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Abstract:

Developed for carrying out risk assessments under the European Commission (EC) Council
Regulation No 708/2007 concerning the use of alien and locally absent species in aquaculture (ASR),
the European Non-native Species in Aquaculture Risk Assessment Scheme (ENSARS) is briefly
summarised, and the ‘Organism’ module is applied to the 24 species listed in ASR's Annex IV. Four
other ENSARS modules (Infectious Agent, Facility, Pathway, and Socio-economic) were used to
assess two case study species (European catfish Silurus glanis L. and red swamp crayfish
Procambarus clarkii Girard). No Annex IV species was categorised as low risk, 10 as moderately low
risk, 12 as medium risk, two as moderately high risk and none as high risk. The results are discussed
and recommendations are made on further development of the scheme as well as the need to have
multiple assessors of multidisciplinary expertise from the Member States concerned carry out the
assessments using an approach similar to that carried out by EU Reference Laboratory proficiency
tests.
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1. Introduction

Aquaculture has a very long history in Europe (Goulletquer & Héral 1997; Copp et al.
2005), benefiting economically from the use of alien species. This continues to be a
fast-growing sector, where innovation and new outlets are being explored. However,
invasive alien species have been identified as one of the key causes of loss of native
species, harm to bio-diversity (Gherardi & Acquistapace 2007) as well as negative
impacts on aquaculture products (e.g. introduction of exotic pathogens) (Nunan et al.
1998; Ghittino et al. 2003; Secretariat of the Convention on Biological Diversity 2004;
Olenin et al. 2008). Moreover, medium-term impacts of alien species might even be
higher than currently expected due to the ‘invasion debt’ since considerable time lags
may occur between the date of first introduction and its establishment as part of the
regional fauna or flora. Therefore, current patterns of alien-species richness may
better reflect historical rather than contemporary human activities (Essl et al. 2011).
Therefore, under Article 8(h) of the Convention on Biological Diversity (CBD),
contracting parties are required, as far as possible, to prevent the introduction of,
control or eradicate those alien species that threaten ecosystems, habitats or
species. In balancing these conflicting interests, the European Commission (EC) has
identified the need to develop a framework to ensure adequate protection of aquatic
habitats from the risks associated with the use of non-native species in aquaculture.

Council Regulation (CR) No 708/2007 of the European Commission (EC) on 11 June
2007 concerning the Use of Alien and Locally-Absent Species in Aquaculture (EC-
ASR) is applicable to all aquatic species except those considered to be ‘ornamental’
in use (EC 2007). In response to the EC-ASR, and as foreseen under its Article 9, a
scheme was developed as part of the EC Coordination Action ‘IMPASSE’
(‘Environmental impacts of alien species in aquaculture’, Project No 044142), to
provide an environmental risk assessment (RA) in the case of movements
categorised as ‘non-routine’ under these new measures. Non-routine movements are
any movement of aquatic organisms that do not fulfil the criteria for routine
movement, with the latter defined as “where the movement of aquatic organisms is
from a source where there is low risk of transferring non-target organisms and which,
on account of the characteristics of the aquatic organisms and/or the method of
aquaculture to be used, does not give rise to adverse ecological effects”. These
protocols are described elsewhere in detail (Copp et al. 2008) and in summary (Copp
et al. this issue); they comprise the European Non-native Species in Aquaculture
Risk Assessment Scheme (ENSARS), which is modular in structure and based on
protocols adapted from broader non-native species risk assessment schemes (Baker
et al. 2008; EPPO 2009).

To facilitate the implementation of the EC-ASR whilst avoiding unnecessary
regulation of introduced species that have a long history in aquaculture, the EC-ASR
includes a list of species (Annex 1V) that may be exempted from the Regulation due
primarily to their well-established economic importance. However, the EC-ASR
allows Member States the option to impose controls under the EC-ASR and to
disregard the Annex IV (exemption) status of any species on that list, for example for
a species that has not previously been used in aquaculture in the Member State
concerned.

