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ABSTRACT

Jellyfish blooms are known to impaativersely a variety of industries, including
fishing and tourismA review of scientific literature indicates that blooms and their
impactsmayintensifyin the Northeast AtlanticThere are also indications ththe

pubic perceivethatblooms are becoming more commarthis region This
researctaimedto identify whetheblooms and their increasasross the

Northeast Atlantic are a possibility, andsd,generate an understanding of the
potential economic impactse fishing and tourismGIS basednapsof jellyfish
presence and bloootcurrence werdevelopedising current understanding of
physiologicalthresholds for a variety of jellyfish speci@he maps indicated that
increases iloomoccurrence in the future apossibilityfor several species
particularlyin watersto the southwest of the UK. Based on these results, case study
locations associated with coastal tourism (St Ives) and fishery activity (Brixham and
Newlyn) were selected to assess whether andidtoems could cause impadts

these, applying an ecosystem services approach to measure potential economic and
welfare changesSurvey responses frofishers and touristeere used to explore

future hypothetical bloom scenari@dquantitative indicatios of how the

industries would operate and respovelre derivedFishes envisaged displacement
effort as the main impagawith additional operational costs coming from increased
fuel use while fishing during blooms. Tourists reported blooms would impede leisure
activities, resulting in less beach visit§hese findingenabled quantification of

welfare impact due to loss técreational activities, as well as subsequent decreases
in holiday expenditure that impathe local economy. Management options were

explored during the tourism survey (ajgilyfish nets) and mitigation considerations



were made in relation to the ffisry findings (informing skippers of the costs certain
bloom responses). Based on the study results, pmtidymanagement

recommendations, as well as future research opportunities, are discussed
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Chapter 1 Introduction

CHAPTER 1

INTRODUCTION

1.1 Introduction and Rationale

A jellyfish bloom is when intense congregations of medusae occur within a
specific geographic location (Mills, 2001; Brarzal 2012). When jellyfish

bloom in waters where anthropogenic activity occtimsyare known tacause
socioeconomibenefits andmpacts to users of the marine environment (Graham
et al.2014). In a modelling study, Grahaet al (2014) showed that under a
variety of scenarios where bloom increasecur, the economic value of their
berefits will increase, but at a much lower rate than the increases in economic
costs that they are known to haVée scientifiditerature summarises a range of
ways in which blooms cause impact through interactions seitteral
anthropogenic activities @. Grahanet al.2014). Such impacts include jellyfish
decreasing the ability of humans to gain provisioning services from ecosystems
such as foodincluding jellyfish hampering the operatiooisfishermerby

clogging their netsRalmieriet al. 2014)andstinging jellyfish causing the death

of farmed finfish(Doyle et al 2008) Blooms also impact cultural services such
as tourism, which can include them forcing the closure of beacttiedecreasing
visits to the coastal environmei@hermandet al.2015. The impacts blooms

have are of importance because studies have attributed significant
socioeconomic impact to them (e.g. Knowler, 2005; Palreieal. 2014;

Ghermandet al.2015) and reports of interactions between blooms and people
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appear to have aneased over the last couple of decades (Purcell, 2005). A
perception exists th@llyfish blooming events are becomingpre common
worldwide, with jellyfish blooms gaining significant attention within the media
when they occur (Condaat al.2012). Howeeer, this perception is debatalale
increases in interactions could simply have occurred due to increased use of the
marine environment by huma(@ondonet al 2012; SanaMartin et al 2016)
Fewrecords exist of long term population trends to confirmtiviejellyfish are
becoming more common and that the oceans maybe heading towards a more

gelatinous futureGondonet al. 2012).

The Northeas@tlantic is an example ofreareawvhereevidence has been

gathered that suggests thédonms could potentially be on the increase (Lillety

al. 2009; Licandreet al.2010; Palmieret al 2015). However, there is

uncertainty associated with jellyfish populations in the area with few attempts in
existence to map their distributions and the locestiof potential blooms or
projections of what future populations will be like in the area (one of the few
examples includes a study by Collingridgfeal 2014 who assessed the North

Sea for potential invasions of the ctenophdreemiopsis Leidyi Also,

compared to locations where blooms are typically more common (e.g. the
Mediterranean), understanding of how anthropogenic activities in the marine
environment respond to blooms and quantifications of subsequent socioeconomic
impacts are lacking, apart froguantifications in lost aquaculture revenue as
result of bloom induced die offs of farmed salmon (causdadyms that

occurred off the coasts of Ireland2007 and2008 (Doyleet al 2008)). There is

therefore a need to understand jellyfish populatiorasseassuch as th&lortheast
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Atlantic so that impacts casobe understoodnd potentially managed
Information on the causes of blooms exidtat could potentially be applied to
this area to assess what jellyfish populatiomesy be like, so that projections of
their potential impacts can be madiée overarching rationale of this thesigo
therefore generate an understanding of jellyfish in the Northeast Atlantic,
including potential blooms, of locations that may be impaadgthe magnitude
of any socioeconomic consequences that blooms could cause and any

management considerations.

1.2 Aims and Research Questions

This section of the chaptdefinesresearch questions to be addressed in relation
to therationale of the study (discussed above), focusing on the impacts that
jellyfish could havewithin theNortheast Atlantic so that management and policy
implications can be considerdebr this, an understanding of jellyfish

populations is paramount becausstributions of potentially large populations
will determine any socioeconomimpacts that could be incurredn&wledgeof

the spatial distribution of locations of possible blooming events across the
Northeast Atlantic and how they coincide with anfgimgenic activity in

Northeast Atlantic watelis required to recognise the ecosystem services and

benefit /beneficiaries that could be impacted.

Based on these consideratiom® following research questions were developed

to encapsulate the main fodithe research
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1. What does existing knowledge of changes in the marine environment reveal
about potential future jsffish blooms across the Northeddtantic, based on
their physiological thresholdsesponses to the marine environn?ent

2. What would behe magnitude of the soegconomic impacts related to the
tourism and fishing indusésin the event of increasl jellyfish bloom
occurrence acrogee Northeasttlantic?

3. What are the possible management and policy options that would address the

socioeconomic impacts of future bloom changes inNwgtheasttlantic?

As indicated by these three research questions, this researchi@iihexatify
whetherblooms and their increasasross thélortheastAtlantic could occuy

and, if they are, then genezan understanding of the potential socioeconomic
impacts in coastal and marine locatiohise locations of fisheries and tourism
activity that coincide with areas thatuld support bloomeeljlyfish became the
focus of thisstudy, because of the activities the literature suggests could be
impacted furthermore no quantificationgxistof bloom impactgor these two
industries in th&NortheastAtlantic, anly suggestions of whaiuld occur.
Understanding of the ways blooms coul@iefe these activities and the cost

projections themnableghe consideration of management implications.

1.3 Thesis structure

Due to the range in scope of the research questions developed, it became apparent

that this study would requiiaterdisciplinary research to access ithterface
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between the natural and social worlds, and draw upon these, to examine jellyfish
populationchangs, bloomng eventsandhow theyimpact society. A

combination of natural argbcial science methodologies was thereferpiired

to generate and bring together data to answer the three research questions. In
terms of research question 1, a natural sciences approach was applied to develop
an understanding of the physiology of jéik and how suited the Northeast
Atlantic is to populations in relation to the locations of anthropogenic activity.

For research question 2, understanding of societal responses to blooms was
required, involving social science methodologies to develomdaratanding of

the impacts of bloom induced changes to the environment so that economic
projections of impact could be made. An ecosystem services approach
underpinned these aspects of the researolth enabled a conceptualisation of
changes to the emanment resulting in changes to ecosystem services and
benefits. The findings from the natural and social questions that were posed in
relation to jellyfish bloomincreass and anthropogenic activity then allowed for
consideration of the third research gtien as to whether management is required
and what the options are. Throughout this thesetl, establishedechniques and
frameworks from the natural and social sciengessapplied to theemerging

field of jellyfish bloom impact research.

The remainder of this section describes how the thesis is set out in relation to the
investigations and field work that was undertakeimapter 2 reviews the

literature from wirch the rationale for the study descridedChapter 1was

coined. It also reports the current knowledge on the physiological thresholds of

jellyfish in the marine environment; these formed the bases of the investigations
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into the locations where blooms aathropogenic activity could coincide within
the Northeast Atlantic. The chapter then outliae®cosystem service approach
framework to develop an understanding of the interactions with blooms that
could occur and how subsequent impacts can be quan@iiregbter 3hen

discusses the methodology of the research, describing how potential jellyfish
populations across the Northeast Atlantic were visualised and the stages of the
approach that was used to understand and quantify any bloom impacts that could
occur on both the fishing and tourism industri@sChapter 4, the results of
visualisations of potential blooms are displayed, identifying the spatial extent of
anthropogenic activity that could be impact€tapter 5 and en discuss

output from the ecystem services approach, reporting the responses of the
fisheriesand tourismindustries in the Northeast Atlantic to blooms as well as
projecting the subsequent socioeconomic impacts in case study locations
identified in in Chapter 4. Chapter 7 then dades the thesis by discussiting
research, outliningolicy and managememtplications of the worlas well as

future research recommendations.
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CHAPTER 2

JELLYFISH BLOOMS AND THEIR

CONSEQUENCES TO COASTAL INDUSTRIES

2.1 Introduction

This chapter reviews the literatusa the nature of jellyfish bloomsndthe

potential for future changes in bloom frequendiesause oénvironmental

change. The choice to focus on blooms and potential increases in bloom
frequencies is based on thetfdtat they are known to cause a number of
socioeconomic impacts to coastal communities. The impactiiar® the
interactions bloombave withseveralanthropogenic activities, such as coastal
tourism, finfish aquaculture and fisheries, each of whiehdeéscussed during this
review. The evidence as to whether increases in bloom occurrence are actually
happening, as well as the areas that may experience increasing blooms in the
future, are also reviewed and discussed. The review opens at a glehal le

looking at blooms occurren@eross thevorldd s  o,¢heiasacgeconomic

impacts and the potential consequences where interactions between jellyfish and
people ardeing reported more oftefihe review then focuses on blooms in the
Northeasttlantic, a an example of an area where evidence exists that jellyfish
populations are increasing. Issues associated with jellyfish blooms on coastal
communities are discussed in section 2.2, based on the review of reports on how

and the degree to which blooms ar@¥Wwn to impact fisheries, finfish
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aquaculture and coastal tourism. The perception (within society, the media and
the scientific literature) of bloom increases worldwide and potential for future
blooming event increases are then reviewed (evidence fomgantshare

discussed in section 2.3.1). Focusing again oiNtirtheastAtlantic, gaps in
knowledge about where potential future blooming event increases may occur, as
well as previous studies on their spatial distribution, are investigated in section
2.32,introducing the Northeagttlantic asthe focus of this research

To answer the three research questions set @hapter 1 awelfare benefit
valuation is proposed based on the ecosystem services / bappfibach, in

relaion to humaractivitiesthat could be impacted by future blooms (section
2.4).An ecosystem services approacipissented ansuggestedor this research

as a framework to consid#re importance of understanding the spatial scale of
potential impacts and the variety of methagailable to value the benefits

derived from coastand marinevaters that could be impacted by blooms.

2.2 Jellyfish Blooms and their Impacts

Geldinous medusae (members of theidaria(subphylum: Mdusozoaand
Ctenophora (for more information oaxtonomy see Hayward and Ryland,

2008)), hereatfter referred to as jellyfish, are known to bloom as part of their life
cycle (Mills, 2001; Purcekt al.2007; Hamner and Dawson, 2009; Richardsbn
al. 2009; Brotzet al. 2012). A bloom occurs when large numbers of jellyfish
congregate in a specific geographic location, often over a relatively short period
of time (Mills, 2001; Brotzt al 2012).Blooming is a natural phenomenon that

is described as an evolutionary adeayg to gregrious jellyfish, enabling them
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to out compete other more mobile marine organisms (Shiganova and Bulgakova,
2000 Hamner and Dawson, 200Bloomsizesin terms of numbers, biomass,

and duration can vary between species and location, with edgeports

existing of several thousand individuals occurring in single events (Grahalm
2003). Therarea range ofiegativempactsthatblooms have been reported to
have on human populatiomshen they occur within inshore waters rangirogn
generdly beingdetrimental to public healtiMariottini and Payne, 201@e

Donnoet al.2014)to causing disruption to humaattivity such as teoastal

tourism (Ghermandgt al.2015), finfish aquaculture (Purceit al.2007;

Gershwin, 2013)and commercial fishing (Knowler, 20D3However, it needs to

be acknowledged that not all interactions between large jellyfish populations and
people areegative For example, in some parts of Asia, jellyfish are exploited
commercially for consumption kyeople (Hsieh and Rudloe, 1994; Hsetlal.

2001); some argue that jellyfish have aesthetic value (Grahah??014); and in
other cases, jellyfish are known to act as prey and havens for commercially
important fish species (Bonal@b al.2004). Mostreports however, suggest that
blooms within coastal areas have an overall negative impact, which is focussed
on in this review. A large proportion of the literature focuses on blooms

occuring within the Mediterranean, as well@asew examples in Austraan

and Southeast Asian watevghereastudiesarelacking insomeareas where

jellyfish are known to occur (which includes the Northeast Atlantic). The studies
include attempts to quantify the socioeconomic impacts of blooms and provide
descriptions ohow blooms have negative impacts. The impacts that blooms have

on various aspect on fisheries, aquaculture and tourism are disasteaey are
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most commonly reported in the literature, and the focus of studies which have
attempted to quantify (in econaerterms) such impacts. Other industries are
known to be affected adversdly bloomsincluding the nuclear powéndustry,

but there is a lack of specific studiassessing thesmpacts Much ofthe

literature reviewed describes the impacts of bloomsoastal human populations
in areas where blooms are a common occurrence, such as the Mediterranean
where bloomare known to interact witfisheries (Palmieret al 2015)and
tourism (Ghermandgt al 2015) (in most examples discussed in this revieay

are an annual oca@nce during the summer months).

2.2.1 Fisheries

Many of the impacts repted within this section that areted within the

literature comdrom the varying locations within the Mediterranearhaf’
occuring within fishing groundsjellyfish bloomscanimpact the fishing industry
in different waysjncluding blooms hampering fishing equipment and interfering
with the fishing processes, making it less likely that fishermen are able to achieve
their quotas, simply because there acert@ny jellyfish in the water acting as a
barrier to target fish species (Uye, 2007; Katral.2013; Nastaet al.2013;
Palmieriet al.2014). Blooms are also known to damage catch when jellyfish
bycatch is concurrently hauled aboard the fishing vedseteasing the value of
each haul (Nastaet al 2013 Palmieriet al.2014).A survey conducted in the
Adriatic Sea, reports that bloom bycatidcreasethe amount of catch per haul

as the nets are clogged with jellyfish (Palmedral. 2014) with thefishermen

10
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forced to make more hauls, adding fremational costs and time outsaia.
Reportsalso exist thasuggesthere is aroverlapin preypreferencebetween
commercially important fish andllyfish that leads to competition, which
decreasgthe rumbers of fish available for fisheemto catch which is

heightened during blooming everiRurcelland Arai,2001) although
guantifications of actual decreases are not currently availatier studies

suggest that jellyfish prey upon juvenile fishu(Bell andSturdevant2001),
potentially decreasing potential catch further as fewer species are reported to prey
upon jellyfish (described as trophic dead ends by Richaretlsain2009). The
decreases in fish as a consequence of blooms can be indrgdsedif the target
species are already in decline (i.e. as a result of overfishing prior to the
occurrences of blooms) (Knowler, 2005). Finally, some jellyfish species can be
hazardous to fishermen when they are hauled aboard vessels due to their abilit

to sting humans (Palmieet al.2014).

As a result, jellyfistblooms are known teeduce catch, causshermen to spend
more time ouhtsea to achieve quotass well as impacting the welfare of the
crew(Palmieriet al.2015. Theinvasions oMnemiopsis leidyacross the Black
Seain the 1980s (probably introduced via ballast water), were suggested to be a
significant factor, together with overfishing, in tfighery crashethat occurred
there(Knowler, 2009. Theeconomiamodel developed bi¢nowler (2005)
suggestshattheblooms of the ctenophore contributed significantly to the
population crashes in anchovy that was targetetidyishery The model

attributed annual catches dropping by 9@&ingthe M. leidyiblooms,

culminating in losse of around $16.7 million per year which amounted to a 98%

11
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decrease in total profits. In a more recent study, Paletiedi (2014) assessed

the effects of annudllooming events within thaorthern Adriatic, a location of

one of the most heavily exploddisheries in the Mediterranean. A survey of
fishermends perceptions of bsuffteredins i n t h
negative effectsn their fishing activity (described aboy#®)ith estimated

economic | osses for t hompelyea tue @ blootms a wl f
forcing alteratios to fishingoperatios, damagedishing gear,andimpacting the

health of fishermerlhe study revealekhcreased annual fuel costs 4 6 0),a 0 0
fishermen have had to travel furtiggventraditional fishing grounds had

succumbed to bloombut also becauszdditional trawls to achieve quotagre

required as a consequenceétifom bycatctwhich decreaed thefish caught per

trawl. Damage to nets caused by bloorchych resulted iestimaed 89,000

extra man hours a year equipment maintenance. In fact, annual bloon. of
noctilucaandA. auritain Mediterranean waters are known to clog fishing nets

and foul fishing apparatus, resulting in costs for replacing and repairing damaged
gear(reviewed byPurcellet al.2007; Purcell2012). Alsoeviews of the

primary literaturghat summarise thiateractions between users of the marine
environment and bloomstatethat blooms are hazardous to fighnen when

stinging jellyfish byatch is haled onto the deck of vessels with crew reporting

health issues when sorting catch, forcing them to use extra safe{yPgezellet

al. 2007;Brotz et al.2012; Gibbons and Richardson, 2013)

There appears to be fawsponses available tishermen tanitigate the impacts
caused by bloordisruption One exampleprovided byPalmieriet al. (2014)

suggests that fishermenahd move to other groundgon witnessing blooms

12
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before deploying their fishing gear, bts does not guarantd#oom avoidance
becaus®f the distance the fisherméave to trawl acrodsloom prone waterst |

only takes one bloom within the large distatresvledto cause the issues

described above. On top of this, there is added fuel costs of moving to alternative
fishing grounds, whichmay also be compromised by blooms. Other responses
available to fishermen that enable them to achieve their catch insjueieihg

more time out to seas a result of having to do more trawls due to jellyfish
clogging nets and leaving less room for catch as well as the greater time needed
to sort bloom bycatchyear protective gedo avoid stings; and havirtg repair /
replace dangeto nets causebly jellyfish (all reported by Palmieet al.2014).

All of these responses highlighted above result in added welfare and economic
costs even if the fishermen still achieve their quotas, with consequent reduced

profits.

2.2.2 Finfish Agquaculture

In terms offinfish aquaculturgjellyfish bloom presence has been reported to
result in economic impacts as jellyfiare known to triggegill disorders and
mortality in penned finfisiifSammes and Greathead, 2004; Pustedil. 2007;
Doyleetal. 2008 Baxteret al.2012. This happens becaugdlyfish are
planktonicandare unable to swim against water movementschpull them
towards aquaculture pens due to the maurrents created by penned fish all
swimming in unison (Gershwin, 2013 could also be the case that blooms

simply coincide with the locations of finfish peri3dyle et al.2008. Jellyfish in

13
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the vicinity become entangled to the structures of the enclosures and break up
when forced against the me@bershwin, 2013). Stinggcells remain active

when they break up and enter the fish pams inevitablyenter the gills of

penned fishThis causebaemorrhagethat leads teuffocationand death

(Sammes and Greathead, 20Q¥%o0, biofouling of pens as consequence of the
presere of some hydrozoan have been reported to also lead to gill disorders,
resulting in mortality and harvest spoiling (Bax¢tal.2012). Some reports also
suggest that jellyfish hadoir pathogens that triggésh kills (Delannoyet al.

2001). Jellyfish are also known to be a health hazard for people who work in the
industrydue to their ability to stingnd can increase maintenance requirements

of aquaculture apparatuBdschBelmaret al.2017).

Doyleet al.(2008) reporda record blooming event &f. noctiluca

(encompassing a Myjuaremile area) off the coast Ireland to whichthe death

of 100,000 farmed salmamas attributed directlyresulting in around £1 million

in lost aquaculture revenu@ther examples of thishenomenoinclude severe

blooms between 20002 where extensive occurrences (11 recognised bloom

events) ofCyanea capillataff the Isle of Lewis, Scotlandaugdthe death of

around 2.5 million farmed salmon, resultingestimates of £5 million wortbf

economic costs (Johnson, 2002)the Mediterranean, a survey of the impacts of
bloomsrevealed thaa singleevent in 2011, caused a fish kill that cost a Spanish
companyi50,000 as well forcing themtoeithere p| ace net cages (U4
orappy cleaning treatments to pefseschusi ng f
Belmaret al.2017). Additionally, the study reports that the Tunisian

aquaculturist company incurred economic losses of a bladacted fish kill in
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the year 2009 that almost bankrupte(BibschBelmaret al.2017).There is a
paucity of suggestiafor the aquaculture industry in termsroitigating the

impacts of blooms.

However, diring the 2012 annual PICES meeting, Datl@l. (2012) described
several suggestions as to what the industry (specifically within the Northeast
Atlantic) could do to mitigate and prevent further mortality and gill disorders in
the event of bloom increases. The initial suggestion was to develop an early
warning system wen blooms are forecast to occur in the locations of pens so that
mitigation actions cabeenacted, such as emergency harvests or boarding up
pens. Other suggestion included the development and implementation of bubble
curtains, but this requires testiag to whether it actually stops bloom induced

fish kills and needs further development to make it less expensive. Another
suggestion was to force farmed fish lower in the water column to avoid blooms,
however a better understanding of vertical distribubblooms is required

specific to the location of the pens and the species that are may to increase in an
area. Understanding if blooms occur offshore and placing pens there instead of
nearer the coast was the fourth suggestionbécdiuse of the poteatirdocation

of the pens, if th technology was availableguld be expensive.

There are therefore a number of physical changes to operations that could
mitigate the impacts of future bloom increases, but these are either expensive or
require further remarch as to whether they would work before they could be
implemented. Geerating better understandingtb& preferences of those who
actually farm penned fish may provide indications of which may be effective

solutions were blooms to become more commd sliggestiorof increased
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engagement is supported by a studyBbgchBelmaret al.(2017),whose
investigations with the industry suggested that different aquaculturists have
varying knowledge of the impacts of blooms across the Mediterranean and
therefae a varied understanding on how to adapj.(talian and Spanish fish
farmers were better informed abalkie potential impacts of blooms compared to
their Maltesecounterparts In any areas where bloom increases may interact with
the industryjnforming aquaculturists that they are operating in locations that
could experience future blooms may lead them to engaginghaviours that

result in lessevere socioeconomic impacts selecting less expensive preventive
and/ or mitigation techniques shld the blooms appear. The literature therefore
highlights a need for improvements in technology famther engagement with

the industry in the event of the impacts of blooms becoming more substantial in
areas that currently experience them less ortrait.aHowever, forecasting

bloom locations appears to be the most popular suggestieduoe the

magnitude of an unavoidable impactdshould be a focus of future research into

controlling the impacts of future blooms incread@syle etal. 2012)

2.2.3Coastal Tourism

The most commonly reported effect of blooms on coastal tourism is the stinging
of beach users, particulasScyphozoa, Gbozoa andomeHydrozoastings
can caussevere discomfort and even death in humans (Burnett, 200%).of
these reports describe health issues when blooms impsetbasedactivities

(e.g bathing), but they can also imp&ind-basedecreation when mass
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strandings occur (Palmiegt al.2015). This can include the large amount of
jellyfish biomass washingp and acting as a bagrito recreation by the sea (e.g
sunbathing and walking), spoiling the scenery and when they decompose, they
produce odours that discourages beach recreation (Padtn&r2015). Also, as
long as the stinging mechanisms remaet on dead jellyfish that have washed
ashore, they are still capable of delivering sting to humans, resulting in further
health issues (Haddad al. 2009).When large aggregations of jellyfish occur in
coastal zones the stinging interactions with batbansreach epidemic

proportions and essentiallgsult inbeachclosureqreviewed byPurcellet al.

2007). This was the case in the 1960s wiRkysalia physalisvas attributed to

the stinging of 1,500 swimmers in 1961 in the Kanagasgion of Japan

(Yasuda, 1988. During the mi€1980s in the French Riviera,500 people were
treated forP. noctilucastings (Bernaret al.2011). Blooms are considered an
annual occurrence in some waters (particularly around tourist destinations within
the Mediterranean), with theidestscale impacts attributed Ex noctiluca
(Bernardet al.2011).The most recent records stdf 000 stiging caseare
regularlyreported across the Mediterranean coasts over a summer season
(Bernardet al.2011).There are also examples afhly dangerous species (often
Cubozoa) occurring in Australian, Asian and Iqalcific waters that annually

kill recreational water user&énner and Williamsqri996; Burnett2003

Palmieriet al.2015).

All of these interactionserveto decreas¢he number of visitors to coastal
resortseither through beach closures or bloom presence discouraging visitors

from an @aea (Ghermandet al.2015;Nuneset al.2015. However, although
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estimates of cosexist,and welfare impacts are reportéely studies specifically
state how mucblooms decrease recreational activities along the coasts,
particularly across the Northeast Atlantic (Palmétral.2015) Quantification or
predictions of the actual economic costs of blooms to tourisralswe

uncommon, possibly due to the fact thainitoring who visits coastal areas is
difficult and there are several indirect effects caused as a regeilybsh

presence (discussed below) that may impact the accuracy of modelstimaite
costs(Palmieriet al.2015) However, me attempt t@uantifyeconomic losé a
location of high coastal tourisiareportedoff the coast of Queensland,

Australig where the summer presence of the Irukandiji jellyfish (highly
venomous) deteedtourists from visitingesorts across the coastlimesting the
tourismindustry an estimatedlU$65 million (Macrokani®t al.2004; Gershwin

et al.2009).A more recent quantification of the impacts of blooms is reported by
Ghermandet al.(2015),who assessed the impacts of blooms on beach recreation
along the Mediterranean coasdtisrael by means dfeach user survey$he
responseto blooms that were reporteddiiopr edi ct ed mone-t ary | «
6. 2 paryedriosaaside tourismigrael (estimations of monetary losses
based on two case study | ocati.®dsms al ong
well as the cost$Ghermandet al (2015)demonstrated decreases in recreational
visits to coastal resorts during blooms. Based on regsoto the surveyhe

study estimated that beach visits decrddyebetween % and10.5% when
bloomswerepresenwith 41% of respondents stiag) that their recreational
activitieswereimpacted by bloom presencEhis contributed talecreasgin

tourian expenditurend associatednpactsto the local economyThe reasons
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and motives behind such decreases in beach visits ham@bestigated. One
hypothesis is that tourists hold a negative perception towards jelliitstrever
studies on publiknowledge about jellyfisindicate thapublicsare not well
informed about jellyfish (Dolch and Schernewski, 2004; Kessler, 2009), which
includes theébeliefthatmostspeciesaredangerous, leading to reduced beach
visits regardless of thigpe of the speies that is occurringBaumann and

Schernewski, 2032

The main measures to mitigate jellyfish impacts on tourists have been aimed at
keeping visitors within a coastal resortaintaining their recreational activities
whilst at the same timeeducinginteractions with jellyfisHspecifically stinging
species). This has been achieved in the Mediterranean by théaUigRisk

project where pools were created that separate small sections of the beach from
blooms in the water and net®reused to protect sections of the coast from
jellyfish washing ashore. On the project webgedlyrisk.eu), reactions to the

nets have been reported to be positive in a number of locations where they have
been installed. For example, in Italy bathersgeditheir effectiveness, and beach
side hotel owners have requested more nets to be put in place (MED
JELLYRISK, 2017). However, there are agaluationsr investigationsasto

whether the benesif suchschemesregreater than the costs of setting tists

up. Also, it can be argued that this is not atfestmeasure because nets

deployed throughout the summer period fdué to them being deployed
throughout the stinger seasoifienetsare alsaunnecessary during times when

blooms are not presemqotentially hamperingomerecreational activities.
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Education obeach users about bloomsamtherpotential avenu®r mitigatng

the negative impacts of jellyfish blooms on tourisnstddy by Baumann and
Schernewski, (201559 reportst hat coast al users fAdare |
know about the specid¢isat areoccurring.Information can be delivered through
social media or phorapplications (Marambiet d 2013) or through beach
signage urging people to avoid the water at tinfddamms of the more
dangerous specie€¢golonet al.2013;De Donncet al.2014). The Medlelly

Risk project, for example, developed a mobile phone application that indicates
when there is jellyfish risk on certain beaches. Success associated with the
applications is also mgorted on their website, as iBsgnominated for a Maltese
communication award in 2014. However, thereag@&nno estimatesr
guantificationsf the benefits thahe App has generatedhe notion of a net
separating bathers fromllydish seems to have traction. V@acontingent

valuation study, Ghermandt al (2015) found that 56% of theurvey
respondentéhe recreationalists on the beaches of Tel Avigjewilling to

donate to schemesmilar to theMED-JELLYRISK projects They also

suggested that investment in public information about jellyfish would mitigate
bloom impactsreferring to theMed-Jelly App and social mediasa valuable

tool, despite the lack of evaluation

To sum up, he literature that describes the imizaaf blooms on tourism are

widely reported, but despite a few examples, specific quantifications of impacts
are still rare (in particular, welfare impacts are still poorly quantified (Ghermandi
et al.2015)), indicating there is scope to develop such insights further.

Evaluation of costs of jellyfish blooms has concentrated to date, on areas that
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geographically have experienced them the most, thus offering the opportunity to
explore the (economic) effes of jellyfish blooms in areas where they may occur

in the futurelnsights on how coast&burists would react to blooms in areas
wheretheyare currently less commowpuld serveas a basis for projecting
guantifications of economic and welfare colisterms of management there is
scope to engage with different beach recreationalist to understand preferences
towards nets, phone applications, social media and jellyfish information signage
in locations where blooms could be future concern to underbtamdo apply

similar projects tagheones reported above. Quantifying socioeconomic impacts

on a consistent monetary scale might also provide indications of how much could

be spent on a management scheme.

2.3 Are Blooms on the Increase?

Since the 1980where hae been increasing reports in both the media and

scientific literature of conflict between humans and bloaraddwide (Lotanet

al. 1993; Pagés, 200Uye and Ueta, 2004; Purcell al.2007), which haded to

a perception that jellyfish are becimg more abundant and that blooming events
are becoming more frequent, spreading to areas where historically they have not
been recorde{Mills, 2001; Purcell, 2005; Licandret al.2010; Lehtiniemet al.

2011; Purcell 2012Forexample Uye and Ueta (2004)escribe that fishermen
fishingin the inland seas of Japaeported long term increasesAnrelia aurita
blooms whichappear to have aelerated in the last 10 years. Other examples of

evidence of increasing blooms can be founiliths (2001) who discusseshe
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role of environmentathange on jellyfish populations, indicating that generally
changes to the marine environment such as increasing temperature, favour
jellyfish; andin Paulyet al.(2009) who describe general populations of jellyfish
using online database®porting a general increase. There mayeversl
explanations for whyhis trend appears to have occurrédrcellet al. (2007),
Richardsoret al (2009)and Purcell (2012kuggesenvironmental and
anthropogenic contributarsuch as climate change which provideaditions

that favour jellyfish(such as temperature inasges), overfishing whictedues
competitionand predation of jellyfishspecies translocatiorutrophication and
increasingdevelopment ohard structures such as windfarms which provide more
locations for polyp recruitmen®ther explanations includecreasing
anthropogenic presence in the oceaaslingto more interactions with jellyfish,
which has resulted in an unsupported perception of bloom increases (&ndon

al. 2012 Condonet al.2013.

However, as eactf these factors increasghe chages of humasiand blooms
interactingin coastal locationgat least in the short termj might be arguethat
thesocioeconomic impactiscussedhroughout section 2ill escalate if the
observed trendare confirmed and human responses are not neddifi
substantiallyCondonet al. (2012) suggest that meditories of increased blooms
(underpinning heightened public awareness of blooms) and reports in the
scientific literature, are naupported given the data currently availableere is

a lack of long term dasgts on jellyfish abundance apatentialbloom increases
is due to practical difficulties of researching thesmedusaaredifficult to

sample because they are fragile (l¢awl. 2006; Purcell, 2009; Richardsenal.
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2009) asvell as them being classed until recently (Sullivan and Kremer, 2011) as
trophic dead ends (Richardsenal.2009). SanaMartin et al. (2016: 1039)

tracked the evolution of the perception of bloom increases in the scientific
literature through acitatome t wor Kk t o reveal that nA48. C
mi sinterpreted the conclusions of the s
an overexaggeration of the trend. For example, within these misinterpretations

there was bias towards increasing jellyfiskmbers, withonereviewbecoming

the main citatiorsource Condoret al.(2012166) suggest that the existing
paradigm of bloom increases needs to be
current and future trendsinerd u s ae 0 wher e data are avai
monitoring the impacts that they hawe ecosystems and society. Mamy00)

publications citeCondonet al.(2012), indicating that robust analyses must

underpin statements about bloom increases, particularly edresidering their

future distributions and the socioeconomic impacts that could be incurred.

2.3.1 Causes of Blooms

It is suggested that physiologically jellyfish respond to favourable environmental
paramegrs by blooming (Purcell, 20123everal studies have tested how a
combination of ocean temperature (Lotdral. 1994; Purcelkt al.2012; Purcell
2012), prey availability (Deckeat al.2007; Lilleyet al.2014) and salinity (Hirst
and Lucas, 1998; Ma and Purcell, 2005; Holst and J&2619) in the marine
environment provides suitable conditions that can supg@aejellyfish

populationgPurcellet al.2007; Purcell, 2012; Collingridget al.2014) Purcell
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et al. (2012) recordedhigher survival and strobilation rates at incregsi
temperatures in a number afy®hozoa species under laboratory conditions
indicaing that within limits bloomscouldoccur at higher temperatures
Correlations between increasing ocean temperatures and increasing jellyfish
abundances has also bewmtedin the natural world (Purcell, 2012), with
seasonal temperatures being reported to influence life cycle patternséLatan
1994). Lilleyet al.(2014) provided evidence to suggest that feeding tates
zooplankton alter survival and ephyrae developnrethe ScyphozoarP.
noctiluca,showing increases in prey at the ephyrae stage of the life cycle is
required, so that enough juveniles could survive to achieve the numbers of adult
medusae associated with blooms. Increased jellyfish presence is alsolyegu
recorded in areas tigh zooplankton biomasshowing opportunism to
preferable conditions (Decket al.2007).The suitability to different salinities

for jellyfish has also been tested to show howffeects life cycles, with
conclusions existinthat it can be a limitig factor in organismal function and
reproduction (Hirst and Lucas, 1998; Ma and Purcell, 2005; Holst and Jarms,
2010).Salinity is therefore a potential barrier trettects environmental
suitability for jellyfish and therefore btums Jellyfish generally show high
plasticity to salinity and this has enabled them to occur in places where other
marine species are limitedich as brackish environmefkolst and Jarms,

2010).

