15 hours.

All of these experiments were muat low (15 animals per experiment) density, with 3 repetitions of
each. Data was normalised to account for the different duration of the time slots, and significantly
more animals were trapped during darkness than at any other time of day. Based @sthted from

these experiments, high density (30 animals per experiment) experiments were run during darkness

(i.e. NIGHT time slot) only.

Prior residency experiments were all run during darkness and at high density (30 animals per

experiment).

Results

Snce high density experiments were run only at night, these results aeratysedseparately; first

the impact of timeslot, trap, sex and length were investigated, using only the low density data. The
data corresponding to night experiments was then extedcand used to investigate the impact of

crayfish density.

Trap attractiveness
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Data was examined for the trap attractiveness experimesas)paringotal count of animals per time

slot. Analysis was conducted using a logistic regression. Figure 4 #ieweal count of animals
caught per trap per time slot. Trappy trap deluxe (TTD) and trappy trap normal (TTN) caught
significantly more animals during AM and NIGHT time slots in comparison to minnow traps (MIN). All
traps caughimore animals during the IGHT time slots that the other time slots tested (these were

all significant difference when comparing NIGHT with the other times slots respectively for each trap
type). TTN caught significantly more crayfish during the PM time slot that either TTD oMNNN.
traps caught more animals during the DAY time slot, but this was not significantly different from
numbers caught in both TTD or TTN. Even with the normalisation of data to account for the different
duration of time slots traps caught animals more effeely during the NIGHT time slot. This clearly
demonstrates that traps operated most effectively during darkness, this is likely to be a result of
animals being more active during darkness. No statistical different was observed when timeslot was

comparedto total count of gender caught per trap type.

MIM TTD TTH
Location
I D
20 t
| | | I | | | | | | | |

Count
1 1

" Timeslot
Figure4. Total number of crayfish trapped (t) in grey and those not trapped or outside of the trap (o) in black for minnow

trap (MIN) trappy trap deluxe (TTD) and trappy trap normal TTN-Faru8 trappingperiods (AM and PM) 7 hour (DAY) and
overnight for 15 hours (NIGHT).

The total number otrayfish caught per trap was examined. Significantly more animals were caught
in TTN and TTD than in the MIN trap. There was no significant difference between gande¢ne
counts of each in the different trap types. Figure 5 shows the total number of animals caught per trap

type.
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Figure5. Total number of crayfish trapped (t) in grey and those not trapped or outside of the trap (0) in black for minnow
trap (MIN) trappy trap delux€TTD) and trappy trap normal (TTN)

Figure 6 shows the total number of crayfish caught per trap type plotted against carapace length
(which has beegategorisednto 0.5 cm intervals). TTD caught significantly more animals in the 3.5 to
3.9 cm and 4.@ 4.4 cm sizeategorieghan the othertrap types. MIN caught significantly less in the
4.5¢ 4.9 cmcategoriesand higher than the other trap types. TTN caught significantly more animals in
the 5.0¢ 5.4 cm size category, while TTD caught more@®cmcrayfish but this was not significalyt
different to TTN.

25

- 15 n
C
3 MIN
O
10 1 mTTD
L mTTN
5 .
o Lt m

35-39 4-44 45-49 5-54 55-6
Carapace length (cm)

Figure 6 Total number of crayfish caught during trap attractiveness trails per traprtyipeow trap (MIN) trappy trap deluxe
(TTD) and trappy trap norm@ TN plotted against size category.

When comparing numbers caught betweemwl¢l5 animals per experimental tank) and high (30

animals per experimental tank) densities there was no significant difference.

Trap retention
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Alogisticregression was used to analyse the data. Gender and density (of animals in the trap) had no
significant impact on numbers retained in comparison to those that had escaped. The number of
animals retained as not effected by the amount of time the animals were left in the trap, apart from
with MIN where more animals escaped over 15 hours than over 3 hdhese was a sigficant
increase in small (3:3.9cm) animals escaping from all trapgés than other size categoridsigure

7 shows the proportion of crayfish retained per trap types. While there was no significant difference

between the TTD and TTN praypes, MIN traps retained significantly fewer animals.

