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Thesi s Abstract
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Chapter 1

|l ntroducti on

Freshwater Conservation

Approxi mately seventy percent of the Earthos
2.5% is freshwater (Mishra, 2023). Despite m
freshwater environments support taet yl é&dstofl @0
described species (Dudgeon et al. 2006), 1inc
(Strayer & Dudgeon, 2010). Over 50% of the w
freshwater body (Kummu et aldes2 Olaln)y. sFerrevs hcveas

humans including food, materi al goods, educa
et al. 2023) and it is vital that it is cons
The conservation of freshwater ecosystems is
Policy and | egislation are key to ensure the
ecosystems. Freshwater conservabtbsoBussaanabh
Devel opment Goals (SDGs) (https:// www.un.org
seventeen goals, SDG 6 (Clean Water and Sani
and Production) and SDG 15 (Li fneg dm elsehnwdh)t eal
ecosystems. Key freshwater conservation targ

water quality by reducing prodllattdd nec dbs y6s)t epm:
i mpl emeynetara flrOamewor k f orn,s us2t. &2i)n aalclhed ecven sswrs|
management and efficient use of natur al reso

d waste, reducing their release into water
sustainable use of kBiresbwawvecescodpPsbemsabed

duce degradation of natur al habitats and 1
introduction and significantly reduce the im
eradicate the priioornist,y 2s0p2esc)i.e sBy( Wancihti eedv i Nagt t |

protection of freshwater ecosystems can be a

Ot her policies and | egislations are in place
I nternational Union for Conservation of Natu
freshwater species through the CNCAdl Red Li st
identifies the key sites that are i mportant
classifications help governments and stakeho
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conservation, and which species and habitats

Convention on Wetlands is another | egislatio
nati onal and international col saboeantapsaul &ah
all waterbody types including rimaaeres, | akes,
waterbodies. This | egislation commits to the
wetl ands as AWetl ands of | nteamadgdmeamtl dfmptohr
and international cooperation on transbounda
Freshwater ecosystems include species which
with freshwater fishes having a higher propo
ot her groups (Jenkins, 2003; Nelle edt radss ®2r0909
freshwater species face a rapid extinction r
freshwater habitats are classified as threat
freshwater habitats, itthesae |l r e nadiatnlgenr edl, a nid
vul nerable (Janssen et -Lelwc z2akl, 6 ;2 0@r92)y. b oFw seksih v
declined at a faster rate than both marine a
1970 and 2020 (WWFth2024marAsreopmasdecrtrestri
freshwater vertebrate popul ations are declin
addition to this, more aquatic invertebrate
terrestrial «aofouandg watpiaad tisn(8r3t% br at es compar e
i nvertebr aB &8 Wy(cXK8nucyhsebz, 2019) .

The key factors that are influencing the ran
pollution, overexploitation, c¢climate change,
(Strayer & Dudgeon, 2010; Siblegestial is2bhb0
single stressor that influences the decline
Mul tiple stressors in freshwater ecosystems

the damage and decline of ,tRB6€2d)spdbeesoasdr
these species and ecosystems is key as they
and the | oss of them can result in wider i mp
devastation caused cthy atshd oloas s upfplr esourFaueg h
required to establish the extent of | oss and
identifying areas of concern mitigation meth
further decl innge.t hBys eu npdreorbsl teamsd i we can find t
mitigate the extent of them and provide the

of survi val
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| nvasi-MNat Nove Species

A nmative species is one that has been trans
through human intervention. Thesenpopuwlkati on
species if they are abdlesttai msiukgiepsfkidtyi esw
range (Soto et al. 20zZd4)t.i vWh epmo ptud eas @ oensst ahlalvie
or are spreading rapidly in their invaded r a
i nvasinad inveen species (domateveakbpe2024) ar Hofi
some species are not capable of surviving an
is theorised that tenapeveespeoifesal Wilihtbedao
and then ten pecrocneente sotfa btlhiosshee dt waitl Ibebecome i
2011). The progress of an invasion is divide
al 201111;) ,Fitdhwersee ar e: 1) Transport: how t he
the invaded | ocati on, 2) I ntroducti on: when
|l ocation, 3) Establishment: when -¢$t&tniimigti al
popul ation (Soto et al. 202r3ti ve [Bep wlaat i avrh
expands its range either actively or passive
(Bl ackburn et al. 2016; Soto @wtatafvecRO624)s T
dependent on many factors. Reduced stressors
di sease-naltliovwe mpoompul ati ons to become establi:
that make a good invasive sppcdéy, repesduicec
high dispersal rates and high | evels of adap
. Non-Native R
" Established Non-Native
* "_Invasive Non-Native
Transport Introduction Establishment Spread
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i n
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di vi dual introductions across multiple | oc
e
c
e
reduced (Stringham & Lockwooati 2@2%specOrest haéa
c
9
Vv

ssures. These higher pressewmragds vree ssiwletciiers
ome established (Lockwood etngalpr a2p0adgOu | eB |
ssures | ow, the establishmanhtvprepabikstyg

be
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i n

ome established, ten perscievret (0Wi |Itl h easmes oanr &
6). When these established popul ations sp
asi ve. Habitat fragmenmatdieomweamd Rkhadrideéss
may function as tood soft hianwnadinwe eslqpreei ¢bhe( Pa
al . 2025) .

Established popul ations need to adapt to the
order to successfully spread (Blackburn et a
nomati ve species bemcatniwey same diheesd sc anre obneg hi | |

Bl ackburnds stages o0fl1l1lad .biTdleo geixadealnti-mva sihers e
native popul ations can al $as ibtee chaatseigso ruissiendg if
Generalised | nvlR29i,on h@uwrev edt (afgde gsd ecteaenr nbi en eu speo t

interventions (Harris et al. 2018). The four
Prevention: when the species is absent, 2.)
small . 3.) Containmamitd!| whiemc pepsil mg, oamrsd a4 e
when there is a widespread popul ation (Harri
categorising an invasion, appropriate manage
failure to do thisnovawhbhdevasalpeciesf spread a
costs of management interventions (Cuthbert
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Rapid increase in
abundance, many
populations

©

o

= Small number of

< localised populations

Species absent
Introd1uction Time
Prevention | Eradication | Containment _

Figur@enenral I nvasi on -nCatrivvee fsope dinevsa,s itvhee rneo nz:
the curve; 1) Prevention, when the species i
popul ations are small and isolated,ea3) n@Qgnt a
and 4) Asset protection, when there is a wid
When an i madsivee speries i s absent from a sit
its introduction. The key preventative measu
agai nst innavtaisvievespneocni es i ntrbhuwunurct& ohatamhdere,st 2

By monitoring potentnatli veoudpecitdhsatenntnesrast hve

chance of detecting harmful species early, b
maxi mi sing the I|Iikelhbobotdeof swmpaessf uHbweme
a regional scale is wvital t e apriewe rstpetch ee se tF
et al. 2020). When popul ations are-nladcc¢ alei sed
species ctaemdbat eaaslica | evel. These eradicat
and the feasibility of a successful eradicat
exceeds rate of population increase, 2) i mmi
reroductive individuals are at risk, -4) indi
benefit analysis in favour ofpoelriatdiiccaalt ieonnv iarn

(Bomford & O6Brien, 1995; Swoebimmen2056)pgeW
i mportant to educate users of the area about
measures can be takreatitwecopeaai@as i nvatshe esinto
spread. The fACheck, CIl emaam,y [briyots eicnuirtiitayt icvaempiée

prevent the introducti on andnaetnisvuer es ptehcei ecso natf
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(Ovenden & Studhol me, 2021) . Ot her featur es,
form of containment at sitemsatihvwe dpoaei O pUub
et al 2025) . During the coataiement osmage mi
ri sk of inmtavieveompan ati ons di spersing and sp
(Robertson et al 2020). When a s-natihas bec
species and they have sspirteeast asabsdsoeptgb bect i bae
required. Here the key challenge is to ident
assess expected returns and uncertainty whil
significant dammgeti vhaspeavasi van cause ( Akt
i mportant to monitor and understand popul ati
required to mitigate their impacts.

Aquatic environments are highly vutlnnaeariabel e t
species have been successfully translocated
are responsible for the transpopeeaiteonowatingi d
their natur al habitats, with several differe
introduction include angling, with species b
value, as well-nasiaregl esva&l lhsiwmeglt h@n eiscape or
intentionally released into waterbodies (Lip
trade are also responaialiliesef asrpetch e si ntnrt @d enty
through accident al relcads ool dmnud i iomtdoe ratnido nualw &
(Naylor et al 2001) . Ball ast water from shi
native species to freshwater environments (B
transported i neeat nhalaitawal Isyt owmiatwha ypsotwh o upon
i ntroduced to their new environment, t hese ¢
reached at a faster rate and potentially hav
ecosystems 2(0Mo8)nar et al

| nvasinvaet invoen speci es can cause | arge scale ir
i mpacts are the cons-eguewmeespeoeti ebeandvaseve
1) individuals, 2) populationfsyn@t)i espe/cs &rsyi
abiotic environment (Carneiro et al 2025) .
indirectly (Gall ar dmateitvels pdiles) .brlenavka sd ovven
real ms having devastatingl sonpalcarsgiomg nadc o ves
functioning, damaging native ecosygatiewmeser vi
spetiaee® been responsible for the | ocal and g
range of factors (Simberl off, 2010). They al
the Atl antic Qaeawv-Rbidn@o®ckted romihs svhol(i t ans &
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Damage caused-nayiivevapiexce esomn o n-ammbdee ecosys
infrastructure is significant. Large sums of

them and there are also many furilkati oost svia

careful consideration required when prioritd.i
l nvasive species cost national economies an
et al. 2024) with costs Ha kred yt tbb swhasnan(tHea
2023) . Framewor k, such as the Environment al
(EI CAT), enlaariivfei ¢asaxmon o the magnitude of 't he
i mpacts in their new rargesd ahdawlgi rnd eeste anla.gr
policy can be implemented to deter ill egal a
nomati ve species, such as The I nvasive Al i en
2019, which includeopedmalpricéesf of thecspapldeao

ncluding The Wil dlife and Countryside Act 1
roviders are responsible fonatawd specbeshe
resent withTmegdsddepol iscites and | egisl ations
ative speecgreoswianrge parno belveenm gl obal ly (Ricci ar ¢

O 5 T T

evel opment of strategies toRintictiiagradtje. eftutaulr.e

Crayfish

Crayfish are a diverse group oweirfléarrgte fr eshw
introduced to the study of zoology by T.H. H

Grave, 2017). They act as a keystone predato
and play a key role in the tdr avedfse r( Mofmodn e rlg¢
Crayfish natwurally occur around the majority
Antarctica (Crandall & BUuBpyCr &apyf0i8sh |l @ame es pla
superfamilies (Astacoidea and Parastacoi dea)
692 unique species of crayfish (Crandall & D
body parts, these hdeméehe Tkhkephatphaboankonasd
carapace which is part of the exoskeleton of
referred to as chel ae which tend to be | arge

equal ( Mal aw® heatm aelt. a201 8;02&3) . Female crayfi
(FidaAprp, and newly hatched juveniles cling t
up to two weeks after HdB¢hi CgayMashegws ow20Y
this involves shedding of their old exoskele
actively absorbing water. During the premoul

other damaged components (Aiken & Waddy, 199
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Figur@rdndal |l & rBeuphraoyd uc2tli@ogn) sohfowi ng t he geog
di stribution of freshwater crayfish diversit
Pal aeariditeiaag;c tilN®;0t ND piiAd alo;t rATpOrciad ntialL; AU
Austr al aisPiacn ;f iRAGc eaimAnct arscltaincds; ANT
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Figur.eA)1l . Hemal e narr owPonltaawedcues)ay eipgogidc g

unfertilised eggs, awaiting fertilis$awiedn B)

crayAusthr pot amobwiutsh pjad Vv e pielses hol di ng on t

Crayfish are seen as ecosystem engineers and
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they naturally occur (ObHea Miller et
tem engineers is throughesheifr cbayf owh
uct terrestrial burrows in which they
ntering (Stoeckel et al. 2011). Crayfi
l ant matter and det rditeats, matke yo gh aiype aall
emonstrate a predilection for animal p
ol e as an ecosystem engineer makes <cr a

an have | arge scale impactecormrsyrrsdteimve
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vasive Crayfish

their ability to integrate into a foo
ome anathnvassgpecnesa (Gherardi et al . 2
s, particularly the adiuatiiulmutiraneofand
amatically changed (Gherardi, 2007). T
their natur al range date back to 1746
mported an unspeaeddn,.edbeaefraryd itsthi s ptettea ye
usly been seen in the country (Hobbs e
cies of crayfish haveasiuceepopuwl dtyi dos
al most t wo etchiersdg haft tahmaet idvrosa y(fdS osulit /s m o
t et al . 2006 ; Gherardi, -2@L0ye Twaydf
s that are present wiPRtaonamuarmppe alrer k
i s nat iWSSA taon ds onuotrhtehaesrtne rMe xi co ( Of i ci al
Pcarca yffaisstha clu swhieoh uisgs uhati ve to westernr

cific Ocean and Rocky Mountains (Hol di

uctionsabofviencasyveshohave been both i
obal trade in crayfish focuses on both
sh often being a desired-mthnamectralyfpes
he wild occurs through individuals esc
dumped into waterbodies (Holdich, 1993
ano et al . 2023) . F rpersohbw aet neart iccr aiynfvi asshi
stablished (Haubrock et al. 2025) . Cr a
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and high fecundity, for exaampliee mhAebbkedcesa
(Procambar us ivni rEguirnoaplei si s significantly drive
reproduction (Kouba et al. 2021). The gener a
good invader s, Preodc asnwbaammpu dt acalgaf b ksidin (s hown i n
Europe to have diets that consist of plant

their invaded habitats, 9ohewi ngetmsatavtahéwnbeé¢a
new environments (Gherardi & Barbaresi, 2008
native crayfish over native species al so mak
an example of this iidcuadilustafaltineetiiisnesaosailminsrm d
yvabBEhe(ax Jdgesthrowst armherent and greater aggr e
Fal l s spiEuyasaraacyfsi)sghhaindwahtuy | arger individal
crayfish hold ae covmpretimadveveadvmay aigsh ( Ob6He
2023) .

| nvasinvaet invoen crayfi sh pose several threats ¢t
can be split into three categories: impacts
and, | mpacmade ni mfurmeasnt ruct ur @rconeaspseruovssi

are replacing rmatione cYiersinlvavi acrhd ygfains han(d nor tt
USA, and abundances of native fish populatio

rusty crayfish being a@&gmoer & hafnf @ dhtei wweat p rveed atr

al. 2013). Similar trends have also been obs
crayfish having a negative impact on the bre
al. 2011). Otdhmmdari otnh eam dd icroenptaptriaven criagv a s hv e

i mpact native crayfish popul ations through t
crayfish, particularly the signal <crayfish a
Aphamrcemy astheicausative agent of crayfish pl
pl ague can have significant negative impacts
Europe and has often |l ed to |l ocalised extinc
declinedhewda & Reynol ds, 1992; Harliejlu, 200

native crayfish are ecroatyisue msieqqgalneerayf i s1lv

rates of |litter consumption and inhcerasred pr
di ssolved organic carbon, comugdraeve dt @« rtatydii rs h
(Austropot ampob( rahopraetl yeitpead . 2018). T-he burr o
native crayfish can also | ead to wide scale

i ncreased significant lnyatwivteh sdiegnnsailt icersa yoffi sihn
2021)s dhayfish burrowing canmade oi rhfarvaes tnray oo
as has been disovasedeedNonSeeci asthfe t his th
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i ntroduction,natithei medsswammoanr ayfi sh burro
Portuguese rice field irrigation (AnastS8cio
nati ve ccroanya s dha b arauns@helr axk igiu a)dhraivea il sat be e
associated with damage to dams and irrigatio

The f inrastti vneoncr ayfish to be introdagédshnt o I

Orconectesihimobsusarly 1900s in Germany and

aqguacul ture purposes (Hentonnen & Huner, 199
(Astacuyg gotpaudwgs i ons, that were used for agqu
l ed to the introduction of signal crayfish a
(Hol dich, 2002). The fococcurrsed nian Sweaddn sihn i
further introductions occurring throughout E
The red swamp crayfish was first introduced

spread throughout @OHdMmledi Euyr 0P&@D) coMany ifewsr t
nomative crayfish have since occurred, with

growing and being responsible for the intent
the wild (Checmatble0d8ambdabts (ivsi rag ipnoapluilsar

@

xotic crayfish with a high demand and there
released into new ecosystems (Faul kes, 2010)
crayfish makes it a magblvecsasceaastiut hepvhavw

to negatively alter the state of an entire e

(Maciaszek et al. 2022).

It can be argued that crayfish plague is res
native crayfish into Europe as the | oss of n
outbreaks |l ed to the introduct i opnl aogfu es iwgansa |
first identified in Europe in the River Po V
|l i kely accidental and the vector is unknown,
devel opments in using water iasg sadlilomstof( hwodd
crayfish stocks with signal crayfish also in
facilitated the spread of the disease throug

Reeve, 1991; Hol di ¢ h, 2003) .

UK Crayfi sh

The wHiatweed ABAusatyfopdt § mo biiuust paldnlpyesnati ve s
present within the United Kingdom, although

contested (Al brecht, 1983t i el dsipelt,i exs0 ;2 &) .e s
cost the UK ecohoymgaldAd(Bstheonewaali ve2@238yf i
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contribute heavily to this cost with signal
and 2020 in the UK (Kouba et al. 2®22)ye Ther
crayfish species within the UK f(iSthebbing et
(Paci fastacus haemni owcolRawkealstcaaysd)i;lsdnpotbodeact y I
crayAstsdhc 9 ;agteadc ssw®@Pmmp cambyf)iyshvd(rar ki icr ayf i
(Orconect es syhiereipkl ic®rayfniexch e(sa h d mivilsveesrwhd rteey f i s
(Procambanug Saebtbisng et al . 2014). Hi st ori cal
within the United Kingdom to -matdiuce ¢hayfi sk
Prohibition of Keeping of Live Fish (Crayfis
nomtive crayfish in England and Wal es withou
established popul ation existed, defined by p
crayfish aquacul tur e acrnt(r\Wisg nuenu xe sest tahle.y 200p0e
|l egi sl ation has now been superseded by the I
Permitting) Order 20-b8ti whi espbebaesi dénspekiced
introduces penalties for the spread of them.

Study Speci es

One native speci ecsl aowe dc rcaryafyifsihs, h i la¢nidviiwoe i n:
crayfish, the signal crayfish and narrow cl a
address different research questti arhse temrdo wdgh

this introduction.

Whi-tkawed Amnuayfrioplt@mbbi us pallipes

The wHiatweed crayfish are a small crayfish spe
brown/olive cdihpl eXhew &4Fegasseociated with s
obvious refuge including tree roots and gaps
believed to remain in burrows during the day
Hirst, 2008hi vohewsamae@d opportunistic with t

accessible vegetation and det rpitteusa andwdlilpt &
(Scalici & Gibertini, 2007).
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FigurAk) 1Wbi awwed Ausayfopht §d mobitulsi P ailndipwisdual
recovered from the wild as part of a crayfis
is discussed in Chalpawed 3¢cr 8yf Jautvenli ¢ €s wthh a re

than a week after detaching from its mother

Whi-¢cleawed crayfish are naturally found in We
been drastically declining across the contin
I nternational Uni on f or Conserpractti eocnt eodf bNya t Uil

| egi sl ation (Nightingale et-cdlawedOX7%)ay fTiser e
not present within the UK prior to the 1500s

whi-ctleawed crayfi sh i nroBwrg tgaeinnet iacl osnigmiwiatrhi ttyh
in France is evidence that the finativeod popu
1997a; Grandjean et al. 1997b; Holdich, 2002
but the earliesaywishtéen Becomdnoifs the 1587

Engl and, Scotland and Ireland by Holinshed,

Aplentifullie in our fresh rivers in bankso

Regardl ess of hitbatwedcalesthakeygstwohetepecies
(Biasetti et al. 2021)e.s hTwhaetgerraebr abhe |1 arBebt
key role in aquatic habitats ancdl aeweods yfsa ceems
significant threats from a range of factors
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invasive species (Grandjean et al . 1-997c). T

cl awed crayfish make them particularly vulne

and the channelisation of bankesomastrdeststonoct
removes potential food sources and shelter (
i nvasinvae inveen crayfish has also introduced cr ¢

I nvasive Crayfish section ofeté@ibocatroesddcti

extinctiaensawefd whiatyd i sh (Dunn et al. 2009) .

t hi
ad

Ch

Whi-¢leawed crayfish are difficult to monitor
s has Il ed to knowledge gaps in our unders
dress these in order to bred tgap s oinrs euncerts

their instream behaviour and habitat prefere
apter 6 through instream behaviour al obser

of whligawed crayfish i % alreo pioneompladtl ¢ andltl

popul ations throughout the UK. I n the survey
unknown popuibdawed of awhisé& and have used th
of the area. |t d swhiempeo rtthaenste tcor auynfdiesrhs taarne i I
whil e also considering conservation tensions
potentially aidingnahéevepceagfobhinvaAasieaéeno
popul ations, dihmsaiims omfe GHapther m5.