Relating increased bloom facilitation to a combination of these three factors
could thereforggeneratainderstanihg as to whether future bloom increasesa

possibilityand where future blooms magcur (Mills, 2001; Ma and Purcell,
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2005; Collingridgest al. 2014).The information availablen jellyfish physiology
therefore providescope for potentially highlighting locations more prone to
blooms, as well as project if future bloom increases may occur. It must also be
acknowledged that are other factogported to contribute towards blooms such
as wave and wind currents that transport jellyfish congregatiomoicdtised

areas (Mills, 2001)Jellyfish are also reported to be able to survive conditions
that their competiti doweraxygehatipnr(@oddmdt or s ¢ a
al. 2001) andower water pHALtrill et al 2007), enablinghem toachieve
increased numbers of medusae associated with bldteng.structure¢Duarte

et al 2013)such as windfarms (Richardsenhal. 2009) and increaseultrients in
thewater column (Arai, 2001) haxaso been associated with greater
recruitment. Howevethere isgreater uncertaintgnd a lack of quantificatioren
howthese factorsmfluencebloomsof individual speciesnakingassessment and

examination of them on populations unachievable

2.3.2 The Example of North East Atlantic.

TheNortheastAtlantic has been offered as an example of a location where
evidence exists of increasing jellyfish populatidmsan ecological modelling
studybased on continuous plankton recorder (CPR), latandroet al. (2010)
described increased cnidarian occurrendée Northeas@tlantic between 2002
and201Q They specifically suggest that the warm temperate sp&aémyia
noctilucy is benefittingfrom hydrodynamic changes, with ocean currents

transporting thenfrom more southerly latitudeas the NortheasAtlantic, an area

25



Chapter 2 Jellyfish Blooms and their Consequenes to Coastalndustries

thathas experiencedarming in recent decadégettingcloser to temperatures
found inmore southern latitudes whdpe noctluca is most common). Thetudy
suggests that @ombinaton of productive waters in the NortheAskantic and
watertemperaturareincreasng the chances dilooms in the area. With
predictions that th&lortheasiAtlantic will continue to warm (IPCQ013) and
otherhydro-climatic factors that benefit gelatinous medusae will continue,
Licandroet al.(2010)concludethat outbreaks dP. noctilucaand other jellyfish
may become more common than in previous yeactudingin thewaters off the
coasts bBritain. With the exception of a few anomalous events (e.gPthe
noctilucablooms in2007 and 2008 (Doyle, 2008Nprtheasttlantic waters are
yet to report the negative effe¢sich as the widespread stinging events of beach
users (Ghermandit al.2015) and economic cosasthe same level as other
locations such as the Mediterranean (Licaretral.2010) However, if any
increases do occur, the interactions between humans and jgldigions 2.2.1
i 2.2.3 could become more common (Licanditoal.2010) Northeast Atlantic
waters aralsowithin the northern range of a variety of spe@ssociated with
more southerly and warmer watdarg;ludingbloomingjellyfish which are
occurring more frequentiy shelf watergBeaugrand 2009; GrahamHRarrod
2009) and arexpected to continue to expand northwards (Puetell. 2012;
Collingridgeet al.2014).Someattemptsexistto modeljellyfish populationsn
the Northeast Atlantibased specifically othelevels ofthe environmental
factorsdiscussed abov@emperature, salinity arrey availability. One
exampleis Collingridgeet al.(2014) who modelled the suitability of the North

Sea forM. leidyi, to assess if invasions of this ctenopharea possibility in
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responseto thisspeciedeingdiscovered in the North S@athe mid2000s
(Olveira, 2007). Basedn the temperature, salinity and prey levels nioelel

found that large areas were suitable for survival with summer conditions being
suitable for reproduction, citing ocean temperatuctfaod availability as the
main limiting factordor M. leidyi. However,less is known of howmative

jellyfish populatiors in the Northeast Atlantimay react to changes in the
environment such as temperatwalinity and prey abundance and modelling
them in a similar way to how Collingridge al. (2014) modelledV. leidyi
suitability would potentially provide evidence as to whether the perceptions of

jellyfish population increases could have occurred withenlast decade.

Paintinget al. (2014)provided some evidence of native populations by
correlatingenvironmental conditionggmperature, salinity, turbidity, and
chlorophyll level$ against the locations of jellyfidtmsed orbycatchrecords
Presence oCyanea capillatgand to a lesser exteAurelia auritaandPelagia
noctilucg but in lower numbers) appeared to be influenced mainly by suitable
temperature and chlorophyll levels with salinity ranges and lower ocean turbidity
also havinganeffect. Spatial locations of blooms &¥. auritaalso allowed

Paintinget al. (2014 to theorise thalocalised blooms could haveena result of

hard structures placed in the water by man, acting as additional polyp nurseries.
Pikesleyet al.(2014), also highlight the value of citizen science data

increagng theknowledge on spatial and temporal patterns of jellyfish populations
across the UKbased omsighting records submittday citizensto the Marine
Conservation Society (MCS) websitéhey suggest that with appropriatata

collection andnterpretation, public driven records can contribute towards the
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understanding as to whether jellyfish are increasiragspecificarea as well as
understandhe conditionghat support bloomepopuktions. Developing further
suitability models for native and other invasive species in the @ewining
them with sighting data (provided by scientists, fishermen and the public) will
further contribute to the debate as to whether jellyfish bloomsratieeancrease
If they are, the same data gathered could shed light on where and how often
issues associated with blooms could occur iftbgheasttlantic and the

specific locations most suitable.

2.3.2.1Jellyfish of the Northeast Atlantic

Several native species that occur within Northeast Atlantic waters and seasonal
visitors from more southerly latitudean caussocioeconomic impacts to
anthropogenic communities and could potentially bloom more frequently in the
future (Purcelket al. 2007; Richardsoret al.2009; Doyleet al.2007; Licandreet

al. 2010 Pikeslet al.2014).Most ofthese species are Scyphozoa with life

cycles that contain both free swimming medusae stages and benthic polyp stages
(Lucas, 2001). A typical example of aeses with free swimming and dormant
stages iAurelia aurita where sexual reproduction occurs between adult male

and female medusae that produces a planula larva which descends to the sea bed
where it attaches to a hard substrate and forms into a beoti(Lucas,

2001). Polyps then bud and start strobilation (asexually), releasing free floating
ephyra into th@cean thathen develop into adult medusae (Lucas, 2001). The

Northeast Atlantic Scyphozoa with both free swimming and benthic stages within
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their life cycles that were considered in this studyAareelia aurita(the Moon

jellyfish), Cyanea capillatd t he L i on 6 s, Cybnaadtamarkdthel yf i s h)
Blue jellyfish), Rhizostoma pulm(he Barrel jellyfish) and€Chrysaora hysoscella

(the Compas<sjlyfish). However, there are also examples of Scyphozoa found

within the Northeast Atlantic that only have a free swimming medusae stage

within their life cycle such aBelagia noctilucgthe Mauve Stinger) (Moranet

al. 1987; Pikeslewt al.2014), as wll as species that share similar morphological
traits to jellyfish medusae (and subsequently cause similar socioeconomic

impacts discussed earlier in this chapter) such as the Siphonéitymaia

physalist t he Portuguese Ma nfloddidgcddayro) , whi ch
symbiotic polyps that havereeustonic life stylHoldway and Maddock, 1983;

Purcell, 1984).

A auritais the most common of the species considered in this study and has a
wide distribution across the entire Northeast Atlantic (and worldwide) as it can
tolerate a range of environmental factors, including variable temperatures (Lucas,
2001).A. auritais most ommonly found in coastal waters (Doyeal 2007)

with adult medusae typically reaching betweemBcms in size (Hayward and
Ryland, 2008)A. auritafeeds orsmall planktonic organisms which includes

both zooplankton (e.g. copepods), phytoplanktog. @atoms) and larvae of a
variety of marine species groups which includes mollusks, pelagic fish eggs and
crustaceanSullivanet al 1994; Graham and Kroutil, 2003. auritais a

species that is known to undergo vast blooming events in coastabfecathere

it has been known to impact both the fishing and tourism industries, despite
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having a limited capacity to sting humans (Puretell.2007; Richardsoset al

2009).

C. hysoscellas another Scyphozoa that occurs within Northeast Atlantic waters
and has benthic and fresvimming stages within its life cycle; however, this
species is a hermaphrodite, capable of both sexual and asexual reproduction
(Russel, 1970; Lucas, 2000. hysoscellahares some characteristics that are
similar toA. aurita,such as similar medusae size (typical diameter of an adult is
around 30cms (Hayward and Ryland, 2008)) and diet (e.g. reported to feed on
zooplankton, phytoplankton and planktonic larvae of other marine species
(Dawson and Giordano, 2018). HoweVer,hy®scellahas a smaller spatial

range across the Northeast Atlantic (although is known to occur from the Bay of
Biscay to Norwegian waters), as it is most is most commonly found in more
southern regions, particularly to the south of the Celtic Sea, ambegsatmest
waters within the Northeast Atlantic (Doyd¢ al 2007).C. hysoscelldnas a more
pronounced sting thai. aurita, but is not considered particularly dangerous to

humans, causing only mild irritation (Del Negrbal 1992).

Both C. lamarkiiandC. capillatabelong to the Cyaniidae jellyfish and are most
commonly found in more northerly latitudes within the Northeast Atlantic where
temperatures am@ooler,andwaters aregenerallymore productive (Lynaret al

2004; Hayward and Ryland, 2008; Doweal 2007). The Northeast Atlantic can

be considered within the more southerly regions of their range, with both species
occurring in Arctic waters, northern regions of the Celtic Sea and across the
North Sea, altbugh they can be known to occur further south deepening on

conditions and tidal movements (Lynamal. 2004; Doyleet al.2008). Both
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species have a similar life cycleAo aurita(described above) but start appearing
in the spring (compared to all thther medusae considered in this study, that are
at their most common during the summer and autumn months) (Be¢aker

1989; Haywards and Ryland, 2008). Despite both belonging to the same genus
and having similar distributions, there are several morghoab differences
between these two species. For exanplasapillatais larger in size (medusae

up to 2ms in diameter) thah lamarkii(medusae around 30cms) (Hayward and
Ryland, 2008), is more conspicuous and is generally recorded more regularly in
theNortheast Atlantic (Doylet al.2007). Both species are capable of stinging
humans, howevef;. capillatahas a more potent sting (Hayward and Ryland,
2008) and is reported to hawveeracted withanthropogenic activity more

regularly in the Northeast kntic (Purcellet al 2007). Both species have been
reported to have similar diets to the other jellyfish within the Northeast Atlantic,
however, due to its size and stinging capabiltycapillatais able to prey on

larger organisms, including specssmall pelagic fish and their eggs (Brewer

et al 1989).

R. pulmais the othelScyphozoaiellyfish with both free swimming and dormant
life cycle stages considered in this stuRypulmoare the largest medusae that
are found within the Northeast Atitic, particularly when they are found in
coastal locations (howeveg, capillatacan grow to much larger sizes in more
northerly latitudes within cooler, deeper and more productive waters (Naylor,
2018)).R. pulmas most common in warmer waters and N@theast Atlantic is
considered within the more northerly reaches of its range, with ocean currents

bringing it to the south Celtic Sea, southern North Sea and English Channel
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during the summer months (Houghteinal 2006; Doyleet al.2008). Medusae
arebulky and can grow up to 90cms in diameter, which contain stinging
tentacles, capable of leaving mild irritation on human skin (Hayward and Ryland,
2008). Despite its siz&®. pulmas reported to have a similar diet to the smaller

medusae (e.dA. aurita), mainly consuming microplankton (Lillest al 2009).

The onlyScyphozoavithout a benthic stage that was focussed on within this
study wagP. noctiluca This species typically inhabits deeper, pelagic waters due
to it not being constrained by a benthayp stage (Doylet al.2008), but ocean
currents bring them into inshore areas within the Northeast Atlantic where they
are known to impact fisheries, aguaculture and coastal tourism, particularly when
they bloom (Purceket al 2007). This species tgpically associated with warmer
waters associated with more southerly latitudes but is known to occur within the
Southern Celtic Sea and has even been recorded in more northerly regions of the
Northeast Atlantic where it has been responsible for the sleafiarmed finfish

off the costs of Ireland and Scotlaidynamet al.2004; Doyleet al 2008).

Despite being associated with warmer waters, this species shows plasticity to
cooler temperatures and is capable of surviving starvation during times when
sustenance is lacking, enabling it to survive conditions in the Northeast Atlantic
and thrive when conditions become more favourable (Deylal 2008; Licandro

et al,2010; Lilleyet al.2014). Despite having a relatively small medusae

(typically around 10 cm in diameter (Hayward and Ryland, 2008), this species
possesses one of the most postimgs out of the species that occur in the
Northeast Atlantic (Hayward and Ryland, 2008, Licaretral 2010). Like other

Scyphozoa, they prey upon a range of planktonic speciestagmthey bloom,
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are known to apply significant predation pressurécbthyoplankton,

particularly anchovy larvae (Gordeaal 2013; Tilveset al 2016). Due to their
potent stings and ability to digest food extracellularly and intracellularly, they are
capable of consuming multicellular organisms (Morahdt 1987; Lilley et al

2014).

Although not aruejellyfish, P. physali§a Siphonophore belonging to the
Hydrozoa) was considered in this study due to it having a known ability to impact
upon ecosystem services and the general morphological characteristics that it
shaes with the Scyphozoan jellyfish (e.g. marine species with stinging tentacles
protruding from a bell like structure). They are colonies made up of several
different specialised and symbiotic polyps, characterisedgmeamatophorgas
bladder that persis on the surface of the ocean, attached to stinging tentacles
that are submerged underwater to capture prey and a specialised digestive system
(Purcell and Arai, 2001; Hayward and Ryland, 2088)physalids carnivorous,
feeding mainly on small and junige pelagic fish that get caught up amongst

their stinging tentacles, as well as a range of planktonic organisms (mainly fish
eggs) (Purcell and Arai, 2001). It uses the gas bladder like a sail for
transportation, so the distribution of this species isrd@ned by tides and trade
winds, which can result in them occurring in large numbers within the Northeast
Atlantic (Pikelseyet al.2014). It is most likely to occur across the southern

Celtic Sea, English Channel and Southern North Sea during late samde

early autumn, however occurrences are rare (once every few years) (Pétesley
al. 2014), as it is more common in tropical and subtropical waters (Purcell and

Arai, 2011; Labadiet al.2013). The sting of this species is very potent and can
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be fatalto humans (Labadiet al 2013), enabling it to have significant impacts
on a range of anthropogenic activities such as coastal tourism (Laibadlie

2013).

Concern has been expressed in relation to future increases in the occurrence of
these species and the impacts that they could have (Retrael2007;

Richardsoret al. 2009; Doyleet al.2007; Licandraet al.2010; Pikeslet al.

2014), so the followig section highlights an approach to understand and quantify
the impacts that each of these species could have in the event of them blooming

more regularly within the Northeast Atlantic.

2.4 The Ecosystem Services Approach

Ecosystem s er wvlogicakcharaCt&riStys ardrfuactidnsetitat are
utilized (actively or passively) to produce human viek i (Figh&ret al. 2009;
645).The definition states that the services arise from ecological structures and
processes utilized with the fundamental intervention of human capital, either
directly or indirectly (Fisheet al 2009).An example includes ecological
processes such as primgmpduction in the oceans contributing towards the
growth of fish, which is then caught (intervention of human capital) to provide
food for human consumption (Costaretaal. 1997). Aspects of ecosystesisch

as ecological processes asubsequengervicesanthereforebe classed agoods
that have value to humsywhich can beassessed argliantified for a variety of

purposesKisheretal.2009 . Ther efore, t hebridgg udy of

E

bet ween ecol ogi cal and econwmiyocf approac
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impacts associated with environmental change to the value of ecosystems that are
of importance to anthropogenic communities (Costatzd. 2017, p.13). In

other words, ES approaches assess environmental benefits of ecosystems to
human wellbeig and welfare, accepting that humans make up part of the
ecosystemNIEA, 2005, UKNEA, 2011jngramet al.2012) instead of focussing
primarily on either the ecological or the monetaspect of individual ecosystem
services (Costanzt al.2017). ES approaches do not assume a linear
relationship between the environment and the variety of benefits that can be
derived from them, allowing the oftamomplex relationships between the
environment, the economy and society to be measured, specificalijbadesc

how the economy is linked to interactions between human communities and
ecosystems (Costaneaal.2017). Linking human welfare with how ecosystems
function is becoming a common approach towards providing information for
decision makergarticulaty as environmental change is being acknowledged as
altering how humans interact with the natural world (Figted.2009) In fact,
theaimof an ES approach is to repajuantify and value the benefits that people
derive from the natural world (Costanzial. 1997), to provide information and
insights for policy and decision makessipporting them in developing measures
to maintain healthy ecosystems that continue t@ttesociety (Ingranet al.

2012).1t hasbeen argued that for effective management decisegerdingeS

at risk from degradation, the application of an ES approach must encompass all
the complex processes of the ecosystem and all the associated $drerets

that human populations derive from them (Medsaeset al.2011). However,

when valuing changes in ecosystem services and benefits,-Vumsect al.
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(2011) highlight important considerations to be made during the analysis
including taking imo consideratiorthe location of the ES under investigation, and
the issue of double counting ES, which may lead to an overestimation in welfare
values.Sincevaluation is done on benefierived from ecosystenthe

estimation of the value is based on thange of one or few spific intermediate

or final ESthat are valued individual)yavoidingdouble counting (Fisheat al

2009).

The significance of investigating ecosystem services and the benefits they
provide to humans was initially highlighted tvithe publication of the

Millennium Ecosystems Assessnt (MEA) in 2005 that describdmbw wide

scale declines in ecosystems causes, and will continue to cause, negative impacts
on welfare because of the consequent decreases in human ability to derive
bendits from degraded ecosystems. The MEA describes four different types of
services: cultural services (the use of nature for human activity that provides
welfare benefits; this includescreation/tourism), provisionirggrvices

(resource production; e.godd for human consumption), supporting services
(general functions that enable an ecosystem to provide services; e.g. primary
production) and regulating services (benefits gained from process that regulate
and maintain the ecosystem; e.g. carbon sequestiatd storage). As

highlighted by Morse Jonex al.(2011),ES are context dependent and can be
categorised as either intermediatdinal services depending on benefits that are
being investigated (Boyd and Banzhaf, 20&S.are therefore differentam
benefits because it is the benefits that encapsulate changes in welfare, which

require human capital and intervention for such benefits to be gained (Fisher and
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Turner, 2008)The distinctiorbetween intermediate and final ecosystem services
comparedd benefits derived by humans using built and saagpital andhe
four-different service categories within thimrtheasttlantic havebeen investigated

in theUKNEA-FO (2014) andre displayedn Figure 21.

a N N (-
Marine Ecosystem Intermediate Services Final Ecosystem Services Goods/Benefits
Components, e.q. « Primary production « Fish and shellfish + Food (wild, farmed)
« Habitats and species « Larval and gamete + Algae and seaweed « Fish feed (wild, farmed, bait)
+ Sea space supply « Ornamental materials « Fertiliser and biofuels
« Sea water « Nutrient cycling . Genetic resources + Ornaments and aquaria
« Substratum . Water cycling « Water supply + Medicines and blue
‘ + Formation of: ‘ q biotechnology
species-habitat
physical barriers
seascape X . . Hﬁa'thy climate
Processes, e.g. + Climate regulation T + Prevention of coastal erosion
+ Production + Natural hazard c + Seadefence
. Decomposttion protection S + Waste burial / removal /
+ Food web dynamics « Clean water and E neutralisation
+ Ecological interactions - Biological control sediments 3
(inter- and intraspecific) « Natural hazard o
« Hydrological processes regulation = « Tourism and nature watching
+ Geological processes + Waste breakdown and = + Spiritual and cultural
+ Evolutionary processes detoxification g Xel;abeii:gbe -
5 i « Aesthetic benefits
SHRT N + Places and seascapes ; + Education, research
& + Health benefits
\. > 2 .
Supporting Provisioning
Fig 2.1 Classification of ecosystem services provided withinNbeheasttlantic, and how
Regulating Cultural human alteration deriveebefits from these services adapted fitbmm UKNEAFO (2014)

The MEA classificatn is the most widely used arsdvery usefufor providing
scientific data. However, there is a range of different purposes that may need a
different classification as it is accepted that the concept of ES is not a static one
(Fisheret al.2009) For exampleBoyd andBanzhaf (2007) argue that for the
purposes of accountingtandardized ecosystem service yrateh as the
measurement of ecological quantities and prices that can be aggregated are

required. For the purposes of landscapiallace (2007argues that
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identification of the specific point when ecological processes deliver an ES is
required. However,in terms of valuation of ES to be made to inform decision
makersFisher and Turner (2008) stdtet the separation of intermediate

services, final ecosystemrsices and benefits overcomes ambiguiig @.1).

The UK national ecosystem assessment (UKNEA, 2011) is an example of the
application of an ES approach at a national scale for the purposes of valuation.
The general procedure of the UKNENO 1) assesthe services and benefits
provided from ecosystems across the UK and their spatial scales, 2) identify
drivers of change i mpacting the UKOGS
changes to services and benefits provided, 4) suggest responses &nmaint
services if ecosystem is impacted or degraded, 5) value ESbciaini to

wellbeing.A follow on of the UKNEA was piblished in 2014 (UKNEAFO,

2014),in whichthe UKNEA framework was specifically applied to coastal and
marine ecosystemhjghlighting arange of ecosystem services provided within

the Northeast Atlantic from which fisheries, aguaculture andsm derive
benefit(Fig 2.1) Approaches such as the UKNBApealo policy makers

because it becomes clear ttteg concept of E& an anthropoentriconeand
allowsthe ES to be measuradrking within an established economic paradjgm
althoughthe ES approach urgés a conceptual shift in the way natural capital is
conceived and viewedlKNEA is an example of valuing market and roarket
sewvice on a common monetary metric, which is becommoge acceptable

among decision makelk®cause it provides better information on a range of non
market benefits derived from the ecosystem, with approaches monetising them in

a way that is comparable witharket benefits and any management cdsghér
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et al.2009; MorseJoneset al.2011). Such information can have a variety of
applications such as enabling informed decisions about the potential returns from
conserving a resource in relation to costs. (eogv marine protected areas can

result in greater future catches (Sanchirico and Emerson, 2002) or assess the
damage certain activities could have on the environment and the subsequent
impacts on welfare (e.g. human development impacting ecosystem gioaass

the associated loss of servicesl denefits (Wells and Raviliou2009).

Dependingon the ES / benefit under investigation, different economic methods
and techniques can be employed to value a scheme, providing estimates of
welfare benefit used in management and policy decision making (e.g. assessing
whether the benefits of conservingesosystem and associated benefits are
greater than their management costs) (Fishat.2009). Economic values can

be ofuse and ohonuse(Fig 2.2). A noruse value is assigned to godbat may
never be usedirectly andcan include the simple knovdge that an ecosystem
exists. Use values come instead from the direct use of an ecosystem, such as
using a beach faecreation Brouweret al.2013) Thereare a range of different
welfare valuation methodologies of marine ecosystem services availabtamha
include simple accounting of organisms harvested for consumption (an example
includes catch statistic reports for the UK collected by the MMO (see [@ixon

al. 2017a)) as well agetting users of the marine environment to state or reveal
the value otertain services.t8tedpreferencevaluations are based on choices in
response thypothetical scenariosihereas revealed preferencduationsare

based oractualbehaviourfAdamowiczet al. 1994). The different techniques

applied depend on the diffant concept of price and valuerice is a financial
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measure (Bateman and Turner, 1993) which can reveal the preference of
individuals However, the economic value is a quantification of what someone
will trade (or give up) for a service or benefit (dige or money) that has a
positive influence on theiwelfare (Bateman and Turner, 1993) aaah be
measured by stated preference methodologies. The valuation methodologies

applicable to this studgre summarised in Figure 2.2

Total Economic Value (for this study

Use Value NonUse Value
Revealed Preference Techniques Stated Preference Technique;
i |
Market Prices Travel Cost Contingent
h X
(Chapter 5) (Chapter 6) Valuation

(Chapter 6)

Fish for consumption Recreation Recreation

Fig 2.2Valuation methodology techniques related\tartheasttlantic ecosystems that could be impacted by blo@ddapted
from Eftec (1999

Further information on theechniqueglisplayed in Figure 2.2 relevant to this
study and how they relatearine ESare summarised in Table 2There are
severalaluation methods thabuld be used to value ESeeBrouweret al

2013 and Defra2007 for a revieyy butthe techniques that woultk considered
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to best serve theurposes othis study(i.e. generating an understating jedlyfish

bloomsperception and related magnitude of economic impadtse Northeast

Atlantic) were those reported in Figure 2.2 and Table 2.1

Table 2.1 Tablesummarisingsaluation methodologies of ecosystem services identified as
relevant to jellyfish blooms, adapted from Brouweal (2013)

Valuation | Valuation  Approach Example of Limitation Use in this study
Technique | methods Marine ES
Travel cost Estimate demand Recreation Requires high Value of
for a location basec amounts of recreational sites
onusertravel cost data at risk rom
to access it blooms(see
Revealed Chapter 6)
Market Observechanges  Fishfor food  Does not link  Value impacts of
Price based on market = consumption to user blooms based on
prices of goods anc preference changes in marke
benefits goodssuch as
amount of caught
or harvested fish
(see Chapter 5)
Contingent Ask users to state Beaches Prone to biag Willingness to
valuation  their willingness to not pay for schemes
Stated pay foranES using administered that separate
surveys properly blooms from
peoplealongthe
coastqsee
Chapter 6)

There are somkmitations in the economic methods and techniques that can be

used to value ES / benefits tmatist be acknowledgedde for exampl&able

2.1). Valuations made as part of stated preference techniques are often based on

perceptions of users of the environmevtiich can be subjective and lead to

inconsistent valuations (Costanziaal.2017). Percejon based valuations are

also liable to include inaccuracies or miss informaien biasesyvhen they are
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in response to hypothetical situations. However, revealed valuatbniques,

may not baeferringspecifially to the ES / benefit in questipsincemost ESdo

not have a market, and ace not traded using market pricBsdquweret al

2013. As mentioned aboveheére is not one standard way to assess and value
ecosystem servicewhichcould potentially lead to inconsistencies between
studies of similar locations as well as overlook some of the relationships within
an interconnected system which has led to some mistrust in the in the
methodologies of the approach (Costaetzal. 2017).The techniques (Table 2.1)
allow for the impacts of blooms to be quantified using well established
methodologies, providing information pertinent to the second research questions
(on the magnitude of bloom impacts on fisheries and coastal tourism in the
Northeast Atlantic) and the following section will discuss how they will be

applied throughout the rest of the thesis.

2.4.1 Applicationof ES Approach to Blooms in theNortheast Atlantic

With increased understanding of native and invasive jellyfish populations and the
potential future distributions of their blooms acrossNoetheasttlantic, the
subsequent changes in the environment and the effects on individuals associated
with fisheries and tourism can be conceptualised through an ES appBaectl

on the literature that reports the impacts blooms can have on these activities
(discussed in sections 2.2212.3), the benefits within tHeortheastAtlantic

could potentially be compronad as a consequence of increasing jellyfish bloom

occurrence because they are known to decrease the ability of humans to derive

42



Chapter 2 Jellyfish Blooms and their Consequenes to Coastalndustries

benefit from the marine and coastal ecosystems. Blooms can impact the built
social capital of the fishing industry through bytatecreasing the amount of
target species catch per trawl due to clogging of nets and causing other additional
overheads such as additional fuel moving to unaffected fishing sites (Pa&tnieri

al. 2014 butis less likely to impact the intermediate (peimary production)

and final (i.e. fish production) ecosystem services. Any subsequent impacts could
therefore be measured by applying the general framework of the UKNEA by
investigating the spatial distributions of potential interactions between fishing
vessels and bloonteatmay occur, generate understanding of how bloom
scenarios could alter the way fishing vessels would operate and use pricing
methodologies to quantify any subsequent changes in the market goods such as
catch or base on the cost ofeaéid fishing operations on overheads such as
additional fuel usage or time spent ausealn terms of aquaculture, stinging
jellyfish presence make finfish pens unsuitable for the process of rearing fish as
the final ecosystem service of consumable fish that are either killed prematurely
or made unsuitable for human consumption as they intleging cells that enter
pens (Doyleet al.2008). A similar approach of valuing welfare implications as
described for the fisheries could be applied by identifying farms that could
experiencédloomsfor the purposes ajuantifying any losses in harvestsied on

the market prices of the species they farm in responsésadm [scenarios that

could occurln the case of coastal tourism, blooms become part of the seascape,
Impacting provisions such as clean water for recreational activities that includes
bathing, decreasing the recreational value. Again, the general framework of the

UKNEA (2011)can be applietdy identifying locations that could experience
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blooms and invegjatingbloom scenarios that could cause welfare impacts could
provide decision makers thiinformation that could manage impacts. On this
occasion nommarket benefits could be impacted (e.g. recreational opportunity) so
stated or revealed valuations could measure impact. For example, stated
valuations could be achieved based on how much usersl be willing to pay

for the protection of recreational coast if bloom interaction were tepative.
Contingent valuationseveal the accesslue of a recreational locatidrased on
expenses such &mvelcostsof those benefiting from the locatio The

difference in valuations of beaches that contain blooms and hypothetical ones
that contain blooms would provide indications of welfare impased on benefit
lossesAn ecosystem service approaslitherefore applicable to the study of

future jellyfish bloomincreass because it allowed for the development of
information such as the locations of where blooms could cause impacts, what the
impacts would be, quantifiable indications of the scalaiohsmpacts and the

resources required to maintain benefits that humans derive

Grahamet al.(2014) applied such an approach to investigate potential
socioeconomic impacts of bloom increases in the Northeast Atlantic. Different
ecosystems services (anehefits) impacted by jellyfish blooms were
categorised, following the Millennium Ecosystem Assessment (2005)
classification, into regulating, supporting, cultural and provisioning services in
relation to human welfar@his categorisation allogthresholdgo be identified
wheredifferent levels of jellyfish occurrenaguse tradeoffs and social
adaptatiorfor anthropogenic communitie&rahamet al.(2014) show that

generalwelfarebenefits associated with jellyfisisuch as their contributions
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anequitable climatéor human usgincreasslinearly up until a saturatiopoint
where ndurtherpositive influenceoccurs However,they also show that a
negativempact ha a nonlinearrelationshipwith jellyfish population sizgas
differentthresholdsvere identifiede.g.whenmortality rates in finfish
aquaculture as a consequence of bloom presence alters operatatiaes of
fish farmsor the level of jellyfish biomasalong the costthat triggers decreases
in recreational activity)whereanttropogenigpopulationsare forcedo either
cope, adapt or transfortheir useof the coastaénvironmentThe welfare impact
of large-scalebloomsthat occur regularlyould thereforeoutweighany benefit

that occurs

Focussing specifically on theadeoffsthat arise between jellyfidblooms and

the cultural é.g.coastakecreation associated with the coastal tourism ac}ivity
and provisional€.g. food provisionassociated witthefisheries and aquaculture
activitieg benefitsstated by Grahamt al. (2014) the costsdiscussed throughout
this chapteare investigated under the lensesiokcosystenservicesapproach
which allowseconomic impacprojectionsto be made across the Northeast
Atlantic. Such projections are releuao theNortheastitlantic asthisis anarea
where comparatively less is known about the interactions between people and
blooms. Figure 2.3 is based on the framework of the UKNEA (2011) and
summarises the general stages relevargw@w the influencef potentialbloom

increases on cultural and provisional benefdsoss the Northeast Atlantic
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Identify ES/ benefits derived by
people from coastal ecosystenmn

4 v

Economic Benefits Welfare Benefits

4

Value benefits

4

Construct plausible future
scenario of environmental
change caused by blooms

\ 4

Measure and quantify subseque
benefit changes

¥

Develop policy and
management to maintain any
notential benefit losses

Fig 2.3Stages of an ecosystem benefit valuation approach, applicable to the future interactions that are possible betw
coastal activities in thBortheastAtlantic and future jellyfish blooms.

2.5 Conclusion

To summarisgit can be concluded thttere aranany reports of instances when
fisheries, tourism and aquaculture have been negatively impacted by blooms (as
well as a few reports of when interactions have been positive for humans). Many
of these reports provide estimations of the monetary impactslhasv

suggestions of the welfare issues blooms are known to cause. However, fewer
studies have specifically assessed impacts and subsequent responses of those
affected by blooms to quantify both the economic and the welfare impacts, which
could potentialy provide decision makers with more robust information and
insights to implement the most effective measures to mitigate bloom impacts. A
few of the studies have quantified the socioeconomic impacts by engaging with

coastal users and applied this inforraatto economic data sets, s still
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suggestdthat these impacts remain poorly quantifieddquaculture (Boseh
Belmaret al.2017),fisheries (Knowler, 2005) and tourism (Ghermasidal.

