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EXECUTIVEBUMMARY

Concerned with the impact of invasive species on ecosystems and native communities, Great Britain has
promoted action to avoid the intentional and accidental introduction and spread of-nagive species.
However, specific strategies are needed for keysgstems and donor areas that take into account their
habitat-specific vulnerability, pathways of introduction and potential impacts.

This project focuses on a higisk group of freshwater invaders originating from the Pe@aspian region (SE
Europe). Th project seeks to assess the full scope of the threat posed by Rtadpian species as basis for
creation of an informed strategy of prevention across Britain. Furthermore, this project aims to provide the
foundation for future risk assessments, prevemti plans, early detection schemes and monitoring
programmes of Pont&aspian species.

The project is divided into three interlinked sections, comprising a comprehensive review of 23 alert Ponto
Caspian invaders, analysis of likely spatimporal patternsof introduction, and modelling of their potential
distribution and spread in England and Wales. The project is based on data extracted from the literature and
maps obtained from global, European and national data bases. All the information collectedmasuszed

and analysed using state-the-art techniques to develop predictive models that allows the inference of likely
future scenarios of invasion.

A number of key messages and biosecurity recommendations can be drawn from this project:

Message 1There are evident gaps in the literature regarding the basic biology and ecology of alert Ponto
Caspian species and their environmental and economic impacts.

Information on the basic biology and ecology of invasive species, such as their reproducttye fabiling
behaviour and interaction with other species, is fundamental to understand their potential impacts. Currently,
there is a great imbalance between the number of studies addressing widely known invadeBréésgena r.
bugensis, Dikerogammarusvillosug and those essentially neglected (e.gcorophium sowinskyi,
Chaetogammarus warpachowski, Dikerogammarus bispinosus

Recommendation 11t is fundamental to develop basic laboratory and field studies to gain full knowledge on
the basic biology and ecology of Poffaspian invasive species. Otherwise we might underestimate their
potential impacts. Crossountry collaboration and informatio sharing is fundamental to avoid duplicating
efforts in risk assessment.

Message 2There are a humber of alert Ponrt@aspian species thriving in the Rhine estuary and ports of| The
Netherlands with serious risk of being transported into Great Britaihénshort term.

At least 15 out of the 23 alert PortBaspian organisms investigated are well established in the Rhine estuary

and Dutch ports. Four of these species have recently crossed the channel and established in Great Britain. The

time lag between @ A @Sy &aLISOASEAQ FANRG NBO2NR Ay ¢KS bSUGKSNILYyY
last century from an average 30 to merely 5 years.

Regression models suggest that alert PeGspian species present in The Netherlands are under a critical risk
of being transported (and could even have arrived already) to Great Britain. Special attention should be paid to
the quagga musseDx r. bugensjs since time lags for molluscs seem to be substantially shorter than for other
types of organisms.

Recommendatio 2; Great Britain is on the brink of multiple Por@aspian invasions and there is little leeway

to set up a strategy for prevention and early detection. Areas with an especially high frequency of invasive
species reports, such as the Thames estuary (&herOl @ nx: 2F . NAGFAYQa FTNBaKg
recorded) and the Anglian region (20%) should be prioritized for the early prevention and control of aquatic
invasions.
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Message 3The south and east of England show the highest suitability for trebéshment of multiple alert
Ponto-Caspian species.

According to species distribution models (SDM) performed with data on the current spatial distribution of alert
Ponto-Caspian invaders, the cumulative risk of invasion of multiple alert PGagpian spées is highest in the
SE of England and decreases north and westwards.

Annual and coldest temperature were relevant predictors in SDM, which relate to the basic physiological
constrains and habitat availability for Por@aspian species. The significannicibution of the Human
Influence Index to classic climabased SDM revealed the important role of human activities in the transport
and establishment of invaders.

Recommendation 3Maps developed in this study can be used to guide monitoring schemethdogarly
detection of PonteCaspian species. Special attention should be paid to areas under risk of multiple invasions,
such ashte lower reaches of the Great Ouse, Broadlands, Thames and Severn rivers, projected to be affected
by up to 20 alert Pont@&aspian species.

Message 4River and lake typologies characterized by sisiakd catchments, low altitude and calcarequs
geology are most vulnerable to invasion.

Ponto-Caspian species are not likely to affect all types of British rivers and lakes in the same way. River types 2,
5 and 8, and lake HAypes meet all characteristics that favour the establishment of Paaspian invaders.

These water body types are déispread in England and Wales, representing 40% the typed river length. River
types 5 and 8 showed highest cumulative risk scores in SDM (>15 species predicted present on average) and
the highest number of native species potentially affected by Pd&Pdagphan invaders (e.g. Gammaridae,
Asellidae, Unionidae, Caenidae, Hydropsychidae, Chironomidae and Oligochaeta).

Important alterations in the structure of habitats and aquatic communities can be expected, although the
direction of such change is difficult mticipate, depending to a great extent on the number and density of
invaders.

Recommendation 4Current sampling protocols do not consider the native/invasive status of species thereby
leading to misguiding ecological status evaluations. A simple biangnation index based on the richness
and abundance of invaders applicable to data collected during routine monitoring is therefore recommended

Message 5:0nce introduced, alerPonto-Caspianspecies can quickly disperse through the interconnected
network of water bodies and artificial canals.

Alert PonteCaspian species can disperse at very high velocities (on average 87 km/year upstream and 80
km/year downstream) aided by human activities such as boating or fishing, through hull fouling, attachment to
boat material, trailers or fishing gear.

According to Network Analysis, the potential for secondary spread of alert Roedpian species is particularly
high within the Great Ouse, Nene catchments and the Broadland Rivers because of the high intergibnhnecti
of their hydrological networks.