Location

FPropartion

Tla_p

Figure 7 Proportion of crayfish retained during the night time slot within traps (t) in grey and those not retained or outside
of the trap (0) in black for minnow trap (MIN) trappy trap deluxe (TTD) and trappy trap nErigJ

Prior residency

A logistic regresion was used to analyse the data collected in relation to prior residency. There was
no significant difference in catch composition (gender and animal length) in relation to the gender of
the initial residence. However, fewer animals entered the trap aonhg large males than large

females, although this result was ngignificant

Discussion

Trapping

In all cases TTD and TTN were significantly more effective at trapping crayfish in comparison to MIN,
with very little difference between the two trapypes. Differencesbetween TTD and TTN were
observed in the length of animals caught, with TTD capturing more small and large sized animals than
TTN, however, TTN caught more medium sized330m carapace animals) than TTD.

The gender of catcbomposition did not alter between the 3 trap types testédthough more males

were caught in trials using all of the trap types, this was not significant. The ratio of females to males
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within the population used was 1:1.11. This is comparative to semsrdtom wild populations.
Traditionally trapping is thought to be inherently biased to the removal of adult males, which tend to
be the larger animals within a populatiowith more repetitionsthe male bias is likely to become
more pronounced.

The test results suggest that largenales(6cm+ carapace lengtlaye proportionally less likely to be
trapped. This is supported by evidence provided by commercial trappers (see Anr@reljeason

for this may be the limited aperture size making ingress difffoultarger animals. Commercial traps
work around this problem by modifying traps increasing aperture size.

No significant difference was observed between trials conducted during the morning (AM) or
afternoon (PM). There was also no significant differeregeoved between morning (AM 3 hours) and
afternoon (PM 3 hours) trials and trials conducted throughthe whole day (DAY 7 hours), even
when data was normalised to account for drfaces in the duration of trialslrials conducted over
night (NIGHT 15 hos) showed a significant increase animals caught (even when adjusted for
duration). This clearly shows that it is best to trap during dark i.e. over night.

There was no significant difference in trafiractivenesswith density of animals. This may bs a
result of the densities used and the threshold point where density does have an impact on trap
efficiency not being reache@rayfish population density wiffectthe efficiency of traps, but this will

be dependenton the retention of animals in theraps, and therefore the carrying capacity of the

different trap types.

Retention

All traps failed to retain small (349 cm) animals, although TTD retained the most (not significant).
MIN traps failed to retain the most animals, even with large arsnescaping over time. The relative

poor retention of MIN traps may be a result of the comparatively small 0*48mamber size in
comparison t00.063n%for TTN and).083n? for TTD. Although there was no significant difference
between TTN and TTD, TTD trdmsretain more small animals. This may be due to the smaller mesh
size of TTD traps in comparison to TTN.

There were no significant differences observed as a result of stock density. Again this may be due to

the threshold density not being surpassedhin the experiments.

Prior residency
No significant difference was observed with prior residency of either a male or a feftdleugh

traps containing a large male prior residence did tséightlyfewer animals, this result may become
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more pronouned with morerepetitions This may be due to a lacksite differentiation between the
animals in the test populationt may also be that it is not the effect of a single animals that prevents
other (smaller) animals from entering the trap, but a comitima of a number of large animals in the

trap.

Conclusion
From this work there are some clear conclusions that can be drawn that will aid in the development
of a trapping programme:
1) Trapping at night is far more effective than trapping during the day.
2) Minnow traps performed poorly in comparison to the other traps designs.
3) Therewaditte RAFFSNBY OS 06Si ¢SSy, alihkugh theidelixe o was NI LI R

better at trapping and retaining a greater size range

Trap type selection for field trails

Within the experiments the standaffTN)- Y R R St dzE S (TPIdedighdLperiormei Mdost.J
effectively.Although the TTD did catch a broader range of saegories Other parameters of the

traps were compared such as mesh size, volume and easeof u

TheTTNhad a diamond mesh size with a diameter of approximately 3.5aaha volume of 63nY.