2015). Even less is known about the social implicationscagsd with blooms

due to a lack of quantifications of the welfare impacts that blooms are known to
have. Despite theuggestiorthat blooms are potentially increasing around the
world, including areas that rarely experience them, there appears to menoeab

of projections of the future impacts that blooms could have on each of the three
activities this study is focussing on. Most studies have assessed the impacts to
specific locations after or during a bloom has occurred and there is a need to
project hese impacts due to suggestions that blooms could be expanding into
areas that experience them less. Atgagrt from a couple ofxamples (including

the MED-JELLYRISK scheme discussed in section 2.2tBgre are few

responses and management schemestespior the literature on how to

effectively mitigate the impacts of blooms for diverse coastal and marine
activities. Suggestions have been made, with the most common being forecasting
the locations of future blooms so that certain waters cavdaided,or

management can be put in place in anticipation of bloom emergence. There is
therefore a need to provide quantifications of future impacts that could occur and
suggest how to mitigate any future issues. However, before this can be done, the
debate assoated with future bloom increases needs to be addressed, as some
suggest the trend of surges in worldwide jellyfish populations have been
exaggerated in the media and the scientific literature. This requires further
exploration, by examining which areasuttbsupport blooms in an area

considered to be experiencing bloom increases and project how changes in the
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marine environmental factors (discussedeawtion 2.2.1.) mawfluence jellyfish

populations

Somestudieswithin the literature suggest that the Northeaantic is a location
where jellyfishbloomincreases couldccur and there are a couple of examples

of blooms being mapped in the arelmwever, they do not quantify how

suitability for jellyfish could change in the future and only a couple of species
have been representdthere is therefore scope to addrésse knowledggaps

by mapping the spatial extent of bloom in both the present day and based on
future projections using tHeest dataurrentlyavailable on the environmental
requirement of jellyfish that currentxists(i.e. atwhat level of temperature,
salinity and preyevels different jellyfish suitability occurs). This could provide
output that may challenge the perception of increasing blooms within the
Northeast Atlantic and also provide an indication of the spatial distributions of
future blooms (if it exists) focase study selection of specific locations where
projection of socioeconomic implications can be projected. The review in this
chapter has also considered how quantifiable projections of the impacts of bloom
emergence within the Northeast Atlantic couldeede. An ES approach has

been suggested that can enable the valuation of the financial implications that
blooms could have (e.g. any losses in catch they could cause the fishing industry)
as well as welfare concerns (e.g. loss of recreational opportuthigg are known

to cause). As part of a potential approach a range of valuation methodologies
have been proposed to project the impact of losses of market amadamket

benefits that bloom increases could trigger in that could then be used to assess

manaement and policy options
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CHAPTER 3

METHODOLOGY

3.1Introduction

This chapter outlines the methodological approaches and tools used for this
research, which explores the possibility of future jellyfish blooms in the
NortheastAtlantic andapplies an ecosystem services approadssesshe

impacts and socioeconomic costs that could ofdlooms were to increase

Section 3.2 outlines my research positionality and how it relates to the questions
the research sets out to answer. Treptdr then sequentially presents and
discusses the methods used to generate data pertimerseringeach of the
research questions (outlined@hapter 1). The first question considereidat

existing knowledge of changes in the marine environment rebeat potential
future jelyfish blooms across the Northgt Atlantic, based ateir physiological
thresholdsThe methods required to answer this questiors@issed
throughoutsection 3.3including mapping techniquesittentify the spatial

extentof the locations where blooms of certain species changes could occur and
potentially increase. Softwaselecton (section 3.3), the collection and display

of data representingnvironmental parameters (section 3.3.1) aind

physiological thresholds thatay affectellyfish (section 3.3.2are discussed, as
well as how these were used to analyse the jellyfish populations in the Northeast

Atlantic (section 3.3.3), followed by an assessment of whether these findings
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suggest that bloomccurrenceould chang and potentiallyncreasesection

3.3.4). The methods used to validate this work are then discussed in section 3.3.5.
The rest of the chapténen outlines the methods related to the second research
guestion orthe magnitude of the soegconomic impacteelated to the tourism

and fishing industry in the event of increased jellyfish blooms oenae in the
Northeast AtlanticSection 3.4 describd®w case studiesere selected to assess
the potential future impacts of bloomSections 3.5, 3.6 and 3tfien describe

how social science and economic methodologies were applied to produce
guantifiable projections and valuations of the impacts that could occur for fishing
and tourism in in the event of bloom changes, as well as considerations in
relation to aother activity (aquaculture) that the researcher had had an original
interest in exploring (see section 3.6). Sections 3.8 and 3.9 refer to the safety
training that was required prior to the field work as well as the research ethics.
Section 3.10 then cohmles the chapter by summarising the range of different
methods used as part of an ecosystems services appraaciyeghe impacts

of future blooms in the Northeast Atlantic.

3.2 Research Positionality

Based on my background as a natural scientist, with an intesaminingthe
effects ofenvironmental change on the physiology and distributions of marine
organisms, as well as the exposure that | have had of the social sciences whilst
studying in theSchool ofEnvironmentalSciences at UEA, | would describe my
philosophicakesearclperspective as thaf critical realism.This forms the basis

of the perspective adopted in the research undertaken for this thesis. There are a
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number of philosophicalperpect i ves; more O6objectivebd
positivism maintain that the natural and social worlds exist independently from

human understandings or knowledgeélfmancc an be st udi ed d&éobj
On the other hand, constructivism rests onpiliesspective that the world is

socially constructed and exists only in relation to those whose knowledge is used

to study it. There are multiple other perspectives that lie in between these two,
which are generally consi ddr &d otwa nrgedp r( e
epistemologies) (Bryman, 2015). Positivism tends to be associated with natural
scientists, who may undertake objective observations and records of the natural
world, largely adopting quantitative methods (Guba and Lincoln, 1994).

Construtivism is a perspective more commonly associated with social scientists,
adopting qualitative methods to explore and understand the world (Guba and

Lincoln, 1994). Itis important to acknowledge this diversitp@fspectives and

reflect on which of thesmay represent the positionality of interdisciplinary

researchers, which explore and examine both social and natural phenomena. They
may adopt a critical realist perspective, in which the natural and social worlds are
studied objectively, whilst acknowlenhg the difference between thenmher

research in this thesis examiriesv changes within the natural wofjdllyfish

blooms)may impact anthropogenic activities. It takes an interdisciplinary

perspective adopting a critical realist stance: throughoutgbkearchmeasures

and assessments of changes in natural phenomena (jellyfish) are undertaken
objectively, and quantitative methods are applied to understanding social

responses to changes in the natural world (jellyfish blooms).
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3.3 Jellyfish Suitability Mapping

The initial stagen the valuation of benefits derived from an ecosystem is
defining itsspatial extent andeographic information systems (GIS) are
increasingly being used to achieve this due to its abilitgpoesent data spatially
(MorseJoneset al 201). ArcMap 10.3 (the most up to data GIS software
available at the time of research) was therefore selected to map log@tenmes
bloons could occurand possibly increaseithin the Northeasttlantic. This
software has many visualisation options and a rangealf/seshat can be
applied to environmental data setsich can be used to help understémel
physiologicalresponsesf different jellyfish specieslhe softwarelso allows

for theseparation oénvironmental parameters into individual data layers,
allowing an understanding as to how individual factors influenced jellyfish
dynamics prior to combining them to reveakrallareasuitability. The GlSalso
enabled the quantification pfedictedfuture changes to key parametsush as
ocean temperate, salinity and prey availabilityvhich are environmental factors
thought to influencélooms andvhether they will influence the occurrence of

blooms and possibiacreases.

3.3.1 Jellyfish Prey and of Environmental Data

The responses of jellyfish life cycles and populations to ocean temperature,
salinity and prey availability in the Northeast Atlantic was the focus of
investigations into thpotential bloom occurrencelsie b the literature (reviewed

in chapter?) that reports how certalavels of each factanfluencegellyfish
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populationgrowth. It must be acknowledged that there are other factors that
influence whether a body of water can sustain or influence jellyGphlptions
which includes oxygenatiofbucaset al.2014) pH (Richardson and Gibbons,
2008),nutrient levelgRichardsoret al.2009)andcarbon levels (Pittt al

2013) However, indicatiosof the physiologicathresholdghat dictatevhere
certainpopulationscantheoreticallyoccur (discussed beloygnly currently exist
for ocean temperate salinity and prey abundancehe GIS mapsherefore
focussed oithese parameters exclusivghowever, it must be noted that there

are also knowledge gapssasiated with these environmental factors).

Data layers relating to ocean temperature and salinity were downloaded from the
Met Office Hadley centre EN4.2.0 ocean data se(i®@eodet al 2013) in the

form of NetCDF files. Datéayersrepresented sea $ace temperature (SST) in
degrees centigrade (converted from kelvin), and salinity in parts per thousand
(PPT). The NetCDF files were displayed as raster data layers in ArcMap 10.3
using the multidimensional conversion tool (NetCDF to Rastigsplaying wo
versions of each NetCDF (one displaying the SST and one displaying the PPT)
Data layers contained a matrix of cell8x{° grid resolution) and represented the
average SST and PPT for each month from the year 2000 until 2015 covering
coordinates of 4% to 64N and 10E to 20W. The raster calculator function

(spatial analyst tool: map algebra: raster calculator) was used to create data layers
that display the average seasonal SST and PPT based on the monthly levels that
occurred each year resultinglib annual winte(DecFeb) spring(Mar-May),

summer(JunAug) and autumr{SepNov) averages. Final data layers that

1 EN4 data series publicly available for research online
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represented gear average SST and PPT that jellyfish may experience within
Northeast Atlantic waters during the winter, spring, sumanerautumn were
then calculated from the corresponding 15 seasonal data (agarg the raster

calculator)

Data on planktonic prey availability was obtained from the Sir Alister Hardy
Foundation for Ocean Science (SAHFOS) continuous plankton recoreiy) (C
databas€éqSAHFOS, 2016). The CPR data sets are the most representative of
any jellyfish prey item across the Northeast Atlantic (i.e. they are thereely
availabledata sets that includes the spatial occurrence of a known jellyfish prey
item within the Northeast Atlantic) with samples being cofldatince the year
1931 that routinely analyse around 700 taxa, including an array of zooplankton
and phytoplankton (SAHFOS, 2016). However, the review of the literature in
Chapter 2, revealed a paucitiinformation on consumption rates of certain prey
items by the jellyfish species in this study. For example, no specific
guantifications exist of consumption rates and metabolic requirements of the
majority of species in terms of level of microzooplamktand phytoplankton

(and in some cases pelagic fish species). This lack of data represented a challenge
when endeavouring tefine the spatial extent of jellyfish based on the
environment they experience in the Northeast Atlantic and how suitability
(including identifying locations more susceptible to blooming events) could
change in the future. Howevegme indications exist of the levels of

macrozooplankton that Northeast Atlantic jellyfish consume. Publications by

2SAHFOS CPR tow data is freely available for research purposes, by requesting it from their data
team
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Purcell, (1984), Morandt al.(1987) Fancett, (1988), Brewer, (1989), Perez
Ruzafa, (2002), Purcell, (2003), Flynn and Gibbons, (2007), Leteal (2009)

Rosaet al.(2013) and Lilleyet al.(2014), each provide counts of the amount of
macrozooplankton found within the stomachsad@ltmedusae (the application

of this information within the GIS methodology is describetbw,in section

3.3.2). Macrozooplankton counts within the CPR database were therefore used as
a prey proxy for the purposes of mapping jellyfish suitability distrimgtibased

on the occurrence of one of their main prey items. It is acknowledged that this
approach has limitations and potentially lead to underestimations in the suitability
of locations across the Northeast Atlantic for jellyfish populations as only one
prey item was assessed. However, as aspects of the diet of many
macrozooplankton species overlaps with jellyfish medusae, consuming both
phytoplankton and micraooplankton (Graham and Kroutil, 2001), an

assumption was made that in areas of increased rmpiankton, other prey

items of jellyfish likely occur, resulting ithe CPRmacrozooplankton counts

being used as a prey index.

Each CPR sample represented the numbaramirozoplanktoncounted during
samples takeim 3 of water during 18 km tows at an average depth of 7m
(SAHFQOS, 2016yithin the same coordinates as the SST and PPT datd (@5
64°N and 16E to 20W) from the year 2000 to 20%35,000 data points in total,
evenly distributed across each month of eagdr)y All tow data were stored in a
spreadsheet that contained the date of collection, coordinates and the
macrozooplankton counts at each samphe datawithin the spreadsheeatas

organised and collatdzthsed on thgears the samples were tak&he yealy
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data was then subdivided based on whether the sample was taken in summer,
spring, autumn or winter, consistent with the SST and PPT data [ahers.
coordinates of each sample locatieithin each season over the 12 years of data
werethen plotted in AcMap10.3 based on the GPS coordinates each count was

taken (using the add data and display XY functions in ArcMap).

The aim was to then present the spatial distribution of the prey index in the same
format as the SST and PPT data layers by convertenGBS points into raster

grid matrices (2x1° grid resolution across the coordinate8Nif 64N and 10E

to 20°W). To do this, estimations of the macrozooplankton counts across the
mapping site were required as there are areas that the annual CPR tmt/s do
sample as regularly (in other words, the point data could not simply be converted
to raster data layers in ArcMap using the conversion tool due to data gaps across
the spatial surface). Raster data layers that contained estimations of unknown
macrozo@lankton counts were therefore developed using interpolations, using
the macrozooplankton counts at each GPS locatiorvadués. The two

commonly used interpolation methods that were potentially applicadie w

kriging and IDW (inverse distance weighted} they use known-¥alues (the

CPR counts) and functional weightings based on the distance between known
points to generate raster data layers that contain estimations of the unknowns
across a spatial surface (Sui, 2004). Both methods depend on& bideraw of
geographyas they estimate values based on measurements around them,
assuming points that are closer together are more related (Sui, 2004). Kriging was
deemed to be more appropriate because of the distributions and locations of the

points within the macrozooplanki@ata sets. The CPR is towed by merchant
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ships that use the same specific shipping routes each year, resulting in some areas
within the study areas that are comparatively under sampled. As certain areas had
been sampled more, estimations of some unknevaensgd potentially be based

on an increased number of points compared to other areas that were further away
from the CPR towing routesmpacting accuracyPotentially, underestimations

and overestimationsould occur in areas where fewer points contribuiteithe
interpolation of each raster square. Sissluesvould have been possible had

IDW interpolations been applied, because the methodology exclusively uses the
Z-values and the distances between them to estimate unknown values (Li and
Heap, 2011), whit would have been influenced the sampling effort of the
CPR.Kriging on the other hand, corrects for biases within data sets because the
method applies a semivariogram that calculates spatial autocorrelation between
points with increasing distances fraach other, defining the distance when no
autocorrelation occurs (Li and Heap, 2011). The autocorrelation then determines
weightings that should be applied to unknowns from each of the points depending
on the distances between them, correcting weighgngs to points at locations

that are comparatively under sampled (Li and Heap, 2011). Kriging is similar to
IDW interpolations in that the estimations of the unknowns are still influenced

the most by the closest location sampled, but the weightings ¢gherdhe
semivariogram allow the influence of the number of samples to be considered in

the interpolation and the estimations of unknowns.

The semivariogram is plotted graphically and describes the autocorrelation
between data points based on the dstarbetween them, up until the distance

where no autocorrelation occurs, generating a sample separation point used to
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weight points in the interpolation (Li and Heap, 2011). The method calcthates
squared difference of thevalues of each pair of postdisplaying the average
value between points as distance increases (Matheron, E#3) of theGPS

points and their associateevAalues have unique distances between them and
there are often more pairs than can be plotted. Pairs are therefore comitaned

lag bins and the semivariogram plots the average values within the lags on ay
axis and plots the distance between the lags acrossatkie.XThe semivariogram

is made up bylisplaying the sill, which is the average variance between the
points, the ngget effect, which is the measurement of error between the points
(where the plotted curve crosses thaxys), and the range, which is the distance
where no autocorrelation occurs between points that informs the weightings used
in a kriging interpolationSpecifically, when the distance between the points
becomes greater than the range, they become spatially independent and have no

influence on unknowns within the final interpolations (Li and Heap, 2011).

Initially, the semivariogram associated with the GPS points of thalues

plotted in ArcMap was viewed using the geostatistical wizard (process repeated
for each seasonal annual average set of data pdihtsjlatawas then fito an
empirical semivarigram to act as the function to be applied to the kriging
interpolation There are several different semivariograms that can be applied to a
kriging interpolation, depending on the spatial locations and values within the
point data set. This includes furartis or curves that can be plotted to describe
semivariance such as spherical, circular, exponential, Gaussian and liner
semivariograms (for review of each, condddiutsch and Journel (1992) and Li

and Heap (2011)). A spherical model was deemed approforeatee
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interpolation of the CPR data because for each seasonal set of data points, the
curve that was plottediescribed a gradual decrease in autocorrelation between
points up until the distances that the sill was reached. The curves then levelled
off, highlighting the range where autocorrelation between the points was zero.
Some points were above the model curve whereas others were below, but when
the distances of the points below and above the curve were added together,
similar values were revealed feach seasonal plot. The curves were initially
steep, showing the points that had the most influence on their neighbours (points
neighbouring each other by less thab rhiles depending on the season) that
predictions would be based.ofhe range were nautocorrelation occurred was
between 18 and 20 milelepending on the season

Of the different types of kriging potentially applicable to the data set (ordinary,
simple and universal), ordinary kriging was selected due to the use of a spherical
semivariogam. Ordinary Kriging is the most widely used interpolation method
and due to its flexibility, it can estimate unknowns based on spatial data that
contains trends (in this case the sampling effort of the CPR tows leading to
certain areas within the Northé#glantic containing more CPR data points than
others) that can be displayed as raster layer (ESRI, 2017). The interpolations for
each seasonal set of macrozooplankton counts were completed in ArcMap using
the kriging spatial analyst tool. The input fielés set to be the plots of the GPS
coordinates of the CPR samples, thealiiles were set as the macrozooplankton
counts, the kriging method was set to ordinary, the semivariogram was set to

spherical and the output cell size was set’xd°grid resoluton (the resultant
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data layers from the kriging interpolation are displaged discussed i@hapter

4).

3.3.2 Species Selection and Environmental Thresholds

Selection of potentigkllyfish species for this study (species of the Northeast
Atlantic thatwere sele@d are introduced in Chapter\&as initially based on

their present ranges in relation to the Northeast AtlantitN4® 64N and 16E

to 200W), as well as knowledge that exists on their physiological responses to
ocean temperature, salinitpgprey availability. Candidate species were

identified through a search of species guides of native and invasive organisms to
the Northeast Atlantic (guides consulted were the Hayward and Ryland (2008)
hand book of marine fauna in Northwest Europe, theld\Register of Marine
species (WoRMS, 2017) and the Encyclopaedia of life (EoL, 2017)). Selection
was then confirmed through consultation of studies that assessed the
spatiotemporal ranges of the prospective list of species in the Northeast Atlantic
(seeLynamet al. 2004; Houghtort al.2006; Doyleet d. 2007 and Pikeslegt

al. 2014). The final list of species wAsaurita, P. noctiluca, C. lamarkii, C.

capillata, R. pulmo, C. hysoscebadP. physalis

Each species has minimum and maximum temperature and salinity that they
require to be able to survive in a body of water (Pueteadl. 2001; Collingridge

et al 2014) as well as a minimum prey level (Pureekl.2001; Hanssoet al

2005; Purcelket d. 2010). Within these ranges there are more specific levels of
each environmental factor where reproduction can occur and when reproduction

is not limited by the environment, allowing for high levels of medusae
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recruitment associated with blooming evei@sllingridgeet al 2010).

Correlations exist between a combination of suitable conditions within the
environment and population growth, with growth associated with bloom levels
only occurring when all aspects of the marine environment are not limiting
reproduction between medusae (Collingridgel.2014). To gain an

understanding of how suitable the Northeast Atlantic could be to different
jellyfish species and if bloom increases are a possibility, thresholds were selected
based on what is known aboulh@n survival and reproduction can occur, as well
as the conditions when reproduction is not constrained by the environment.
Below survival, survival, reproduction and bloom (donited reproduction)

were therefore selected as the thresholds in respotise l@vels of each
environmental parameter to assess different jellyfish populations that are possible
across the Northeast Atlantic in the present day and in the future. These
thresholds were influenced by rankings used by Collingredge. (2014), the

only other attempt to give an indication of the potential distribution of a
gelatinous organism within the Northeast Atlantic. Collingridgal. (2014)
modelled the suitability of the North Sea for the invasive ctenopgflaemiopsis
leidyi based on laltudies reporting survival and reproductive responses to
temperature, salinity and prey availability. The categorisations used by
Collingridgeet al.(2014) were adopted for the species selected in this study due
to the similarities between the responskeBloleidyi (survival and varying levels

of reproduction in response to certain environments) and the responses of

Northeast Atlantic jellyfish populations to specific temperatures, salinities and
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prey occurrence that have been reported (Puetall 200L; Bamstedet al.

2003; Purcelket al.2010; Collingridgeet al 2014).

The thresholds in this study were based on the responses to the environment by
the medusae stage of the life cycle, where initial reproduction between male and
females occur (apantdm the hermaphrodit€. hysoscellavhere asexual
reproduction is influenced). However, the importance of the benthic polyp stages
within the life cycle of these species (except for the holoplank&nnoctiluca

and the neustonie. physali$ must be aknowledged. During the benthic polyp
stage, budding and strobilation (asexual reproductive processes described in
Chapter 2 are also influenced by the external environment in a similar way to
how adult medusae respond to certain environmental conditianag, 2001).
However, despite the importance of polyps within the life cycles of several of the
study species, which includes increases in strobilation rates in response to certain
temperatures, salinities and prey availabilities (Pustedl 1999; Maand Purell,
2005; Prietcet al 2010; Holst, 2012), there is a lack of species specific
information on polyp ecology (including how they respond to the environment)
and how they influence jellyfish population dynamics (Bcetral 1996; Mills,

2001). Thdack of studies can be attributed to the inconspicuousness of jellyfish
polyps and the difficulty in identifying each species by their polyp (Pitt, 2000).
The lack of species specific information on the conditions that influence the
polyp stages of the Bfcycle meant that it was not possible to incorporate them
into the assessment of locations where blooms could occur more regularly. It
must be acknowledged, that the lack of polyp specific data is a limitation and

future research should aim to address kmowledge gap.
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In this study, initial indications of spectgspecific responses to the environment
that could act as physiological thresholds were collected from the ocean
biogeographical information system (OBIS) that provides species records and
condtions of the ocean the species of interest occur in (all data available at

http://www.iobis.ord. The maximum and minimum temperature and salinity

levels that each species had been reported to occur in (and thebédaie a

survive) in the Northeast Atlantic, presented in OBIS were set as the initial
survival thresholds for each species. Any temperature or salinity below or above
this was assumed to not be suitable for Northeast Atlantic jellyfish and was set as
belowsurvival for each species. The temperature and salinity levels where
increasing numbers of each species occurred were then used to select the
reproduction and bloom thresholds. Two levels of jellyfish occurrence above
survival wereavailable and thresholds were deduced from data (displayed in bar
charts) presented by OBIS that displayed the temperatures and salinities that
certain population sizes of each species occurred in. The first level presented
were temperatures and salingti@here increased numbers of medusae associated
populations within their natural ranges occur. An assumption was made that
reproduction was occurring in these populations and the corresponding
temperature and salinity was set as the initial reproductreshbld for each

species. The second level was the temperatures and salinities when highest
numbers of jellyfish have been reported to occur (including bloomed populations)
and was set as the bloom threshold for each species (the specific derivation of
eadt threshold and the specific value for each species from OBIS is presented in

Appendix A, Table A).
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The initial OBIS thresholds were then compared with specific thresholds that
laboratory studies determined differing survival and reproduction rates could
occur for each species. A literature search was conducted (by typing the species
of interest, the environmental parameter and the threshold into search engines
(web of knoAuteladuitag c e &n gt.emper ature suryv
determine at what leVef each of the three environmental factors that survival,
reproduction and uninhibited reproduction (associated with blooming) is possible
for each species, to determine the physiological thresholds of jellyfish species
presence in relation to the OBIg¢sholds. Specific temperatures and salinities
that were reported to be where reproduction rates associated with survival,
occurrence of natural populations and bloomed populations in each study were
compared with the initial thresholds collected from@®S data sets. If there

was disagreement, the OBIS threshold was adjusted to the threshold reported in
the study that specifically tested survival and reproduction rates for a specific
species. In some cases, species specific studies were not availglile (

lamarkii), and the OBIS threshold were used as the final threshold. The full list of
papers and the specific contribution they made to the final threshold compared to
the OBIS data sets (whether they confirmed or changed the threshold) are

displaya in Appendix A, Table B.

Due to a lack of species specific information in relation to the prey requirements
to set thresholds for several species (discussed in section 3.3.1), an assumption
had to be made that species of similar sizes and life cyclssma@nsimilar levels

of planktonic prey. Medusae were therefore grouped by size, using the general

assumption that species with larger medusae have different prey requirements to
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smaller medusae. The assumption was based on the difference in predation
between different groups of medusae noted by Costdlil. (2008) where
morphological features such as bell structure and size influences different
swimming methods and therefore hunting techniques. gLy, jet propulsion
associated with small@rganisnsand rowing propulsion associated with larger
medusae (a more common characteristic in Scyphomedusae), influenced prey
selection, feeding techniques and trophic roles within ecosysigmisally, the
larger rowing species can predate a greater amodniage of prey items,
allowing them to reach larger sizes. Colin and Costello (2002) report specific
differences between oblate and prolate medwshere fluid mechanics and
swimming ability influence the sizamountand type of prey captured. Prolates
are generally smaller and swim by jet propulsion whereas oblates continually
contract their medusaaswater topasgsoverthem enablingmovementhrough
the water viaarowing motion These swimming methods influence prey
selections as the larger afiatter medusae that swim via rowing, create vortices
of water that bring prey into tirefeeding apparatus like a net (Costello and
Colin, 2002), enabling them to catch large amounts of prey without the need to
movethrough the water in an energeticallkpensivemannerMchenry and Jed,
2003).The prolates that swim via jet propulsida not combine swimming with
predation captuing preyduring periods of drifting, where they use outstretched
tentaclego capture prey itemg hey are therefore capableanionising areas
quickly due to their rapid movements la#nnot capturpreyas efficientlyand

do not grow to the sizes of the oblatesli®dhry and Jed, 2003pifferences have

also been noted between Scyphomedusae of different sizes by Purcell (2003)
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when comparisons were made of the top down controinaglia sppand
Cyanea capillatanedusae exert on planktonic communities (in the Gulf of
Alaska) providing evidence (through stomach content analysis) that larger
medusae consumes higher levels of @efaster rates, having a greater

ecological influence per individual medusae.

Two key studies that assessed stomach contents (macrozooplankton counts
consistent with the CPR data sets) and prey consumption associated with
different population sizes @f species with large medusae (Fancett, 1988) and a
species with a typically smaller medusae (Lil&tyal.2014) provided the most
representative indications of the prey index thresholds in relation to populations

of different types of jellyfish. The snat and generally shortéived species

were grouped together and contaidedhurita P. noctiluca C. hysoscellandC.
lamarkii, with thresholds based on the findings of Lilketyal. (2014) where
macrozooplankton counts within noctilucamedusae wermade. The second

group was larger and generally londgiged species that comprised Rf pulmg

C. capillataandP. physalisand their prey index was based on a studifdnycett,
(1988) on the stomach contentdbfcapillatamedusae from differing

popuktion sizes. Thresholds from the texts that had counted the stomach contents
of the smaller jellyfish species and large jellyfish medusae were used as
approximations of the sustenance requirements (and set as a prey index) for each
species where survivahd varying levels of reproduction can theoretically take
place (see appendix A, Table B for the specific contributions of the two key texts
to final threshold for the larger and smaller groups). However, some more

specific stomach content reports exist higsessed a single physiological
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response that enabledrse speciespecificthresholds to be derived. Alterations

to individual thresholds from the original groups for specific species were
therefore made (see appendix A, Table B for the individual contributions of each
study to the final thresholds form the original groups). dtnnts reported in

these studies were consistent with the CPR counts and therefore used as a prey
index that gave an indication as to how jellyfish populations could be spread
across the Northeast Atlantic in relatiorstestenancavailability and how dom

risk could change in the future, accepting that it is likely that underestimation of

bloom suitability could have occurred due to the data gaps that currently exist.

3.3.3Methodological Steps of the Mapping

To develop a sergquantitativemaps / assssment tool, of locations that could
sustain blooms, the three raster data layers repres&8ihgPPT anthe prey
indexwere reclassifiedArcMap: spatialanalyst tool: reclassiffhased on the
physiological thresholddeterminedor each specie§ his methodology
producel representations of their potential population dynamfasach species
in the Northeast Atlantic in terms of eaghthe threeenvironmental parameter
Each raster squarepresenting the environmental conditions at a locattmn
thethreedata layes wasgiven asuitability ranking within the limits of the
physiological thresholds (final thresholaiedisplayed inChapter 4section 4.2)
of eachjellyfish species.n other words,fithe conditions in a raster square were
below the survival threshold for a species, it was assigned a scOréf diie

conditions werebove the survival threshold but below the reproduction
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threshold it was reclassified as 1, if conditions were abovsuitvevalthreshold
butbelow the bloonthreshold it was reclassified as 2, and, if the conditions were
above the bloom threshold, it was reclassified as ®ng as survival could still
occur(process visualised in Fig 3.1his process was repeated for all pecies
for each of theéhreeenvironmental parameters encompassing the four seasonal
layers. For each species, twrespondingST, PPT and planktandex
reclassificatios for each seasonereall overlaid andoverallsuitability scoreat
each raster square was assigned usiagrtinimum cell statistics tool (spatial
analystscell statistics) The lowest suitability ranking from the corresponding
raster squasewithin the overlay wasidplayed in final data layetue to the

lower ranking of jellyfish suitability that waschieved.For example, two
environmental parameters within a raster square could allow for blooms but
blooms would not be possible if the third parameters only allowed for survival.
Overlaying the reclassificains in this way aimed to avoaerestimationf a

location could sustain a bloom.
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Value | Reclassify| Thresholds
as
1-3 0 Below Survival
4-6 1 Survive
7-9 2 Reproduce
3
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Temperature Salinity Prey Index Final Layer
Reclassification Reclassification Reclassification3

Figure 3.1Visualisation of how the ArcGIS tools reclassify and overlay raster data layers. A) The raster data layer reclass
methodology that was repeated for each environmental paraiftetezxample shows how varying levelsl(l) of a hypothetical
environmental parameter and how responses to that parameter of a jellyfish species was visualised using the reclassific:
on the thresholds collected in the literatuBd. The minimum cell statistics overlay of raster dd#aw reclassifications of
temperature, salinity and prey index data layers were overlaid and displaying the minimum suitability that would occur
below survival, green = survival, orange = reproduction is possible and blue = blooms are a possibility.

3.3.4 Future Jellyfish Blooms

As data sets that projettiture PPT andhe preyindexthat can be incorporad
into the GIS methodology dwot exist along with future SST Projections to assess
if jellyfish will bloom, a sensitivity analysis of the preseday data jellyfish
suitability layers was carried out. The sensitivity analysis aitoddghlight how
jellyfish suitability would changeas a result of hypotheticalncrease and
decreases the three environmental fagts (SST, PPT and pregdeX. To test
sensitivity, Wwo separate versions of the original environmental data layerns

created, showing how suitability scores changed v@feh, PPT and premdex
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layerswereincreasedr decreasedsing the raster calaitior. The resultant data
layers were then reclassified based on the physiological thresholds of each of the
jellyfish species. From the resultant layers, the percemagesaseand decrease in
suitability assignment of raster squares for each speciestfreroriginal data
reclassifications were plotted in a tornado grégisplayed in Chapter 4)he
tornado graphs visualised subsequent changes to assignments of below survival,
survival, reproduction and bloom for each specieighlighting how future
changes to each environmental parametauld influence jellyfish populationa

the futureand reveal anincreass in raster squares ranked as bloom.

3.3.5 Validation

Consideration was required as to whetherdheere anynteractionsetween the
threeenvironmental data setisat could potentiallynfluence jellyfish suitability.

If specific locations were identified where the relationships between the
environmental factors had the potential to alter jellyfish suitabflityher
considerations othe spatial location oblooms in the present day and the future
could be madeEachcorresponding seasonal raster layer representintpribe
environmentaparametersvas converted to point data (conversion tool: raster to
point) representing the centre @&ch raster squarPata points were then
exported intdExcelspreadsheets and the conditiaheach point froneach of
thethreeenvironmental data layers were plotted against edwdr ot scatter

graphs.
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As the preyindexdata layers were created éstimating plankton levels using
ordinarykriging interpolations of pint data, and variability igearly abundances
was expecte@Colebrook, 1978; SAHFOS, 201&) cross validation of the data
layers was carried out. Tloensideration obveror underestimations within the
planktan countinterpolations based on data availabisywell as highlight how
annuafluctuations could influence bloom&rossvalidations were conducted by
interpolatingrandomly selected sub samples fr83@%o of theoriginal CPRdaa

for each of the four seasons during each of the 12 years the data encompassed
Estimations of spatial lodans of plankton levels fronmterpolations of

subsamples were then compared with the original seaglamkiton abundance
layersthat usedll the original CPR data.he annual interpolations of the
seasonal sub samples and the original data sets were converted to point data
displaying the average plankton abundances in each raster square. The plankton
estimation points for each layer was thepa@xed into &SPSSspreadsheet and

the average estimation of plankton abundances for each year was calculated.
Paired ttest quantified any significant difference between the plankton
abundance estimations using 100% of the data and the randomly se(®éted 3

subsampleg¢findings presented i@hapter 4section 4.5).

Validation of the locations and times of year jellyfish may occur in the GIS
output were conducting by comparing them with actual jellyfish distribution
records. This was done bigveloping aepresentation of the conditiomghen a
bloomwasactuallyreported to have occurréathe Northeast Atlantiaising the
environmental raster data s€fseP. noctilucablooming event that occurred

throughout the Celti€eain 2007 (Doyleet al. 2008; Licandrcet al 2010)
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(discussed in CGipter 2 was selected as the existing empirical example. The

SST, PPT and planktarountsfor the summer and autumn of the y2a07were

displayed to represent the conditions when the bloom occurred. The 2007
environmental data layers were therlassified based on tife noctiluca
physiologicalthresholds and the resultant layers were overlaid using the

minimum cell statistics toollhis process was then repeated for the summer and

autumn of the year 2000 whan blooms of. noctilucawere reporteat the

start of the three environmental data s€tsmparisons of the frequencies and

|l ocations of any raster squares assigne

how effectively the maps captured blooming evergs (Shapter 45ection 4.8).

3.4 Impacts of Future Blooms

Following the GIS mapping phase of the work, geographications were
identifiedbased on the spatial and temporal distributiorjslbffish blooms
indicated by the GIS maps; a particudiacus was on locationsith major fishery
harbours and seaside towns where high levels of coastal tourism occur. Potential
aquaculturdocationswere also considered (seection 36) although this strand

of the research could not be accomplished, as imguldelow. Acase study
approach was adoptetthis provides more depth in the understanding of the
specific interactions with jellyfish in pacular settings and locations. However,
the value of the case study approach is contested in the social scieoce

argue that case studies are very particular, serving mainly to elicit hypotheses,
and that findings from case studies are not generalizable. Proponents of the

approach argue that-ohepth knowledge from a case study can be very valuable,
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especiallyif properly undertaken, whilst acknowledging that larger samples are

essential for acquiring broader understandkigvbjerg 2017).