Recommendation 5Spread velocities used in this report are rough estimates subject to multiple limitations,
thus real information based on laboratory and field trials is still needed to evaluate the potential fordsegon
spread of alert Pont&aspian species. The Network Analysis provides an innovative tool to improve the early
control of invasive species, but requires further advancement.

Recommendation 6:River Basin Management Plans offer a pivotal tool to coatdinefforts towards
preventing and managing invasion species at the regional scale. A continuing process of evaluation of existing
and potential invaders should be implemented since problems and vectors change over time.
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1. INTRODUCTION

Biological invasions constitute a growing concern to environmental managers and stakeholders because of
their diverse impacts on biodiversity, ecosystem services and associated eradication costs, necessitating
effective management policie§Gallardo and Aldridge 201BaAccording to the European RINSE project
(www.rinseeurope.eu) approximately 20% of all noative species described in Europe (ca. 12,000,
www.europealiens.com) have been already reported in Great Bri(@allardo et al. 2003 with total annual

costs for the British economy of approximately £1.7 biljdfilliams et al 2010.

Concerned with the impact of invasive species on ecosystems and native communities, Great Britain is among
the first in Europe that has promoted action to avoid the intentional introduction and spread chatwve
species, to prevent acciderdtantroductions and to build an information system on invasive species
(www.nonnativespecies.org). Consequently, there are severalestdblished systems in place to address
invasive species issues in Great Britain. However, they are strongly biasetddoatas of traditional
economic importance such as plant and animal he@BBNNSS 2008 Furthermore, specific strategies are
needed for key ecosystems that take into account their halsfzcific vulneability, pathways of introduction

and potential impacts.

Freshwater ecosystems are particularly vulnerable because of the high intrinsic dispersal ability of freshwater
species when compared with terrestrial organisms, and the high level of human disttgbin aquatic
ecosystems that attract biological invasions more than pristine sys{@herardi 200Y. According to a recent

risk assessment, approximately 6% of all invasive species in Great Britain are freg@aileedo et al. 2013

with estimated control costs of £26.5 million per yg@reska and Aldridge 2011Moreover, there is digh
potential for future invasion of multiple species belonging to different taxonomic groups and regions of origin
(Gallardo and Aldridge 201Ba

ly SEOSLIiA2YylIf WR2Yy2NJ K20 &LR3GQ 2F FTNBaAKgl SN Ay Dl R
Ponto-Caspian region, located between the Black, Azov and Casgas(Bollache et al. 2008 Over a

hundred species are currently known to have spread from this re(@gaveer et al. 2002Dumont et al. 2004

Copp et al. 200RAlexandrov et al. 2007 The colonization success of Poi@aspian invaders can be attributed

to several biological features. The most important are their tolerance to wide temperature and salinity ranges,
omnivorous opportunistic feeding, and rapid reproduction (digh fecundity, fast growth, early maturit{hij

de Vaate et al. 2002 In addition, the availability and human enhancement of invasion corridors between
ecosystems with suitable environmental conditions for the invading spgétetd and Orlova 2002and

facilitation of invasions through positivet@raction between species (i.e. invasional meltdown) altogether

explain their collective success colonizing new environmg@esezina 200)

Clea geographic patterns in the spread of 16 Pofaspian species towards Western Europe and Great
Britain depending on their main dispersal corridor (i.e. central BlackB8#& Sea through Dnieper and
Nemunas rivers, or southern Black S¢arth Sea throgh the DanubéVain-Rhine waterways), were observed

by Gallardo and Aldridg012. In addition, Gallardo and Aldridge (2012) suggested that high alkalinity > 120
mg/L favours the establishment of Por@aspian invaders, and pointed to SE Englarttiesnost vulnerable
region to their establishment because of its similar climatic conditions with the invaded continental Europe.
Another report highlighted 14 PontGaspian species as posing the greatest threat of introduction and spread
in Great Britain,and identified shipping (ballast water and hull fouling) as the most important pathway of
Ponto-Caspian species introduction into Great Britain, and recreational activities (boating, fishing) as the most
common pathways of secondary spre@bdard et al. 2012

Ponto-Caspian species have mu#ivel abiotic and biotic impacts. They change the energy flow of ecosystems,
become dominant members of various trophic levels (e.g. herbivores, detritivores, predators), displaee nativ
species through competition or predation, and may severely affect fishé@gmveer et al. 2002 Ponto
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Caspian invasive species have also far reaching abiotic impacts, changing habitat conditions and the energy
flow between biotic and abiotic compartment@javeer et al. 2002 PontaCaspian species therefor
constitutes a group of high concern for environmental managers and stakeholders that requires scientifically
informed tools for their prevention and control.

To cover needs underlined in previous investigations, this project aims to assess the fulbEtopahreat

posed by invasive PorBaspian species as basis for a Great Britain informed strategy of prevention. Following
key actions proposed by the Great Britain N@ative Species Secretari@BNNSS @08), the assessment
reviews all available scientific information on the invasive species group of concern, their ecological and
economic impacts, and the ecosystems invaded (Wittenberg and Cock 2001). The assessment also identifies
the highest impact@ecies that are most likely to enter and establish themselves in Great Britain by producing
ranked lists (as recommended by -GBISS, 2008). Finally, recommendations provided as part of the
assessment enables a more efficient allocation of resources foednly detection of Pont&Caspian invasive
species.