In comparison the TThas a rectangular mesh (3.5x1.3cm), a volume of 0.68Bhis means that the

only animals with a diameter of 1.3 cm can escape thiaihg mesh of a TTD in comparisonto a TTN
and that TTD traps have a greater volume to retain a greater number of animals. In addition, TTN traps
were difficult to use due to the funnel attachmerttsthe main body of the trapn contrast TTD had

a singleflip top lid, which was easy to use. The TTD trap was more rigid and could also be stacked,
while the TTN was relatively flimsy and could not be stackedastherefore decided to use he

deluxe version of the traps for further field trials.
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Annex 5 . Experimental design in
relationship to citizen science projects

The experimental design was discussed within the scientific team at Weymouth but it soon became
clear that what could be achieved at each site would vary between sites depending on factoessu
availability of labour, size of the water, the number of traps to be positioned and the time required to
record and process the data and deal with the captured crayfish. It was recognised that if teams were
asked to provide several hours per day dkieg traps every day of thgear for a prolonged period

then the project would most likelfail due to volunteer fatigue

It was realised that a practical approach had to be taken in setting the workload at a level the volunteer
groups felt combrtable andrealistic for them to achieve. Therefore, the number of traps, where they
were placed, how frequently they were checked and what information was to be gathered was
dictated by the clubs to a degree while being guided by Cefas staff. While this maynhitee the
amount of information ideally gathered for work of this nature, it ensured the work would continue
throughout the lifetime of the project and that the information obtained was reliable. While data
gathering was normalised as much as possiblesacthe sites, trap numbers, frequency of checking
and placement varied, providirdjfferent trapping intensities and catch per unit effortrass the six
different sites.The type of bait used was also discussed and the implications of this on the kiere ta

to set traps, the cost to the project, the ease of use, the availability of supply and the consistency and
comparability between s and the biosecurity riskft. was decided that the most convenient and
consistent method would be the use of cat fopduches readily available from supermarkets. A
particular brand was not deemed essential for the projedthough this may have some bearing on
catch rates it was impossible to standardise

It was decided to request volunteers to collect relatively senjpiformation from the trapping
exercise, ensuring robustness and confidence in the data, rather than the process of collecting the
information taking overly long, complicated or prone to errors. Therefore, information collected for
each catch was limitetb recording total catch number, the sex and length category of each animal
along with if the females were carrying eggs. It was felt that this information would be sufficient to be
able to inform the population model and determine the relative effectiv@nef the trapping process
when applied with differing degrees of effort. The use of size categories was used instead of actual
total length or carapace length to ease the process of collection. Size categories used were-small (0

4cm body length), mediungd{6cm body length) and large (6+cm body length). Any by catch was also
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recorded. This information was submitted to Cefas by the clubs normally on a monthly basis although
this did vary.

Each club was requested to place out as many traps as they coulwvidle@nd empty the trap as
frequently as they could while maintaining consistency. Each trap was individually marked for
recognition and trap locations recorded and marked on maps provided by the clubs. Traps remained
in the same location for the study ged, or moved short distances from these locations, e.g. during

angling competitions, so the maps provide an approximation of the locations.

Biosecurity and crayfish trapping

When dealing and handling live crayfish as part of a research project thetd iz small risk of
accidental transfer of either the alien crayfish themselves or crayfish pl#gplegomyces astgoon
equipment or by the volunteer trappers themselves. However, this can be fairly easily mitigated
against by the clubs by either angng that the captured crayfish are culled and disposed of safely and
securely on site and ensuring that no equipment is to be moved off site.

These issues around biosecurity, culling and disposal of captured crayfish were discussed at an early
stage withall volunteers and simple solutions put in place for most of the sites. For two of the most
northerly sites where trapping is not generally accepted, a higher level of biosecurity was put into
place. This involved the site having close liaison with Emviemt Agency officers and the
development of a management plan that documented how disposal of carcasses would be carried out