In principle, species initially included in Annex IV of the EC-ASR, as well as those
added subsequently (EC 2008), should comply with two criteria: 1) the species has
been used for an extended period in aquaculture (defined as a minimum of 50
generations), and 2) the species has not been found to exert adverse impacts on
native species or ecosystems. In practice, few of the species included in the initial
and revised Annex IV comply with the second criterion, and several of the species
are not in widespread use across the EU. In light of this, and to help inform decisions
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on the extent to which it might be necessary to retain controls on Annex IV species,
UK authorities decided to have risk assessments carried out on all species listed in
Part A of the revised Annex IV (henceforth Annex IV species), given that those in
Part B are relevant to French overseas departments only (European Commission
2008). The aim of the present study was to trial the ENSARS scheme (summarized
in Copp et al. this issue) on Annex IV species using the Organism Module, with other
modules of the scheme trialled on two species as case studies: the European catfish
Silurus glanis (L., 1758), which is listed in Annex IV, and red-swamp crayfish
Procambarus clarkii Girard, 1852, which does not meet either of the two criteria for
inclusion in Annex IV and has been categorised in a risk screening assessment as
posing a high risk of being invasive (Tricarico et al. 2009).

2. Methodology

The ENSARS scheme is based on the Great Britain (GB) Non-native Species Risk
Assessment scheme (Baker et al. 2008; Mumford et al. 2010), which, in turn, has its
origins in the Decision-Support Scheme for Quarantine Pests developed by the
European and Mediterranean Plant Protection Organisation (EPPO 2011). As such,
the ENSARS is modular in structure, which is described in detail in Copp et al. (2008)
and summarised in Copp et al. (this issue), and consists of seven assessment
modules with which to evaluate invasiveness potential and then in greater detail the
various risks potentially associated with the use of any non-native aquatic organism
(and those associated thereof) in aquaculture. ENSARS includes assessments of the
risks of escape, of introduction to and establishment in open waters via transport
pathways, of rearing facilities, of the transmission of non-target infectious agents, as
well as potential ecosystem and socio-economic impacts (see Fig. 1 in Copp et al.
this issue).

To initiate an assessment, a risk assessment area is defined, and the type of
assessments required (i.e. the modules to be used) are identified in the Entry
Module. In the assessment modules, each question requires the assessor to provide
a response, a justification for the response and a self-assessment of the confidence
level they place on their response (i.e. reflecting the available evidence upon which
the response was formulated). Each module requires specialist expertise and can be
used independently, though some questions in the Organism Module are best
answered using the outcomes of other modules (e.g. those relating specifically to
Infectious Agents, Socio-Economics, or Pathways). Therefore, a multi-disciplinary
team is normally required to carry out the assessments comprehensively, but in
some cases this may not be possible and responses (and confidence levels) should
reflect the fact that the assessment was completed by a non-specialist. A concluding
module was developed to summarize and formulate management options for
mitigating the risks (see Fig. 1 in Copp et al. this issue).

All species were assessed using the Organism Module, complemented in
assessments the case study species (see below) by outputs from the Infectious
Agent, Facility, Pathway and Socio-economic modules. The Entry, Pre-screening and
Risk Summary and Risk management modules were not used in the present study
because all species examined (except red-swamp crayfish) are listed in Annex IV
and therefore pre-selected. The Annex IV species included 22 fin fishes and two
marine molluscs (Table 1). The fin fishes were assessed by UK-based assessors
with the entire UK as the risk assessment area, whereas the two mollusc species
where assessed by France-based assessors, with metropolitan France as the risk
assessment area. To trial the entire scheme, the two case study species (European
catfish, red-swamp crayfish) were also assessed with the Infectious Agent, Facility,
Pathway and Socio-economic modules. The red-swamp crayfish was assessed by



Italy-based assessors, with Italy as the risk assessment area. This species was
selected as an example of a non-Annex IV species because of its exploitation in
fisheries and its potential for multiple environmental impacts, including transmission
of the crayfish plague to European native crayfishes.

Each module comprises different sections to assess particular risks (see Tables 1
and 2). Thus, for example, the Organism Module includes sections on introduction,
establishment, dispersal and impact (Table 1). The scores for the risks at each
section range between 0 and 4. Risk categories for the overall mean per module and
per species use the same score intervals (‘[' indicates closed interval; ‘]° indicates
open interval): [0-0.8[ for low risk; [0.8—1.6] for moderately low risk; [1.6—2.4[ for
medium risk; [2.4-3.2[ for moderately high risk; [3.2—4.0] for high risk. Confidence
levels are attributed to each response (0 = low, 1 = moderate, 2 = high, 3 = very high
confidence) from which an overall mean confidence score is derived.