1.1 STUDYAPPROACH ANDBJECTIVES

Building upon previous research, the main objective of this project is to underpin all risk assessments,
prevention, detection, surveillance and monitoring of Pofasjan species with the highest quality science
available. The project is divided into three interlinked sections, comprising a comprehensive review of alert
PontoCaspian invaders, analysing the likely sp#timporal patterns of introduction, and modellinthe
potential distribution of PonteCaspian invaders into England and Wales (Figure 1):

'8 Update list of Alert Ponto s|dentify species posing the
Caspian species biggest threat
« Literature review: biological « First GB areas of introduction *ldentify areas under highest
traits, habitat preferences, sTimetiame ofintrodiction cumulative risk of invasion
habitat constrains, interaction *Add complementary maps (e.g.

with other species, dispersal *i5preadivelocities WFD typologies, water

and impacts chemistry)
*Network analysis

Distribution

\ Revie_w of Por_rto
Caspian species

S

Figurel Objectives and approach to a Great Britain strategy for R@#epian freshwater invaders.

modelling

Specific questions that this project aittsanswer include:

- Which PonteCaspian species pose the biggest threat?

- Why are they successful colonizing new environments?

- Where are PonteCaspian species most likely to appear for the first time?

- When are they likely to invade? How much tirde we have to set up a strategy of prevention and
management?

- Which areas match the current range of the species and are thus most vulnerable?

- How far potentially could alert PontGaspian species spread?

- How are alert Pont&Caspian species likely affect the ecological status of water bodies assessed under the
Water Framework Directive? Is the vulnerability different across WFD typologies?
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Answering these fundamental questions will provide a scientific baseline to evaluate the risk associated to
alert PonteCaspian species and elaborate an efficient strategy to prevent their introduction and uncontrolled
spread.

2. METHODS

2.1. CONSOLIDATE A LISTALERTPONTOGCASPIANSPECIES

To define a strategy for PonrBaspian invasive species, we first needdentify which organisms pose the
most realistic threat to British freshwaters. In 2013 a workshop gathered in Wallingford experts on biological
invasions to horizoiscan future highkrisk invasive species into Great Britain (Roy et al., in prep).igthef|
freshwater invaders included 16 Pon@aspian organisms. To this list we added seven species that were
identified as potential threats to British freshwaters in previous rep@@allardo and Aldridge 201%odard

et al. 2012. Additional speciemcluded four crustaceans already recorded in Great Britain whose distribution
is still limited but that have potential for further spread such as the Caspian mud sh@nquivispinum the
bloody red mysidH. anomald, the killer shrimp . villosuy and demon shrimp. haemobaphds These
organisms were included in our list because they are considered to have the potential for considerable
increase in distribution and abundance across Great Britain. In addition, these species can serve as important
controls to check the reliability of predictive tools developed upon this project. The final list of alert-Ponto
Caspian invaders included 23 organisfiablel). The complete list of Ponto Caspian invaspeciesknown

to be spreading out of their native range, with mention of species currently present in Great Britain and the 23
species evaluated in this report can be consulted in Appendix A.

Tablel Alert PonteCaspian species reviewed in this project.

Scientific came English name Order
Cercopagis pengoi Fish hook waterflea

Cladocea
Chaetogammarus warpachowsk Amphipoda
Chelicorophium curvispinum* Caspian mud shrimp Amphipoda
Chelicorophium robustum Amphipoda
Chelicorophium sowinskyi

Amphipoda
Dikerogammarus bispinosus Amphipoda
Dikerogammarus haemobaphes: Demon shrimp

Amphipoda
Dikerogammarus villosus* Killer shrimp Amphipoda
Dreissena r. bugensis Quaggamussel

Veneroida
Echinogammarus ischnus Amphipoda
Echinogammarus trichiatus

Amphipoda
Hemimysis anomala* Bloodyred shrimp

Mysida

Hypania invalida*
Canalipalpata
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Jaera istri

Isopoch
Limnomysis benedeni Mysid shrimp

Mysida
Lithoglyphusnaticoides Gravel snall Neotaenioglossa
Neogobius gymnotrachelus Racer goby

Perciformes
Neogobius melanostomus Round goby Perciformes
Obesogammarus crassus Amphipoda
Obesogammarus obesus Amphipoda
Pontogammarus robustoides Amphipoda
Proterorhinusmarmoratus Tubenose goby Perciformes
Proterorhinus semilunaris Freshwater tubenose gob

Perciformes

* species already recorded (@&reat Britainbut showing dimited distribution.

2.1.1BEXPERT RANKING OF@EPES

During the aforementioned workshoxperts scored in a-% scale the probability of arrival, establishment

and negative environmental impact of invasive species (Roy et al., in prep). Scores were multiplied to generate
a total risk value ranging from 1 (very low invasion risk) to 125 (maririmvasion risk). Following similar
guidelines, we calculated scores for the seven extra species not assessed during the workshop. Risk scores
provide a preliminary rank of species according to the risk of invasion perceived by invasion biologists.
Importantly, selection and ranking of the species was based on biodiversity impacts and not economic risk.

2.2 UTERATURE REVIEW

After defining the list of alert Pont@aspian species, we reviewed their biological characteristics,
environmental preferences andhpacts. To that end, a literature search was undertaken utilizing each species
scientific name at the ISI Web of Knowledge. Additionally, Google Scholar was employed to locate additional
scientific papers, articles from ndndexed journals (such as Aquatinvasions) and grey literature (e.g.
national reports, PhD dissertations).

Aspects of alert Pont@€aspian species that were extracted from the literature included:

- Biological traits (e.g. life history, feeding habitats, phenotypic plasticity) that malpiaxthe success
of PontaCaspian invaders

- Habitat preference and environmental limits (if any are documented)

- Mechanisms and velocity of dispersal

- Interaction with other PonteCaspian species

- Ecological and economic impacts

- Year of first report in The Nleerlands

Information compiled during this review is fundamental to support subsequent parts of the project such as
defining the rate of spread of PorBaspian species to develop network analyses, interpreting the output of
distribution models and discuisg) the potential impact of species on the ecological status of British
freshwaters.