and how the disinfection of equipment would take place.
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775
Annex 6. Summary table
Bird in the Hatfield Rookery Starmount Thornhill Yeadon tarn
Hand Forest
Angling Creda National Trust | Oakhanger AC| Radcliffe AC Dewsbury AC | Aireborough &
club Redhouse AC | Ticket district AC
NGR SJ95863623 | TL54091991 | SU77013771 | SD75650870 | SE24042072 | SE21504147
Reference
LFMD EWO046W-510 | EW0465766 | EW011U-252 | EW025K-750 | EW067H-347 | EW016F411
Reference
Trapping | C/CM/230920 | C/NE/2309201| C/SP/2309201| C/S0O/1510201| C/RA/1510201| C/RA/2309201
Reference 13/K9 3/K6 3/K8 3/K4 3/K5 3/K7
Acres 0.86 11.36 1.83 2.53 0.67 19.09
Bank 476m 993m 606m 478m 179m 1139
Perimeter
Average | 1.5m 1.8m 1.8m Sloping to 1.8m 1.2m
depth 5.5m
Deepest | 2.5m 3.5m 2.1m 5.5m 3.3m 1.2m
point
Crayfish 30 years 10 years 10 years 3 years 1 year 6 years
Presence
Previous | Yes, since Some small 3 years ago Only a couple | None known None known
Trapping | 2008. scale many (1.5 tonnes of test traps
Historical data | years ago taken)
Water Spring fed + 3 | Forest run off | None None Gutter water Land drains
source run off drains | only
Outlet Wire screened | Outflow to None Outflow Outflow with Outflow /
to new fishery | forestdrains blocked by valve and largel overspill with
lake /soaks away Chicken wire | drop to river. | 3ft drop
rarely in use.
Flood risk | Never in Very low risk | Never in Low risk Low risk None
memory memory
Fish Carp, roach, Carp +? Carp, bream, | Carp, chub, Carp, rudd, Carp, roach,
species rudd, tench, perch, pike, bream, roach, perch, | perch, bream,
bream, ide, dace, rudd, crucians, bream, chub, | tench,
perch, chub, roach, tench & | perch, roach, | tench, orfe, gudgeon,
crucians, crucians. gudgeon, golden ofe, golden orfe,
gudgeon. tench, pike. crucians rudd, crucians,
koi.
Number 40 20 50 30 10then 20 50
of Traps
Collection | All twice a All once per Half twice a Once per week| Once per week| Once per week|
week week week (25 then in two sessions
25) - (25 then 25)
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Annex 7 . Trap modifications.

Modifications were madeo traps with the view of increasing retention of smaller animals, while
increasing theccessibilityf larger animals. Based on comments from commercial trappers arse tho
conducting the trapping at the trial sites 3 modifications were made:
1. The traps were covered in stocking mate(sde figure 8)o reduce mesh size with a view of
increasing the retention rate of small animals, this included thenéls at either end tthe
trap.
2. The entrance to the traps were increased (while staying within the legal limit) with the aim of
increasing the accessibility of the trap to larger animals.
3. Again with the view of increasing retention, especially in light of the increased estran

diameter, zip ties where placed around the entrance of the trap facing into the trap.

Figure 9Increased trap entrance diameter, also zip ties added to limit mesh size on the funnels, zip ties can also be
observedinternal to the trap.
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Trap modifications were applied to half of the traps used at the trails sites. Modifications were made

to alternate traps during the trapping period between April 2015 and April 2016.
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Annex 8. Exploratory data.
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Site name Traps per acre Estimated year of | Change in Change in proportion of
population proportion of female crayfish
establishing small crayfish

Bird inthe Hand Pool 46.511 30 0.446¢ 0.999; 0.143-0.044;

n gzpm n Waepmn

Hatfield Forest Lake 1.761 10 0.0500.631; 0.424-0.463;

n gZ2pm n mrt g

Rookery Reservoir 27.322 10 0.0254-0.175; 0.412-0.475;

n ¢zpm n moxuv

Starmount Fishery 11.858 3 0.414-0.515; 0.304-0.476;

n ™@npcy [n pRGpTM

Thornhill Road Pond 17.91029.851 1 0.227-0.125; 0.282-0.362;

n ™ wo n T wx

Yeadon Tarn 1.310 6 0.047-0.582; 0.417-0.600;

n ¢zpm n ¢zpm
Site name Traps | Estimated | Change in Change in proportion | Change in proportion
per year of proportion of small | of mediummale of largemale crayfish
acre population | male crayfish crayfish
establishing

Bird in the Hand | 46.511 | 30 0.54-0.999; 0.431-0.0016; 0.04-4.085€05;