Signal Paayfashaé¢éiygs | eniuscul us

Signal cralpf)i ame( i dawarge crayfish species (Db

bl ubrsdiw e dbdrioshn compl exi on and the underside

(Fi ge6Ar. Signal crayfish prefer habitats

wi t

domi nated environments with a | ayer of sedim

They are omnivorous and vegetationhoatritus

the year, during the summer and aut swsmn they

al so show instances of cannibalism (Guan
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gurAk) 1SibgnabPacirfhgsiabuscaeghtusicnl use Ri ver
rkshire, Engl and, signal <crayfish have a d

ayfish commonly have white spots on the to

me from as t hesesirgensse nubsleed tbhye tsriaginna lcloinndgu c t
e signal crayfish is one of fhhei messpreames
e UK and Europe. They are native to wester
to the UK in the 1970s to be hilsedestnhalalgiual
Il'd popul ations (Holdich et al. 2014). Sign
i-ctleaewed crayfish through competition, with

mpeting native popul ati olntserf,ort reys caire easl s
sponsi ble for the spread of crayfish plagu
ayfish section of this introduction (Peay
vastating effects on mnthiceawiderdeciomaytse elmen
vertebrate and submerged vegetation popul a
sh species for food and shelter (VaeCen &

osystem engineers, anant hramk bdie stoavh inlgi £atu
oducing high sedi mentation that causes inv
turbidity (Sanders et al. 2021).
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Narrow cl awRadntcasatyddsd) I(eptodactyl us

The narrow clawed crayfish is a | arge specie
| arger), gtebastanhoheyebrown compl exion and
17) . Narrow clawed crayfish can be found in
are classwhied asapeaisatibt (B°k et al. 2013).

can be found throughout thend diabvédradesd wast
including submerged (@24axstiNabonowl!| elsaWwKayar &y
feeding intensity and are opportunistic omni
Roessler et al. 2020).
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— | -
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A : R
Batame o slos o

FigurA&g) 1A 7l ar ge nar rPoow tcal satwaecdu st rl@egpdt dogdhal cétnyglt uhs
25cm) caught at Boshaw Whams Reservoir, Hol m
narrow cl awed crayfish (body size 18cm) al so
young of year narrow cl awed cir &yfliysh o( hady £

released from its mother 2 months prior to b

The narrow cl awed cr&£yfsipsfani s egatoinve lthoitlse n
valuable fishery resource, with around 750 t
popul ati ons face signi-iatciane €t haghisBfTFSung b M
200 2; Mazlum et al. 2011; Ghiasvand et al . 2
introduced into the UK in the 1980s as part
observed to be present wjthihetbappkil trwdan
narrow c¢clawed crayfish are understudied and
potential asnaan vienvsgseicvieesnonittle is known ¢
ri sks that they dowladleidntrramdjec e hiowtew etr h ¢ ihrey
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crayfish plague, and this could provide a po

Harliojlu, 2006). Narrow clawed crayfish are
téne i s high potenti al that this range wil/| e
them must be prioritised (Hodson et al. 2024

understudied species and there are sigeaifica

nomati ve species, I 1l ook to addhasse Bwhrange
pat hogens in their native rangei rowadead wist hun
them or i f they haveeveascsquigradd ndédwsonmnaes Chapt e
Novel Technology

The products that are used in ecological stu
types of equipment and tools have been devel
di fferent ecological and environmepublt goast
dynamics and abundances (Hitt et al. 2021; O
advancements have also meant that equi pment,
expensi ve, are now affordable @awmdtecan maki migt
them more accessible to the scientific commu
technology, these are remote underwater vide
analysis. These three tools decmhmdl eqy oanpd sts
are sever al other technologies that have not

Remote Underwater Video

Remot underwater-imi dasd gRBRUVIoOhisva awowmh easil

t ool or observing aquatic life. Similar to

e
f v

record visual Obsetramgétonspedi ensvriigmotnameematt u o @
u n

t the confounds of human presence. The

-

get specia@dbot hhutome bevséewr eRemote under
ome rapidly more accessddovel oprmrent hei patse

data management making them a useful too

- o T
S5 O 9 Q

m the mar ket . Remote under water video res
ducted in the marieeienyi20bmpntBédalbseto

l' imted studies that have been conduct ed

q
® S5 O o O

c
ar
(0]

f agreed standards and methodol ogies that a

-

emote under wat e&frhiwi dea@c ks wfveytsandards reduce
di fferent monitoring efforts and few concl us
studi es. Factors including turbidity have be
under water vi 20® 3()TweCenditeopetofalt.hese | i miti nc
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knowl edge gap globally in the potenti al of u

monitoring invasive species.

Remote underwater video-sltaad endtasbhesen outsitluidge

speci es, and as of December 2022, only five

address a range of scientific queseteions. The

studies, these studies involvé&deogesdbessing th

mel ano)stamdisrusty crayfish, while also asses

e
n
a
t
n
t

r

asonally (Andres et al. 2020). Antoitvheer st u
d invasive fish species prior to p-iscicide
tive fish species (Weyl et al. 2013). Fol/l
udi es assessed the speciesgrpichaniecisdeft ntda
vasinvad inveen fi sh species (Weyl et al. 2016,
udy focuseeée aan vienvcasaiyve srhon | ooking at how
ayfish inter actneadtdwitmo nt tye bibryv § OQidwHe andn | | e

These studies have all been condactctiee smpekne

a

- T 0w 0 o nw T T O 9L 9 0om
o @® O

—+ O
> ™ o O

nu 9 o

n

n

d remote underwater video has not previous

vastkinad inveen speci es.

DNA

n
a
n

—t

q

vironment al DNA (eDNA) is defined as DNA t
mpl es, without initially isolating target
emerging surveying tool thatenrhcodsdsanmpdot ent
versity of rare and elusive species that m
rl ett, 2020; Thivied g ast val tod02%8nd e¢DNAa
en used to identify theofenhaibriet aftasu naan dc ohmapso
entified to outperform any established sur
ngle species (Rees et al. 2014; Hanfling e
fort to achieve mteesuditwse arodnpex terda dtoi vrormee
awling (McClenaghan et al. 2020). The wuse
il has I imitations and the |l ack of knowl e
tential i sugpersce( Vieidv ibgr gendet al . 2025). e
sults-deg etché omomf species in surveys does
them, conversely the detection of species
em asabmMmAnts could have been transported t
ther as bait or other sources (Roussel et

uatic environments involves collecting wat

api es are filtered, and the nwuiclhei BCRcassawn!
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used to detect the presence of DNA for targe
shedding rate of arthropods with exoskel eton
2025) thus invertebrate eDNA monaltiodatngd. elma
aim to compare the effectiveness of eDNA to
establish its ability to detect crayfish in
BRUV.

Hi stol ogical Analysi s

Hi stopathology is not a novel approach to re
to 1838 when Johannes M¢gl |l er, who pioneered
publi shed AOn the Nature and StrucbweeefChar a
the application of hishatogecapbpeanabysbsatao
There are many parallels between biological
Hatcher, 201Bati vVevapewvieesomaynohoptrepaint ogve n
their new invaded range. These pathogens are
new area and subsequently spillover onto spe
(Chinch

including introducing di seases that can be f

io et al. 2020). These emeggeot deéegetn

crayfish plague, which | have previously dis
i ntroducti on. Alctaenr robeet ifid eelf t, bpeahthhadddgoerréesns p@ac i €

native range when they are translocated to t
enemy release and can also | ead to-nsaitgnviefi ca
speci est looswel dvhppot enti ally be agents of cont
that they have better fitness and can outcom

Hat cher, 2015) .

Ai ms of the project and thesis

This study aims to: 1) understand the curren
freshwater environments and the feasibility
assess the extent of crayfishtenbadiess @)tha
the current knowledge gap in under-sktawedng t
crayfish and 4) understand the wider i mpacts
introduce through disegbhe.clihpsethesiThei Bi ds
introduction, followediBy and dafanahagtitecases
8. When considering the extent of an invasio

point 18Ki.gur e
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Chapter 2

Application, devel opment
Remote Underwater Video

fi sheri es management

Har wood, M. , Br oom, c.J. , van Wyk, AL, Cast a
Stebbing, P. D., Dunn, A. M. , Sout h, J . (I'n Re
opportunities of Remote Under wat eknowldedgd or

and Management of Aquatic Ecosystems

Abstract

Remote Underwater Video (RUV) is a promising
freshwater fisheries monitoring and manageme
on marine systems there has been a rake in a
for coordinated geographical research wusing
met hodol ogi es areldkasrcefidree annan pu otmod ea . sy st

review which returned 163 publications that
envwonments. These publications used RUVs to
|l enfgt dquency, spawning/ mating, behaviour, mi
presence and nesting. There were taxonomic a
comercial sal monid fisheries the primary foc
performed in North and Central America. Whil
practices, there are numerous gaps including
di f feysetndms/ species compositions, determinin
behaviour al analysis and ascertaining the co
st ecdaemera for photogrammetr yredomméndhaseaugni
set of standards for freshwater RUVs depl oym
camera, recording at O30fps with a resolutio
datkroadly comparable between sbgyieptakerre

relate to data storage, processing time and
optimisation of computer vision and machine

devel op RUV application into a emevet f uilnvadil
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species

detection, and ethol ogical observati

interoperability, and reusability (FAI'R) wor

| ntroducti on

The devel opment of +#ffrenctmone t@amd nfge psiolylr @ mme
i dentifying k®eygalde i vrevisr ofmd mtrgle degradati on
efficiency of potential resltnorsaintdub me ki ndahm
observation data achieved through field moni
bi ol ogical responses such as community compo
ecol ogy, foraging rates, bledirads ocape asnndalrespPb®
2005; Caravaggi et al. 2017; -4dd¢ alde nbmagylead gied a
change may only be detected after multiple s
monotoni c, f olru £tx adnprd eema o oimMhviaemve species
species population responses (Haubrock et al
designed monitoring progr amnteesr m haunsd- nleaendd st coa |
scale processes, which nrechans etnlsatvet heay t &mraense
cost and people time (Lindenmayer et al. 202
environmental change, finding solutions to o
bi odiversity managers toeaeswmwmenekmypogaomngesg,) c
provide robust evidence to guide management
benefit of any intervention investment.

Freshwater ecosystems are facing a biodivers
declining twice as fast as terrestrial or ma
programmes in aquatic envirodmeoss, fheoe at sao
specialised equipment and training. Traditio
nets, electrofishing, trapping) tend to be e
whi ch may produce anofi nacgiuvrean ep o peuwlraetsieonnt a(tq
Cooke & Schramm, 2007) . Il n addition, capture
behavioural changes which i mpact fitness. An
behaviour obseravsddd ¢bv o pripaplr @ shalfacekr bcat ch and v
that | eads to the total |l ossn ok olf fspnrveays (H
completed to reduce negative ani mal i mpact s
abilitydiwatoenrs caond f ear responses to the ob:c
used in tandem to maximise reliability (Weyl
DNA (eDNA) approaches are being increasingly
aquatic ecosystem sampling |Iimitations (Beng
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is costly and conclusions based on eDNA are

presence/ absence of species with available b
confounded in |l otic systems due to downstrea
Cottlte2020). Even if analysis advances to the
estimate total abundance or biomass, it woul
popul ations, which is an important metric fo
Camera traps and remote imaging have been ex
they increase observation |ikelihood of | arg

of camtsierde met hods (Feyrer et alet 2a01320Qdrna\v
Aerial surveys have been used in terrestrial
mammal s, fish, and plant stands, by tracking
l' i mited by weather conditiondiaddent beariamal s

tree canopies (Kelaher et al. 2019; Camacho
the risk of sampling in | ocations that are i
Chaudoin et al. 2015). kFyrvhéeirmhated bgsuktvse

data, wunli ke eDNA and aeri-tadutshiirve,)y sanadvhd atha
archived for future referencetammd moriltysrnisng
programmes | ooking ono (nthixtitmieste adla.t a2 Oc20ll)l.ect i

I n aquati c -sswrsfteecnes ,c aanbeorvaes have been used to
(Sal mo) sfadram escapes, species assembl ages, mi
Otis, 20l4pe 2Mo&T®UIcoesdaa, 220-1F¥e z M&Irodaoesdaa, 2020) .
Technol ogi cal advancement, such as waterproo
pressawrd,ach | itated the application of Remot e
RUV and Baited RUV (BRUV) has been applied b

common part of the marine fisher-irde@msseasrstme

data which 4dice®sef fianidemtomplaowbl e across | ocat
Whitmarsh et al. 2017). Howeveirdeo hien afpipé s lowa
|l ags behind that in marine environments desp
The purpose of this review is to synthesise

in freshwater and recommend a standardised m
monitoring effomawvwe Whemti piosditbhe met hods a
freshwater RUV studies and categorised them
Iprovide a roadmap for wusinglaRY¥s providesRhwa!

point to advance freshwater aRdVsolbest i pmaamn
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enhance scientific development while address

and fisheries science.

Met hods

A comprehensive systematic |iterature search
I nformation (1 SlI; Thomson Reuters) Web of Sc
dat abase. These databases were selhecaed to f
i nformation regarding RUVs in freshwater pub

included a range of REywoThle combdeaelaitne®nsf ¢ITa
Reporting Items for @3ynatgmatsi ¢ PRél\EiMeRY0s2 (lda d e M
Page et al. 2021b) were used to report this

were collected and assessed by a single revi

Table 2.1.Keyword combinations used in initial literature search

Keyword Combinati on

RUVoO*

ot

iFreshwater o* AND

shwatero* AND ABRUVO*®

=}
T
—
D

Remote Under

ot

shwatero* AND

>
T
—
D

shwatero* AND Baited Remot

=14
Tn
—
0]
=1}

shwatero* AND AUnder water q

>
T
=
D

eo0* AND ARemote Under wat er

=
—
Q

>~

er 0* AND fARemote Under water

=13
Py
<

eamo* AND ARemote Under wat €

=t
wn
—
—

ervoiro* AND ARemote Under

=13
Py
(¢
w

Each publication returned was examined and i
freshwater environmeretc.orkerd & deh fpdbloiwd aatgi q n
avail able); What was being measured/ observed
country the study was undertaken in, the foc
the study was cnoentdhuocdtse du siend,. aAnfd etrhe evi ewi ng
pi eces of |l iteratur e, a backwaheéckndwhbalalnyof

further rel evant |l iteratur e, whi ch was t hen
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Each of these studies were then categorised
relevant but did not consist of a specific m

explored further for information that was re

Resul t s

A total of 163 wunique pieces of I|literature w
backward snowballing and2p¢rsdohel fcosteppbhd
|l iterature on freshwater applicatiopsaofd RUV

downstream movement ofSanlewol)yt feunyetrbgne d hSe aR i Tvreor
UK (Moore & Scott, 1988). Annual publicati on
2014 when there was a sharpg2).ncTlascdasteaal ptabl

returned studies undertaken in 27 different
=
S Records identified Records identified
8 through Web of through Google
= Science Scholar
c (n=165) (n = 1290)
[}
=2

h 4 \

Records after duplicates removed

W (n=1290)

=

5 A 4

o Records screened .| Recordsremoved
s (n = 1290) " (n=1143)

A A
Studies identified from backward
snowballing
(n=14)

v
Studies included in
synthesis

Papers in press provided
through personal

L 4

_ conespondence
(n=161) n=2)
FigurPRRSMA fl ow diagram illustrating the di
|l iterature review data identification and 1in
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speci e

sel ect

speci e

s richness and biodiversity assessment
i's task with 83% either reviewing the
ing a random frame everyl Imiinmdievi Rodl %
s | evel and create a species |list. Gen
ntified to species | evel by experts an
stic characteridetrisesn, (28”2 1Wy k | @t saalme 2

entiation between similar species can
my (Cooke & Schreer, 200 2; Wi dmer et a
l evel occatredsin 11% of publi

ng/ Mating/ Nesting

ng reproductive behaviour of aquatic b
species is fraught with difficulties.
pl oyed RUVs at known spawniagesijtehiso
ed as a solution to better understand
vil sCHMprée nBdpghi(sihaaloiin et al. 2015) .
sually assess effectoveaf &alihamidd efractl®
nar cycle (Fern8ndez et al. 2021) on s

dem with hydrophones to expand the tool ki

mpl e, a novseyln cnhertohnoi dsl eodfi steomedvaan al so used

o X 9 T 9

produced by spawning trout (Johnson e

document footage of courting and mating b

studi es pwaotviiadre do ft hceo pgfu lrastti ocorb scefr t he ¢ |

Me-Wal enzuel a et al. 2022). Anot hbDearnioobser vat

-

eyi which was recorded outside of the known

(Sundin et al. 2019). RUVs were positi

pecies to observe nesting behaviour. Behavi

manit enance behaviours conducted by males (Un:;

heterospecificwspkechnhesheggespl a@¥amane et al

nests,

sheltering with juveniles, and cooper

targeted approach where RUVs were dep

nesti dgprefasRé Sporhii s)ha(Marttuisn & | rwin, 2010) .

Behaviour

Behaviour al studies comprised 14% (n=23) of

i including anthropogenic sounds (FI ei

chemical predatory alarm cues (Frieeysent &IChi
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2018) and researchers shadows (Smith, 2022)
that, general Dbehavioural time budget resear
nesting or foraging was the core ffyoctuhse of t h
extent of inter and intraspecific interactio
h (Ebner et al. 2017), aggAsbtacug asteaecas
ividuals within the sameetirape( #auigesnsadbe

S
d

invasive and native crayfish species (O6Hea
shes was assessed through open water RUV d
e

identified but data col |l esctaedwhoonl ee.he i cthyof
Mi grati on

Mi gration studies comprised 10% (n=17), wher
obstacles passed by migrating species includ
(Limaye, 2019), weirs (Marston, 29d4RUMsnd f i
were deployed primarily for cAlmmeacially i mp
pseudohar eRagiunsbow Trout Oacor §9 ok &y el h&a FrRiavVs (
were | eft to continuously record, and the fo

individuals that passed eit hear pukprsxirwileeadr eo ro fd
i mportant migratory | ocations were chosen fo
were deployed at waterbody enhraunglkscloitepert
monitor sal monid migration (Muaslrawhki tod, RUY2
were strategically placed along the Atl antic
spattermpor al aspect of migrating popul ations

Foraging

Foraging activities comprised 7% (n=11) of t

information on trophic interactions to quant
2014), feeding aggregations (ISaatrirrsg emataeér. i &
including zooplankton (Marchand et al. 2002)
2017) . Baited studies comprised 27% (n=3) wi
feeding behaviour with the moistti @amendnoinn bfari dn
RUV (Unger & Hickman, 2019). Hi gh frame rate

by Bl uegomi s( macarmclhiiveasprey tethered within
al . 2019) .

Si ze
Estimating |l ength underwater of a moving obj
data, thus Il ength frequency studies made up
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common method (64%) estimated size by compar
size that is within the frame of the video.

known size (Tweedie et al. 20182018p. spbecsain
i nstances, exact sizes were not calcul ated,

class bin (Hopper, 2019) or estimated in rel
et al. 2021). SpRUOUVal dydtapéebsafedastewas uUs
studies to accurately estimate the size of i
Canada to study Shortnose Sturgeon, where pa

used to estimate | elgtoh heUswnyatesd owmeethoal i nZ©

pixels a fish took up in footage when it pas
millimetres to estimate si zes, as -tdainleed n Re
Gobgi dyopter ws l(Borauacssmahale et al. 2016) .

Habitat Us e

RUVs were used to assess habitat association
aimed to determine differences in artificial
assessment of seasonal habitadl chahh®)s. (RUW4
were also used to quantify cyprinid habitat
(Boavida et al. 2021).