2.3. SPATIGTEMPORAL PATTERNSNIJRODUCTION
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Ponto-Caspian species are likely to arrive in Great Britain through the central and southern European corridors
described bybij de Vaate et al(2002. These corridors lead species from their native Pebégpian range
towards the Rhine River and coastal areas of The Netherlands, from where they are eventually transported to
Great Britainaccidentally in ballast water or as contaminants of ornamental plants, animals and aquatic
equipment (e.g. attached to boatsishing gear) (see the review of introduction pathways by Godard et al.
2012).

In this study we therefore assume The Netherlaiglthe most likely origin of PoriGaspian invasive species
towards Great Britain, although they can also originate from other North Sea ports and coastal regions such as
France and Belgium. The Netherlands is currently the European country that exchizmgesatest volume of

trade with the UK, with the largely freshwater port of Rotterdam accounting for 7.6% of total tonnage loaded
and unloaded at UK ports in 2008 (Talbot et al. 2009hofigh the introductionof freshwater invadersnto

Great Britaindepends largely on stochastic events, we also assume that the longer an invasive species is
present in donor areas (The Netherlands in this case), the higher the probability that such random event
occurs.

We analysed spatial and temporal patterns of freglber invasion to calculate the probability of introduction

of new invaders. Because the number of Pe@aspian invaders present in Great Britain is very limited (only 5
organisms), we extended the spatiemporal analysis to all freshwater invasive spscregardless of their

native origin. Thus, location and dates of first observation of freshwater invasive species in Great Britain and

The Netherlands were obtained from the literatufe 3 Sy OS RS f Q9 I pHilletrA2005KeBedzda S 1 1 n
et al. 2009 and internet accessible databasgg.g. Great BritainNon Native Species Secretariat). Because
spatiotemporal patterns of introduction might change over time, we limited our analyses to those invasive

species recorded after 1900.

2.3.1HRST AREAS OF ESTRBUENT

Locations of first invasionfal8 species (including species from all origins) were mapped in order to identify
major hotspots of introduction. The identification of the first invaded location was limited by the available
information, often too vague to clearly identify the first veatbody infested. For instance, several species
were reported from the Grand Union canal, with little information on the specific stretch of the ca. 140 miles
canal where the species was first found. For this reason, we assigned species to the closegtnmeana
catchment (see definition of management catchment under section 2.4.5). The year and location of first report
for each freshwater invader considered can be consulted in Appendix B.

Certain spatial bias towards areas submitted to a high frequensamipling can be assumed. For instance, a
new invasive species in a wateody not routinely monitored by the Environment Agency might not be
detected until it spreads towards other more intensively sampled areas.

2.3.2TIMEFRAME OF INTROOWIN

We furtherinvestigated the relationship between the date a species was first reported in The Netherlands and
Great Britain, under the general assumption that the longer a species is present in The Netherlands, the
greater the probability is that propagules are um@ntionally introduced into Great Britain. We used
information from 28 species (including freshwater species of any origin and excluding cases where the species
was first spotted in Great Britain and only afterwards in The Netherlands) to calculate imé.& difference
between years of first report) between both countries. Species finally included in the calculation and their time
lags can be consulted in Appendix C.

Data collected in this study correspond to the first report in the wild of invagdeziss, which does not
necessarily correspond to the place and time the species first established. Some spauiesspecially

13



Potential of Ponto Caspian invaders in Great Britain

freshwater organisms that require expert identificatioh N& NB L2 NI SR f2y3 | FGSNI (G KSE
usually once they prese large established populations. For instance, the abundance and coverage of the killer

shrimp Q. villosu} in Grafham reservajpresenting a wide range of body sizes including juveniles and adult

females with eggs suggest a welgstablished populatiofMacNeil et al. 2010a Thus the introduction of the

killer shrimp can be probably dated a few years before it was first detected in this reservoir. Something similar

can be presumed abou@. haemobapheslthough no studies on the population structure of this amphipod in

Great Britain have been yet publishedy GKA& addzRé 6S dzaS GKS GSNXY WiGAYS
between years of first report in Great Britain and The Netherlands, and natemst the arrival and first

detection of a species in any of the two countries.

Linear regression models were used to investigate the relationship between time lag (response variable) and
the year the species was reported from The Netherlands (explanatoigble). The model was used to predict

the likely timeframe of introduction of alert PoriGaspian species already present in The Netherlands, and
tested against data from four species that are already located in Great BidawillpsusD. haemobaphg, H.
invalidaand H. anomald. The Caspian mud shrim@.(curvispinumncould not be used in this case as control
because it was detected in Great Britain in 1935, earlier than in The Netherlands (1987). In this study we are
interested in The Netherlandewards Great Britain direction only.

2.4 SPECIES DISTRIBUTMIDDELLING

The establishment and spread of invasive species is likely to be affected by geographic patterns such as the
match between the bioclimatic conditions of the native and invaded rangesfors and pathways of
introduction (Gallardo and Aldridge 2013ESpeces Distribution Models (SDM) are a statistical technique often
used to locate areas at continental or regional scale which are environmentally most similar to the current
range of an invasive species, and thus are most susceptible to successful caonisatiie event of an
introduction (Guisan and Thuiller 20R9n this study we used SDM to loeaareas irEngland and Walehat

might be most vulnerable to the establishmentalért PonteCaspian species.

