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Abstract:

Non-Native Invasive Species (NNIS) are recognised globally as a significant threat to
biodiversity. As part of an island nation with longstanding global tradinglinks, England and
Wales are particularly susceptible to the threats that NNIS pose. Although currentlaw and
policy identify thesethreats, gapsin knowledge and a clear cohesion between science and
law is currently alimitation. This study reviews materials from law, policy and science, as
well asincorporating stakeholders’ opinions to identify the best possible practice inthe
future of NNIS control.

A systematicreview addressing the study question “how effectiveis law and policy in
assisting in controland prevention of non-native invasive species spread in England and
Wales?” was conducted usingliteraturefrom Web of Science and supplemented by other
databases. Following fromthis aselectionreview of NNISin England and Wales was
conducted toidentify species frequently mentioned in relevant research that have a
substantial detrimentalimpact on social, economicand/orenvironmental factors to use as
case studies. Three high profile species from varying classes were chosen toinvestigatein
more detail how law and policyis applied:Japanese knotweed (Fallopia japonica Houtt),
North American grey squirrel (Sciurus carolinensis Gmelin) and North American signal
crayfish (Pacifastacus leniusculus Dana). To ensure a detailed review of these species was
undertaken, and asystematicapproach was also used.

Questionnaires and semi-structured interviews were conducted in this study to target
appropriate stakeholders from different fields of work including governmental
representatives, NGOs, agricultural workers, and academics. These questionnaires and
interviews aimed toinvestigatethe opinions on key NNIS law and policy in place and any
issues with current management of NNISin England and Wales. This primary research
incorporated important opinions from those directly impacted by NNIS, as stakeholder
knowledge and experiences are key to understanding the gapsin current NNISlaw and
policy. Results from this were analysed using the NVivo software and compared to the
results from the literature review.

The study found, that to effectively control NNIS, law and policy must consider biosecurity
and prevention, publicinvolvement, scientificresearch into effective control measures and
enforcement efforts. However, several issues with these areas were identified. Current
publicawareness of NNISis poor, highlighting the need for the government toinvest more
into education campaigns. Better education caninturn help improve biosecurity. It was
highlighted that scientificresearchintoriskassessmentsisakey componentinaiding
preventative policy, and research into control measures crucial to ensuring NNIS control
programmes are an effective use of resources. Enforcement was determined to be the least
effectivearea, with very little evidence of law and policy being enforced to preventillegal
NNIS spread. Itis crucial that enforcement efforts are improved to achieve effective NNIS
managementand ensure law and policyisimplemented in England and Wales.
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Glossary

BES — British Ecological Society

CBD - Convention on Biodiversity

DAISIE— Delivering Alien Invasive Species Inventories for Europe
DEFRA — Department for Environment, Food and Rural Affairs
IUCN —International Union

NGO — Non-Governmental Organisation

NNIS—Non-Native Invasive Species, any species thatis nota normal resident withinan area,
which has been shown to cause detrimental impacts to the surrounding environment. This
definitionisthe same for Invasive Alien Species (1AS)

NNSS—Non-Native Species Secretariat
SD — Standard Deviation
SDM —Species Distribution Model

SE — Standard Error
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1 Introduction

1.1 What is a non-native invasive species?

A non-native speciesis defined as “aspecies, subspecies orlowertaxon, introduced (i.e. by
human action) outside its natural past or presentdistribution; including any part, gametes,

seeds, eggs, or propagules of such species that might survive and subsequently reproduce”
(NNSS2018).

Although many non-native species that have beenintroduced have had non-consequential
or even beneficial impacts on native ecosystems, there are those that have been introduced
that have had a detrimental impact on the environment, human health and/or lifestyle
across the globe (Manchesterand Bullock 2001; IUCN 2018; NNSS 2018;). These species are
referred to as non-native invasive species (NNIS) and can be any animal or plants that bring
changessuch as to interspecific competition, the spread of disease, and predation of native
individuals. These changes can trigger any number of alterations to the native ecology, for
example habitat structure, species richness, behaviour patterns and ecosystem productivity
(Blackburn etal. 2014). These driversresultin NNIS being considered to be the second
greatest cause of species extinction (Bellard etal. 2016). However, the impacts of NNIS are
not only felt by native ecology, as research shows that they can also pose threats to
livelihood and health of human stakeholders (Vanderhoeven et al. 2017).

1.2 Non-native species in England and Wales

Non-native species were initially broughtinto England and Wales for a variety of different
reasons but primarily forornamental purposes, agriculture, biological control or as
stowaways (Manchesterand Bullock 2001). With these, came a number of non-native
invasive species (NNIS), which have, and still are causing detrimental impacts (Blackburn et
al. 2014; Collier 2018).

Several factors, such as globalisation and being asmall, highly populated island ecosystem
make England and Wales particularly vulnerable to the spread and impacts of NNIS (Veitch
and Clout2002; Reaseretal.2007; Kelleretal.2011; Amanoetal. 2016).

The impacts of globalisation are increasing throughout our world. Although there are many
benefitsfrom globalisation, which is generally considered to have a positive impacton the
economy, ithasalso been observed thatthe increased interconnectedness has also assisted
inthe spread of many NNIS (Reaseretal.2007; Hulme 2009). The impacts of NNIS are
considered one of the greatest threats to native biodiversity and this threatis growing more
extensive overtime (Kelleretal. 2011; Amano et al. 2016). Asa leading country with
longstanding global trading links for hundreds of years, Britain asa whole isa highly
connected and leading example of globalisation (Held et al. 1999; Hirst and Thom pson 2000).
Therefore, as globalisation becomes more prevalent across the world, furthering the spread
of invasive species, effective methods for NNIS control in England and Wales will become
evermore important.

Island ecosystems are often limited yet unique compared to continental ones. The stretches
of waterthat isolate anisland from other landmasses resultin geneticdrift and otherdrivers
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of allopatricspeciation, leading to divergent biodiversity; native species are often more
sensitiveto change and are highlylikely to be endemictotheirislandsasaresult(Reaseret
al. 2007). Research also suggests that the impacts of NNIS are the leading cause forthe
extinction of native wildlifeinisland ecosystems, emphasizing the importance of protecting
island nations from non-native species (Veitch and Clout 2002; Reaseretal. 2007). The high
population density of England and Wales also makes it more susceptibleto NNIS spread
(Spearetal. 2013, Early et al. 2016). England and Wales are therefore particularly vulnerable
to the impacts of NNIS, makingitimperativeto effectivelycontrol the spread of NNISto
protect our native wildlife.

Furthermore, although England and Wales are not home to many endemicspecies,
achieving effective management of the threatsto NNIS on our shores could help toset
example forotherjurisdictions, as well asimprovementsin law and policy aiding British
Overseas Territories, many of which have unique, endemicecosystems.

Research has been undertakento assess the impacts of invasive species in England and
Wales and methods of categorising and undertaking risk assessments for them ( NNSS 2005;
Bakeret al. 2005; Blackburn et al. 2014). However, acomprehensive understanding of the
impacts of different NNISin England and Wales still lackingin the literature and an urgent
needformore comprehensive and detailed assessmentis key to going forward with better
and more efficient management of the non-native invasive species (Vanderhoeven etal.
2017).

When discussing NNISin this study, the word “control” is used when referring to the
management of NNIS. Whenreferringto NNIS, the CBD defines the term “control” as:
“suppression, containment or eradication of a pest population” (CBD, 2006). Use of the
word controlin this study follows asimilarinterpretation, with the word “control” referring
to any managementefforts usedin orderto reduce or eliminate NNIS populations froman
area and/orpreventthe introduction/furtherspread and impacts of NNIS across England
and Wales.

1.3 Law and Policy in England and Wales

There can be no question that environmental regulation plays asignificantrole in British law
and policy. Advances in environmental law and policy have been made in England and Wales,
particularly since joining the European Unionin 1973 (Burns and Carter, 2018). However,
currentlaws and policies stillcontain flaws when concerned with protecting the
environmentand environmental concerns are often neglected in key political debates
regarding England and Wales’s future (Burns and Carter 2018).

For policymakers to make well-informed decisions regarding NNIS, scientificresearch must
be available tothemina clear, understandable manner and practitioners must use this
research when creatinglaw and policy. Some studies state that this has not always beenthe
case inthe past, with research notbeingincorporatedintolaw and policy by practitioners,
(Reaser 2007; Walsh et al. 2014). However, the government has funded research to better
inform policymakers (Walsh etal. 2014). Furthermore, governmental campaigns such as
“Check, Cleanand Dry” have beenfundedin orderto promote good biosecurity practices,
with research showingthatthe number of anglers that clean equipmentregularly since the
campaign was launchedin 2011 has increased by 15%, with an uptake of biosecurity
practices being at 80% (Smith etal. 2020). Thisisjust one example of the influence that
governmental campaigns and policy can have of effective NNIS control measures,
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highlighting the importance of government authorities such as DEFRA and the Non-Native
Species Secretariatin achieving effective NNIS control. This study will review the current law
and policy alongside scientificresearch and the experience of stakeholders to establish
whether efforts are working ininforming policymakers, to ensure that the current systemsin
place are achieving the best possibleresultsin NNIS management.

1.4 Location of Study

The primary law addressing NNISin England and Wales, is the Wildlife and Countryside Act
(1981), therefore, akey focus of this study will be on the effectiveness of this Actin relation
to NNIS control.

Many organisations such as the Non-Native Species Secretariat (NNSS) and the Great Britain
Invasive Non-native Species Strategy focus on the entirety of Great Britain. However, since
2011, the Wildlifeand Natural Environment Act gave Scotland powers as a separate entity
when managing NNIS. Furthermore, Scotland also has its own individual groups (NNS Action
Group and the Statutory Group on NNS) as well the SEPA, which acts as a regulatory body
for the nationinstead of the Environment Agency, which only covers England and Wales.
Likewise, Northern Ireland are regulated by the NIEA. Some law, policy and literature
mentionedinthisstudy encompass the entirety of Great Britain, however it was decided to
focus this study in England and Wales, as information and viewpoints of stakeholders from
the Environment Agency will be included in the research.

2 Aims and objectives

This study aims to assess the current effectiveness of the law and policy in assisting the
control of non-native invasive species, using high profile non-native invasive examples of a
variety of floraand fauna within England and Wales.

To achieve this, the following objectives were created:

1. Throughthe use of systematicreview, identify and analyse the key factors affecting
the effectiveness of law and policy in assistingin NNIS control and preventionin
England and Wales.

2. ldentify high profile case study species and evaluate the effectiveness of British law
and policy in managingthese species.

3. Usingquestionnaires and semi-structured interviews, determine the views of
stakeholdersin England and Wales on the impacts of the case study invasive spedies,
as well astheir perspective of current control measures and the effectiveness of
currentlaw and policy surrounding NNIS.

4. Evaluatethe researchresultsfromthe systematicreview together with the opinions
of stakeholders toidentify any gapsin current NNIS management and law and policy
in England and Wales.

5. Make recommendations of changesto relevant policy, incorporating the results
fromthe systematicreview of literature, case study reviews and stakeholders’
viewpoints.
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Chapter 1: Systematic and Case Study Reviews of the
Effectiveness of Law and Policy in Preventing and Controlling
NNIS Spread in England and Wales

In this chaptera systematicreview methodis used toinvestigate literature surrounding law
and policyin England and Wales to help assess its’ effectivenessin assistingin prevention
and control of NNIS. Following on from this, three high profile species are used to
investigatethe law and policy in more depth. The case studies are literature reviews, but
they aimedto use a systematicapproach; to help make sure research was comprehensive
and repeatable.

3 A systematic review of NNIS law and policy

3.1 Introduction

This section will first detail the majorlaws and policiesin place, then assess their
effectiveness by using Web of Science (as well as other databases) to systematically review
therelevantliterature.

3.2 What is a Systematic Review?

As systematicreview isamethod used toidentify and analyse the literature surrounding a
clearly formulated questioninacomprehensive and repeatable approach (Khan etal. 2003).

Systematicreviews were initially broughtin formedical research to help studies encompass
all the relevantresearch to answer specificquestions within studies (Bilotta et al . 2014).
However, research has also shown that this method can be used effectively forreviewsin
the environmental sector (Pullin and Stewart 2006; Graham et al. 2018; Kapitzaetal. 2019;
Shackleton etal. 2019; Martin etal. 2020). In contrast, literature reviews can often show
biasand a lack of rigour intheirreporting, anissue that can hinderthe devising of effective
policy (Tranfield et al. 2003). These issues that can be resolved by use of a systematic review,
which adopts a repeatable, clear process that aims to encompass all relevant literature and
minimise bias, ensuring research is comprehensiveand reproducible.

3.3 Reasons for doing a Systematic Review

As well as being shownto be a good practice, not just for medical articles but for
scientificresearch too, a systematicmethod was considered appropriate for this
study for several reasons:

e Otherscientificliterature has demonstrated the systematicreview method to be an
effectivetoolinresearch.

e Asastudyinvestigatingthe effectiveness of policy and law, it was essential to
minimise biasinthe study and have a comprehensivecritical analysis with reliable
conclusions.
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e Should any majorchangesoccur to NNIS law and policy, it wasimportant to ensure
work could be repeatable to review again with new legislation changes considered.

3.4 Limitations

The limitation of asystematicreview method is the time required to compl ete the process.
Oftena panel of researchers will be formed to undertake the process and gain consensus, so
for an individual researcher, the systematicreview processis considered extremely difficult
to complete (Tranfield et al. 2003). Given the limited timeframe due to the wide-ranging
topicareas coveredinthis study, aswell as not havinga panel of researchers, it was decided
to do a focused systematicreview, with supplementing literature reviews forthe case
studies. The systematicreviewaimed to address the key question for this study: “How
effectiveislaw and policyinassistingin NNIS controlin England and Wales?”. This study
took example from scientific papers that used a systematic method effectively (Graham et al.
2018; Kapitzaetal. 2019; Shackleton etal. 2019; Martin et al. 2020) to ensure the search
criteriaand method was standardised. The law and policy was then investigated further by
systematically approached literature reviews of the case study species.

3.5 Methods

The primary database used for systematicsearches was Web of Science due to the flexibility
of search criteriawith detailed findings. Additional literature searches were also completed
on Scopus, Science Direct, Google Scholaras well as the use of Westlaw and ENDS Report
whenthe searches directly focussed onlaw and policy. Inthe case of full Boolean searches
not being possible onasearch site (e.g. there isamaximum limit of Boolean terms allowed
on Science Direct), the most commonly used scientificterm and mostimportant criterion
was used (Martin etal. 2020). The wide use of different sites and detailed search criteria
helpedto create a more comprehensive method.

A wide range of vocabulary has been usedinliterature whenreferringto non-nativeinvasive
species (Shackleton etal. 2019). This had to be considered when commencing the
systematicapproach, as otherwise research could be missed, simply because of usingterms
such as “invasive alien” as opposed to “invasive non-native”. To avoid this, inclusion criteria
were presentedinTable 1, listing the alterations of each termto be includedinthe
systematicsearches. Similarly, various phrases such as “Britain”, “England” and “Wales”
were alsoincluded. Experimental searches using Web of knowledge and Scopus identified
exclusion criteria of topics that were outside of the study field such as “New England” and
“New South Wales”. This exclusion criteriawas also added to the final searches.

Before beginning the systematicreview process, aclearoutline of the research criteriahad
to be decided. The method described by Boland et al. (2014) for conducting an appropriate
systematicreviewwas utilised in this study to betterincorporate the systematicapproach
adoptedinthisstudy. Table 2 was created to clearly identify what the review was aimingto
achieve.

For the research questionto be addressed, both the law and science had to be considered.
As the focus was on cases from England and Wales, “Britain” and “UK” was included, but
literature focussedin “Northernlreland and “Scotland” were excluded. Research that was
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undertaken priortothe Wildlifeand Countryside Act 1981 was also excluded, as this study
only aimsto look at the impacts of NNIS afterthis law was passed.

The terminology listed in Table 1were collated from undertaking background research for
similarsystematicreviews surrounding NNIS (Roberts et al. 2013; Warren etal. 2017). The
termsfor “invasive” and “alien” non-native species are also the same as those usedin British
law and policy.

However, otherterms such as “exotic” and “non-indigenous” were found to also be usedin
more recent systematicreviews (Duefias et al. 2021). When a check was undertaken to
establish how many more results were returned with these extra search terms, there was no
majordifference inresults was observed, with “invasive” frequently being paired with non-
native oralien butless sowiththe other terms, meaning much of thisreturned literature
focused oninvasive introductions, so was not relevant to the study. Relevant literature from
searches of “exotic” and “non-indigenous” was laterincluded however, as additional sources
(Figure 2). In future studies of this nature, itisrecommended that these terms should be
included initially to ensure amore comprehensive systematicreview.

Table 1: Base searchterms usedin the systematicreview of NNISin England and Wales

Terminology

Invasive* Species UK
Non-Native * Organism* Britain
Alien* Animal* British*
Plant* England/English
Flora Wales/Welsh
United Kingdom (Excl. studies
Fauna specificto NorthernlIrelandand

Scotland)

Table 2: Aimcriteria of review of NNISin England and Wales

Who

What

How

Where

Academicresearchers
(inclusive ofjournal
articles, legal
documentation, grey
literature books and
reports available froma
wide selection of
resources)

Literaturerelatingto the
effectivenessof law and
policyincontrolling non-
native invasive species (in
accordance with Schedule
9 of the Wildlifeand
Countryside Act 1981)

Through systematically
approached literature
reviews, predominantly
using Web of Science and
Scopus andsupplementing
with various other search
sites, to identify suitable
high profile case spedes
and then assess
effectivenessof policy
using these case species.

Englandand Wales
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The flow diagram below (Figure 1) demonstrates the method used to determine which
literature metthe relevantcriteriaforthis study. For results from systematicsearches, the
flow diagram was used to categorise the results furtherand help keep the focus on the
guestion, allowing the mostrelevantand usefularticles to be identified.

Is literature
relevant to the
location of study?,

Is literature from within
relevant timeframe

Excluded
Literature

Does the literature
focus on
guestionnaires,
interviews or the
views of stakeholders
on NNIS?

Use relevant
literature for
chapter 2

1981-present?

Is literature addressing the
impacts, causes of or
management for NNIS?

Does the literature focus on
chosen case study species?

Use relevant
literature for case
study reviews

Does the literature
mention law or policy
and NNIS?

Use relevant
literature for review
of law and policy

Figure 1: Flow diagram of selection review search criteria. Where results were not
consideredrelevant tothe systematicreview, they were assessed for eligibility forthe case
study reviews or as useful literature to use for Chapter 2 before being excluded from the

study.
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3.6 Law and Policy

Table 3: Summary of key NNIS Laws, giving a brief description of how each law works and highlighting their positive and negative attributes.

Law

Description

Positives

Negatives

Wildlife and Countryside Act
(1981)

Prohibits the release of species that are “notordinarily resident
inand is not a regular visitor to England and Walesin a wild
state” into the wild. Operates using a Schedule 9 Blacklisting
approach.

-This sets out the key legislation surrounding NNIS
control. Itis one of, if not the most important
legislative instrument in British law (Manchester
and Bullock 2001)

-The effectiveness of this law has been hindered by its confusing
language, limited publicity, and lack of enforcement (Kelleret al.
2009).

- Use of the Schedule 9 blacklist poses the risk that unlisted
species will be left unregulated, allowing themto spread in
England and Wales (Dehnen-Schmutz 2011; Garcia-de-Lomas
and Vila 2015)

Anti-social Behaviour Crime,
and Policing Act 2014

This act is designed for the public toreporta nuisancein their
neighbourhood. Itwas amendedto allow people toreport NNIS
as a publicnuisance using this act.

-Can be raised toaddress issues of NNIS spreading
onto neighbouring land

-Can be raised by the publicas well as relevant
authorities

Infrastructure Act 2015 and
subsequent Species Control
Order (2018)

Allows the Environment Agency toissue voluntary species
control agreements and should an agreement of voluntarily
control fail tobe met,a mandatory control order canthen be
issued.

-Gives authority to environmental authorities to
enforce on landowners to carry out NNIS control
operations (Kamigawara etal. 2020)

-Species control orders have limited use, as they are not
recommended for species that area already widely established,
such as Japanese Knotweed or grey squirrels (DEFRA 2015)

Innvasive Alien Species
(Enforcementand
Permitting) Order (2019)

This order was released in Britain at the end of 2019. Following
on from the legislationset out inthe Wildlife and Countryside
Act (1981), this order creates stricter regulation surrounding
enforcement, with one of the major changes being the
prohibition of allowing licences to release NNIS back intothe
wild

-Creates stricter enforcement regimes
surrounding NNIS

-Relativelynew legislation, so too soon to
determineits effectiveness

-Preventing licences to allow release for NNIS can cause
backlashfrom animal rights activists

-Relativelynew legislation, so too soon todetermineits
effectiveness

EU Invasive Species
Regulation (EC 1143/2014)

The Invasive Alien Species Regulation sets out measures for
tackling IAS in EU countries, with a focus on prevention, early
detection andrapid eradication and management

-It can help toalign GB legislation, where
appropriate, with that of animaland plant health
to develop consistentand rationalised processes
such as border inspection.

-The regulation uses the list of Invasive Alien Species of Union
Concern, which is comprised of the major NNIS in Europe.
Becauseitis not focussed on England and Wales, the list may
not be as relevantto use. 2. Brexithas created uncertainty in
how this law will beimpacted in England and Wales.
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Table 4: Summary of key NNIS policy, giving a brief description of how each policy works and highlighting their positive and negative attributes.

Policy

Description

Positives

Negatives

Convention on Biological
Diversity (CBD)

The CBD usesa three-stage approach to
NNIS management: prevention,
detection, and control

-The Convention on Biological Diversity (CBD) is the only
global legaltool that directly addresses the threats of NNIS,
stating that parties musttake measures to prevent, control
and/or eradicate NNIS.

-CBD provides a strong framework for NNIS pathway analysis
(Harrower et al. 2017)

-Aichi targets from CBD, include a commitmentby 2020 that INNS and their
pathways areidentifiedand prioritised, priority species are controlled or
eradicated, and pathways are managed to prevent species’ introduction and
establishment. In 2019 the Government admitted its progress on meeting
this target was “insufficient” (JNCC, 2019).