Presence

A smal l number of studies (4%, n=7) were int
waterbody. Most studies deployed RUVs at a f
hope of serendipitously detectinglafdpeci es,
|l i pped Goby in Australia and multiple depl oy
escaped farmed sal mon in Norway (Ebner et al

studies were rare across the datdasien , mbluti @lh

|l ocations in the UK to confirm the maxi mum c
waterbody (Spears et al. 2009) .
Case study applications for fi:

conservation

Conservation I ntervention

Eradicat-natni wéd inmwnasi vesEgosig®eing ua ehiwdh ch
robust -geavtideernicreg a-ndt euverssoposA successful

invasive fish eradication projed¢toltdook pl ace
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Et ho
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an i
dhar
Sout
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cl ea
2019
i ndi
abou
cont

| oca

egi on, South Africa (Marr et al . 201 2; W

), an i mportant Dbiodiversity hotspot <cha
ender et al. 2017; Broom et waély2@@B8)t oR
recovery of the edWésmiracfi vy pamuleat i( WMey
et al. 2014; Weyl et al. 2016). -Using t
), Castafeda et al. (2020heteadkedct héesh
river, before and after the eradicati on
er of the endemic fishds probability of
sive fish. A fitceart itohne, itnhvea seinvdee nfiics hf iesrha dwe
ni se downstream sections of the river an
| ati ons appear to have reached popul atio
not , sauyg gbees tnionrge istensi ti ve to fluctuati ot
2020). To assess the habitat association
i es, Broom et al. (2022) wutil itseerdm a RUV

—

oring project doterhenRoowmndegaVitRi vepepbd
e se&29d®wy ,(BoDbDb®m et al. (2022) were abl e
relative abundances with r egpeactantdo shpalkii
ific abiotic predictors of r-ehaasvenahbhnd
cat edspgédaitf ihabiintagr venti ons to reduce th
sand deposition aRievereetde derad wmeg tthe KoOmM
hreatened fi sh. Under watecost dappmoachot
rapidly inform tangible conservation rec
cted or r ecsoveersipregcirailvieyr isny sltoecnat i ons wi t

bi odiversity management .

l ogy
a Miller et al (2022a) investigated the

nvasiGheercaxaydeasthrduat cwrr i ti cal IEw aesn danger e
aw,alwhi ch cohabit a 7.5km stretch of cre
hern Highlands region of NSW Australia.

nvasive and native crayfish hadillartgaeley

r and control |l ed o bnsgerovwaetri orness ooufr ciensd i(vd ed
: Lopez et al . 2019; O6Hea Miller et al
viduals in situ, particularly due to sha

t how t hese esrpencateusr alntceornadcitteido nusndnor wh
est dynamics and outcome. By deploying 1

tions within the creek over the course o
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raction duration, maxi mum intensity, con

> D O

tified. AlI behaviours wer e( Bhssrsgemasre d& r e |

-

e 2003) and relative body size of contes
size as measured on the vi dEwastcaeen ( Mar

rawahumore contests €Chamnax loge hiomwaeoievetdhpe
|l argely attributed. tbhdmwawdla@dCgdrmhattham m
truatarmingly, when considering enly inte
ched (i .e. wCt hdaeswadstocnboordey |siikzeel)y, t o wi n i
dhar advéhd iuGi odabweyryec tnoorr e wi I i ngEt o initia
r awae ubsn diefswarsu ctthoer s mal | er contestant, an
tinue Eigdbhangwiphecda ds ¢ contests, demonstr
erent aggressiveness of the invasive spec
guantify complex behaviour al i nteractions

consider aVs ohowof b el aiigonieR &yl tshteu dpioetsent i al
unbal anced sample sizes. Firstly, some B
|l yses due to high turbidity and time of vy

Hea deqti ldler (2022a) reporEeddboawapwabemail heer
€n des(tcrouncptaorred t o 2 9C.i mMteeswarsutcstavarE ] svh et ean

rawal kst ure considerations must, therefor
|l oyments over t-BREVantdotérabke stosiprpgeof
all individuals in the frame. mBoafh t hese
avioural observations and hermedatvheouef fiinc
shwater systems. Il ncorporating ethologica
heries management plans has been a persis
appropriate use and deployment of BRUV sy

heries Monitoring

mBoe ¢c hsrpopmi)s i s a key fishery in Lake Mal
agement and conservation efforts. However
mbo, such as gillnetting and trawling, ar
ul ati o&Ma g 38R&AM;l eBanda e20059;. Wely0l5 ;e tWeayll.
Wyk (2019) evaluateBRUVe potmoni adr fGCham
ul ations across different management zone

assessing theBRUYectovemesstofi sge€Ckbambo
mine the opti mal sampling design for annu
e differed significant-whilbédt wagnbalaawiri b
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s, there is a distinct | ack of cohe
his is a stark contr astthotdoo |tohge cnaar i
are in place and coordination | eve
sation within the freshwater enviro
ering RUV work bewnatfensédsheries. f R
S , t hédhroef owe t hbeaers hfaaiprliyncadcase in

from 2014, which likely reflects a

with a decrwhisehimas hmad® sadactoif ot aea

The drop in frequency of Iliteratu

22 is most | i kled yl aag riems udub loifs kGOWVg ,D wi t h | |
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Use of RUVs
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r research wutilising RUVs has the ¢

I assessments and fisheries science

manner. Development of a freshwater RUV cons
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consortiums have been created, for exampl e:
of global shark populations, which ha
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may trigger the motion capture sensors, as Ww
past the sensor and trigger wasted recording

of thibBoweveewwhen paired with video recordi

Q

address new ecologic
al . 2018) .

guestions, such as th

Limitations of RUVs

Wi th most modern action cameras maxi mum batt

can be | ower in colder waters, meaning that
for extended periods of time, whi cihhssaeasresu
include mal functioning memory cards, water d
within the field of view, all/l of which can r

depending on the specific semadep oherkemaiygh
| owech ways to mitigate dWupes@aobdwektasndtelde bA
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|l ife camera system (Fetterplace et al. 20283)
RUV surveys, such as I|light | evels and turbid
reduces an RUVs field of view twhomrmh S$Siemivlcarsl
suitable |ighting and hours of daylight rest
against nocwhirol maypezli ®e avoid artificial I
This highlights a pri orliotgyy chwe satsiscers sti an ga d vhaen
white, red and blue |ights for RUV surveys.

Camera Setup and Anal ysi s

A set of stand-BRUV¥Y¥sfbn marhgeséeBpvEeDoOoOnments h
(Langl ois et al. 2020) and these have been wu
described here, to ensure reliable depl oymen
able to create a standardised method for RUV

systematic met hodol ogical develR8pments that

Tabl eRec.o03mmended standards and reasoning

Factor Recommend Why?

Camera T/Action CaMost common in review
Frames p/30fps | owTo reduce blur produc:
second individual s
Resoluti|1080p | owSuitable resolution t

on storage space

FOV 109A and |Creates a suitable vi
the i mage

Acclimat{l minute |Majority of I|literatur
time incorporated, bu

di sturbed sedi ment ob

acclimation time is r
Depl oyme/60 minuteMost common in review
(total) in marine systems. Ov

preferred over wunder

efficiency is assesse

Vi deo An/Human Rev|iMost accessible optio
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Operated Vehicles are a move away fro
red a separate methodol ogy entirely,
ht. These have al most exclusively bee
ingly being exploited in commercial a
en deployed effectively in reservoirs
, such PasiSiagnalc uGHr # yeffit cedissimfu h @1 s

rmation gathered from such surveys has f

asinvad inveen species from reservoir assets at

ng valuable information dgemernthepldaenwvse.l
nal | vy, ROVs are able to detect signs
, and parts of ani mal s, such as cl aws
s. This providesn nnc it hneo rseé zdee taanidl edd sit
ion, in addit i-poonp utloa tkieoyn idnifsotrrmabtuitoino no,
el opment of management plans. The dep
trappi ng sfudrt adrl ey ffiogh ,asasreessriang key |
en hard and dangerous to access. Dr aw
for the potemdtiiave dSspopeiraalf rmdmiinmme

arcauldi ftfo moni t or due to health and saf et

ration, in addition to the depth of w
oyed at a distance and ammoept h hewiet h
are overcome. The | arge size and weig
ideal tool for monitoring smaller fr
g smaller and more accesswibikeout helgeia
al cords to avoid becoming entangl ed
Iy faced by ROVs is that they cannot
di sed sampling protocalss wedilnagsf dlhleo W
h in freshwater ecosystems, woul d ben
and the pros and cons and how these t

|l i stic ecosystem assessments.

Uusi on

RUVs of fdeerstar uncoonn ve and ef fective method for

speci e-s
range o
to reco
met hodo

recomme

ur hi dowaters. They can provide us wit
f scientific questions. Abh c¢amere, RY
rd at 30fps, 1080p being deployed for
|l ogy all future surveys calhalvee accur a
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Rapid technol ogical advances have the potent
become streamlined, automated, and standardi
granularity of data that environmemmtdavlanmandd
robustness of management-bpsadcdsi aner capaicon y.

declining state of global freshwhptreormoftiesher i
the creation of an internacieasaé¢ srastaadies a
coll aboration and method devel opment to i mpr
monitoring programmes (Barbarossa et al. 202
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Chapter 3

Feasi bility of using nov
crayfish species

Abstract

The continuous upgrades of camera equi pment
affordable tool that can be utilised by rese
Few studies have employed remotecunagéiwht e As
part of this research the aim was to address
organism and identify its effectiveness. By
been designed, a speciali.seTdurPUM ittoyolt efsars sfu
di stance and turbidity have a significant i m
turbidity waterbodies, and subjects being fu

effective at obsedvimeagtobohéei fergebsempgvaci samwed

crayPomthagt acus) lienptao dfarcetsyhlwiast er r eseruvw aierd wi
mainly wi2bhimi hhee$i wesén using a RUV and 17
RUV (BRUV) . Not enoughlehsgnaetihisecwhemc asi mgd

RUV to observ®asgsi graalt acuasyhicahhisghlhl wstur bid
three observations were made using@i mbet RUV a
first ofbererwhidawedh Ausayfopdt d mMobiinmsa palld armpersi v
occurred mainl® wibhiaeasther fRU¥$S and 15 for
e
u

obser wdtitdiiss species of crayfish. This reses
be

successfully identified a survivingcpopul at.

sed to successfully monitor crayfish pop

mu latgiency rescue event.

| ntroducti on

Technol ogi cal advances in the | ast twenty ye
become a more accessible tool i n aqguatic res
storage, as well as improved ‘hiaheA1dWOdI ihtaives
made it a useful-bpsedcdeswrifveyol ( Maolrl evtat&rPel |

Remote Underwater Video (RUV) has been predo

with publications menti oni n2g; iMasl lueste & sP eelarelt
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2014) . Despite the widespread use in marine
been under utilised in freshwater environmen
remote underwater vide&€baphetiTBsehwat birestvpu
using remote underwater video was from 1988,
rapidly increasing, with an annual increase
publications per y€hap)YdMopoORe & Scott, 1988;

Freshwater ecosystems face a major biodivers
rate (Tickner et al. 2020). There are severa
freshwater ecosystems, includéengpepol kst {€all
al. 2016). Invertebrates play a key role in

ecosystem services across them:cllarwetdh e rlaly f9
(Austropot amobamue @ ak diyrmpteasnea tsipe ch aetsi t at s ( Ma
1993). Despite their importance they are cl a
for Conservation of nature (1 UCN) (Nightinga
spe
pop
could be rapidly deployed throughout waterbo
o
p

o

i es have beefn tihnetirro dnuacteidv eo urtasnigdee, oput t i n
ul ations at ri sk olfl oeoxteidn dtoi amr e(@alwenm etp ea

about bothnwasive dKdpopul ations of crayfish

deployed to answer gl obal guestions.

Gl obally there have been few studies that ha
tool to monitor crayfish populations, both n
concluded that baited remote undecwayfirshi de
traps when surveying abundance of crayfish (
bee eight studies that have used remote und
about crayfish populationsing@fthdeaskrusdanddces
invasive crayfish in the USA (Robinson, 2014
of native crayfish in Australia (Fulton et a
presence/ absence ofenwiiwhencthef UKh( b sawaan
studies | ooked at th behaviour of native cr

e
Nor way (Raugstad, 2019). The final study | oo
e

native and invasMvkeleragfiah. (DOBR) .
There are many | imitations to the success of
turbidity | imiting successful identification

require different -chhasbwetdatc rtayypfeifsg lu maart & rvoefa twehd &

| arge amounts of stone refuge (Holdich & Rog
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(Paci fastacusi hehoiescel ssspended sedi ment yie
often found in more turbid wat eRosnt aFsitnaaclusy i
|l eptodaatryel btsn understudied species in terms
little is known about their activity. This ¢
' i mitations and identify how the effectivene

d fferent crayfish species and habitat types.

Met hods

RUV design

A systematic |iterature review was conducted
envirog€map} sr ARl described designs were revi
structures required for stability and ensur.i
identification of requirements an initial de
by dualdi fabricators and finalised using part

designed product was termed fACrayCamo.

Turbidity tests

To test how far a camera could observe in di
38cm x 20cm) with a maximum capacitAh of 50 I
GoPro Hero 10 camera was placed in a fixed p

i nto eigent ismesterne | i ne segments to establ i sh

-

bidity |l evels, with the tfhwer tchaarsetr ap o iFmtl | oe
ommended ¢ anChraap fseertht@ ancgmsmef rsoemt t o recor d
olution at 30 frames per second. A model

c
s

from the camera and |l eft for five seconds. A
€ camera, remainisngati ne apclha cpeo ifnotr. fR evceo rsdeicno
e

—_
=y

mod el was in the |l ocation cl osest to the

T

ifteen grams of fine soil was then placed i

mpl ete diffusion throughout the water. Rec

nw O

ing the new Aturbido water. -girhdinsc rpg meretss av

-+ (@)

ne soil wuntil a total of 120 grams of fine
was manually reviewed, noting the position a
each turbidity |l evel. Aebitabmiah GEMewasecohn

di stance, or a combination of bot h, could pr
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Time to first observation histogr ams

Remote underwater video (RUV) and baited rem
conducted as part of three separate surveys
conducted at Boshaw Whams Reservoir (d53A32N;|N
near to Holmfirth in Kirklees, West Yorkshir
turbidity and is home to the only known popu
(Pontastacus) lienptYod &cthyilries ( Ch@pi efeheb,ndHar wo o
surveys were conducted on the River Calder (
Aire, running through Yorkshire, United King
turbidity and i rPvaacsifvaes tsaicqumsavlé rari duysfrisid uis@por t
| ower regions of the river in 2023 (Calder R
undertaken on the River Kent (54A22NjN; 002A4
District National Par&khepupri ahi §ni sed &I ag
that runs through rur al countrysi de, aiwtedi s h

crayAusthrqpot amobius pallipes

RUVs were deployed at each site for an hour

BRUV was baited with wet cat food and then d
Each deployment used a GoPro HERO 10 Bl ack (
fames per second and a resoluti on @Hhaplt0eBr0 p ,
2Al'l footage was manually reviewed by the sa
was noted for each video. Video foshawast hat

di scartdiende ftoor fiamsal pyHiser vEBaclnsurvey site ar
into a uni qqQuest dwptsaspdltoeaagedlaudn st hen be used to

maxi mum depl oyment durations to ensure obser

type.
Resul t s

RUV design

An initial design described in van Wyk (2019
CrayCam. Rather than use m@gsreytluipc wa spicnogn sltirkue
using stainless steel to eliminate the need
target species of CrayCam the orientation of

camera faced towards Bebsthan emialiljatbemt hkicg a
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FigurMa3idum t urtbh ati ttyhd eowredysf i sh model coul «
bl ack rectangles represent areas of tank out

Tabl eTy».&8INIOWVA f or a binomi al GLMs assessihng e

on |ikelihood to see an object

G2 df p
Di st ance 104. 58 1 < 0.01
Turbidity|198.009 1 < 0.01

Time to first observation histogr ams

A tot al of eight RUV deployments at Boshaw W
clawed crayfish. The earliest observation oc
observation occurredtiisn csthioavmf infotsite tohb sneirnvuatt @ .c
beftomemi2but ¢ wat k spor adiFd @BiIARes Aattoeml t loif s s
BRUV deployments at this site observed crayf
the first mi nut e, and t hwe tfagwerstth orbisreutvea.t i Tom
hi stogram i s heaedrltyi fwaesi ghhiesl $siowarasd speci
BRUW,i th all observationg¢ FogecB)er 83ng within 25

& 8 3 g 2 8

Time to first observation (minutes)

A B

-y I 2
., 1.5 = 15
* o b |
o I I I I I 0
“ ~ = ~ ¥ < @ I “ = =
Time ation (minutes|

Figur®i e 3to first ofbererwvani ow dli aswedramay f i
Whamseservoir using A) RUV B) BRUV

8

Surveys on the River Calder, observing invas
observations than other sites and species. T
the earliest observation i n -$dé&wemiignhtth . miTrhuwetr

were also three crayfish observations made b
mi nute and the#hiademi nubhet h&leit hey met hod ma
identrewdei mesuddt)s (Figur e
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RUV and fifteen using a BRUV. The earliest o
mi nute and the | at$t e@wsentoltFcowir mReUdesi ma | tmoes tf iafltly
happened within the first 40FimBWmAY.esThwa t h a
earliest observations for the BRUV also occu
f oftthy r d moisnutoeb,ser vat i onfsi rosctc u2rOr emdi nwiittehsi nwitthh
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Case study: Rapid deployment of CrayCam

Mont hly water quality assessments completed
2022 at Meanwood Beck, Leeds, We s t Yor kshire
Meanwood Beck idoclhionmetted @ ovrelllalaveido rcr afy fwlsiht €
2004) tamwchs feared that this outbreak of cray
becoming extinct. Traditional trapping metho

a resident popuArvioonl @) am@hibi twvolWesut(bhet ef o
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confirm the extent of the sgrdeaadkdofcrarydyfsihs v
still present within the beck while also mai
opportunity to field test GrnayaGaema ttoo sdeeet eirfmi
presence of crayfish. During August 2023 eig
days. Each day the RUV was deployed at two s
mi nutes, upon completion ofhaéerhedepldeyd d yarte ntt
| ocations for a further 60 mintues. This ini
whi-ctleawed crayfish along Meanwood Be-ck, with
clawed crayfish on one e36)t lmen dBR ady etreopyao ymmd n
crayfish rescue event in which the beck was
whi-ctleawed crayfish were retrieved, including
were transported diso ftohre gWnairvaenrtsiintey, odfurlieneg wl
released their young and these juveniles wer
wil d. Post quarantine the crayfish were rele
Wat er owned hree soetrhveori ra paonmdd tnext t o the Uni v
is hoped that these ark sites will allow thi

has burnt out within Meanwood Beck the ark p

Figur8udcédssful obselrawaed ofu sotf f das twthd moebi us p e
in Meanwood Beck, Leeds, West Yorkshire, obt
Vi deo
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thi et al. 2023) and reviewing footage t

77



tedi ous. Develmapmegdt al goei bemegare being tra
(Gitau et al. 2024), if these can be develop
process could be automated to ensure standar
conductndemowateeu video surveys of crayfish.

A closely | inked dmmoovte Ii navpepsltiicgaattieodn tthhraotu glh o ut
or wiydtehresi s, is the use of remote op-erated v
native crayfish populations (P Stebbing pers
nomati ve species management and coWledppaoteent
its wide application in commercial sectors t
literature and thefwird&OVapprivegsfi dhe objwae
surveys are to: 1) identify whadr e ei potphué awa tc
are, 2) assess the -havieVeopopuk&tiobns hepoéad
waterbody ahme Béveldeot ifmpaobtihat spkei esvas
the wider environment. The risk of transport
i dentifying pathways for raw water transport
abl e tempals & hreservoir in the Southwest of
the heights of submerged pipes and reservoir
would allow signal crayfish to waolak havwagr ftolre
further spread (P Stebbing pers. comm). By i
concern suitable mitigation measures can the
a spewpsipecies | evel dependtihneg toanr gtehte snpoetcoire sp a
pers. comm) . I n Scotland ROVs have been depl
di stributi on -noaft iavne icnrvaaysfiivseh .nother e t he di stri
been mapped and suitabvcei rhaha st alte e rh rioduegrhtoiufti
potential spread throughout the wider waterb
of i nvansaitvievenocnr ayfi sh can be predicted i f 1t
di stribution aferswitti vlelley Haligimetnt eall pat ches
reduce the rate of spread as crayfish are |e
them (P Stebbing pers. comm).

Concl usi on

This feasibility study has shown that remote
survey several different crayfish species in
through turbidity, it stilvle otfof emmosr ea tcroasdti tainc

met hods such as trapping and hand searching,

i nvasion spread, or assess the instream beha
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vi deo ofifrewassiavenoanl t ernati ve that can be use:
the -whatwed crayfish, in their native environ
determine aspects such as | engRWV fcraengnuoetncy a
deliver, however i-RpVemgsatami waoubtl Bastikreat
assessments. Overall technological advances

become a more accessible and affordabl e piec
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Chapter 4

Rapi d assessment of popu
monitoring methods for 1

crayPbpahaétacus) ,|l eipn oadac

freshwater reservolr | n
Ki ngdom
Har wood, M., Stebbing, P. D., Dunn, A. M., Col

(2025) Rapid assessment of population dynami
narrow ¢l aPwendt acgtagyduss hli eptfordeassh wdtuesr reser voi
Aquat . Ecosyst., 426 (2025) 22. DOl : https:/

Abstract

Narrcdvawed Pomayadstsahcs) laerpet oad adcattyal udsedti icv e nt
species in the UK. Boshaw Whams (West Yor ksh

popul ation of narrow clawed crayfish in York
crayfish is high antdhe texXtsentmpmfr ttamd d wr reesnta
Generalised I nvasion Curve tdusédenai ¢ gmipionatn

of met hodmomtvlerpear ildd i ncluding trapping, Re
and Baited RUV (BRUV) to establish the most
monitoring and determine annsgabgnpbpaobhati dnf fi
bet ween the three methods Ilrecoemmsdofa dexedt
approach in the future dependent on practiti
observed through trappingvetriean eft emdleals bandvele
and Aprirlecadptmarr&k survey estimated the popul :
10, 045N5602 (95% Cl) individuals in a waterb
Reservoir should be consobiAdsesreetd Parso tienc ttihoen 66 Ga

Generalised I nvasion Curve, and action urgen
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ongoing sprmreatdi wd 9 peaisd sy e( Mmeomsu Sot o et
iodiversity | oss and economi enasttirvaei n gl o
ies have negative i mpacts ed ttheaet rt hew @
British economy A4 billion each year (Es
cause significant damage to irrigation s
owing activity and méey oallgthe rprceadmmu mint,y ca
ecosystem engineering (Holdich, 1999; Bu
United Kingdom PHEK)fashacepsghame cswad ush
i buted to have caus2020S$KbuBametl abn BS6
information on other invasive crayfish,
uding the focal speciray fRIdnhttd(stsacsusudy, t
odactTyhleusmnarr ow ca adwaetda cdreafyihcaisehrvte isrpveas ievs
i der ed naCaiswe atho rtehge ofo n(tSck ur d al & Taught

hwater crayfish species found in both 1| e

dter spekialt ialts Z®B13) . l nvasive popul ati

pe and are predi eweesdt etron sEpurreocapde tuhnrdoeurg hf uc
arios (Hodson et al. 2024).

e are 16 main water and sewage companies
gement , including 273 major reservoirs w
city (Williams et al. 2010; Durtalng a&ctCou
ources, sinks and steppinmagi vyteospecfiens {
2005) . Reserv

ant hropogeni

irs can be easily invaded
nfl uenale. (MobOlT ;e Glnav eriag h

< O O

Some reservoir sites also have high n
ational activities including boating, Kk
nsation flows fromfrwatevofremah!| owset

975 requirements include operating scou

)

e

e 0

ected waterbodies downstream. I n additio
1 e

e are key Dbi oesevcodruintey oifs smuaetserasi sa rlearega s ¢
rways. The Wil dlife and Countryside Act
water companies anatndemapagiepg abhvabewve
sive Alien @peciPes m(Enfogde®@ewndter 2019 al

the spread of O6éspecies of special concer
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mine possible interventions
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king at a single site. When
a time | ag between invasion
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foll owing
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vide summar icetsi orfs naesmlagteimeentt o t he stage

ertson et al
asimvadspeni es
thbert et al
ul ati on, and
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g
se framewor ks
S

res along stages related to

containment and 4) asset pro

(2020) . Failure to enact ap
spread and increased cost of
2022) . Appropriate managem
can include different key fo

ementatdmd paupwlressi on ( Robertson et al

and curve can be applied at
ite within this study, when considering
overall spread and i mpact of the

tearsd t he

| e, Wi

th conn

ant hropogenic pa

ected waterbodies potenti al/l
t hways.
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Rapid increase in
abundance, many
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Species absent

Small humber of
localised populations

Introduction

Time

Prevention
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t he
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evention, when the species i
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popul ations are smal/l and isolated, 3) Cont a

and 4) Asset protection, when there is a wid
Boshaw Whams, a Yorkshire Water owned reseryv
Kingdom, contains the only known popul ati on
Yorkshire. This population was il |l egdaltloy i nt
report them as a nuisance in 2019 (pers. com

i mpact that entahtervei ncwaasyifvieshnochmave on narrow
native range has been studied q)Pbehtaé&t BOusul
| ept odiasctay lduasst a defi ci ent species regarding |

i mpacts. Thus, given the data deficiency of
of further sp2@adypvy elodsomi ey ailm was to rapi
the invasion on the Generalised Invasion Cur

doi nigt essot,ed two bait types and compared tradi
with Remote Under waitteed VRU\ o( E RWW)) famrd efaf i c |

presence/ absence and abundance dynamics of n
Boshaw Whamlg hreens aursneedé anpatrukr e t o esti mate popu
characterise reproductlipvweo ve cdoel ocgoynnoevnetrs ao ny et a
resources needed to assess a crayfish invasi
i nvasion related cost s.