2.4.1PECIES OCCURRENCHGRING

Information on the current spatial distribution of invasive species was obtained fronGtbkal Biodiversity
Information Facility (GBIF, data.gbif.org), The Netherlands Biodiversity Information Facility (NLBIF,
www.nlbif.nl) and the National Biodiversity Network (NBN, Gateway data.nbn.org.uk) Additionally, we used
occurrence points gathered fahe modelling of PonteCaspian invaders in previous studigallardo and
Aldridge 201220133 b; Gallardo et al. 201)3Otherliterature references usetb complementthe geographic
distribution of PonteCaspian species not assessed in previous publications are listabl&®.

Table2 References used to complete the known native and invasive distribution of 23 -Rasian species.

Reference

I NDF 6ALFdza 1l & 6Hnnyo ! YLIKALRZRE 2F GKS bSyYdzyl & w
and which Native Freshwater Amphipods Persfstfa Zoologica Lituani¢a8, 10-16.

I ND I 6 Al diadzY dzfZA IYdRa g AGT=Z {® OoHnnTO LYy QEaspiad gmplpbd
Pontogammarus robustoidesd its ecological impacBiological invaders in inland waters: Profiles,

distribution, and threatged. by F. Gherardi), pp. 4837. Sprger Netherlands.

Arbaciauskas, K., Rakauskas, V. & Virbickas, T. (2010) Initial atertormpnsequences of attempts to
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improve fishfood resources in Lithuanian waters by introducing alien peracaridan species: a retrospectiy
overview.Journal of Apjdd Ichthyology26, 28-37.

Berezina, N.A. & Gubelit, Y.I. (2012) Changes in coastal ecosystem of the eastern Baltic Sea under
eutrophication and climate variability. 2012 IEEE/OES Baltic International Symposium (BALTIC), 4 pp.
Boets, P., Holguin, G.J.Eock, K. & Goethals, P.L.M. (2012) Eieen habitat analysis of the Pont@aspian
amphipod Dikerogammarus villosus in two invaded regions in Europe. Ecological Informatics, in press
Bollache, L., Devin, S., Wattier, R., Chovet, M., Beisel, J.Nteklord.C. & Rigaud, T. (2004) Rapid range
extension of the Pont&aspian amphipod Dikerogammarus villosus in France: potential consequences.
Fur Hydrobiologie Supplementbande, 160, 566

Borza, P., Czirok, A., Deak, C., Ficsor, M., HorvlipiWath, Z., Juhasz, P., Kovacs, K., Szabo, T. & Vad, C
(2011) Invasive mysids (Crustacea: Malacostraca: Mysida) in Hungary: distributions and dispersal mect
North-Western Journal of Zoology, 7, 2228

Heiler, K., Brandt, S., Albrecht, C., Hauf. & Wilke, T. (2012) A new approach for dating introduction eve
of the quagga mussel (Dreissena rostriformis bugensis). Biological Invasions, $431811

~

Zoric, K., Jakovcéwodorovic, D., Djikanovic, V., Vasiljevic, B., Tomovic, J., Atanagko8anic, V. &
Paunovic, M. (2011) Map distribution of the Por@aspian polychaeta Hypania invalida (Grube, 1860) in
inland waters of Serbigquatic Invasions, 33-38.

Nesemann, H., Pockl, M.\&ittmann, K.J. (1995) Distribution of epigean malacostraca in the middle and t
Danube (Hungary, Austria, GermariMjscellanea Zoologica Hungaricd), 49-68.

Paunovic, M., Jakovcéhodorovic, D., Simic, V., Stojanovic, B. & Cakic, P. (2007) Macrelimates along the
Serbian section of the Danube River (stream km £928).Biologia,62,214-221.

Wittmann, K.J. (2007) Continued massive invasion of Mysidae in the Rhine and Danube river systems, '
records of the order Mysidace&(ustaceaMalacostraca: Peracarida) for SwitzerlaR&vue Suisse De
Zoologie 114,65-86.

Wozniczka, A., Gromisz, S. & Wolnomiejski, N. (2011) Hypania invalida (Grube, 1960), a polychaete sp
new for the southern Baltic estuarine area: the Szczecin LagoothariRiver Odra mouthAquatic Invasions,
6, 39-46.

Wittmann, K.J. (2007) Continued massive invasion of Mysidae in the Rhine and Danube river systems, '
records of the order Mysidace&(ustacealMalacostraca: Peracarida) for SwitzerlaReévue Sese De
Zoologie 114,65-86.

Wozniczka, A., Gromisz, S. & Wolnomiejski, N. (2011) Hypania invalida (Grube, 1960), a polychaete sp
new for the southern Baltic estuarine area: the Szczecin Lagoon and the River Odra/Aouuattic Invasions,
6, 39-46.

Once we obtained the most accurate distribution map for a species, the software ENMTools v1.3
(enmtools.blogspot.co.uk, Warren et al. 2QMas used to remove duplicate records. This procedure leaves
only oneoccurrence point per pixel of &rcminutes, thereby avoiding redundancies that may bias output
predictions.

2.4.2PATIAL PREDICTORS
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Several environmental layers were used to calibrate the environmental preferences of alert-Casp@an
invaders. First, 19 bioclimatic variables were obtained from World@liond Climate Database
(www.worldclim.org) with a 5 arcminugeresolution. Afterwards, we checked the correlation of bioclimatic
variables with ENMTools v1.3, and only 7 variables with a Pearson correlation r< 0.8 were selected for
modelling to avoided Type | error (obtaining false significant relationships) (Fyure

- lyydzZ t aSly ¢SYLISNI G§dzZNB 066/ 0

- CSYLISNY GdzNB { SFazylfAde oadlyRINR RSQOAIGA2YO0 06/ 0
- al EAYdzY ¢SYLISNI GdzNB 2F (GKS 61 N¥yS&aid Y2ydK 66/ 0

- aAyAYdzY ¢SYLISNF GdzZNB 2F (GKS 02t RSad Y2ydaK 66/ 0

- Annual Precipitation (mm)

- Precipitation of the driest month (mm)

- Precipitation seasonality (coefficient of variation) (mm)

In addition, we obtained altitude from WorldClim. Slope and roughness were calculated from altitude using
ArcView. However, because the three variableseneighly correlated (Pearson r> 0.8) we only used altitude
for modelling. Altitude may be especially relevant for freshwater species generally associated to lowland areas.