3. Results

Based on the overall means scores and subsequent risk categories for the Organism
Module, none of the 24 species were categorized as low risk, 10 as moderately low
risk, 12 as medium risk, two as moderately high risk and none as high risk (Table 1).
The highest scoring species was common carp Cyprinus carpio, followed by goldfish
Carassius auratus (the two species categorized as moderately high risk). The two
mollusc species, i.e. Pacific cupped oyster Crassostrea gigas and Japanese clam
Ruditapes philippinarum, each had similar scores and were categorized as medium
risk. The two lowest scoring (moderately low risk) species were beluga sturgeon
Huso huso and fringebarbel sturgeon Acipenser nudiventris (Table 1). For the ‘Risk
of Introduction’ section of the Organism module, African catfish Clarias gariepinus
was attributed the highest score, followed by Japanese clam and common carp. The
highest scores for the sections on risks of establishment, dispersal and impact were
attributed to common carp and goldfish. Regarding the non-Annex species, red
swamp-crayfish was categorized as moderately high risk, encompassing high scores
for the four sections, in particular for the risks of dispersal and impact, with the
highest scores on all species (Table 1).

On the overall means of the Organism Module, the highest confidence level was for
common carp, followed by Japanese clam and Pacific cupped oyster (Table 1).
These three species achieved the highest values in each section. Red-swamp
crayfish showed an overall high confidence level, with the highest confidence scores
of all species for the risks of establishment and impact (Table 1).

In further assessments of the two case study species using the Infectious Agent
Module, red-swamp crayfish attracted a higher risk ranking (medium) than European
catfish (moderately low) despite the discovery in latter of an ancyrocephalid
monogenean parasite Thaparocleidus vistulensis (Sivak, 1932), a novel species for
the UK. Red-swamp crayfish attracted elevated mean scores for all sections but
especially for risks of dispersal, with a score twice that for European catfish (Table
2a). Assessor confidence levels for Infectious Agent assessments were generally
similar for European catfish and red-swamp crayfish except for the risks of dispersing
infectious agents for which confidence was lower for European catfish than red-
swamp crayfish (Table 2a).

In the Facility Module, both European catfish and red-swamp crayfish were

categorized overall as medium risk, with the highest mean scores being associated
with the risks of releasing non-target organisms (Table 2b). However, confidence in
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the assessments of red-swamp crayfish was low for all sections, contrasting the
moderate confidence in the responses for European catfish in this module.

Using the Pathway Module, European catfish was categorised as moderately high
risk, which contrasts a medium risk ranking for red-swamp crayfish, mainly due to
risks associated with destination use for European catfish (Table 2c). Confidence
levels in the responses for European catfish were also higher than for the red-swamp
crayfish assessment, with the greatest confidence in responses related to destination
use.

Using the Socio-economic Module, European catfish was categorized overall as
being of moderately low risk, with the eradication costs section attracting the highest
mean risk score. This contrasted with the lower eradication cost score for red-swamp
crayfish, which attracted a risk score for market impact (see Copp et al. this issue)
that was almost 3x higher than that attributed to European catfish, resulting in an
overall ‘medium’ ranking for socio-economic risks (Table 2d). Similar to the Pathway
Module assessments, confidence levels in the assessment of socio-economic risks
were higher for European catfish than for red-swamp crayfish, with the lowest
confidence being in response to questions related to the eradication costs for red-
swamp crayfish (Table 2d).

4. Discussion

Although common carp and goldfish are considered as ‘naturalized’ (i.e. introduced
and established a long time ago) in many European countries, these species were
assessed as posing moderately high risks to native species and ecosystems. Indeed,
these two species have attracted amongst the highest risk scores as potentially
invasive both in Europe (Britton et al. 2010; Clavero 2011; Almeida et al. 2013;
Puntila et al. 2013; Tarkan et al. 2014) and elsewhere (Onikura et al. 2011; Troca &
Vieira 2012; Vilizzi & Copp 2013; Tarkan et al. 2014). This high risk categorisation by
scientific assessors derives mainly from the capacity of these cyprinid species as
ecosystem engineers to modify habitats (increasing turbidity, uprooting vegetation)
such as experienced with common carp in various locations world-wide (review in
Weber & Brown 2009). The capacity of common carp and goldfish to colonise and
reach levels of abundance that can significantly alter habitat varies considerably
across Europe, and indeed world-wide.