Met hods

Study Site

Boshaw Whams (53AJ2NNR% 0G1/A46NMW)s hwRiiteer reser
angling and boating recreational activity, |
Yor kshire, United Kingdom. The reservoir 1is
circumference ofm~depom ahdca. méami mihe reser
triploid Oaicobdwnt)haasib dnfykriSsad nmot norauttht{ay) f r om
Mar c

200 fish stowdkaar pfeireled edrigl(iHhg Cl ub, per s.

h to July with a final stocking in Septe

jetty along one side of the reservoir with t

a gradual incline above the water-chawedobbl e
crayfiesehn hraespobrt ed ature i tWge IBD:i AWK XTF0 g( f c
pal i pbservation date: 2022) (lon et al. 202

Boshaw Whams reservoir.
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[ Boshaw Whams Reservoir
© Lower Mill Pond
O Downstream Record of White-Claw Crayfish

FigurMapg.2howing Boshaw Whams Reservoir | oca
as well as closestcphbaweaetdasuamfogdhting@gmo vieusvhp a

species

Twice a year a scour valve test is conducted
compliance with the Reservoir Safety Act (19
released from the reservoir into Upper House
directly into Dean Dike. Dean Dike is a smal
order 2 from Boshaw Whams reservoir. Dean Di
flows for 1km before entering Lowetri dvi ldndon

are bordered by farmlands.

Bait Comparison

Met hod comparison between bait types and equ

best operating procedures for detecting cray

used to describe the popul ation dymamiecas .i Mma
compare bait types, crayfish trapping was <co
2024 wusing collapsible fladen crayfish traps

compari son tests were conduct edenwiQchtionb ear s2u0b:

and June 2023, when both dry meat fl avoured
were used in the traps. Up to 49 traps were
18 hours overnight. Hal ff omfd tamel tdregpp 0 ywar o nb

the jetty and the other half were baited wit
jetty. The side of the jetty the bait type w
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split the two bait types by approxi mately te
pl umes was not enough to cause oWteatlalp sc atTdhe
per trap per night was deter mi nwelr d orembov étd b
from the waterbody and eith222 eat hlamosghlt wt a
facilities at the Uinewsterwad yuodd Lerdsquar @ at
CPUE to assess differences bOktiveeni on LPUESs w
role in crayfish foralpiregi CcWitleldmar adt walt. bh9
hi gher CPUE due to the scent diffusing more

Gear Compari son

Iltest the potential of Remote Underwater Vi d:¢

Video (BRUV) surveys asuram3 bl ternative to tr

FigurR)PhoBograph of the Remote Underwater Vi
Under water Video (right) rigs used in the su

throughout the surveys (570mm x 290mm, 25mm

B/ RUV surveys were conducted once a month be
BRUV was baited using wet poultry flavoured

separate | ocations within the reservoir, not
HERO10 Bl ack (GoPro, Inc., USA) recording at
resolution. Cameras were deployed between 12

are active during both day and night I(eSkur da

Il ight | evels for video analysis. They were a
interference between gear types. All footage
noting the maxi mum number of indiveduals pre
( Max N) .
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Mont hly trapping was conducted as describe i

calcul at ed

number of

depl oyment
accurately

assess the

Det ecti on

by taking the total number of <cra
traps (number of cratyifmsehofper trap
t alae ns of ocro nepaacrhe dg etahre det ecti on pr c
compare gear. CPUE was calcul ated
effectiveness of BtRAYPiag)deeedD
probabilitygafaltdaonDugean Waghc aluai

obser vatX ocnosr rdeeclttiaons were applied to nor mal |
2021; Nawa lteteradf.or2dd 2ulged ANOVA t o compare CI

probability bedqweread gteaast Wwashiused to establ

bet ween the number of crayfish caught in tra
RUV or BRUV.

0'Q0 Qi "BEce D 0 REQd egn 1

Mar-Recapture Survey

A marekk apture experi ment was conducted in Mar

(1997) and
popul ati on

using trapping protocols describe
size of the crayf i shunpprteisoenntf owi t h

marrkcapture surveys is that there is no i mmi

Boshaw Whams is an isolated reservoir with |

popul ations of narrow-ndlnawed d gqroayyefar sthadld oyc adl vl

t hrdemey peri od. Each -htoruarp iwase rcvhad csk eadndatal24 cr

the traps

were removed, and morphometric mea

the carapace |l ength ( mm)g,t hc armampa c ec | vaiwd tl he n(gnont

mass (9g).

After measuring, a triangular segm

of tail that had a segment removed each day

any recaptures. wAach emairked droayfhiestwat er body

to where i

t was captured. Tail mar ks on cray

two and three moults (Nowicki et al. 2008).

Al crayf.i

sh captured during the monthly tra

the -mac&kpture survey were also checked for m

recaptur e

formula (Equation 2) wiitrht ear vnaolr ma |

was then used to estimate the population siz

number s.

0O —— p eqgn 2
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Resul t s

Bait Comparison

For baited traps, there was no significant d
obtained by the two bait types, dry dog food

Gear Compari son

There was no significant difference between

RUV, BRUV) (ANOVA, F uz e(4.49 Ay,b I'MRFI. ® TR88B8E WAg
also no significant difference between the d
(trapping, RUV, BRUV) (ANOWAS 4 HMlash |16 b6, p =

3 Feb-23 Mar-23 Apr-23 May-23 J 3 Jul-23 Aug-23 Sep-23 Oct-23 Jan-24 Feb-24
Month

w

method

I sruv
M ruv
-

Catch Per Unit Effort

Oct-22 Now-22

0

un-2:

FigurModt #l.y Catch Per Unit EffoPbn{&PURBFuUGT
|l eptodadtoyl Baited Remote Under water Video (E
(RUV) and trapping surveys. CPUE for BRUV an

number of individuals in frame at a single m

Dec-22 Jan-2

depl oymeht sufeeyea€PUE for trapping is the t
di vided by the number of Nortaep so ndleyp |toryhepdp ifnogr
during the first f o222, 2ov-208 cohd3t)han sur vey (

88



Tabl eT hde. o@atrah | Per Unit Effort (CPUE) and De
crayfish survegwlogsmbahestdgn deapll oylmetneads of
met hod type
Gear |Dates D¢(No. Tot al |Detect|CPUE
Surv{(Depl ol]Probahb

TrappOctobeir |15 682 0.46 N1.11

Februar ) 0.87
RUV Mar chi2(9 15 0.53 NO.67

Februar ) 0.75
BRUV |[Aprili 2(8 14 0.43 NO. 86

Februar ) 0.57
2
E Method

. Method

Fi gurMe @amomn.tchdtyecti on probability for Baited
Remote Under water Video and Ptorna mpitrag usf narr
|l eptodactEyirwg bars are the standard error of
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Tabl eModn.t2h.l y Catch Per Unit Effort and Detect
parameters for each surveying method. Trappi
caught in traps, divided by the total number
is thd svkam N for all B/ RUV depl oyments made
individuals on screen throughout a depl oymen
depl oyments for each gear
Mont |TrappilTrappBRUV BRU\VRUV RUV | No. Survey
Year |[Det ectCPUE |[DetectiCPUEDet ectCPUITr ap Aver age€
Probal Probal Probal Temp (A
Oc22|0.50 0.96 22 16.0
Now22|0. 31 0.43 35 6.1
De22|0. 20 0.29 35 6.1
Janh3 (0. 00 0.00 49 7.1
Feb3|0. 61 1.08 1.00 1.0(49 4.0
Ma-23|0. 80 3.10 49 8. 6
Ap23|0. 27 0.31]0.00 0.0dq0. 00 0.0(49 14.0
May 3/0. 41 0.55|0.50 2.001.00 1.5(49 19.0
Jun3 (0. 47 1.10 (0.50 1.50¢1.00 1.0(49 17.0
Ju2l3 (0. 86 2.53|1.00 1.0¢0.00 0.0(409 17.0
Aug3(0. 39 1.16 |[0.00 0.00¢0.00O0 0.0(409 16. 0
Sep3|0. 65 1.39 (0.50 0.500. 50 1.0(49 13.0
Oc23|0. 69 1.90 49 12.0
Jah4 |0. 02 0.02 |0.00 0.0q0. 00 0. 49 0.7
Fed4 |0. 61 1.31(1.00 1.50¢1.00 1.0(49 10. 0
There was no relationship between the number
probability of é&#thedf50=anier ap meetOh.o2dl 3(1). The
removal of crayfish from the waterbody after

Mar-Recapture

Experi ment

mar Ki

indi vidual s

t o

ng

( 3.
Boshasw MWh=

appr oxi

A tot al of 286 crayf-dayh twreapp i mag3krarGooed r (tHadl
siFmxonth period following the initial

these were recaptured mar ked

size of narrow cl awed crayfiasd at

(95% Cl) indivirdewelrsvoiinm ,ha ex,add hny

meter squared.
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Tabl eMadtkBcapture experi ment sumP@amtyaotfacnws r o
| eptodaatty IBbosshaw Wha-chayresappbhng. almbdr enar Ki ng
highlighted in green

Dat e Total (Mal gFemalTot al Rec
31/ 03152 78 74 n/ a
04/ 04|78 4 3 34 0
05/ 04|56 37 19 0
06/ 04|39 29 10 1
29/ 04|15 10 5 0
26/ 05|27 23 4 0
30/ 06|54 26 28 2
01/ 08124 8 8 36 3
01/ 09|57 28 29 1
13/10|68 4 3 25 3

The distinctiveness of marks on crayfish wvar
individuals recaptured closer to-ntomea hinitial
period the markings on the tailsiotumpmé®e i nd
Matl) after potenti al healing and moulting. A
checked to identifylamy ngadtdemtti alhama mloi mag k €

recaptured were missed.

Popul ation Dynamics

Idepl oyed a total of 682 traps at Boshaw Wha
crayfish were captured, of these 490 were ma
Carapace |l ength rAafh.glkndm famdn fie@mad(nEslgePPB.. 8

Traps caught significentégdsino@del mapes @ h@as) f

trends are visible when ucroenépfari ng t he mont hl

Femal es carrying young were redodydeOhodern avege

carapace |l engths f o79bé& mmiréedBiigemal es was 44.
There was no relationship between cumul ati ve
(F(1,13) = 0.2356, p = 0.6355) and air tempe
(F(1,13) = 1.273, p = 0.2796) .
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Oct-22 CPUE =0.958 Nov-22 CPUE = 0.429 Dec-22 CPUE = 0.286 Feb-23 CPUE = 1.082
1001 1001 1001 1001
80 80 80 80
60 1 60 1 60 60
40 40 40 401
20 20 20 20
0 1 2 3 4 00 05 10 15 20 0 1 2 3 0 1 2 3 4 5
Mar-23 CPUE = 3.102 Apr-23 CPUE = 0.306 May-23 CPUE = 0.551 Jun-23 CPUE =1.102
1004 100 1001 1001
80 80 80+ 80
60 1 60 1 60 60
40 40 40 40
20+ . . —~ 204+ - . . - 204+ . v - — 204+ . . v sex
5 0 5 10 15 00 05 10 15 20 o T 20 S 0 2 4 6 .
f
= Jul-23 CPUE =2.531 Aug-23 CPUE = 1.163 Sep-23 CPUE = 1.388 Oct-23 CPUE =1.898 .
1004 100 1001 1001 m
80 80 80 80
60 1 60 1 60 60
40 40 40 40
20 T T T 20+~ T T - 20 T T T T T 20 T T T
00 25 50 75 0 3 5 9 0 1 2 3 4 5 0 2 4 6
Jan-24 CPUE = 0.020 Feb-24 CPUE = 1.306
1001 100
80 80
60 1 60
40 404
204 . - : - 20—
0.00 025 050 0.75 1.00 0 1 2 3 4 5
count

Figuridi dt &gr ams comparing the monthly sex ra

per unit effort

Tabl eModn.tdh.l y trapping and cnaaycbhwwsohdwmbdbi phometrr
(Pont ast acus) laetp tBoodsahcatwy IWhsams Reser voir

Mon|Tot §MalFemBer { Mean Mean MeanMeanl Mea
h / |Cauf(e | e d CaraCaraTot aCl awWei
Yearlht Femiace |ace |LendgLenght
e Leng/Wi dt/lh N|N SOSD
N sSON sSD
Oc-t |23 10(13 |0 59.331.6/115.{43.060.
22 11.6/7.0 |[N 2117. 7N 3
Nowv |15 5 10 |0 51.6/27.0101./32.040.
22 10.6/6.0 |N 219.2 [N 2
De-c |10 4 6 0 64.134.0126./46. 2/67.
22 7.8 [4.7 [N 1413. 2N 2
Jan|O0 0 0 0
23
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Feb|[53 [52]1 1 69. 137.3131./58. 789.
23 12.6/7.7 |[N 2320. 547.
Ma-r [152(78 (74 |26 [57.030.3110./41. 555
23 13.2/7.9 |N 2417.635.
Ap-r {15 |10 |5 2 65.6/35.5128./53.084.
23 17.09.7 |N 3222.956.
May [27 [23 |4 0 70.538.5136./63. 1106
23 17.710. 3N 3224. 9N
Jun|54 [26]28 |0 44.2(22.6/87.928.729.
23 16.6/9.5 [33.017.1/36.
Ju23124(89(35 |0 60.531.9117./47.6/609.
20.6/11. 9N 3926. 558.
Au-g |57 [28[29 |0 36.718.671.320. 513.
23 10.36.3 (19.37.5 |17
Sep|68 (4226 |0 66.235.3129./55.579.
23 16.009.4 |[N 2d827.957.
Oct |93 |68 (25 |0 51.5127.2100.[36. 348.
23 13.27.67NK 2416. 532.
Jan|1 1 |0 0 36.6/17.569.517.99.0
24
Feb|[64 [54|10 |1 59.731.6/114./48. 464.
2 4 18.6/11. 0N 3326.054.

Economic Cost s

Trapping had t-bhp towestbunithal hsghest surve
month survelp)ceaosmp@arirahl ¢ o RUV and BRUV.

Tabl eTo4.a4. cost for each met hod for monthly s

where method is deployed once a month
Monitori|Tot al l nfMont hly |12 month
Met hod Cost survey ¢
Trapping/A494. 41 [A293.02 (A4010.65
RUV A611.00 [A146.36 |[A2367.32
BRUV A631.04 [A146.96 |[A2394.56
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Di scussi on

This study aimed to rapidly assess the popul
(Pont astacus) laetp tBoodsahcatwy IWhsaims ov e sler v-rhceurfd Heatt e
moni toring data of popul ation dynamics of a

report a | arge and established popul ation at
met hods (traps and BédRUWs)n hadet eomipag amdrer ew
in this reservoir. Nar r ow c lraewseedr vcoriary fwhsihc ha ri

have masked the diffelrecoesneinahesathnowdd yaiprpg omectr
to monitoring as well and suggest that biodi
monitoring (cost, people time, accessibility
best approach to dempgingmg famrd mamridwrdlngwed

Bait Compari son

Ipredicted that due to wet food solubility t|
crayfish (Wi llman et al. 1994) but in this i
bait type. There is a high demeeerepbrviangaho
di fference (Somers and Stechey 1986), whil st
bait achieved higher CPUE (Beecher and Romai
CPURagch and ) )Boptlesd t1®80set wetr emai Mfdoeord dfort h
due to the ease of wuse in distributing into
|l i kely that the amino acid content of the ba
of the water boyy( Welslt emmebdei ragt e& eWefsitcearcbher g, 2

Gear Comparison

All trialled methods had comparable detectio
watlewosul d recommend any of the methods for de
crayfish popul ations.IrBec oansneergise arhanldd taipwea oalcu
as traditional trapping as the MaxN value fr
esti mate of abundance whereas trapping can p

popul ation Myrresad dphiace. si micloanrp atre otohveerl at t

monitoring methods to traditional approaches
fits all monitoring method, but rather, spec
on the question. For e x amp lhea,t Q@ansdtea fwead ae re tc aa
more time consuming than snorkel surveys but
freshwater fish species. Thus, choice of mo n
the surveyor is aiming to achieve.
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Trappi ng ccaonn sbuemiangt inmet hod whi ch may or may 1

waterbodies. Furthermore, i1t requires a mini
single survey, which can | imit the total num
ti meframe. Cameras therefore provide an alte
costly, can reduce the amount of | abour need
to be assessed at any ti me i ncotnhsdirfau tnurse, t h
especially in remote |l ocations (Ebner et al
Video data stil]l requires human time to asse
i mage recognition may 60émdpve this barrier (S

Lighting and water turbidity can | imit the e
to obtain usable video (Ebner et amy 2014; K
surveys at Boshaw Whams as the nature of the

averaged >1m for al/|l surveys. Crayfish speci
overnight sampling has been a bardesreDbBNAdev
approaches, due to I|-Ma@glhds t&waRylrieddiomi 2&t0i39 n Ma(
Pell etier, 2014). Narrow clawed crayfish sho
night (Skurdal & TaugbBfl, 2002) and were reg
account for these | impltatimepsRWWs nf alresé rgany fnig

avoid wasted effort and cost s.

Mar-Recapture Experi ment

The machkhpture experiment i Adiowastaendd tnhaatr otwh ecrl
crayfish individuals in the reservoir (one p
Considering only 10 individuals were recaptu
indi vi dual s -rafctaegrt utrree emarnk , this data is | ik

indication of the extremely high density of
confidence intervals post Chapman rcnoartrieocnt i on

about the densities of narrow cl awed crayfis

However, in comparison to other invasive cra
crayRPacihffast aclusi henmnhesOk )| utsh22el/ mjr e( Gwam & oW
1997), 20/ m] ( BlulbOb/ mejt (adh.a d2w0iOcdk) ,et21al . 2021) .

Trapping and mar-kenm naegabhave affbBotton cray
( Nowi cki et al. 2008), with marked individua
with traps and avoiding them. | nidn g i elwardts f o
only had f &Suppl hpaFKihngdi(s supported by other
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mar ki ngs -rfercoanptmiarrek events tend to |l ast two t
2008) .