-CBD’s principles are non-binding, meaning theyare optional guidelines for
countries with no repercussions for those who do notfollow the guidance
(Baker et al. 2005)

GB Invasive Non-Native
Species Strategy

Originally set up in2003, and updatedin
2008 and most recentlyin 2015, the GB
Non-Native Invasive Species Strategy sets
out a frameworkaddressing the threats
of NNIS, and key aims to delivering a
coordinated and effective approach to
NNIS control in England and Wales.

-60 Risk Assessments were created for key NNIS.

- Successful efforts were made ineradicating the ruddy duck.
-Government campaigns were launchedto raise public
awareness 'Be Plant Wise'and 'CheckClean Dry'. (Great
Britain Non-native Species Secretariat 2015)

-Created roles of GB Invasive Non-Native Species Secretariate
and GB Programme Board to improve communication with
stakeholders tohelp inform policy in2005/06

-Created the annual stakeholder forumto allow stakeholders
to share concemsand ideasin2004

-Despite the stated priority given to identifying and preventing threats from
new species that could beintroducedto GB, it is still the case thatresources
are more focused on dealing with already established

species.

-This strategywasintendedto be completedand reviewed with new aims
every 5 years, meaning anupdate was due in2020. However, the
governmenthas yet to publish anupdate to the NNIS Strategy going on from
2020.

-Although it helped tocreate the positions of Species Secretariate and GB
Programme Board, these positions have no statutory powers, so are
therefore limited to providing communicationand guidance but not
regulating currentlaw or policy (Great Britain Non-native Species Secretariat
2015)

A green Future: Our25 Year
Planto Improve the
Environment

A foundation for environmental recovery
and improvement schemes with the
intent of “Adopting a policyof early
intervention” and “strengthening
biosecurity”. The plan of action consists
of developing plans to reduce therisk
from all high priority pathways for
invasive non-native species introduction
into England.

-It highlights the need to work more with stakeholders and
businesses todevelop policies

-Statements surrounding NNIS are vague, with limited figures and detailed
goals outlined inthe policy.

International Plant
Protection Convention

IPPC focuses on the trade of plants; with
a strategic framework in place to ensure
good plant biosecurity measures are met.

-IPPC guidelines state that a plant only requires quarantine status and
preventative measures takenif the plantspeciesis considered to cause
detrimental social, economic, or environmental consequences if allowedto
spread in the new environment (Baker et al. 2005).
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3.7 Systematic Review

Having assessed key law and policy relating to NNIS, the following section willaddress key

areas of concern that were identified through policy documents and a systematicsearch on

Web of Science with the criteria:

(Invasive* OR non-native* ORalien*) AND (Species OR organism* ORanimal* OR plant* OR
flora* OR fauna*) AND (UK OR United Kingdom OR Britain OR British OR England OR Wales

OR English ORWelsh) NOT (Scotland OR Ireland OR Scottish OR Irish OR British

Columbia ORBritish Overseas Territor* ORNew England OR New South Wales) AND (law*

OR policy OR policies).

Science search
(n=87)

Identification

Records identified through Web of

Additional records identified through other
sources (e.g. legal reports or articles from

other databases) (n=20)

|

Screening

Eligibility

Figure 2: PRISMA flow diagram showing stages of systematicreview. Titles and abstracts were
assessed at screening stage and excluded orincluded depending on relevance (see Flow Diagram
1), then full text assessment was completed at eligibility stage to check methods used were

Records screened
(n =107)

Records excluded

Full-text articles assessed
for eligibility
(n=a5)

h

(n=42)

Full-text articles excluded,

Studies included in
qualitative synthesis
(n=45)

with reasons
{n=20)

Y

comprehensive and full text was still relevant to the topicquestion, included was then
categorised and discussed. Template taken from:
http://prisma-statement.org/prismastatement/flowdiagram.aspx
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In total, the search for law and policy surrounding NNISin England and Wales returned 90
results on Web of Science. 42 results were immediately excluded from the study after
readingthe abstracts either because they were not considered relevant to this study, ordue
to beingunable to access the full texts. It was noted that several studies were literature
regardinginvasive diseases. Although thisisanimportantissue in England and Wales,
diseasesare notincludedinkey legislation such as the Wildlife and Countryside Actand the
2019 Enforcementand Permitting Order. This study is focused on floraand faunatherefore,
studies oninvasive pathogens wereexcluded. The full texts of the remaining results were
then assessedforeligibility dependent on whetherthe texts addressed the question of
whether currentlaw and policy is effectivein assisting the control and prevention of NNIS
spreadin England and Wales, and a further 20 were excluded, leaving 25 results from Web
of Science and a further 20 identified from other databases. From the results of the
systematicsearch, the key topicareas were identified and are explored further below.

3.7.1 Responsibilities and Enforcement

Accordingto the Wildlifeand Countryside Act (1981) the responsibility of invasive species
control fallstothe landowners. However, this law states that they must only act to prevent
the spread of the species off theirland. Case laws have demonstrated that because
landowners mustonly actto preventthe spread of the species off theirland, NNIS have
beenlefttogrow on sites until enforced against due to species spreading off people’s land
(Network Rail Infrastructure Ltd v Williams & Anor2018). This can give speciesthe time to
establish and spread through the ecosystem onthe private land, butalsoinsome
circumstances, the species may spread further(e.g. Japanese Knotweed fragmentinginto
watercourses and spreading downstream) before any response is taken.

At this point, the cost to control the species will be far greaterand often the species will
already have caused ssignificant ecological damage toan area. A solution would be legislation
offeringlandowners funding to assistinthe removal of the invasive species, provided they
take immediate action (DEFRA 2020). Although this would entail an initial govemmental cost,
it would save inspendingforcontrol furtherdownthe linedue to the proactive approach to
tacklingtheissue athand. There has been some efforts towards this, with limited
governmentfunding being made available to assistin management, where landowners
cannot afford the costs, as well as the government focusing on early detection of NNIS to
allow for more manageable and affordable control (Kamigawara et al. 2018).

Althoughthe Invasive Alien Species (Enforcement and Permitting) Order (2019) lists stricter
regulations, responsibility of enforcement lies with several different authorities beinglisted
(the Secretary of State, Natural England, the Environment Agency, and the Forestry
Commission). Although having more enforcement authorities could be more effective in
covering more scope, on occasion, it has also led to confusion (e.g. amongst the general
public), due to conflictinginformation given by different agencies (Shannon etal. 2020). The
ineffective use of enforcement powers was also explored by Shannon etal. (2020), with
results revealing that stakeholders considered enforcement against peopleallowing the
spread NNIS unintentionally(e.g. through poor biosecurity practices by boaters) to be
inconsistentand impractical.
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Having a consistently funded separate regulatory body specifically focussed on invasive alien
species may help develop more focused enforcement of environmental law (DEFRA 2003).
Expert enforcement officers with knowledge of identifying invasive alien species within this
organisation would be beneficial, as some species (e.g. Giant Hogweed, which looks very
similarto native Hogweed) are challenging to identify.

In key legislation (Wildlife and Countryside Act 1981, Invasive Alien Species (Enforcement
and Permitting) Order, 2019) Natural Englandis listed as England’s enforcement authority
regarding NNIS, however, in Natural England’s annual report from April 2018 to March 2019,
there was no specificmention of NNIS. Although there is afocus on biodiversity
conservation, Natural England has failed to demonstrate any key focus on NNIS control in
theirannual report.

Althoughitis evidentthat Natural England does have on-going NNIS projects, the lack of
acknowledgement of them in the annual reports or in their key responsibilities and priorities,
suggeststhatitis not the highest concern ontheiragenda. To counter a lack of clarity and
focus from regulatory bodies, it was recommended that England and Wales created a
separate regulatory body, specificallyfocussed on preventing and controlling NNIS (DEFRA
2003). Subsequenttothis, the GB Non-Native Species Secretariate (NNSS) and Programme
Board were created in 2005/06 (DEFRA 2015b). Whilstthis may have helpedin
communicating with stakeholders, the NNSS and GB Programme Board hold no enforcement
powers or statutory basis andis used more as a coordinatorand advisor.

However, government effortsin the field of enforcement have demonstrated clear
limitations. For example, research hasidentified through DNA profiling, that translocations
of the North American Grey Squirrel that had previously been thoughtto be caused by
natural expansion, wasinfactanthropogenic, meaning that despite being one of the highest
profile NNISin England and Wales, illegal releases of grey squirrels are still very much an
issue (Signorile etal. 2016). Thisindicates that new releases of established and widely
recognised NNISisanissue that needs addressing, highlighting the necessity for better law
enforcementas well as addressing the requirement fortools to identify any human-caused
releases. Signorile et al. (2016) anticipates that anthropogenicspreadingis notlimited to
justthe grey squirrel, and recommends the use of further DNA testingtoidentify theillegal
movement of NNISand aid enforcement to prevent people from exacerbating their spread
inEngland and Wales.

3.7.2 Prevention and Biosecurity

Prevention of the introduction and establishment of NNISis widely considered the most
effective method of NNIS control (Baker et al. 2005). Therefore, strong, and successful law
and policy thataddresses the importance of prevention and biosecurity is a crucial stepin
effectively preventing NNIS spread in England and Wales. However, despite the stated
priority giventoidentifyingand preventing threats from new species that could be
introduced to England and Wales, it is still the case that resources tend to be more focused
on dealing with already established species (DEFRA 2015).
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“Biosecurity” can be interpreted anumber of different ways. When referring to biosecurity
in this study, the term relates to all measures made to preventthe introduction,
establishmentand dispersal of NNIS across England and Wales. Thisisinclusive of (but not
limited to) legal measures, campaigns and physical activities (e.g. check, clean and dry) that
focus on preventing NNIS spread. Biosecurity differs to control, as instead of also including
measures for managementand eradication of NNIS (e.g. trapping/culling) biosecurity is
more focused just on the proactive preventative measures, such as cleaning equipment and
borderinspectionstoidentify pathways of introduction.

The GB Invasive Non-native Species Strategy (2015) mentioned the need toincorporate
betterregulations such as borderinspections. A study funded by DEFRA states that border
inspections are undertaken to reduce the risk of pestsand NNIS entering the country, butit
alsostatesthat there are currently no routine border checks forplants entering from EU
member states, meaning NNIS could easily be broughtin from European countries (Spence
2020). Furthermore, as highlighted in the House of Commons Environmental Audit
Committee (2019), thereisstill noinspectorate dedicated to NNIS. Border control is
essential in preventing the introduction of invasive species before they have achance to
spread and establish. Itis more cost effective than controlling species once they have spread
intothe wild. Therefore, greaterfocus should be given to biosecurity at British borders.

One of the biggestissues holding back biosecurity practices, such as borderinspectoratesin
England and Wales is the concern of the economicimplications it will have towards trade
(Maye et al. 2012). However, recent research highlights the extensive costs associated with
NNIS spread (Hill etal. 2019). Thisargument denotes that good biosecurity practice would
be economically beneficial and the initial investmentin better biosecurity would save the
government moneyinthe future.

Accordingto the GB Non-nativeinvasive species strategy (2015), prevention of spread is
particularly importantin the marine environment where control and eradication are
technically challenging. Raising awareness for marine biosecurity practicesis therefore
integral in preventing spread. One study revealed in asurvey of British sailors, that although
90% of respondents were aware of NNIS, over 60% were against the idea of statutory hull
cleaning of boats before leavingamarinaknown to be a NNIS hotspot, mainly due to the
costs associated with cleaning (Foster et al. 2016). Thisindicatesthateven whenthereisa
general awareness of the threats of marine NNIS, general attitudes towards good biosecurity
are still negative, but may be able to be improved if given additional funding to help cover
the costs associated with practices such as hull cleaning.

Anotherstudyidentified that some marinas used a proactive approach to biosecurity, such
as making plansto install holding tanks for cleaning hulls. However, the general consensus
was that, due to a lack of funding and no legal necessity for marinas to adhere to good
biosecurity practices, many marinas showed limited actions towards preventing the spread
of marine NNIS. The major barrier preventing good biosecurity in marinas was again
identified as the costs associated with biosecurity practices (Vyeetal. 2020).

As with marinas, aquainvaders alonginland watercourses also demonstrate major concerns
when considering biosecurity. These areas face the threat of invasive spread through
recreational watersports, such as canoeing and kayaking. One survey revealed that over half
of respondents who undertook recreational activities, used theirequipmentin multiple
catchments without undertaking appropriate biosecurity measures (Anderson etal. 2014).
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This demonstrates aclear need for better education and stricter biosecurity measures to
help reduce the risk of NNIS spread.

The check, clean and dry campaign was launched toincrease publicawareness and
encourage good biosecurity practices. However, the effectiveness of the check, cleanand
dry campaignin preventing spread has been shown to vary amongst different NNIS. Studies
have shown that heatingthe waterforthe “clean” process will have varying effectivenessin
killing different NNIS (Anderson et al. 2015; Shannon etal. 2018). It was also demonstrated
that for some species, the check, clean and dry technique has limited effectiveness. For
example, when used on M. aquaticum, it was shown to be only 40% effective (Shannon et al.
2018). Furthermore, itwas demonstrated that check clean and dry could be effective, with
100% mortality in signal crayfish, but only when administered for 5minutesata
temperature of 40°C (Anderson etal. 2015). This highlights the need to assess biosecurity
campaignsvigorously, ensuring they are informed by scientificstudies to be as effective as
possible in preventing NNIS spread before rollingthem out nationally.

Research has shown that whilst stakeholders generally agreed onthe importance of aneed
for good biosecurity measures to control NNIS, there was often shortcomings when it came
to implementing these practices. The mainissuesidentified were alack of clear guidance,
changing people’s attitudes and the costs and time associated with applying good
biosecurity practices. It was observed that stakeholders would often only apply good
biosecurity towards NNIS that directly impacted their organisations, indicating that a greater
sense of responsibility could aid in stakeholders applying better biosecurity (Fosteretal.
2016; Suttcliffe etal. 2017). One measure that could be made to improve cooperation from
stakeholders, would be to create a biosecurity act, similarto that of Australia, as a legal
incentive for people to uphold good biosecurity practices (Shannon et al. 2020).

Evenifthe bestbiosecurity practices were implemented, the complete eradication of many
NNISisan unattainable goal. One suggestionis to focus biosecurity efforts on Britishislands,
where itwould be more manageable to prevent NNIS spread and conduct effective
biosecurity practices to preserve native ecosystems (Stanbury et al. 2017). Eradication of
established NNIS has also been shown to be more effective onisland ecosystems with much
highersuccess rates in eradication programmes compared to mainland environments
(Cassini 2020).

3.7.3 Blacklisting vs Whitelisting

One alternative measureto encompass all potential invasive species threats tothe England
and Wales, is to incorporate the whitelisting technique adopted by New Zealand. New
Zealandisfrequently referred to as an exemplary jurisdiction with regards to biosecurity and
invasive alien species control biosecurity (Sambrook et al. 2014; House of commons
environmental audit committee 2019; Shannon et al. 2020). It operates a strict whitelist;
meaningonly species that are whitelisted are permitted into the country. This differs from
the current blacklistingtechnique, which instead lists invasive alien species that are
prohibited from beingreleased into the wild. The blacklisting approach allows governmental
bodiestotargetspecificNNIStofund management programmes for and prioritise high-risk
species. However, blacklists pose the risk that unlisted species willnot be considered as
important to control or be as carefully regulated and will therefore be able toslip underthe
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radar and spread with unknownrisk to the environment, (Dehnen-Schmutz 2011; Garcia-de-
Lomas and Vila 2015).

A whitelist could prevent this threat as the list could be used at borders to preventall
species notlisted and notjustthose on a blacklist. Therefore, having awhitelist sanctioned
in England and Wales has the scope for an all-encompassing, far more effective biosecurity
(House of commons environmental audit, 2019). It would guarantee that noinvasive alien
speciesare disregarded when considering biosecurity, ensuring the best possible
preventativeactionistaken againstinvasive alien speciesin the future (Garcia-de-Lomas and
Vila2015). Furthermore, awhitelist could give more clarity to organisations such as the
horticultural society asto which species they are able to trade without causinga risk to
native populations (Dehnen-Schmutz 2011).

However, there are potentialdrawbacks to using the whitelisting approach. Whilstan
effective whitelisting technique would reduce the risk of spreadingnew NNIS, itwould also
prevent the establishment of non-native species that could benefit native ecosystems. Most
non-native species thathave beenintroduced into England and Wales have not been
invasive, with many creating positive benefits to wildlife (Manchester and Bullock 2001;
Gallardo and Aldridge 2014). With the strict measures of the whitelisting technique in place,
many potential benefits of new non-native species could be lost.

Furthermore, using blacklisting to focus preventative measures on high priority species has
alsobeen demonstrated to be effectivein April 2012, when the Asian Hornet Response Plan
was finalised and successfully accomplished. This achievementisaunique proactive
approach in Europe insofaras it covers a species thatis nota statutory pestandis notyet
established in England and Wales, with the plan’s main objective being to rapidly intercept
and preventthe establishment of this speciesinthe GB Invasive Non-native Species Strategy
(2015).

If the law were to continue with a blacklist, one improvement that could be made would be
to create a “grey” list of species that have the potential to be invasive, which would covera
widerrange of NNIS, reducing the potential for species of an unknown threat to establish
(Garcia-de-Lomas and Vila 2015).

3.7.4 Risk Assessment

Whetherusinga blacklist or whitelist, itisimportant to undertake risk assessments to
establish whether non-native species have the potentialto become invasive if allowed to
establishin England and Wales (Garcia-de-Lomas and Vila 2015). These risk assessments
must be undertaking usingaclear, systematic method with solid scientificbacking to ensure
theyare reliable.

Risk assessments were initially recommended by DEFRA (2003). However, initial reviews of
the risk assessmentsin place discovered alow level of accuracy with concerns for the
methods used being unsystematic, determining that research and development of risk
assessments was needed involving more NNIS testing (Booy et al. 2006; Keller2011;
Carbonerasetal. 2017).
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Since then, there have been more research projectsinto the best practices for assessing the
risk of NNIS. This research should be incorporated to ensure that NNIS are scientifically

evaluated with ecological impacts being considered when assessing how great athreat
differentspeciesis.

Predictive approaches are one such method that could be used to assess risks of different
NNIS. One such methodis Comparative Functional Response (CFR), which compared
consumptionrates between aNNIS and similar native species. The CFR is determined by
replicating natural habitats in a captive or semi-captive environment and testing different
factors such as competition amongst native species and NNIS to assess the risk of the NNIS
establishingand spreadingin such an environment (Britton 2018). This method can be a
useful tool in establishingthe impact NNIS have, and has frequently revealed that the
feedingrates of NNIS are higherthan those of comparable native species (Dick etal. 2017;
Britton et al. 2019).

To rely solely on ex-situ experiments to predict NNIS risk would disregard the differences
that may occur between captive environments simulating the wild and wild habitats, such as
more intense competition than would naturally occurin the wild (Britton 2018).
Furthermore, ex-situ environments do not account for the complexity of natural systems,
where many more variables are in play, which highlights the difficulties associated with
successfully assessing the risks of NNIS (Britton et al. 2019). However, CFR couldbe usedina
standardized way across all taxa to help risk assess non-native species and predict their
invasiveness (particularly theirimpact on native competitors and prey) whenreleased intoa
new environment (Dick etal. 2017).

Another study used Relative Impact Potential to focus on ecological impacts of NNIS. This
method uses several factors to calculate the anticipated impact of aNNIS. These include the
average lifespan of the NNIS, the estimated maximum feeding rate, known as the functional
response (FR), and the fecundity (reproductive output calculated from clutch size and
frequency). Developing from previous studies, this study alsoincluded attack rates to
account fordifferent resource availabilities changing the impacts of a NNIS as well as pet
propagule pressure, which considers the likelihood of pets becoming unwanted and being
released, contributing to the distribution of that species (Dickey et al. 2018).

Including ecological impactisimportant, as ecosystem services and the natural capital can
be majorly affected by NNIS spread. Using the research from Relative Impact Potential
alongside economicand social studies could certify asustainableapproach to NNIS control,
ensuring thatall the impacts of NNIS are considered when prioritising control programmes
(Dickey etal. 2018).

Horizon-scanningisalsoanimportant measure in proactive response to NNIS and
preventingtheirintroduction and spread in England and Wales. Horizon-scanninginvolves
assessing future potential threats of NNIS and was a key element of the 2008 GB Invasive
Non-native Species Strategy (Thomas 2011). The methods for horizon scanning consist of
consulting expert groupsinthe field of NNIS through several stages to establish ascore
associated with the risk factor of each NNIS (Roy et al. 2014). In orderto make horizon
scanningeasierand to establish pathways of introduction of NNIS, the European Alien
Species Information Network (EASIN) was developed to facilitate easy access to all

jurisdictions across Europe and help share knowledge to prevent NNIS spread (Pergl et al.
2020).
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The Non-Native Risk Management (NNRM) scheme used this process to highlight the need
for prioritisation of NNIS control, with considerations for feasibility and practicality of
eradication/effective control and the likelihood of re-invasion also being taken into account.
Thistechnique involves surveying experts from varied backgrounds to establish risk
assessment scores fordifferent NNIS (Booy et al. 2017). Although thereisalevel of biasin
thistechnique, workshopping, discussions, and reviews to challengethe results helped to
minimise this, making NNRMa potentially useful tool in undertaking risk management of
NNIS and prioritising species for control efforts.

Sharingknowledge across different jurisdiction is also animportant factorin creating
informed risk assessments. The use of the European-wide information portal, DAISIE should

beincludedtoobtaininformation surrounding NNIS and create more comprehensiverisk
assessments (Collier 2018).

As well as speciesriskassessment, predictions of species distribution can be a useful tool in
determiningthe bestactions going forward to prevent NNIS spread (Jones et al. 2013).
Therefore, by understanding both the threats non-native species pose and the likelihood of
them establishing and spreadingin different areas across England and Wales, species can be
prioritised accordingly and efforts into prevention and management can be more effective.

3.7.5 Distribution

For speciesthat have already been established in England and Wales, akey tool in effective
managementisinvestigating the distribution of species. If predictions can be made as to
where NNIS will establish and spread, a more proactive approach to manage mentcan be
takeninareas of higherrisk to invasion and the results of the predictions can be used to
inform policy (Jonesetal. 2013).