The overall risk scored attributed to common carp was similar to that of red-swamp
crayfish, another well-known ecosystem engineer (Gherardi & Acquistapace 2007),
which was not included in Annex IV because it does not meet the first criterion (i.e.
extended period of use in aquaculture). Conversely, the sturgeons and their hybrids
were ranked moderately low-to-medium risk, which reflects the absence of any
evidence of these species establishing self-sustaining populations outside their
native ranges. Indeed, there is growing evidence of declines in some sturgeon
populations in their native ranges, which requires consideration when balancing the
low-to-medium ranking of sturgeons with conservation efforts to sustain and protect
endangered native sturgeons. Some other Annex IV species were classed as
moderately high risk of introduction (e.g. African catfish and Japanese clam), which
may justify their inclusion in a ‘watch list’ (Clavero 2011; Almeida et al. 2013) as
potential new invaders of climatically suitable areas within Europe where they do not
yet exist.

The detection of T. vistulensis represents a new parasite record for the British Isles

(Reading et al. 2012), apparently introduced and disseminated with the movement of
European catfish. Owing to the limited number of parasitological examinations
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conducted on this fish species, it remains feasible that the parasite is common in the
gills of this fish and has long been established in Britain. This parasite had been
reported in European catfish previously from different regions (Copp et al. 2009), with
detailed information provided by Mihalik (1982). There is a lack of detailed
information on the distribution, surveillance, control and impact of the parasite in its
native range. This limited information on many aspects of the biology of T. vistulensis
prevents a comprehensive assessment of future spread and disease risk, and this is
reflected in the confidence level that accompanies some of the answers given in the
Infectious Agent Module, in particular the section on dispersal. Lack of information is
likely to be a common issue, as many non-native fish parasites have received little or
no study. The likelihood that an introduced parasite switches host is a key
consideration (Peeler et al. 2010), and therefore the strict host specificity of T.
vistulensis for siluriform fish (Lim et al. 2001) supports the likelihood of low disease
risk to native fishes in England and Wales. Blanc (1997) listed a number of
ancyrocephalid monogenea in a table of introduced fish pathogens. However, there
is no evidence or published literature to suggest that T. vistulensis is an important
pathogen of free-living fishes. Other novel pathogens of European catfish exist
(Lorincz et al. 2012), but these have not been included in this example assessment,
which demonstrates the potential role of non-native European catfish as a disease
vector. Regarding the red-swamp crayfish, the overall risk of this species was higher
than that of the European catfish, due mainly to the risks of dispersal and impact of
the crayfish plague (Aquiloni et al. 2010) and the fungal pathogen Batrachochytrium
dendrobatidis that causes lethal skin infections (chytridiomycosis) in amphibian
species world-wide (McMahon et al. 2013).

Outcomes of the Facility and Pathway modules emphasize the need for proper
controls, and surveillance measures should be imposed during the importation,
transport and use of non-native species at the aquaculture facilities to avoid future
accidental introductions of undesirable species (e.g. Beyer 2004). In different
sections of these two modules, destination use was the key factor in the higher risk
ranking of European catfish relative to red-swamp crayfish (medium risk), and this
may be attributed to the increasing sport fishing interest in this large fish (Britton et
al. 2010), which increases the likelihood of unauthorised intentional releases. In the
Socio-economic Module, the European catfish was found to pose relatively low risk;
this contrasts the red-swamp crayfish, which is known to damage river banks and
agricultural fields through their burrowing activity (Barbaresi et al. 2004).

Confidence in the responses was high for some species, reflecting the level of
knowledge from published literature either on their invasion histories in Europe, such
as common carp (Balon 2004) and the red-swamp crayfish (Gherardi et al. 1999;
Aquiloni et al. 2010), or their extensive use in aquaculture, e.g. common carp,
European catfish (Copp et al. 2009) and the two mollusc species (Fisheries and
Aquaculture Department of FAO, accessed on 17/02/2013). Confidence levels were
rated as moderate for other species on the list (Table 1) and low for red-swamp
crayfish in the Facility Module because this species is mainly exploited as capture
fisheries rather than as a cultured organism (E. Tricarico, pers. obs.).