Popul ation Dynamics

The narrow cl awed crayfish population in Bos
throughout the year and reproducing at small

crayfish caught was 1.84 times higher than f

aggressive behaviour of | arger males resul tir
traps (Hil ber et al . 2020; Hein et Tahle. 2007 ;
mean size of individuals remainedgl ifghtr !l y con

declines during June and August 2023 (Tabl e
shifted towards higher volumes of small i ndi
year 6s young of year became bigcedoughktofac
cannibalisation and easy predation from s mal
found each month was consistently around 12c
whi-ctleawe d (cQhaaypffiresris 19hows that this popul atio

cl awed crayfish are consistently | arger than
two species would likely to result in the 1| a
competitionstwil @ahwesmallagf iwhi, if their popul
hoped that the morphometric data collected a

and has been submitted to the CRAFT -network
bysitef bmséas many speci eBEx coefptc rfaoyrf iJsahn uaasr yp 02s0s
were caught each month throughout the year w
May (2023), which was also when the first ob
native range, ber hied dvefeaamdleee mbanm ke df Maryd ( C
reproduction generall y-18CcuRFar h aadic od rdd wtha relri
| mystudy most berried females welrencrmhigrhtofdu
berried individuals were observed in subsequ
sexual maturity at 64.3 mm tot al l ength but
l ength O 82 mm (Berber & Matzhemtol&lD9)endhhs
small est berried individual found in the pre

of 90.8 mm), suggesting that reproduction ha

Mymoni toring campaign did not appear to have
Boshaw Whams reservoir. Despite removing ove
in the monthly CPUE which i ndi omgrteessultthsa.t Trheim

is due to the relatively | ow monthly trappin
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Economic Cost s

The | argest cost that gtoiense i(nReba w,a @2yoh@ 45)h. tshaan
surveyors first determine their data needs s

whet her popul ation | evel information is need
accessibility issues, ecofnlomemrccandhdai eone acfonm
this scenademsi tyei.nwadiagm in clear water, a
crayfish, however, moreeddgmanplean oidnf ¢ ematt ihor
were only available with trapping. Thus, a s
are first deployed and this data used to inf

Concl usi on

Boshaw Whams reservoir should be considered
stage of the Gener al Il nvasive Curve, which m
waterbdéodygnndtutconfirm that they have col onis

of narrow c¢cl awed crayfish at Boshaw Whams re

breeding activity was seen between February
opoprtunity to eradicate thid spmnpullatnigeenr hva sa bj
however the feasibility of eradication woul d
specific scale, beyond the scope of this stu
expand and shift wit hefparedaimnitteidg atliiamatcef cfhuarn

required urgently (Hodson et al. 2024).
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Chapter 5

A munhetihod approach to as
effectiveness I n prevent
|l nvasi ve s iPganca lf acsrtaaycfuiss h

| eni u)scul us

Publi shed Reference

Har wood, M. , Bray, A.W , Wool fenden, K. A., S
revi ew)meAt mud tapproach to assessing barrier
of i nvasive Plicginfaals tGrcaguyi Meen i Rilescasd russh and App

Abstract

The United Kingdom government is seeking to
country. One of the objectivyéowohgtBitatieniofi
rivers by removing artificial shawethees,see
to act as a mitigation measure for the sprea
of them could aid in thePairfeadt aaduldl slearsii wsc

a mmethod approach to test for crayfish pres

bet ween the detection probability of trappin
RUV (BRUV) |[f chuormde vterat trapping had a signifi
t han eDNA. Di stance from barriers played a Kk
popul ations of crayfish more | ikely to be fo

Temperabuiefdlbences the premparcat wfescrmgrfeé sih

detect them. ORP influenced crayfish abundan
|l ocations with | ower ORP. Over mgsltfud(y5 Owedr %)
found have invasive crayfish both above and

crayfish directly below them and were at ris
had reported predawed &foaydtbisme dwoibhi &g pal | i
sever al barriers beteweoarnd tohfe ns iagmdalt hcer anyef a rsehs,
that these barriers remain in place and are

identi fied as breached be the focus of barri
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are many stressors that are negatively

e
stems; including pollution, <climate change
d

et al. 2019). The demands iorfg rhagri e ug &
sources including electricity, water s
uires construction of artificial struc
Sstrulwd uminesrtghti esr metg ecro)n nfercagmea ty, wi th
over 1000 km I ong remaining free f1l| ow
ANature Restoration Lawbl bwohkhg tovee
O (Darre et ah. th0235)Y hel WKagooeiramiean
ing sal monid stocks throughout Engl and
nment -pfogenrtc yafpsp rfoiavceh i s removing barrie
Habitat | oss Bwahkewghattagméentht bdhver
other threats, including altering the

g to less genetic diversity (Kuipers e

sfsl oowi nfgr erei ver s as a result of barrier:
e in migratory fish populations which
t et al. 2024). Salmonidwvidaryetmi gratvel
ces for spawning, thus unhindered migr
tions of ecologically and economically
et al . 2021). dgviAgtrliaa motrSyc!| frecg! et e(evin e s

oSuatl m{o) t robot abxeoxn )puakieau Aall esva fprsdydbhaerengu:

en e
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ntri
20 (
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ar t

ayfi

stimated to have a maximum jumping hei
When their historical mi gratory route
it can have devastatierg rnenpawdls o da he

ention to improve river biodiversity (

e the negative aspects of artificial b
mful inmasive ageaties (®anilovil et al
clear obstacle to natsiovrlayh ofwies hc rsapyefciis
buted to USA15.3 million worth of cost
Kouba et al Pa2z022ayrt aBSugahenexpgiul sknya
ir abilityywethd ynaimnewyelas e( Gmeéewamdif oed al
hat barrier removal wil!/l aid their spr

sh with an unobstructed route to invad

engineers thatantamelgaveé vei gmipfaict on the ecos
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burrowing whi

2016) . I n the

ch causes

bank degradati on, ero

UK and Europe, signal -crayfish

cl awed Ausyfopdt d mobp awpulpatlilompe st hrough c¢comp.
(VaeCen & Hollert, 2015). Whil e

transmi ssi on

i nvasions and

wall s witdi map

barriers

loive r darae

movements (Krieg & Zen

i nvasion establishment

, it i s considered tha

rhéeemgstatefedoutci ng bhav

ker, 2020) . Thus, t hes

, potentially allowing

fragmented ri vlier s20(2MBo)r.i sTsheetrteei ne,t tahe r emov al

potenti al conflict of

I f a compr omi

se is to

and those that are at

extent of it

must be p

n
i mpacts (Harris et al

barrier | andscape, and

popul ation spread, and

mo st effective

di stribution

monitoring and
Yorkshire, UK

are novel

conserving one species

be made, then it is im
ri sk of invasion. When
ri ori tei sneadd et ot oe nnsi utrieg att
2018), it is also imp
where they are in the
pptewnitdal csiptrieaal riamfg

management strategy (Larson e

and, through under st a

managnemértd . plUsnsigcamebd®Ri ivmp | &

as a caselmawa yudeagdck aaa ruplptripac h

to survey cmyddtias ht anpr aucbiedt barriers that h

signal crayf.i

sshe, fawntdu rt eh emaerf eogeemeandtv iand f r ame:

identifying key barrie

i nvasi v Myosweercarecshi ng

crayfish distribution

four different surveyi

Vidéoapping,
Cal drerbdrori er

eDNA) to

removal

crayfish appraisal and

Met hods

Study site

The River Cal
tributary of

is in Heald Moor.

devel opment s,

der (5%Ax

the River

rs that could potentia

aims were to: 1) charac:

patterns within a frag

ng technigues (Remote

det ect metroa yafsissehs.s Tt hhies F

options in the future,

environment al i mpact

4 Nil a0, A 0DtNjWA) h | (eFri gourr de
Aire, with the point

Hi storically the river has

icnhcel muidcianlg woerxktsi |(eHuadnsdon et al
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than twenty metres at its widest point and p

stem of the River Calder is fragmented by 39
have coll apsed), with over 500bwearisesacfGalkd
Ri vers Trust, per s. comm. ) . Many of these we
Al ongside and within navigable reaches of th

g
& Hebbl e Navigation, and Airen&cCatdet hNavi g
e

Huddersfield Broad & Narr.Oowe ahdt héet Ri betr aA
Ri ver Calder with a dedumendt ed ap/d g wslhatiiso n uadfc
typical steep bedrock and boul der dominated
and flows through pasture and dense woodl and
l nvasive signal crayfish were first reported
Rivers Trust, pers. comm.) and it has been a
l owl and tMyswp steryeasm.t es were chosen based on
choosing sites along the main river, as well
Brook, Hebble Brook and Luddenden Brook. Sit

t fei rst site with a posiatyifvehr eanoitdheofRivevaci

Rivers Trust, pers. comm. ). A -dlrdvad aarya ywfiit sl
present i s Luddenden Br ook, a third order tr
waterfalls and deems,h s ehearv et o rleivmiotu scryaybf i s h mi

2014) ..cimdreneéln barriers along the River Cal de

inhibiting the spread of invasive crayfish a
international pwshalf drarrrd reavsa |4 hodf wi aargtt iofiiateir @r
should consider negative ecological i mpact s,

crayfish.
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Crayfish distribution and abundance

All survey methods were deployed in each of
were collected to avoid contamination from t
(RUV) deployments were then deployed for one
Undevat er Video (BRUV) deployments for one ho
and | eft overnight. Surveys-wearterc M@R2I3e taendd i
summer 2052494 .( Tabl e

Tabl eOvhe.rlvi ew of sampling effort for each met
tot al number of traps depl oyed -npienrutseu rcvaenye r aB
depl oyments and eDNA is the number of water
Site Trappi n(RUV BRUV e DNA

Aut uWinnter 2023

Site 1 15 2 2 4

Site 2 |5 2 2
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Site 4 15 2 2

Site 5 15 2 2

Site 6 |9 2 2

Site 7 9 1 1

Site 9 |9 2 2 4

Site 10|15 1 1

Lud 1 2 2

Lud 2 2 2

Lud 3 2 2

Summer 2024

Site 1 12 1 1 3

Site 2 9 1 1 3

Site 4 12 1 1 3

Site 5 |12 1 1 3

Site 6 |12 1 1 3

Site 9 |12 1 1 3

Lud 1 1

Lud 2 1 3

Trapping

Coll apsible cylindrical mesh crayfish traps
referenceXEPIE2NMOHDE55/ 01 were used at each sit
at each site varied, dependilng dmapist evesiez & a
with wet cat food and |l eft overnight for 18
morning. Any crayfish found in traps were id
of their carapace | ength (mm) and sex.

Camera surveys

For each survey the RUV was deployed for one
was retrieved the BRUV was baited using wet
same | ocation as the RUV had been. Each GoPr
camera was set to record at 30 frames per sec
recommended by Harwood et al. (in review, Ch
the same observer noting the totbasl fniuentbde ro fo f
view, the time taken for first crayfish obse

maxi mum number of crayfish on screen at any
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eDNA surveys

eDNA samples were takedW at eei ghir veiyt andi setvle
summer sublYry Fdamabkach eDNA sample 100ml wat
from twenty evenly distributed points throug
into -pakwhantd mixed thoroughly. 1.2 litres of
standah dkietDsN provided hygr #FERAASEI ehdebLadk (s e
al so collected at each site. All samples wer
acids were extracted from the buftfienre PLiRng C
assay was wused to det edtf itchd aprgedle aswpeedcd fe sDNA

crayfish and signal crayfish.

Gear comparison

Gear effectiveness and comparisons were cond
(CPUE) for each survey technique. For trappi
umber of c¢crayfish caught divided rbweyt he t ot
number of cEgufat)s.lo frpodr btortahp )BRUV and RUV sui
al cul ated as the MaxN of crayfish for each
i thetorprelsseennt . The detection mprsolmdtsiol ity o

(@] @D o —~ S

al cul ated, to account for the different | en

nstances the gear observed crayfish by the

sur \Eg@wat)i.on 4

60 YO e gqh

0'Q0O Qoo "BEGE R O Q006 e gh

ANOVA was used to compare the detection prob
regressions were also conducted between the
CPUE to identify whether B/ RUV deployments ¢

Determinants of crayfish abundance

To establish if habitat and water quality va
and the abundance of populations throughout
Di ssol ved Sol i eRedultS)o,n @®xit ckanttiicddi n(iQR/P)Una ntd

(PSU) readings were taken using a Hanna HI 98

the depl oyment of the equipment. | f specific
scenarios are more |ikely tad,indienatte et re smpurl
this section can be used to identify priorit
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establish the extent of an invasion. | t i's h

winter months, temperature was measured to i
observe in colder mamperatsirgesady creaydsd sgi Mo e
that produce high | evels of sedimentation (J
denser populations of signal crayfish will h

ORP as a result of sedimant dtei owvateedbodiynanldi
vegetation | eading to |l ower oxygen | evels at
is a growing problem that can have a negatiyv
Luo et al. 2@2ad4x.haltt siigs esypottthedhiiggher salir
ontain vulnechbdWwWednatayfi sthj t &@ndattihvee hsa rgdniad

O O

rayfish may have a hi &Emear rloinknelnittad od acft ol esi
eacthe stto establish what conditions influence
Void Filled Digital El evati on Model for the
dat abase (Lehthteen eusead .t RO0OBgmpl e Raster Val i
extract elevation data for each site from th
el evation values 100 metres upstream and 100
di fference by P200ntFoheeadcltawmceey o both the
downstream barrier wesariddl anelastuedc bBwnwcdimoq

A scaled PCA analysis was conducted to estab
factors. Pearsondés correlation was used to e
with significant correlationsar(o0mrddD.dDdNr eMea
showed a significant corr el a%2)o nanbde ttwheaetn Ped e
TDS both were significantly correlated bet we
to drop PSU, TDS and el kanati o®ems awesé¢ olpey awndr

to establish what could potentially influenc
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Pearson's . Elevation
Correlation

| 3 - 038 -0.02  Nearest. DS Barrier
-1.0 -05 00 05 10 iz

013 BROSZE 047 | Nearest.US Barrier
ns ns

041 | 018 | -001 | 018 opp
) ns ns ns

-045 068 0.10 0868 -040 pgy

- ns -

-0.34 -0.59 024 -063 -0.49
. e u = = : e

035 029 024 -0.13 -0.15 -0.25 -0.09

Temperature
ns ns ns ns ns ns ns

-0.18 013 0.19 -0.26 -0.20 -023 -027 -0.14 pH
ns ns ns ns ns ns ns ns

&
S
<& N

ns p>=0.05;"p<0.05 * p<0.01 and*** p <0001

FigurkRedr 2o0n6s Correlation results between u

I nitially, all data was scaled and centred a
Them @l ots of the theoretical guantil es wer e
After a visual inspection t hentdeceinsviiam nweesntte
factors (temperature, pH, ORP, slope) and ba
di stance to nearesi ppottrseamrirawviisa@a) | yNe wsQ@
deviance, barrier variewkdsdluertorapmosy wet
crayfish presence | eading to almost hkhII data
dropped the barrier analysis for the trap da
Bi nomi al GLMs were used to determine if envi

predicted crayfish presence. A type 2 ANOVA
GLMs to identify if there were anyshfactors t
detecti ocff oepefffté @®Rgoisi zen @®@uUMsiwere used to
factors influenced signal crayfish abundance

Barrier assessment

A map of all the barriers throughout the Cal
Trust. These | ocations were then mapped onto
| ocations that had anyP.c rlaeyniousshoyahllictiveielder si gn
crayAi spmagl(lciopdsected from both this survey an
provided by the Calder Rivers Trustés River

(https:/ /1l ookerstudio.google.com/reporting/ 1F

age/ gwSp?s=nD9rOpaltyh kGM i zen science crayfish

confirmation and photographi c mysiudrevnecyes wdeirde
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https://lookerstudio.google.com/reporting/1RXBvLxMavfiLq06PdMqjX5QKkhP1G7QW/page/qwSp?s=nD9rQathFGM

not detect any crayfi dmaspersed n-ewt dwdd enfdew
crayfish presence from the Environment Agenc
Each barrier was then classified to deter min
breached i f ther eowas ugpsdirgeman odr aywf,i sait rmra sk
directl y bBberlecaw hietd, iofr tuhner e are no records of

bel ow it.

The percentage of barriers breached was <calc

barriers by the total number of barriers wit

Resul t s

A total-eoghtwenty surveys were conducted ove
Autumn 2023, Winter 2023/ 24 and Summer 2024.
sampling instance were varied, with winter a
swreys distribute83)wi tThhen ftihresste p(rFii gauirppal com
(eigen value = 3.6397) of the wvariation in s
The second principal component texe |lvad rnieadt ildn
survey sites and was most strongly related t

(Fi 68) e

PCA - Biplot

i Mearest.DS.Barrier

Elevation ,
Slope

DS

128’ T Jemperature
MNearest.US.Barrier

LW

ORP

FigurkBi pl. 8t of Principal Component Analysis

point represents a unique site and season. S
first |l etter of each | abel repr emseBrtso kK haen & i
S are the sites on the main River Calder. Th
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season, W for winter, A for autumn and S for
Potenti al , TDS Tot al Di ssolved Solids and PS

Gear compari son

64% of trapping surveys, 18% of RUV surveys,
surveys detected the presence of crayfish. T
probability of tra&pp0ndgfQ 1=RUYV, apn d5elBOR WBV7 6(; Fig
However, trapping had a significa@nt8gl®m, gher
= 1, p dr 8.6 1; Fig
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FigurkPettedti on Probability at each site for
and Trapping used at each site across three
Winter 2023/ 24, C) Summer 2024

Determinants of crayfish abundance

Determinants of crayfish abundance through t
ORP significantly predi &2rd wihteh CPUEenof ORP ayp
having a higb2yr uEiEyE . (Dliasbtlaence t o t he near est
al so significantly predicted trapping CPUE,
barrier having5Bi gFh8D)UuCPUE (Tabl e

Tabl eTyHp.e2 2 ANOVA f&LMgaasseispoingsome effect o
factors and barriers on determining crayfish

Vari abl e G df p
Temperatur|0. 85 1 0. 36
pH 0.12 1 0.73
ORP 6.55 1 0.01
Sl ope 0. 04 1 0. 85
Nearest DS/64. 11 1 < 0.05
Nearest US0.65 1 0. 42
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CPUE

ORP (mV)

DS Barrier (M)

Figb5®eneral i sedddpinetairnMoldew A) ORP and B) t

downstream barrier influences the Catch Per

Determinants of crayfish abundance through B

The distance to the nearest upstream barrier
presencecd=albsdbde, (1, pr & ;6 .TRH;l, eFwigt h t he BRUV

more |ikely to detect presence/ absence c¢cl ose
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Presence/Absence

US Barrier (m)

FigurkRi mo@Beankral i sedddpinetairngMoldew t he di st an
upstream barrier influences the chance of a

crayfish

ORP had a significant influence in determini
achieving hi ¢gof8BeruRCRUE. DiTabhrce to the neares
also had a significant i mpact on BRUV CPUE,
from bar mhBeruFiegf)dabl e

Tabl eTyHp.e3 2 ANOYA sfi@roi sson GLM assessing the

factors (Model 1) and barriers (Model 2) on
Vari abl e G df p

Model 1

Temperatur|1l. 16 1 0.28

p H 3.07 1 0.08

ORP 8. 82 1 < 0.05

Sl ope 0.59 1 0. 44

Mo d el 2

Nearest DS/4.51 1 < 0.05
Nearest US[12. 39 1 < 0.05
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CPUE

.. .- . . L L

ORP (mV)

CPUE

.. . s . . . .

DS Bamer (m)

Figur@emerral i sedddpinetairn Moldew A) ORP and B) t

downstream barrier influences the Catch Per

Determinants of crayfish abundance combined

Temperature had a significant roled=in determ
12. 0590, df wreé@8)5wi «hOcoObdeFi gemperatures ha
observing a crayfish. Nearest upstream barri
crayfish prée&sehckEaadbsepcer )65 thi grayfish n

l i kely to be present nearer to an upstream b
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Presence/Absence

Temperature (C)

Presence/Absence

US Barrier (M)

FigurkBi mo@enkral i sedddpinetairndMolew A) temper at
di stance from an upstream barrier influences
crayfish

Three variables had a significant idspact on
11.3450, df wvré@)5where. CPUEFwgs higher at 1o
Distance to nearestlOd®W6&t deamr ®adBr wehrerfei g

CPUE was higher the further away from a down
The opposite to this was true cFons5dli98t5anice t
p < OuUO®)5mMiigh sites closer heragcG@PUREstream |
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CPUE

ORP (MV)

z
(%]
1000 00
DS Barmer (M)
i
Q
S,
1000
US Bamer (m)

Figur@ememal i sedddpinetairn Moldew A) ORP, B) the
downstream barrier and C) the distance from
Unit Effort of all surveying methods
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Crayfish distribution

Throughout the Calder River catchment a tota
species of cra$9X¥o)s.h Pewvesrnaf (tFhgsue el ocati ons
signal crayfi snysureweoysdsdetOdc ttendk sfeour sites,

confirmed through citizen science and the Ca
data dashboard. The remai-of aged wor aytieshhadn
was the hiéstomieatenscordsurveys reported by
Yorkshire Wildlife Trust, and Cal detdwkd | oc
site was an unknown popul ation discovered by
WK9185A.( fmagl loibpeegs vati on date: 2024) (1l on et

it E:
Bt
\ > Wy .
]\ —— N
{ 4
( {
N ol \ e .
) ‘ A V Ssite with signal crayfish
g E R Site with white-clawed crayfish
Kr*aosuamocs a {
2 Na
\2 MYTHOLMROYD :5 v’"’ebb HALIFAX )
S /sg,co )
x %
Joop Y /
/
[ & % v 4
oV o : v ¥\
P ©
( & ¥ BRIGHOUSE. .
S 5
g ) \
e 4
( .”_4/_/ \/\)
f —
S ) o
< - 5
\ ® 2
) L

1 e
Q / 0 5 10 km

Figurdox.ald ons of invasive csligwad crayfisih ¢
throughout the Middle Calder Water FrameworKk
records of crayfish come from surveys conduc

recora@sSsmmer 2022

Barrier assessment

There are 122 barriers thrxoughouwtf tthe s@al5dBe rv
encapsunmyatued elyy sites and records from citize
a total of 27 were categorised as breached (

within the main river were bredawed. cThg ft wd
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present in the upper reaches have a series
breached and are also nblt2)y.et cl assified

(o]

as

® Barriers

L I

Figurdaox.alli ons of barriers throughout the Mi

Operational catchment. Barriers are classifi

are either di sused mills or weirs

¥ Signal crayfish site

" White-clawed crayfish site
* Breached Barrier

o Barrier at Risk

© Un-breached Barrier

10 km
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Figurdox.ald ons of barriers assessed throughec
Directive Operational catchment . Barriers ar
i nvasive crayfish both upstream andedowdstr e

of invasive crayfish directly downstream of
breached if there are no invasive crayfish u
bet ween it and the nearest downstream record

Di scussi on

Removal of instream barriers can be a powerf
bi odiversity and reverse the trend of declin
Removal of one threat, i .e. barraseirvse smpaeyc iper:

Herlpji oneer an assessment method to appraise

to inform barrier remonedlh/foadla asmersts metnt atod gice
di stribution and abundance ehdwwdst haamcohyft
nearest upstream barrier, thus posing a pers

Targeting areas below barriers with refugia

prbearrier removal managegemét h8dsi desmpabD&d, c
ostensibly be deployed interchangeably due t
environmental i mpact assessments. |In this ca

throughout the sampled rneaschéeaxaatofbatrire eRi wermc
mai nstem would not drive any negative i mpact

expansion, and enhanced flow regimes may con

Gear compari son

There was no significant difference between
or either camera method. These three methods
the presence/ absence of crayfishzed. aThii ¢ ei, s
similar to rvwastudrt sr gseormvaai rstwhHilch found si mi
(Harwood et al. 2025). A major Il imitation wi

with high | evels of tiudentdiiftiycdtiimdn i anrmgd trhesa ss

species (Tweedie et al. 2023). The high turb
Cal der did not impact the effectiveness of t
crayfish, wistelr viendd ii wni dfwaoltsagoeb wi t h a visi bild]i
turbidity did Iimit the effectiveness of ide

surveys conducted at the same site were need
most tuméngon$ these three methods, but it w

crayfish at sites that other methods did not
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gl ois et al. 2020) .

nt al DNA (eDNA) has been seen as a
l'y to detect the presence of invasi
y et al . 2016 ; Cai et al . 21017; Lar
co et mwgslt.ud2y0 2d2i)d. neoDNA eipnort any evi (
Il nvertebrates are a difficult orga
oducing structures (Harper et al . 2
ular ®NA gBaBpemand during times whe
y, such as winter and other periods
significant amount of DNA in the w
de& highly turbid watercourse and eD

t, with filters clogging up very quickl

f a
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s of

peristaltic pump. Turbid water samp

ons of suspended organic and inorga

PCR inhibition, in comparison to ¢
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ts could be made throughouyfashatch

nt to rapidly identify distribution

ri sk sites, schedul escamaauimiengreat e
events to mechanicall ysmaedgupeillirgh o
emoval

nts of crayfish abundance

abundance was related to barrier po
rayfish tended to be present closer
further away from downtsrtoreqnf lbaw rii
rrows or below rocks on the riverbe
tend to have fast flows as the wate
e to signal cr ahyefyi swhi lalndo patf tteor nmnborveea
fl ow, ei ther further upstream or b
o this, directly below barriers, t h
helter wisthh cloaww df lpowe ntth atl | ¢yr anofv e t
Wil liams, 1983; Foster & Kell er, 20
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seen as priority targets for future barrier
encapsul ated within our survey area were bre
Cal der between Hebden Bridge afnids hBrbiogthho uasbeo vhe
and below them.