Ascertaining the distribution of NNIS can be a costly and time-consuming job. However, one
study discovered that data collected for Marine Conservation Zones (MCZs) could be used to
detect NNISin British waters (Whomersley et al. 2015). Thisidea could be an effective
method of saving time and resources by using current ecological databases where possible
to helpindetermining the distribution of NNIS, particularly in marine environments where
protocols forrecording NNIS are unclear (Whomersley et al. 2015).

Species Distribution Models (SDMs) are often used to understand the distribution of NNIS,
usingfactors such as climate, land use and habitat suitability to predict hotspots for NNIS
spread (Gallardo et al. 2015; Polainaetal. 2020). Theycan also be used for ongoing
management programmes to predict the most effective methods of control foran area
(Jonesetal.2017). Thiscan be a useful tool inforward planning and using optimum
strategies when undertaking NNIS managementand should be animportanttool toinform

policy.

Itisimportantto note that there will always be alevel of uncertainty with SDMs, as they
often assume afixed habitat structure and makes estimates regarding different variables.
However, information from them can still be auseful tool toaidin creating NNIS
management strategies (Jones etal. 2017). It is alsoimportant to understand andinclude all
factors affecting distribution to make an SDM as accurate as possible, however human
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activities thatinfluence NNIS distribution have often notincluded these factors when
designing SDMs (Gallardo et al. 2015). For example, one study found that the construction of
offshore wind farms can create a habitat for marine NNIS, and the more compact the
turbines, the greaterthe risk of NNIS establishment (Borger et al. 2014).

One potentially beneficial route to determine the spread of different NNISis to use the
publictoaid insightings of NNIS. The “Plant Tracker App” is one method forthis, an app
developed by the Environment Agency that uses data collected by the general public to
establish the distribution of different non-nativeinvasive plants (National Biodiversity
Network Trust 2012). Otherapps such as the RINSE That’s “Invasive!” and KORINA apps have
alsobeendesignedto encourage the publicto participate inidentifying and logging NNIS
across Europe. These apps have notonly been useful in locating NNIS spread, with records
addingto and complementing professional monitoring schemes, butthey have also
encouragedthe publictogetinvolvedin NNIS control projects and raised general awareness
of NNIS (Adriaens etal.2015). However, limitationsin this method may occur due to the
publiconly usingthe appsinfrequently, so distribution data collected may be inadequate if
publicparticipationis not consistent (Adriaens etal. 2015).

3.7.6 Education and Public Awareness

Although attitudes towards NNIS control have been shown to be positive for some cases,
publicawareness of the issues caused by NNISis low (Eriksson et al. 2018). Studies show
that educatingthe publicon the negative impacts associated with NNIS increases support
for control projects (Novoaetal. 2017; Eriksson etal.2018). Therefore, to effectively
manage NNISinthe future, more efforts should be made to increase publicawarenessand
therefore gain theirsupportin preventing NNIS spread.

Anotherissue with alack of publicawareness surrounding NNIS is identification. One study
in Cornwall determined thatless than 20% of the population were able to identify Japanese
Knotweed, one of the highest profile non-native invasive plantsin England and Wales
(Robinsonetal. 2016). Thisisa great concern, as organisations such as the EA use public
participation to help identify locations where NNIS are present (plant-tracker, aqua-
invaders). If the public cannotidentify NNIS, they will not be able to reportthem and assist
the authoritiesinfinding and tackling problem areas. One way to help educate the public
and counterthisissue would be to identify the demographics with the least knowledge
regarding NNIS and targetthemto improve awareness (Robinson et al. 2016).

Increasing publicawareness can lead to publicparticipationin preventing NNIS spreadin
England and Wales. Due to the speed at which many NNIS can spread, publicparticipationis
often key to achieving successful control strategies (Tattoni et al. 2006). As well as
identifyingand reporting areas containing NNIS, the publiccan helpin several other ways
including participation surveys, practising good biosecurity and even, in some cases,
volunteering to assistin removal projects (e.g. Himalayan “Balsam Bashing”). Volunteering is
a key contributorto achieving NNIS management due to limitations in funding and resources
and can be a useful tool in engaging citizens in nature conservation and educatingthemon
NNIS (Pagésetal.2019). Publicawarenessis alsoimportantto encourage the publicto
adhere tothe law and not unintentionally aid the spread of NNIS further.
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The threat of NNIS as perceived by the publicdoes not always correlate to the actual
ecological risks of different species (Robinson et al. 2017). This means that attitudes towards
different NNIS do not always reflect how detrimental those species are to social, economic
and/orenvironmentalfactors. This may lead to conflicts of interest when focussing on
tackling NNIS, as the lack of understanding may prevent publicsupportin control projects or
changesto law and policy surrounding NNIS.

However, publicopinion canalso helpto guide in decision-making regarding NNIS. Public
perceptions can help highlight areas of the most significant concernforspecificNNISin
England and Wales. Forexample, astudy on Japanese Knotweed in Cornwallindicated that
the primary motivation for controlling Japanese Knotweed on private land would be to
preventitspreading onto adjacentland (Robinson etal. 2017). This indicates that
respondents are aware of the law (Wildlife and Countryside Act 1981) and that in this
instance, legislation was the most effective tool in motivating the publicto control NNIS on
theirland. This example highlights the importance of law and policy in tackling NNIS,
iteratingwhy itis so essential thatlegislation is as effective as possible to best prevent NNIS
spread.

However, often conflicts of interest from the publiclead to problems regarding public
supportfor NNIS managementand control projects. Professionals tend to have more
extreme views regarding NNISimpacts and methods of control. Studies also showed that the
publicwere more averse to highly abundant, damaging, or unattractive NNIS (Fischeretal.
2014).

One study interviewed the British publicin ontheiropinions of non-native speciesin parks
and gardens. The results showed that the majority of respondents would rather see more
non-native species, with only 20% of participants stating that only native plants should be
used. These results suggest that despite law and policy having avery negative outlook on
non-native species, public perceptionis much more opentothe introduction of new species
(Hoyle etal. 2017). However, this study investigated the general publicopinions. Therefore,
theiropinions of non-native species may be more positive, as they may not be aware of the
threat of invasion by non-native species and the negativeimpacts associated with their
spread. Furthermore, another study surveying respondents on marine offshore windfarms
foundthat 61.8% of respondents felt that measures should be putin place to prevent
furtherintroduction of NNIS, with afurther 22.4% stating they needed more information
(Borgeretal. 2014). Most respondents forthis study were therefore against NNIS
establishment or wanting to know more in orderto make an informed decision. Itis
important to note that these two studies were undertaken forvery different environments
(offshore wind farms and publicgardens), which is likely to have had an influence on public
perceptions. Furthermore, species from different environments demonstrate diff erent levels
of knowledge, forexample, knowledge surrounding terrestrial NNIS tends to be far greater
than foraquatic species (Gozlan etal. 2013). This highlightsthe need to considerthe
environmentin which different NNIS establish when considering publicattitudes towards
and theirunderstanding of NNIS.
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3.7.8 Ethical Concerns

In certain cases, particularly formammalian NNIS, conflicts arise from the publicregarding
the ethics of NNIS control methods (e.g. culling). As identified in the case of the North
American Grey Squirrel, particularly afterthe new Invasive Alien Species (Enforcement and
Permitting) Order (2019) prohibited Natural England fromissuing any more release permits
for NNIS, ethical issues can often arise. Ethical concerns can stem froma numberofissues
including failed eradication programmes resulting in species mortalities with little ecological
benefits, non-target species beingimpacted by control measures and inhumane methods of
control such as toxins (Cowan and Warburton 2011).

Concernsfromthe publicregarding NNIS control often arise from moralisticvalues for
animal speciesinall environments, which can be difficult to overcome when attempting to
gain publicsupportforcontrol programmes. Thisis less of an issue for plant species but can
still be problematicin rural areas (Novoaetal. 2017). Another study also found that public
perceptions of NNIS were influenced by the “attractiveness” of a species (Fischer et al. 2014).
Thisindicates that control programmes for different taxonomicgroups are likely toreceive
differentresponses fromthe public, afactor which should be considered when planning
NNIS control.

Difficulties can often arise inthe practicality of NNIS control programmes. For species that
are widely established across England and Wales (e.g. the grey squirrel), itis often difficult to
prove that eradication programmes will be effectivein removing the issues caused by the
NNISin question (Cassini 2020). It has been noted, however, that the most successful
eradication programmes have occurred onislands (Cassini 2020), therefore successful
eradication may be more attainable in England and Wales. To help avoid the issues of ethical
concerns, itis advised thatscientificevidence is provided to prove the benefits of culling
programmes and justify lethal methods (Reynolds et al. 2013; DEFRA 2020).

3.7.9 Arguments Against NNIS Management

Although most studies recognise the detrimental impacts of NNIS and focus on the need to
control and manage theirspread throughout England and Wales, the search did returna few
studiesthat had slightly different viewpoints. One study investigated not just the negative
impacts, butalso highlights the benefits that NNIS can bring to ecosystem services, stating
that analysing both the pros and cons can lead toa more fairand feasible management than
attempting eradication programmes (Martinez-Cillero et al. 2019). This study states that
acceptingsome NNIS and allowing nature to change may be a better and more practical
solution.

Furthermore, as aforementioned when investigating public perceptions, findings revealed
that most of the respondents would welcome the spread of non-native plant species and are
accepting of the changesin biodiversity that they would bring (Hoyle etal. 2017). However,
the study also stated that certain respondents (particularly those with biocentricvalues and
more awareness of policy) had concerns regarding the potential invasiveness of non-native
species beingallowed to establish and the impact on native species. This demonstrates that
those with a more invested interest and more awareness of NNIS are more adverse to the
idea of non-native introductions, indicating that if the publicwere more aware, they may be
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less supportive of allowing their spread. Despite this, the study concluded by stating the
inevitability of non-native invasions, concluding that policy should reflect on the public
opinionsinordertoachieve asustainable future. Although these points do not detractfrom
the negative threats associated with NNIS, they do highlight the need to considerall
perspectives, include publicopinions, and ensure NNIS manageme nt programmes will bring
long-term benefits to the environment (Hoyle et al. 2017; DEFRA 2020).

3.7.10 Climate Change

The impacts of anthropogenicclimate change and how they affect ecosystems in England
and Wales are a keyfactorin assessingthe management of NNIS going forwards, as global
warmingisa keyinfluencerin NNIS establishment (Huangetal. 2011). The global spread of
NNISislimited by climates, with 42% of species distribution being reliant on tempe rature
(Gallardo etal. 2015) Thissuggeststhatsome NNIS will become more capable of establishing
in England and Wales givenrecent warmer environments caused by climate change . Another
major concern with climate change is that previously non-invasive non-native species could
potentially become invasive if climatic conditions become more suited to them (Manchester
and Bullock 2001; Fobertetal. 2012; Hulme 2016).

The extent to which climate change impacts upon NNIS establishment and spread is
disputed, however. A study on non-native birds assessed whether climate change would
exacerbate NNIS, by creating more climatically suitable environments forthese species.
However, the research concluded that there was little evidence to suggest this was the case,
as the species were shown to adaptto new climates and would spread regardless of climate
changes (Borderetal. 2018). Another study thatinvestigated the impacts of anthropogenic
climate change and land use and land cover (LULC) on NNIS distribution (namely
Rhodedendron Ponticum) determined that climate change did influence NNIS spread,
however LULC had a greaterimpact on species distribution and advised that using models
combiningthe two factors should be used to forecast NNIS distribution (Manzooretal.
2021).

Determiningthe influence of climate change on NNISin England and Wales is difficult

however, andit has been suggested that other factors such as globalisation andland-use are
more likely toinfluence the spread of NNIS (Hulme 2016).

Itisalso argued that non-native species should not be vilified so quickly, as climate change
has had a profoundimpact on biodiversity and species distribution, therefore it would be
impossible to return wildlife in England and Wales to the state it wasin historically (Hoyle et
al. 2017). One study even arguesthat non-native species (such as exotictree species) should
be allowed to establish to replace species that are struggling due to factors such as climate
change (Ennos et al. 2019). Furtherresearchintothe impact of anthropogenicclimate
change has on ecosystems in England and Wales and how this will affect efforts to control
NNIS spreadis recommended.
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3.8 Summary

Table 5: Asummary of the key findings from the systematic reviewand subsequent recommendati ons
to improve legislation and management efforts of NNISin England and Wales

Positives

Negatives

Recommendations

Responsibilities
and Enforcement

1. Britishlegislation clearly
identifies the landowner to be
responsible for NNIS ontheir land
2.Some limited funding has been
provided by the govemment to
assist inNNIS control

1. Landowners may not control
NNIS on their land unless enforces
against, giving time for species to
spread further.

2. Multiple enforcement authorities
giving conflicting advice can cause
confusion

3. Inadequate enforcement has
resulted ina failure to stop new
introductions of high profile NNIS

1. Invest more money into assisting
landownersincontrolling NNIS on their land
to promote proactive responses to
management

2. Create a separate, consistently funded
enforcementbody, specifically focused on
NNIS

3. Ifa separate NNIS enforcement body is
not possible, encourage good
communication between current
enforcementauthorities to ensure a
coordinated approach to NNISmanagement
and enforcement efforts

Prevention and
Biosecurity

1. Alot of British policy highlights
biosecurity as the priority concern
in achieving NNIS control.

2. The Government have
implemented campaigns, such as
"check, cleanand dry"to promote
good biosecurity practices

1. England and Wales stillhas no
biosecurity inspectorate dedicated
to NNIS at our borders

2. The uptake of good biosecurity
practicesis hindered bypublic
educationandattitudes

1. Investina NNISbiosecurity inspectorate
to strengthenborders against NNIS

2. Consider creating a biosecurity act(as
seen in Australia) as a legal incentive for
people to undertake good biosecurity
practices

3. Help fund good biosecurity protocol by
providing resources and supporting
campaignssuchas "check, clean anddry"

Adopting the
Whitelisting
Approach

1. Whitelisting is all encompassing,
reducing the risk of unlisted NNIS
from being "missed" andspreading
in England and Wales

1. Blacklisting can help provide a
focus for priority NNIS to control
and prevent fromspreading

2. Not all non-native species are
detrimental. Whitelisting could
prevent beneficial non-native
species frombeing allowed to
establishin England and Wales

1. Further research is required toascertain
whether blacklisting or whitelisting is the
best approach in Englandand Wales

2. England and Wales couldadopta
"greylist" for species that have the potential
to causedetrimentalimpacts and require
risk assessments

Risk Assessment

1. Risk assessments are a useful
tool in establishing the potential
threat of non-native species in
England and Wales and informing
law and policy accordingly

1. Risk assessments canbe limited
if certainfactors (e.g. ecological
impacts) are not considered

1. Ensure risk assessments are
comprehensive and consider all factors
when assessing NNIS

2. Share in knowledge fromother
jurisdictions by using databases suchas
DAISIE to betterunderstand risks posed by
NNIS

Distribution

1. Speciesdistribution models
(SDMs) can helpidentify hotspots
and predict the spread of NNIS in
England and Wales

1. SDMs always demonstrate a
level of uncertainty intheirresults

1. Use distribution data fromotherareas of
researchwhere possible to assist increating
SDMS to save time and resources

2. Ensure SDMs are as detailed and
thorough as possible, considering all

variables tominimise uncertainty in results

Education and
Public Awareness

1. Increased publicawareness can
encourage volunteering for control
works

2. With more public aware of NNIS,
more people arelikely toreport
sightings of NNIS, helping
authorities better understand NNIS
distribution

3. Public education and awareness
of the threats of NNIS usually
increases support of control
programmes

1. Current publiceducation
surrounding NNIS is poor, with very
few people knowing and
understanding the threats of NNIS
2. Public attitudes towards NNIS
management canbe negative

1. Invest moreinto educating the public of
the threats and detrimentalimpacts of NNIS
in England and Wales

2. Includethe public where possible in
monitoring and controlling NNIS, as public
participation will gain publicsupport,
improve education and save on resources
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Ethical Concerns
and Arguments
Against Control

1. The publicdemonstrate their
concern for wildlife and naturein
England and Wales

1. Public concems can lead to
conflict and backlash against
management of NNIS that involves
culling

2. Many people would welcome
the introductions of newnon-
native species

3. Itis argued thatsome large-
scale eradication programmes are
ineffective and a waste of
resources

1. Ensure to always provide transparent and
significant proof to the public that any
culling programmes are necessary and will
provide substantial benefits tothe
environment

2. Communicate with public, listening to
their concems and providing scientifically
backed responses to prove that controlis
the best optionand management
programmes have been strategised to
achieve effective results

Climate Change

1. Climate change could hinder
NNIS spread, and has prevented
the spread of NNIS in manyareas
globally

1. Anthropogenic climate change
could alterthe climate conditions
to make them more suitable for
NNIS to establish

2. Some studies argue that climate
change hasllittle bearing on NNIS
spread, indicating thatspecies will
disperse and adapt toclimatic
changes

1. Continuing efforts to reduce global
warming may also help prevent further NNIS
spread

2. Further researchto establish the extent
to which climate change influences NNIS
spread is recommended
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4 Case Study Reviews

4.1 Introduction to Section

An analysis of select case study species was used to help critically evaluate the law and
policy surroundinginvasive species control and preventionin England and Wales. Candidate
speciessuitableforthis study were required to have many studies of theirinvasive impacts
and control methods, as well asideally beingincorporated into publications that addressed
British law and policy for NNIS excluding the separate legislation used in Scotland. Using
numerical analysis was deemed suitableto select these species, as the first task was to
identify the quantities of relevant research available for different NNIS.

4.2 Species Selection Review

In orderto selectcase study species, it was first essential to selecta suitable list of the NNIS
within England and Wales, as different authorities have different classifications of non-native
invasive species (Wildlife and Countryside Act 1981, Regulation (EU) No 1143/2014, NNSS
2018). However, as a key law with a focusin England and Wales, the mostrecently revised
version of Schedule 9 of the Wildlife and Countryside Act (1981) was chosen for this study.

From this list, case study species of high profile had to be selected, to ensure sufficient
research would be available about them. Furthermore, higher-profile NNIS were considered
more likely to have a substantial impact, thereforewould be better suited when assessing
the law’s effectiveness. The aim of the selection review therefore, was to identify and select
case study NNISthat were frequently mentioned and researched in literature, due to having
significant detrimental impacts on the environment. This meantthat the research criterion
was reasonably broad. A search of literature focussed on NNIS from the appropriate
timeframe and within the correctlocation (England and Wales) was important. It was
decidedtoinclude all studies from 1981 onwards, as this was afterthe implem entation of
Schedule 9of the Wildlifeand Countryside Act.

A method was used to assess the extentto which different NNIS have been researched to
choose suitable candidates as the case study examples. This analysis involved searches made
on Scopus and Web of Science forall NNISin Schedule 9of the Wildlife and Countryside Act.
For these searches, the common and scientificnames were used (e.g. Bitterling AND
Rhodeus sericeus)followed by the search UK OR United Kingdom OR Britain OR British OR
England OR Wales OR English ORWelsh ANDNOT

Scotland OR Ireland OR Scottish OR Irish OR British Columbia OR British Overseas

Territor* OR New England OR New South Wales. Each search was filtered to the English
language. Toincorporate research froma wider range of sources, a search was also
conducted on Google Scholar, as this search site encompasses a wide range of papers from
different databases. However, as this site does not allow for such complex Boolean searches,
only the scientificnameswere usedinthese searches. This search was therefore less
accurate, but the results from Google scholar could still be effectively used as a comparison
tool to determine whether the more focussed results from Web of Science and Scopus were
likely to be demonstrative of the trends seenin literature within the field.
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Selection reviewresults:
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The speciesthatreturned the mostresults (i.e. those with results higherthan orequal to the
mean of all NNISinthe list from Web of Science, Scopus and Google Scholar) were identified
for furthertesting. The initial analysis identified 17 species with substantially higher profiles
(more results), 9 of which were non-nativeinvasive plants and 8 were animals (See table 1).
As well as ensuring studies were relevant to England and Wales, it was importantto ensure
that these resultsincluded research surrounding NNIS law and policy. Therefore, asecond
search was takento ensure thatthere was relevant literature on law and policy forthe
speciesaswell. Forthisstep, the terms law* OR legislation OR policy OR policies were added
to the search to further narrow down the number of suitable candidate species.
Furthermore, the search terms Invasive* OR non-native* ORalien* were also searched along
with the species, to ensure that studies showed afocus to the invasiveness of the species
within the given location and timeframe. From these searches, five suitable species
candidates were identified, threeanimal (signal crayfish, American Mink and grey squirrel)
and two plantspecies (rhododendron and Japanese Knotweed).
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Table 6: Searchresults forvolume of key literature and law literature identified for high
profile NNISin England and Wales

Species (Animals) Search Criteria Web of Scopus
Science
Search Search
Results Results
Crayfish, Signal Pacifastacus law* OR legislation OR 6 45
leniusculus policy OR policies
Invasive* OR non- 51 45
native* OR alien*
Deer, Muntjac Muntiacus reevesi | law* OR legislation OR 1 23
policy OR policies
Invasive* OR non- 6 18
native* OR alien*
Deer, Sika Cervus nippon law* OR legislation OR 0 19
policy OR policies
Invasive* OR non- 4 17
native* OR alien*
Goose, Canada Branta canadensis | law* OR legislation OR 3 22
policy OR policies
Invasive* OR non-
native* OR alien*
Mink, American Mustela vison law* OR legislation OR 9 64
policy OR policies
Invasive* OR non- 34 64
native* OR alien*
Pumpkinseed (otherwise known as | Lepomis gibbosus law* OR legislation OR 1 11
Sun-fish or Pond-perch) policy OR policies
Invasive* OR non- 2 21
native* OR alien*
Rat, Black Rattus rattus law* OR legislation OR 4 7
policy OR policies
Invasive* OR non- 12 113
native* OR alien*
Squirrel, Grey Sciurus law* OR legislation OR 6 107
carolinensis policy OR policies
Invasive* OR non- 39 107

native* OR alien*
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Species (Plants)

Balsam, Himalayan Impatiens law* OR legislation OR 2 11
glandulifera policy OR policies
Invasive* OR non- 35 13
native* OR alien*
Fern, Water Azollafiliculoides law* OR legislation OR 1 3
policy OR policies
Invasive* OR non- 3 3
native* OR alien*
Hogweed, Giant Heracleum law* OR legislation OR 1 6
mantegazzianum policy OR policies
Invasive* OR non- 10 6
native* OR alien*
Kelp, Giant Macrocystis law* OR legislation OR 0 3
pyrifera policy OR policies
Invasive* OR non- 0 5
native* OR alien*
Knotweed, Japanese Fallopia japonica law* OR legislation OR 5 23
policy OR policies
Invasive* OR non- 35 26
native* OR alien*
Rhododendron Rhododendron law* OR legislation OR 1 66
ponticum policy OR policies
Invasive* OR non- 11 35
native* OR alien*
Seafingers, Green Codium fragile law* OR legislation OR 0 12
policy OR policies
Invasive* OR non- 2 0
native* OR alien*
Wakame Undaria law* OR legislation OR 1 15
pinnatifida policy OR policies
Invasive* OR non- 12 15
native* OR alien*
Waterweeds All species of the law* OR legislation OR 1 14
genus Elodea. policy OR policies
Invasive* OR non- 2 14

native* OR alien*
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As well as having appropriate levels of relevant research, it was considered essential for this
study to choose case study species of varying taxonomy, with different habitats and covering
a variety of social, environmental, and economicimpacts. Therefore, three species were
chosen that had these varying characteristics:

Although Rhododendron returned asimilarnumberof resultsin the searches,
Japanese Knotweed was choseninstead as the case study plant species, asitis notonly
detrimental to native ecology, butis also widely known for causing infrastructural damage,
as well as having negative economicimpacts forlandowners. Because humanimpacts were
importantareasto investigate for this study, Japanese Knotweed was therefore chosen.
The initial search forJapanese Knotweed returned 1121 results (71 refined results), 45from
Web of Science, 26 from Scopus and 1050 from Google Scholar. Afteradding the term
Invasive* OR non-native* ORalien*tothe search criteria, there were 61 results, 35 from
Web of Science and 26 from Scopus. Including the search terms law* OR legislation OR
policy ORpoliciesintothe criteriareduced the resultsto 28 in total, 5 from Web of Science
and 23 from Scopus.