In this thesis, a case study approach was selected to examine how changes to
ecosystem functions and services would iatgaoups using the marine
environmenin the context of the UK and the Northeast Atlandipplying some

of the conceptual work undertaken the Mediterranean to the Northeast
Atlantic. Understanding the effeatsone location would give anitial

indicationif blooms, possibly more regular, would altiee benefits derived from
marine and / or coastal ecosystem across the Northeast Atladtighether

other locations should béuslied. However, it must be acknowledged that the
case study approactoeslimit the potential foreplicability and benefit transfer

of the findingg(Bryman, 2015)the implications of this are discussed in the
socioeconomic results chapters (Chapters 5 and 6) as well as the final discussion

at the end of the thesis (Chapta.

Three case studies were originally selected, based on understandings of how
coastal areas, and infrastructure, and marine industries are and may be affected
by jellyfish blooms (see Chapter &)coastal locatiowith high seasonaseaside
tourism a major fishery harbowandareas ofinfish aquaculturgall in areas of
increasedsuitability for blooms (by the highest number of spe&m®®svn to
negatively impact thesactivities CasesYin, 2009) wereselected out of the
locations that coincided i greater future bloom suitability in GIS. Selection

was based on secondary data (data pertinent to each anthropogenic activity is
discussed in section 33%€7) indicating whether a location might include

activities that may experience welfare impactsfiellyfish blooms (i.e. the
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most visited seaside tourism destinations providing a greater range of recreational
activities or the largest fishery harbours withiggervariety of vesselsfishing

gear).

To collectthesedata, a survey approach wasplied, toengage wittpeople

associated with fisheries, aquaculture and tourism. Surveys were deemed a
suitable medium because thajowed for data collection directly from those

who might experience alterationstiee marine and / aroastal ecosysteand the
services that they provide in the event of blooms (Bryman, 20b8&)surveys

ai med to generate an understanding of
jellyfish blooms, if any, and how they envisaged changes to the way they interact
with the mame and / or coastal ecosystem and their actions in responses to future
blooms; these were used to generate quantified projections of potential
consequences, in the forms dftandardised quantification of the value tisat
placedon themarine and / or @stalecosystenunder norbloomed conditions;

the data collected also enable understanding of the impacts if blooms altered

the waypeoplebenefit frommarine and / ocoastal ecosysteservices

However there are some limitations of this methbdtrequire

acknowledgement. Although surveys can be structured to allow a combination of
open ended and closed responses (Bryman, 2008), often closed responses are
considered preferable as they retain consistency among responses. Aithough

can be argued th#tisincreaseshe accuracy of the data collected, it presented

an issue when considering future jellyfish populations in the Northeast Atlantic.
This was because bloom responses in the area are poorly understood, and survey

guestion had to be open endedccount for a variety of issue that could have
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been reported, potentially impacting the accuracy and depth of the information
that could be gained about specific mechanism and responses to bloom future
blooms and bloonmncreasesAdministering the surweface to face also requires
ample time and resources compared to email or phone surveys, which can affect
the quantity of data collected. However, such an administration method was
deemed appropriate and necessary for this research due to visual asjhects o
survey (use of flash cardisplayed in Appendix C and)Dequired to present
respondents the same hypothetical bloom scenarios. The following sections
discuss how the surveys were designed and administered as well as the analysis

at each case study.

3.5 The Fishing Industry

The GPS coordinates of harbours containing commercial fishing fleets were
extracted from the most recent (at the time of research) Marine Management
Organisation (MMO) report into fisherisgatistics ¢eeElliot et al.2015).

Harbour locations were plotted in GIS and overlaid onto the maps that dictated
where large jellyfish populations could occur (Chapter 5 sect@)nPBotential

case study sites were selected based on which GPS points coincided with the
highest aveage raster square rankings of suitable areas for jellyfish. Several
locations were highlighted by the overlay and final case studies were narrowed
down by ranking them based on factors that made them more suitable for this
study using MMO (2017) fleet datBlarbours were ranked based on the size of

the fleet and fishermen numbers. Locations were selected based on the number of
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fishermen, range of fishing methods and fish biomass landed, with the purpose of
selecting harbours with a greater variety of po&tmarticipants to the study.
This resulted in the harbours of Brixham and Newlyn being selected as the case

study locations (discusséartherin Chapter 5section 5.2).

3.5.1 Survey Design and Administration

Following case study selectigpgtential economic and welfare impacts

associated with future blooms were investigated with fisherfolk ndi-se

structured survey (Appendix)@vas designed to elicit information and data to
quantify any costs associated with future blooms based on prexpasences

of jellyfish, similar in nature to the impacts blooms are known to cause in the
present day based on existing studies (damaged nets, displacement effort,
bycatch, injury from catch). Then, respondents were asked to envisage future
interactionswith jellyfish blooms using different types of fishing gear and

consider how they would respond to such conditions. The survey was subdivided
i nto four sections: (1) the fisherfol ko
blooms couldncrease(3) previas experience of jellyfish, and (4) responses to
future bloomincreasesThe development of each these four secttvesy upora
survey for fishermen about jellyfish blooms existing in the literature: Palgtieri

al. (2014) interviewed fishermen in the Aaliic, who experience regular blooms

on an annual basis, to understand how blooms interact with their operations and

any associated economic and welfare costs (discussed in section 2.2.1)
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The survey sections are outlined below, with an explanation osbave
guestions from Palmiesat al (2014) were adapted for the purpose of this survey,
specifically for data oimmpacts in the event of bloom increastie urveyis

displayed in Appendix

1. SectionA elicited information about the respondents andigieng fleet
that they belong tcadapted fronthe equivalent section in the Palmieti

al. (2019 survey

2. Section B included questions abaostsincurred in norbloomed
conditions that are similar in nature to issues blooms are known to cause.
Questions were based on the findingpmaviousstudies that have
described how fishers interact with blooms, quantifying costs in locations
where they areurrently more commorPurcellet al.2007; Palmieret al
2014).0Open ended questions on present day costs were also intbuded
enable elicitation of information that is potentially exclusivédbing
fleets in the Northeast Atlantidccessing theif sh er mendés knowl e
provided insights for baseline costs associated with issues that blooms
could trigger and how they would compare with any future costs

associated with bloommcreasegelicited in Section D)

3. Section Caskedrespondentabouttheir previous experiences of jellyfish
to gain qualitative insights as to whether jellyfish presence has been
perceived to be increasing or if anomalous blooming events have occurred

occasionally based on experience of those who fish in these waters.
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4. Section Daskedrespondents to picture future hypothetical ocedamsre
blooms of differenspecies occur more regularijhejellyfish were
grouped based on similar morphological traits so that specific potential
interactions could be discussed. The fowacéps categories were the large
stingers P. physalisandC. capillatg), the small stingerd?( noctiluca C.
lamarkii andC. hysoscellg the large nosstingers R. pumo) and the
small nonstingers A. auritg). Respondents were shown flasdrds that
informed them about the morphological features and bldwaracteristics
of the species that belonged to each ofgtmips(Appendix G Section
D) and aset ofthreequestions were then asked about each group. The first
guestionenquired whether respondetitsught a group of speciesn
impacttheir fishing activitiesf they bloomed|f yes, respondents were
asked tadescribe how they envisaged blooms interacting with their
fishing operationsThe final question then enquired abaations they
would takein responseo such interactions and bloom presence in their

fishing grounds

Drafts of the survey were piloted with local fishermen based across East Anglia.

The first pilotwason 30" November 2015 with a retired fisherman; a second re

draft was pilotedn 2 December 2015 with two fishermen with experience of
working on commercial vessels who now targeted shellfish using pots and creels.
These pilots helped to review technical aspects of the questions based on the
respondent s06 e Xiyiegquestores that werewacledr. Taedinalc | ar
surveys were then administered face to face with fisherm@rixdam and

Newlyn harboursinterviews were conducted betweer"Zanuary 2016 and %7
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February 2016 at the two study sites while fishermen weltee harbour area,

often working on the boats while they were moored. Surveys were also

completed with fishermen in pubs and cafes situated next to the harbour during
their leisure time and no sea days. The fishermen who participated in the pilot
studiesalso introduced me to potential respondents for the final surveys via social
media (twitter). Social media (twitter) was therefore used to organise meetings
with respondents and get into contact with other fishermemptbhaious

interviewees in the finatudy suggested would participattowever, there were
difficulties accessing fisherfolkhese difficulties included finding respondents

who were available to complete the survey. This occurred because many of the
respondents did not live in Brixham aNeéwlyn and were very quick to leave the
harbour area once work was complete, meaning that being in the harbour at a
time when these fisherfolk were available and able to participate in the study was
a challenge. As surveying commenced in winter, there a@rasions (often

lasting a few days at a time) when the weather conditions forced there to be no
sea days. During these periods, the harbour and surrounding area often contained
no potential respondents, particularly as many of them did not live inwims to

and had no reason to be there. An additional challenge was successfully getting
fisherfolk to participate once approached. Survey rejections occurred regularly
with several reasons given that included respondents being too busy, uninterested
and had amistrust of scientists. Due to these difficulties, further potential
respondents were approached in the harbour. It is acknowledged that this could
have led to biases in the type of respondents approached as the security cameras

only covered the inndrarlbour butwas necessary due to difficulties in accessing
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fisherfolk. Upon completion of the field work, the responses were analysed.

Findings are presented in Chapter 5.

3.6 Finfish Aquaculture

Potential aquaculture case study sites were identified on an exploratory basis,
based on how their GPS locations matched with potential bloom locations within
the GIS maps produced. The locations of aquaculture pens were gained from
records available froriMarine Scotland (2014). Scottish finfish pens were
focussed on due to the high levelsydrineaquaculture present in the region and
reported interactions with blooms (Doyéal 2008). A semguantitative survey
similar to the one for fishermen was ééped and consisted of the following

four sections: (1) aquaculturist background; (2) costsvefheads during

blooms; (3) previous jellyfish experience; and (4) costs arising from dealing with
future jellyfish bloomsThesurvey was discussed informallyth key actors

within the industry who provided further insights on some of the technical
aspects of the questions and suggested potential requirements of the industry in

terms of jellyfish bloomsleading to improved rdrafts

However, it became cle#énat practical consideratiomadto beconsidered
includingadministering the survey remotdly.g. online) as visiting finfish pens

was deemed not viable as they are vastly spread out. Furthermore, from
conversations with key actgimportant sensitiies within the sector emerged,
including concerns and other commercial constraints, which significantly reduced

the opportunity to carry out this part of the researchetbee bringing ito an
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end For such a survetp be administeredjoodworking relationshipswith the
aquaculture industrgeed to be in placé&orexample Kintner and Breirly,

(2018) were abléo recruit aquaculture participarits athreeyearPhD study

that identifiedbloominghydrozoarspecieghatimpactScottish aquaculture.
Weeklydeployments of plankton towsere permitted withinhe watersof
participating farmandsamplesdentified hydrozoarspecies that would be
expectedo bloomand the sasons when bloom risk is greaté3ased orthe
seasonality of blooms of easpecies, rislassociatedavith pathological
conditionsthathydrozoan presena@ancausdn farmed salmoifincluding

medusae acting as vectors of dis¢agre statedEconomic impacts associated
with mandatory culls of populations of infected salnconldthen madeBosch
Belmaret al (2017) were also able to quantify the economic costs of blooms on
marine aquaculture sites across the Mediterranean thfacgto face and
telephonesurveys with impacted aquaculturists. Suggestions on future work with
theaquaculture industrio identify potential risk in the event 8typhozoan

bloom increases in the Northeast Atlarare therefore recommendedChapter

7.

3.7 Coastal Tourism and Recreation

Identification of a location associated with coastal tourism as a case study for
bloom impacts was undertaken in a similar manner to the selection of the fishery
harbours. The locations of coastal towns and cities whose economy is reliant on

tourism (criteia described below) were plotted and overlaid onto the jellyfish
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GIS maps using their GPS coordinates. Given that seaside towns typically have
infrastructures geared towards tourism and have a long history of coastal tourism,
this is likely to continue ito the future (Beattgt al.2010) It was decided that

the seaside town that was closest to the highest suitability for jellyfish (i.e. which
coincided with the highest raster square rankings of the greatest number and
variety of species in the GIS mape¢€ section 3.3)) would be selected as the case
study area where the surveys would be conducted. However, due to the GIS map
area containing many potential study sites case study selection was refined using
also data on employment, economic output, locadiod trends of the seaside

tourist industry in England and Wales as reported in Beaty (2010). This is

the only report that specifically assessed, at the time of writing, economic trends
within individual locations and provides consistent indigatiof trends at

specific locations as opposed to general regions (which is the more common
approach for seaside tourism trend reports and visitor surveys). Beattyd s

(2010) estimation of trends is based on job figures in seaside towns and cities
using official statistics (based on the Department for Communities and Local
Government seaside economics reports) on the industry as a basis to estimate
economic output by categorising employment trends and how they relate to the
tourism industry. Principalesside towns are defined by Beadtyal. (2010: 15)

as fAplaces with a population of at | eas
significant component of the | ocal econ
tourism, in the same way as the locations inMleeliterranean that have been
reported being impacted by jellyfistooms andvere locations where large

groups of coastal users may-aocur with future blooms. Therefore, the principal
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seaside town with the greatest visitor numbers and ratesigmbased

employment presented by Beatityal. (2010) that tailored with the greatest

jellyfish suability (as defined on the previous page) was chosen as the case study
site; this was the Cornish town of St Ives. An extended description of the area,
and further justification of why it was selectedlas final case study, are

reported inChapter 6section 6.2.

3.7.1 Survey Design and Administration

The cultural services (e.g. recreation) provided by coastal and marine ecosystems
to seaside towns are different from the provisioning servicesféedfor human
consumption) provided by wild and farmed fish; the impacts of jellyfish blooms

on these types of ecosystem services can be comsidéferent(Purcellet al

2007;0ztirk,a n d K k2010jGhermandet al.2015).

A survey was desigd to investigate recreational activities and impacts from
jellyfish on coastal tourism (Appendix)Pand therefore followed a different
structure to the one designed for the fisheries surveys. However, the main aims,
understanding the responses of stalagrs to hypothetical future blooming

events and associated impacts, were similar. The structure of the survey was
based on three main sections, with a fourth section to be completed when
respondents had concludixd three parts (see AppendiXd@ the ful set of

guestions that were asked):

1. Section A focussed on respondent so

activities they engaged in, questions on how far they had travelled to get
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to the location, and how important various aspects of the coasts were to
them. The aim was to generate an understanding of the range of different
recreational users of the coasts that could experience bloom increases.
This also enabled quantification later (using a travel cost métked

Section 3.7.2) of how much the locatigrnvalued based on respondent

travel expenditure to access it; to estimate travel costs, survey questions
included respondent sdé postcodes and
guestion asked how respondents would (alternatively) recreate in the event
of beah closures (at this stage blooms had not been mentioned). This was
a relevant question as, later on in the survey, one scenario presented is
based on the knowledge that blooms of certain stinging species are known
to cause beach closures (Rosenthal, 2B@8jottini and Pane, 2010; De
Donnoet al.2014 Ghermandkt al.2015 andunderstanding how

respondents would recreate in the area if the beaches were no longer
available would give an indication of the impacts if this were to occur.

2. Section B aimed to understand respon
knowledge of the jellyfish species mapped in GIS. This included asking
respondents about jellyfish word associations (examples of words that
were given included negative phrases sucstiag and positive phrases
such as beautiful), describing any previous interactions they had had with
the jellyfish, but also asking respondents to identify species they were
familiar with / were capable of stinging using flash cards. Gaining
qualitative nformation about tourism and jellyfish allowed for

consideration of what could influence future responses and management
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of hypothetical future blooms as they contributed towards the cost
scenarios which are displayed in Chapter 6, section 6.5.

Respondestd6 vi ews on increased jellyfish
seafront and occurring in the inshore waters were also investigated. To do
this, respondents were introduced to a hypothetical situation where

blooms were washed up on the beaches and et sistle water (see
Appendix O section B; andhapter 6section 6.5.2). Initially,

respondents were asked how concerned they were about future blooms
using a 15 Likert scale that ranged from not concerned at all (1) to
extremely concerned (5). Respondents wieea asked how they would
respond upon discovering a hypothetical bloom on the beach where they
recreate. Like the fisheries survey, several responses were made available

for interviewers to tick based on what actions respondents reported in

responsetojnpot heti cal bl oom increases, i
nor mal , 0 navoid the water but stay o
alternative activity in tlhéyegrea, 0 0
how far, 0 as well as gropbon.iThkeifialg an 0o

part of section B introduced respondents to a jellyfish management

scheme (similar to the MEDelly RISK projecthttp:/jellyrisk.el) where,

in the Mediterranean, temporary netting is used to cpaiks within the

sea to separate beach recreationalists from jellyfish blooms. Respondents
were then asked whether they thought that a similar scheme would be
useful in the event of bloom increases where they recreate, and whether

they would be willing tacontribute financially to such a management
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scheme. The contingent valuation of the beaches of St lves was projected

based on the proportion of respondents that were willing to donate to such

a scheme, the payment vehicle they would use to donate (kegtion

buckets), how often they would make such a donation and how much they

would donate each time (questions specifically asked for this irigrmi

the survey, see Appendix, Bection B). The per person contingent

valuations were then scaled up basadhe estimate of total beach users

(gained through conversations with key actors) who would donate (based

on the proportion of respondents who were willing to dondtese

guestions were designed to allow a <c

revealedvalue of accessing the recreational location (inferred with the

travel cost analysis) to how much they said they would pay to protect the

area from jellyfish blooms i mpacts (
3. Section C encompassed seeimonomic questions inaling respondent

expenditure on various aspects of their visit per person (e.g.

accommodation, parking and on beach activities) per day, that could be

i nfluenced i f jellyfish were to alte

were collected to enable an unstanding of the benefits related to the

tourism industry, and how it could potentially be impacted by future

blooms based on how the respondents reported that they would respond to

blooms. Questions were also asked on their travel expenses for ther trip

get to the case study site, so that inferred access values of the coastal

ecosystem could be calculated using the travel cost method (see section

3.7.2). Other general soegzonomic demographics, such as income, age
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and education levels, were also eotkd to explore their influence on the
responses provided in the previous sections of the survey, as well as the
ecosystem access value (i.e. travel cost).

4. After the discussion with respondents was completed, interviewers filled
in information that inalded their own name, the specific area within the
location the survey took place, the interview duration and the
environmental conditions at the time of the survey to enable to test if there

was any influence on theesultsof the investigations.

Once a daft survey gquestionnaire was designed, a pilot study was conducted
across Cromer beach (North Norfolk) on th& I8ly 2016. This involved

walking along the beach and approaching people recreating there in a similar
manner to how data collection was piad for the final field work in St Ives
(Cornwall). The aim was to pilot the survey on a range of respondents of
different ages, genders as well as surveying respondents engaging in range of
recreational activities to test questionnaire understanding arding. Five
interviews were completed, and alterations were made to the survey based on
how the respondent reacted to, understood, and answered the questions.
During the surve fieldwork in St Ives, fac¢o-face surveys of randomly

selected respondents meecarried out from the 37uly to the 1% August

2016, during the school holidays, the height of the tourism season in the case
study site. As high numbers of potential respondents were anticipated at the
location, volunteers (MSc students) with prexs@xperience of surveying

were recruited from universities local to the survey site to assist with data

collected during field work. Volunteers were trained to administer the survey:
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all volunteers practised the survey administration togethermatio esure
consistent data wewmllected. Their initial surveys in the field were also
monitored to ensure data calten was consistersind debriefs held at the

end of each day. The significance of
on survey results &s also tested to ensure that there was no bias. Also, to

help with initial introductions, all interviewers were also provided with a

nj el | yf i sshirtsrsetlaepatentiahrespandents understood the

purpose ofnterviewers approaching them.

3.7.2 Economic Methods for Analysis of Interactions

Initial analysis of thempacts of blooms was based the relationship between

traits associated with different respondents (such as reason for visit, gender age,
i ncome) and r es pldoordiacreasesdEachéestpnol relsteds t o
results are discussed throughout Chapter 6. The frequencies of responses (e.g.
alterations to recreational activities) to hypothetical future blooming events
provided an understanding of the prevalence of specigcference to

recreational activities that would occur. The subsequent changes in expenditure
patterns of visitors were used to project the costs to the coastal tourism industry
by linking the expenditure that respondents reported on the various actwities
their bloom responses. This allowed for assumptions to be made on how
expenditure would change and to provide quantifiable projections of potential
loss to the tourism industryhe average bloom cost impacts per person (based

on survey data) could thdére multiplied by the estimation of the total number of
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beach users to aggregate the total impacts across the whole of the case study site

(expenditure change estimates are described in Chapter 6).

The impacts of blooms on the namarket values of the rezational experience in

the case study site was also investigated to give a full picture of the impacts of
blooms, as this study aimed to investigate both the social as well as economic
issues. A specific travel cost model (a revealed preference techriague

review of the stages and functions of travel cost, see Parsons, 2003) was used to
estimate the welfare benefits that access to the beaches of St Ives provides. A
single site travel cost model was used to estimate the access value of the coastal
ecaystem per beach user based on their actual expenditure from their travel. The
travel cost model was used because it employs aestblished economic

valuation technique that can estimate welfare values comparable with market
prices and it is based ohnet actual behaviour (travel, and related costs, to reach

the touristic destination) of those recreationists who would be impacted by
increasing blooms (Parsons, 2003). The model describes the demand function for
the recreational site based on how travet aafluences the number of visits

made to the site as follows:
i Qo duf [Equation 3.1]

Where r is the number of trips to the site made by respondents over the season

and teis the trip cost.

The trip cost tcper site visit incorporated intodtiation3.1 was calculated using
the return trip distance respondents had made to get to the case study location for

their holiday based on their home postcodes that were asked during survey
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(results are ilChapter 6section6.6). Variables other thantmcluding
demographics and income, can also influence the number of recreational site
visits and therefore the valuatioosaccess (Parsons, 2003). Iquation3.1,yis
the income of the respondents arépresents thdemographic variables of
respondents. The demographic valeabncluded into the model igEation3.1
were: gender, age, the number of people and number of children in the

respondentsdé group.

The next stage of the travel cost method is to estimate ldi®nship between

the parameters in the model (Parson, 2003). As the number of trips is count data,
characterised by high instances of low numbers, a poisson distribution was
assumed (based on the basic count data travel cost model (Parson, 2003)). The
poisson regression was used to generate the relationship between the variables
tc:, y andzin the model and the number of site visits using the following

function:

~

i T 6 0T a [Equation 3.2]

Where b is the coefficients of each par

demographics) in relation to the number of trips reported by respondents.

However, since over dispersion (unequal mean and variance, tested for using a
Kolmogorow+Smirnov test) was foud within the number of trips count data
(Chapter 6section 6.6), a poisson distribution was not assumed because the
goodness of fit of the model was distorted. A negative binomial regression which
assess the data using the same method but relaxes steirdrof over

dispersion (Parsons, 2003), was therefore used instead to analyse the study data.
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To calculate the access value, theoefficient representing the relationship
between average travel cost per person per day and the number of beachrvisits p

day( oO)der person was incorporated into the following function:

Sh= [Equation 33]

1 °H

Where$S, is the inferred access price (in this case the average amount spent on
travel getting to St Ives) and en is th

beach (number of beach visits were specifically reported by respondents).

The site access value per g@n was then multiplied by the estimated total

number of people who visit the beaches per day during the summer season,
provided by key actors, to get the aggr
responses to hypothetical beaches closures and bloomsmbegehes were

used to estimate percentage changes on individual welfare using the travel costs

method resultsdiscussed isection 3.7.1).

The estimated use value / welfare losses due to jellyfish blooms were then
compared to the willingness to donatge(contingent valuatioh see section

3.7.1, section B) towards a hypothetical management scheme to provide visitors
with the same recreational experience despite a bloom event (their stated value).
Results are reported Chapter 6. Recommendations anahagement scheme
proposed (a management scheme similar to the M#by nets discussed in

section 3.7.1) funded by donations from beach visitors are also discussed in

Chapter 7.
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3.8 Research Ethics

Before the fieldwork commenced, ethics approval was gained from the UEA
General Research Ethics Committee for the data collection (for the fishermen and
tourism surveys), as is required at UEA. Documentation was submitted that
considered potential ethiciakues related to the research and informed consent.
Key considerations included ensuring confidentiality, respondent anonymity, any
concerns about jellyfish and respondents feeling obliged or forced to participate.
All completed surveys were kept securiglyocked cupboards within a secure
location. Data were stored on a password protected laptop issued by UEA that
was kept in a securely locked office. Before surveys began, an introduction was
offered to properly explain the research to all potentialgpaints. It was made

clear that all information provided would not be shared with third parties, only
anonymised data would be collected, that participation was entirely voluntary and
that participants could terminate the survey at any point and witHdvawthe
research. | also provided my contact details on a business card for respondents if
they had any further concerns or additional questions after completion of the
survey. Directly after both surveys (with fishermen and tourists), | offered to
provide information about the species that occur in the Northeast Atlantic and
jellyfish in general. The vast majority of the tourism respondents welcomed this
information as they were had little knowledge on jellyfish (explored further in
Chapter 6section 6.4 and were interested in learning about the species.
Generally, interviewers were received positively, particularly families with young
children who enjoyed some of the facts about jellyfish and the images on the

flash cards. Responses to the researchéfishermen was also generally
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positive but very few asked for more information due to more widespread
familiarity they already had of most of the species featured in the survey. No
ethical concerns were raised by respondents during fieldwork; the nmostaro
refusal to engage with the survey was from those who indicated they were time

limited or uninterested.

3.9 Safety Training

As the fisheries surveys were conducted in and around working harbours that
were closed to the public, where heavy maclyineas used to lift and transport

large objects in wet and slippery conditions, security clearance was gained from
harbour security at the start of fieldwork. Clearance was granted on the condition
that research was not to be conducted in certain areagdesrsafe by the

security guards, appropriate footwear was worn at all times whilst in the harbour
and all work must stop upon hearing warning sounds emitted by machinery
transporting large objects (usually fork lift trucks transporting crates containing
catch). The final condition was that all surveys had to be completed in full view

of the harbour CCTV cameras.

As MSc students volunteered to undertake the surveys at the coastal town, safety
considerations were seriously considered for the fieldwork pelfiod to the

close proximity of the field locations to urban areas with rapid access to the
emergency services (including life guards on duty at the field site) and good cell
phone signal, it was deemed that | required the minimum out door first aid

tranng after consultation wi-obrdinatorhle School
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therefore completed a level 1 outdoor first aid course (8 hours) at the Hollowford
Centre, DerbyshireS33 8WB on the 2% July2016 prior to the start of the field
work. During sureys, care was also taken to make sure that interviewers had

sufficient clothing and gear to conduct the redeamall weather conditions.

3.10 Conclusion

This chapter has provided insights into the methodologies for the application of
an ecosystem services approach to this study in order to value the potential socio
economic impacts of future changes and potential increagatyfish blooms

across the Northeast Atlantic could cause. Innovatively, using the GIS methods
and processes described in this chapter, environmental conditions that contribute
towards jellyfish suitability was mapped based on the physiological thresholds
currently available and a representation of the future conditions affecting jellyfish
suitability. The maps indicate changes in jellyfish populations, what the
populations could be like in the future and identify specific locations within the
Northeast Alantic where future blooms could occur. In such areas, the impacts
on coastal visitors and fishing communities may be affected by how blooms alter
coastal and marine activities. The results from the GIS work are presented and
discussed in Chapter 4. Thesults of socieeconomic investigations are reported

in Chapter 5 (impacts of future bloom increase on commercial fishing) and

Chapter 6 (impacts of future bloom increases on coastal tourism).

94



Chapter 4 Mapping Suitability of the Northeast Atlantic for Jellyfish

CHAPTER 4

MAPPING SUITABILITY OF THE NORHTEAST

ATLANTIC FOR JELLYFISH BLOOMS

4 .1 Introduction

In thischapter this first research questiowlfat does existing knowledge of
changes in the marine environment reveal about potential future jellyfish blooms
across the North East Atlantic, based on their physiolothcasholdd responses

to the marine environmentid addressed, to determine and describe the spatial
extent of jellyfish and potential blooms. Output gained during the stages of the
GIS mapping in ArcMagmethods discussed throughout Chaptear®) the inal
visualisations of how suitable Northeast Atlantic waters are to a range of jellyfish
species in the present day are displayed (sections 4.2, 4.3, 4.6 and 4.7). The maps
are based on the environmental drivers of jellyfish population changes and
bloomsdescribed throughout Chapter 2. The output validation (sections 4.4, 4.5
and 4.8) is then used to assess whether using seaasurfaceemperature,

salinity and the CPR plankton coumefgectively allows areas suited to larger
jellyfish populations, as well as suggest how addressing knowledge gaps can
further develop the maps and their applications (section 4.10). This then enabled
consideration of whether future changes to the enviemah parameters would

alter bloom occurrence (section 4.9). In later chapters, case studies within such
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areas were then analysed to conclude as to whether there would be any impacts
on the coastal anthropogenic communities if blooms weneaterialise me
frequently The implications of the outcomes were also used to contribute to the
discussion as to whether the perceived increageflyifish populationsover the

past decade could conceivably have occurred and how the methodology could

contribute tote general understanding of bloom formation.

4.2 Study Species

Thelist of speciewvith life history and physiological characteristics based on the
initial literature review are displayed in Table 4Sklection of a species was

based on known distributg in relation to Northeast Atlantic waterkraown

ability to impact coastal industriesnd the existence of data that could be used

to determine physiological threshol@@®e appendix A for the contribut®af a
varietyto the final thresholdfo theenvironmental parameters (temperature,
salinity and preyndex). Greatersuitability occurred at higher temperatures for
each type of jellyfistapart from for thewo Cyaneaspecies which were more

likely to reproduce antiloom as temperatures decreaasthey were reported to

be more suited to boreal conditions (Brewer, 138&cell, 2012 Due to limited
data availability there was a high level of consistency between the physiological
thresholds (in terms of temperature and salinity) for each spEcigker

research is required to confirm if the similarities in suitable temperatures and
salinities displayed in Table 4.1 are accurate or if there if more variation occurs
between species (discussed in Chapter 7). Due to the lack of species specific data

on prey requirement, two sets of prey requirements thresholds were formed
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separatingeachspecies based on similar morphological traits and life histories

(see chapter 3, section 3.3.8mallershorterlived species were shown require

less prey tharhelargerlongerlived speciego achieve certain reproduction rates

associated with greater suitabilityith the limited speciesspecific data

providing some variation around the thresholds used.

Table 4.1Species selected for spatial modelling and their physiological thresholds to the environmental factors

where survival, reproduction atdboms were possible

Environmental Condition Thresholds References
Species SST €C) PPT Prey Index
Aurelia aurita | Survival: 5 Survival: 17 Survival: 5 Morandet al.(1987)
Reproduce: 13 | Reproduce: 30 | Reproduce: 40 Lucas, (2001),
Bloom: 15 Bloom: 35 Bloom: 60 Purcell, (2007),
Holst and Jarms, (2010),
Purcellet al.(2012),
Pascuaét al.(2014),
OBIS, (2017)
Pelagia Survival: 5 Survival: 30 Survival:5 Morandet al.(1987),
noctiluca Reproduce: 12 | Reproduce: 31 | Reproduce40 Doyle et al.(2008),
Bloom: 15 Bloom: 35 Bloom: 60 Rosaet al. (2013),
Lilley et al.(2014),
OBIS, (2017)
Cyanea Survival: 16 Survival: 25 Survival: 30 Fancett, (1988),
capillata Reproduce: 8 Reproduce: 32 | Reproduce: 60 Purcell, (2003),
Bloom: 10 Bloom: 35 Bloom: 100 Holst and Jarms (2010),
Holst, (2012)
OBIS, (2017)
Rhizostoma Survival: 14 Survival: 30 Survival: 40 PerezRuzafaet al. (2002),
pulmo Reproduce: 15 | Reproduce: 8 Reproduce: 60 Lilley et al.(2009),
Bloom: 20 Bloom: 3 Bloom: 100 Fuentest al.(2011),
Purcellet al.(2012),
OBIS, (2017)
Chrysaora Survival: 13 Survival: 20 Survival: 30 Sparkset al.(2001),
hysoscella Reproduce: 8 Reproduce: 32 | Reproduce: 40 Flynn and Gibbons, (2003)
Bloom: 16 Bloom: 35 Bloom: 60 Holst and Jarms, (2010),
Purcellet al.(2012),
Holst, (2012)
Cyanea Survival: 16 Survival: 25 Survival: 15 Brewer, (1989),
lamarkii Reproduce: 8 Reproduce: 32 | Reproduce: 40 Holst and Jarms, (2010),
Bloom: 10 Bloom: 35 Bloom: 60 Purcellet al.(2012),
Holst, (2012)
OBIS, (2017)
Physalia Survival: 2 Survival: 30 Survival: 30 Purcell, (1984),
physalis Reproduce: 15 | Reproduce: B Reproduce: 60 Purcell, (2003),
Bloom: 20 Bloom: 35 Bloom: 100 OBIS, (2017)
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4.3 Environmental Data Layers

The maps representing the eavimental data layers (Figlac) are displayed
across the coordinates 45N to 65N 40€ to 20W, with celbf 1°X 1° grid
resolutionwhich form the basis of the spatial model. Thailled the purpose of
generatinglata representing the average environmental conditions and act as a
prey index(see apter 3, section 3.3.1 for explanation of the interpolation used
to generate the mapkhatjellyfish would be expected to experience over the
course of an average year. Each seasas#trdata layer was also suitabla f
reclassification based ghysiologicdthresholdranges of different levels of

suitability for each of the differefpellyfish species.
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B Winter PPT
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Fig 4.1 The raster data layers representing the average seaswi@nmental conditions and prey
abundances jellyfish would experience. A) the average seasonal sea surface tempCatBeshe

average seasonal salinities (PPT). C) The average seasonal projections of prey index based on the
interpolations of the continuous plankton recorder (CPR) count data.
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The annual variabilitpetween yearthat occurred during theeasonal avege
calculationswvas relatively low for the SST layersig. 4.1a) (average standard
deviation for winter = 0.29, spring = 0.4, summer = 0.42, autumn =0.62) and PPT
layers Fig. 4.1b) (average standard deviation for winter = 0.06, spring = 0.1,
summer =0.17, autumn = 0.11)Jellyfish suitability in relationa SST and PPT
wasthereforeassumed thiave remained relatively consistent digrihe time

period that the averagescompas§2000-15). However, there was greater
seasonaind geographicalariationin plankton levels within the average prey
index datalayers Fig.4.1c) (average standard deviation for winter = 23.04,

spring = 55.94, smmer = 79.22, autumn = 71.75). It was therefore assumed that
the greater variability in prey levels, characterised bgllsed areas of intense
abundance at different times of the ya@asmore likely toinfluenceajellyfish
species ability to bloom, particularly tie other environmental factors were
consistently suitablelThe locations of intense plankton abundance were therefore
the areas where potential case studies of conflict with stakeholders were more
likely to be identified. Generally, summer conditions initially appeared to provide
the most suitable data layers fellyfish blooms if they were to occur, as prey
index and temperatures were higher, increasing the chances of suitable

physiological thresholds for the majority of the species in Table 4.1.