Smooth, wvertical walls with overhanging 1|ips
type of barrier to crayfish migration (Krieg
along Luddenden Brook and Cr agg eBfrfooorkt sf oslhl oouw
be advised to ensure that these barriers rem
could provide opportunity f-ofawedneaeftagfayghis
popul ations at risk. Wheh barciess BABnet heows
easily crawl out of the wa&mnherrtiogcitheummnaweig
al. 2005). Therefore, it is also important w
terrain is al ga adnnsarvedi.ndStneggepp atre i er s t hat
to navigate, putting them at risk of desicca
at preventing crayfish spread (Thomas et al
eradte the movement of crayfish over these b
and birds can pick up individuals and move t

With ouricdAhnddwgse that complete barrier rel

Calder. Local restoration efforts can focus

spreading signal crayfish popul ati ons. Howev
tri butaries, Luddenden Brook and Cragg Brook,
be successfully preventing signal crayfish f
focus should instead bel mowaddmi grhevbatiwhgi

reinforcing barriers that act as a buffer be
reduce the risk of further invasion. Caution
potenti al spread oftyciaytihehfpraguéi nBi o0fede
nomative species (Dunn & Hatcher, 2015) and
accidental translocation of both invasive cr
bi osecurity sdsidegmagegea &8rookdbuda further inforn
more signage could be included along the mai

ri sks.

Concl usi on

| nvasinvaet invoen crayfi sh are among the most | nve
et al . 2022) , and they can have a devastatin

barriers can act as a buffer hwt tthlkkese mamge ad
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temporary barrier, and they can become breac
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ream invasive crayfish migration nee
when planning to remove these barri
that influence the powtsetnities asidr \adw,n
be modelled to predict where popul a
rveys. A combination of trapping and
ummer, when signay toagws€thsbvartehmobe
essing the extent of an invasion. Up
s can be made of barrier alleviation
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Chapter 6

Remote underwater video
behaviour al |l nteracti ons
associati-ohawed whaye€éi sh

(Austropotampbius pallipe

Abstract

't is widely -dbled weedsr eldu st yhfadt 5 dwt hdi m)oeba ues @ an d d tper
speci es. However, in this chapter firsthand

them to be highly active during daylight. Th
whi-ctleawed crayfish and r endotheaiunedde rRiaVt ¢ rB RWU Vd)
depl oyments succeskédweédycobgkeirvledaowhi viety du

achieved higher total counts, wmaxiemamdnhmigée
cumul ative times than RUVs, but there was no
met hod to first observe a crayfish. No varia
determining crayfish abundancrees aafndt e Risv ebre
catchment makes i tclaaweud tcarbd yef issh et Hroau gavhd ute
assess the value of rewards against the pote
aggressive behaviour. €&€amergnbbseanumnat yomsr ee
behaviours occurred when bait was present as
aggressive behaviours involved evenly matche
individuals winningeracsiogonsf wbant by zmer wer e

spread was the most commonly observed behavi
|l east intense of the behaviours observed. Ea
grappling i ntoeroaccctuironfsort elnodnignegr tperi ods. It
made throughout this studyl awed ber aysfeids i oman

and conservation.

| ntroducti on

Freshwater biodiversity is declining globall

i nvasions and climate change (Tickner et al
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Crayfish are keystone predators and play an
throughout complex food webs (Momot, 1995).
can provide key knowledge on the hsabjtas and
well as identifyingnahieveucrcapghi o speaisey e
Several studies have been conducted assessin
with i nwaastiiwee ncomyf i sh s p eacbioersatoofr yp atrrtiiaclusl ahr
t hat bet ween-ntawoi vienvcarsaiyvfei shrhonPpecf ast asugnal
l eni Wsahdoehl@eé ln ycdOrayfniexch (s $ignmaluscrayfish we
domi nant and could showed the potential to e
2011) . Field studies maue veb <ominmaehr dxadtb yi (v a
dest puewbsr more dominant that tlikeasaticue Fit z
dhar awawhiesn within a 10%nyviazeéevnaithber emnag.fiwhh
had significantly |l onger intraspecific inter
al 2023) . Limited studies exist that invest
these studieqntcamfwofrfmarn iiomporetgar di ng nati ve
help to influence conseclvaweé dnhAu Lhilfed meet Smoalir
pal )i psesoften the result of intraspecific adgd
soccioant ests and wider crayfish interactions
popul ation dynamics (Gherardi et al. 2000) .
The wHiatweed crayfish is the United Kingdomds
& Rogers. 1997). They are protected under na
classified as endangered by the IUWCNrnati ona
(Rosewarne et al. 2017; | UCN, 2025) . Popul at
Europe with human induced causes being a key
There are many stressors thatl awgdtcwvayfyi $imp
including habitat | os s, poll uti on, climate ¢
either di sease sAupchha naosmycqreasy If ai ssthangpid taigtuieor( f or
habitat (Gherardi & BammerCeqni & H®DOA8 er3Fi, b 12ayl &
Understanding the hadodliavadad rcerqauy friegne nitss wift avh
conservation (Smith et al. 1996) and having
species abundance is criet.cadlO2f30)r. sPpreecviieosu sp rf
observations have f edmdvetdh e rfarydd wsehn cayc ta fv i wlyi
with | imited observations made while the sun

| aboratory setting,tiwiitthy sliegvneilfst iiana tsh fneuhl iagt hees

i gh

—*

s were off (Barbaresi & Gherardi, 2001)

mportant -crloawe d nc rwahyiftiesh habitat usage, wit
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as | imitations as it is often size bia
Habitat fragmentation can also influe
rsimdgttemera&ibiulcity of them to move upst
d et al. (Thesis Chapter 5) have found
icant influence in crayfish abundances

upstaeam barrier.

hout England and Wales there are fewer
ul atedchgweaadtcvayfwhsheand free from in
d, 2009) . Remote Under wat er Widdeeoo ( RUV
of f er se xat rpaoctteinvtei anhe tnhoond f or assessing
haviours. Trapping and manual searchin
oufscd awfe dwhtirtagg f i sh, t hus ntthdrid eirsatairmaj
g a barrier to conservation planning (
r under water cameras coulcd abve du scad ytfa
aylight hours andpasstess® babitanmass
rs, barriers and stressors (e.g. sew
c ame rfaise lca ne xapce r iame mtn tian det er mi ne

ral interactiaddr ¢éenscogampetihéeory samra
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meck iammge di rc rvahyiftiesh. | hypothesize t he

emote underwater video wil/| be abl e

—_

tes for populuat iecarc ha bsu ntdea n caess weh rhcawgeh o
r 4 and Chapter 5. However, | do not e
nces estimated between the RUV and BRU
se previyaud stxypcicdas .t hFei mpalesence of bai

pecific interactions, with | arger indi

n witnessed in other crayfish behaviour s
i ngr liomtger advtiild ks (e®OHHda 2023) .
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Met hods

Study Site
The River Kent )P4ge2eNjNsk 0 ORA47iINWer i n Cumbr

Kingdom, that empties into Morecambe Bay. Th
the Lake District National Park. The river r
progressing t hrroeaugfhi eglrdass sd mch dr,urpalstsuet t | emen:
ur ban areas near to the river mout h. Prol ong
resulted in wide scale flooding and severe h
flooded ar eae thue iRigverhiksenti nreached | evel s
maxi ma, whil e ot her rivers reached | evels of
surrounding geology consists of Silurian Sl a
boul der c&alkl R d20@8). The river has Strahl
more than five metres wide in the upper regi

becoming deeper and wider prior to emptying
popul atienwitid fasvealt Bwatyfopght d mMo,bifurse plawd ti pre sp
mussMdrsgdritifena maCdhragi heibla vat er cr owf oo
(Ranuncul us tfhliruoiutgahnotuits t he catchment and it h
Conservation (SAC) to protect these popul ati

Five sites were chosen along the River Kent
include both pools and riffles to be able to
behaviours and abundances and aTfhd oefafté mtn so fw
two other environmental factors were also co
well as a sewage treatment works wupstream of

analysis to identify if they hadrasty 1oafthem
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Figélleocations of all five survey sites on t

Remote Under water Video Surveys
Remote Underwater Video (RUV) were deployed
river Kent on three occasions, September 202
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third survey was scheduled for August 2024,
conditions. The RUV was deployed for one hou
15: 00, recording at 30 frames pear s efcolnldo wii nt
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and elevation were significantly correlated,
variable2)(.FiDguwrteance from source was chosen ¢
theye the reverse of each other, with the se
downstream site and distance from source sho
watercouPekess@Qna&LMs were used to det-er mi ne

cl awerayfish abundances. The variables were

temperatur e, p H, ORP, sl ope and distance fro
028 opp
E
Pearson's
.Curre\atmn- E:é“ “"23 Distance from Sewage. m
-10 05 00 05 10 .
018 203 Elaation
0.26 023 0.05 0.06 0.26 0.00 Témpéra(uré
z

002 012 0 | psy
s ns

0 o7 ps
s ns
o 8% Distance.from Source.m.
o %92 Distance.from.Upper.Site..m
L 9% Distance fom Waterfall. m
B &

r:-"@a
o

ns p >= 0.05;*p <0.05, = p <0.01; and *** p <0.001

Fig62Rear sonbts Correlation results between u

Al model s were assess@dplfoainmrseaddsiugmnpt i ons t hr
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Q-Q Residuals
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Fi g63@Q plot of residual deviance for values

t he model

Behaviour Analysis

Al'l fo

ayfi
havi
e

tage was reviewed to identdlfaywdadt er ac
h. Each behaviour type was classified
ur-epaocodefiiaggressive behavidoama. Each

tras

0
S
0

n assigned an intensity score using an et
pecific intebph)tilomt evmsi ryecocadreas (Wabé
Vv

e | evel of aggression, witghhemorse oageg ramsds inw
alues were assigned for retreating behaviou
alcul ated and the total score was used in a
ablish if it was bHbenWwsenorwofevéeaerry sized

ach was categorised as small or | arge. The

- o o O <
wn
—

irst individual t octde sste nwaasg eu saendd tboa ceks taawnalyi.

(72}

mal | er i ndirwi du&led ywdroe whan ¢°t st cwasessedahc

establish if | arger or smaller individuals w

A Wilcox test was used to identify if there
of crayfish interactions when bait was prese
tot al score was calcul at ed ftohre biontthe ntshiet ywisncn

each behaviour observed during the interacti
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To assess whawkdr cwhyfesh use size to assess

generalised |Iinear models (GLM). To deter min
and tot al interaction intensituyj,t a ihienomi al
winner/ |l oser: 1/0) as the response variable

variables. The model wasamndt$ienhp hwaitghreidfuilda mto
To assess factors whidmtdeatspremiife ct mg ndwsnt atei
GLM with gemsopodissoni bution to account for

was the response variable and crayfish sizer
Post hoc assessments were completed for each

paglka Aiemmeanso (Lenth, 2025).

Tabl eEtéh.olgr am of behaviour types observed thr
score assigned to each behaviour type

Behaviour Description I ntensi

Tail f1l1ip Rapidly retreat throu -2
contraction of the ab

Back away Backwards retreat fro -1

Approach witlndividuals spread ma 2
di splay (Mefappears as a Y shape
Moore, 2003)

Boxing, pusitl ndi vi dual pushes and 3

cl osed chel ae.

Grappling oyl ndividual grabbing a 4

appendages ( Mohammed

Result s

RUV Surveys

Of the nineteen RUV deployments made through

| east one record of crayfish, with a maxi murm
(Tad)h2 Of the sixteen BRUV deployments made,
record of crayfish, with a maxi mum of fiftee
(Tabd) 2
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Baited RUVs obtained significantly higher va
thaswaumned ones. Baited RUVs achieved a signi
when crayfish entered the fi el d-boafi tveideew T(hVv |
total time in which crayfish spent within th
significantly higher when a baited RUV was d

There was no significantbdiitidderRUVY ed epeltanemeln
regarding the time it took for a crayfish to
rig (Wilcox, W = 60.0, p = 0.875).

Tabl eWwh6-¢22awed Ausyfopdt &§d mMobolhuse rpwdtliipres col |
Remote Underwater Video. MaxN is taken as th
frame throughout the deployment. Tot al count
enters the frame threoulghohti gheedeiphoyelehow

compl ete survey could not be conducted fully
Dat e SitgStar|First Max NfTot a|Cumul a
Ti me|Observa Coun|Ti me
08/ 09/|Sitegl3:5 0 0 00: 00
08/ 09/|Sitgl2:3/03:509 2 4 01:52
08/ 09/ |Sitgl7:1|39: 41 2 6 05: 31
08/ 09/|Sitgl5:5[{00:00 5 28 30: 24
29/ 05/ |Sitgl0:0 0 0 00: 00
29/ 05/ |Sitgll1:1|{09:55 2 14 17:00
29/ 05/ |Sitegl2:3 0 0 00: 00
29/ 05/|Sitgl5:0|00: 01 2 12 23:11
29/ 05/|Sitegl4da:0[(20: 29 1 1 00: 03
21/ 08/ |Sitgqg09: 3 0 0 00: 00
21/ 08/ |Sitgl0: 4|36:02 2 4 13: 13
21/ 08/ |Sitgl2:0|18: 37 3 14 31: 58
21/ 08/|Sitgl13:1|{57:08 1 1 02: 52
21/ 08/|Siteld: 2|{00:00 3 18 35: 24
11/ 09/ |Sitgqg09:1 0 0 00: 00
11/ 09/ |Sitgl10: 2 0 0 00: 00
11/ 09/ |Sitgll: 4 0 0 00: 00
11/ 09/ |Sitegl2:5[38:28 1 1 00: 46
11/ 09/ |Sitgl3:5/00:00 3 19 45:16
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Tabl eWhG-¢3awed ABusatyf

depl oyment .

opdt & mobolhusempwdtlii pres

Baited Remote Underwater Video. MaxN
present in frame throughout the
a crayfish enters thenframe throughout
Dat e Site|Star |First MaxNTot @ Cumul a
Ti me|Observa CounTi me
08/ 09/|Site|18:3|01:06 15 6 6 58: 54
09/ 09/|Site|l10:5|13:02 5 20 40: 14
09/ 09/|Site|l12:0|{06:009 4 28 51: 44
09/ 09/|Site|l4:2|01: 44 8 52 56: 01
09/ 09/|Site|l17:0]00: 35 3 9 22:58
09/ 09/|Site|l5:4]00:53 7 41 59: 07
30/ 05/|Site|l10:0 0 0 00: 00
30/ 05/|Sitefl11:1]02: 18 5 38 53:41
30/ 05/|Site|12:4|01: 34 3 17 25: 05
30/ 05/|Site|l15:0|15: 40 1 3 06: 40
30/ 05/|Site|14:0|34: 49 1 2 01: 49
10/ 09/|Site|09:2|14:57 1 5 09:57
10/ 09/|Site|10:4|16: 33 7 48 43: 27
10/ 09/|Site|l12:0|02:21 2 7 22: 24
10/ 09/|Site|13:2|43: 46 2 5 07:50
10/ 09/|Site|l14:3|04: 26 5 46 47:02
Habitat Drivers
More than half of the variation between
component (55.5%). This was strongly
principal component explained 16.1% of
trmaperature armd) ORP (Figure
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DIm2 (16.1%)

PCA - Biplot

Key
: A RUV
s O BRUV
‘ O May 2024
Sl 2 k © August2024
; © September 2024
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Dim?1 (55.5%)

FigurkRriébndi pal Component Analysis biplot of

are illustrated by method and surveying mont

site

No variables had a significantcliampeac tcrary fd estt

(Austropot amobomsampyldameérta. survey (Tabl e

Tabl eTygp.e4d 2 ANOVA r-BRoiusseonf@GlkMQuiasii denti fy i

significant i mpact on the MaxN of surveys
Vari abl e G p

Temperatur e 2.6414 0.1014

pH 1.829 0.176

ORP 0.930 0. 335

Sl ope 0.637 0.425

Di stance fro|0. 482 0. 488

Behaviour Observations

Throughout all surveys, a total of 165 insta
observed. Of these,-spwciwseragghraeassi binedaasd il
intraspecific aggressions. Significwasly mor
present (Wilcox, W = 221.5, p < 0.01) with 9

during BRUV deployments.

Bot h-sipretcéares observatiord awedurcread fb esthweaerd wl
of PPhekophi us&Poooxopi gdhieof i rst involved a cr
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bait arm of thBh8RWUNVI asatptvdmminéad st o approach
crayfish dseseppkayedomwardb the fish @GbeAf)ore t he
The second i-snpsetcainecse ionft e r@abcettiuosa ggpaibmiaco h veg a
crayfish from behind and biting it on the ca
the fish and showed meral spread6btBgwards t he

Figurlen#e@e®cies interactions observed during
aggressively moves cPRébaeninonsaphoxdbpmpsactbe g
bai tCotBlusatgalcike a crayfish from behind befo

chel ae aggressively at it

Most intraspecific aggressive behaviours obs
mat ched in size (n = 111, 6 8 %) . During insta
small er crayfish either retr eatoends,, braecskuel d ianw
the | arger individual being classified as th
mi smatcheééd @3,zesl1( p < 0.01). In interaction

initiator was usuds |.y2d®f,ar=gdr, @{En <=043,1)83 %;

The most common aggressive behaviour observe

Aimer al spreadd)(gnore 123, THDI% . Exampl es of
Figoede@® The second most observed behaviour w;
61) (n = 136, 35%). Exampl es .o8f a@@B.s Toheehavi o

final type of aggressive behawildu(nobse&di7yedb5
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An example of thiB. ilsnsthaoawanes nofFi Meralé spr e
either Agrabbing opponento or fApushingo in |j

Of the two types of submi ssl,onTedbelhemas otulme filna
common (n = 106, 63%), Tedbhdeaeviatsail lesfsl icmdnm@Osrc ¢ m
37 %) .

Figurlent®tr ®specific interactions observed thr
crayfish grapple on the bait arm, they are b
crayfish grapple near to the bait whhlsata th
on BRUV bait arm raises chelae to intimidate
approaching further. D) Larger crayfish appr
using a closed chel a

There was no interaction effect between tota
effects of total@5)s c drae gend isnidzdzevi(dluaablise ar e mc

achieving higher intensity total scores than
intensity scores than interacti onbs Fti gaitr ei nvo
67) .
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Tab85Ty BANOVA table from a kehbmcal sGEM maefdot
score on outcome of an interaction
G df

Tot al Sco|84. 14 1 0.01
Si ze 50.71 2 < 0.01
Total Sco|4.40 2 0.11
Tab86eA post hoc assessment on thercahegorical
relationship between size and intensity scor
Contrast zr atio p
Evdharge -4 . 38 < 0 .01
Evdsmall 1.85 0.16
Lar-Genal | 4. 74 < 0.01

o

%

02.2.5
é ;EDE‘?; “T@Qa& E;STzser
é ’ B3 winner

Even Iéalrzgea Small
FigurBo¥pl7rfot showing the variation in behavi
and the individuals that were determined eit
medi an and interquartile range values for ea
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range val
behaviour
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There was
i ntraspec
behaviour
had | onge
spread te
i nteracti

When inte
grappling

Pushing Grappling
Behaviour Type

showing the variation in durat.

are split by the size of the indiyv

ues for each behaviour tepesiaed si z

s has been analysed as submissive b
ction and these occur instantly and
a significant interaction between

i fice7iintFé@uctebione (dhbdhieutian d no mai n
al type did. Therefore, | discuss o
rr durations than pushing for all si
nded to have a loorngpews hdiumrga,t iwint ht hpaun:

ons having the shorte8;t Rb6®yurtd ons o

ractions occurred between individua

interactions pluadhiagl omgenerdidr stpir @ra
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spread interactions being the sho68;esRi gdwrreat
69) .