As the highest profileinvertebrate species and only aquaticspecies to be shortlisted, the
North American signal crayfish was also chosen as one of the case study species. The initial
search for signal crayfish returned 1349 results (119 refined results), 74 from Web of Science,
45 from Scopus and 1230 from Google Scholar. Afteraddingthe term Invasive* ORnon-
native* OR alien*tothe search criteria, there were 96 results, 51 from Web of Science and
45 from Scopus. Including the search terms law* OR legislation OR policy OR policies into the
criteriareduced the resultsto 51 in total, 6 from Web of Science and 45 from Scopus.

As the speciesthatreturned the highest number of results overall, the North American
Grey Squirrel was chosen as a vertebrate mammal species thatis prolificinanumber of
habitats, but most notably woodland and garden environments.

The initial search forgrey squirrel returned 2428 results (248 refined results), 141 from Web
of Science, 107 from Scopus and 2180 from Google Scholar. Afteradding the term Invasive*
OR non-native* ORalien*to the search criteria, there were 146 results, 39 from Web of
Science and 107 from Scopus. Including the search terms law* OR legislation OR policy OR
policiesintothe criteriareduced the resultsto 113 in total, 6 from Web of Science and 107
from Scopus.

Inclusion criteria

e Impactsof chosenspecies
e Currentcontrol methods of chosen species
e Law and policyrelatingto chosen species

Exclusion criteria

e Studiesofchosenspeciesintheirnative range
e Studiesof chosenspeciesasinvasive threats outside of chosen location
e Studiesof chosenspeciesnotrelatingtotheirinvasivenessorspread

For resultsreturnedinthis search, they were also checked using Flow Diagram 1, with the
titles and abstracts being screened toidentify relevant studies.
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4.3 North American Grey Squirrel

The North American grey squirrel (Sciurus carolinensis Gmelin)is awidely known non-native
invasive speciesin England and Wales.

From categorising results from the systematically approached review, the key topics
returnedforgrey squirrel searches on Web of Science were ethics (61), red squirrel habitats
(594), managementand control methods (35), impacts (24) and distribution (17). The
majority of results focused on the impacts of greys on red squirrels, particularly regarding
diseases. The majority of literature focussed on environmentalimpacts of the grey squirrel
rather than economicor social factors. With regards to management, physical methods (e.g.
trapping) returned more research results than biological or chemical, although several
papersdid mention the potential use of predators to control grey squirrels. Only seven
papers discussed law and policy, with only 4focussing onitinthe study. Other papers
covered various areas that were not considered relevant to the study and were therefore
excluded.

Grey squirrelsare known to have a negative impact upon native species, actingasa
competitorto native red squirrels and causing majorissues forcommercial foresters with
oneissue frequently mentioned inresearch being theirtendency tostrip bark fromtrees, a
behaviourgenerally acknowledged to occur for the squirrels to intake the stores of calcium
fromunderthe bark (Mayle et al. 2009, Mountford 2006, Rayden 2004).

Grey squirrels also thrive in urban areas, with bird feeders benefiting grey squirrels, as

research shows unforeseen detrimentto breeding birds building nests nearfeederin urban
areas, due to being at greaterrisk of nest predation from grey squirrels (Hanmeretal. 2016).

Althoughthereisanabundance of research forthe speciesasa whole, several areas have
seen a greaterfocus, with systematicsearches of Web of Science and Scopus revealing that
the majority of studies within England and Wales focussed on grey and red squirrel
interactions and diseases carried and spread by grey squirrels. Many papers on disease
investigated squirrel pox, leprosy, and adenovirus (Macpherson et al. 2015; Everestetal.
2019; Schillingetal. 2019).

Theirimpact has had hugely detrimental consequences forred squirrel populations since the

grey squirrel wasintroduced to the UK. Therefore, itis of nosurprise that the search
returned extensive results for literature addressing the impacts of grey squirrels on the reds.

The most common method for control of grey squirrel invasions is through culling.
Unfortunately, culling success is limited, with few projects being able to totally eradicate the
species from areas. This can be problematicwhen considering the native red squirrel
populations, as the presence of grey squirrelsin an areaincreases competition, creates the
risk of disease and leadstoincreased psychological stressinred squirrels (Santicchiaetal.
2018). Furthermore, some research has shown that the presence orabsence of grey
squirrelsinacommunityis far more importantthan their population density, and thata
decreased population density does not significantly lessen the negative impacton red
squirrels (Chantreyetal. 2014).

However, otherresearch suggested that that culling of grey squirrels can significantly reduce
the likelihood of a population having detrimental impacts on red squirrels through disease
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as well as competition (Schuchert etal. 2014). This therefore would suggest that culling of
grey squirrels canstill be animportant factor in maintaining native biodiversity and
protecting red squirrel populations. However, the factors accounting for other successful
control are otherwise not clear. Management of grey squirrels in England and Wales is
predominantly through poisoning, achieved through warfarin dispensedin hoppers (The
Grey Squirrels Warfarin Order 1973). However, this strategy is flawed due to the risk it poses
to non-targetspecies, specifically the red squirrel. Subsequently, it cannot be implemented
if the risk of impactingred squirrel populationsis presentdue to the prohibition of the
poisoningof the red squirrel underthe Wildlife and Countryside Act (Crowley et al. 2017).
Therefore the implementation of this methodislimited, asitis subject to specificconditions
inorder forit to be carried out legally.

Squirrel poxis a disease caused by the Squirrelpox virus, which grey squirrels are immune to,
but can carry asymptomatically, spreadingamongst red squirrel populations, and
subsequently killingthem (McGowan et al. 2014). Research hasidentified that the
morphology of the squirrel and parasitism canimpact how susceptible grey squirrels are to
carry pox, meaning some populations are therefore more likely to contract the disease and
spreadit toreds (McGowan et al. 2014). Consequently, samplingand research into which
populations of grey squirrels within England and Wales are the most likely to spread squirrel
pox, and targeting those populations first, could aid in red squirrel conservation.

However, notall research papers found negative effects of grey squirrelsin England and
Wales. Research has demonstrated that there are arguably some benefits to the presence of
greysquirrels, such asthem beingone of the leading dispersers for hazelnuts (Laborde and
Thompson 2009). Another benefit of the grey squirrels was the social aspect, particularly
withinurban areas, as grey squirrels create a bridge between city life and nature, often
beingthe only exposure to wildlife that people livingin urban areas have (Martinez-Cillero et
al. 2019).

Otherstudiesalso mentioned publicawareness, highlighting the issues of morality and
publicdisagreement with the control of grey squirrels through culling (Dunn et al. 2018). A
study that investigated the public perception of threats posed by NNIS found that 44% of
respondents recognised grey squirrelas being a high ecological risk, indicating that public
education surrounding the detrimental impacts of grey squirrels could be greatly improved
(Gozlanetal. 2013). Raising publicawareness of the negative impacts grey squirrels have on
native ecology, such as the impacts on native nesting birds through predation, most notably
common blackbird and the positive relationship between egg failure and grey squirrel
abundance, may assistin decreasing these conflicts of interest (Newson et al. 2009).

However, research has been undertaken investigating alternative methods of control to
culling: A spatial study onthe largest remaining red squirrel populationin England showed
some success in grey squirrel control by fellingthe trees more appealingto grey squirrels
and encouraging coniferous tree species that are more suited tothe native reds (Lurzetal.
2003). However, otherresearch suggested that approachesthat could be considered less
humane, such as the use of pine martins as a potential biological control would be a more
effectivemethod (Strauss etal. 2012; Sheehyetal. 2018).

The Invasive Alien Species (Enforcement and Permitting) Order came into effect during
October2019. Thisorderputs Englandinline with the rest of Britain by removing Natural
England’s powertoissue release licenses for Grey Squirrels. Although the effects this order
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will have are notyet apparent, it will hopefully help to furtheraidin the control of Grey
Squirrelsinthe future.

The moral philosophy of environmental ethics presents a challenge for necessary control of
invasive speciesin the preservation of characteristicdiversity of aregion and the
commitment to prevent moral ambiguity (Keller 2011). More specifically the ethical concern
of culling of Grey squirrelsisaddressed within the International consensus principles for
ethical wildlife control that “if done in a clear, coordinated and humane way” (Dubois etal.
2017). Grey squirrels are protected underthe Animaland Welfare act 2006, with a focuson
the use of live capture traps, itis important foranimal welfare standards to be met.

Thisraisedissuesinthe field of veterinary medicine, with what the most suitable action
would be to take inthe case for caring for and injured grey squirrel, asitis an offence to
keep orrelease them backintothe wild as stated in the Wildlifeand Countryside Act
(Hutchison 2018). However, the question posedis how it would be possible to still act
humanelyinterms of the animal’s welfare. A different opinion on this matteraddresses the
consequence of the ethical dilemma preventing additional culling of the grey squirrelisseen
as problematicforthe survival of the red squirrel (Middleton 2009), although it is argued
fromthe RSPCA thatkilling of the animal isimpractical and inhumane inthe longrun,
referringtothe grey squirrels ability within theirbiology to quickly replace the loss of
squirrelsinanareainas little asa month (RSPCA 2015). Furthermore, the reactionary
behaviourofthe grey squirrel has shownincreased localised density, arguing that cullingis
not a solution, and may instead assistin the furtherdistribution of this species withina
habitat (Lawton and Rochford 2007).

Despite criticism the most common consensus of culling grey squirrelsis a necessity for the
conservation of red squirrels, the overall impact of grey squirrel activity poses such a threat
to habitatand native species to which these methods of control are considered viable
(Schuchertetal.2014). The population of the red squirrels will likely declinein the face of
grey squirrel activity. Current policy and conservation techniques require revision to prevent
ecological displacement and protect native species.

Summary

Key areas addressed in the grey squirrel case study were the issuesrelatingto the ethics
behind eradication programmes. Educatingthe publiconthe negative impacts that grey
squirrels have (e.g. predating on native birds’ nests) can help prevent backlash and gain
supportfor control programmes. However, this case study also highlighted that itis
important to formulate strategies and not just arbitrarily cull grey squirrels, as unplanned
control can end up beingineffective, wastingtime and resources, and killing off squirrels
withoutjustification.

4.4 North American signal crayfish

The signal crayfish (Pacifastacus leniusculus Dana) was firstintroduced into Europe in the
1960s forangling purposes (Manchesterand Bullock 2001). Since itsintroduction, the signal

crayfish has spread rapidly flourishingin Europeanrivers and causing great concern due to
itsimpact on native aquaticecosystems (Bubb etal. 2004).
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As with the grey squirrel, many results forsignal crayfish focussed on the biological impacts
on England and Wales’ native species. The majority of results focussed on signal crayfish
impactsingeneral (38), followed by the dispersal of the species (29). Only 6 results from
web of science referenced law and policy in literature, therefore other databases were
researchedtosupplementthe legislativeresearch.

In England and Wales, one of the majorissues with signal crayfish isitsimpact on the only
native freshwater species of crayfish: the White-Clawed Crayfish (Austropotamobius
pallipes). Since itsintroductioninthe 1970s, the spread of Signal crayfishin hasresultedina
steep decline in populations of White-Clawed Crayfish, which today are regarded as
nationally threatened (Bubb et al. 2004). One of the key causes of this decline is the crayfish
plague, whichis a parasiticinfection of the microsporidian parasite Thelohania contejeani
carried by the invasive species (Hampshireand Isle of Wight Wildlife Trust 2009).

A furtherimpact of the signal crayfishinclude damagingriverbanks and causing bank
collapse due totheirburrowingand predating on a variety of fish & amphibian eggs,
juveniles and small fish (Inlands Water Association 2018).

Signal crayfish have beenreported to significantly reduceinvertebrate density toaround
60% of that in areas void of any signal crayfish. Furthermore, freshwaterinvertebrate
community diversity and richnessis also lowerin areas where signal crayfish are abundant
(Crawford etal. 2006). It is evidentthat the signal crayfish disrupts and depletes native
ecosystems, impacting onthe delicate balance of food websin habitats they have invaded.
Therefore, effective control of signal crayfishin British watercourses is essential for
conserving the native ecology.

In the European Union’s Water Framework Directive (WDF), therewas arequirement for
waterbodiestoreach “good ecological status” by 2015 and one of the reasons forthe
failure to meetthisrequirement was due to the presence of invasive crayfish species
including Signal crayfish (Cardoso and Free 2008) . This did not necessarily have to cause a
failure to meetrequirements, asthe WDF does not explicitly require NNIS to be takeninto
consideration when assessing the ecological status of watercourses, only implying that they
should be takeninto account. However, the UK decided toincorporate NNISintothe
standard for watercourses, only permitting rivers with no established non-native species to
be given a high ecological status (Vandekerkhove and Cardoso, 2010). Although
incorporating this requirementinto policy creates complications and difficulties in meeting
WDF standards, it does demonstrate an effort to address the issue of aquaticNNISinthe UK.
While the EU acknowledges the need to control this speciesisimportant, the lack of
requirementinthe framework directive for NNIS control indicates that limited measures
have beentakento actually address thisissue.

Signal crayfish control methods highlight the issuesthat can arise due to a lack of research
leading toineffective management control. The most frequently used form of crayfish
control has been the use of baited traps. However, recent research indicates that baited
traps may notbe as effective as previously considered (Green et al. 2018). Whilst they can
initially help reduce overall population size, it can cause problems and limitations. Baited
traps tend to predominantly attract large male crayfish. The advantage of thisis that
generally, larger crayfish are harvested for meat so they have a monetary benefit
(Harlioglu and Holdich 2001).
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However, trapping only the large male individuals ina population can be an issue, as large
male crayfish are aggressive and cannibalistic, predatingon smallerindividualsin a
population (Stebbing etal. 2012). Therefore, by removing them from populations, the
biological control through cannibalismis alsolessened and the effectiveness of population
control becomes less effective and efficient. In orderto counterthisissue, the use of
artificial refuge trapsis advised when undertaking signal crayfish management programmes,

to achieve more effectivetrapping across all sizes in the signal crayfish population (Green et
al. 2018).

One thing that mustalways be considered when attempting to control oreradicate an
invasive populationis the density-dependent process. Density dependency responses occur
whenthere are alterationsin the demographicof a population. The main alterations of this
seeninsignal crayfish are through reproduction and growth. When trappingis undertaken
on a crayfish population, it diminishes the size of the population. This decreasein population
size has beenshowntoleadto earlier sexual maturityin femalecrayfish, which reach
maturity fasterin orderto replenish the population size faster (Freeman and Turnball 2010).

Furthermore, research indicates that for smaller populations of crayfish, individuals tend to
grow fasterthanin largerones (Parkyn etal. 2002). Thisis anotherdensity dependency
response and means that moulting frequency willbe higherin smaller crayfish populations
and therefore would increase overtime when a control measure is putinto place.

Due to these density dependency factors, attempts at eradicating populations of the signal
crayfish are hampered by the ability of females to mature fasterand populations to grow
more quickly. This meansthat successful management would require continuous control or,
ideally, total eradication of the crayfish populationin an area, otherwise the signal crayfish
would likely repopulate the arearapidly, undoing previous control efforts.

It isimportantto consider publicawareness, particularly forthemtofollow procedures laid
out in government campaigns, such as “check, clean and dry”. One study found that only
36% were aware of the ecological risks posed by signal crayfish, furthermore aquaticspecies
ingeneral tendto be less understood by the public(Gozlan etal. 2013). Thereforeitisclear
that more needs to be done to educate the publicon the negative impacts of NNIS,
particularly aquaticspecies such as the signal crayfish.

Summary

The case study on signal crayfish had several key findings. The first observation was scientific
research. Despite baited traps beingapopular method for controlling signal crayfishin
watercourses, recentresearch has found flaws inits effectiveness, instead suggesting the
use of Artificial Refuge Traps. This highlights the need for an uptake of the best possible
practices of control according to the latest scientificresearch to ensure control efforts
achieve the best possible results and are not wasting resources. The effect of density
dependency ratios was also addressed, a factor that should always be considered when
controlling NNIS populations, so as notto be hinder by rapid repopulation after controlling
an area. The study of signal crayfish highlighted the complexities of tacklingawidely spread,
highly invasive species. However, although total eradication is unlikely for such a extensively
dispersed species, withincreased publicawareness and well organised, targeted efforts
using a combination of control techniques, populations of signal crayfish may be managed in
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certain environments, with further spread across English and Welsh watercourses being
minimised (Gherardi etal. 2011).

4.5 Japanese Knotweed

Japanese knotweed (Fallopia japonica Houtt) was introduced to England and Wales from
Japanin the Victorian eraand has since become widely established along roads, railways
and watercourses (Kabat et al. 2006). This high-profile NNIS has anumber of detrimental
impacts including affecting native biodiversity, increasing flood risks and damaging
infrastructure (Fennell etal. 2018).

An estimated 2% of residential sites and 1.25% domestic properties have beenimpacted by
Japanese Knotweed spread in Britain (House of Commons Science and Technology
Committee 2019). Economic implications can arise due to causing difficultiesin gettinga
mortgage due to is causing (Fennell et al. 2018). Because of this the value of domestic
property can be reduced if Japanese Knotweed is growing on the land (Robinson 2017).

However, the removal of Japanese Knotweed is also complicated, as the Environmental
Protection Act 1990 liststhe plantas a “controlled waste”, meaning appropriate measures
must be taken when disposing of Japanese knotweed. This means waste licenceis required
to remove Japanese knotweed from asite (Cornwall Council 2017). Furthermore, according
to governmentregulations, you need to use the approved herbicides, hold a certificate of
competence for herbicide use, carry outa control of substances hazardous to health
assessment and get permission from Natural England (and the Environment Agency if close
to water) when (Environment Agency 2016). Whilst thisis beneficial asithelps ensure that
any plantwaste is disposed of appropriately, preventing the risk of further spread of
Japanese Knotweed through incorrect disposal of plant debris, problems can oftenarisein
enforcingonthisact as it isdifficultto prove the perpetrator of the offence (Cornwall
Council 2017). The complex steps required in proper control may discourage landowners
from acting if they discoverthe species on theirland due to the costs and complications
associated withitsremoval.

It may also be noted that the maximum fine from a Magistrates Court of planting or causing
Japanese knotweed to grow in the wildis £5000 underthe Wildlife and Countryside Act.
However, the Magistrates Court can issue afine of up to £20,000 for disposing of Japanese
knotweedincorrectly underthe Environmental Protection Act 1990 (Cornwall Council 2017).
The financial implications of incorrectly treating and disposing of Japanese Knotweed may
also be considered by landowners as a deterrent, since consequences are fargreaterthanif
Japanese Knotweed is reported spreading off theirland.

However, due to how widespread the species s, the enforcement authority will often
enforce onlandownersto control the spread of Japanese knotweed by use of the Anti-social
Behaviour, Crime, and Policing Act 2014. One benefit of using anti-social behaviour orders to
control NNIS, such as Japanese knotweed, is that the local community also hold the rights to
triggeran order. This means that they can pick up on and triggerorders for cases of NNIS
that official authorities may not yet have recognised. This can help to promote a faster
response to sightings of Japanese Knotweed.
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However, Japanese Knotweed is not listed inthe Weeds Act (1959). Therefore, thereisno
statutory requirementto reportthe presence of this species. Thisis detrimental to the
control of Japanese knotweed, as it makes it difficult to analyse the distribution of the
speciesin England and Wales and it isalso more difficult to encourage landowners to take
control of Japanese knotweed spread, asitis not mandatory unless the speciesis spreading
off theirland, at which pointthe speciesis often growing e xtensively and having detrimental
impacts on the environment. However, neighbours to yourland can reporta ‘private
nuisance’ if Japanese Spreads from yourland onto theirs, which could encourage proactive
responsesto control to prevent beingreported (Payne and Hoxley 2012).

Although most examples of Japanese knotweed found outside the native range are male -
sterile specimens, this plant has been shown to demonstrate clonalgrowthin England and
Wales and reproducing through fragmentation (Hollingsworth and Bailey, 2000). Due to its
high abundance alongriverbanks, propagule dispersal during high-water events can resultin
extensive spread of the species (Colleran and Goodall 2014). Focussing efforts to control
Japanese knotweed, particularly in areas near watercourses susceptible to erosionis
therefore advisable. However, because there is no mandatory requirement for landowners
to control Japanese knotweed found along watercourses on theirland, Japanese knotweed
can still spread in high-water events through this clonal growth. This form of dispersalis not
currently addressed effectively by British law, anissue thatthe Environment Agencyin
Suffolk experienced on several occasions when attempting to control NNIS plant populations
alongriverbanks.