In conclusion, the outcome of these preliminary assessments demonstrates that
some of the species included in Annex IV of the EC-ASR clearly do not comply with
the second criterion for inclusion on the list (no adverse environmental impacts),
although such impacts may be ‘tolerated’ by authorities in countries where a species
has a long history of use in aquaculture. In those countries where the species has
not previously been used, or it has a short history of use, such concerns need to be
recognised and taken into account by the relevant authorities as part of the risk
management process, in particular when making decisions about the future use of
the species, balancing the outcome of the risk assessments (of potential adverse
impacts) against the potential economic benefits. This might eventually prompt the
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managers to recommend additional options such as the use of sterile strains if the
associated risks were being too high. Overall, flexibility in the decision-making
process is important to develop effective management strategies, especially to
address the risks of non-native species across a large and/or varied geographic area
whilst incorporating specific conservation projects at a regional level. The variability
in the confidence levels highlights the need for developing a greater understanding of
virtually all aspects associated with the use of non-native species in aquaculture.
Further methodological developments should also be considered: it might be of
interest to test how the overall results will be improved by (1) increasing the number
of assessors, (2) a multi-disciplinary expertise from the countries concerned,
including the regional scale, using an approach similar to that carried out by EU
reference laboratory (EURL) proficiency tests. Implementation of a comparative
approach with other assessment methods such as BINPAS/BPL (Narscius et al.
2012) or modeling (Gallien et al. 2010) would also be useful to test the overall
consistency of the assessment outcomes.
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Tables

Table 1. List of species included in the Annex IV (part A) of the Council Regulation No 708/2007, plus an example non-Annex IV species. red
swamp crayfish, with overall risk category (Mod., moderately) and mean scores and confidence level (in parentheses) overall and for sections of the
ENSARS Organism Module (Introd., Introduction; Establ., Establishment). The risk categories are as follows: [0-0.8[for low risk: [0.8-1.6[for mod-
erately low risk; [1.6-2.4]for medium risk: [2.4-3.2[for moderately high risk; [3.2—4.0] for high risk (*[‘'indicates closed interval; ‘]" indicates open
interval). The mean confidence levels attributed to each response were derived from the following confidence scores: () = low, 1 = moderate, 2 =

high and 3 = very high confidence

Mean scores

Risk
Species name Common name Authority category Overall Introd. Establ.  Dispersal Impact
Acipenser baeri (*) Siberian sturgeon Brandt, 1869 Medium 1.6 (1.2) 24 (14) 12(L4) 2.0(LO} 0.7(L1)
Acipenser gueldenstaedrii  Russian sturgeon Brandt & Ratzeburg, Mod. low 14 (1.2) L3(L5) 12(13) L8(LO) 1.2(L2)
(*) 1833
Acipenser nudiventris (*)  Fringebarbel Lovetsky, 1828 Mod. low 09 (1.1} 02 (10) 1.5(L2) LO(LO) 0.9 (L1)
sturgeon
Acipenser ruthensis (*) Sterlet L., 1758 Medium 16 (1.3) 20(L5) 12(14) 20(L0) 14(L1)
Acipenser stellatus (¥) Stamry sturgeon Pallas, 1771 Mod. low 1.1(1.2) 05(5) 16(1.3) 15(L0) 09 (1.1)
Acipenser sturio (*) European sturgeon L., 1758 Mod. low 1.3(1.2) 1L0O(L3) L5(L4) LB(LO) 12(LZ)
Carassius aurafus Goldfish L., 1758 Mod. high 27(16) 23(L7) 3119 28(L3) 24(L5)
Clarias gariepinus African catfish (Burchell, 1822) Medium 24 (1.5) 32(1.8) 21(L6) 25(L0) 2.1(14)
Coregonus peled Northern whitefish (Gmelin, 1789) Mod. low 1.2 (14) L2(L8) L5(L6) 15(LO} 0.7(12)
Crassostrea gigas Pacific cupped oyster Thunberg, 1793 Medium 22 (24) 27 (3.0) 20(25) 20(L8) 22(22)
Ctenopharyngodon idella  Grass carp (Valenciennes, 1844) Medium 21(L5) LB (L8) 24(L6) 23(L3) 19(L5)
Cyprinus carpio Common carp L., 1758 Mod. high 30(27) 3.0(3.0) 3527 33(30) 24(22)
Huso huso (¥) Beluga sturgeon (L., 1758) Mod. low LO (1.1} 10(L0y L2(L2) LO(LO} O8(L1)
Hypophthalmichthys Silver carp (Valenciennes, 1844) Medium 22(15) 23(20) 21(l6) 23(L0) 19(14)
molitrix
Hypophthalmichthys Bighead carp (Richardson, 1845) Medium 22(15) 23(20) 22(l6) 25(10) 19(14)
nobilis
Ictalurus punctatus Channel catfish (Rafinesque. 1818) Mod. low 1.2 (1.2) L5(1L2) 10(L5) LO(LO) 1.1 (L1)
Micropterus salmoides Largemouth bass (Lacepede, 1802) Mod. low 1.2(1.2) 03(L0) 15(14) LB(LO) L3(14)
Oncorlynchus mykiss Rainbow trout (Walbaum, 1792) Medium 1.9 (1.6) 22 (20) 19(L7) 25(L3) LI(13)
Ruditapes philippinarum Japanese (Manila) (Adams & Reeve, Medium 21(26) 3.0(3.0) 1927y 20(23) 14(24)
clam 1850)