Tab87eTy pANBVA table from a gudefifpeodts scoom sGLzVe r

behaviour type on the duration of an interac
G2 df p

Behaviour 14. 27 2 < 0.01

Size Variat|0.03 1 0. 86

Behaviour: S|(9.56 2 < 0.01

Tab88A post hoc assessment on thercahegorical
relationship between behaviour type and dur a

Contrast Size Categor|zratio]lp

Mer al 1Ppursehadndmi smamicdmatc|l. 42 0.72
Mer al 1S3rraepapd ijmi smamicdmatc| 0. 52 1.00
Mer al 1Merreadd Imi smaeévcén 2. 24 0.22
Mer al TSpursehadhdmi smaeéeveén -0.16 1.00
Mer al 1SGrraepgpd iimi smaeéve én 1. 47 0.68
PushiiGm@ppl i ngmi smamicedmatc|-0. 88 0.95
Pus hiiMeg a l Sprimi smaeéeecén -0. 37 1.00
Pus hiiPug hi ng mi smaexcén -1.47 0. 68
PushiiGm@ppl i ngmi smaeécecén 2.16 0.26
GrappgMeng!l Spmisméaéexcén 0.89 0.95
GrappPusbing |mi smaexcéan -0.61 0.99
GrapplGragplinmismaeéexceadn 1. 46 0.69
Mer al 1Ppursehadndevéaven 2.21 0.23
Mer al 1S3rraepapd ijevéaven -4.56 < 0.0
PushiiGm@appl i ngevéaven -1.14 0.87
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Behaviour Score

Meral Spread
- Pushing
Grappling

Levels of Mismatch

Figurkl &€t 9showing the nature of interaction

duration of an intraspecific interaction

Di scussi on

Baseline understanding of endangered species
for designing more effective conservation me
The surveyed stretch of the Ripweerdikeetnetd swhho wi e
clawed crayfish abundance and demonstrated a
t hese Myraecshudst.s conform to expected game t hec
competitive advantage over ¢ maodtl entcilaadiewihiuta
crayfish are vulnerable to predation by bird
during daylight hours to avoid them (Peay &
obtained severcllaweed ocrrdasy foifs whhetieng acti ve di
feared this observed abnor mal behaviour of d
pl ague (Oidtmann et al. 2002) .anHo wehvee rp, o ptuhlea
popul ation was surveyed in September 2023 an
crayfish plague behavioural abnormalities in
response (Collas et al. 20rn6gbndNomanlasize mav it @
observed and it was concluded that the popul
daylight activity had also been noted by oth
percsmm), suggesting that this activity is mo
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results can be used to guide future guidance

initiatives and reintroduction to ark sites.

RUV Surveys

By using remote underwater vilteam amd raiutced s
rapid, easy to sterilise tool that can be de
bi osecurity and reducing the risk of the spr
remote underwater video secvegs ahanmoheskik
wi t hout bait (Donal dson et al . 2020; Har wood
this, the present study di dodoof echl sasnevdee any

crayfish being observed during either an RUV
al most all depl oyments making presence/ absen
abundance of crayfish withisnattché eRiedera Kémgtn.
hi gher MaxMNawfedwkirtaggfi sh than the RUVs did.

of whliawed crayfish abundances when using th
have been observed i n Auaykuinddhtadpoghsesn wit ubdyin
BRUVs detecting significantly mdreO¢thayfi sh

studies comparing BRUVs and RUVs in the UK,

nvasive crayfish specPenstasthac mngr laepdt asdi ayontay

crayPacihf §dstacus diedi metcuff iusd a significant
crayfish observed by either the RUV or BRUV
prep). The River bKkeamt icsatommhemeont tihnre QGuemwv | ast
healt hoyl awhed ecrayfi sh popul ations throughout
only a single historical record of an indiuvi
catchment , buti si tr eicso rudn khnaoswnb eiefn tehr adi cat ed (
counts and cumul ative time on screen values
surveys, as opposed to RUV surveys. This tre

—

i me on ghrgemoamrelmited to the MaxN and cr ay

cumul ative time on screen is also related to
among crayfish species, this is Ilikely also
intraspenpietic¢i on (I mhoff et al. 2012). This
during BRUV deployments for this study saw c
spending | arge amounts of time on the sealed
toat was present within it, with individuals
with interactions |l asting as |l ong as 80 seco
Despite the presence of bait influencing abu
were present on screen, there was no signifi
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i ndividual to first be obseRareane [Bhruadjp s splodn
concluded that crayfish are naturally inquis
provide an explanation as to why there is no
bet ween BRUVs and RUV surveys, pwWwiotbh ai. ndihv isd un
be a result of high crayfish densities withi
al . 2024) . Further morcel,ade icmiatyefd snhe ocpohuol bdi ab ei n:
popul ation declines, making them more suscep

poaching.

Habitat Driver s

This study supports the findings-cofawtudt t on e
crayfish popul ation remains strong in the se
abundances of crayfish, achievingdMax&d vamh ue
protected pogpllaaweidoorafffwkkht eén Europe (Grand
throughout all the study sites and no habita
influence on the maximum numbéramke ¢MayxN)sh
Unpoll uted waterbodies with sui tcalbadwedwvater c
crayfish survival and popul ation sizes (Smit
treat ment works not having & isihg mibfuincdamtc eismp

ob
1

erva

p
a
e

the only site downstream of the sewage treat
S tions than any other site. Zero obser
(i .e. cl osest downtsmerneta)ym afnrdo m hteh es isnegMaeg eB R |
d

made no crayfish observations was also condu

wor k may be havi ng ac lnaewgeadt icvrea yifnipsahc ta bounn dwahni ct

sho

conclusive results and using distance from s
s

di

uld be consmidreirmids e st i ®msdowhawever this s

tance from source made no difference to t

Behavioural Observations
I ndi vidual s will compete for | imiting resour
these is determined by an individual 6s fight

competition poses the risk orfgimijghyamoumins i

effoopef e}). alntef@dpPpecific aggression is cau
|l i mited resources, these surveys were conduc
whictleawed crayfish, tbaecempeetittonswamerteofli ki
Miller et al. 2023). Al mosmysaluldyi mtceuactidods
depl oyments in which bait was present, showi
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other resources. Bait played a key role in i
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e
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empting to defend the resource and
ividual s already on the baiatveamedeat semmt it
tiate in
7) and

tecti on, speci fi

traspecific interactions when str
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o
(on

he | i mit ehaviours observed wi

(@)
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y shelter and territo

most common aggressive behaviours occurrtr
ividuals of similar size are I|likely to se
|l ities to maintain possessi®hntoatiaongsour
tiating an interaction with an individual

s them a higher | ikelihoo
ir position on the (pRavey 0& Biuelcesrs,f ul9d g6
al. 2023). Body size also plays a factor
ources (Rabeni, 1985) . I n instances in wh
| arger i ndiavcitdi uoanl ofinvommoos tt hoec cianstieorns . The:

uire | ess energy from them than they are

tact-camdaobobni nteractions were observed. C
damage that occurs as a result of fightin
k damage (Kubec et al. 201%hs Mee amostprea
mean duration of which was | ower than th
just wunder half of the Meral spread obser
ht. I n instances wbebnfesbel andormi dudl sobp
ore any contact was initiated, |ikely due
the resulting reward not being worth the
al spread bwdnmnralvy oslirz dektiweaeginviedual s was sl
h size wvariation and more aggressive inte
ividuals as these individuals assessed th
c hed ni mtnedr achteiroef ore are willing to commi:t
ring grappling posed the highest risk of
t. Aditcdhorugth wi t ness any imgssusr voefy sb,o diyn dp avritd
e observed in the footage missing chel ae

raspecific competition.

Mysurveys made several obseclvawe do ncsr aoyff ihsihg hd u

dayti me suggesting that the crayfish are hig

several possibilities for thislawedgmeshfirs
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being predominantly nocturnal could be incor

hours than originally believed. Alternativel
of crayfish at this site, mebabnliengn arteufrueg eo fi st |
substrate in the River Kent could potential/l
the whawed crayfish. The availability of she
whi-ctleawed crayfi sh ascutnirviistey eavreonutnsd ianr tai fliacbioarl
being observed in simulations with an absenc
(Barbaresi & Gherardi, 2001). Another option

within this stsutdayn csei toef. aOnplrye doanteori nstressor \

survey. ThiGotitnussa agnagbeikdofig aa smal |l er crayfi sh

shows that this population of crayfish is no
upper segsturomesy osfites are shallow and there |
waterfall, from the | ower regions. This frag
sal moni d, eel s, perch and pike, -al awed whi ch

crayfish &gHabwwery, 1988). Other known predat
(Reynol ds,s 11919Bg | yarteo leave been observed by

terrestri al natur e, but otters are known to
were observed during the surveys. I nterspeci
pr etdeidc, with only one other interspecies int

a crayfish agBhessnhnivestgypwaxadnlnigsg t he bait,
resource defence one of the main Ireraseotnsalf.or
2023) .

Concl usi on

Under wat er vi diemwsa picwes tldoeve a hndnt hat can be wu
vulnerabl e species in their2 naBurabsenvingnm
whi-ctleawed crayfish i nlhahveei rb eneant uarballe etnov i srhoonwn

high | evels of activity during daylight hour

sugagleknsatdse. sever al observations of crayfish act
volumes of intraspecific fagrge etstsa ver aynftiestacd
intraspecific interactions they assess the |
compete if they believe they can win, foll ow
worth the risk. I nKanwatewhbodycbndietitbes Rave
external stressors ar ecllawed ecdr,a ytfhies hp ohpausl abte

thrive and the River Kent catcomawedi sragéis
within the Uniotperd akiengsdiogmaghep pand i nformati ol

throughout the catchment to ensure biosecur.i
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of tourists that visit the area each year to
unintentional spread of crayfish plague or i
reinforced throughwauul d heel scaa trcehamemmme n d htetne R
catchment as -cd apwetde nctriaaylf ivshhi theaven, with oppc¢
suppl ementation and crayfish ark sites throu
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Chapter 7

Pat hogen divematitwe ofiatmd
cl awed ®oayfaisslmacus) liempta

UK water body

Har wood, M. , Sout h, J ., Dunn, A. M., Stebbing
diversityaoi vebhavweowPomayadstsacs) lienptaodlakct y I
water body, Jour nal of l nvert e2bOrlalt,e Pat hol og
https://doi.org/10.1016/j.jip.2025.108458.

Abstract

Bi ol ogi cal invasions are intrinsically Iinke
some of which can be parasitic or pathogenic

(aka. exotic pathogen) stemsndriomdidce Ipeohawnit
change or mortality, with the pathogen poten
Conversely, parasites translocated by invasi

indirectly curbingadled kBoosbysi dgnacde nom hd Be sit
pat hogen profdl &wd ad rie o rotyed s$ntadn gr uosw | Tehpi tse d asc tay I nuo
native species in the United Kingdom, and po
par abusteeshi st opathol ogy, metagenomics and met
symbiotic divePsitephmadhmwluagttidesmd yf aom West Yol
Englladind.covered sever al protozoan and bacter.i
commensal with this invaddepebhsgPiwedl easi salve
Nodaviraddeot hers) that nmavwrbkbe Moceopabhodeéen
Nudi viwer d aamgpeonptuliant i on sampl e set, as were
parasites, such as trematodes and acant hocep
pat hol ogi callhawe aexaplaod @adbltehe evol utionary h

species and provided an initial assessment o

| Nt roducti on

|l nvasi-Naet iNen Species (I NNS) pose a significa
species, and human health, due to their capa

as parasites and pathogens ( al2s0d 9taer nbeudn,n fainmn
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Boj ko

and i

er , 2015; Dunn et al . 2023) . These inva
ion systems in diverse ways: they can h
gh behaviour al modi ficatio@); oor at heydum
to infect native or economically i mpor
ation declines (Svoboda et al. 2017) or

Most notably f Apmahomg & iecsatuessattd rvvei raagren
i sh plague) -clamwe e sbudl sty fi ong dn agsnmgo bw huist ep a | |
l i ties, and originates from the invasiyv
astacusSvemnmhodascet usl . 2017) .

de sfudhedwet ayfi sh plague pathogen, cr
i atienv avd itvhe cooy mbi onts within the groups

ton et al . 200;2 1St rSattrtaebnt roehtt teatln.ad 2.0 2230a2 240
(Btdaeton et al . 2PMRdrbo s pReprtmeifudmma yat 210 .2
haw et al. 2012); Branchiobdell a (Rosaw

2015) P. Floe nienwamfil eish et UK has been | i nk
pPAr. e aads tloaficti al so t he pr eskRan@reo sodsepramidbm c i |
hi obdellids, and the I|ikelihood of acqu
hel ohamhDwmnr oantt egle.an2009b; Anderson et a
son et al. (2021) provide geographical

ivel/ native networks that help to define

ent concern to thePtKtast abes)nkaenpdowd at
thogens that it may harbour. Narrow cl
Europe for aquaculture. They are cons

However, species rangehei schparnegdeisct ed

-~ = n @© O

ed across Europe making them a cause f
ugheptaordacdiydtursubt ed acroswed&ngbanknoORe
pat hogens-i mhyobdacvedbeoesm avdeguihreed t haetyh dg
e

W range.

et al. (2021) idenP. fliegtf?danstytyhbalisrn tnsat

nvasive ranges from |iterature publishe

(Saprol egniaanAlg a e smssipi. Y ma bbiactteeriiaa mambcyt ogene:

Aeromonas )hydiepislpmoindtdiegfPe@rsioroapér mj um haec

Br anc

chapp
pyrif

h isopb@lhej! || cadsopnged tl hau r ni & pgisdg [yHli &it r i c o s o ma
ui si, Opercularia articul atnseenaPodophrya

ormis, Xoothamhl|l amaindi £ B)me dlicrientmat oda
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(Astacotrema) ;t hNbbneda o u IV&Stbavigy . Post 2017, four n

bee
201
put
dat

l ep
c ha

A c
pop
pat
t ec
mi ¢

me t

The
nar
det

n identified to dRautsear iTunmeESssdoiligrmeelhwdaed:e ht red
Pygsarium @Veamtaaruand AkhanSheaewanel;l @8 he ba
reflKuizeewmss and ¥zcan, 2025), and a nudivir
a: OAstacus |l eptodactylus nudivirusod, whi
todactylus nudivirusé (AI NV to rPdmivg Pet e

nge.

ombination of technologies can be used to
ulations, increasing our understanding of
hol ogical view of invasive populations (F
hnol ogies can include classical pathol ogi
roscopy, and also encompassing more recen
atranscriptomics, which can pr ohwoigdeensdet ai

an unbiased manner.

aim of this study is to use histology, m
row clawed crayfish for symbionts, to bet
h

ermine whether they ouse mpeaxtiesgens t hat

Met hods

Spe
Nar
Res
Oct
|l oc
Cl
fl
re
Le
an
t h

O 9 O »w © Cc

Hi s
Twe
gi |
sin

fix

cimen collection and husbandry

-

ow cl awedPcrhgpt,etweefCrtey 3l ,| ect ed from Bos¢
rvoir, Hol mfirth, West Yorkshire, UK (La
ber 2022 awd Degptwdraae tfRi0r28t det ected aro
I anglers started to report them as a nu
). Crayfish were collected under a Natur
en crayfish t2rbams mesh0omm zx )2 dE&mrmh,oyed oVe
rvoir and retrieved after 18 hours. Al
S , We s t Yorkshire and housed in sex segr
sthetised before @Q0ALedtrie@nz elyy flod il rbgvi pmliga
met hods described by Bojko et al. (2022)

O o ® o T 9 O o

tol ogical preparation

Pty | eptwdrac tyrlausar ed for histol ogical ana
|, gonad, heart , gut , hepatopancreas, and
gle |l abelled cassette, per crayfish. The

aagtnidv et,hen moved into 70% et hanol after 24|
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100% et hanol infiltrasubeti puieyr &a&aond2f baahky

tissues were solidified into a block of para

bl ock was sectioned at 30m, angl ase slisdésin
u

slides were stained sing a haemotoxylin and
2022). The slides were read on a Leica compo
a Leica integrated camer a.

Next generation sequencing and bioinformatic

The same 20 crayfish that were prepared for

and hepatopancreas preserved in 2 ml of 99%
and RNA extraction using Wizard exXt sampil e k
C6, C1l3, and Cl1l6 were submitted as individua
and metatranscriptomic analysis. The remaini
were pooled into two correspondin@l®atches f
(excluding C6) were po&«l2dd ,( exrcd udn anygf iCal8 sar
pool ed, separately for RNA and DNA. This res
and 5 RNA samples for metatranscripg,omics. T
where they underwent | ibrary preparation and
Each sample provided 10Gb oft hpeaboedt day af owh

bi oinformatic processing.

The files were initially trimmed using Trimm
LEADI NG: 3 TRAI LI NG: 3 SLI DI NGWI NDOW: 4: 15 MI NL
using SPAdes v4.0.0 (Bankevich et al. 2012).
sampl e, siammpll ledsi MBg 13, 16, and the two pool ec
dat a, were then used to screen for the prese
(Bengtsson Palme et al. 2015) was used to mi

s piees, by searching for 16S/18S sequences. T

vViruses, using a bespoke DNA virus database,
NCBI (August 2024). The RNA datasets were sc
RNA virus database, built from Refseq RNA vi
that indicated possible viral genomes were ¢
compl eted where necessary. Each viral contig
revee data in CLC genomics v.12, and then an
2001) .
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Phyl ogenetics and sequence analysis

Viral genomes and their annotations were use
bl astn, blastp, and blastx. The available pr
l i keli hood phylogenetic trees, aplaoé wéigcd
| REE ( Nguyen et al. 2015), after MAFFT alic
explored and the specific details pertaining
relevant figure, including grhedieovtdddt Ei o nla@ y
using Bayesian I nformation Criterion. Det er m
I nter ProScan (Jones et al . 2014) , and HHpred
foll owing parameters wereiwganankentta r-egdWc @ rwrbla

eval ue® >@alliee <0. 05 (database: PDB_mmCl F70_3_

Data are available from project code PRJNAL12
NCBI .