Research hasindicated thatJapanese Knotweed does not cause more damage to
infrastructure than many plants that are not subject to such extensive control programmes
(House of Commons Science and Technology Committee 2019). However, it has been noted
that itdoes cause otherdetrimentalimpacts including outcompeting native species and
eroding banks andincreasingflood risk where it grows by rivers (Robinson etal. 2017).
However, amore measured approach to its control and a risk assessmentinto Japanese
Knotweed and the impactsit has oninfrastructure is clearly necessary (House of Commons
Science and Technology Committee 2019).

Summary

Japanese Knotweed isadistinctive NNIS due to the economicimplications that can arise
through property valuesandits’ presence preventing mortgages. Enforcement of Japanese
Knotweed can be achieved through anti-social behaviourorders and species control orders,
which can be effective in controlling spread when landowners are non-compliant.

However, controlling this speciesis complicated, asimproper disposal of plant waste can
resultinlarge fines. Furthermore, many methods of control (e.g. cuttingand burying) are
ineffective, and there are numerous steps required to ensure control of Japanese Knotweed

isundertakeninthe legally approved approach, often resultingin control being alengthy
and expensivetask.
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4.6 Successful Management of NNIS in England and Wales

The case study examples demonstratethat for many NNIS that have beenallowed to
establish and disperse, effective control and/or eradication is not possible. This highlights
the needto focus on preventative measuresto stop more NNIS from establishingin England
and Wales through actions such as horizon scanning and effective biosecurity.

However, there have been examples of successful NNIS control programmesin England and
Wales. One example of this was the Muskrat that were introduced in the 1920s to farm for
fur. With detailed planning and organisation, an eradication scheme was put into motionin
1932 and within 10 years, the campaign was successful in removing Muskrats from the wild
in Britain (Goslingand Baker 1989). More recently, the Ruddy Duck, which was an accidental
release inthe 60s from waterfowl collections, has seen apopulation reduction of over 95%
inthe wild across Britain due to successful culling programmes (Henderson atal. 2010).

Althoughthere are still several high profile NNIS, such as the case studiesinvestigated in this
study that are abundantacross England and Wales, British law has developed greatlyin
recentyears, with efforts being made towards risk analysis, horizon scanning, pathway
analysis and contingency planningto create a more proactive response for controlling NNIS
spread (Moore 2021). Whilstitis importantto be ambitious with NNIS control programmes
goingforward achieving eradication where possible, caution should also be taken to ensure
that resources are not wasted on inefficient and ineffective control programmes (Baker
2010).
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Chapter 2: Investigating Stakeholders Views on the
Effectiveness of Law and Policy in Preventing and Controlling
NNIS Spread in England and Wales

5 Introduction

This study has explored whetherthere isanyincoherence between law and policy and scientific
research surrounding NNIS. However, italso aims to establish whether current law and policy is
addressing the reality of the issues faced by stakeholders in practical scenarios. This chapterwill
use questionnairesto capture stakeholders’ experiences with NNIS and investigate their opinions
of currentlaw and policy, which is essential in determining the applicability of current control
methods of NNIS within England and Wales (DEFRA 2003; Reed and Kurzon 2015; Kapitzaetal.
2019). Furthermore, stakeholders have a unique understanding of NNIS that may not be picked up
by academicliterature, therefore theirinput willassistin a more comprehensive study (Bayliss et
al. 2013).

Undertaking a systematiccritical analysis of the literatureon NNIS law and policyin England and
Wales enabled the identification of key topicareas that were frequently addressed in research to
beincludedin the questionnaire. The key topics of biosecurity, law and policy, enforcement,
scientificresearch, and education and publicawareness were included in the questions addressed
to stakeholders.

6 Methods

To create a questionnaire with aclear format, security for data protection, and to be able to easily
distribute the questionnaire to a wideraudience (particularly in current COVID-19 conditions,
where distributing questionnairesin person would have been problematic), JISC's online survey
was used (https://www.onlinesurveys.ac.uk/).

When distributing the questionnaires, emails were sent to contacts from the Environment Agency,
Natural England, National Farmers Union, and several environmental NGOs and universities.
Snowball sampling (i.e. requestingin the emails forrespondents to forward on the questionnaire
and/orreferus to other potential respondents) was used as atool to widen the audience and
receive more responses. The questionnaire was also forwarded to arepresentativefromthe
Wildlifeand Countryside Link and posted on the Wildlife Trustsintranet. Asresponses were
returned, the representation of different occupations was monitored, and efforts were made to
contact more potential respondents from professions that had less representation, toensure a
more even spread of responses. Research suggested a minimum of 30 participants would be
required for effective dataanalysis forthe questionnaire, thereforethe goal was to receive a
minimum of 30 responses (Paltridge and Aek Phakiti 2010).
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Althoughthe aim was to receive as many responses as possible, it was still important to target
stakeholders with a knowledge of NNIS, therefore sampling was kept to those with a professional
environmental background. Questions were also asked to establish whether stakeholders had a
good level of knowledge and understanding of the impacts of NNIS and the current law and policy
surrounding NNISin England and Wales. The questionnaire also included hierarchal questions to
identify which areas stakeholders considered to be the mostimportantfor NNIS control. This
method created an effective ranking system, which could be used to identify and prioritise the
mostimportant methods of NNIS control according to stakeholders (Rey-Valette etal. 2017).

Followingon fromthis, the questionnaire asked the respondents’ views on majorareas of law and
policy relatingto NNIS and the key concerns and recommendations identified through the
systematicreview.

It was importantto create an effective questionnaire that provided desirable results, whilst
remaining easy and nottoo time consumingfor the stakeholders to complete, to ensure optimum
response rates (Krosnick 2017). To achieve this, categorised questions were used where possible
with a Likert scale that had answers ranging from strongly agree to strongly disagree. To ensure
each questionwas clearand concise, the following steps were taken:

Use simple, short words and sentences

Ensure only one questionisasked ata time

Ensure that questions do not have a double-meaning

Ensure questions are not biased orleading

Create a sensible structure forthe questionnaire (clearlysectioned with each topic progressing
from “general” to “specific”)

s wN e

It was considered for each question, the option to “don’tknow” was alsoinclude so that
stakeholders did not feel the need to answer questions they were unsure or less knowledgeable on.
However, this option was not chosen, as it was counterproductive to ensuring maximum
attitudinal responses forthe questionnaire. However, for que stions on the Likert Scale, the option
to “neitheragree nordisagree” wasincluded. Although some studies argue that this gives
respondents an easy option that requires minimal cognitive effort and may not reflect theirtrue
opinions, thishasbeen shown to be more of a concern forrespondents with low cognitive skills
and lessinterestinthe questionnaire topic (Krosnick et al. 2001). The questionnaireforthis study
isfocussed on stakeholders with aninvested interested and reasonablelevel of knowledge of the
topicin question- non-native invasive species- therefore the likelihood of theiranswers not being
reflective of theirviewsif giventhe “neither agree nordisagree” option was considered unlikely.

Furthermore, it was decided to add a few questions atthe beginning of the questionnaireto
determine stakeholder’s familiarity with the laws and policies for controlling NNISin England and
Wales. The level of knowledge amongst stakeholders was gauged and stakeholders that responded
as being “unfamiliar” with the topicwere discredited from the subsequent questions. This
approach was limited however, as although it gives ageneral idea of the respondent’s familiarity
with the topic, the responses will be a perception of people’s knowledge, so may not be the most
accurate way of assessingtheirknowledge. However, these questions were still considered
importantforinterview selection, asit was deemed appropriate to choose a candidate whofeltat
least “fairly familiar” with the topic, to ensure they would be able to provide confidentand
informative responses duringinterviews. In orderto gauge people’s knowledge and experience of

51



NNIS further, the question: “In what ways have you come across NNISinyourline of work?” was
included.

“Further comments” sections were included after each question to give stakeholders a chance to
expandontheiranswers. The use of this method ensured that questions were easy and quick to
answer, whilststillallowing responders to elaborate if they so desired.

Priorto sending out the final product, the questionnaire was piloted using a cognitive interviewing
approach into ensure the utility, readability, and face validity of the questionnaire. To ensure
effective piloting, two pilot testers were chosen, one of whom had an academicbackground inthe
field of social science, who helped to ensure questions wereclear, non-biasand thatthe
guestionnaire had an appropriate design, which would achieve the desired responses. The other
pilottesterhad a background in NNIS management, to ensure questions wererelevantto the
subjectareaand clearly and appropriately worded. Adjustments were then made accordingly to
improve the questionnaire before sending out to stakeholders.

At the end of the questionnaire, the stakeholders were asked if they would consent to an interview
to allow for more comprehensive questioning. This aimed to give stakeholders the opportunity to
voice theiropinionsinamore unrestricted way.

Having assessed the different types of interview, a semi-structured format was deemed the most
suitable forthis study, due the competency of the participantsinvolved and previous studies
demonstrating that this method was effective (Bernard 2017; Hoyle et al. 2017). Unlike fully
structured interviews, the semi-structured approach allowed the interview to remain on topic,
whilst allowing the participantsto and share their experiences and knowledge more freely. The
methods for conducting a semi-structured interview from Bernard (2017) were used. Thisinvolved
creatinga list of open-ended questions that would be addressed to the intervieweein a particular
orderto cover the necessary criteria. Techniques such as the “echo probe” of repeating the
respondent’s commentsandthe “uh-huh” probe of making affirmative comments to encourage
longer narratives from respondents were uses. These were effectivetoolsin the interviewfor
helping promote lengthy responses, whilst remaining a neutral party. Although lengthy questions
were asked to clarify what was being asked, leading questions were avoided, by only using
assertions frominformation already gathered from the interviewee through previous answers or
fromtheir questionnaire. Forexample, one interview commented regarding the ethical concerns
of NNIS control during the questionnaire, therefore they were asked:

“So you had an answer here about us using more humane methods such as sterilization for that.
Did you want to expand on that a little bit and how you could go about creating more ethical
solutions to invasive species control?” This encouraged the topic of conversation to flow, whilst still
remaining aneutral party.

Part of the interview focus was on the responses given in the questionnaires, asking stakeholders
to give reasoningfortheiranswers aswell asinvestigating areas of particularinterest (forexample,
results that showed similarresponses from most applicants or questions with unexpected
responses fromthe questionnaire). Stakeholders were asked which species’ theyconsiderto be of
particular concern, so that responses could be compared to the results from the selection review,
to establish whether the focus of scientificstudiesis consistent with the most problematicspecies
from a stakeholder’s perspective.

Several questionsinthe interview also focused on the case study species fromthe literature
review. These questions aimed to determine the stakeholder’s views of the law and policy, when
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appliedto particularspecies, to give amore thorough and in-depth understanding and establish
where there may be gaps in knowledge and issues with controlling NNIS spread.

The interviews took place online viaaZoom Web call and the respondents were interviewed for

30-60 minutes, to ensure each interviewee was given areasonable amount of time to express their
answers and viewpoints.

6.1 Analysis Techniques

Initial observational analysis of the questionnaires was undertaken to establish patterns and trends,
comparing differentresponses, and noting key areas of interest toinclude inthe semi-structured
interviews. One of the key objectives was to establish whether stakeholder’s views differ from the
conclusions drawn from the systematicand case study reviews. The que stionnaireand interviews
responses also highlighted any key issues faced by stakeholders regarding NNIS and suggestions for
improving law and policy to control NNIS more effectively in the future.

To effectively analyse the results of the questionnaires and interviews, anumber of techniques
used by other researchers were investigated (Bazely 2009; Newing 2011; Bernard 2017; Twitcher
2019). Qualitative dataanalysis was the core technique usedin this research to compare and
discuss resultsfromthe questionnaires and interviews, however, to furtherinvestigate some of
the relationships and trends of the data, some descriptive statistics of the questionnaires was also
incorporated. Forthe questions regarding the importance of different factors in effective control
and how effectively the government used these factors, the mean and confidence intervals were
measured, as the values were numerical on aninterval scale (1-10) ratherthan an ordinal
measurementscale (Boone and Boone 2012).

6.2 Interview Analysis Techniques

For the interviews, acoding method was initially used to highlight key themes and similarities
identified ininterviews. Codingis essentially marking notes of text with standardized “codes” that
indicate when certain topics orthemes have been addressed in an interview (Newing, 2011). Upon
receiving questionnaireresponses, predefined codes were generated based around themes that
were considered likely to be of particularfocus; several key codingthemes (known as Nodesin the
NVivo software)were created priortointerviews, as they were anticipated to come up (Table 9).
This use of coding helped to highlight key themes and relationships when analysing the semi -
structuredinterviews.

For the qualitative analysis of the results, athorough analysis was essential, with the ability to
cross-compare responses and establish keythemes. To achieve this, it was decided to use the
NVivotool. NVivo helps to manage the coding of qualitative data efficiently and with minimal time
consumption. Using this tool helps to create a transparent, repeatable method, creating structured
results and helpingto code the qualitative data effectively.

The first step of the analysis process was to transferthe questionnaire andinterview dataintoa
useable format. Forthe questionnaires, the “further comments” fromrespondents were uploaded
for the qualitative dataanalysis. Forthe interviews, Zoom recordings had transcribed the
interviews. However, due to manyinaccuraciesinthe transcripts, each Zoom interview was
listened toand “re-transcribed”, with all changes made to the transcripts to ensure they were
correct. The transcripts were then uploaded to NVivo foranalysis.
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In orderto ensure a good structural plan was followed, the qualitative analysis followed the three-
step process set out by Pat Bazley (2009). The three steps of thisformulaare as follows:

Describe: outlinethe major categoriesinthe study, forexamplein this study, the
occupations of different respondents. Look at the major themes and the key points made
aboutthem by respondents and how many respondents mentioned them.

Compare:analyse differentthemes and how they relate to otherthemes, begin to look at
relationships between different answers. Begin asking questions about the dataand record
meaningful associations.

Relate: make more detailed comparisons and connections, go deeperinto the analysis and
ask more questions. Try to understand why themes appeared and why they were related to
otherthemesinthe waysthey were. Interpret whatthe dataresults meanand what
conclusions can be made in the discussion following from the dataanalysis.

For phase 1: Describing the coding, the aim was to code the general themes togetherfromall the
guestionnaires and interviews. The first step was to outline the major categoriesin the study. This
was achieved through manually coding each interview. Any comments from the questionnaire
were then coded to the appropriate nodes afterwards orto new nodes that were created for
themes discovered during the coding process.

For phase 2: Comparing results, aconcept map was designed, linking the different nodes and
displaying the different connections between themes to then be discussed. A concept mapisa
useful tool foranalysinginterviews and illustrating meaningful relationships (Anzovino and Bretz,
2016). Giventhe broad range of questions coveredin the primary research for this study, it was
therefore considered an appropriate method for this study.

From clearly displaying the resultsin this way, it gave clarity to links and interesting discussion
points from the interviews. The key categoriesidentified from the interviews werediscussed and
analysedin more depthin phase 3.
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7 Results

. Agriculture industry 9 (23.1%)
. Public Environmental Sector 8 (20.5%)

. Non-Governmental Organisation 9 (23.1%)

[l Academic in the field of law 1 (2.6%)

B Academicin the field of 6 (15.4%)
environment

B other 6 (15.4%)

Figure 5: Proportion of the professions of respondents

There was a fairly even proportion of respondents from different work professions
representedin qgestionnaire responses, with reasonable representation from academicsin
the field of environment, governmental, agricultural and NGO workplaces. There werealso
several representatives from otherfields of work. Those that listed their work as other were
someone fromarepresentative body, alandscape gardener, freelance e cologist, food-chain
academicand a retiree. There was only one representative fromthe field of academiclaw,
however, two otherrespondents listed law and policy work when answeringin what ways
they had come across NNISintheirfield of workand a furtherfourrespondents from other
professions listed academic research forthis question. The relatively even representation of
different professions demonstrates that the aim to distribute the questionnaire evenly to
representall areas was successful.

Table 7 below, details the levels of knowledge and understanding of respondentsin the
topicarea. Although this question was subjectto the respondents’ opinions and therefore
not as reliable, the responses wereassessed alongside the information received regarding
theirfield of work and also question 5, which asked in what ways the respondents had come
across NNISintheirfield of work. By assessing this combination of information, | was able to
ensure thatrespondents had enough knowledge in the topicareato give informed

responses. | was also able to select the most suitable candidates forinterviewing and giving
more detailed information.
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Table 7: Resultsforhow familiar respondents feel they are with the topicareas

Number of respondents
The impacts of | Law and policy of

Option NNIS NNIS
Very Familiar 20 10
Fairly familiar 16 18
A little familiar 1 5
Not very familiar 2 6
Unfamiliar 0 0

The following graphs (Figures 6 and 7) display the results for question 6 of the questionnaire,
which addressed key topicareas and aimed to establish not only how important
respondents considered these areasin achieving successful NNIS control, but also asked how
effectively they considered that the Government was addressing and using these different
factors inorderto achieve NNIS control and prevent furtherspreadin England and Wales.
Comparing these results aimed to establish what areas are considered the mostimportantin
achieving control and assess whetherany areas of importance have been overlooked by
currentgovernment measures.
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Figure 6: Frequency of respondents’ scores forthe importance of differentfactorsin
establishing effective NNIS control with 1beingleastimportantand 10 being the most
important
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Figure 7: Frequency of respondents’ scores for how effectively the Government have
implemented different factors to achieve NNIS control with 1beingleastimportantand 10
beingthe mostimportant

Figure 6 clearly shows that for all five factors, respondents scored them asimportant when
considering non-native invasive species control, with ascore of 10 returningthe highest
frequencyforall factors. Figure 7 shows a wider variety of scores for each factor, suggesting
more mixed opinions on how effectively the government hasimplemented each factor,
althoughthereisclearly ahigherfrequency of scores of 5 or below. The highest frequency of
respondents for biosecurity and law and policy scored government effectiveness asa 5
whilstthe education and enforcement both had the highest frequency of respondents giving
the lowest score of 1. Scientificresearch more varied, with the same number of respondents
givingscoresof 5, 3 and 2. No respondents scored any of the factors 10/10 for government
effectiveness, indicating that all respondents believe government management could be
improvedtoachieve better NNIS control and prevention.

Figures 8 and 9 below shows the mean scores for each category, with confidenceintervals
(Alpha=0.05). The confidence intervals overlapped showing there were no significant
differences between categories, however, none of the confidence intervals forimportance
scores and government use overlapped, indicating that forall five categories, stakeholders
scored significantly higher forimportance than for how effectively the government have
implemented the categories.
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Figure 8: Mean scores of respondents, with confidence intervals (Alpha=0.05) for the
importance of different factors in establishing effective NNIS control with 1beingleast
importantand 10 beingthe mostimportant
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Figure 9: Mean scores of respondents, with confidence intervals (Alpha=0.05) for how
effectively the Government have implemented different factors to achieve NNIS control
with 1 beingleastimportantand 10 beingthe mostimportant
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7.1 Different professions

It was considered that respondents from different professions may have different priorities
when considering the importance of each factors and how effective they consider the
government’s effectivenessin these areasto be. Where possible, respondents thatselected
“other” were categorised with the most suitable category (e.g. all respondents of academic
professions were categorised together), however, some respondents with unique
professions had to be excluded from this section, but were stillincludedin the “all
professions” analysis. The mean scores for each profession are displayedin figures (10and

11).

Biosecurity Law & policy Enforcement  Scientific research Education

Mean Score out of 10 .
= [\S] w B ul (o)} ~ [0} O o

o

m Academics m Agricultural Industry ® NGOs ® Public Environmental Sector ® All professions

Figure 10: Mean scores for different professions of the importance of each category in achieving
effective NNIS control, where 1isleast importance and 10 is most important
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Figure 11: Mean scores of different professions for how effectively the government has applied
each categoryinachieving effective NNIS control, where 1is least effectively and 10 is most
effectively

7.2 Importance of each factor in achieving effective NNIS management

Respondents scored highlyin all factors, with mean scores fromall respondents ranging
from 8.28 (SE=0.27) inscientificresearchto9.15 (SE = 0.26) for biosecurity. This shows that
all of these areas were considered extremely importantin achieving effective NNIS control.
Standard deviation forthese results was always lowerthan 2, showing that there was some
variation in results, but the majority of respondents still scored relatively highly for each of
the factors.

Results showed that there were not any major differences in opinions across the professions,
with similar mean scoresforeach factor. However, there were somedifferencesin scores
across different professions. For biosecurity, the publicenvironmental sector scored
importance 8.5 (SE =0.89) on average compared to other professions all scoringover9and

a meanacross all professions of 9.15 (SE =0.26). Againforlaw and policy the public
environmental sector had the lowest average score of 8.25 (SE =0.53). Asacademics had
giventhe highest average scores forboth these factorsand publicenvironmental sectorthe
lowest, it was considered that respondents from different professions were scoring more or
less generously, however, foreducation, the publicenvironmental sector gave the highest
average score of 9.25 (SE= 0.37), which negated these concerns.

There was less difference in average scores foreducation, with respondents across all
professions scoring highly. For enforcement, academics and NGOs scored similarly with
means of 9.38 (SE=0.38) and 9.3 (SE =0.37) respectively, as did the agricultural and public
environmental sectors, scoring 7.22 (SE =0.83) and 7.88 (SE = 0.64). Enforcement also had
the highest standard deviation scores, demonstrating that there was mixed opinions
amongst respondents as to how important this factor was. As would be expected,
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respondentsfrom academicfields scored scie ntificresearch the highest on average for
importance with 8.88 (SE =0.48), but only by a small margin, with all professions having
similaraverage responses except for NGOs, who scored slightly lower on average, witha
mean of 7.6 (SE=0.54).

7.3 Government Effectiveness in achieving effective NNIS management

For all five categoriesin each profession, aswell as forall respondents, the average scores
for how effectively the government wereimplementing the factors were much lowerthan
scores for importance (biosecurity scoring 5.05 lower, law and policy 4.05 lower,
enforcement5.39lower, scientificresearch 4.15lowerand education 5.8 lower). This
highlighted the stark difference in responses for the two questions, which can be seenin
figures(10and 11).