Pool n opEpm n vg xpm n ppTypm

Hatfield Forest 1.761 | 10 0.050.648; 0.5730.455; 0.5270.02435268n

Lake N o] Zpm N edtoxp o BP T

Rookery Reservoil 27.322 | 10 0.0330.158; 0.2210.735; 0.7580.15444744)

n pg gpm n ppovpm apTm

Starmount Fishery 11.858 | 3 0.4050.488; 0.4820.350; 0.1150.16572825n

n mmh¢w N TEmnmmu T 1@

Thornhill Road 17916 | 1 0.3130.105; 0.5290.414; 0.1980.49504833)

Pond 29.851 n ™oo N T® ¢ ¢ TImu @

Yeadon Tarn 1310 |6 0.0570.559; 0.21-0.205; 0.7860.28934638n

n p&t@gpm n m™uw P B p T
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775
Site name Traps | Estimated | Changein Change in proportion | Change in proportion
per year of proportion of of mediumfemale of largefemale
acre population | smallfemale crayfish crayfish
establishing | crayfish
Bird in the Hand | 46.511 | 30 0.16:0.999; 0.7737.6e06; 0.12-0.00007;
Pool n p8typp n 18 ®epm N opcpm
Hatfield Forest 1761 | 10 0.0510.609; 0.7920.434; 0.2580.029;
Lake n vdpgpm n pdpm n pgzpm
Rookery Reservoil 27.322 | 10 0.0150.200; 0.1870.798; 0.8180.091;
n p&c@ pm | vdZpTm n @cpTm
Starmount Fishery 11.858 | 3 0.4380.534; 0.4090.38; 0.156:0.089;
n 1oy n 1™ ¢ wg n T8ig o
Thornhill Road 17910 | 1 0.0760.2; 0.540.477, 0.3960.329,
Pond 29.851 n 1T X @ n ™pup p=0.683
Yeadon Tarn 1310 |6 0.0360.602; 0.330.272; 0.741-0.208;
n gy n Tigow n epuvpm
pT
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Annex 9.

Participants were asked to provide as much information as you possible that summarises thoughts
and learning during the project. This was to focus on any differences between the start and finish of

< =~Cefas

Questionnaire response s

the project and include suggestions for witatuld have been done better or for further work.

Summary sentences have been added in Bold

Logistics & Citizens science

Approximately how many working hours have you spent on the project per week?

Bird in the hand

8-10 hours per week, i.e. cleanitigps, repairs etc.

Hatfield

3-4 hrs. per person with a-3-personteam for each session

Rookery

6 hours

Thornhill Road

Emptying and resetting traps: 1.2% 2 dz2iNZpebple, plus travelling time 0.5
hrs x 2, twice PW. Nov 20¢20/6/14 once PW since, plus 0.5 hr PW admirn

Yeadon Tarn

8 Hours

Summary Text

Average times spent on the project per week was betan 6 to 12 hours. Thi
varied on trapand volunteer nunbers.

Has the project been completely supported by club members or others involved in the water
not, what were the concerns or difficulties

Bird in the hand

| can honestly say that the landowner and all members have been comple
supportive of theproject all the way.

Hatfield Yes, supported by National Trust. Also supported by permit fisherman whq
the water.
Rookery Yes. No negative feedback from club members

Thornhill Road

There has been no opposition to the project but most of the work has beer
done by our club secretary and dam official.

Nothing new there, themg although 2 committed volunteers are often better
than a dozen unwilling conscripts.

Yeadon Tarn

Yes

SummaryText

Project teams received universal support from club members, landowners
and other stakeholders.

Has the awareness of club members to the issues caused by crayfish been raised by this pr

Bird in the hand

The awareness of club members to tti@nage caused by these crayfish has
risen 100%. As we have learned this has been passed on to members.

Hatfield Yes, Visitors to the N.T. site have become more aware of the issues. This
also involved awareness sessions with the local children visiithin school
groups conducting pond dipping. The National trust local staff have also ta
on board all the related issues.

Rookery Yes. Most anglers have been asking about the impact caused by crayfish.

well known was the plague they carry, pagithe treat to our native species

Thornhill Road

Yes, there was a presentation to cMS Y 6 3 &&Bo€lates members at the
beginning of the project and our dam official reports regularly to our month

Controlling invasive crayfish
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club meetings. We have put up notices at the dam for those members /
associate members who do not attend meetings (about 50%).