Resul t s

Protozoan associations

Hi st ol ogicaP. preptutoidshstoend orfesul ted in the de:
groups: grmuagdrA)nand( kiid i ared Bpr. otGo zganms nEeli ¢

detected in 15/20 and ciliates in 8/ 20 indiyv
tissue as -eéebhgdtmassag|] elined agaiuwmrseda t he ¢
7.1A), but no molecul ar detection of this sp:¢
met atranscriptomic data from HP, gill and mu

pat hol ogy due to the presence of the gregard.i
cihted protozoans detldcu(FaellgR) swiol mgma al élyat in
athologi cal effect, nmnyméetawagereoamcpbstdebiesbedmiy

(Ciliophora; 00Q924989valéueés ctdvyQ.; THHbd4esYP escii mM.S
not detected in the HP met ag mppoonolce da sssaenspsl nee n
approach which included gv1)., muscle, and HP
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FigurRrdtdzoa detected iRPomiassodogs. clidptsedad:
Gregarine parasites (white arrow) | ined agai

Ciliated protozoa (likely Ciliophora; white

Tabl ePr7o.tlozoan 18S data derived from the met ¢
collected within this study. The BLAST analy

highlighting the relevant taxonomy and cl ose
Il sol|Organ Ani mLeng Conti|NCBI Simil|Cover|E Assoc
(bp)lCoverlAcces|( %) ( %) Val | Speci
3237 Gill/ Mu|C®10|628 |1.324AY753(99.45(56 0. 0|Neobo
pool desi g
82 Gill/Mu|C110|2597/16.960Q924|98. 43|61 0. O|Epi st
pool camba
1540 Gill/Mu|C110|354 |1.054AF484|100.0/100 0. 0|Nucl e
pool moebi
129 |Gill/ Mu|C1-20{2597/5.1150Q924,98. 43|61 0. O|Epi st
pool camba

Met agenomic analysis of DNA extracts from he
and 16 did not reveal any detectable protozo
this tissue type from these threkudedi bhodhbay
and muscle i-bOta@dbabohbdsyrevYealed further di
sampl2e0 oinly pEckedmdotped haebove. -1Po @pliek edampl e
greater divbeeboygp (tExesclagvdaiteagb 6% 7c503v6. 1,4 ;99 . 45 %
value: NbucOraandd Cmoahiouvsia; AF484686:vallute®%h cov

0.0). The presence of these final two specie
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Put ative bacteri al associations

I n the histological sections, a series of un

were detected inus@&phgl eleahdhgi vuabsefErgm on

7. 2A) was compared to four other animals, whi
specific designati on. Putative assignment ma
is discussed |l ater. Cytoplasmiwrd2RB);usi ons w
however, no bacterial syngbeinobomii cwadsatdaet eAogteend ¢
origin are explored in section 3.3. Speci men
(Furge2), and a deep eosinophilic staining h

mol ecul ar analysis via metagenomics did not

preparation. In specimen 13, the hepatopancr
alngside smaller eosire@Phil wheirmch ypii cm$ ©ORIiSQ
nucl ei of an apmgrenpr iMett @a geinoeni &r el adlasd og t hi

bacteri al s pSetca pehsy,| owachoi ccchuSstv aepphiyd eorcnoicdciasc e ae; C
100% cov. ; -viad u%')Ys i6epece men 20 presented smal
within the HP cytoplasm, which were consider
part of tZ0 atodhe,d whi ch was the source of s
72) . I n addi t ildn ,al powo lpad skeanttceld 1si gn7&)i.cant b
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Figur¥ar7Zi. us uncl assified pat holPogitess tlaccuast e
| ept oduancdteyrl uhsaemot oxylin and eosin staining,
my2@&r ayfish) smmpileew of a healthy o6normal 6 hey
Basophilic cytoplasmic inclusions within the
may develop further to resQ)l tHeianvideyl Id edger gardeed
hepatopancreas with hypertropbi ¢wbhasephrtriow)
Large cytoplasmic inclusions in the hepatopa
eosinophilic inclusi-otnasi Miwhg tel anmg atwes )cytE]Qp IG
within the hepatopancreas
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Tabl eA Ml2ast reswddtsertiadbll el ®$ deeguences 1 dent
the various NGS datasets collected during th
|l sol|{Organ Ani mLeng/ Conti|NCBI Simil|Cover|E Associ ate
(bp)lCover|Accesdq( %) ( %) Val
6462 Hepatop|C13 234 |0.929/CP0529100.0|100 6 e Stphyl occ
117 |epidermid
1015 Gill/HP|Pool|823 |1.435/JQ692(091.75|96 0. 0|Fl avobact
terrigena
FJ718994. 33|96 0.0|Uncul ture
bacteri um
1026/ Gill/HP|Pool|160 |2.015/ MH838(091.25{100 262/ Runell a a
LR6360100.0[{100 5&6|/Uncul ture
bacteri um
1816/Gill/HP|Poo0l|260 |1.403 MW1420100.0[100 2e Xant homon
131 maliensis
1901 Gil I /HP|Poo0OIl|332 |2.078 KF228196.32|98 7 e Ni trosomo
148 |0l igotrop
EU224398. 12|96 le Uncul ture
154 |bacterium
2289/ Gill/HP|Pool|314 |1.236/0K342093.65/100 6 e Sedi minib
128 |sp.
KX652494.90{100 le Uncul tur
134|bacterium
OTU 61
2825/Gill/ HP|Pool|677 1.041{CP042496.41,76 369 Fl avisoli
ginsenosi
2983/ Gill/HP|Pool|1457/ 1.906/KX505896.37/100 Rhodofera
3141 Gill/HP|{Pool|499 |2.342/PQ7822100.0(100 Pseudomon
fluoresce
3173/Gill/HP|Pool|284 |1.057/0OR136299.65/100 6 e Rhi zobact
143 |profundi
3446|/Gill/ HP|Pool|277 1.825{AB355717100.0{100 9e Ther momon
141|brevis
3708/ Gill/ HP|PooOl|272 1. 497/ NR0O74399.13/84 9e Leadbette
111 |(byssophil
3869/ Gill/ HP|Pool|269 1.161{MT910398.14[100 5e Mi crovp.rg
128
3876/Gill/HP|{Poo0ol|269 |1.119 PP3414100.0({100 2e Tabrigpco
136
4290/ Gill/HP|{Pool|259 |0. 886/ MW486598. 07{100 2e Chryseoba
122 |sp.
4541 Gill/ HP|Pool|258 |0.839/CP034391.63[82 45 Tabrizico
CP1363598. 2143 lel5(Fuscospl u
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4943/ Gill/HP|Pool|252 0.834 CP016597.24/100 9e Ketogul on
116
5787/ Gill/HP|Pool|241 |[0.890/AB9205100.0[100 8 e Arthrobac
121fal pinus
6207/Gill/ HP|Pool|236 1.377/NR064499.15{100 le Hal i scome
114|hydrossis
6440/ Gill/HP|Pool|467 |1.241{CP030896. 35|77 3e Runell a r
162
6595 Gill/HP|Pool|232 1.412{KX981486. 70{100 46 4| Ni asspl | a
LR637797.84[100 2e Uncul ture
107|bacterium
6834 Gill/ HP|Pool|230 0. 954 EF540498.91|80 385|Fl avobasp
KC255399.51|88 508 Uncul ture
bacteri um
GMM_40
6851 Gill/HP|Pool|135 |0.856/MN6204100.0/100 362 Ther mompn
8623/ Gill/HP|Pool|317 [0.959|CP060(C97.48/100 le Laci bacte
149|sediminis
9363/ Gill/HP|Poo0ol|852 |2.231|CP015293.15/100 0. 0|Pseudomon
fluoresce
1104/ Gil Il /HP|Po0OI|351 |0.532/0Q359394.17|87 3e Simplicis
127
1594/ Gill/HP|Pool|461 |0.854/JN679293.51|83 9e Terrimpna
158
2787/Gill/ HP|Pool|533 0. 791{NR14871794.65|98 O.0|Lamproped
cohaerens
2899/ Gill/HP|Pool|267 |0. 768/ CP042593.55|52 8e 2|Hypericib
adhaerens
HQ114131100. 049 1&9(Uncul ture
bacteri um
4405/Gill/HP|Poo0l|151 |0.790/{CP00221100.0/100 5& 1|Gardnerel
vaginalis
5150/Gil Il /HP|Pool]|229 0. 789 PP345993.39|99 588 Fl avobact
granul i
6899/Gill/HP|{Pool|400 |0O. 804/ AM4927497.20(63 7 e FIl avobact
114 hercyni um
cCP038§487.68{100 le FIl avobact
125|sangjuens

Viral associations

A blamsdalxysis of the metagenomic datasets rev:
genomes, outside of small fragmeuoésswppbori ow

However, metatranscriptomic analysis of the
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of complete and parti al RNA viruses within t
of eight RNA viruses were iderPtifiepdofdareamyie
alongside a further four p3r.tiColmpRNA evigrennn mgE
includedl ifk e evihrep®ees, two nodaviruses, and a
included a dicistrovitug&ke @itrtosmkessviEacs, vand

protein similarity to3yiruses stored in NCBI

Tabl eRNVA. ¥yi rus proteins are included in this

result. The table indicates the most closely
Vi rus Name ORF |Ani m{Leng{NCBI Simil|Cover|E Associ
(aa) |Accessi|( %) ( %) Val yTaxon
Pontastacus_1lepll C1l6 826 XI'1424769.24(100 0.0 (|clirna
virus45®Bl6 virus
Pontastacus_lepll Cc13 1897 CAJ244453.64(31 2e Astacu
us _ €183 180 |astacu
hepevi
Pontastacus_I|l epl2 Cc13 471 CAJ235874.57(99 0. 0|Astacu
us _ €183 astacu
hepevi
Pontastacus_1|l epl3 Cc13 254 CAJ244454.00(98 689|Astacu
us _ €183 astacu
hepevi
Pontastacus_| eptl4 Cc13 95 No significant similarity fo
us _ €183
Pontastacus_I| ept5 Cc13 107 No significant similarity fo
us _ 183
Pontastacus_1|l ep16 Cc1l3 415 CAJ244472.0299 0. 0 |Astacu
us _ €183 astacu
hepevi
Pontastacus_|l ep(7 Cc1l3 155 CAJ244456. 2199 l1d61|Astacu
us _ €183 astacu
hepevi
Pontastacus_lepll Cc13 1855|WAY1640{50. 309 3e0|Hepeli
us _ G113 ssp.
Pontastacus _|l ep12 Cc1l3 540 WAY164043.37(83 le Hepeldi
us _ G 106 |[ssp.
Pontastacus_lepll Cc1l3 1894 CAJ244464. 79|91 0. 0|Astacu
us _ Q1736 astacu
hepevi
Pontastacus_1|l ep12 Cc1l3 550 CAJ235881.93(100 0. 0|Astacu
us _G173% astacu
hepevi
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Pontast epi Cl1 202 CAJ235871.29(100 34| Ast ac
us _ Q1736 astac
hepevi
Pontast epi Cl1l 418 CAJ235865.16(100 0. 0|Astac
us _ Q1736 astac
hepevi
Pont ast epi C1 123 No significant similarity f
us _ Q1736
Pont ast epi Cl1 169 CAJ235853.21|92 862 |Ast ac
us _Q173b astac
hepevi
Pont ast epi Cl1l 1897|CAJ244453.64|31 2e Ast ac
us _€B16 180 |astac
hepevi
Pont ast epi C1 471 CAJ235874.57(99 0. 0|Astac
us _€B16 astac
hepevi
Pont ast epi C1 254 CAJ244454.00(98 6689 |Ast ac
us _ @16 astac
hepevi
Pontast epl Ci1 95 No significant similarity f
us _ @16
Pont ast epi C1 107 No significant similarity f
us _B16
Pont ast epi C1 415 CAJ244472.02(99 0. 0|Astac
us _ @16 astac
hepevi
Pontast epi Cl1 155 CAJ244456. 21|99 1é61|Ast ac
us _ @16 astac
hepevi
Pont ast epi Cl1 1894 CAJ244464. 79|91 0. 0|Astac
us _®16 astac
hepevi
Pont ast epi Cl1 550 CAJ235881.57(100 0. 0|Astac
us _ @16 astac
hepevi
Pontast epi Cl1 202 CAJ235871.29(100 34| Ast ac
us _®16 astac
hepevi
Pont ast epi C1 418 CAJ235865.16({100 0. 0|Astac
us _ @16 astac
hepevi
Pont ast epi C1 123 No significant similarity f
us _ @16
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Pontastacus_1|l ep16 Cl6 169 CAJ235853.21|92 8§&2|Astacu
us _®16 astacu
hepevi
Pontastacus_l epll Cc13 967 XKB764480.60[99 0. 0| Nodamu
ravir#8$s5613 S
Pontastacus _ |l epll Cc13 1031 | XKB764480.74(100 0. 0|Nodamu
ravir#8$s5613 S
Pontastacus_lepll Cc13 260 YP_009330.77|45 37 |Hubei
virus87Cl3 8 t omi u K
vVirus
Pontastacus_1|l epl2 Cc13 4009 UBJ259928. 40|37 5é&5|Sichua
virus87Cl3 mosqui
t omb u X«
virus
Pontastacus_1|l ep13 c13 502 UBJ259958. 08|67 5e Sichua
Virus87aG13 142 \mosqui
t omb u X«
Virus
Pontastacus_|l eptl4 Cc13 627 XKB762841. 41(16 76| Tombus
virus87C1l3 ae
Pontastacus_1lepll Cc13 296 WRQ651527. 78|49 87| Tombus
vi r us55@®133 ae
Pontastacus_Il epl2 Cc13 465 WRQ651542. 70|78 968 0| Tombus
vi r usb5 53133 ae
Pontastacus_lepil Cl6 268 UHS724551. 06|18 37| Toti vi
s_C16330
Pontastacus_1lepll Cl6 248 UHS724953.56|94 266 |Toti vi
s C15810

The partial dicistrovir usDigce nsotnneedvbi bréupsn tCalsét a c
Pl DeA1s65) (PV454206) isolated from crayfish C:

and encoded a parti al single polyprotein (82
a polyprotein from é6cbimnafdc2¢Wyaca39000%]
I nter ProScan analysis of the partial pol ypro

1-216 rkRigcomna&8Ci/iB&Lkes protease domai-@3profile
regibDdmrc,i st r RAdiRpidod OBEPBRO0Oh2 wuncat e3c¢palr)i sweads r e g i

assessed using HHpred to determine possible

region | ikely encodes an undeter mvaludetr ansf
3.%%¢e. The uncateg®26pedasegli o §38&ssed usi n
possible function, determining that it may h
probability (HHpred&] uproBdbil Phyl ob&n@1;i ceco
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sequence demarcation analysis of the RdARP re
that it grouped with viral iOGotil maesi gmdl!| ect e
pectprosiaginating from Virginia (USA), and t
Cri pagvemmuwss wDit i 9t t dreige BH a e

Picornavirales: Dicistroviridae

. . B
Polyproteln (RdRP domam) Xi142533_climapec_virus_161 &
A NS
B 89
c C
D . - Xl142753_clirnapec_virus_150 }’\
airwise identty (%)
: 62 ——
6 =
H 72
ABCDETFEFGH 53; 97 Pontastacus_leptodactylus_Dicistrovirus_C16-455
=
30
. D
UnCategOI’ISGd 100 — Xll42478_clirnapec_virus_239 N
@ ;
A

— 63 — AWKT77878_Robinvale_bee_virus_3 _/ﬂ
- - G
Cripavirus ﬁ
e NP_044945_Cripavirus_drosophilae
: ! F

Aparavirus
[ NP _066241_Aparavirus_apisacutum

— 63

Triatovirus h‘*
NP_620560_Triatovirus_himetobi

0.3

Figurg madBidmkm!l i hood phylogenetic tree repre
of a partial di cPiosnttracsvtiarcuwss, ¢ leeapstieodd adcnt oythhues R N A
dependent RNA polymerase (RdARP) region of th
The tree includes 8 viral i sTali aatt@gp.ariamsd Irwdi n
an@ripaviTrhes tree i$dilhbasnededn Like GHAestthosen a
Bayesian information criterion. The original
patterns, -iBRopmasti mengites, 130 singleton s
was devel oopREEuandgah®otated using FigTree.

demarcation plot i s presented, highlighting

RdRP regions of the viruses includtd in the
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96 (-PLEIYC1B8PV454208). This isolate was 7480
coded two proteins, a polyPdPr.otUsiimgand a ca
terProScan, the viral pol yprotein was iden
edicti o296, remgi gl 65ansferad8O0ll, PR&®G258 &k
PR0O027351)179eg9i RlaRR4@IBPRO01788). This | eft
nction c¢l ar i-1f1li2c8a,t iaonnd: -1r4eedgiiood H2390521 pr edi ct i
cat egolrli2s8 dr ®i7on revealed possibl e tRNA m¢
obabi l ivtayl:uep.9 .38 d eapping enzyme-v@HHpEred,;

functions. HHpred reveal eldd 9n20. cTohnef i dent
yl ogenetic anal ydieypewfi rdkies r wmi meesk sa twai mtghiitnh
uncategorised section of Alhpeh aptheytlroagveinryi, d ab

Firge4dyY. The phylogenetic |ineage it -sits wi

n

fecting viruses, and environmental sampl es
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the capsid protein. The tree is midpoint roo
Al phat etMatvama wiaddegpae i r Tdaetree idibamededn
LG+F+1 +G4, chosen according to Bayesian info
has 21 sequences with 1329 col uinmfsgr mat2i9v i s
sites, 291 singlea&ntonsistteases,Tlhe dt AdBEEDR BdlevVve

annotated using FigTree. Il ont aidsd i g ri eosneg n tae d&s,e qhu
the approxi mate percent similarity between t
analysis. Small ani mal icons are present to
represent theisiaquafitheridognum. 6l Tedm after
environmental sampl e

Four othéekebhepeuses were more clokebyviasase
from aquatic arthropods, sucébasm3ahblasSufpipdh, ¢
Fi®d.. The four similar vir uslels, 2r3a6n ghepd (iGC % ernac
418%H0%), and were derived frmysmt twwp. cYiaydis esdh (

(@)

Pontastacus |l ept@®@da¢tPPHCYd BNdpdildysaBlieodPon
eptodactyl u376épeRVFT60s8REIL854209) were 99. 9%
nucl eotide | evel and encoded sias opRoNtraesatda
|l eptodactyl u86 HepeMCEtRE4®T4510) and O6Pontasta
Hepevi MBO CPB88HCL(3PV4A454207) were 99.63% si mil
and encoded seven ORFs; indicatoi ngqdtiwd dgirad sp
( Firgeb57Y. Fo9 ®#hnHCRBBHC1I8he Polyp66tennodedi an
met hyltransferase (|I-PRDO2&EBB8Pdedand helgi oasésb
ORF2 encoded the viral RdRP and ORG 3haed caorded
undet efrum mteidon.-8FandPRPBHC®Be Pol yp3r6o2t ei n reg
encoded a methyltransferddd4(lePROAU2%58 &) hednd
(1 PR027351). ORF2 encHbdatlltkecodedl tRARB.Mme @R
ORF6 and ORF7 had an undetermined function.

predictions for function for the uncharacter

phyl ogenetic tree including these Hour novel

infecting viruses, in a |lineage seapabite fro
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Ribovira: Hepelivirales-like Pontastacus_leptodactylus_Hepevirus_C16-8
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Eo
APG77858_Beihai_hepe-like_virus_4 %
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Pontastacus_leptodactylus_Hepevirus_C169
Pontastacus_leptodactylus_Hepevirus_C13376

CAJ2358127_Astacus_astacus_Hepevrus

CAJ2358132_Astacus_astacus_Hepevrus

CAJ2444842 Astacus_astacus_Hepevrus

CAJ2444835_ Astacus_astacus_Hepevrus

Pontastacus_leptodactylus_Hepevirus_C168 Parwise identity
Pontastacus_leptodactylus_Hepevirus_C1348 ;go
UKQ11004_signal_crayfish_associated_hepelike_virus_1 89
83
APGT77588_Beihai_hepelike_virus_4 78
YP_009329857_Beihai_hepelike_virus_4 g
APG77858_Beihai_hepelike_virus_4 61
56
S0
45

Figurgk maHdmkm!|l i hood phyl ogenetic tree repre
of s&vbdogHerpieavdl i kleg¢ s v iPrond eass t farcaums, |beapsteodd aocnt ytll
RNAMependent RNA polymerase (RARP) protein (c
mi dpoint rooted. The tree includes 12 viral

but with no specific taxonomiec tdeteaiils pracwidd

bestt model: LG+G4, chosen arcictoeardiionng. tToh eB aoyrei
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alignment i ncludes 693 col umasn, o443 tdivset isn d te
singleton sites, 315 constaflTtREEi taend. ahme ttar e
using FigTree. I n addition, a shetqiuregnctehedemar
approximate percent similarity between the R
analysis. Smal/l ani mal icons are present to

represent their aquatic origin

Two distinct nodaviruses were sequenced from
Viruses wkRkart astrameuwsadl mhpa maddaa@wiprBus (IFAAB301 3
(PV4as542Pdntasd ac usall ptpad mada8Bwiprbds (IR FEQ 1 3
(PV454213) . Both encoded a single polyprotei
3210 bp (GC% = 41%), respectively. The two w
The polyprotein escedédblbyedhéeé hewd oVil owseg f
(based oXbPq)RAM0ODncoded a met hyltransferase
50P49 encoded an RdAdRP. HHpred prediction of
regi omo&4@f the polyprotein is angextension
capping enzyme (HHpweeldyetjprloblaebideé myi-nild ;r eg
1020) is also an expgreedsii ®inedfRdARR dintte,r PrwtSc
transferase function -(dHHpeaer d5 Phy abadiydsiiisy : 9
using the entire polyprotein determined that
a sister branch to the Leuven nodavirus (QzZz
( XKB7644rde 6AHIpchanodavibrruasn cfH eosc keetn stehe base of
contai nim.g Itehpet-ictMeced tyil ig nodaviruses (support
contains a nodavirus sequenced from a freshw
WP R 1 8 3 5uér; e 6Ffi.g
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Figurkg ma»Hdmkm!|l i hood phyl ogenetic tree repre
of two new nbPdavasuaess,f tbeapsteodd aocnt yal uwwssh ol e p ol
alignment. The tree is midpoint rooted. The
Bet anodaAl plhuanoglearvadrran.s The trefeit smbdesledd on t
LG+l +G4, chosen according to Bayesian inform
30 sequences with 1250 columnsnfoit®&m@tdivet sint
233 singl et @wmnssittaenst, samnd s1 93T he-TtRrEcEe amals d e v ¢

annotated using FigTree. I n addition, a sequ
the approxi mate percent similarity between t
anal ysiasi.i marmalilcons or environment al icons ar
of the sample, and they are coloured in eith
their environment al origin. | ncnldu sciaadne sofant he
environmeingrmaéesampi ers to terrestrial, blue
Two tombusvirus sequences were identified fr

t wo ORFs is termed 6Pont asthb®dBD I(dpETRHABct yl u
(PV454215), which was 2518 bp in |l ength (GC%
cont aowi NQRFs i s termed O6Pontas®8ada88bds (-PeprCaaada
873) (PV454214), which was 5600 bp in I ength
two viruses show varied |l evels of similarity
t wo @RFExxded HPYERBI TOMIi st of a transmembrane
RdRP ( ORF2) according to InterProSc8m3) The ¢
encoded four ©@QRFswh(iScuhppadpperairg.t o function in
|l nter ProScan and HHpred predictions: ORF1, u
encodes an RdAdRP; and ORF4 encodes a peptidas
phyl ogeny det er riened dt tpaatr ttilad odmplsees sequer
separ aotsesl Typ mlecurs ( iFiigd @. -BPb&B818r oups with ot he
and molnfes€¢i ng tombusviruses from aquatic en
wi t hRetghree s saw@arlivhuasev i RI1i-8na3e3 gr oups in a differe

tree, alongwith related virusesuffedm.mosquit
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FigurgAg maxidmkm!l i hood phyl ogenetic tree repre
of two new toPbosastaesces, [Fbeapsteodd ame yRiNeA:mt RNA
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