4.4 Interactions between Environmental Factors

Trends obswedin the plots(Fig 4.2ac) comparing the influence between the

data in the GIS layers for each of the theagironmental factorshowedweak
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correlations were present between thAsSST inceased, PPT gradually
increased. This trend is known to ocauthe oceans as PHicreass with
decreasing ocean densities and increasing evaporation associated with warmer
waters (Curryet al.2003). As SST increaxsd, the prey index decreased which
agrees with the generalised trend #t@tier, more northerly warsin the
Northeast Atlantic are considered torhere productie (Johnseet al. 2003).
Therefore, as PPT increas#ug prey indexlecreaseddowever, the weak
correlations between PPT and S&idbetween PPT anithe preyindex
described by the lowRaluesof 0.111 and 0.03 respectivelyindicates that at
the resolution and scale the datas presented, the influence would hawve
subsequent impact on jellyfish suitalyjliThe change in PPdver the course of
the temperature ranggi¢ 4.2a) andnacrozoglanktoncountrange Fig 4.2c)
would notinfluencebloomrisk as the ranges between the physiological
thresholdsconsistently remained above the bloom threshold for each species
Based on the data and the thresholds it can therefore be stated that f
majority of the Northeast Atlantic, salinities are suitable for blooms of each

medusae.

However, despite the correlation being relatively weak=R.291), the decrease

in the prey indeyas temperature increas@dg 4.2b) was likely to influence

jellyfish suitability as the changes in both temperature and prey went beyond the
difference between thresholds of different suitability displayed in Table 4.1
(section 4.2) for each of the 7 species. Increasing jellyfish suitabitigisfore
morelikely to occur for species thaan tolerate lower temperatsreithin the

mapping site, enabling them to take autege of the increased prey levels. It
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must be acknowledged however, that a log transformation was applied to the data
plotted in Fig 4.2b becese it initially appeared that the data was skewed. The
skewing of the data likely occurred due to plankton blooms picked up within the
CPR data that increased the scale of Hagig, causing the more typical data

points to skew. The relationship betweBT and the prey index was therefore

less obvious, so the log transformation showed a comparison between the
geometric mean between the points at a more consistent scale for the majority of
the data. The transformation highlighted more of a relationsivpelea the SST

and prey index with higher plankton counts occurring at colder temperatures, but

the relationship remained rélzely weak.
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Fig 4.2 Scatter plots representing correlations betweerir@onmental parameters. &prrelation between
SST and PPT. B) Crelation between SST and prey &xdCF) Correlation between PPT and piregex.
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It must be acknowledged that several outlying points occurred within Fig 4.2a
and 4.2c, due to areas ofmigcantly lower salinity captured within the
environmental data sets. Such points represented locations within the mapping
sites where sharp salinity decreases occur, which included eastern areas within
the North Sea that experience outflows of freshw&ech freshwater input is
known to come from the Baltic Sea, a location of low salinity due to it being
relatively shallow and having high inputs of freshwater from inland ecosystems
such as lakes (Hordaét al 2013). Such locations occurrenivardsthe borders

of the GIS mapping site covered by the NetCDF data layers. These locations
were not focussed on during the socioeconomic assessment of increasing bloom
impacts, as they occurred away from locations of increased socioeconomic
activity that coudl potentially be impacted by blooms, including offshore waters
that the Baltic Sea flows into. However, it must be acknowledged, that there were
additional factors influencing the salinity in the plots between the three
environmental factors that will havefluencedthe relationships discussed above.
For example, in Fig 4.2a, the locations that experience outflows of freshwater
generally occur in areas with lower temperatures, which were the more northerly
latitudes and more easterly longitudes within@8 mapsThe resultwas points
within the plots that represented salinities effected by freshwater outflows that
coincidentally occurred within the cooler temperatures. The outliers will
therefore have influenced the trend lines in the plots acting esalpy points that
exaggerated the suggestion that colder temperatures are more associated with
lower salinities. Although this generally was case (despite the minimal

relationship seen), the trend would have been less pronounced (characterised by
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an evendwer Rvalue) without the influence of the outliers within the salinity
data set. Taking into consideration of the leverage effect the outliers had, further
confirmation is provided that there was little influence between salinity and the
other environmetal factors that could potentially influence bloom risk at the
resolution the data layers were preselmeelation to the physiological

tolerances

4 5Plankton Abundance Cross Validation

The final investigation into the environmental data before it was reclassified, was
across validation of therpyindexdata layers (Fig 4.3d) to test whether the
fluctuations seen in the initial data layers were a symptom of the kriging
interpolation nethodology instead of naturally occurring variation detected in the
CPR samplesThe lack of significant difference between theraations of prey
from theinterpolations of original data set and the 30% saimple in winter (t =
0.704, df = 2, p = 0.499, spring (t =0.474, df = 12p = 0.644), summer (t =
0.996, df = 12p = 0.399) and autumn (t<1.573, df = 12p = 0.142) indicated

that the methodology consistently estimated plankton léasded on the data
available The 30%sulsample of the datased for validation showedtie same
annual fluctuations in planktabundanceThedifferencesobserved were

minimal and would have been unlikelyitopact on the number of raster squares
achieving certain suitability assignmenptsce the large amount otk in the

layers had been averaged out over the 12 years, across the whole map
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Fig 4.3 Cross validation of seasonal plankton abundance layers comparing interpolations using 100% of the CPR
data and the 30% subsample. A) Annual winter plankton abundance cross validation. B) Annual spring plankton
abundance cross validation. C) Annual sumni@nkton abundance cross validation. D) Annual autumn

plankton abundance cross validation
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However, some aredsuch as northern sections of the Celtic $a#)in the

mapped range were comparatively under sampled, with spaces occurring between
CPR towsScattering 6 the plankton abundance samples therefore occurred,
which led to areas within the data laybesiing fewer points contributing the
estimation of plankton abundance ttieg crossvalidation could not quantifyit

must therefore be considdréhat the spikes in plankton abundance described in

the environmental data layers (Fig 4.1c) could have been a symptom of certain
areas being sampling more, and plankton levels are actually more consistent than
the data layers suggest. However, fluctuaion plankton abundance are

recorded in the Northeast Atlantic (Colebrook, 1978) supporting the observations
of plankton abundance in Figures 4.1 and 4.3. Jellyfish are also known to
consume other organismBurcell, 1984Graham and Kroutil, 200Tilves et al.

2016 than just macrozooplanktdhat were used as a prieylexin the maps,
indicating that underastation of preymay occur. However, as this study aimed

to provide a risk scoring system that screened areas in the Northeast Atlantic as
potential locations for blooms, as opposed to a fully quantitative model, this

should not be a major concern.

4.6 Reclassificatons

The reclassifications (reclassification method discussed in Chapter 3, section 3.3.3)
of the environmental data layers show the time of year each species achieved
highest average raster scores to each of the three parameters (the full set of

reclassfications are displayed iAppendixB). For each of the environmental
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factors studied, summer was generally the most suitable, except the boreal species
which achieved the highest suitability rankings in spring. rfEutassifications of

the SST layeranto jellyfish suitability based on physiological data displayed in
Table 4.1 resulted in horizontabrzes of suitabilityacross the maps with highest
suitability situated to the south. The higher rankings of suitability for native and
more common species sprefurther north than ones thought to be less common.
The opposite occurred for the boreal species with highest suitability occurring to
the north withC. capillatashowing highest suitably to temperatures in the North
Sea.PPT was not hysiologicalbarier as highest suitability ranking occurred
over the majority of the mapReclassifications of therpy indexlayers mirrored

the pattern in the data layer, with waters to the southwest, north and northwest
showing greatest suitability. The environmergaitability for larger (such aR.

pulmg and smaller species (such &s &urita) of jellyfish both showed the same
overall distribution, a higher number of higher raster squares ranked highly in

terms of potential bloom occurrence.

4.7 Suitability Maps

Once the corresponding reclassification (reclassification method discussed in
Chapter 3, section 3.3.3) layers had been overlaid, the final suitability maps (Fig
44a-d) were displayed.Like the reclassifications, ighest suitability of the
Northeast Atlantic fojellyfish occurred throughout summer, achieving the highest
average raster square rankings for 5 of the 7 species (Table 4.2). The smaller and

typically more commoiscyphomedusae such Asauritamade up the majority of
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the spe@s showing greatest suitability to the summer conditions, but also showed
suitability to the spring and autumn, with some ability to overwinter. Summer was
alsothe peak season for highest suitability of the larger and generally less common
species such &. pulmogdespite them achieving consistently lower rankings than
the smaller species. The two species where conditions were most suitable for
reproduction or blooms that was outside of summer were the species associated
with colder boreal environment€ (capillataandC. lamarki), with highest raster
square ranking occurring as a result of the conditions found in spring (Table 4.2).
The mapslso suggested they could persist for the majority of the year, particularly
C. lamarkii Species with populaties described to be expanding northwards that
are also known to be infrequent visitorsthe mapping areauch asP. physalis

was most suited to summer conditioRs physalisvas one of the fewpgcies that
achieved no bloom assignmebttlarge areas wdrereproduction was possible
occurred within the suitability map&eographically, highest jellyfish suitability
occurred within northern regions of the NorBea and south western areas
including the Celtic Sealhis was the case for several of the sargkllyfish as

well as the colder water species. Less common spas@xciated with warmer
waters(such asP. physali$ showed either an ability to survive or be capable of

reproduction mainlyo the south west
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Table 42 The number of each rastequares within the mapping sites that was assigned a certain suitability
ranking for each species over each season.

Species Season Suitability ranking Number of Raster Squares
A.aurita Winter Below survival 586
Survival 59
Reproduction 1
Bloom 0
Spring Below survival 238
Survival 384
Reproduction 4
Bloom 1
Summer Below survival 3
Survival 477
Reproduction 120
Bloom 8
Autumn Below survival 440
Survival 158
Reproduction 10
Bloom 0
P. noctiluca Winter Below survival 477
Survival 169
Reproduction 0
Bloom 0
Spring Below survival 164
Survival 457
Reproduction 4
Bloom 2
Summer Below survival 88
Survival 149
Reproduction 363
Bloom 8
Autumn Below survival 384
Survival 204
Reproduction 20
Bloom 0
C. capillata Winter Below survival 637
Survival 9
Reproduction 0
Bloom 0
Spring Below survival 380
Survival 214
Reproduction 33
Bloom 0
Summer Below survival 374
Survival 195
Reproduction 39
Bloom 0
Autumn Below survival 514
Survival 87
Reproduction 7
Bloom 0
C. lamarkii Winter Below survival 476
Survival 166
Reproduction 4
Bloom 0
Spring Below survival 122
Survival 437
Reproduction 67
Bloom 1
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Table 4.2 continued

Summer Below survival 157
Survival 333
Reproduction 115
Bloom 3
Autumn Below survival 407
Survival 190
Reproduction 11
Bloom 0
C. hysoscella Winter Below survival 550
Survival 96
Reproduction 0
Bloom 0
Spring Below survival 344
Survival 281
Reproduction 1
Bloom 1
Summer Below survival 5
Survival 540
Reproduction 58
Bloom 5
Autumn Below survival 403
Survival 205
Reproduction 0
Bloom 0
R. pulmo Winter Below survival 646
Survival 0
Reproduction 0
Bloom 0
Spring Below survival 621
Survival 4
Reproduction 2
Bloom 0
Summer Below survival 545
Survival 55
Reproduction 8
Bloom 0
Autumn Below survival 600
Survival 8
Reproduction 0
Bloom 0
P. physalis Winter Below survival 626
Survival 20
Reproduction 0
Bloom 0
Spring Below survival 312
Survival 305
Reproduction 10
Bloom 0
Summer Below survival 350
Survival 250
Reproduction 8
Bloom 0
Autumn Below survival 486
Survival 119
Reproduction 3
Bloom 0

112



Chapter 4

Mapping Suitability of the Northeast Atlantic for Jellyfish

A) Winter

Aurelia aurita

Pelagia noctiluca

g5y

e

Winter : . -g?

Cyanea capillata

Cyanea lamarkii

Winter . @f- %g

e -

Winter

Chrysaora hysoscella P
Winter : & :

Winter

Physalia physalis

Winter

Suitability

Below Survival

Survival

Reproduce

113



Chapter 4

Mapping Suitability of the Northeast Atlantic for Jellyfish

B) Spring

Aurelia aurita

wf%?“‘ %

Sprlng f

Pelagia noctiluca %

Spring

Cyanea lamarkii

Spring

-

Chrysaora hysoscella

Spring ;fwf?f

Rhlzostoma pulmo

(!”\

Spnng

% -

s\j‘ﬁ
=

Physalia physahs

Spring

Suitability

Below Survival

Survival

Reproduce

114



Chapter 4

Mapping Suitability of the Northeast Atlantic for Jellyfish

C) Summer

Aurelia aurita

Summer

Cyanea capillata

Summer

Pelagia noctiluca

Summer

Cyanea lamarkii

Summer

Chrysaora hysoscella

Summer

Physalia physalis

Summer

Rhizostoma pulmo

Summer -
A

Suitability

Below Survival

Survival

Reproduce

Bloom

115



Chapter 4

Mapping Suitability of the Northeast Atlantic for Jellyfish

D) Autumn
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Fig 4.4 Visualisations of thegerage suitability of the mapping site for each species over the 4 seasons.
A) final suitability during winter. B) final suitabilitduring spring. Cfinal suitabilityduring summer.

D) final suitabilityduring autumn.
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As suggested when comparing the relationships between the environmental data
layers, higher raster square ranking occurred for species that could tolerate colder
tempeatures (i.e. <1%), enabling thento take advantage of the increased prey
This ocairred for several of the sm&kyphozoand the boreal species to the

north with the typically warmer water species showing greatest suitability to the
southwest. Theverlap between areasiacreased plankton abundance and

higher jellyfish suitability, highlighted thiguctuating prey abundees between

spatial locationsis a significant liming factor of potential bloom risk within the

zones of tolerable temperatures and salinities

4.8 Comparison between Map Output and Previous Blooms

Before the implications of locations for current and future jellyfish suitability were
considered, the output was tested by comparing the results to the occurrence of
knowing blooming events. The results the physiological reclassification and
overlay of data representing the year 2007 whemoctilucawas recorded to have
bloomed extensively across the Celtic Sea (Deylal 2008) was compared to
rankings of equivalent data layers representing the3@20 when no bloomsere
reported(Figure 4.7). The reclassifications of the data layers representing the
environmental conditions during the year 2000, descrilbege areas where
reproduction wagossiblebut a negligibe amount of raster squares/glLwere
assigned as able to support bloomed populatioragreement with the notion that

no abnormal occurrence was reported during this time. The opposite occurred
when the2007 datalayerwas treatedas high bloom risk was assigned over large

areas(25% of raster squares, all of which fell just to the south of Ireland) that
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coincides with reports of the. noctilucablooms (Boercet al. 2008;Doyle et al.
2008;Licandroet al.2010) and when the CPR tows sampled increased gelatinous
tissue which was hypbésised to be as a result of the blqamandroet al.2010)

This indicates that the methodologsas capable of distinguishingetweenthe
conditions where blooms have historically occunneth areas of below survival
being ranked adjacently to areakere high suitability occurred, with those for

which blooms have not been recorded.

o, : [] Below Survival
2000 : | 2007 o

[ Reproduce
MW Eloom

Fig 4.6 Suitability maps oP. noctilucain the year 2000 and 20@itross the Celtic Sea

However, @spite the rmpspicking up on bloom risk during a time period whaan
eventoccurred, some areas within tBeltic Seawere assigned survival and in
some cases below survival. Increased gelatinous maiersatietectech theCPR
samples across the whole area througB60%, suggesting that the map pickeg

on the most opti mal condi t i oenognishmvr t he
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they were dispersedThis trend occurred for both the 2000 and 2007 data, with

areas of below survival being ranked adjacently to ardesenhigh suitability

occurred, which can be considered unrealistic due to the lack of physical barriers

in the water.

4 9 Future Risk

The sensitiity analysis (methods discussed in Chapter 3, section 3.3.feof
seasorwhenthe greatest amount odister squaresere assigned s suitable for

bloomsfor each speciefn the case oR. pulmo, P physalis,.@apillata andC.

lamarkii, no bloom rankings were achieved so raster squares with a reproduction

ranking are displayed]Fig 4.8ac) resulted inchanges in overall jellyfish
suitability rankingsThese alterations suggested which species werelikelseto
increase or decreasenumberdue to changes in the environmental factord the
time of year this was more likely to occlihe 10%temperature increaggig 4.7a)
resulted in proportionally greater suitability increamethe summer conditiorier
the larger and generally less comm&yphomedusgeR. pulmo and the
hydrozoan,P. physalis(saw an 23% and 17% increases highest rasfears
ranking respectivelythatcurrently showrelatively low suitability tothe presert
day conditions compared to the smaller, more common spécieai(taandC.
hysoscella This indicates that increasirsgmmertemperatures couldllow for
northernexpansions of larger populations of these spantesNortheast Atlantic
waters where the prey levels and salinity can currently sustain 8wt increases

in populationsof larger species would likely have an impact e ven i f
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bloom due to thir conspicuousness and in some cases, their ability to. sting
Increasedisk associated with the smaller more common spééieauritaandC
hysoscellaalso occurred, but the risk increase \wagportionallylower than the
increase seen for larger species as higher suitability to the pdzsdamperatures
already occurredrlhis included increase of bloom assignment of 5% in the most
common speciedA. aurita, up to 15% increase irlC hysoscellaisk. A general
increase in reproduction assignments also occurkéolvever, the species
associated with boreal conditionCyanea spp showed less suitability
(reproduction rankings decreased by 13% foia@arkii and 7% forC. capillata)

to the increased temperature irating that population contractions awaynro
their current rangevould occur in the event of tempearet increases. Conversely,
the temperature decreases resuitedower suitability for the temperate and
warmer water species (ranging from 5% decreasA.fauritaandP. noctilucato

20% decrease 6. hysoscelln
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The sensitivities applied to the PPT layers and subsequent reclassifications
resulted in a dierentpattern.The low increase&1%)in highest raster square
assignmenjellyfish as a reult of the +10% sensitivity aéd to the result from

the reclassification (Fig 4.1jat thesalinitiesin Northeast Atlantiavaters

already cross the thresholds of leghsuitability in the present day for all of the
species. The deeases in salinity resultexd deceases between 5% and 10% in

the highest suitability assignmermisring the most suitable terof year for each
specieshighlighting thatthe thresholds we sensitive to the impacts of salinity
changeandonly significant decreases would impact populatidise percentage
changes in risk assignment in relation to prey abunddfagd.8c)were greater
thanwhat wasachieved during the sensitivity analysisthe other two

environmental factord'hegroups of jellyfish that contain both largad small
medusae bothadincreases and decreaseshair highest raster square rankings

as a resulof applying the sensitives to the prieglexlayers with the suitabily

for the larger medusae showing greateangege.g.C. capillataincreased by

40% wheread\. aurita increased by 8%)This indicates the potential importance

of fluctuating prey levels in bloom forming specaswell as theanspicuous
onesand how future alterations could influertbeir populations, particularly if

they occuiin thezones of increased summer temperature, with populations of the
larger species more likely to increase and decrease in response to prey abundance

fluctuations
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4.10Conclusions

The mappingprocess achieved the aim of revealing locatigitkin the

Northeast Atlantichat were more likely to experience noticeable jellyfish
populations by applying existing knowledggtheir physiological tolerances o
representation dhe marine environmenthis was achieved over a widanging
area using species specific physiological thresholds (where possible) and freely
available environmental data layers of consistent uéisols. Physiological
tolerance to each of the potential bloom limiting factors were combined to
visualise their overall influence on jellyfish populations within a geographic
region perceived to be experiencing an increase in blooming events. Mapping
wascompleted for 7 species based on present day condijensrating an
understanding of how key environmental factors contribute ta\gnehter

jellyfish suitability. It alsohighlighted the locations more susceptible to larger
populations and thereforddoming eventsf environmental parameters were to
change in favour of jellyfishMore specificallythe times of year when the
populations of each species were likely to be at their greatest was represented,
allowing for more specific considerations oétboastal industries at risk from the
impacts othypothetical futurdlooms. Generally, the locations of higher
suitability in the maps coincided with the coastlines where each of the species
have been found washed up or occurring in waters in greatebensif@vian,
1986;Doyle et al. 2007;Pikesleyet al.2014; OBIS, 2017) as well as the location
of incidents involving a species and anthropogenic activity reported in the

scientific literature (Purce#t al.2007) and the medi& (@ Godson, 2015).
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It can be concluded &h the patchy distributiorseen in the plankton data layers,
characterised by areas of intense abundameesthe key drives of the

distribution ofhighestellyfish rankings achievenh themaps The distributions

of high planktorabundance eremirrored by spatial locations of greatest
jellyfish suitability in thespeciesspecificreclassifications and therefore the final
risk maps. The responses to seasonal and localised plankton fluctuations within
the risk maps can be offeredasexplanation to the sudden appearances and
disappearances of large numbers of medtlsstehave beeassociated with
blooms (Mills, 2001; Graharet al.2003; Palmieret al.2015). Several of the
speciege.g.A aurita) are also knowto show plasticif to the environmental
factors(e.g. ocean temperatune@)thin the model (Nawrotlet al.2012;

Chisholm, 2013), suggesting that such spikes in prey abundeegédeading
cause of instances where historical blooms Heeen able to develogithin
Northeas Atlantic waters. However, prey abundance was not the only limiting
factor, as the ocean temperatures created horizontal layers of varying suitability
across the maghat thefluctuations of increased prey abundance necessary for
increased jellyfish popationsoccurred in Spikes in prey abundance within the
larger and less changeable zooksuitable SST and PPT providegtimal
conditions for reproduction and bloom assignment of raster sguacegain

areas that includetthe southwest of theaps, @rticularlythe Celtic Sea.
However, large areas were rsoiitable for larger populations of several of the
species in northern areas of the North Sea where the waters were too cold for
reproductiorand in some cases survival, despite the highest preylaboes

occurring there. In contrast, the boreal species and species generally accepted to
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be native yearound such a#é. auritawere able to take advantage of the
increased plankton abundance due to their ability to occur in colder temperatures.
However, ocean temperature must not be a considered a bajeiyfish

suitability as sudden increases have also been hypothesisggjéoincreases in
reproduction associated witlhooming event#n lab conditiongMills, 2001,

Purcellet al.2012;Holst, 2012; Pascuak al.2014). Annual increases in
temperature have also be described to aid jellyfish populations as it allows them
to reproduce and spawn earlier in the year leadimyeéngreater populations at
peak timesRurcell, 2012)The maps generated in this study can therefore be
used to understand how the conditions at a certain time can influence the risk of
species in @roceeding season. For example, large areas of higher environmental
suitability were assigned to the summer conditions, potentially resulting in large
numbers of medusae persisting into the autumn despite the lower suitability
rankings, as medusae havershown to be able to tolerate less suitable
conditions more than ephyrae and the larval forms within the jellyfish life cycle
(Lilley et al.2014 Collingridgeet al. 2014. The mapping methodologiso
contributed towards an understanding as to whetbquéncies of jellyfish
populationscould have increased in recent ye@rsring the period when the
apparentncrease irreports of bloomsccurred increasing concern has been

linked tofactorswhich can trigger prey abundance spikash as coastal
eutrophication (Richardsaet al.2009) leading to organic matter feagsthe

food web (Nixon, 1995; Bennet al.2001)that jellyfish exploit (Richardson et

al. 2009; Purcell, 2012as well as the temperature of tderth East Atlantic

experiencing increased warming in recent decades (Philippak2011) The
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sensitivity analysis suggested that increases in these two factors make Northeast
Atlantic waters more suitable to the majority of the species in this study, agreeing
with the rotion that increased jellyfish populations in the Northeast Atlantic

could have occurred and could continue to increase, with localised blooming
events forming due to small scale prey and temperature fluctuafibresher

there has been a general incraaggopulations or just an increase in anomalous
blooming cannot be concluded, but the sensitivity analysis suggests that both
could have be possible. Howevdrthe oceans were to contintewarm and
planktonic abundance spikes were to become more @itetise future,

Northeast Atlantiavaters could potentially offer a consistently suitable
environment for larger population$ currently common and uncommon species

that could develop into blooms more regularly.

4.10.1 Limitations and Future M ap Development

The main limitation of this model is that it is based on organisms that are
historicallyunderstudiedvith data lacking omheir physiological responses to
aspects ofhe marine environmenBased on théestinformation availablethe

model acts as an initial screening exertis# to identifylocations that culd
potentially experience larg@llyfish populationdbased on threenvironmental
parameterdDespite having to rely on data that could be more accurate it
successfully raked a location as suitable for a bloom of a specific species, during
a time when a bloom was actually reported, whilst suggesting times when no

reports of blooms exist, that the environment was not suitable for a bloom. As
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jellyfish are opportunistic orgasms, capable of responding rapidly to favourable
conditions by blooming (Purcell, 2005), accurately predicting more specific times
and locations of blooms using the model remains a challenge. As the field of
jellyfish bloom research develops, applying noyed information and additional
data (if they were ever to become available), could provide more specific notice
as to when blooms of a certain species are more likely to occur in a specific
location, due to the successes of the methodology that havedpeeted in this
chapter. Additionaénvironmentaldctors have been showminfluence jellyfish
populationgor which physiological response threshslturrently do not exist

These includecean pH andxygenationRichardson and Gibbons, 2008;
Richardonet al.2009). Responses of jellyfish species to factors such as
stressful oxygen levels and lower pH has been hypothesised to allow gelatinous
species to outcompete fauna with higher oxygen demands and more calcareous
structures, as well as providespator free sanctuaries for jellyfish (Richardson

al. 2009) that contribute towards increased medusae recruitment associated with
blooms. Developing reclassifications of data layers that visualise the impact on
jellyfish populations once they become iadale would provide further

understanding of the conditions that enable blooms and where they will occur.

The distribution of eeas where dataere missingvithin the GIS modelvere
highlighted within the environmental data layateir reclassificatins and the
suitability maps, leading to some uncertainty associated with the final outcomes
This includedexamples such dke below survival rankings of species suclRas
pulmoin parts of the Celtic Sea where they are known to o¢tayard and

Ryland, 200§ and the locations of low suitability &. noctilucawithin locations
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where it bloomed in the year 2Q0Beverakxplanations can be offered as to why
this occurred. The first, was tlaeeas that are not sampled during @R

surveys potentiallympactedthe raster square rankingsthe prey abundance
estimationsAreas in the interpolations of low prey abundawbéch were
potentiallyunderestmations due to the conditions the sample was taken or under
sampling contributed towards thelow surwal raster square assignment in
locations where certain species ocdure data used to create the pirayex

layers was also based on macrozooplankton despite the knowledge that jellyfish
also prey on other items such as fish eggs and microplanktore(PLg84;

Tilves et al.2016). Other data layers that represents abundance of other prey
itemscurrently do not exist or dataerenot available that could be interpolated
into raster layerdnformation on the amount of prey required that contributed
towards individual jellyfish physiological thresholds wasrce resulting in

some assumptions to be mdmesed on key studies that gave aagal

assumptiorof prey requirements of species with similar morphologies and life
histories. Generally improving information on the thresholds of each species and
the development of additional data sets representing other prey items across more
of the mapping site wouldontribute towards addressing any underestimation
thatmay haveoccurred Additional physical features of the marine environment
alsorequireconsideration to improve jellyfish risk assignment. For example,
ocean currents are known to disperse jellyfishyations (Hayt al.2005;
Richardson, 2008 so visualising the impacts aimstribution in futire iterations

of the model coule@xplain the differencesetween thauitability maps and the

locations of actual occurrenes well as occasions when highitability occurred
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alongside low suitability. Applying the general directions of the ocean currents
and areas more likely to experience subsequent settlements of marine organism
could potentially explain discrepancies, describing how blooms are trartsporte

from where they develop to locations where the medusae are also able to survive.

If future iterations of the apsor uses of the methodology were to be developed,
they shouldseek to addresome ofthe knowledgand datagapsthat have been
identified to assess if anymprovementscan be madehen assigning bloom risk

to a location based on environmental suitahilitizapter7 (section 7.2),

discusses sonmuggestions on the data requirements to further test the suitability
of the Northeast Atlantic for blooms based on a variety of additional data that are
required.deally, coastal industries would require a version of thpsthat

could assign bloom ristif each type of species at slemotice in the form of a
forecasto enable preparations that could mitigate thpdcts of blooms that are
investigated in Chapter 5 and 6. An additional component to achieving this would
be to develop data layers thmedict future prey abundance and salinity changes
consistent with the future ocean temperature layers that exist that can be
reclassified based on jellyfish physiology scores so that more specific future risk
can be visualised. However, it is highly dedidé as to whether short term

forecasts and further future projections of certain environmental parameters can
be achieved, therefore Chapters 5 and 6 display the application of the maps
generated in this study for the purposes of projecting the impattslitdom

could have on both the fishing and tourism industries in the Northeast Atlantic in

relation to an ecosystem services approach.
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4.10.2 Further Work

The suitability maps combined with the information generated in the sensitivity
analysis in thichapter suggested aremwd times of year that greatest jellyfish
occurrence was possible and has provided an overview of where interactions with
coastal industries would occurh@ large areas aficreaseduitability of the two
Cyaneaspeciesas well asigh suitability forA. auritaandP. noctilucato the

north of the maps coincidedth the hgh levels offinfish aquaculturéhat occurs
across Scotland hesefour species are known to cause mortality of finfish, with
previous blooming events &% noctluca interfering with Irish aquaculture in

2007 (Doyleet al.2008 Licandroet al.2010 andC. capillataimpacting

Scottish aquaculture in 1996 (Purasdtlal.2007) costing the industry millions in
lost revenueBased on the riskientified bythe sensivity analysis, future spikes

of prey in these areas would incseahe suitability for thborealspecies.

Increases in temperature would increase suitability for AoturitaandP.
noctilucaas well as northern expansions otbpecies suchsP. physalisor C.
hysoscellahat have the morphological characterist@sause detrimental

impacts on aquacultur&éhe minimal impact increasing temperature hadhen
preyindexwould also be unlikely to cancel out the temperature induced increases
in jellyfish suitability of the warmer water species, because the change was less
than the difference between the physiological thresholds presented in Table 4.1.
Despitespring andsummer(and therefore autumn if medusae persiges)eally

being the tine where increased suitability was recordedreased bloom

occurrence at any time of the year would have imphetsto the long durations
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finfish are reared with only a single blooming eveaguiredto result in

significant losses (Purcedt al.2007).

The increased suitability assignment of raster squares to the south west of the
maps for the rest of the species coincided with locations associated with
increased coastal tourism and the locations of harbours where significant fisheries
are based. Thigicluded the coasts of Cornwall where there are seversiatoa

towns dependent on tourigiBeattyet al.2010) as well harbours that act as a

base for somtargescalefisheries (IFCA, 2017). Both of these industries have

been impacted by annual jellyfish blooming occurrence in other geographic

locations in the past (Palmiezt al 2014 Ghermandet al.2015).

No studies have attempted quantifications like thes®@theast Atlantiavaters
referring to specific cases studi@isat the author is aware p§o understanding

how any impactef bloomsare requied so that management can be considered.
The species that showed increased suitability to the south west all showed
increased risk when temperature and prey abundance increasedngdicatti

future conflict couldncreasef factors that causeceantemperaturs toriseor if
preyincreases were to occur in the area. Summer showed greatest suitability to
the species that were situated to the south west, including st{eggssS.
hysoscellaknown to be capable of negatively impacting coastal touasd the
activities of fishermen (Palmieet al.2014; Ghermandgt al.2015).As summer

is the peak time for coastal tourism, interactions with jellyfish are more likely.
Like aquaculture, fisheries operate\ahar,but the seasonality of blooms could

still have specific impacts based on the seasonality of target fish species and how

the specificgear requirednteracts withblooms. Currently, it can only be

131



Chapter 4 Mapping Suitability of the Northeast Atlantic for Jellyfish

hypothesized that there would be socioeconomic immdetereasing blooms.

An understanding ofiow industriesvould interact with jellyfishwithin theareas
of greater suitabilitys therefore required tenable quantification dhe impacts
if jellyfish were to bloom more frequentlyrhese are explored in subsequent

Chapters 5 and 6.
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CHAPTER 5

JELLYFISH BLOOM IMPACTS ON FISHERIES

5.1 Introduction

This chapter explorepotential som-economic impacts from possible future
jellyfish bloom increase®n those working within the fishing industry, thus
addressing the second research question seéh @hapter 1\What would be the
magnitude of the socieconomic impacts related to the tourism and fishing
industry in the event of increased jellyfish blooms occurrence ilNthréheast
Atlantic?). It is based on results from a survey of fisherfolks iewlyn and
Brixham that elicited howheyenvisage their activities would be alteresingtheir
responsedo hypothetical bloom increases. Impact quantificatiovese then
developed byfocusing on costs to fishetks in the present dagnd how they
would compare with any impact the increasing bloom frequencies would have
Survey responses were combined with secondary economic data to generate
scenarios of how fisherfolk activities would change to enable valuations of impacts
of future bloom increases. Imggprojections were then compared with the range
of impacts blooms are known to cause in other geographic locationally,
section 5.2xplains the selection of the study sites, and how they compare with the
spatial distribution maps of locations whdrigh jellyfish numbers could occur

Section 5.3 discussthe characteristics of the fisherfolks that participated in the
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surveys, deriving insights on their presealy operations for comparison with how

they would operate in bloomed watefection 5.4then reportsthe previous
experienceand responses of stuggrticipantgo jellyfish bloomsin their fishing
grounds Section 5.5 displays the responses of fisherfolks in terms of possible
behaviour and operations changes once they had been introdurgabthetical
scenarios where increasing blooms occur within their Northeast Atlantic fishing
grounds. The responses to the increased bloom of different species groups and
relevant secondary data were thesed to quantifiany subsequent costsg@&ions

5.6); section5.7 highlightspotential welfare and social impactSection 5.8
discussedow the impact valuations from this study compare to the impacts in
ot her geographic | ocations and how the

decisionmaking thatminimises impacts whilst fishing during blooming events.