Data on onshore geological units was obtained from the Commission for the Geblbtap of the world
(CCGMCGMW, Paris 2010, http://ccgm.free.fr/) and included seven bedrock geologies: endogenous plutonic
or metamorphic rocks, extrusive volcanic rocks, island, lake, ophiolitic complex, sedimentary rocks and
undifferentiated facies. Thgeological mayg initially in the form of a shapefilewas converted into a raster

with the same resolution (5 arcminutes) and projection (WGS1984) as bioclimate layers. A project attempting
to establish a European geochemical baseline (weppi.gtk.fi/pote@satias/index.php) found a direct
relationship between bedrock geology and relevant water, sediment and soil characteristics for the study of
invasive specie¢Salminen et al. 2005 For instance, low calcium concentration and alkalinity in European
waters, relevant for molluscs and crustaceans, were significantly related to acid igneous and metamorphic
rocks (e.g. granite and sandstonehile sedimentary rocks (e.g. limestone and dolomite) supply most of the
calcium in stream watergSalminen et al. 2005

In addition to ewironmental factors, in this project we introduced a number of semionomic factors as
potential largescale predictors of the distribution of species. This is based on the assumption that drivers
controlling the global scale distribution ofvasive speiesdiffer from native species, because their transport
and introduction are more dependent on human activities. Furthermore, sectmomic factors can be
related not only to propagule pressure, but also to the vulnerability of ecosystems to invasioa,ilsvasive
species often benefit from weakened, disturbed native ecosysté@allardo and Aldridge 201BaWe
therefore expect soci@conomic factors to promote the suitability of large geographic areas to the
establishment ofalert PonteCaspian invadersA total of five socieconomic factors were considered for
modelling Figure2):

- Global Human Influence Index (HIl, Sde€amnomic Data and ApplicationsCentre
sedac.ciesin.columbia.edu). This map is produced thrabgtoverlay of a number of global data layers that
represent various factors presumed to exert an influence on ecosystems: human population distribution,
urban areas, roads, navigable rivers, and various agricultural land uses. The combined influence of these
factors yields HIl, which ranges from 0 (conditions close to pristine) to 64 (most heavily influenced systems).

- Land use was obtained from IGBRternational Geospher8iosphere Programme (MODIS Global
Land Cover Classification v2, www.modis.bu.eddtaver) and included nine categories: forest, shrubland,
savannah, grassland, wetland, cropland/natural vegetation, urban, snow/ ice and barren/sparsely vegetated.
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- Density of human population (Oak Ridge National Laboratory, www.ornl.gov/sci/landscan).

- Distance (in km) from the closest commercial port. A list of ports with > 30 megatons total cargo
volume in 2009 was obtained from the American Association of Port Authorities (wwwpeafsaorg, last
accessed 10th March 2012). The euclidean distandbdaclosest port was then calculated using ArcGIS 10.0
©

ESRI.

- Distance (in km) from the closest road. A global map of transportation was obtained from ESRI
(www.esri.com/). The Euclidean distance to the closest primary road was calculated using AreGESRO.

Altitude Annual Temperature Minimum Temperature  Maximum Temperature
2 - 5 =
- 2

Annual Precipitation Minimum Precipitation
kA 3 - - ol
=

"

Population density Human influence
i - =

Figure2 Environmental and socieconomic maps used to model the potential distribution of alert Pe@tspian species
in England and Wales. Please note that global maps were employed for modelling, whereas onlyitaneanig
neighbouring countries are shown here for clarity.

2.4.ASPECIEBISTRIBUTIOMODELLING APPROACH

MaxEnt version v3.3k (www.cs.princeton.edu/~schapire/maxent) was used to measure the spatial suitability
for PontaCaspian species, by projecting a model of the known species distribution into the region of interest
(Guisan and Thuiller 20Q5For input, MaxEnt models use the dataset of species occurrences and the set of
environmental and sociecononic predictors that might affect the likelihood of species establishment. To test
the accuracy of predictions, occurrence data were split into two sets: 70% of the data was used for modelling
and the remaining 30% for testing the model. Because no abseat® wlas available, a total of 10,000
random background points were generated from the study area. To assess model performance, the Area
Under the Receiving Operating Characteristic (ROC) Curve (Baldgy and McNeil 1982vas used, which
represents the probability that a random occurrence locaigyclassified as more suitable than a random
pseudceabsence. A model that performs no better than random has an AUC pfvbdreas a model ith

perfect discrimination scores 1.
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Regularisation reduces the likelihood of overfitting models, thus increasing the ability of models beyond the
training region(Elith et al. 201 For this reason, it is often recommended increasing the regularisation when
evaluating the potential distribution of invasive species (Muxutorial available atwww.cs.princeton.edy

Yd, no clear guidelines on the appropriate degree of regularisation exist. In this study, we tested a
regularisation modifier of 1, 2, 3 and 4 and selected the best model minimising theosieeted Akaike
Information Criterium (Alg calculated using ENMTools v1.3.

After calibration, models were projected onto England and Wales to obtain suitability maps, ranging from 0=
conditions completely different to those of the current range of the species, to 100%= complete match with
the curent range of the species. While calibration layers were used at a 5 arcminutes resolution, we used a set
of higher resolution layers (30 arcseconds) covering England and Wales for projection.