The mean score for each factor was lowerthan 5, with the highest scoring 4.77 (SE = 0.33)
(law and policy) and the lowest scoring 3.1 (SE = 0.34) (enforcement). Thisindicates thatin
general, stakeholders viewthe government to have applied biosecurity, law and policy,
enforcement, scientific research, and education ineffectively in preventing and controlling
NNIS spread, indicatingthe need for changesin all of these areas.

The standard deviation was calculated as much higherforgovernment use thanthe results
for how important respondents considered factors, ranging from adeviation of 1.99 for
scientificresearch, to 2.27 foreducation. Thisindicates that respondents scores were widely
distributed, and there werevery mixed opinions on how effectively the government
implemented different factors. Standard error scores for government use were also higher,
indicating that the mean scores forimportance were closer to the true mean of stakeholders,
with more uncertainty as to how close the results represent stakeholders views.

When respondents’ scores forimportance of each factor were cross-compared with their
scores for government effectiveness, the results found that nearly all respondents gave
higherscores forimportance of each factor than the corresponding score for government
effectiveness, with only 6responses scoring both answers equal scores and 4 scoring
government effectiveness higherthanimportance. This only accounted for 5.1% of
responses. Indicating that most respondents felt more could be done in each of the areasto
achieve better NNIS management.

When observingthe differencesin scoresfor different professions, there was very little
variation amongst respondents. However, it was observed that forall five factors, academics
gave the highestaverage scores. This suggests thatacademics consider current NNIS control
and prevention measuresimplemented by the governmentto be more effective than other
professions, however, itisalso possible that respondents from academic professions were
more generousintheirscores than other professions. The lowest average scores for
government effectiveness were given by NGOs (biosecurity and enforcement) and the
agricultural industry (law and policy, scientificresearch and education). However, as all
average scores were similarand there was a standard deviation of 1.99 or higherforthis
guestion, the only deduction that can be reasonably made is that stakeholders from all
professionsinthe survey considered current government effectiveness had a lot of room for
improvement.
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Frequency of stakeholders

Although the mean scores from professions were not remarkably different from one another,
the results still demonstrated thatin some cases there were differences in average scores,
highlighting the need for the government toincorporate the viewpoints of stakeholders
from a variety of different professions to gain a clearinsightinto theirexperiences and
opinions.

Question 7 of the questionnaire investigated whether, from a stakeholder’s perspective,
social, economic, and environmental factors are considered equally when law and policy is
made and inthe prioritisation of NNIS for control programmes.

When creating the question, it was hypothesised that results would indicate:

e Thecreation of law and policy and prioritisation of NNIS for control will both have
similar considerations forsocial, economicand environmental factors

e Social, economicand environmentalfactors will not be equally considered forlaw
and policy or NNIS prioritisation

Strongly Agree Agree Neither agree nor Disagree Strongly Disagree
disagree

18
16
14
1
1

SN

SO N A~ O @

B When planning and creating new laws and policies for NNIS control, social, economic
and environmental factors are all considered equally

B When prioritising NNIS for control and management projects, social, economic and
environmental factors are all considered equally

Figure 12: Frequency graph forthe extent to which stakeholders agreed that social, economicand
environmental factors are considered equally when creating legislation and when prioritising NNIS for
control.

Results from question 7indicate that similar patterns were shown for both statements, with
the mode of both being “disagree”. The data shows that although more stakeholders
disagreed or strongly disagreed with social, economicand environmental factors being
considered equally for both creating new laws and policies for NNIS control (frequency =17)
and when deciding which species are prioritised for control programmes (frequency = 18)
than those that agreed (frequency =9 for both statements), alarge proportion of
respondentsalso selected “neitheragree nordisagree” forboth questions (frequency =13
for law and policy and frequency =12 for prioritising NNIS for control). Thisdemonstrates a
high level of uncertainty amongst respondents for this question and that further
investigation would be necessary to determine stakeholders viewpoi nts on this question.
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7.4 Stakeholders Views on Key NNIS Ideas and Statements

Question 8 of the questionnaire investigated several topics from the systematic review and
ideas raised inthe NNIS Environmental Audit Committee (2019). Figure 13 indicates whether
respondents agreed ordisagreed with each of these statements. The key aim of this
guestion was to assess to what extent stakeholders agreed with each statement and
whethersome statements showed higherorlowerlevels of agreement.

Figure 13 shows that most of the respondents either agreed orstrongly agreed with all the
statements, with the modal result for statements 1, 2, 3 and 4 being “strongly agree” and
the modes forstatements 4 and 5 being “agree”. The statement that the highest perce ntage
of respondents agreed orstrongly agreed with was statement 4, with 89.7% of respondents
agreeingthatthiswasa goodidea. Statement 6 was disagreed or strongly disagreed with
the most, with 18.9% of participants respondingthat this would notbe a goodidea. All
statements had respondents that were unsure orhad no opinion soselected “neitheragree
nor disagree”, thisresponseranges from 7.7% of respondents for statement 4to 29.7% for
statement 3. It was predicted that there would be a mixed responseforquestion 3, as the
ethics behind cullingis acontroversial topicinthe field of NNIS. Although the statements
demonstrated ahigh level agreement from responses, it was considered importantto
investigateviews further, therefore these questions were investigated in more depthinthe
interviews, to explore the positiveand negative views of each statement.
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1. The Government should invest more into large-scale NNIS eradication projects

2. The Governmentshould invest more money into campaigns to raise public awareness of
NNIS and biosecurity

3. Inyour view, the necessity to protect native species via culling or other extermination
procedures takes precedence over the wellbeing of NNIS.

4. To encourage proactive responses, the Government should create an initiative for
landowners, to fund and assistin the removal of the NNIS on private land, provided they
report the species immediately and are cooperative during removal operations.

5. Britain should invest in a biosecurity inspectorate dedicated to NNIS at border control.

6. Britain should create a consistently funded regulatory body, which is the enforcement
authority specifically focussed on preventing and controlling NNIS.

‘[
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M Percentage of respondents who selected ® Percentage of respondents who selected © Percentage of respondents who selected

Percentage of respondents who selected B Percentage of respondents who selected

Figure 13: Stakeholders opinions concerning statements relatingto NNIS legislation and management
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8 Interview Results

8.1 Professions of Participants

Table 8: Professions of Interview Participants

Participant 1 Academic in field of Environment
Participant 2 Non-Governmental Organisation
Participant 3 Public Environmental Sector
Participant 4 Other (Representative Body)
Participant 5 Agricultural Industry

Participant 6 Public Environmental Sector
Participant 7 Non-Governmental Organisation
Participant 8 Agricultural Industry

"
@

Academic in field of Environment m Non-Governmental Organisation
® Public Environmental Sector m Other (Representative Body)

m Agricultural Industry

Figure 14: Proportion of Interview Participants from Different Professions

Interviewees were selected from respondents who consented from the questionnaire.
Twenty respondents consented to beinginterviewed, fromthese, respondents who selected
“familiar” or “very familiar” regarding theirknowledge of both NNIS and the law and policy
of itwere contacted forinterview. Several respondents did not respond or were unavailable
duringthe interview times. However, eight respondents of different professions were
available forinterview. Although this was a small sample size, the similarity between Figure

14 and Figure 5 demonstrates that the representation of professions was still proportional
to that of the questionnaires.
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8.3 Codebook:

The phase 1 nodesthatwere created are listedin Table 9, listinghow many responses were
codedto each node listed. Publicinvolvement was the most highly discussed topicin
interviews, followed by the limitations of NNIS and reasons against control.

Table 9: The Number of Codes Associated with Key Category Nodes

Node Reference Number of codes
Prevention and Biosecurity 38
Control efforts 34
Law and Policy 29
Responsibility and Enforcement 15
Blacklisting vs Whitelisting 25
Getting people involved 107
Scientific Research 14
Reasons against managing NNIS 42
Potential Limiting Factors (time, resources, and money) 64
Grey Squirrel 21
Japanese Knotweed 23
Signal Crayfish 17
Other names NNIS 29
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Figures 15-18 display the major categories (parent nodes) broken down furtherinto
subcategories (child nodes). This helped to categorise themes further, giving a more depth
analysis of stakeholders’ viewpoints. The flow diagrams display the breakdown of the parent
nodes and the number of codes (n) in each node listed (i.e. the number of times each
category and subcategory was references by participants). Where categories were clearly
splitinto positive and negative statements, they were categorised as such, forother
categories, child nodes werecreated for the key areas that were addressed withina
category.

Prevention and

Biosecurity
Current biosecurity ~ Current effective The need to
limitations biosecurity improve biosecurity
Focus on Need for a NNIS

preventing new border inspectorate
species arriving

Figure 15: Flow diagram of nodes relating to Prevention and Biosecurity of NNIS, where “n”
referstothe numberof codesinthe node

Blacklisting vs

Whitelisting
Pros & Cons of Pros & Cons of
Blacklisting Whitelisting

© 0 ©

Cons of blacklisting ~ Pros of blacklisting ~ Cons of whitelisting  Pros of whitelisting

Figure 16: Flow diagram of nodes comparing Blacklisting vs Whitelisting, where “n” refers to
the number of codesin the node
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invalved

Publlc involvement Stakehalder

/ \ involvment
Educatnon and Puth attuitudes

Public Awareness Government  Stakeholder forum
/ \ campaigns
@ @ Negative attitudes ~ Positive attitudes
Ideas to improve Lack of current Poor education
education education of NNIS  leading to NNIS Be plantwise  Check, clean, dry
spread campaign campaign

>
) V

Control efforts Responsibility and

e e

Managementnot  Difficulties of  Positives of contro ~ Responsibility Enforcement
worth effort eradication or efforts
control

Figure 18: Flow diagram of nodes relatingto NNIS and Responsibilities and Enforcement,
where “n” refers to the numberof codesin the node

Figure 17: Flow diagram of nodesrelating to Publicand Stakeholderinvolvementin NNIS
prevention and control, where “n” refers to the number of codesin the node
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Figure 19: Concept map displaying relationships between key nodes (categories) from interview responses. Queries wererunon |
relationships between nodes, and where arelationship was found, the significance of the relationships was identified and dis played using the arrows to

show how differentthemeslink to one another.
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8.4 Biosecurity and prevention:

When askedinthe questionnaire how important stakeholders considered biosecurity
measuresto be in orderto achieve effective NNIS management, 27 respondents (69.2%)
gave biosecurity the highest score of 10. This was the highest average responses of all five
categories, withamean score of 9.15 across all respondents. This indicates that effective
biosecurity is considered by stakeholders as the mostimportant factorin achieving effective
NNIS management.

Biosecurity was also one of the key topics discussed in the interviews, returning a total of 38
codesintotal. As was evidentfrom the questionnaireresponses, in which the majority of
respondents scored biosecurity as very importantin achieving effective NNIS control, the
needtofocuson prevention and biosecurity was mentioned several timesininterviews and
comments (N=9).

Whendiscussingthe issues with biosecurity, the main concerns raised were biosecurity at
our bordersand publicawareness and attitude towards biosecurity.

Participant 5 stated: “/ think biosecurity is something thatlandowners generally don't pay
enough attention to”

and Participant 4 also mentioned convenience as a determining factor for whether people
would practice good biosecurity. Theseresponses suggest that as well as associated cost,
publicattitude isakey aspect when considering biosecurity uptake.

Participant 3 referred more to publiceducation and awareness as akey factor in achieving
effective biosecurity, stating that “anyone can be walking along and causing the spread”,
and several references were made both inthe interviews and questionnaire comments of
biosecurity and education going “handin hand”.

As displayedin Figure 13, 82% of respondents eitheragreed orstrongly agreed that there
should be a specific biosecurity inspectorate dedicated to NNIS control at the British borders.
Thisideawas putforwardin the 2019 Environmental Audit Committee as somethingthat
would assistin better biosecurity at ourborders, and the responses demonstrated that this
isan opinion shared widely amongst stakeholders to be a good investment going forwards.
Responses from the interviews also strongly supported the need forabiosecurity
inspectorate, with comments expressing, we have

“Animal Health, plant health, aquatic animal health, and bee health and they all have
dedicated inspectorates. And the fact that (Non-Native Invasive Species) don't, you can just
see it doesn'tmake sense, really.”

Participants 1 and 7 recommended thatif funding was not availableforaNNISinspectorate,
then more training on NNIS should be implemented for currentinspectorates. This method
may be a beneficial alternative to adoptinga new NNISinspectorate, particularly as several
respondents expressed theirconcerns for there not being enough funding available to
provide aspecialist Non-Native Invasive Species inspectorate.
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Agree with blacklisting [N 30.8%

Strongly agree with blacklisting [ R [NRRREEERII 7.7%

Percentage of respondents

Figure 20: Stakeholders viewpoints on Blacklisting vs Whitelisting

8.5 Blacklisting Vs Whitelisting

There were very mixed responses from stakeholders regarding the blacklisting verses
whitelisting approach. Results show that more respondents (43.6%) agreed or strongly
agreed with whitelisting, however 17.9% of respondents listed other, with comments
indicating uncertainty as to whether blacklisting or whitelisting would be better. Of the
38.5% of respondents that considered the blacklisting approach to be better, most of them
selected “agree” as opposed to “disagree”, implying that they did not consider blacklisting to

be a far superior choice to whitelisting, but still probably a better option for England and
Wales.

Respondents were asked to expand on theiropinionsin the semi-structured interviews and,
as with the questionnaire, there were very mixed viewpoints. It was debated by some
whetherthe current Blacklisting approach works for England and Wales.

Participant 5 stated: “For blacklisting to work, you haveto get in early and with most of the
problem species that we've got at the momentthat that horse has already bolted.”

Other participants also expressed how not enough species are currently blacklisted in
England and Wales and action against blacklisted species that have established is not
effectiveenough.

In contrast, most respondents expressed positive attitudes towards a whitelisting approach,
with several benefits being highlighted. Respondent 6 stated that:

“The whitelist would take care of all the things that we haven'tthought of yet that might be
coming.”

Indicating that a Whitelisting approach would be beneficial from a preventative perspective,
and a further comment fromthe questionnaires agreed with thisidea, saying:

“The potentialfor 'new'species to arrive is increasing and difficult for governmentto keep up
with, so bestto select those we regard as beneficial and keep others out”
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Respondent 7 also commented how “it would make sense to have a whitelist from an
ecological point of view”. However, otherresponses reflected on the issues associated with
adoptinga Whitelisting approach, with concerns for “the backlash” of “shift(ing) the onus
onto the industry ortrade to showcase that this species won't have animpact.” (Participant
4) as well as potential lobbying from the horticultural societyand causing upset by being too
“restrictive as to whatthings people are allowed to grow” (Participant 2).

Participant 7 also expressed how they did not consideritto be “particularly likely” that the
Whitelisting approach would be adopted, and several participants made comments on the
amount of work and time required to change to a whitelist would be awaste and resources
could be put to betteruse in otherareas of NNISmanagement.

One suggestion going forwards was a “happy medium”, in which England and Wales adopts

some better borderrestrictions, but “not going to the extreme of New Zealand” (Participant
4).

8.6 Getting People Involved

8.6.1 Stakeholder Involvement

AnnualStakeholder Forum

When asked whetherthey had heard of the Annual Stakeholder Forum, three participants
answered “no” (Participant 1, Participant 3, and Participant 8). However, participants who
had attended were very positive aboutit, saying thatitis a “very useful” event, allowinga
variety of Stakeholders to come togetherand share ideas and different ways of approach
NNIS. Participant 7also stated how the non-native invasive species secretariat attend and
“are very open to stakeholders views and working with stakeholders”, indicating thatitisa
good opportunity forthemto express their opinions on law and policy.

However, Participant 7also said “/ don’t think I've seen evidence of things that have been
taken forward from it and directly changed.” Implying thatalsoitisa good place for sharing
knowledge and expressing opinions, more action isrequired from stakeholders, if they want
to promote changesto legislation.

Several comments were also made on making the forum more accessible, with Participant 2
stating “we can never get to it because they always do it in the middle of summerwhen
we’re all busy” and how it is often located too far awayin “Edinburgh, orin York... basically
three days out of your life to get there to go to it then come back”.

Participant 8 also highlighted that “if people knew aboutit, a lot more people would be
interested.”

The interviews highlight how the forumis a useful way of connecting stakeholders and
allowing people to communicate theirconcernsandideasregarding NNIS, but also how the
profile of the Stakeholder Forum needs to be raised, increasingits exposure so that more
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stakeholders are aware and will attend, as well as makingitaccessible, potentially by making
the location more centralised or giving people the option of attending virtually.

Government Campaigns

NNIS Government campaigns have been created to raise publicawareness and promote
good biosecurity practices. Two key campaigns thatinterviewees were asked about were the
“Be plantwise” and the “Check, Clean and Dry” campaigns.

Several respondents responded positively when asked about the campaigns, particularly
‘Check, Cleanand Dry’, with participant 3 commentingthatitis “a pretty simple message”
that “works well”, and Participant 4 pointed outthatit has even beenadopted in parts of
Europe as a “best practice”.

Participant 1 was unaware of the campaigns, butfeltthatthey were a positive step:

“I think it's going in the right direction. Definitely. And | think that the problem is getting it
outthere, kind of wide enough and getting people to actually take the advice up”.

Participant 2 had concerns, saying that the handouts for the ‘Be plant wise’ campaign lacked
clarity. However, when they raised thisissue, the campaign runners stated they might
considerchangingitif nobody usesit. However, Participant 2raised the point “how will they
know if people find it clear or not? People will justignoreit”. This shows an example of
stakeholders’ views not beingtakeninto accountto inform policy.

Participants also agreed that forthese campaignsto be a success, itis essentialto promote
them, particularly to members of the publicwho will use them and show aninvested
interest.

“For anything plant wise garden centres will be the first place thatyou could go to actually
spread awareness in the publicbecause those are the people who care. You've gotto start
getting people who actually care aboutthis sort of thing to be aware of what's happening.”
(Participant 8).

8.6.2 Public involvement

The involvement of the publicin achieving NNIS was considered an essential factor by
respondents. 21(53.8%) of questionnaire respondents scored the importance education and
publicawareness 10/10, a further fourrespondentsscoredita9, and nine scored it 8, with
only one respondentscoring lowerthan 7/10.

Nearly all respondents either agreed or strongly agreed with the statement: “Education and
publicawarenessis essentialin orderto establish effective NNIS control”. Figure 10
demonstrated that stakeholders considered education to be an extremely important factor
when considering NNIS management, howeveralmost all respondents scored government
effectivenessverylow (Figure 11). These results suggest that the efforts are not sufficient to
undertake the necessary campaigns for raising publicawareness and thata greaterfocus
needsto be givento thisarea.

The engagement of the publicwas the most frequently discussed topicin the interviews,
with the two major sub-topics being education and publicawareness which was coded 58
times and publicattitudes which was coded 24 times. When discussing education and public
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awareness, most responses expressed the need forimprovements, with 11 responses
directly stating that education surrounding NNISis currently lacking. This opinion was also
supportedinthe questionnaire, as 86.8% of respondents either agreed or strongly agreed
that the governmentshould invest more into NNIS publicawareness campaigns ( Figure 13).

In the interviews, there were many references to a lack of current education, expressing that
“Itisstill an esotericsubjectto most” (Questionnaire comment)and even amongst experts
“There's things that are probably here that we don't even know about” (Participant 1).

This lack of education was highlighted to be a problem that could lead to unintentional
spread of NNIS.

“introductions are quite common in terms of the marine system and a lot of it is through lack
of education” (Participant 1)

Participant 3 and 5 addressed the issue of people “unknowingly spreading it” with species
being

“introduced with not necessarily the best of intentions but a lack of understandingof the
potentiallong term implications.” Highlighting the need to ensure the publicare more aware
of the consequences of theiractions thatlead to NNIS spread.

Participant 7 also showed scepticism towards current efforts being made towards educating
the public, noting thata repeat studyin 2018 of a study from 2011 identified that:

“General public's awareness and understanding of invasive species had actually declined in
between the two studies”

“butyou need to educate people fortwo reasons | think partly so that people do the right
thing without having to wave a big stick and use the law but also to make sure that they are
educated about the law because even now, even with all the awareness raising | do locally,
lots of my volunteers say "ooh I've never heard of that and didn't know about that” and if
they don'tknow, heaven help the general public” (Participant 2)

Several ideas of how toimprove education were suggested, such as “signage, schools,

newspapers” (Participant 3) and “having a significant number of people trained up as
volunteers (who) understand what invasive species are and how to spot them” (Participant 7).

Participant 5 also emphasised that “making (messages) relevant to people and making them
wantto sharethe message” With content “that people find funny orinteresting” could
increase exposureand help key educational messages highlighting the risks of NNIS and
promoting good biosecurity practices reach more people.

Participant 8 also highlighted the importance of educationto get people tohelpin NNIS
management:

“A lot of the time people are interested in and they care, but they justdon't know. They have
noidea what's happening.”

However, publicattitudes towards NNIS werealso explored and not everyone agreed that

they were always positive, with more participants sharing experiences of negative public
attitudesthan positive.

Keyissues highlighted with attitudes were people included the effortrequired to prevent
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NNIS spread. Participant 1commented:

“It’s easy justto go outthere on the water, do something and then not necessarily think
aboutwashing things down, drying them properly”

Participant 6 commented on how “the publicgenerally have fatigue” whenitcomesto
reporting and showinginterestin NNIS.

Participant 2 had experienced more mixed attitudes amongst the public, with several
positive comments:

“Some landowners completely voluntarily give us donations (for NNIS control), which is really
nice”

“(Some) people are really, really gratefulyou know like a lady yesterday, she said, "ooh the
cakes are for yourvolunteers in the porch"”

However, Participant 2 had also had experience of negativerespondents who showed little
appreciation towards control efforts:

“Some people who- they give you permission to do controlwork and it's almostas if they're
doing us a favour by giving us permission to do it on their land.”

Several respondents also highlighted issues with respondents who re fused to change their
views, as explained by Participant 4:

“Sometimes you can have a conversation with someone and you present allthe evidence,
you'revery objective and are putting across what the issues are why it has to be done. And
they can very much say, like | can take thaton board. l understand. However, I'm still against
this.”

Participant 8 stated that “You can't start with the adults now because they're too entrenched
in their ideals”, again expressingthe need tofocus education campaignsin schoolson
youngergenerations.

8.7 Law and Policy

Results fromthe questionnaire revealed that respondents gave mean scores forlaw and
policy as 8.82 forimportance, butonly 4.77 for how effectively they considered ittobe in
England and Wales.