5.2 Study Locatiors

For the purposes of this study, locations within the Northeast Atlantic that could
be affected by jellyfish blooms and are frequented by fisherfolk, were the focus
of theresearch. Based on the results reported in Chapter 4, theveestdrn

waters off the UK were selected as:

(a) they encompassed more marine areas where large jellyfish populations
could conceivably occur for a greater number of jellyfish sp&Eigs
5.1),

(b) they included areas of the sea whgpecies thadére more sensitive to

environmental change @.R. pulmoandP. physalisseeChapter 4 as
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well species known to impact fisherida. foctilucaandA. aurita see
Chapter 2were potentially capable of ming according to the GIS
maps generated with the methodology developed in Chapter 3 (Fig 5.1).
(c) Fisherfolks in the soutlwvest use mobile gea(s.g. trawls)such as those
used in other harbouraround 80% of both demersal and pelagic landings
reportedin UK harbours including the soutlwest,are made with mobile
gear (MO, 2017a), thus providing a potential means of comparison with
studies of bloom impacts in other locations (Pamieriet al.2014 where

similar gears are used.
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Fig 5.1Expectedlistribution of summer suitability ahe waters off southwestern coats of the Ukigecies belonging to the small ron
stinger (represented urelia auritd), small stinger (represented Bglagia noctilucy, large norstinger (represented Rhizostoma
pulmg and large stinger (represented@®yanea capillatagroups in relation to Brixham and Newlyn fishery harbours.
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The fishingharbours that were selected as caseeswdthin these wateraere
Brixham ¢3.5054096 W, 50.3977178N) and Newlyn {5.553° W, 50.101°

N), see Figure 5.1. Brixham and Newlyn are located within close proximity to
each other with vessels operating within similar stretches of water (based on AIS
trackingprovided by Marine Traffic, 2017The majority of vessels in both of
these harbours arel@ meters in length, using nets to target mainly pelagic fish
species, but there are a number of large commercial vessels >10m, that fish for
either mainly pelagic or mainly demersal species (MK@L7a). There are also
some large vessels >10m that tagetllfish (particularly in Brixham (MMOQ
2017a).There is a varietpf different mobile gearen these vessels that target
pelagic andlemersal fisfMMO 2017a) which were considered in this study

(e.g. trawls). Brixham and Newlymarbourshave 250 and 600 registered vessels
respectively, with 553 fishermen based in Brixham and 684 based in Newlyn
(around 75% are classed as full time) as of 2015 (MMO, 201Te)miost recent
monthly report (June 201at the time of writing(MMO, 2017a)staesthatthe
largest landings Englandare atBrixham, but the catch brought infdewlyn
harbour have theighest valuePossibly, at Brixham greater quantities were
caught due to the few large vessels catching large amounts of shellfish,(MMO
2017a)ard in the last few years the harbour underwent regeneration that
modernised operations (Torbay Harbour Master, 2015). The value of the Newlyn
catch was likely greater as more pelagic species were landed by the greater
number of vessels (MMQ017a). Pelagitish species are the only group that

have undergone price rises in the past geatributing to the increased value of
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the catch: pelagic fish prices increased by 6%, where demersal species and

shellfish prices declined by 15% and 19% respectively (MR@7a).

5.3 Survey Respondents

A total of 67 fishermen were approached during field work (methods discussed in
Chapter 3section 3.5.1)Due to the fact that moshermen who livd outside

of Brixham and Newlyn spent little time in the harbours and the ta8&s,
surveysweresuccessfully completed (24 Brixham, 12 in Newlyn), achieving a
response rate of 49% those that were approach&gcent reports indicate there
are553and684fishermenbased in Brixham and Newlyespectively (MMQ

2017a). Theharacteristicsf the fishermen that participated in the suraey

displayed in Table 5.1.

Table 5.1Characteristics of respondents in Brixham and Newlyn harb¢

Characteristic Frequency (% per harbour)

Brixham Newlyn

Gender Male 100% 100%
Female 0% 0%
Years fishing 07 5 10 8
61 10 14 17
117 15 19 33
1671 20 33 25
217 25 5 0
2671 30 14 17
31i 35 5 0
Fishermen Status Vessel Owners 48 42
Vessel Employee 52 58
Vessel Length Over 10m 47 58
Under 10m 53 42
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Table 5.1 continued

Fishing Type Demersal Trawler 43 33
Pelagic Trawler 19 25
Small Scale Fishery 29 33
Pots and Creels 10 0.0
Gill Net 0 8
Average Distance they 071 10 14 50
Fish from Coasts (miles) 117 20 24 20
2171 30 0 0
317 40 5 0
417 50 33 20
517 60 5 0
611 70 0 0
7171 80 0 0
811 90 0 0
917 100+ 10 10
Previous Interactions with Yes 71 64
Jellyfish No 29 36
Perceived Increases of Yes 57 83
Jellyfish in the last 10 year: No 43 17

On average, respondents had 17 years of fishing experience (lower bound was
14.5 years, upper bound was 20 years) and all were male. Most of the fishermen
who were interviewed were either trawlers (based on vessels that target either
pelagic or demersal fish species, >10m in length) or based on vessels <10m in
length using pelagic netting gear. No surveys occurred with those who worked on
the large shellfistargeting vessels, as many shellfish species were not in season
when field work occurred (Direct Seafood, 20IHpwever, no evidence exists

that blooms can impact the operations of shellfish ves&gla.result, all of the
different fishermen surveyeded mobile gears, similar to the gears known to be
impacted by bloomin other geographic locatioms.range of fishermen who

work on different boat sizes weaésosurveyed, with more surveys achieved

with respondents based on vessels <10 meters in |@mgtrever this was only a
small differencé five respondents) and the vast majority of these fishermen

fished close to shore (40 miles from the shore or I€$gespondents surveyged
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45%were the vessel owners or skippers, which was potentially sigmifas

they would make decisions about how theyuld fish in bloomed waters.fO
respondent7.5%had specific interaction with jellyfish with 70.2% fishermen
in Brixham, and 83.3% in Newlyn, feeling that jellyfish are on the increase. Even
though theravere differences in catch quantities and values between the
harboursfishing operations were broadly simil&thersimilarities were
represented by the characteristics of the respondetits study such as the
number of fishing yearsageragel6.5 inNewlyn, 17.9 in Brixham)the similar
proportion of vessel owners to vessel employees (41.7% owner in Newlyn,
47.6% owners in Brixhamjhesimilar boat sizes (average vessel length in
Newlyn was 15m and in Brixham 16.7ma))d thesimilar fishing distancefrom
the coasts (Newlyn average distance from the coasts was 28.5 miles with

Brixham fishermen reporting 37 milethlat was reported

Due to thesesimilarities thedatacollected were&eombinedso that anore
meaningful analysis of the impacts of blosould be carried ouiinfluence of
harbour wagested in section 51 test if harbour had influence on bloom
responseslt is difficult to assess how typical the respondewseof the
harbours of Brixham and Newlyar of the British fishing fleetas freely
available demographic data on those who work in the fishing indsstcarce
However, some similaritiesere reported iprevious studiethatincluded
demographic information as part of their analgsish as study 6fatigue

within the irdustry(Allen et al. 2010) Several similarities between respondents
in their data sample and the ones intervieaggarof this studywere found,

including thatthe vast majority of fisherfolk were makbatthey typically had
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15-20 years total expemee,thatmore fisherfolk worked on smaller boats <1,0m
andthata proportionally high amount of vessel skippers participatiee

research. Other aspects of the respondents in this survey appeared typical of the
southwestern fishing fleet when compardthvwhe general fleet statistics
collected by the MMO (2017). For example, the proportions of fisherfolk who
work on each of the vessel tygand the species they targedres similar to what
the respondents in this study reported (eigher numbers of satier vessels
employed a greater number of people than the fewer larger vessels that had
biggercrews). Although there are some suggestions that the sample is tfpical
the southwestern and UK flegtsis too small (n= 33) to conclude that it is
represatative(as there ar&2,000 + fishermeacross the UKAllen et al 2010))
and can only provide an initial indication as to whether future bloom increases
will have any impact on the industagrosshe Northeasttlantic. Thefindings
werealso limitedby thetypes of fishermeavailable during the field work,

which wasinfluencedby the seasonality of the species they were targeting.
Fishermen deployed irtleer methods of fishing (e.g. shellfirgeting vessels)

could not besurveyed

5.4 Experience of Blooms in the Northeast Atlantic

Previous experiences jellyfishi n t he respondentsd fishio.t
displayed in section C ofgpendix G werealso analysed anmdiscussegasthis
might inform their views on future blooms. Osgondents, 70% of fishermen

had experience of jellyfish, ranging from stings (36%), bycatch (9%), net
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clogging (12%) to just generalgeeing them in the ocean (12%he remaining
(31%) respondenteeported no direct experience. When asked which species they
recognised as occurring in their fishing grounds, respondents most commonly
identifiedR. pulmg@A. auritaandC. hysoscellawhichmatcheswith the spatial
distribution for these species thvads described in the GIS mapfowever, very

few fishermen reported that they had sBenoctilucawhich the GIS maps

indicated the southwestern waters to be suitiislandwas also a species
highlighted by Licandret al (2010) as one occurring maséenin the area

based on CPR sampldswvo thirds of respondents had witnessed episodes of

high numbers of jellyfishn the seamost commonly stating thteseoccur in

the summer (48% of respondents) and last for around 2 weeks (36% of
respondents)lhelatter is in line with what is reported for jellyfish occurrence in
the Northeast Atlantic (specifically the Wtbastline)n Palmieriet al. (2015

228) who statebased on public records and anecdotal evidénd¢ea t fimass
strandings occur mostly betwebtay and August, coinciding with warmer

weather and last for a period of around 2 wesltsss the UK, mainly in the

south wesb as well the analysis of species distributions across theyJK
Pikesleyet al.(2014)based on publisightingsdata.However nearly as many
respondents were not in agreementh 44%suggesting that there was no set

time of the year when larger populatiamtcur,and events can be both longer

and shorter than two weeks, suggesting overall that the spatial distributions and
duration of increased populations in the Northeast Atlantic are quite
unpredictable, which potentially contributed to the discrepancies between the GIS

models, scientific literature and the experiences fishermen Hadnaictiluca
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Table 5.2 indicates thatost fishermen surveyed have had some experience of
blooms already (in some cases experienced repeated blooming events) and that
debate appears &xistin the fishing community as to whether blooms are

increasing in Northeast Atlantic as well as in thiersttfic literature.

Table 5.2Changesn jellyfish populations reported by fisherfalk Brixham and Newlyn

Previous Bloom Experience Frequencyof Responses (%)
Blooms occur at least once a year 78
Blooms occur several times a year 39
Blooms frequencies increased in the last decade. 49
Bloom frequencies have not increased in thedastde 30
Do not know if blooms have increased in the last decades 21

The next sectionf the thesiexploresgheoperational changes fishermeould

make in the event of increasing blooaml the impacts that they envisage will
occur in relation t@ number of different speci@sthin their fishing grounds to

act as a basis for projections of any semmonomic impacts that would occur

The influence of the pondentharacteristics such as the harbour they were
based in, the number of years they have been fishing and the type of fishing they
engage in (section 5.3) as well as their previous experiences of jellyfish (section
5.4) on the futurelbom response were tested to give an indication of any

specific impacts (if anythat would be experienced.

5.5 Responses to Hypothetical Future Bloom Increases

Section D of thesurvey questionnaire (Appendi® @sked respondents to

consider hypothetical scenarios where jellyfish belonging to each of the four
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groups (large nostingers, large stingers, small rstingers and small stingeirs
seeChapter 3section 3.5.1 for grouping methodology) bloom more fegly in
their fishing grounds. Respondemisre introduced tthe characteristicef the
four groupsusing flash cards (see Appendix $&ction D), and the following

excerpt was used to introduce respondents to this section of the survey:

fEvidence sugges that the jellyfish populations we discussed in section C
couldincreasecharacterised by more instances of blooming evHritss

was tooccur,there would be potential for increased intéiats with the

fisheries hereln this section, | would likéo ask you to draw upon your
expertise as a fisherman to imagine hypothetical future oceans where blooms
are morecommon, to answer questions loow you think they would interact

with your fishing operations (if at all) and how you wofigh in bloomed

waterso

Section D started by askimgiestions about eagdllyfish group whether bloom
increases o$pecies within each growpould causeéhemissues (yes or nphhe
specific issusthey envisage; and actions they would take response to the
issteswhile fishing in bloomed water@oth open questiondnitially, general
consensus of the bloom impacts that could occur in the Northeast Atlantic was
developed and displayed kigure 5.2, whichreports all the impacts that were

envisaged by respondsrwho saw increasing jellyfish (from any of the four

groups) blooms as capableiwipacting their activities.
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What issues do you think increases in blooming events would cause to
your operations?

60

40

207

0-
Bycatch Sting Spoil Catch

Impact Envisaged

Fig 5.2The impacts of jellyfish bloom increases envisaged by all respondents

Only three impacts were envisaged by respondents in response to all of the
jellyfish species, with the vast majority stating that bycatch of jellyfish would be
their primaryconcern. Of the respondents who reported bycatch, several
suggested excess time sorting of catch would occur, but there would be no other
implications. However, four of these respondents suggested that bloom bycatch
could spoil their haul of target catcBtinging was the only other impact

(however, this was directly linked to accidentally hauling jellyfish abdaud

was only reported on six occasions.

In order to define the future relationship between fishermen and increased bloom
biomass in their fishg grourds | now investigateé which types of fishermen

(based on their characteristics) would incur the impacts reported in Figure 5.5,
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and which group of jellyfish species would cause those issues. As well as the
responses given to therhgtrelationshig between different types of fishermen

and increased blooms weassessed using significance testing of the survey data
set.This included testing the influence of respondgaracteristics (either

categorical (e.g. vessel type) or continudata €.g.years fishing) on the

varying responsegiven to hypothetical bloom increases of each of the four

species groups (all categoricaldata g. fiyeso or Anoo to fut
with a species grogpEach statistical test was between peledent data columns
associated with respondent characteristics and their future bloom responses. Due
to the lack of variation in the different impacts envisaged (Fig 5.2), the few

bloom responses available to fishermen (see below, Table 5.3) and the small
sample size (discussed in section 5.3), significance testing could not occur on the
influences of impacts and responses envisaged. Assessment of the future impacts
of bloom increases and responses were based on frequency of which they were

reported.
The harbour the fishermen were badetl noeffecton responses related to:

1 the number of jellyfish groups that respondents envisaged to cause future
issuesl(.R Chi Square = 1.364, DF = 8= 0.714).

1 the impacts that blooms increases would hageheydid not differ
between harbours because fishermen from bettusivelyreported that
they envisaged impacfsom bycatch of increased bloom biomass
(including stinging)

1 the difference in the frequencies of the typeesiponses to blooms of the

different species groups. Respondents from both harbours reported they

145



Chapter 5 Jellyfish Bloom Impacts on Fisheries

would travel to alternate fishing sites, accept bloom interactions and
using additional safety gear in responses to hypothetical bloom increases
of thelargenonstinger, large stinge@ndthe small stingers in equal
amounts withvery few responses being reported in response tentiad

nonstingersat both harbours.

The different characteristics afl fishermensurveyedhowever, had varying

influences on future issuesivisagedvith hypotheticaincreases ifuture

blooming events

T

T

the amount of years a respondent had been fistadgio significant
influence onhe number of jellyfish groups perceivedcapable of
impacting their operations in the event of bloom increases (Pearson
Correlation = 0.120, ¥ 33,p = 0.504),

vessel owners / gipers significantly envisagempactswith more
groups of jellyfishspeciesf they were to bloonfMannWhitney U =
64.00, N = 33p =<0.05, whichis of relevarte becausthey are in
charge of the boat, plan fishing voyagasd make decisions in order to
achieve the best catch (National Careers Service, 20EAning that,
regardless of the causes, the more concerned responaeridisbs

making decisions about fishing in bloomed waters

Different types of fisherme(based on the three vessel types, described in section

5.3) envisaged similar future issues associated with increased blooms of the

individual species groups and suggelssimilar responses to them, but certain

fishermen envisaged these issues more often. In responses to hypothetical bloom
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increases of large nestinging jellyfish, pelagic trawlers (on vessels <10m and >
10m) significantly reported that they envisageg (bi ndi cat i ng fiyeso
issues) greater instances opacts associated with this group more than the
demersal trawlers (L.R Chi square = 6.357, DF p2<0.09. The fishermen

who mainly target pelagic fish mostigported that blooms of large nstingers

would make catching target fish species more difficult due to them getting caught
up in nets during trawls, decreasing catch per trawl and increasing sorting times
of catch and the number of trawls they wouldénetydo. The m&t common

response of these respondents on the vessels >10m was to do addition trawls, but
the fishermen based on the vessels <10m a higher number of respondents
reported that they would move to new fishing grounds before bycatch could

occur. Thefew demersal trawlers who envisaged impacts, sugd#sit they

would remain in their fishing grounds and would do more tramts quotas

wereachieved.

A similar pattern was observed with the responses to the large stinger group with
all pelagicfishermen(on vessels <10m and > 10em)visagingsignificantlymore
future issueshan the demersal fisherm@nR Chi square = 8.624, DF =@~

<0.05. Again, bycatctof bloomswas the most commonly reported concern by
fishermen who indicated theyould expect interaction§ heserespondents
reporedthey would either relocate to other fishing grounds before fishing gear is
deployed in bloomed waters arcept interactions with blooms and incretise
number of trawls to dgeve quotas. The pelagic vels>10mand demersal
trawlersreportedthey woulddo additional trawlsnore ofterand fishermen

based orvessels <10meported they would find alternate fishing sites more
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often. Of the pelagic trawlers >10mspondents20%also reported that they

would increase the amount of protective clothing if they were to haul large
numbers of the large stingees well as doing additional trawls. All those who
reported the increase in the use of safety gear already had what was necessary to

protect them and kepiton board at all times.

Once introduced to the small stinging group, pelag&selgboth <10m and

>10m) were significantly more likely to envisage future issues (L.R Chi square =
8.624, DF = 2p = <0.09 than fishermen based on large demersal trawling
vessels.Again, bycatchwas reported as the issues that would cdisggacement
effort (moving to alternate fishing sites or travelling further due to increased
trawls necessary to achieve quot&f)weve, additional sortingime and

increased use of protective clothing was indicated by respondents who expected

issues associated with this group.

The only group of species where there was no significant difference in issues
envisaged between the differeppes of fishermen was the small retmgers

(Chi square = 3.314, DF = @= 0.191) due to the small number of fishermen
from each group whenvisagedssues. Of the few respondents wdnvisaged
future issues with this group (mostly pelagic fishers essels <10mypending
more time sorting each haul if they were to catch large numbers sintdénon
stinger group was reportefl.summary of the most frequent issues related to
jellyfish blooms that respondergavisagednd mostrequentresponseby

vessel typeis presenteth Table 5.3.
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Table 5.3Most common responses of fishermen based on different vessels to each jellyfish group

Vessel Survey Responses Large Non- Large Small Small Non+
Stinger Stinger Stinger Stinger
Demersal % Envisaged Impacts of Future 3% 3% 23% 3%
Fishing Bloom
(Vessels
>10m) Most CommornimpactEnvisaged Bycatch Bycatch Bycatch Bycatch
Most Common Measures Additional | Additional | Additional Additional
Trawls trawls Sorting Sorting
Pelagic
Fishing % Envisaged Impacts of Future 86% 86% 43% 86%
(Vessels Bloom
>10m)
Most CommorimpactEnvisaged Bycatch Bycatch Bycatch Bycatch
Most Common Measures Additional | Additional | Additional Additional
Trawls trawls Sorting Sorting
Small Scale
Pelagic % Envisaged Impacts of Future 80% 90% 60% 90%
Fishing Bloom
(Vessels
<10m) Most Common ImpadEnvisaged Bycatch Bycatch Bycatch Bycatch
Most Common Mitigation Measure Travel to Travel to Additional Additional
Alternate Alternate Sorting Sorting
site site

The large nosstingers, particularlfR. pulmo(an organism that 91% of

respondents had experience of and could identifyje mentionedoy the

greatest number of respdentsas capable of impacting their ability to land fish

for human consumption, causing fishermen to either travel to alternate fishing

sites(displacement), or engage in more trawls and spend more time sorting catch

if blooms were to happen more regwari the future. All impacts envisaged by

the fishermen (see Table 5.3) were considered as resulting in additional

overheads as a consequence of bycatch; no decreases in number or duration of

fishing trips (e.g. returning to port) or overall reduced catele envisaged. Few

decreases in overall benefit derived from the marine ecosystems (i.e. fish for food

consumption) wereeported as fishermen believed they were capable of catching
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their quotas in bloomed waters and did not expect fishing gear damage to
increase as a result of interactions with increased jellyfish bioiBassegroups

of species were seen as capable of causing more impacts thanastders

different morphological featuselicited greater concern than othdfer

example, &rge nonstinge's were reportelly therespondents as a potential future
issue more than the small stingers (67% compared to 61% overall) indicating that
size of medusae is a more salient concern to fishermen hottieeastAtlantic
thantheability to sting because diie bycatch issues and the fawt fishefolk
already hae the relevant safety getr protect themselves from stingehe

resultsof the studysuggest that thevestigatedmpacts from potential future
jellyfish bloom increases were less varied tHaose reported in the literature.

For example, Palmiest al (2014) projected socieconomic impacts related to
fishing gear damage, wide spread reports of stinging, reduction in catches in the
Adriatic Seawhich were not envisaged by study respondents based in the
Northeasttlantic. This was initially surprising, given that there were more
factors which would have seemed to suggest that impacts could be much wider
ranging, due for instance to the greatanety of jellyfish species that could
potentially bloom more regularly in those fishing grounds, and the diversity of
vessels (catching fish at differing dbp). Therefore htese finding seento
suggesthat increasednpacts incurred bfishermenin the Northeast Atlantic

may not be as commasthey aren the Mediterranean where a greater variety

of issues are attributed to blooms that currently occuethi®wever the

findings of this studyare based on current perceptions that may differ

substantlly in the future if blooms were to increase in Nartheasttlantic.
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The next section will focus on the costs that the different vessel types (introduced
in section 5.3) could possibly incur as a result of the issues that have been
described in thisextion. Vessel type is important, not only because of the
different amounts of concern fishermen based on each vessel type reported, but
also because vessels have different operating (®std-ish 2013; SeaFish 2017),
which could result in different impas even if based on similar responses (i.e.
moving to alternate sites or engaging in increased trawls to achieve catch in

bloomed water) to bloom increases

5.5.1 Current Fishing Overheads

Before costs associated with future bloom increases andldted operational

responses were assessed, operational costs that occur in the present day were
investigated, based on data elicited in section B o$tineey (displayed in

Appendix Q so that these could be compared with any future blooms costs.
Respodent s provided gener al costs for 6st
operating during normal (i.e. ndsloomed) conditions. They were asked to list

the 6standard6é interferences, the relat
bycatch issues andjury to crew members) and the magnitude of the related

overheads that they currently experience, which btooould potentially

exasperateAny overlap in issues that blooms are known to cause in the literature

and what was envisaged in response to blommeases in the Northeast Atlantic

(section 5) with the presentlay costs wre used to give an initial estimate of

the costs bloom increases could cause. Although not reported as a potential
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impact of bloom increases in the Northeast Atlantic, bloormbgs has been
reported to damage mobile gears where they are more common (Patraleri
2014). Gear damage reported by respondents caused by objects in the water was
the mosteportedoy a majority of respondents as a presiay issue (67%)with
Ageanlerf | ot s amain canse of damade gear Although the average
cost of damage was reported todreaverage of1,424 £1332- £4,180)to

replace the damaged ged2% ofrespondents reported thaijects in the water

did notresult in any immedite monetary costsecause they were still able to use
the geaeven if not fully operationalOf all respondent§5%reportedthatthe

area containing the objeatapable of causing gedamage waabout0O-5km?. Of

all respondents 21% reported that thepid fishing in areas with objects in the
water, travelling 7.5 miléon average to new fishing grounds (lower bound 4
miles, 10.8 miles upper bound)aivlers andishermen based darger boats

(>10m) more regularly reported that they continue fishingn area compared to

the pelagic fishermen on smaller boats@m). However, those fishermen on the
larger vessels who reported they would avoid an area were willing to travel
further than those on the smaller boats to find unaffected fishing grounis} gi

an indication of the expectations of bloom impacts (discussed in section 5.5) are
different and gear damage is caused. Bycatch of anyangat species was

another impact reported with costs to present day operations. Bycatch increased
the amount ofime it forced fishermen to be out at sea (reported by 39% of

respondents), usually as consequence of additional sorting time once the catch

3 Miles travelled across the ocean was reported by respondents and are therefore used throughout
this chapter
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had been hauled aboard; this was most often reported by respondents based on
boats <10 meters in length. On averttgeadditional time was reported to be 2.7
additional hours (1.57 hours). Other impacts reported are injuries coming from
stings and minor contact with sea life that they had caught, requiring no or minor
treatment, which had no overall impact on fighactivities. These preseday
overheads therefore give an indication of the scale of the type of impacts that
increasing blooms could cause: these are based on bloom impaet®that
reported in the literature and the impacts that fishermen in theddasittitlantic
envisage could happen with increasing blooms. The following section reports
projections of the costs that could occur based on the operational responses to
hypothetical bloom increases and the impacts and related present days costs

reported m this section.

5.6 Potential Future Bloom Costs

Themost commonly envisagachpactof hypothetical future bloom increases
indicatedby respondents was displacement effattich implies fishermen

travelling further across the ocean to be able to achieve quotas in bloomed waters
(i.e. travelling to alternate fishing sites and extra distance travelled during extra
trawls) in case of hypothetical jellyfish bloom increasesfsquenaddtional

fuel usages used to quantify costs of these changes to operations as a result of
displacement efforas vessels would have to travel further consuming more fuel.

Two potential future cost scenarios were considered in detail, whighoged as
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a result of the actions in response to blooms reported by respondents in section

5.5.

The first scenarigsection 5.6.1ronsiders théuel expenditure that would occur
basednthe pelagic trawlers10mandpelagicnetters<ilOmtravelling to
alternatefishing sites, quantifying additional fuel basedhmw far fisherfolk

were willing to travel tdind unaffected fishing site3.he second scenario

(section 5.6.2) is based additional trawls in th event of blooms clogging nets,
forcing fisherma to do additional trawls to achieve quotas with quantifiable
projections ofassocited additional fuel expenditure based on the extra distance
travelled during the additional trawBotentialchanges to fuel usage and cost are

of importance because they make up a significant overhead for demersal trawlers
>10m pelagic trawlers >10m and the smaller netter vessels {ttayreport

fuel costs ofl8%, 12%, 10%f their income respectively (Seahi 2017); they

are known to fluctuate, meaning that the operational responses to blooms could
result in fluctuating costs depending on when bloom increases. Giauently

fuel costs are relatively low as over the past couple of prices have declined
(Breene, 2017). The SeaFish economic survey of the years 2011, 2012 and 2013
(published in 2013, closer to the time when surveys were done), indicates that
fuel cost as a percentage of profit for the demersal trawlers dagic

trawlers >10m and the ve$s&10m was around 37%, 25% and 17%

respectively. If blooms were to occur during times when fuel prices are higher,
any economic impacts of increased fuel usage due to blooms could increase

further.
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To quantify the costs of future jellyfish blooms thatwaboccur during the two
scenariosfuel usage and time oatseain nonbloomed waters anequiredso

that hypothetical future changes in distance travelled during fishing trips can be
accounted for to quantify any additional costs of operating witloonbed
waters.Based on thdescriptions of present day operating costs reported by the
fishermenan estimation ofhe non-bloomfuel cost can bgenerated.

Respondents reported that typical fuel expenditure is madettgvefling to

trawl sites, moving across the ocean whilst doing the trawlsedachingto the

harbour.Fuel expenditure is therefore projected using the following equation

C = ((Dc + (Du* tr))*cy) [Equation 51]

Where

C is the total preserday fuel cost to be calculated.

Dc is the return distance in miles that fishermen travel between the harbour and
the location where trawling gear is deploy@hde distance to the catch)hisis
calculated for eachessel typdy takng an average of the distasecespondents
reported to fish from the shores. Téneragelistance from harbour to trawl site
estimateds thendoubled togive an indication of theeturn tripdistances,

resulting in figures of 60 miles for demersal trawle10m, 50 miles for pelagic

trawlers >10m and 16 miles for fishing vessels <10m

Dt is the distance covered by a vessel trawling with the fishing gear deployed.

Data for trawl related fuel costsenenot collected during the survessit was

155



Chapter 5 Jellyfish Bloom Impacts on Fisheries

only remgnised as relevant after the surveys had taken glaeeefore, prsonal
communication with Cefas experts (spottevih experience of working on each
vessel typgprovided indications of the durati@md speed dfawls in knots
(demersal trawlers 2 lus at 2.5 knotp/h, Pelagic Trawlerfor 4 hoursat 3
knotsp/h). Knots wereconverted to miles for consistency with the survey data.
Duration was then multiplied by speed to give the estimation of trawl distemces
miles. Trawl distances for demersalgpelagic trawlers were 5.76 miles and
17.25 miles respectivelyn terms of the vessetdOm, there is a lack of
knowledge on thé&rawl distances, so an estimation was required, which was
based on personal communication with respondents. On aveslagenenbased

on the smaller vessdisavel 8 miledrom the shore to fishing siteBased on this,

8 miles was set as the upper bound of trawl! distance with the average and lower

bounds set to be 4 miles and 1 mile respectively to act as estimations

tr is the number of trawls per fishing trip within a day. There is no standard
number of trawls that fishermen do per trip, so the number of tiaads
calculatecup until the number of trawls possible within a day (based onai t
durations and the timetook for a return trip to the trawl siteg).fishing trip
with one trawl was set as the lower bound for all vessel tyffrsmaximum
trawls possible within a daget aghe upper boundias 4 additionatrawls for the
demersalessels>10m (5 in totdl, 2 additionaltrawlsfor the pelagic vessels

>10m (3 in totalland 3additionaltrawls (4 in total) for the <10m vessels.

cr is thefuel cost per mileand was calculated by dividing the total fuel cost per
day for each vessel type (SeaF&h] 3- econanic annual reviews of the UK

fishing fleetg by the distance in miles that each vessel type travels per day
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(reported by respondents in section 5.5). The 2013 SeaFish report is referred to in
this section despite the more recent publication of the 20brtrgly 2017)

because the time in which the 2013 SeaFish study was conducted is more
representative of the conditions tia¢ respondents in this studgre

experiencing in terms of decisions they would make which was potentially
influenced by fuel cost. This is because the field work and analystaped the
decrease in global fuel prices (Breene, 2017) and fuel expenditure for each vessel
type within he SeaFish reports were proportionally different, indicating that fuel
costs do influence how a different vessels types respond to costs and the
responses reported in section 5.5 were only relevant to the time the field work

commenced.

Table 5.4 displaythe figures discussed above in relation to distance travelled
and fuel costs as well as the resultant minimum and maximum ranges of total fuel

use (C) that were estimated for each vessel type duringploomed conditions.

Table 5.4thepresentdaytotal fuel cosestimation (C) for each vessel type based on the return distances to trawl
sites (), trawl distances (I, minimum and maximum trawl numbers per day (tr) and fuel cost per nifer(c
each vessel type.

Dc Dy (in Tr c(in £) C (in £)
(in miles) | miles) (number of trawls Min Max
possiblewithin a day)

Demersal Trawlers over 10m 60 5.76 Between 1 and 5 £15 £986 | £1332
Pelagic Trawlers over 10m 50 17.25 Between 1 an@ £17 £1143 | £1530
Pelagic Trawlers under 10m 16 12.55 Between 1 and 4 £13 £364 | £861

It must be acknowledged thihiere areseveralfactors that resuin different
levels of fuel consumptiotinat theseestimations do not capture suchtlaes

influence ofquotas, catch rates (Scheiual. 2009), vesel gear and spes
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targeted Thrane, 2004)It is also acknowledged thtteseprojectionscontain
assumptions (e.ghe number of trawls per dayd the distance the small vessels
deploy mobile gear for) arektimationdased on the best secondary data
available (e.g. the trawl distances) and have been built upafremmall data

sample (33 fishermenA comparison between the figures displayed in Table 5.4
to other fuel costs estimations in the literature such aSedéashreport(2013)

was carried oufThe SeaFish repostates that thaverage dailyuel cost for the
demersal trawlers10mwas£1241, whichwithin the upper ranges diis study
(£986- £1332). The SeaFish (2013) average fuel cost estimation of thgipela
trawlers>10mwas £1432which was also within thepperranges in this study
(E1143 andE1530. Since the SeaFish averages are higher than the averages in
this study but within the upper ranges in, it is likely that underestimation of the
costs occurd for the reasons suggested above. Howdweterage daily cost

of the vessel <10m, reported by SeaFish (2013) was®AEh was

considerably lower thathe range stated in this stud£364- £861), which

likely came from overestimations in the tragidtance assumptions. But, the total
fuel usage (Cprojections in this study (Table 5.4) wdrased on operational
activitiesthat could be impacted by blooms and the best data available at the time
of the study, so they are used in the next seetsol@sis forconsistent

comparison oproportional fuel use changdsat could occur under bloomed

condiions based on the bloom responses reported in section 5.5.
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5.6.1 Fuel costestimation in Scenario T moving to different fishing

The first scenario ibased orfishermerrelocatingto alternate fishing grounds
before fishing gear is deployad response tbloom presence. Travelling to
alternate sites was the most common respontedishermen based on vessels
<10mto all four species grou@nd wadhe second most reported response by
the pelagicvessels >10no the large noistingers, large stingers and small
stingerg(section 5.5)No demersal fishermen reported that they waekpond in
this way because of the lower depth in the water coluntrttibg trawl and were

therefore not included in this scenafltne scenario idescribedy:

Cn=C+ (De*cx) [Equation 52]

Where

Cr1 Is thetotal future fuel costn scenario 1

C is the same total fuel costs andsscthe saméuel cost per mildassumed to be
unaffected day bloom$jom thenon-bloomfuel expenditure estimationsdch

calculated and displayed section 5.6).