The threshold maximising the sensitivity (i.e. number of enegs correctly predicted) and specificity (i.e.
number of background points correctly predicted) of the model was used to transform suitability maps into a
presence/absence mapf.iu et al. 2005 This threshold tends to fauo sensitivity (true presences) over
specificity (true absences), which is preferable in the case on invasive species, and has been consistently found
to produce the most accurate predictiorfBarbetMassin et al. 2012 Thresholded maps provided a simple
absence/presence prediction for each species allowihgntification of broad geographic regions whose
environmental conditions may facilitate the successful establishment of an invasuesp

CAyltfes Itf YIrLA 6SNB O2YO0AYSR (23SGKSNJ Ayd2 | aiy3
England and Wales for all evaluated species together. Spatial statistics by country (i.e. England and Wales) and
management catchments gadefined by the Environment Agency, see section 2.4.5) were calculated to

identify major hotspots of vulnerability in the study area.

A previous project identified an alkalinity threshold of 120 mg/L as likely favouring the establishment of Ponto
Caspian invaders. For this reason, we overlaid an alkalinity map onto our cumulative heat map to investigate
whether water chemistry could belzarrier for PonteCaspian invaders. The map was extracted from Gallardo
and Aldridgg2013h and consited on a interpolation of alkalinity valuesrossGreat Britain

2.4 .5RsK OF INVASION B TERFRAMEWORKIRECTIVE TYPOLOGIES

The Water Framework Directive (WFD, Directive 2000/60/EC of the European Parliament) commits European
Union member states to achieve good qualitative and quantitative status of all water bodies byT2@18/FD
became part of UK law in December 2003.

One mportant aspect of the WFD is the introduction of River Basin Districts (RBD). These areas have been
designated, not according to administrative or political boundaries, but rather according to the river basin (the
spatial catchment area of the river) asnatural geographical and hydrological unit. In this report, RBD are
used to describe major areas under risk of invasion in England and Wales. Within RBD, management
catchmentsare a geographic division delineated by the Environment Agency by using rater ody
catchments as 'building blocks' that were aggregated together to form larger catchments of similar size,
practical for management purposeManagement catchmentgrovide a local scale spatial unit useful to
provide a more detailed identificatioof areas under risk of invasion.

As part of the characterisation process for typing waters in each RBD, the WFD required undertaking an
analysis of its characteristics according to common technical specifications. This resulted in the classification of
British rivers and lakes into homogeneous categories sharing morphological and chemical characteristics (Table
3).
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Table3 River typologies established for the implementation of the Water Framework Directive and their main

characterisk O &

Ay DNEBI G

Rivers in Great Britainhttp://www.wfduk.org).

NAGEAY® 51 (rype Speciicef®réanSeRContliNgd Descriptions for

Type Description Type  Description
Type Small catchment are@l 0-100knf), low mean catchment | Type  Small catchment area (1T00knf), medium mean
1 altitude (<200m), with a predominantly siliceous geolog 10 catchment altitude (2068800m), predominantly siliceous
geology
Type Small catchment area (1T00knf), lowmean catchment | Type  Small catchment area, (1100 knf), medium mean
2 altitude (<200m), with a predominantly calcareous 11 catchment altitude (20800m), predominantly calcareous
geology geology
2
Type SrT1aII catchment ar.ea (J.’[DOknf), low mean.catchment T2 el esialmEmt aies (1D00km), medium mean
3 altltudt.e (<200m), with predominantly organic surface 12 catchment altitude (20@00m) predominantly organic
deposits surface geology
Type Medium sized catchment area (14®00 knf), low mean | Type  Medium sized catchment area (1A®00knT), medium
4 catchmentaltitude (<200m), with a predominantly 13 mean catchment altitude (26800m), predominantly
siliceous geology siliceous geology
Type Medium size catchment area (14®00 knf), low mean Type Medium sized catchment area (1:a000 knf), medium
5) catchmentaltitude (<200m), with a predominantly 14 mean catchment altitude (26800m), predominantly
calcareous geology calcareous geology
Type Medium size catchment area (1400 knd), low mean Type  Medium sized catchment area (1A@00knf), medium
6 catchmentaltitude (<200m), with a predominantly 15 mean catchment altitude (26800m), predominantly
organic surface geology organic surface geology
Type Large catchment area (>1000 Rplow mean catchment | Type  Large catchment area (>1000Rmmedium mean
7 altitude (<200m), with a predominantly siliceous geolog 16 catchment altitude (208800m), predominantly siliceous
geology
2 .
Type Large catchment area (>1000 Rmow mean catchment Type  Large catchm.ent area (>1000 f<)nmed|L.1m mean
8 altitude (<200m)predominantly calcareous geology 17 catchment altitude (20800m), predominantly calcareous
geology
Type Large catchment area (>1000 Rlow mean catchment | Type  Medium sized catchment area (1A®00knT), high mean
9 altitude (<200m), predominantly orgarscirface geology | 18 catchment altitude (>800m), predominantly siliceous

geology

The dominanttypologyin England and Wales is Type 2 (i.e. small catchment size, low altitude, calcareous),

which represents 34% of river waters (Figure 3).
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Figure3 Type 2 rivers (in red) are the most frequent in England representing more thanf3@éstgped river length

Lake typology was based on altitude, latitude, longitude, depth, geology and size. Of these divisions catchment
geology and lake depth are believed to be the most important in explaining the natural variation of ecological
conditions in lakes. Catchment geology influences background fertility and a simple division between very
shallow and deeper lakes divides them into those where underwater plants (macrophytes) and those where
algae (phytoplankton) dominate the lake.