In the interviews, several comments were made regarding limitations and recommendations.

Participant4 addressed the need to update NNIS|ists (i.e. Schedule9and the List of Species
or Special Concern) more regularly, stating “we need to be able to review something yearly
so you canrespond to threats.”

Participant 7 “I'd say in terms of the legislation, the EU regulation was sort of converted into
domesticlaw and post Brexit there. We do still have concerns about the way that that's
going to operate, because the proposalis essentially to replace like the scientific forum,
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made up of experts across the entire EU, with like two experts in the non-nativeinvasive
species secretariat.”

One of the biggest concerns addressed by stakeholdersininterviews aboutlaw and policy
was how complicated and difficultitistounderstand:

Participant 2: “ think in terms of the law generally it has got so confusing foreverybody.”

Participant4 “It's like, well, what does it mean for me? How does it impact me in my activity?
Soyeah, it probably does need to be simplified into a better document somehow that's easy
to understand because law text, | mean | struggle sometime to understand what it means.”

Participant 6: “So you can have any number of policies and strategies and stuff, but without
yourthoughtsonthe ground and powers on the ground to tackle this stuff, it’s not going to
get any better.”

This highlighted the view that no matterhow good law and policyin England and Walesisin
practice, if enforcementand regulation is not effective, then it ultimately will not be
effectivein preventing and controlling NNIS spread.

8.8 Responsibility and Enforcement

When asked about the effectiveness of enforcementin the interviews, most of the
responses were negative, Participant4said enforcement is “really lacking”, Participant 5
commented on how they “don’t know how much better enforcement has really got at the
moment”and Participant 8 stated that “there’s just no incentive or threat. There’s nothing.”

There were also several comments highlighting the uncertainty of who is responsible for
enforcingand how to go aboutit. Participant 6 explained:

“People would come to us and say, “l have seen this invasive species or | havethis invasive

species on my land. What should be done aboutit? Or can you do something aboutit? And
there’s been, in most cases, no route to doing anything.”

Anotherrespondentalso conveyed the issues they had in using the Species Control Order:

“I spoke to DEFRA about it, justinformally, and they said, "Well, don'ttry that. Because we
know thatthe governmentdoesn't really want to use species controlorders for widely
established plants"they only wantto use them forthings which have just come into the
country and | felt a bit crestfallen.”

These statementsindicated that despite there being the legislation in place, very little action
isactually beingtaken at a grass-roots level with regardsto enforcement, andillegal actions
“forexample the online trade (of NNIS)” is happening without people being stopped or
prosecuted (Participant4).

Participant 3, however, highlighted the issues of enforcement out on site, commenting:

“anyone can be walking along and cause the spread... how to you police that? That’s
impossible”
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They wenton to say how education has to come first, saying that “People know need to
know thatthey're doing something wrong” before itis fairto enforce against them.

Oneideaposedtorespondentsinthe questionnaire wasto create a separate, funded
authority specificto NNIS, in charge of enforcement powers. The majority of respondents
(72.9%) agreed thata consistently funded regulatory boy would be agood step going
forward regarding NNIS control, however, 18.9% of respondents did notagree thatthis
would be a goodidea (Figure 13).

One concern for thisideawas whethera single body could effectively coverall the different
types of species as effectively as having different representatives for different habitats, such
as marine, fluvial, and terrestrial. It was also suggested to have bodies that covered locations
across England and Wales, ratherthan looking at the areaas a whole, as different parts of
England and Wales were affected by different NNIS, and locational factors were important
to consider when planning control programmes.

A comment from the questionnaire also highlighted that “The 2019 enforcementand
permitting order is still very new but does offera process forenforcement.” Suggesting that
enforcement measures may be more effective going forwards.

8.9 Control Efforts

When applied correctly, control efforts can achieve “good quality habitats” and “can see the
improvements in things” (Participant 2).

Participant 8 also highlighted that control programmes can be aided by public participation

“You've got members of the public who in their own time with their own money and their
own resources are going to go outand try to controlthis species.”

However, considerations have to be made to ensure control is effective, as cautioned by
Participant 4:

“Managementisimportant but needs to be done at the right scale, have the right amount of
money dedicated toit, and be coordinated and strategic.”

Many comments also highlighted how control programmes, particularly of widely
established species can be a waste of resources, impressing the importance of planningand
assessing the effectiveness of a control programme to ensure it will be effective and make a
significant positiveimpact otherwiseyou will end up “fighting a losing battle and the
amountoftime and effort money that would go into that | would imagine enormous”
(Participant 3).

The scale of eradication and environmentin which control is beingundertakenisalsoa
factor to consider, with Participant 1 explaining:

“In the marine environment, it'simpossible. You never will (achieve control) onceyou've got
aninvasive species established. It's just you're not going to eradicate it. It's an open system.
It's, yeah. You'd just be wasting your time really and effort.”

The resources available are another key consideration, with Participant 5 stating:
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“For most of the existing problem species we've got, unless you're prepared to throw huge
amounts of money atit, you're not going to sortthem out.”

8.10 Potential Limiting Factors

8.10.1 Resources, money, and time

Resources, money, and time were frequently brought upininterviews as pivotal factors to
considerforsuccessful NNIS managementin England and Wales.

Several comments stated how resources and money werelacking, with Participant 1stating:
“I think, lack of funding and education is maybe the problem” and Participant 4 commented
on there being “a completeimbalance of resourcing” whenitcomesto NNIS compared to
factors such as “animaland plant and fish and bee health”.

Participant 1 alsoimplied how, due to not having as great an economicweighting as other
environmental issues, NNIS was not as sufficiently funded as other factors:

“So in terms of environmental considerations fora port, a lot of what they're spending their
money on is maybe like reduced emissions so air quality emissions, ratherthan non-native
species. They don't necessarily see non-native species as a business threat.”

However, there were also positive remarks regarding money and resources. Participant 2
commented:

“Well, we've been really lucky because apart from one year when we didn't have quite
enough funding, | was able to cover the cost of all the controlwork through the grant aid
that we get. For 10-11 years we've had grants from all sorts of different organizations.”

Indicating that if resources are used effectively, they can go a long way in NNIS management.
Participant 5 also considered “the more we raise the profile (of NNIS), the more you’re likely
to get funding to follow”.

If more funding was to be allocated toward NNIS control, respondents were asked whether
the Government should create aninitiative for landowners, to fund and assist in the removal
of the NNISon private land, provided they report the speciesimmediately and are
cooperative during removal operations. Questionnaire results showed that most
stakeholders strongly supported thisidea (61.5%), a further 11 (28.2%) agreed, it was a good
idea, 3respondents(7.7%) were unsure, selection “neitheragree nordisagree” and only one
respondent strongly disagreed (Figure 13).

When asked about thisideaininterviews, however, therewere afew concerns raised by
Participants. Participant 3commented:

“Helping them fund and manage the removal, that is difficult... That can cost a lot of money.
It's a lot of time. It's their projects that you have to manage and theirin their overtime,
becauseit doesn't justhappen. “

Itisclear that serious consideration asto where to distribute fundingis necessary.

Participant 2 cautioned givinglandowners money directly to control NNIS on theirland, due
to an experience with alandowner who was given funding, explaining:

78



“For someyears he was taking the stewardship money high level stewardship money and not
using it forwhatit was intended for “

Instead of giving money directly to landowners, Participant 2instead expressed how local
action groups would be the most cost-effective use of money and resources:

“My hope would be that that money could be channelled to local action groups like ours,
whereyou've gotlocal people who know the landowners, they know what's out there on the
ground, what needs tackling, they know whatthe national priorities are in terms of which
species need to be tackled and they can take catchment wide approach.”

8.10.2 Other higher priorities

One concernfor alack infunding was that the government does not consider NNIS high on
the priority list, and, particularly in the current COVID-19situation, funding for NNISis not
considered animportant area. Participant 1 commented:

“There was a phase where there was quite a few non-native species projects going on and
money directed towards it, butit seems to have kind of dropped of f the radar, a little bit. “

Participant 3 also supported this notion, stating:

“Everything needs money, and this clearly would need money and investmentin it. But like
we said earlier, is that going to be a priority is that where the government are going to put
money into, especially at the moment.”

8.11 Ethics Behind Culling

The ethics behind lethal control programmes was another key concern. Fromthe literature
research, this topicwas anticipated to have mixed responses. Although most of the
stakeholders considered the protection of native species to be of greater importance than
concerns behind the ethics behind culling, with 37.8% of respondents strongly agreeing and
24.3% agreeing, 29.7% of the respondents were undecided, choosing “neitheragree nor
disagree”.

Interview responses reflected these mixed views regarding culling, with several participants
referringto cullingas a “necessary evil”:

“It's a balancing act. And often the brutalmethods are cheaper and quicker.” (Participant5)

“If weare going to be successfulin eradication, then you got to bite the bullet sometimes
literally.” (Participant 2)

However, participants also expressed how “It's a very, very contentious issue” (Participant 2),
expressing concerns overthe publicbeing “resistantto the culling of animals”(Participant6).

Several participants also agreed that where lethal control could was necessary, “It should be

doneas humanely as possible.” (Participant 2), and when it could be replaced with other
methods (e.g. sterilisation), it should be.

“Ratherthan lethal control, if you can minimize the harm to that species then thatshould be
something that should be considered.” (Participant 4)
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It was also noted from the participants responses, that ethical issues are more of a concern
with animal (and particularly mammal) species; control of invasive plant species did not raise
ethical concernsinthe same way, and species such as the grey squirrel were the most

contentious.

8.12 Case Study Species

Duringthe semi-structured interviews, respondents were asked questions surrounding the
three case study species: Grey squirrel, signal crayfish and Japanese Knotweed. They were

alsoaskedto highlight any other problematic NNIS that they had had personally

encountered. Table 10lists the other NNIS that were mentioned, the key points made, and
which respondents had talked about each species.

Table 10: Summary of non-case study NNIS discussed in semi-structured interviews

Species Mentioned Points made Respondent(s)
Sargassum Mutica Smothers native populations 1
Wakami Out competes native kelp 1
Slipper Limpets Spreads across habitats 1
Sea Squirts Not causing any harm 1
Himalayan Balsam Late season bloomer for bees 2,3&6
New Zealand Pygmyweed | Spreads fast and difficultand expensive tocontrol 2,4&6
Giant Hogweed Human health 3
Zander Conflict from anglers wanting to fishit 4
Topmouth Gudgeon Rotenoneis onlycontrol method,impacts anglers, causing conflict 4
Zebra Mussel Impact on waterindustry, blocking pipes 4&5
Floating Pennywort Widely distributed 4&7
Skunk Cabbage Nobody controlling spread 6
Killer Shrimp Hugely problematic where theyhave established 7
Indian Red Necked First established in London and spreading very rapidly. Diverse and aggressive

Parakeet bird 8

8.12.1 Grey Squirrel

When asked about grey squirrelsin England and Wales, the main topicof conversation was
the social implications. Comments were made regarding the positive association the public

have with them:
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“Grey squirrel is an interesting one because obviously people see them and they're kind of
cute and fluffy” (Participant 1)

“They're so tame and so people's idea of them of being cute. They don't know about red
squirrels, they're not aware of them and they just know this one that's there and they get
very attached to it. Andso | think when you're thinking of social, actually then it can be seen
as a benefit because if they weren't their then the enjoyment maybe of those places might
not be the same.” (Participant 4)

“With grey squirrel groups, it's that thing of: Well, why it's here? So for example you might
haveit in London red squirrels are unlikely to return. So what is the benefit long term of
managing the species?” (Participant 2)

Participant 7 also highlighted how you can get “real pushback from the animalwelfare
movementagainst (control)” and again, the argument against eradication in urbanised areas
was mentioned:

“Particularly in urban areas where there aren't any red squirrels and grey squirrels are so
populous, it's not going to have a huge conservationimpact anyway.”

However, noteveryoneisafan of grey squirrels, as “grey squirrels cause a lot of upset for
the forestry industry” (Participant 8), due to them eating seeds and shoots off trees. Because
of these varying opinions, control programmes can often cause “divides in communities”
(Participant 8), with action groups protesting culling, whilst others consider them pests.

8.12.2 Signal Crayfish

In stark comparisonto grey squirrels, Participant 1addressed how little the publicwere
aware of signal crayfish and theirimpacts, speculating that “people probably don't even
know what a crayfish is”. With Participant 8 observing how it “does not get enough traction
(because) it's not cute and fluffy enough.” However, Participant 4 disagreed, stating:

“Basically every conversation | have, if someone is aware of invasive species... Japanese
knotweed orsignalcrayfish as the two that they state.”

With regards to impacts, the general consensus was that signal crayfish caused anumber of
detrimental impacts. Participant 4 expressed how “Signalcrayfish obviously, they have huge
economicimpacts, as well as environmental”

Other conversations relating to control of signal crayfish highlighted the difficulties faced as,

“it's very easy for someone to mistakenly allow them to recolonised. Particularly because
with signal crayfish because they can travel across, across significant distances to reach
otherwatercourses.” (Participant5).

Once again this highlighted the need to have well-coordinated measures in place for control
to be effective.

With regards to policy, it was commented that signal crayfish was acomplicated species,
with Participant 7 explaining:
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“So it was treated quite differently in like policy terms in the consultation and they've come
up with a new way of sort of- they're called exclusion and containment zones. So you're not
allowed to trap any signal crayfish in exclusions zones, licensed people are allowed to trap
signalcrayfish in containment zones, provided that they are dispatched on the spot and then
processed in a facility. So there's been like a change of policy there.” This policy change may
help make on-sight signal crayfish control programmes easier to carry out.

However, other policy changes regarding exporting signal crayfish have been exposed to be
highly influenced by businesses and economicfactors:

“The initial policy was that from the beginning of 2020, live export of signalcray fish would no
longer be legal, and then two or three weeks later they issued an amendment revision to that
policy saying that live export would be out for a two year transition period. Which was pretty
much solely from the intervention of these two big businesses.” (Participant 7)

8.12.3 Japanese Knotweed

When asked aboutthe Japanese Knotweed, Participants highlighted the economic
implications to do with mortgages and high costs associated with control.

Participant 2 even commented on how they have observed using the negative associations
of Japanese Knotweed and contractors “preying on (landowners’) fears”to overcharge
landowners for control programmes, with “households unwittingly ending up having to
spend a lot more money than they need to”.

Comments were also made regarding the environmentalimpacts it has had:
“it's just completely out competing, everything else” (Participant 2)

Publicawareness of Japanese Knotweed was stated as being good, with Participant5even
saying “jt's the one the public have got the most knowledge and understanding of” however,
theyalso stated that “even amongstlandowners, the understanding of the implications of it
and how to controlit very poor”. Showing aneed for clarity and bettereducation
surrounding control measures. Acomment from the questionnaires suggested how media
exposure is one effective way of increasing exposure and improving education:

“Social factors play their part - for example media stories around Japanese knotweed which
raises its profile dramatically compared to aquaticINNS which can often pose more of a
financialand natural capital impact.”

9 Discussion

To effectively control NNIS, itis clearthat law and policy must consider biosecurity and
prevention, publicinvolvement, scientificresearch into effective control efforts and
enforcement. Itisalso evidentthatthere are areasfor improvementin all these factors,
which could be changed to improve the prevention and control of NNISin England and
Wales. These ideas are discussed below.
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9.1 Achieving Effective Prevention and Biosecurity

The general consensus set forward by key policy, including the CBD, GB Invasive Non-Native
Species Strategy, and 25 Year Plan that prevention and early interventionis the best
approach with regards to stopping NNIS spread was also widely supported by stakeholders,
with respondents scoring biosecurity and prevention as the mostimportantfactor in
achieving NNIS management (9.15(SD= 1.6). However, stakeholdersalso addressed the
needtoimprove biosecurity measures.

With regards to internal biosecurity, the uptake of good biosecurity practices is essential. In
aquaticenvironments the “check, cleanand dry” has beenrolled outasa Government
campaign to promote good biosecurity practices. However, studies identified varying
reliability of this technique (Anderson et al. 2015; Shannon etal. 2018). Furthermore, studies
have demonstrated thatthe uptake of good biosecurity practicesis still poor (Anderson et al.
2014; Fosteretal. 2016). Thislack of education surrounding biosecurity was also addressed
by stakeholdersininterviews. However, participants also highlighted that publicattitude
was also an important factorto consider, with several of them having experienced
difficulties to do with publicattitudes towards biosecurity. Attitude was also indicated as an
issueinliterature (Fosteretal. 2016). However, negative attitudes are often associated with
the cost of practising good biosecurity ratherthanalack of care (Fosteretal. 2016; Vye et al.
2020). Investing resourcesinto holding tanks for cleaning hulls and ‘check, cleanand dry’
cleaningfacilities could help address these negative attitudes and encourage more people to
take up betterbiosecurity practices.

However, it was also recognised thatfor some stakeholders, good biosecurity practices were
only considered when NNIS directly impacted their businesses (Foster et al. 2016; Suttcliffe
et al. 2017). In thisinstance, it may be necessary to change biosecurity legislation,
implementing a Biosecurity Actas seenin Australiaas a legal incentive to undertake better
biosecurity (Shannon et al. 2020).

One key improvement to biosecurity, which was addressed inthe House of Commons
Environmental Audit Committee (2019) would be to appointa NNIS biosecurity border
inspectorate. Stakeholders highlighted how animal, plant, fish, and bee health all currently
have inspectorates and are given disproportionate resources compared to NNIS, despite the
threatthat NNIS poses. This study therefore recommends that borderresources are
reviewed, and aninspectorate is appointed if possible. Stakeholde rs also recommended that
if funding were notavailableforanew NNISinspectorate, current borderinspectorates
could be trained to recognise and report NNIS as a cheaperalternative.

9.2 Blacklisting vs Whitelisting

As with the systemicreview, there was alot of uncertainty from respondents as to whether
England and Wales should adopt the whitelisting approach (as suggestingin Environmental
Audit Committee (2019)) or maintain the current blacklisting approach.

The benefits of whitelistingwere thatit would encompass all NNIS, removing the risk of
species beingforgotten on ablacklist (Dehnen-Schmutz 2011; Garcia-de-Lomas and Vila
2015). However, stakeholders also addressed the potential backlash that would occur,
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particularly from the horticultural society, if England and Wales were to adopt a whitelist, as
thiswould ban non-native species that were previously traded, restricting what peoplecan
grow and causing potential financialimplications for businesses.

Although furtherresearchisrecommendedregarding the best optionfor England and
Wales, results from this study indicate amiddle ground option may be the best, approach,
by adding speciestothe blacklist more regularly, and alsolookingintoaddinga “greylist” to
policy of species that have the potential to be a riskand should therefore be assessed before
being permitted across the borders (Garcia-de-Lomas and Vila 2015).

Risk assessments are animportant tool to use when determining which species to blacklist
(Garcia-de-Lomas and Vila 2015). These can be improved through sharing knowledge on an
international level and applying key information from DAISIE to help inform decisions on
species (Collier 2018). However, several comments from stakeholders highlighted that policy
gives a focus to economicimpacts of NNIS, and highlighted the need to focus control more
on preventing ecological damage (e.g. targeting grey squirrel control programmesin areas
with red squirrel populations). Ecological impacts are important to considerand should be a
key focus of riskassessments to help prevent biodiversity loss and ecological damage
through NNISintroductions (Dickey etal. 2018).

9.3 Control Efforts

Many factors should be assessed before undertaking control measuresforany NNIS.
Ensuring that methods for control are backed by the most up to date scientificstudiesisan
essential factor, as studies have highlighted control programmes that have been ineffective
due to alack of researchinto NNIS control methods, as demonstrated in the case of Signal
Crayfish with baited traps beingineffectively used for controlinrivers (Green et al. 2018).

The grey squirrel and signal crayfish case studies demonstrated that density dependency
factors can negate the effects of management and should therefore also be considered to
assess whetheramanagement project willbe successful and worth investing resourcesinto
(Parkynetal.2002; Lawton and Rochford 2007; Freeman and Turnball 2010; RSPCA 2015). It
was also expressed ininterviews that a coordinated and strategicapproach to control
programmes, with aclear and achievable goal isimportant, and not to justcarry out
“management forthe sake of management”. Participants also cautioned that management
programmes, particularly of widely established species can end up being a waste of time,
money and resources.

Japanese Knotweed also highlighted several ste ps that are sometimes requiredin achieving
NNIS control, makingit difficult forlandowners to undergo management (Environment
Agency 2016). Participantsin the interview frequently addressed how if efforts to control
NNIS were too great, many people would not bother. Whilst undertaking the correct
procedures to control Japanese Knotweed isimportant, the complexity of these steps and
high associated cost may act as a deterrenttolandowners.

Governmentincentives, such as providing funding to landowners to assistin removal of NNIS
could encourage management (DEFRA 2020). However, the case of a landowner receiving
stewardship money and not usingitto undertake control works (Participant 2), suggests that
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this methodisflawed. Insteaditis recommendedthatthe governmentinvests money and
resourcesintolocal action groups that focus on NNIS control. Several stakeholders
highlighted how these action groups have achieved successful control at a grass-roots level.
These local action groups involve volunteersin management works, which makesthema
more cost-effective option, and also helpsto spread positive awareness of NNIS
managementand its benefits (Pages etal. 2019).

9.4 Ethics Behind Culling

The ethics behind NNIS control was identified in the literature research to be a contentious
area, particularly formammal species, such as the grey squirrel. The literature review
identified studies arguing that NNIS should be allowed to establish and that extermination
programmes are morally wrong. Some studies also addressed the difficulties of gaining
publicsupportforculling programmes, therefore, varied responses for this question were
expected (Dunnetal. 2018). However, the target audience forthe questionnaire was
stakeholders with areasonable level of knowledgein the field of NNIS, therefore they
understand the negative impacts caused by NNIS, which may explain why the majority still

agreed that protecting native species took precedence overthe ethical concerns for NNIS
welfare.

The case study of the grey squirrel demonstrated issues that can arise due to backlash from
the publicquestioning the morality of culling NNIS (Dunn et al. 2018). Interview participants
alsohighlighted how itis a contentiousissue thatreceived alot of backlash from the public,
particularly foranimal and mammal species (e.g. the grey squirrel). However, participants
alsostated that in certain cases, culling was necessary in achieving NNIS controlling, but
argued that where possible, extermination problems should be avoided. Resourcesinstead
could be distributed more into methods such as sterilisation of species. However, concerns
of these methods being costly and time consuming compared to culling were raised. If more
ethical approachesare to be used more inthe future of NNIS control, it will be important to
factor inthe extraresources and time required.