Dk is theextra distance fislienen were willing to travel tanaffected new

fishing sites. The maximum distances respaoisleere willing to travel to find
alternate fishing sites unaffected by blooms were averaged out for each type of
vesseldata collected by asking respondents who would travel to alternate sites,
the maximum distance they would travel in Q@f3he surveyseeAppendix G

section D. The maximum average distances for pelagic vessels wHe54
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miles (27 miles reported, with an assun&dmile return trip)andfor the <10m
vessels was 16 milg€8 miles reported, witB-mile return trip) A minimum

distance to avoid blooms is also factored into calculati@eguse trawl sites are
oftenlarge anl moving withinfishing groundsould result irthe avoidance of
blooms.A minimum of 1 mile was usei give an indication of the added cost

per mileso thata range of costs at an incremental scale can be provided for
skippers to make decisions in response to future blooms in terms of fuel use. The
projected future per day fuel usage as a consequence of fishermen moving to

alternate fishing grounds to avoitbbms is displayeth Table 5.5

Table 5.5The future fuel cost increase estimation)@ the event of blooms causing fishermen to move to new
fishing sites comapred to the present day fuel cost (C) based on the minimum and maximum additional distances
in miles fishermen were willing to travel to new siteg)Bwultiplied by the the cost of flper mile (¢)

C De Cs Cn
Min Max Min | Max Min Max

Pelagic Trawlers over 10m | £1,143 | £1,332 |2 54 £17 £1,177 | £2,250

Pelagic Trawlers under 10m £364 £861 2 16 £13 £390 £1,069

For thepelagictrawlers >10m, fuel>x@enditure increases {fbetween 3% and

68% were estimated, depending on how far vessels would move to new locations
from thepresemndaytotal fuel expenditure estimation (C) in section 5.6. For

every additional return mile of displacement due to bloom presence, fuel
expenditure would increase by 3%. This went up to 68% based on maximum
distance respondents indicated they would be witiingjavel to find unaffected
fishing sites (27 additional miles going to the new site and 27 miles returning).
For every additional return mile, vessels <10m in length would be displaced to

find new fishing sites unaffected by jellyfish with a fuel expanei increased by
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7% compared to thgresemtdaytotal costs (C). This increases to 24% from total
presenday fuel cost¢C) basedn the aerage maximum distance fisherfolk
were willing to travel to find new fishing sites (8 miles going to the newyesiig

8 miles returningfirst statedn section 5.6).

When considering the cost of fuel as a percentage of total vessel profits the
impact of blooms on fishermen moving sites becomes clearer. According to
SeaFish (2013), large pelagic vessel®mreport hat fuel costs arequal to

25% oftheir profits. If this relationship is retaineth this hypotheticascenario

the 3% increasm fuel per additional return mile of travienslates as an

increaseof fuel cost as a percentage of inconye0.75%. In theevent of the

pelagic fishing vesselsl0Omtravelling the maximum distance, fuel cost as a
percentage gbrofits would rise to 4% (due to @ being 68% greatghan C

(tale 5.4)) Forthevessels<x10m SeaFishZ013) reportedhat fuel cost as a

percentag of profit before blooms wels’%;which would increase by% (based

on the G minincrease from C) per additional return mile travelled. Based on the
maximum distance these fishermen would travel, the fuel costs as a percentage of
profit would increaseyp24% (G: max increase from C), which would result in

future fuel costs as a percentage of profit under bloomed conditions to increase to

21% from the current 17% as estimated in SeaFish.

5.6.2Fuel CostEstimation in Scenario 2 adding trawls

Thesecond scenarjavhich isbased on fishermen survey responses, focuses on

the increased amountstodwlsrequired dugo bloom bycatch clogging nets
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resulting in less catch of target species per traiik scenario is likely to be

common because respontie onthe pelagic vessels >10m reported they would

do more trawls if they were to catch jellyfish accidentally most frequently. Doing
more trawls was the second most common response of fishermen on the vessels
<10mto each otthethreespeciegyroups (lage stingers, large nestingers and

small stingers)Althoughno impacts were reported by the majority of fishermen

on the demersal trawlers, somdicated additional trawls could be a potential
conseqguence of future blooms by large stingers and largstmgyers and were
included in this fuel costing scenario. The projections of additional fuel costs due

to additional trawls for Scenario 2 is described by:

Co=C + (C*Du)* Te) [Equation 53]

Where:

Cr2 Is the estimation of the future costs based on scenario 2.

C is thepresemdaytotal fuel cost, @s the fuel costs per mile,.{s the distance
travelled per trawl that were all first estimated and displayed in section 5.6 where

the presentlay fuel usage before blooms was estimated.

Te isthe extra number dfawlsrequiredbecaus®f bloom presence. It is not
known specificdly how muchcatch per trawl would decrease, bgcause of

bloom bycatch clogging nets and havanyadditionaltrawls would be
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undertaken butnderstandinghe cost of each extra traptovides an indication

of additional costs associated with blooms.

The esultant fuel expenditure changes for each vessel are displayed in Table 5
Cost per trawl is calculated by multiplying(the fuel cost per mile, first

displayed in the presexdfay fuel cost estimation in section 5.6) by the distance
per trawl (O, also first estimated and displayed in section 5.6). The cost per
trawl is then multiplied by each extra trawkjTTable 5.6 displays the min and
max cost of a fishing expedition with an additional trawb) 8y adding the cost

of an additional trawl tthe minimum and maximumpresenidaytotal fuel costs

(C) (first estimated and displayed in section 5.6).

Table 5.6 The future expected fuel costs)Gnith a bloom induced additional trawlsgjlcompared to the
present day fuel cost (®psed orhe distance of trawls ¢B in miles multiplied by the costs of fuel per mitg)(
added to the prbloom fuel expenditure (C).

.6

C Ci Du Cr. (1 additional trawl (T g))

Min Max Min Max

Demersal Trawlers over 10n £986 | £1,332| £15 5.76 £1072 £1418

Pelagic Trawlers over 10m | £1143 | £1530| £17| 17.25 £1436 £1823

Pelagic Trawlers under 10m £364 | £861 | £13| 1| 4 | 8 | £377 | £416 | £468 | £874 | £913

£965

If demersal trawlers were to do extrawls in the event of blooms, each

additional trawl would increase fuel expenditbetween 6% and 8% compared

to the total preserday fuel costs (C), whereas each additional trawl made by the
pelagic trawlers >10 metres would increase fuel usage between 16% and 21%
from the total preserday fuel costs (C). Depending on how far the $enal

vessels (under 10 metres in length) travel with gear deployedgBumed to be

either, 1, 4 or 8 miles (see section 5.6)), each additional trawl could result in an
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increase in fuel costs between 8% and23% when comparinthe minimum
presentdayfuel costs (Gin) with the minimum future cost (in). However the

upper ranges of increased cost of each trawl could range from 2% or 6% and 11%
when comparingnaximumpreservday fuel cost§Cmay) wWith the maximum

future cost (&may). Despite the rgponse of having to do more trawls due to the
blooms clogging nets and the associated increase in fuel costs, a decrease in catch
was not envisaged by respondents. However, it is not known if enough trawls
could be made to achieve quotas in bloomed watihsthe additional time out

at sea required to land quotas and whether fisherman would change fishing
operations as opposed to accepting bycatch and additional trawls (not reported
during surveys). It is also not known if the added expense of additramds t

would go beyond the income fisherman make from their catch.

5.7 Costs of additional time out at sea

The effects of added time out at sea whilst relocating to alternate fishing
groundsdoing additional trawls and subsequent additional sortirgizh,

ought to be considereas an impact to the fishermen in addition to the impacts of
the added overheads due to the potential impacts on their subjectinsmgll

For example, each additional trawl for the pelagic trawlers >10m waddld a
around 4.5ours out at seandthe demersal trawlerslOmwould experience an
additional 2 hoursf work out at seé&eported insection 5.6based on experience
of Cefas spottejsif the added time trawling is combined with the amount of

time sorting byatch,anadditional 2.7 hours (average amount of additional
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sorting time bycatch of netarget species currently causes respondents
(estimated in section 5.5.1)) can be added to each trayylr€Bulting in roughly
7.2 hours and 4.7 hours extra time the pelagicdamersal trawlers >10m would
spend out at sea respectively. These could be significantly extended if one
considers that multiple additional trawls would expose fishermen and their
vessels to difficult conditions associated with the Northeast Atlanteebss
bycatch of dangerous marine life (including the stinging species of jellyfish),
providing some indication that blooms could impact fisherfolk Avelhg.

Overall, the responses to blooms were similar to their responses to the issues they
currentlyexperience in nobloomed conditions, such as bycafphesented in
section 5.51). Measures to avoid impacts were primarily made to retain the
economic benefit of staying out at sea and continuing catching with little

consideration of the subjective wéling effects this could have on the crew.

Open questions were asked about blotdmas could have included financial or
subjective wellbeingssuesput only economic impacts were reported. Whether
this was because they only envisaged economic impacts is not known. For

example, when asked how far they would travel to avoid blooms a aomm

answer was O0as far as it iIs necessary.

respondents, the fishermen would often mention that they accept that fishing is a
difficult profession, characterised by a number of environmental impacts, and
would suggest that béoms would just be another issue leading to similar
responses to the issues they already experience in section 5.5.1. As already
discussed, this potentially led to an underestimation in the variety of impacts that

blooms could have. Another example is that speciesespondents had
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experience of in thBlortheasitlantic (mainly R. pulmgA. auritaandC.
hysoscellqado not possegsotent sting, which may influenceespondent
expectations of future bloonasd therefore their future responses to thém. |
increases in stinging species were to materialise (suemastilucaas this GIS
maps suggesthe expectations of the impacts of blooms could be different to
what will actually occur (e.g. health impacts associated with stinging that are
rarely reportedn the Northeast Atlantic, but are common in the Mediterranean
(Cegolonet al, 2013;Palmieriet al, 2014. This is further investigated in the

conclusion of the thesis (Chapter 7).

5.8 Conclusion

This chapter has quantified current and future hypothetical economic impacts on
the fishing industry that could occur as a consequence of jellyfish blooms in the
Northeast Atlantic. The future cost projections are based on the expertise of
skippers and cve members who fish in locations within the Northeast Atlantic
where future blooming events could occur. Throughraeybased

guestionnaire, an understanding of #oéionsthat different types of fishermen
would take to reduce the impacts of each ofdifferent groups of jellyfish
presented in the survey that could potentially occur in their fishing gravasls
gained. This information formed the basis for the quantification of the economic

cost projections that future bloom increases could cause.

Themain findings of this chapter are:
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Increases in blooms tdrger medusaposea greater risk to fishingperations in
Northeast Atlantic waters than the other groups presented in the survey, because
the bloom impacts envisaged by fisherfolk were moreyikelbeaccentuatetyy

the presence of the larger speciegc&ch was the most canonly reported

impact that would occurecaus®f blooms, and bycatch of larger species was
suggested as the most likely cause of net cloggisheRolkwho use mobile

geas to targepelagicfish speciesvere more likely to envisage issues associated
with bloom increasedyutgenerally the responses between fisherfolk based on
different vessel$o each type of jellyfishvere broadly similaas bycatch was the

primary concen for many ofthe respondents.

The two mairactionsthat fishermenndicated they would enatt response to

future bloom increasesere

(a) moving to alternate fishing grounds to avoid blooons

(b) carry on trawling, accepting bycatch and clogget$ but doingadditional

trawls to compensate for any decreased catch per. trawl

Both actions are consistent with some of the resporegested in the literature

where blooms are currently more common such as the MediterréiPaameriet

al. 2014). hcreased fuel costsethe most obvious impact from these two
optionsdue to the extra distance they would have travel, but also the increased
time out at sea during fishing trips. When comparing the costs associated with the
two main responses and subseqt fuel consumption increases, the economic
impact of each response varies. Variation in cdefeend ona number of

circumstancesncluding how many additional trawlwould berequired in
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bloomed watersand themaximumdistance betweeraffected andinaffected

fishing sites. The projections of costof these two actiorsuld potentidly

enable fishermen to make decisi@mout operating in bloomed waters thatiid
maximise catch and reduce bloom overhekds example, for the fishermen

based on thpelagic trawlers <10m, the additional fuel cost of doing two
additional trawls in bloomed waters is less than the added fuel cost of the
maximum distance they were willing to travel to avoid blooms. However, the
extra trawls would potentially increase #agosure of crew to injury (depending

on the species blooming) and to difficult weather conditions compared to moving

to unaffected sites.

Participants to this study mentioned fewer types of impacts from jellyfish blooms
comparedo those reported by fishermen operating in waters where blooms are
currently more common (e.g. the Medrarean Gulf of Mexico and JapanFor
examplepecause dblooms, Palmieret al (2014) reported costs associated

with: damaged gear; additional sorting; being forced to return to port; changing
fishing grounds; stings; reduction in catch; and gear ahggd his study only

able to make projections on the costs of additional fuel consumption due to the
only elements mentioned by the respondents: displacement effort caused by
moving to alternate fishing sites; and additional trawls due to net clogging as a
consequence of bloom bycatch. These differences are potentially due to the
differences between the vessels that fish within the Northeast Atlantic and the
Adriatic, or to the limited familiarity of fishermen with jellyfish blooms in the
Northeast Atlantichan in the MediterraneaSome suggestion of subjective

well-being impact was also indirectly inferred (section 5.7). However, differently
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from Palmieriet al. (2014) that were able to quantify subjective vizding

impacts on fishermen such as additioman hours repairing gear due to bloom
damage by engaging with fisherfolk who experience elevated blooms every year,
this was not possible in this study due to the limited familiarity with jellyfish
blooms in the Northeast Atlantic. Chapter 7 therefoseulises some
recommendations on further research of future jellyfish populations in the
Northeast Atlantic and subsequent socioeconomic impacts. The following chapter
(Chapter 6) further contributes to the second research by presenting the results of
the ptential impacts of future bloom increases on coastal tourism within the
Northeast Atlantic for comparison with the impacts on the fisheries presented in

this chapter.
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CHAPTER 6

JELLYFISH BLOOM IMPACTS ON COASTAL

TOURISM

6.1 Introduction

This chapterassessethie potential socioeconomic impacts of increasing
blooming event®n coastatourism addressing the second research question of
this study hat would be the magnitude of the seemnomic impacts related to
the tourism and fishing industry the event of increased jellyfish blooms
occurrence in thdlortheastAtlantic?). The research focuses specifically on a
coastalocationreliant on beach tourism, where beach visitors and users were
surveyedabout the current and future use of the coast and the sea, and their
spending, to generate projections of any changes in recreational value of the
beaches (based on valuations of the coastal ecosystean)se obloom

presence. Thishapteralso considerashether mitigation schemes in response to
future blooming events may be required to maintain the value of the coastal
ecosystem for summer visitors and if schemes used in other countries could be
viable to protect recreation at beaches that are yet &rierpdarge scale
impacts associated with blooms. In tbigaptey section 6.2 introduces St lves,
the seaside town associated with coastal tourism selected as a casé\study

analysisof survey responses and findésngs,
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(section 6.3), their general attitudes, previous experiences and knowledge of
jellyfish (section 6.4) and how they recreate, quantifying their expenditure
patterns during reeational trips (section 6)%s then presentedhe losses that

would occur as result of altered expenditure patteansthen explored (section

6.5); the welfare implications of blooms to beach and sea ase@ssessed in
relation to different bloom scenarios based on their willingness to pay (WTP) to
access the coasts (secttB), and related to demographics, previous

experiences, knowledge and perceptions of respisd@uantification of

impacts ae based on how seaside users reported that they would react to blooms
on the beaches, leading to changes their expenditureiwl8ldves and to

changes in welfare due to loss of recreation opportunities on the beaches. Based
on these findings, jellyfish bloom mitigation schemes are discussed (section 6.7),

leading onto the conclusion of tbhapter(section 6.8).

6.2 Study Location

The Cornish coasts were identified as a suitable area of study for considering the
potential future impacts of increasing blooms on tourism, due to the high
concentration of seaside towns with an economy reliant on tourism (defined by
Beattyet al (2010), discussed in Chap®&randthelarge areas potentially

suitable for blooms isouth westrn waters of the Celtic Sea during summer for

the greatest variety of jellyfish species belonging to each of the large non
stinging, large stingig, small norstinging and small stinging species graups
Figure 6.1 highlights the varying distributions of areas that can sustain members

belonging to each of the groups of jellyfish in relation to the Cornish coasts.
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Fig 6.1 Average preserday jellyfishareasuitability of the most common species belonging to the smalktinger (represented by
Aurelia auritd), small stinger (represented Bglagia noctilucy, large norstinger (represented Rhizostoma pulmaand large stinger
(represented b€yanea capillatigroups in relation to the Cornish coasts.

St Ives(50.2084° N, 5.4909° WFig 6.2) waschoseras the case studjong the
Cornish coast because

(a) it occurs within the closet proximity the areas of increased jellyfishea

to increase

suitability in the GIS mapsompared tahe otherCornishprincipal
seaside towns and therefore more likely to experience blddhey were

(b) Beattyet al.(2010) classed 77% of jolathin the central towras directly

or indirectly reliant on coastal tourisior income (amongst the highest in
Cornwall)with the area offering a variety of activities that includes both
beach and water recreation (including surfing and bathing assvell a
general recreation on tleachesuch as sports, relaxation, family

activities and walking)in other locationstheseactivitieshave been
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known to be affected by blooms, either when they wash up along the
shore or persist ihin inshore waters (Rosdral 2008; Mariottini and
Pane2010; De Donnet al.2014 Ghermandet al.2015).

(c) dong the seafront, St Ives has four main beachigsg.2) where a range
of recreational activities occtinat wereaccessibldor the study

particularly as visitors are bad on the beach for large portions of the day.

o A

Porth
orthieghy ‘Porthgmdden

!Harbour Beach
: %thminster

»

Source: Esri, DigitalGlobe, GeoEymjbed, USDA, USGS, AEX, Getmapping, Aerogrid, IGNviES®ps, ar}dfﬁe GIS,User Community

Fig 6.2 Aerial view of St Ives and the beaches where field work was planned. Source: A8RBIS online

6.3 Survey Data Collection

Over three weeks in the summer of 2016, 182 people across the four beaches of
St Ives were surveyed. Surveys (final survey displayed in Appendix D) took 13
minutes to administer on average, achieving a 70% response rate. The majority
(93%) of the interview occurred on the two larger beaches (Porthmintser and
Porthmeor) in hot and sunny weather conditions with 91% of respondents

enthusiastic (subjectively classed by interviewers). Table 6.1 summarises survey
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respondent key demographic characteristidsch included a range of different
recreational users of the marine environment who engaged in an array of
activities. For example, the age range of respondents was between 18 and 75+
years old and activities ranged from beach recreation to visiting galleties

town. Respondents also had a range of different education levels and household
incomes, but most stated that they were in fulltime employment (however, a high
proportion of no data was recorded in relation to employment status, see table
6.1). The gnder of respondents was evenly split between males and females and
mostrespondents had travelled relatively long distanceget to St lvesin

groups of at least four people which contained childrenh®1.82 respondents,

73% reported to be in St lgdor a holiday lasting for 7 days or longer; 22% on
shorter breaks; 5% identified themselves as local to the area. Of all these
respondents, the majority specifically described their visit as a beach holiday
(83%), with 71% of these reporting that thegsg most of each day on the

beach if conditions allowed for it (average of 5 hours spent on the beach per day,
but the modal amount of time was 8+ hou@)all respondent66%r reported

that they did some form of water activity as well as recreating@beach, with

11% of these reporting to exclusively engage in whésed activities despite the
cool ocean temperature (around@}at the time of the surveysf all
respondent95%reported that the day the survey was done was a typical beach
day for them and 94% of interviews occurred at times when people were visibly

recreatingn the sea.

A high number oturfersappearedavithin the data sedandthis may haveoccurred

because Ptmmeor beach (location of high survey effort) is a famous surfing
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location in the UK, associated with ideal conditions for the activity. A surf school
is also located on Porthmeor beach that provides recreational users of the marine
environmentvith the egqiipment they require to engage in surfing as well as surf
lessons. A proportionally high number of surfigkely occurredn the data set

due to the high number of surfers drawn to the @é#he surfer§12% of the

total number ofespondenis 66%stated that surfing was their only recreational
activity that they engaged in during their vig St Iveqthe iemaining 34%
engaged in wat andsomeland recreation)it must be acknowledged that such
respondent characteristics (e.g. the activity #éreyage in) would likely have had
an influence on theresponses to jellyfish blooms and other aspects of the data
(e.g. expenditure patterg€ompared to general beach visitors who engage in a
greater variety of activitie®n average, 4 activitiesere exgaged in by these
respondenis For example, bloom responses of surfers would likely be focussed
on interactions with jellyfish in the water. However, it is likely that interactions
with jellyfish blooms washed up on shore would be more common becadse lan
recreationin St Ives iggenerally more common. Also, these respondents spend
more time in the water and are more likilyhave previousxperiences of

jellyfish that may influence survey responses to hypothetical bloom increases.

Information on alkypes of recreational visiteto St lves was collected during
the survey because the aim of the study was to give an overview of all the
potential impacts associated with bloom increadesvever, die to the nature of
thesurfing as amctivity (i.e. it cccurs in water whermteractions wittblooms
aremore likely), and the fact that most surfersly primarily engage in this

waterbasedecreationan assumption was made tk@ywould likely

175



Chapter 6

Jellyfish Bloom Impact on Coastal Tourism

experience more effects, given the greater contact theyhanagywith jellyfish

In many casesusfersarealsothe only type of recreational user whenestof

the coastakecreation they engage in wowddcounteblooms(apart from when

on the beachandtheirresponses may differ from the general survey pojomat

Theimpacts to surfers wdbereforenvestigated separately to give an idea of

theirinfluence on the whole data s&id to assess whether they would incur

greater impacts

Table 6.1 Demographic characteristics of respondents in St Ives

Characteristic Frequency (%)
Gender Male 48
Female 52
Age 1871 24 9
25-34 13
35-44 25
45-55 31
56- 65 13
66- 75 7
75+ 2
Highest Education Level GCSE 24
A Level 12
CertHE 4
DipHE 15
BSc/BA 22
MSc / MA 19
PhD 1
Refused 3
Employment Status Employed 36
Unemployed 3
Retired 6
Student 2
Self Employed 3
Part Time 1
No Data 49

4The data collected by one of the f@urrveyors (72 of the completed surveys) contained no
information on the employment status (data pertinent to question C8 of the survey). Also, 17 out of
the 110 respondents asked the question, refused to provide the information, resulting in almbst half o

the employment status data set (49%) containing no information.
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Table 6.1 continued

Characteristic Frequency (%)
Number of Children 0 30
1 19
2 35
3 10
4 3
5 1
6 0
7 1
8 1
Distance Travelled to 071 50 7
get to St Ives (miles) 5171 100 2
1017 150 1
15171 200 9
2017 250 9
25171 300 22
3017 350 23
3517 400 19
4017 450 4
4517 500 3
500+ 1
Purpose of Visit Visit Family 8
Beach Holiday 83
Cultural Holiday 2
Activity Holiday 4
Passing Through the Area 3
Work 0
Beach of Interview Porthmintser 36
Porthmeor 57
Porthgwidden 3
Harbour Beach 4
House Holdncome Up to £10K 8
11K to 20K 13
21K to 30K 12
31K to 40K 10
41K to 50K 12
51K to 60K 9
61K to 70K 5
71K to 80K 3
81K+ 11
Refused 17
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Table 6.1 continued

Characteristic Frequency
(%)

1

17

17

34

10

Number of People in Group

©CooO~NOOUITAWNPE

~ArWOWEFL A~O

10+

Main Activity Mainly Beach 34
Mainly Water(surfing) 12
Both Beach and Water 54
Jellyfish Present During Survey Yes 19
No 81

Throughout the following sections, the activities described above and the
demographic characteristics of respondents (displayed in Table 6.1) such as
gender, age and activity engaged in are investigated to assess the impacts
potential bloom increases couidve on a variety aftakeholderassociated with
coastal tourism in St Ives. The high proportion of respondents reporting that they
were visiting the area specifically to recreatelmmbeaches for their entire visit

and also engage in water activitegygested that encounters with jellyfish could

be likely if future blooms were to either wash up on the beach or if they persisted
in the water by the shore, depending
the survey was designed to explore). Indeleid,dccurred during the field work
asmanyC. hysoscellappeared across the study site in both the water and on

land (photographed in Fig. 6.3) during the final five days of the fieldwork. As a

519% of respondents who were surveyed during the bloom had different characteristics to those 81%
who were surveyed before the bloom.
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result, of the 182 respondents, 19% witnessed jellyfish nvitte study location
at the time of the survey. Where relevant indications are provided as to whether
the data provided by respondents who were interviewed during the bloom were
different to those interviewed before it occurred and the implications far dat

analysis.

6.4 Attitudes, Previous Experience and Knowledge of Jellyfish

Respondents6é previous experiences, curr
were elicitedwith indications of affective valence, ilgow negative or positive

these werefrom the initial questiosabout jellyfish (AppendiD, Section B) so

thatthe influences on contingent behaviours in response to future blooms and
associated impacts could be explored. This was of particular interest as these

coastal resorts currently do meport jellyfish blooms as regularly as areas where

other studies have quantified the impacts of blooms on seaside tourism

(Ghermandet al.2015; Nune®t al.2015).When jellyfish werenitially

discussed with responderaissthe start of the survely,became evident that they

were viewed as an unwelcome presence. Of the affective associations with

jellyfish provided by the respondents %83vere revealed to be negative (e.g.

terms such as 0pai Gmmdnoeggativeldésaigtionand A sl i
included mentions ofindesirable morphological features (mainly referring to
stinging)andreferring directly tdP. physalisthe most charismatic and

dangerous specie®f responsesl0%were positivedl e . g . Ainteresting

and @A mi s uand theemnbirong Bodiyplayed neutral attitudes towards
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jellyfish (which included descriptions
Adonoét Tkemeavas@ kignificant relatiship betweerthe reason

respondents visited St Ives and the jellyfish desomgtthey gaveGhi Square =

20.863, DF =10P=0.022 F i s h e, withshoskE wha bad fonte recreate

on landbeing more likely to use negative phrases when describing jellyfish,
highlighting them as an unwelcome presence, compared those engagatgrin

recreation.

Fig 6.3Photographs by the author @f hysoscellaaken during field work. A) Image taken ©f hysoscellan the water
off harbour beach on 13/08/2016. B). Imag&ohysoscellavashed up on Porthmintser beach on 16/08/2016

The presence of jellyfish durifP% ofinterviewswould seem to have
significantly altered the attitudedisplayed towards them compared to when they
were not present (Chi square = 8.335, DF p2<0.05 (Table6.2). When

jellyfish were visible, no neutrdéelingswere reported, compared to the 7%
displayed during times when jellyfish were not present. The only attitude that

proportionally increasedmong respondents during the time the jellyfish were

6 After jellyfish descriptions had been given (Question B1 of Section B of the survey, presented in
Appendix D), respondents were asked to confirm whether their descriptions were positive, neutral
or negative, providing the affected descriptions displayedable 6.2.
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presentwas the frequency ofgsitive attitudes21% of descriptions were

positive when jellyfishwere presentompared to the 10% of positive pesses
given when they were not. This suggests that individar@snorenegative when
they have less direct experiencgailyfish. This has implications for
management and education, discussed in sectiorHawever,even with the

shift towards positive attitudekiring a time when large numbers of jellyfish
were presennegative attitudes westdill by far the most common response
suggesting that scope for jellyfish management based on bloom experience is

currently limited

Table 6.2Proportion of positive, negative and neutral descriptions associated with jellyfish during surveys when
they were visibly present in the study site and periods when they were not.

Respondentds affect
Positive Negative Neutral
Yes 21% 79% 0%
Jellyfish Present During Survey NoO
10% 83% 7%

Previous experiences that respondeap®rtedof jellyfish included childhood
memories, seeing them washed up on the shore, witnessing them on foreign
holidays and experiencing stings. By categorising these experiences into water
and landbased anéxamined in relatioasto whether these erpiences were
positive, negative or neutral (Fig 6.4), it emerged that the most frequent
experiences were related to water activities, which had negative assocfations.
the respondents, 77% engaged in water activities. These results suggest that
bloom ncreases could be viewed predominantly negatively in regard to water

recreation.
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How would you describe your previous experiences of jellyfish?

60

0=

407

Percent

30

207

T
Posttive on Land Positive inWater  Megative on Land  Negative in Water No Experience

Experience

Fig 6.4 Numbers of previous jellyfish experiences reported of jellyfish on water and land and whether they were de¢
positive(black bars), negative (gréars) and no experience (white bars)

Of all respondentss7%reported previous experiences of jellyfish in the water
anddescribednteractiors asnegativejncluding stings and generaliynding

theirpree nce Aintimidating, 0 specifically s
compared tahe 6% who saw their experience of jellyfish in the water as

positive. The remaining respondents only hadqunereyexperences of jellyfish

thathad washed up on the beagith 7% describing it amegativewith more

respondents describing washed up jellyfisipastive 0%). Recollections of

previous experiences and feelings towards jellyfish suggest that the presence of

large quantities of jellyfish may influence to a greaetent therecreational
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activity that is carried out in the water rather than on land. Despite respondents
reporting some form of experience of jellyfish, oblput of the 182 respondents
were able tadentify more thar2 of the species using the flash cgraith the
highest number of correct identifications being@@hjeved bya marine biology
undergradua). 148 (81%) of the respondents were unablielentify any of the
species. Bspondents were to demonstrate marginally improved knowledge
when it care totheidentification ofwhich species they thougivere capable of
stinging byviewing their morphological features ¢ime flash card¢survey

method described Chapter 3, section 3.7.1). Of all respon@&ftsyere able to
identify over half of the stingers with 14% identifying all of the28% of
respondents were unable to identify any stinger with 71% of these reporting that
they assmedthatall jellyfish were able to sting humans (thaer 29% provided

no answer), indicating that most beach recreationalists were unaware of which
species should be avoided the most, which could potentially influence future
responses to their use okthea with jellyfish preseninfestigated in section

6.7).

In summary, a high number of the coastal visitors that responded to the survey
engaged in current activities that, if maintained, would bring them into contact
with jellyfish blooms if they weréo occur along the coasts of St Ives in the

future. Opinions on jellyfish were predominantly negative and the majority of the
respondents described unwelcome previous experiences of them, even on
occasions when they did not come into direct contact wihethyfish. However,
knowledge of jellyfish types was po@urvey results suggest that when jellyfish

and humans coccur on the same shoreline, attitudes may change, although
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marginally; which may have some influence on potential future responses to
blooms and subsequent management of impavtegtigated in section 6.7y he

next section of this chapter identifies the potential impacts of future blooms and
guantifies the cost of them by generating an understanding of how respondents
would recreate anaespond to bloomed beaches compared telsdoomed

beaches.

6.5 Tourism Expenditure Changes Associated with Boms

Initial consideration of costs associated with future blooming events on tourism

was based on expenditure changes by beach visitoreaslaaf how they

would react to future hypothetical blooms on beaches and the subsequent changes

to recreation offered by the coastal area and ecosystem. Asongetyfish and
previous experiences of them were generally negative, as well as previous work
suggesting that blooms trigger costs by causing coastal tourists to recreate
differently (Ghermandet al.2015 Nuneset al.2015), it was hypothesised that
future hypothetical blooms would lead towards negative changes in expenditure
patternsHow beach visitors would recreate under bloomed conditions within St
Ives formed the basis oflculation of how tourism expenditure would change

(data elicitation methis described i€hapter 3section 3.7.1).
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6.5.1 Visitor Expenditure at Risk from Blooms

Firstly, expenditure that occurs currently within St Ives from summer visitors was
elicited andanalysed (Table 6.3) to obtain an indication ofréreational

benefis the coastal ecosystegmovides Respondents were asked about
expenditure on accommodation, evening meals, daily consumables, souvenirs,
general beach activities, local attractions, car parking and texeds the

location (Appendix D Section C)Average expendituren each serviceias
calculated per individuaFor the total expenditure in St Ives deriving from

visitors to the coast, estimations of the total number of coastal visitors who
recreate on the beaches was required so per person gxpenduld be up

scaled. However,isitor numbers to specific locations drard to come byvith

no reports of average numbers of people recreating on the beaches of St Ives in
existence. Beach visitor estimations therefore had gabeedthrough persoal
communication wittkey actors in this sector, who statedtsomel,500 people

visit the4 beaches on a tygal day at the height of summer across St Ives.
Expenditure within St Ives per dégforeblooms Table 6.3was then calculated

by multiplying the average daily expenditure figures per person by the estimation

of total beach wes.
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Table 6.3Daily expenditure of recreational users of the beaches of St Ives based on the spending of survey
respondents and @s&tions of the total numbers of visitors to the themcon a typical summer day.

Daily Per Person Expenditure Total Summer’ Daily Expenditure
Across St Ives (based on
estimations of the total number of
those who use each service)
Service Lower Mean Upper Lower Mean Upper
Bound Bound Bound Bound

Accommodation £24.00 £27.00 £31.00 £36,000 £40,500 £46,000

Main Meals £12.00 £13.00 £15.00 £18,000 £19,500 £22,500

Daily £02.60 £03.20 £4.00 £3,900 £4,800 £6,000

Consumables

Souvenirs £00.60 £01.00 £01.40 £900 £1,500 £2,100

Beach £00.50 £00.90 £01.40 £750 £1,350 £2,100

Expenditure

Surf lessons N/A £35.00 N/A N/A £1,750 N/A

Surf Board Hire N/A £20.00 N/A N/A £1,200 N/A

Wet Suit Hire N/A £12.00 N/A N/A £360 N/A

Boots / Glove N/A £03.00 N/A N/A £90 N/A

Hire

Local Attractions £00.20 £00.50 £00.70 £300 £750 £1,050

Travel Across St £00.70 £02.00 £02.30 £1,050 £3,000 £3,450

Ives

Car Parking £01.25 £02.80 £03.40 £1,875 £4,200 £5,100

It must be acknowledged thaspondents didotincur expenditureon every
aspectvithin table 63, influencing the average per person expendifigures.

Thisincluded respondentsrho had no expendituren accommodation (they

7 Summer = June, July and August

8 Per persoccommodationMain Meals Daily ConsumablesSouvenirsBeach
ExpenditureLocal AttractionsTravel across St lve€ar Parkingexpenditure multiplied by
estimated amount of beach user visitors (1500). Per person surfing expenditure multiplied by
estimations of how many people pay for each service. Surf lesson multiplied by 50, surf
board hire multiplied by 60, wet suit hire mplted by 30, boots and glove hire multiplied

by 30 people.
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camped, owned holiday homes in the region or generally had access to free
accommodation)resuling in per person expenditure which (without context) is
lower thanonewould expect to pay in St Ives. Theelusion of respondents who
spent nothing on accommodatialong with those who didimedto provideper
person average expaiturefiguresthat could bescalel upto represent the whole
of St Ives, due to the lack of regional tourism figures for the toldre aim was

to assesall types of recreational usso that a cumulative bloom impact
projection could be mad&hich incudeal instances where no impactewd
occur.Any changes to the recreational activities of these respondents may also
have economic impacts on other aspects of tourism withHweStwhere they did
incur expenditureThere are also potential sodiapacts to these respondents

that are investigated later in the chapter.