Salvelinus alpinus Arctic charr (L., 1758) Mod. low 14 (15) L5(15) 15(L8) 13(L3) L1(L5)
Salvelinus fontinalis Brook trout (Mitchill, 1814) Medium L6 (1.2) L7(13) L1L6(14) L8(10) L4(LD
Salvelinus namaycush Lake trout (Walbaum, 1792) Mod. low L5 (1.0} L2(10) 19(1L1) L5(L0) L5(L1)
Sander lucioperca Pikeperch (L., 1758) Medium 21(15) 20(20) 25(L8) 25(1L3) 16 (0.8)
Silurus glanis European catfish (L., 1758) Medium L8 (14) 24 (20) 19(L6) 23(L0) 05(L2)
Non-Annex IV

Procambarus clarkii Red swamp crayfish  Girard, 1852 Mod. high 30(24) 27(1.3) 2.7(28) 35(.0) 3.0(@25)

* And hybrids thereof.
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Table 2. European catfish Silurus glanis as case study of species included in Part A of Annex IV of the CR No 7082007, plus red swamp crayfish
Procambarus clarkii as a non-Annex IV species for comparison. See Table | for risk category definitions

Mean scores for specified module sections

Module/Species Risk category Overall mean
Introduction Establishment Dispersal Impact
(a) Infectious Agent
Silurus glanis Moderately low 1.5 (1.8) 1.8 (1.9) 3(25) 1.4 (0.8) 0.6 (1.9)
Procambarus clarkii  Medium 2.0 (2.00 1.4 (1.8) 23(24) 29122 1.5 (1.6)
Release of target organism  Release of non-target organism
(b) Facility
Silurus glanis Medium 23 (L.9) 2.2 (2.0) 24 (18)
Procambarus clarkii  Medium 24 (0.0) 2.3 (0.0 24 (00)
Import Farming Destination use
(c) Pathway
Silurus glanis Moderately high 2.5 (2.3) 2.3(2.0) 23(17) 2.8 (3.0
Procambarus clarkii  Medium 2.1 (LY 1.9 (L.1) 23 (L.7) 2.0 (1.8)
Market impacts Eradication costs
(d) Socio-economic
Silurus glanis Moderately low L5 (2.1) 0.9 (2.0y 1.8 (2.1)
Procambarus clarkii  Medium 1.9 (1.6) 2.6 (2.1) 12 (1.0}

Values are mean scores for the sections of the (a) Infecrious Agent, (b) Faciliry, (c) Pathway and (d) Socio-economic modules in the ENSARS (see
Fig. 1 in Copp er al. 2014). The overall mean score for the module and its corresponding risk category are also shown. The value in parentheses is
the confidence level. Risk categorisation, ranges for scores and confidence levels are given in Table 1. Risk categories as given in Table 1.
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