The negative publicattitudes are something which should always be considered in NNIS
control programmes, particularly whenincreasing the profile of NNIS manage ment toraise
publicawareness, with participants from the questionnaire cautioning thatanincreasein
publicawareness may alsoincrease backlash againstlethal methods of NNIS control.
However, educating publicon the threats associated with NNISand the harm they can cause
to native biodiversity can help gain more supportforcontrol and eradication programmes
(Newson etal. 2009). In orderto minimise the risk of public backlash and gain support,
educations programmes should therefore putastrongemphasis of the detrimentalimpacts
of NNIS and the benefits of managingtheirspread.

9.5 Getting people involved

This study clearly indicates that stakeholders and getting both stakeholders and the public
involvedis crucial in achieving effective NNIS management, both through informing law and
policy andin ensuring effective control and prevention measures (DEFRA 2003; Bayliss etal.
2013; Reed and Kurzon 2015; Novoaet al. 2017; Eriksson etal. 2018; Kapitzaetal.2019).
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To incorporate stakeholders’ concerns and ideas when making decisions regarding NNIS
legislation, the Stakeholder Forum was initiated in 2004. However, stakeholders raised
concernsthat theirviewpoints werestill not being considered in policy-making decisions
(Great Britain Non-native Species Secretariat 2015). Participants from the interviews
expressedthat although it was a good place to form communications with other
stakeholders and share views on NNIS, there was littleto no evidence that points made by
stakeholdersinthese forums were actually being used toinform policy. Furthermore, the
difficulties of attending (due tolocation and time of year) were noted asissues, and several
respondents had not heard of the forum, highlighting the need to raise awareness of the
Stakeholder Forum and make it more accessible, potentially through having virtual/online
options of attendance. Evidence that stakeholders’ recommendations are being used to
inform policyisalsoanimportantstep that needsto be considered by NNIS policymakers.

One hugely beneficial step towards controlling NNIS spread would be toimprove public
education and awareness, as current understanding of even the highest profile NNISin
England and Wales is poor (Gozlan etal. 2013; Robinson etal.2016; Erikssonetal. 2018).
Responses from stakeholders even suggested that education of NNIS has decreasedin
recentyears, emphasisingthe need to focus more attention on campaigns promoting the
importance of preventing NNIS spread and the ways in which publiccan respond to help.

To achieve this, stakeholders recommended that more focus be put into government
campaigns such as ‘Check Clean and Dry” and ‘Be Plant Wise’. Although these campaigns
have shown some levels of success, with ‘Check, Clean and Dry’ being adoptedin other
countries, more could still be done toimprove clarity and give the campaigns greater
exposure tothe public. Ensuring campaigns are supported by science to be best possible
practiceis alsokey, and they should be regularly assessed to ensure they are up to date with
findings from scientificstudies (Anderson et al. 2015; Shannon etal. 2018).

Othersuggestionsforimproving publicawarenessincluded creating signagein high
exposure locations such as parks to alertthe public of the risks associate d with NNIS spread
and how to adopt good biosecurity practices. Including biosecurity and the risks of NNISinto
the school curriculum was also suggested, which could be ahugely effectivetool as
increasing educationin environmental issues has been shown toincrease levels of concern
and increase in positive attitudes towards making positive environmental changes (Taber
and Taylor2009).

However, improving publiceducationis notthe only factorto consider. The attitudes of
people towards NNIS control were also important to consider, with the study demonstrating
publicattitudes to be negative in many cases. As mentioned forthe government campaigns,
they will only be effectiveif the publicshow a willingness to follow the advice given and take
responsibility fortheiractions (Foster et al. 2016). Although stakeholders expressed
difficultiesin changing the minds of publicand encouraging more positive attitudes, it was
recommended that educating younger generations and promoting positive attitudes
towards NNIS at a youngage could improve publicopinions and encourage more
participationinhelping prevent NNIS spreadin the future.

9.6 Enforcement
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This study identifies severe limitationsin currentenforcement measures, with stakeholders
from questionnaires and interviews commenting on how lacking enforcementis throughout
England and Wales, implying that there is noincentive orthreat for people tofollow current
legislation.

Enforcement responsibility lies with several different authorities, which can lead to
confusion if differentinformationis given by different authorities (Shannon et al. 2020). The
idea of having a consistently funded separateregulatory body specifically focussed on
invasive alien species to help develop more focused enforcement of NNIS was put forward
as a potential ideato stakeholders. While most respondents agreed with thisidea, with only
18.9% of respondents disagreeing with thisideain questionnaires, several concerns were
raisedininterviews. The main concerns with thisideawas whetherasingle body would be
able to effectively coverawide range of habitats and that a single body would be too
focussed on enforcementin England and Wales as a whole ratherthan addressing more
local factors. Considering thesefactors, itisinstead advised that effective communication
between current enforcement authorities isimproved to ensure advice to publicis
consistent. More clarity into which enforcement authorities to contactin different situations
should also be addressed.

Although legislation forenforcing against NNIS has seen updates and improvements over the
years, the application of these laws can be complicated. Forexample, Species Control Orders
were createdin 2015 as an enforcement device toissue mandatory control of NNISwhen
landowners are non-compliant. However, when a stakeholder attempted to enforce usinga
Species Control Order, they were unable to gain permission toissue one, being told by
DEFRA that the government does not wantthese Orders to be used forwidely established
species (Participant 2). The fact that this orderis not being used to enforce on the most
widely established NNIS (DEFRA 2015), shows the limited use of Species Control Orders and
relatively low impactthey willhave in controlling NNISin England and Wales. Itis
recommended thatthis orderisreviewed and that using Species Control Orders for high
profile speciesis considered on a case-by-case basis, particularlyin areas where control
efforts would be beneficial.

It isstill too early to assess the effectiveness of the 2019 enforcementand permitting order,

however, itishopedthatthis new legislationis apositive improvementin achieving better
NNIS enforcement.

Without effective enforcement measuresin place, NNIS legislation holds very little weight,
meaningits ability to assistin preventing and controlling NNIS spread is limited.

9.7 Recommendations for Improving Law and Policy

From this study, several improvements are recommended toimprove law and policyin
England and Wales to assistin achieving effective NNIS control.

The first of these isto creating a Biosecurity Act, as seenin Australia. From investigating the
uptake of current biosecurity practices, it was identified that very few people carried out
effective biosecurity protocol, particularly in aquaticenvironments ( Foster et al. 2016;
Suttcliffe etal. 2017). A Biosecurity Act would therefore be a useful enforcement tool,
providing a legal incentive for people to be more careful and biosecure (Shannon et al. 2020).
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Investing more into political campaigns, such as ‘Check, Clean and Dry and ‘Be plant Wise’ is
alsoa recommendation, as well asinvesting more money into campaignsto raise awareness
of NNIS. Asocial mediacampaignisalsorecommended, as well as resourcesinto creating
more signage in parks and key publicareas to educate people and exposethemto the
impacts of NNIS and the benefits of removingthem, as well as detailinghow people can help
in preventingtheirspread.

It was alsorecommended thatlists of NNIS (i.e. Schedule 9and the List of Species of Special
Concern) needto be regularly updated and take into account recommendations from
stakeholders. These lists should also be scientifically informed through detailed risk
assessments thatincorporate all potential impacts and apply knowledge from other
jurisdications (Collier 2018; Dickey et al. 2018).

Any new policy should always incorporate knowledge from both scientificresearchers and
stakeholders, to ensure itis as effective as possible (DEFRA 2020). When planning national
management programmes, carefully researched Species Distribution Models (SDM) should
also be usedto predict NNIS hotspots and help assess the most effective methods of control
(Jonesetal. 2013; Gallardo etal. 2015; Whomersley 2015; Polaina et al. 2020).

A key point made by stakeholders, was the need toimprove clarity, and make legislation
easiertounderstand. Currentlaw and policy surrounding NNIS is very complex, makingit
difficult forstakeholders and the publictointerpret. People who are aware of the law and
policy are likely to adhere to it (Robinson etal. 2017), however, interviews with stakeholders
revealed thatfromtheir experience, knowledge and understanding of NNIS law and policy
was poor. It isrecommended that, where possible, NNIS legislation could be simplified
(provided this does not negatively impact the constitution). Itis also advised that the
Governmentreleases aclearand concise document (or code of practice), detailing the
legislation associated with NNIS and how this related to the public.

10 Conclusion

This study identified several key factors thatinfluence the effectiveness of law and policyin
achieving effective NNIS control in England and Wales: Biosecurity and prevention, getting
peopleinvolved, scientificresearch into effective control efforts and enforcement. Three
high profile case study species; grey squirrel, signal crayfish and Japanese Knotweed were
investigated to determine how effective these factors and law and policy were when applied
to specificNNIS. The views of stakeholders were also determined through questionnaires
and semi-structured interviews, with the following conclusions being made from the results.
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Current publicawareness of NNISis poor, highlighting the need for the government to invest
more into education campaigns such as promoting ‘Check, Clean and Dry’ and ‘Be Plant
Wise’, butalso funding more media campaigns, creating signage in parks, andincluding
education of NNISinschools. Involving the publicin NNIS volunteer control and monitoring
work can be cost-effectiveand gain publicsupporttowards NNIS management. Itis
therefore advised that the governmentinvestsinlocal action groups (e.g. wildlife trusts) that
work with volunteersto manage NNIS effectively. Better education caninturn helpimprove
biosecurity, with more people practicing better biosecurity protocol. Where publicattitudes
cause limitationsin biosecurity, the implementation of a Biosecurity Act could be an
effectivetool in providing legal incentive to follow good biosecurity protocol. The main
recommendation forimproving prevention of NNIS entering England and Wales is to employ
a NNISbiosecurity inspectorate to improve border control. It was highlighted that scientific
research into areas such as risk assessments and species distribution is akey componentin
aiding preventative policy, and extensiveresearch into effective control measuresis crucial
to ensuring NNIS control programmes are an effective use of resources. Enforcement was
determinedto be the least effective areacurrently, with very little evidence of law and
policy beingenforced to preventillegal NNIS spread. Itis therefore crucial that enforcement
efforts are improved to achieve effective NNIS management and ensure law and policy is
implemented in England and Wales.
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Appendices

Appendix 1: Participant Information Sheet

Participant Information Sheet
The title of the research project

An analysis of the effectiveness of lawand policyinassistingin control of non-nativeinvasivespecies
in Great Britain by use of casestudy species and questionnaires to stakeholders.

Invitation to take part
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You arebeing invited to take partina research project. Before you decide itis important for you to
understand why the researchis beingdone and what itwill involve. Pleasetake time to read the
followinginformation carefully and discussitwith others if you wish. Take time to decide whether or
not you wish to take part.

What is the purpose of the project?

Non-Native Invasive Species (NNIS) have been recognised globallyas a major threatto biodiversity.
Being anisland nation with longstanding globaltradinglinks, Britainis particularly susceptible to the
threats that NNIS pose. Although current lawand policyidentify these threats and scientificresearch
has explored the impacts and methods for control of many NNIS, gaps in knowledge exist.As such, a
clear cohesion between scienceandlawis currentlya limitation.

This study aims to explore the views of stakeholders directlyimpacted by NNIS using
questionnaires. By takinginto accountthese important views, the study will identify gaps and
challenges in currentNNIS lawand policy and usethis information to suggest alternative measures
that could be incorporatedin England and Wales to better control NNIS in the future.

Why have | been chosen?

It was considered important to aimfor respondents with a knowledge and understanding of NNIS, so
they canreflect on their own experiences with tacklingthe issues created by NNIS. This study has
selected respondents from a variety of backgrounds to ensure the viewpoints of different
organisationsand fields of work arerepresented. Participants have been carefully selected given this
background, therefore there areonly a few respondents who meet the necessarycriteria.
Participationisentirely voluntary, however, should you choose to participate, your contribution will
be extremely beneficial to this study and greatly appreciated.

Do I have to take part?

Itis upto you to decide whether or not to take part. If you do decide to take part, you will be given
this information sheet to keep and be asked to sign the participantagreement form. We want you to
understand what participationinvolves, before you make a decision on whether to participate.
Ifyou or any family member have an on-going relationship with BU or the research team, e.g. as a
member of staff, as student or other serviceuser, your decision on whether to take part will not
affect this relationshipinanyway.

Can | change my mind about taking part?

The questionnaireis anonomised, therefore itwill not be possibleto remove data once submitted,
however, should you wish to discontinue with the questionnaire,you may stop atany time and any
non-submitted answers will notbe recorded.

If I change my mind, what happens to my information?

After you decide to withdraw from the study, we will notcollectany further information from or

about you. Onlyinformation that has already been submitted by you will beused but notidentifiable
as your responses.

What would taking part involve?
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Ifyou chooseto take part, participantsareasked to answer a shortquestionnairethat should take no
longer than 10-15 minutes to complete. Respondents will also begiven the optionto participateina
semi-structured informal interview process should they so choose.

What are the advantages and possible disadvantages or risks of taking part?

Whilstthere are no immediate benefits to you participatinginthe project, itis hoped that this work
will createa valuableinsightinto the opinions of stakeholders regarding Non-Native Invasive Species
inBritain. This study aims to highlightcurrentissues with NNIS control and express how lawand
policy can be improved to ensure better control measures for NNIS in Britain.

We do not anticipateanyrisks intaking partand will ensurethat neces sary measures aretaken to
protect the identity of participants. Any data collected from the interview process (e.g. contact
details) will be securelystoredina password protected database.

Will | be recorded, and how will the recorded media be used?
You will notbe recorded duringthe questionnnaireprocess.

Should you choose to participatein the interview process, there will be notes taken of your
responses, however no audio recordingdevices will beused.

*Ammendment- due to alterations inthe analysis stage of this research, the interview process will
now be recorded. Should you consent to be contacted for interviews,an email with aninterview
participation formwill besent for you to read.

How will my information be managed?

Bournemouth University (BU) is the organisation with overall responsibility for this study and the Data
Controller of your personal information, which means that we are responsiblefor looking after your
informationand usingitappropriately.

Undertaking this research study involves collectingand/or generatinginformation about you. We
manage research data strictlyinaccordancewith:

e Ethicalrequirements; and

e Currentdata protectionlaws. These control use of information aboutidentifiable
individuals, but do not apply to anonymous research data: “anonymous” means that
we have eitherremoved or not collected any pieces of dataor links to otherdata
whichidentify aspecificperson as the subject or source of a research result.

BU’s Research ParticipantPrivacy Notice sets out more information about how we fulfil our
responsibilities as a data controller and aboutyour rights as anindividual under the data protection
legislation. Weaskyou to read this Notice so that you can fully understand the basis on which we will
process your personal information.

Research data will beused only for the purposes of the study or related uses identifiedin the Privacy
Notice or this Information Sheet. To safeguardyourrightsinrelationto your personal information,
we will usethe minimum personally-identifiableinformation possibleand control access to thatdata
as described below.

Any personally-identifyableinformation will only be kept for the minumum time necessary to
complete this study.
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Publication

You will notbe able to be identified in any external reports or publicationsaboutthe research without
your specific consent. Otherwise your information will only be included in these materialsinan
anonymous form, i.e. you will notbe identifiable.

Research results may be published, but respondents to the questionnaireand interviews will remain
anonymous.

Security and access controls

BU will hold the information we collectabout you inhard copy inasecure locationandona BU
password protected secure network where held electronically.

Personal information which has notbeen anonymised will be accessed and used only by appropriate,
authorisedindividualsand when this is necessary for the purposes of the research or another purpose
identified in the Privacy Notice. This may includegivingaccess to BU staff or others responsiblefor
monitoring and/or auditof the study, who need to ensure that the researchis complyingwith
applicableregulations.

Further use of your information

The information collected about you may be used inananonymous form to support other research
projects inthe future and access to itin this form will not be restricted. It will notbe possibleforyou
to beidentified from this data. To enablethis use, anonymised data will beadded to BU’s online
Research Data Repository: this is a central location wheredata is stored, which is accessibleto the
public.

Keeping your information if you withdraw from the study

If you withdraw from active participationinthestudy we will keep information that we have already
collected from or about you, ifthis has on-goingrelevance or value to the study. As explained above,
your legal rights to access, change, delete or move this informationarelimited as we need to manage
your informationin specific ways in order for the research to be reliable and accurate. However if
you have concerns about how this will affectyou personally,you canraisethese with the research
team when you withdraw from the study.

You can find out more about your rights inrelation to your data and how to raisequeriesor
complaints inour Privacy Notice.

As described above, duringthe course of the study we will anonymisethe information we have
collected about you as anindividual. This means thatwe will nothold your personal informationin
identifiableformafter we have completed the research activities.

You can find more specificinformation aboutretention periods for personal informationin our
Privacy Notice.

Contact for further information

If you have any questions or would likefurther information, pleasecontact
hbowen@bournemouth.ac.uk
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In case of complaints

Any concerns about the study should be directed to the supervisoryteam led by Tilak Ginige
attginige@bournemouth.ac.uk orto the Deputy Dean, Tiantian Zhang

at tzhang@bournemouth.ac.uk

Bournemouth University by email to researchgovernance@bournemouth.ac.uk.

Thank you for considering taking partinthis research project.

Appendix 2: Questionnaire to stakeholders

Questionnaire

1. Which of these best describes your profession?

-Agricultureindustry

-Public Environmental Sector
-Non-Governmental Organisation
-Academic inthe field of law/environment
-Other (pleasespecify)

2. Which partof Great Britain do you currently work in?

-East Midlands
-West midlands
-East Anglia
-Greater London
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-Northeast England
-Northwest England
-Yorkshire & the Humber
-Southeast England
-Southwest England
-Wales

3. How familiarareyou with the concept of NNIS and their impacts onthe British environment?
(Very familiar, fairly familiar, a littlefamiliar, notvery familiar, unfamiliar)

4. How familiarareyou with currentlawand policyrelatingto control of NNIS?
(Very familiar, fairly familiar, a little familiar, notvery familiar, unfamiliar)

5. In what ways have you come across NNISinyour line of work?

-Through academicresearch

-Through NNIS management programme(s)
-Through trainingcourse(s) on NNIS/Biosecurity
-Unsure

-Other (pleasespecify)

Section 2: General Non-Native Invasive Species questions

6 a)To what extent do you consider the followingfactors importantin establishing effective
NNIS control?
(Score the following between 1 and 10, 1 being not important atall, 10 being extremely
important)

-Biosecurity and prevention againstfurther NNIS introductionand spread
-Law and policyfocused on preventing and controlling NNIS

-Enforcement to ensure legislationis abided by and offenders are prosecuted
-Scientific researchinto effective control methods inestablished NNIS
-Educationand publicawareness on the threats and best practices of NNIS

b) How effectively have the government applied the followingfactors inorder to prevent and
control NNIS spread?

(Score the following between 1 and 10,1 being not used effectively at all, 10 beingused as
effectively as possible)

-Biosecurity and prevention againstfurther NNIS introduction and spread
-Law and policy focused on preventing and controlling NNIS

-Enforcement to ensure legislationis abided by and offenders are prosecuted
-Scientific researchinto effective control methods inestablished NNIS
-Education and public awareness on the threats and best practices of NNIS

Section 3: Law and policy:

Before beginning this section, the following paragraph gives further information surrounding NNIS
law and policy, which you can refer to if required to help in answering the questions in this section:
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e  Current British NNIS law comprises of two separate lists. The first is Schedule 9 in section 14
of the Wildlife and Countryside Act. Schedule 9 lists non-native species that are already
established in the wild, but which continue to pose a conservation threat to native
biodiversity and habitats.

e  Current policy states that the landowners are responsible for removing NNIS from their land,
but only have to act if the species is shown to be dispersing off of their land (Wildlife and
Countryside Act, 1981)

e Invasive Alien Species (Enforcement and Permitting) Order (2019) addresses species listed on
the EU Invasive Alien Species of Union concern. The order also prohibits the ownership of
listed species, highlighting 14 priority species requiring management.

e Current legislation in Great Britain operates using a blacklisting approach. This approach
involves having a blacklist of NNIS that are strictly prohibited in the country (e.g. Schedule 9
and the EU Invasive Alien Species of Union Concern). New Zealand operates a strict whitelist
approach. Whitelisting is when a jurisdiction has a whitelist of species that permitted in the
country and all species not on the list are strictly prohibited.

7. To what extent do you agree with the following statements?

(Strongly agree, disagree, neither agree nor disagree, agree, strongly agree)

a) When planningand creating new laws and policies for NNIS control, social,economic and
environmental factors areall considered equally

b) When decidingwhich NNIS are a priority concern, social, economic and environmental
factors areall considered equally

8. To what extent do you agree with the following statements?

(Strongly agree, disagree, neither agree nor disagree, agree, strongly agree)

a)Britainshould createa consistently funded regulatory body, separateto other bodies, whichis
specifically focussed on preventing and controlling NNIS.

b) Britainshouldinvestina biosecurity inspectorate dedicated to NNIS at border control.

c) To encourage proactiveresponses,the Government should create aninitiativefor landowners, to
fund and assistintheremoval of the NNIS on privateland, provided they report the species to the
appropriateauthorities immediately and are cooperative during removal operations.

d) Inyour view, the necessity to protect native species via culling or other extermination procedures
takes precedence over the wellbeing of NNIS.

e) The government shouldinvestmore money into campaigns to raise public awareness of NNIS and
biosecurity

f) The government shouldinvestmore into large-scale eradication projects
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9. Which of the following statements do you agree with regarding blacklisting vs whitelisting in
preventing NNIS spread?

-Strongly agree with blacklisting
-Agree with blacklisting

-Other (pleasespecify)

-Agree with whitelisting
-Strongly agree with whitelisting

Thank you for completing the questionnaire. Subsequent to receiving the questionnaire
responses, we will be conducting semi-structured interview to allow for more
comprehensive questioning. This process will give you the opportunity to voice your
opinionsinamore unrestricted way and give a valuable inputinto this research. Please
select whetherornotyou are happy to give yourconsentto be contacted to organise an
interview:

-1 give my consent to be contacted forinterviewing
-1 do not give my consentto be contacted forinterviewing
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