Yeadon Tarn

Yes, moe members are now aware of the problem

Summary Text

Awareness has been raised for not only club members and anglers but ot
water users such as pond dipping school children to national trust membel
through a variety of outreachmethods

Have there bee any issues regarding the running the project or collecting the data?

Bird in the hand

No problems at all. In fact, members have stated that since the start of tria
one has hooked a crayfish in the last 12 months.

Hatfield

Maintaining regularity of trapping sessions due to a variety of external
unrelated issues. This can be mitigated by having a larger team of volunte
but volunteer interest levels need to be maintained by creating additional
related tasks to be involvedith on an adhock basis.

We have added Water Quality Testing on All water bodies within the site tg
work framework devised for the volunteer team. This has raised the overal
profile of the CEFAS project work conducted by providing a basic overviey
the water environment for the crayfish within the landscape.

Rookery

Keeping motivation of the volunteers was key to success. | kept them info
of numbers caught and the importance of recording nil catches as this alsg
a scientific value. Oveltdhe project ran very well.

Thornhill Road

No issues encountered.

Yeadon Tarn

The only issues have been when the lake had ice on or windtbeestrong to
work

Summary Text

Sites generally did not experience éanany problems in running the project
or collecting the data. Issues of motivation were resolved by keeping the

volunteers informed. Adverse weather impacts such as frozen lakes or str¢
winds were unavoidable.

Effects on the Environment

Have yowbserved any changes in the environment (either positive or negative) as result of

trapping project?

If so,please detail any changes

Bird in the hand

Yes. The most significant change we have noticed is the amount of small f
coming through. Alsoacrayfish being caught on the hook.

Hatfield

The beneficial effect of all the work conducted, is that the National Trust
conservation work on the immediate area local to the lake has been
concentrated on reducing tree cover beside the lake whichdnamatically
reduced leaffall into the lake. Approximately 150 metres of Alder Trees (4
7mtrs. High) have been removed from the dam. This has taken place over
last 18 months.

IT appears that crayfish populations are now beginning to gather where m
residual leaffall concentrations could be expected.

Rookery

No observable environment change
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Thornhill Road

We do not believe that the project has had any significant impact on the
environment (perhaps a tiny amount of ONe presume that removing ove
300 crayfish will have benefitted the fishery but this is hard for us to quanti

Yeadon Tarn

Yes| have noticed that the amount of fry we get now has increased and th
wear to the bank has cut down

Summary Text

Observations on changes to the envitment were inconclusive. Two sites
observed increases in the numbers of fry coming through and one a reduc
in bank erosion. However, two other sites did not observe any environmen
change.

Effects on Angling

Has the angling at the water be@ffected (either positively or negatively) as a result of the

project?

Bird in the hand

Most certainly, more fish being caught and less crayfish.

Hatfield

Positivebenefits:- Less crayfish predation on fishing baits.
Negativebenefits:- occasional fish caught up on a trap. (not a real problem

Rookery

Positive impact on the angling observed. The regular anglers have reporte
bait theft, false bite indications and claw score marks on the bait. The wate
margins can now be fished Wwidut undue disturbance from crayfish.

Thornhill Road

Our dam is a water where margirfishing is usually productive and the
presence of the traps has hampered this to some extent (carp in particular,
appearing to learn quite quickly that circling the repgsed to tether the traps
helped them to shed our barbless hooks. About one carp in 20 hooked in t
margins would be lost this way.

Yeadon Tarn

Yesthe fishing has got better since we have been catching the crays.
Previously anglers had to put a néait on every 20 minutes now they can
leave them for a few hours.

Summary Text

All sites bar one have experienced a reduction in problems that crayfish
cause for the baits of anglers. Two sites experienced problems with lines
being caught around traps diibugh this was not considered a maj@sue

Observations during the project

Have you observed any overall changes to the population structure of the signal crayfish tha

present?

Bird in the hand

The only obvious change we have noticed is nmades are being caught and
less females.

Hatfield Areas of lake without leall have significantly reduced levels of crayfish
catch. Predation damage on a significant proportion of caught crayfish 259
females, 10% males.

Rookery Less berried females gght this season.
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