Ultimately,the WFD aims for 'good status' for all ground and surface waters (rivers, lakes, transitional waters,
and coastal waters) in the European Union. The structure and diversity of aquatic community assemblages
(fish, macroinvertebrates, and aquatic flora) &ed to evaluate the ecological status of lakes and rivers. More
specifically, the ecological status of a given water body is determined according to its closeness with the
reference conditions corresponding to its specific typology.

To identify WFD typologies under highest risk of invasion, we summarized information regarding the size,
altitude and dominant geology of catchments colonized by the species in mainland Europe. In addition, we
calculated risk statistics (i.e. SEsed cummlative risk scores) for water body types identified as suitable for
invasion.

2.4 5NETWORK ANALYSIS

After identifying water bodies under the highest risk of invasion, the potential area of influence of invasive
species within each higtisk catchment wa calculated. To that end we applied the Network Analyst, a GIS
application normally used in traffic design to calculate the service area of facilities such as gas stations,
pharmacies or fire houses. An example of a service area analysis is providgdra &iwhere areas at a
10/20/30 minute driving distance from major stores have been delineated.
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Figure4 Example of service area calculated using ArcGIS. Colour areas around stores delineate the area that can be
reached driving from the store in 10, 20 and 30 minutes respectively.

Following a similar methodology, we used the hydrological network as the traisport route and water
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case would identify major influence zones in the catchment that would be under a high risk of invasion
through natual secondary spread. The area under risk would actually depend on multiple natural (e.g. river
flow, barriers to dispersal, availability of habitat, presence of predators, population density and reproductive
stage) and artificial (e.g. recreational acfiedt such as boating and fishing, direct connecting routes between
places) factors. However, this service area concept may help identifgduts on introduction with wider
zones of influence. The Network Analyst has been successfully used before tigeteetite potential spread

of the killer shrimpD. villosuyin Great Britair{Gallardo et al. 200)2and Belgiun{Boets et al. 20133

Catchment boundaries and the hydrological network were downloadéed® fY’
Geostore [ittp://www.geostore.com/environmentagency/ last accessed 23 May 2013). We afterwards
created a network dataset using the Network Analyst extension of ArcWiéwil ?ESRI, Redwoods California).
This is therefore a simplification of the natural conditions of the hydrological network, considering that the
flow is homogeneous and no influence of roughness, barriers to flow or water quRliigrs and lakes
identified as being most vulnerable for Por@aspian invasion in our SDM were selected as potential first
areas of introduction. A number of points at regular distances-&0%m were located within high risk river
stretches, while a single point was locat@dthe centre of high risk lakes. Network analyst was used to create
a series of polygons that represent the distance that can be reached from any given introduction point,
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Spread velocities were obtained from the literature for different alert Pe@Gtspian invaders and used
together with service area maps to investigate their potential for secondary spread. Spread rates are often
calculated by simply looking in a map at tleeations where the species has been identified in consecutive
years(e.g. Leuven et al. 2009Such velocities can be misleading for several reasons. First, unless exhaustive
samplings are performed each year along a water course, it is often difficult to know the yexpeairance of

a species. Also, humaassisted transport often results in very higipread velocities that do not really
correspond to the species natural ability to disperhis explains the extraordinary spread velocities found in
the literature for Ponb-Caspian species such as the quagga muBsel pugensjs for which Matthews et al.
(2013 reported upstream velocities of 12m/year, even thoughbivalves are believed to naturally spread at
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velocties no higher than 0.1 km/year (Kappes and Haase 2011). Afal@Dthcreased velocity can only be
explained by the use of anthropogenic vectors, with specimens most probably attached to the hull of boats
navigating the Rhine. In this study, we compilefibimation on spread rates from mainland Europe to discuss
the potential for secondary spread of alert PorE@aspian species in Great Britain.

3. RESULTS

3.1 ReEVIEW OPONTGCASPIAN SPECIES

Ponto-Caspian species are receiving increasing attention bys¢hentific community, and this is reflected in a
growing number of publications on the topi€igure5). Such proliferatiorof referenceson PonteCaspian
species mitors the intensification in their spread and impact in the last decades both in Europe and North
America.

Figure5 Evolution in the number of scientific publications about Pe@&spian invaders. Data obtained from the simple

sd NODK 4t 2ayhAzy &LSOAS&a: i GKS Larx 286 2F Yy2stft SRIST 4KAOK
2013 reflects data that were published during an incomplete year. Date of search: May 2013.

Information regarding the life history, gisrsal, interaction and impacts of alert PorBaspian species was

retrieved from c. 260 publications and summarized in Appendix D. This Appendix is intended to offer a
compilation of information regarding Ponto Caspian invaders but it does not purpdré ta comprehensive

review. Much of the information regarding Ponto Caspian invaders is included in grey literature and
publications in foreign (e.g. Russian) languages, therefore difficult to access.

Notable gaps in the information available for Poi@apian species were detected, overall regarding the basic
biology and ecology of the species (e.g. reproduction, feeding), which are directly related with their impact. As
way of example, over 40 studies have approached the feeding behaviour of the killepgP. villosu¥ while

no information exists at all on other amphipods suctCasowinskyor D. bispinosus

3.1.1BEXPERT RANKING OFEEB

During a workshop in 2013 British experts scored the risk of arrival, establishment and impacPointb6
Caspian invaders. Using information gathered during the literature assessment (Appendix D), we scored the
extra seven species evaluated in this projdctfles).

Species wereanked and categorized into High, Moderate and Low figlble4). Organisms in the first 25% of
data (i.e. total score > 90, highest risk) includRedito-Caspiarspecies already present in Great Britain such as
























































































































































































































































































