As there was |ikely to be variation bet
expenditure, 95% confidence intervals were used to generate lower and upper
bound limits around the meaal¢o displayed in Table 6.3). Additional

expenditure figures were obtained on the water activities that could be impacted
by blooms and potential increases through key actors. indeatedthat on

average 5@eople have surf lessons, 60 sref boards30 hire wetsuitend 30

hire loots /gloveon atypical day duringsummer seasoithe expenditure (per
person per day) on each aspect of surfing wasrthétiplied by thenumber of
people paing for each service (e.g. cost of surf board raboutE20 per

person per day antlis estimated that 6@re hiredoer day, resulting in total
expenditure o£1,75Q (Table6.3). No upper or lower bounds were calculated as

the prices were assumed to be the same for each beachhisenethod has

187



Chapter 6 Jellyfish Bloom Impact on Coastal Tourism

limitationsthat must be acknowledged that includegbgential for high error
associated with anecdotal evidence from key aetdtsn the field,that could

not betested buserved the purpose of testing the methodology for the St Ives
case study. Also, the estitian in the number dbeach users was fa typical
summer day and does not account for any variatiorottwairs within the

summer

6.5.2 Losses through Jellyfish Interactions

The next stage of the survey was to introduce the concept of jellyfish blooms and
potential future hypothetical blooms and increases to respondents, using the

following description designedor the survey

fA jellyfish bloom is a large congregation that can contain thousands of adult

medusae and are known to occur in coastal wdteest 6 s suppose t hat
populations in St Ives were to increase in the fuivitle bloomsbecoming a
prominentfeature inhe watem s we | | as washing up on t|

The above definitionvasintended tdoe neutralwithout introducingany

componentshat could bias e s p o n d e.Thepiting df thewsarvey

indicated that the statement was comprehensible to respoaaendsd not

appear to affect respondentsd perceptio
asked abouheir views, including concesnabout future bloomdore

respondents were not at all concerned (16%) than ones that were extremely
concerned (%), but theoverall patternndicates that there was a greater

proportion of respondents anxious about future blo(@h%o moderately to

extremely concerned) than those who showed slight to no concern (31%). Those
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who used negative phrasing when they initially disedgsllyfish (see section

6.4) and those who reported negative previous experiences of them (section 6.4)
were significantly moréikely to express increased concern about future blooms
(Chi square = 8.866, DF = g,= <0.05 and Chi square 40.842 =, DF =i 2

<0.001 respective)yHoweverr espondent s6é6 concern about
not influenced by their prigellyfish knowledge in relation to specieChi

Square = 29.367, DF = 2p= 0.394)and knowledge abouthich jellyfish were
capable of stinging humans (Chi Square = 26.632, DF p 24).322). These
findings suggest that in large proportions of respondents, jellyfish raise concern
regardless of their species type and morphological features (i.e. ay tabilit

sting) due to the influence of negative prior experiences and attitudes displayed
towards themln other words, people are poorly informed about jellyfish and

have a general misconception about all species.

When considering future hypothetical blogri§% of respondents (greater than
the 61% who stated future bloom concern) reported that there would be some
form of alteration to their trip to St Ives. Questions within the survey asked about
whatthese alterations would b&wo scenariosvere discussedith respondents
(section 6.5.2.1 and 6.5.2.2) in relation to future huiedyfish interactions

based onthe differing morphological featured jellyfish. Thefirst scenario was
aboutrecreaibon within St lvesn the event of bloornduced beach closes

(section 6.5.2.1)Beach closurehave been known to occur in the Mediterranean
when theP. physalisandP. noctilucablooms come inshonm@sulting in costs to
tourist resortgRosenthal, 2008; Mariottini and Pane, 2010; De Daetrad. 2014

Ghermandet al.2015 and was therefore considered as a plausible future
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management optiowithin the coastal waters of St Ivdge to the possibility of

large and small stingers in Cornish waters (section 6.2).

The second scenario this studywasof the non-stingingspecieblooming (e.g.

A. aurita) butnot causingeaches closureshis is a scenario that also occurs in
the present dags described by the high numbers of4stingers reported to the
marine conservation society citizen science scheme (MCSURK) 20 their
widespread occurrence within coastal resorts abroad (Pet@/R007). Despite
this, no reports of beach closures have been attributed istimgers worldwide
(that the author is aware of) and specific interactions betweestmyers ad
coastal tourism is poorly understood. The large areas of increased suitability of
these species to Cornish waters are indicated in the GIS maps (section 6.2).
Given that large proportions of respondents were unable to identify which species
could stinghumans and the increased levels of concern expressed through the
survey, possible impacts of natinger blooms wereonsidered within this

study.

6.5.2.1 Scenario 1 Closed beach.

Beach closures where discusggitially with respondents withoutferring to

jellyfish and blooms, with respondents answering questions about how they
would respond if there were days when they were not able to go on the beaches
due to closures on the basis of safétgpendix D Section A, QA7)This was

doneto avoidintroducing any biassassociated with jellyfish that might

influence their responses within the second scelfseiction 6.5.2.2)In the
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event of the beach closures, 58% of respondents reported that they were likely to
remain in St lves and recreateaind around the towmvith 66% of tlese

indicating that they would visit the local attractions, indicating potential

economic benefiti other parts of the towthrough an increase in expenditure

on the attractionsl@able 6.4).

However,the othed2% of espondents reported that they would recreate outside
of St Ives, including searching for alternate beach locations for the day resulting
in likely decreasef expenditure across St Ivéhis was interpreted, for the
purposes of this study, as42% decrese in dayto-day expenditureue to
alternativerecreationSpecifically, total expenditure on per day consumables
while at the beach, beach activitsavel to the beach from hotels and car parking
by the beach (initially displayed ifable6.3) would demease by 42%. This

would be possible ake majority of the responder(®0%)had cars p&ed close

to their accommodatiowhich would enable them to leave the area for the day as
they suggested in the survelgus moving away from the area and recreating
elsewheredxpenditure changesder the scenari@se displayed iTable 6.4).

In addition to this, each day that the closures were enforced, there would be a
100% decrease in surfing expenditure (on lessons and equipmesekirEable

6.3) as no one wad be allowed into the wateeXpenditure change displayed in
Table6.4). Expenditure on accommodation and evening nreadsassumed to

not be impacted as respondents would still be based in St lves for treir trip
indeedmany (73%) respondents were inh\&s for holiday lasting longer for a
week,which often requires booking and paying for much further in advance than

blooms can béorecast The resultant expenditure chang&alfle 6.4) based on

191



Chapter 6 Jellyfish Bloom Impact on Coastal Tourism

the assumptions described abawdicate net changes total daily expenditure

rangng between£6,486and-£9,166total change.

Table 6.4Assumeddaily expenditure alterations as a consequence of hypothetical closed beaches (scenario 1)

Assumed Expenditure Change (£)
Net
Expenditure Efpsesrt:(;?ti?e Lower Mean Upper
Change (%) Bound Bound
Daily Consumables -42 -£1,638 -£2,016 -£2,520
Souvenirs -42 -£378 -£630 -£882
Beach Activities -42 -£315 -£567 -£882
Travel Across St Ives -42 -£441 -£1,260 -£1,449
Car Parking -42 -£788 -£1,764 -£2,142
Local attractions + 58 +£474 +£1,185 +£1,659
Surf lessons -100 -£1,750 -£1,750 -£1,750
Surf Board Hire -100 -£1,200 -£1,200 -£1,200
Wetsuit hire -100 -£360 -£360 -£360
Boots / Glove Hire -100 -£90 -£90 -£90
Total Change -£6,486 -£8,362 -£9,166

6.5.2.2 Scenario 2 Blooms on Open Beaches

In the event of blooms of nestinging speciesA. aurita, C. hysoscellandR.

pulmg it is less likely that the beaches would be closed to the public. The variety
of recreational activities (both on land andvater) the respondents reported
earlierin the survey would thereforéead them to occupy the same stretch of
coast as present, during future inshore blooms. Questions asked how the
respondents would recreate in St lves upon arriving at the beacksaadeding

it was dominated by blooms, without being specific about jellyfish species or
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morphology(Appendix D,QB6). Respondents could answer using one of the
predetermined categories or in their own words (which were written down by
interviewers). Théatter were then coded for analysis. The variety of responses

are presented in Figure 6.5.

What would you do if you cameacrosslarge numbers ofjellyfish on the
50.0% beaches of St lves?

40.0%=

30.0%=

20.0%=

10.0%=

Mo Behaviour Be More Cautious  Leave Beach but  Awvoid Vater bt Awvoid St Ives for
Change Reaminin 5t lves  Stay onthe Beach the Day

Future Bloom Response

Fig 6.5 The frequency of responses (%) to future blooms on the beaches of St Ives from the 182 respondents.

Of the respondents, 18% indicated no behaviour change and 27% suggested that
they would generally be more cautious while recreating on a beach that contains
a bloom.There would therefordoe no expendituralteration associated with
thesed5% of respondents as there would be no overall change in their
recreational activities, but potential welfare implications (discussed in section

6.6) for the more cautious beach usetswever, 13% of rggondents reported
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that they would avoid St Ives each day that a bloom was pregsoh can be
assumed to result e 13% decrease in the reported daily expendiiarthe

town (i.e. theday-time consumablessouvenirs|ocalattractions travel within St

Ives andcar parking, as per Table 6)3An additional2% of respondents/ould

avoid the beach but remain in St lyessulting in a corresponding decrease in the
general beach expenditure. Combining these resulted in a cumulative de€rease
15% inexpenditure related tihe beach activities. However, the 2% increase in
people visiting attractions in the town as opposed to the beach would provide
somebenefit to the town but not the coastal strip dired@lyerall, therefore, this
would resilt in a decreasef 13%to the areacaused by not recreating in the sea
resulting in a netlecrease of 1142% increase in expenditure in the town of
those avoiding the beach minus the 13% of those who would leave St Ives for the

day).

The remainingt0% of respondents reported that they would avoid water but stay

on the beach. The expenditure associated with water activities (surfing lessons
and equipment hire) would thereforedterisk from the 40% decrease in

respondents recreating in the water witbdohs of jellyfish present. However,
assumptions of expenditure change from the total amount of respondents who
would avoid the water could not be made because the secondary data (displayed
in Table 6.3was based solely on surfing. Agpenditure was different for the

surfers, their individual responses are also discussed in this section (separate from
the main data set). The percentage of surfers who reported they would avoid the
water but stay on the beach (41%) was therefore ussaldolate expenditure

changes. This led to a 41% decrease in expenditure on surfing (lessons and
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equipment hire). Expenditure on water recreation would also be impacted by an
additional 13% of surfers who reported that they would either avoid St Ives or
avoid the water resulting in a total @®cumulative decrease in surfing
expenditureBased on theeassumptionsthe net expenditure chanfyg each
elementwas calculate@nd usedo quantify projections abtal expenditure

changeacross St Ives per déwy Table 6.5)

Table 6.5Assumeddaily expenditure alterations as a consequence oftinging blooms on the beaches
(scenario 2)

Assumed Expenditure Change (£)
Net Assumed
Expenditure Expendizg/(r))e Change Lower Bound Mean Upper Bound
Daily Consumables -13 -£515 -£634 -£792
Souvenirs -13 -£119 -£198 -£277
Beach Activities -15 -£99 -£178 -£277
Travel AcrossSt Ives -13 -£139 -£396 -£455
Car Parking -13 -£248 -£554 -£673
Local attractions -11 N/A -£83 -£116
Surf lessons -54 -£952 -£952 -£952
Surf Board Hire -54 -£653 -£653 -£653
Wetsuit hire -54 -£196 -£196 -£196
Boots / Glove Hire -54 -£49 -£49 -£49
Total Change -£3,103 -£3,893 -£4,440

6.5.23 Comparing Scenario Impact

Due to the lack of reports and monitoring data on duration of blooms within
Cornish waters (and therefore how many days the beaches of St Ives would be

affected), an assumption of how long a typical bloom would last for was required
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to project the total gpenditure change for a blooming event. Palnaeal

(2015: 228) state stlhmihgefentypstc a2 weaslss ¢ e
across the UK, mainly in the south west, based on public reports of bloom

stranding eventsThe daily altered expenditure for St Ives was therefore

multiplied by 14 days to provide a projection of the total expenditure alteration

because oéach of the twascenariosTable 6.6).

Table 6.6Expenditure alterations based over the course of a typical hypothetical bloom

14-day Bloom
Scenario 1 | Lower Bound Mean Upper Bound
(closedbeach) -£90,804 -£117,068 -£128,324
Total Scenario 2 | Lower Bound Mean Upper Bound
Expenditure
Change | (beachopenwith|  _£42 042 -£54,502 -£62,160
blooms)

Despite the greateange inthechangedo recreational activities that were

projectedas a result of thelooms oropen beaches scenafgzenario 2)the

future hypothetical beach closur@ssenario 1)yesulted in greatexxpenditure
decreasedhis is because nekpenditure decreased between 24% (open beaches
with bloomg and 53% (closed beaches) whenttital expenditure most likely to
occurduringblooms was compared with the total expenditure that was reported

in the present day. Thdifference is in part due to respondents in scenario 2
indicating they would adapt their daily activitiesthe event of nostinging

species occurring on open beaches. More land recreation was reported than water

recreation (Table 6.1), meaning that a gooapprtion of respondents would not
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perceive to be impacted by scenario 2, resulting in fewer respondents suggesting

they would avoid the beaches and the town, resulting in less expenditure

decreases than scenario 1. Beach closures would impact all resgosuaie their

recreational activities (whether it would be on land or water), resulting in greater
expenditure decreases as more people would avoid the beach and sea, than in
scenario 2, thus highlighting the importaricieom this study of the coastal
environment in drawing people to St | ve:

economy of scenario 1 (closed beach).

Negativeviews and experiences of jellyfish had no significant effect on the future
responses displayed in Figure 6.5 to scenari@hi $quare = 5.875, DF = B8,=
0.661) or scenario €hi Square = 6.763, DF = 12~ 0.873 respectivelyand

the resultant projections of expenditure changes (Table 6.6). The level of concern
also had no significant impact on future responses, sucloalray the beach or
entire aregdChi Square = 3.38, DF = 1@,= 0.496). However, jellyfish presence
during the fieldwork had a significant influence on the responses (Chi = 37.632,
DF = 4,p = <0.001) with6% of the respondents interviewed during the bloom
reporting that tey would display n@hangean their recreational activities,
compared tahe 45% who reported thisvhen no jellyfish were presedtiring

surveys Whenijellyfish were presenbehaviours suchs avoiding the water and
going elsewhere were reported more frequently which indicated that feelings

were not indicative of behaviour in this case.

The evidence presentédre therefore suggests that the summer visitors to the
beach would not be able tally enjoy the recreational benefits provided by St

|l vesd6 beaches when jellyfish blooms occ
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demonstrated above, with subsequent impacts on the tourism in the town and
further afield. Such findings need to be tak&o account when considering
possible management solutions. Further evidence of this is provided from
respondents, with 12% of total respondents indicating that experiencing a bloom
in St lves would deter tine from future visits (Appendix Dsection B Q8)

However,it is worth noting that for this study no additional information was
available on how beach users would recreate under bloomed conditions, other
than what they would specifically do on the beaches and any alternative activities
that were suggestl (few respondents were provided indications of this). For
example, those that would avoid the beach were likely to decrease their day to
day expenditure associated with this activity, but alternative expenditure or
further expenditure decreadsscause fothis, was not known due to the lack of
alternative preferences proposed by respondents. Direct impacts were therefore
assumed from the changes in beach activities to generate the projections of
expenditure change. Further data on respondent preferefibes ¢ained

through additional surveying or secondary data that currently does not exist)
would lead to more accurate bloom response projections which in turn could
improve quantifications of potential future expenditure alterations of summer

beach visibrs.

6.6 Impacts ofBloomson Ecosystem Use Value and Welfare

The experience of recreation in coastal ecosystems (i.e. at the beach) has also

direct nonmarket use value to visitors (Nunetsal. 2001; Blackwell, 2007;
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Prayaga, 2017). The possible impacts of jellyfish on this was not captured during
theassessment @xpenditure chages in relation to future bloom increases

(shown in the previous sections of this chapt®hich constitutehe market
basedexperiences and benefits the local area receives from visitors due to the
presence of the coastal ecosyst&s mastal ecosystems such as beaches

provide services with social and welfare benefits associated with recrésatan

as spending time with the family and health benefitsineset al.2001;

Blackwell, 2007), an assessment of the-nwarket use values dfi¢ coasts of St

Ives and how they could be impacted by future blooming events was undertaken.
The value of welfare benefits was based on how much visitors were willing to
pay for each visit beach based on their travel cost. The travel cost method (TCM)
(see Chapter 3, section 3Zfor method selection, stages and analysis

techniques) was therefore used for the assessment of potential future welfare
impacts that may occur in the event of blooms decreasing access or altering the

quality of the coastal ecosystem.

The inferred price fdbeach access was calculated and used as a quantification of

the per visit welfare value of the beaches (resulting in a beach access value). The
calculation was based on what survey respondents paid in travel, assessing how

this cost influenced the numbeafrbeach visits made. Since demographic factors

can influence the prices of each visit to a recreatilmtation (Parsons, 2003)

the effect of all the demographic char a

access value was also tested.

Tocalculatd he average travel cost for each L

to the St Ives area, and therefore cost per beach visit (assumption was made of
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one beach visit lasting a day based on the recreational choices reported by
respondents in section 6.3)ettotal return trip cost (distance in miles travelled
based on post codes, multiplied by the cost per mile of the transport used) was
divided by the number afays each respondestayedn St Ives The resultant

travel cost per beach visit was incorpoditeto the Poisson regressiomodel

(Chapter 3, section 3Zfor methods of this stage of the analys$imat assessed

how travel cost and respondent demographics influenced number of beach visits
made. However,wk to over dispersion (high variability amed the mean for the
empirical model) seen ithefi n u mbleeachvdst 0 dat a set ( Kol mo
Smirnov = 6.336, n = 18~ <0.001) aPoisson distributioncould notbe

assumedTherefore, aegative binomial regression modieat employed the

same structure but relaxed the constraint of over dispersion (Chapter 3, section

3.7.2 discusses the two models) was used to test the influence of each

demographic factor on the number of beach viSi&ble 6.7).

Table 6.7Negative Binmnial Regression Model Output

Variables b Coef { Standard Error Wald Chi Square P-Value
Constant 2.051 0.6957 8.690 0.003
Income -0.016 0.0434 0.132 0.717
Gender -0.261 0.1846 1.993 0.158

Age 0.093 0.1941 0.228 0.633
Average Daily Travel Cos -0.058 0.0114 25.633 >0.001
Number of Children 0.106 0.1005 1.111 0.292
Number in Group -0.030 0.0528 0.320 0.572
Education Level 0.480 0.0526 0.833 0.361
Employment Status 0.092 0.0758 1.484 0.223
Reason for Visit 0.245 0.1079 5.171 0.023
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Thenegative binomial regression model initially indicated that there would be no
variation in access value between respondents (and therefore any bloom impact
due to respondent characteristics) because of the lack of significance the
demographic factors (e.gge) had othe number of beach visits. This indicates

that different respondents value access to the coasts equally, despite the different
activities that they engage in, but would respond @ifidy to bloomsas
demographics did influence differemgpotheticalbloom responsesection 6.5).
Theonly two variableswithin the negative binomiakgressionTable 6.7) that

had a significaninfluence on the number of beach visiterethe travel costas
expected (Parson, 2003), and the reasspondents were visiting the area, with
those that had come for a beach holiday significgptly 0.023)making more

trips to the beach (caused by the high number of respondents specially visiting St

Ives for the beaches)

Thedecrease in beach visds travel cost increasesl displayed in Figure 6.6.
Thetrendthat beach recreationalists in St Ives who had greater travel costs, made
less visits to the area over the course of a year is consistent with what one would
expect from the data sample, as nadghe respondents stated that they were
holiday makers, staying in the area for arourtieeks, spending most of their

days on the beach (section 6.3). A high proportion of the data points in Fig 6.6
therefore represented respondents with the higteesatltcosts and the fewest

beach trips. More of the data points (88r&presented respondents who made
below 15 beach visits over the course of a year with above average return travel

costs per person per day (above the £14 average). Several outliegpaaced
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amongst these respondents where orybeaches visits weraade,and the

highest travel costs were incurred (> §#0 persoh There were far fewer
respondents who made more than 15 trips per year (12% of the sdpdd),

incurring lower han average travel costs (less than the £14 average). There were
also some outliers, who made over 40 trips per year and had the very lowest
travel costs (E£3 per beach visit). They were likely local to the area and had
easier access the coastaécosystem. Therefore, the per person access value of
each visit to the beach that was revealed by travel costs is greater for the seasonal
visitors, but over course of the yetrere is a greater cumulatibenefitfor

people local to the area due to the higher number of visits that they make.

60.00-
50.00-
40,00 o
30.00

20.007

Average Daily Return Travel Cost (£)

10.007

oo

o 8] &)

T T T T
40.00 60.00 80.00 100.00

Number of Beach Visists

Fig 6.6 Correlation between theeverage daily cost of travel associated with holiday trips and the number of bea
visits during the trip

The next stage of the analysis was to generate an estimation of the before bloom

access value of the beaches of St Ives using the travel cost function described by
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Parson (2003) (method discussed Chapter 3, sectidt).3 e inferred access
cost(3)oft he beaches was cal cul wteahlbedzly di vi
visit (assumed to be one visit per day that lasted the wilaglg by the travel

cost coefficient generated during the negative binomial regresfigrr(-0.058)

displayed inTable 6.6(methods introduced in Chapter 3, section 3.7.1), thus:

Si- ——=1/-0.058=£17.25 [Equation 6.1]

The resuling estimated access price of tBelvesbeaches visit per person per

day was £17.251(-0.058)as shown in Equation 6.The aggregated welfare

value of the beaches of St IMessed on the price visitors revealed they were

willing to pay to access the beaches was estimated by multiplying the per person
access cost of the beaches by the 1,500 pesfileated to visit the beach on a
typical summer 0 sesuttiegiy an(aggeegateusewala . 5. 1) ,

£25,875 per day for beaeltcess.

To consider the impacts of blooms on the use values of the beaches, and the
associated changes in the wedféenefits visitors receive from them, the

responses to the open and closed beach scenarios were considered. For the closed
beaches in scenario(section 6.5.2.1}here would be a 42% decrease in the

number of respondents who would remain in the aregadttherefore assumed
thatthere would be a 42% decrease in the inferred use value of St Ives due to the
decreases in visitors to the area accessing the beaches. The subsequent use value
decrease was estimated to be a loss of £10,868 (= (£25,875 T A.6B68) (see

Table 6.7) for each day a bloom persisted.
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In response to scenario 2 (section 6.5.2.2) wherestingers were assumed not

to becausing beach closures, 13% of respondents reported that they would avoid
St lves on bloom days and 2% would @vthe beach, resulting in a 15% loss in

the use value of the coastal ecosystirich was estimated to be £3,881 (=

(£25,875 * 0.85) 25,875) per day. Many respondents reported that they recreate
in both water and land on the beaches of St Ives anddhefeave a variety of
alternative recreational options if the beaches are not closed, particularly if
blooms do not wash up on land. Surfers however, are a group of beach users who
could experience greater welfare impacts through decreasing use vdlae of t
coastal ecosystem if the inshore waters were to become compromised or access to
them no longer becomes possible as a result of blooms and a lack of alternative
recreational opportunities. As 34% of respondents primarily engaged in surfing,

an assumptiowas made that 34% of the 1,500 estimated daily beach users also
engaged in surfing, resulting in 510 daily surfers. This was multiplied by the
£17.25 per person access value of the coastal ecosystem. Total surfer access
value was estimated to be £8,798 gay. In the event of beach closures during
scenario 1, the entire use value and therefore recreational benefit would be lost as
the surfers would not be able to access the sea. In the event of scenario 2, 60% of
the surfers reported they would either igvihe water, avoid the beach or leave St
Ives each day a bloom persists, resulting in a £5,279 (= (£8,7981* 8,498)

use value decrease. As with the expenditure change estimations, the per day use
value decreases reported in this section were matfijply the fortnightly bloom
duration assumed by Palmietial.(2015) (section 6.5). The resultant welfare

impacts are summarised in Table 6.8.
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Table 6.8Welfare impact incurred by beach visitanghetwo bloom scenarios (scenario 1 (blooms closing
beaches) and scenario 2 (bloomed beaches that remain open)) per day and over the assumed typical duration a

bloom.
Bloom Duration 1 day 14 days
All Beach Users Scenario 1 £10,868 £152,152
Scenario 2 £3,881 £54,418
Surfers Scenario 1 £8,798 £123,172
Scenario 2 £5,279 £73,906

In summary, the responses by summer visitors on how they would behave in
response to hypothetical future blooming scenarios led to projections of negative
impacts that would be incurred if blooming events were to be experienced by
beach users and possillgcome more common. This was because blooms were
seen as capable of decreasing access and quality of the benefits (i.e. recreation)
provided by the beaches of St Ives, leading to welfare impacts which had the
knockon effect of decreasing expenditure bgitars once in the local area. The
actual behaviours in response to blooms were by beach visitors who had little or
no knowledge and experience of jellyfish (section 6.4), as well as negative views
of jellyfish (section 6.4) which likely contributed to thest projections. The
hypothetical responses reported by respondents once they had been introduced to
the concept of possible blooms in St Ives lead to a variety of projections that
suggest jellyfish could become an issue within the coastal waterssiitte

west UK which could be comparable with what currently is reported in the
MediterraneanTo estimate the effects of future blooms, this chapteappked
aspects otvell-establishedociceconomidechniquedo jellyfish bloom impact

an ecosystem psaces and benefits provision research. The study has also
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assessed potential future impacts of blooms and their increases to an area where
previous attempts have quantified the impacts retrospectively or during a
blooming event (e.g. Ghermaretial.2015. This study has provided an
assessment of the impacts of blooms on coastal tourism in a location of the UK,
which could be replicated in other areas of the UK However, acknowledging the
limitations and constraints is necessaryeTack of readily availade data sets

that describe visitor number trends or the number of beach users in specific
coastal locations such as St Ives presented a challenge winestiagt total

impacts based gper person expenditure ahdach access valuk is likely that

the estimations of total beach users on a typical summeadagubjective and

based on experiencéhe study was also unable to capture variation in beach user
numbers from day to dajmprovements in the secondary data used in this study
would therefore in@a® the accuracy of the projectioofspotentialsocio

economic impacts that future blooms could cause or atdaastn indication of

any error

6.7 Future Management of Jellyfish Blooms

Theexpenditure decreasetcoastal recreationalistecdthewelfareimplications

that wereprojectedas based on responses of recreational users of the marine
environment to the presence of jellyfish blooms, highlightedjétigtish
management schemesyuire consideratiorburing the survey, respondents were
introduced to a potential management scheme directly after they had completed

discussions about their future responses to blooms (section B of the
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guestionnaire)The proposed scheme consisteaeis used torptect sections of
the beach (both water and tlgoreline) from blooms. This hypotheticaheme
was based on the MEIELLYRISK nets deployed across the Mediterranean
where there are currently greater issues associated with blooms (particularly

stingers such a.noctiluca(Purcellet al.2007)) Geehttp://jellyrisk.eufor more

information on the MERJELLYRISK project)and nets that have been used for a
long time in Australian waters in response to box jellyf&hceBaumann and
Schernewski (201555 suggest thdbeach users with information on jellyfish
are nl ess b,odntethad efdnfolming reshoadents about the species
that would occur was also considered as part of the hypothetical management
scheme to assessetherit would contribue to reducingr eliminating the
projectedmpacts of future blooms. Respondents were introduced to the

hypothetical scheme using the following descriptiod &igure 6.7

filn some areas, jellyfish are a big issue and NGOs set up nets that create jellyfish
free poos andseparatesections of the beach from blooms. Stalisalsobeset up

that provide information about the species that are occurring so that beach users can
understand their characteristics, including which ones can sting. Potentially, this
could beused in the event of blooms occurring in St loes

Fig 6.7 Image used to introduce responddnttheantijellyfish nets. Credit: Stefano Piraino at MEIELLYRISK
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After respondents had been shown this information they were asked to rank
howimportant they believed a scheme like this would be using a Likert scale
(Exact question: How important do you think it would be that types of
measures like the one that | mentioned are set up to manage issues associated
with jellyfish blooms?). Othe 182respondents/ho answered the question
49% indicatedit would be moderately or extremely importamd29%

indicated not at all important or slightly important; o286 indicated

somewhat important. Specifically, nets that separate humans amddoleere
selected by @%b of respondents to this question as the most important aspect
of the hypothetical mitigation scheme, compared to those that thought
jellyfish information (17%) was most important. This could be due to the
immediate benefit respondsrenvisaged of being separated from blooms by
the net, suggesting that respondents were acting on expectation of jellyfish
blooms being an issue and something to avoid. The importance of a future
management schemes to different types of beach users (yasezmbers

within their group and activity that they engage in) is displayed in Table 6.9
and suggests a few differences in how important the management scheme
would be.Visitors who engage in both beaches and general water recreation
indicated greatestgpsonal importance of a net schei@exfers indicated the
scheme was moderately or extremely important less than those that recreate
on land.Surfer likely reported the importance of the net less because they
would impact the suitability of section of theach for them to engage in

surfing.
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Table 6.9The importance of a future jellyfish management scheme to different beach users

Beach User Not at all Slightly Somewhat | Moderately Extremely
Important Important Important Important Important
General Beach Users 16% 9% 22% 34% 18%
Groups with Children 19% 9% 21% 35% 16%
Groups with no Children 19% 11% 26% 24% 20%
Mainly Beach Activities 18% 12% 20% 31% 20%
Mainly Water Activities 19% 5% 19% 29% 29%
Beach and Water Activitie: 18% 10% 25% 34% 13%
Surfers 16% 11% 26% 29% 18%

The next stage of the analysis assessed the stated preferences of respondents for a

coastal ecosystem where blooms are separated from beach users by the nets

(methodgntroduced in Chapter 3, section 3)7.2o do this, in section B of the

survey (see Appendi®), respondenta/ere asked if they would be willing to

make aoneoff annual donation to an NGO to set up jellyfish free pools in St

Ives, and if yes, how mucheiz would be wling to donate towards thidrable

6.10).
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Table 6.10Percentages of each type of beach user willing to donate to the hypothetical jellyfish management
scheme and how much

Donations (£)
Willing to
Beach User donatewithin | Lower Bound | Average | Upper Bound

each beach

user group
General Beach Users 42% £7.40 £11.10 £14.80
Groups with Children 41% £6.10 £9.50 £13.10
Groups with no Children 36% £4.20 £12.10 £19.90
Mainly Beach Activities 29% £2.20 £9.30 £16.40
Mainly Water Activities 43% £0.90 £13.10 £27.10
Beach and Water Activities 45% £6.40 £10.10 £13.90
Surfers 48% £6.50 £12.20 £18.00

Of the 182 respondents, 40% stated that they would be willidgrtatetowards

such a management scheme. The majority of the peresntdglifferent types of
beach user willing to contribute (Table 6.10) was close to the 40% average, with
those that engage waterbasedactivities suggest that they would donate the
most, as it would be expected. The average amount stated was £16spar pe

(the average donation from all the respondents who suggested they would be
willing to donate) with upper andwer ranges (falling within 95% confidence
intervals) being £7 and £Xéspectivelylnterestingly, the percentage of
respondents surveyelliring the bloom who said they were willing to donate was
less than the percentage who said they were willing to donate before the bloom
on St Ives beaches (29% willing to donate during the bloom compared to the 42%
willing to donate before the bloorm.range of payment vehicles for the

donations were suggested by the respondents including increased car parking

fees, taxes, and putting money in collection buckets (see Table 6.11).
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Table 6.11The frequency that each payment method was selected by responses who were willing to contribute to

the hypothetical jellyfish bloom management scheme

Payment Vehicle Freqouency Average Donation amount
o) Lower Bound Average Upper Bound
Car Parking Chargg 10 £6.70 £10.70 £28.00
Collection Bucket 35 £2.10 £2.70 £3.40
Donate at a Display 35 £9.40 £22.20 £40.60
Tax 20 £3.80 £5.60 £7.50

It was then interesting to consider how the donations would scale up to beach

visitors in St Ives on gawhole. Assuming that these survey responses would be

similar across the numbers of visitors (1,500) to the beaches in St lves on a

s u mme r @Gection G6Yy, 60040%) would be willing tadonateto a jellyfish

management scheme. The average donation of £10 was multiplied by the 600

people resulting in a £6,000 to derive the total aggregated stated value of

ma i

nt ai

ni

ng recreat.

onal

activity wi

free pols. These analyses enabletbanparison between the stated value of

t hi

maintaining access and recreational potential of bloomed beaches using nets with

the estimates of decreased valokthe travel cost analysis (contingent

valuations). The average statealue for having beach and sea access under

bloomed conditions was estimated to be £6,000 (discussed above in this section,

previous page), ranging betwe®f 200 (lowetimit), and£8,400(upperlimit)

from one off paymentsThe losse#nferred value inarred from scenario 2 and

estimated using the results of the travel cost method could, in tihheayoided

setting up antjellyfish nets Separating blooms and people using nets could also

mitigate the impacts projected as a consequence of closed v&askenario 1
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asthe beaches may not have to close in the event of the nets effectively stopping
stinging interactionsHowever, further researaetith beach visitoras to whether

they would remain on the beaches knowing that dangerous stingers wexe in
vicinity just outside of the nets would bequiredto explore this option in more
detail. Safety in particularwould have to be ensured there are examples were
jellyfish nets have been unsuccessfully implementedustralian watersor
examplejellyfish slippedbetween the mesh of the ndiirhorakiotakis and

Winkel, 2003.

6.8. Summary

Table 6.12isplaysthe various changes that have been projected to occur to the
tourism sector across St Ives in relation toithpacts on beach recreatidoe to
thescenarios of hypothetical blooming eveiistimatef the socioeconomic
changes associated witlse value of the beachiesSt lves,assessedsing the

travel costandcontingent valuatiomethods (see Chapter 2) aresentedThe
projections made ithis chapter and the responses reporteddeys of the

marine environment to blooms, indicates that if blooms of any species were to
become more common across St Ives in the future, managsamemes (such

as the one discussed in section 6.7) should be considered.

212



Chapter 6 Jellyfish Bloom Impact on Coastal Tourism

Table 6.12The overallestimate®f projected changes to the tourism industry across St Ives in response to
different bloom scenarios (bloom scenario 1, blooms of stinging jellyfish leading to beach closures and scenario
2, general occurrence of blooms of r&tinging jellyfish occurringacross the coastline), assuming that a typical
blooming event persists for 14 days (typical duration of historical blooms in the Northeast Atlantic stated by
Palmieriet al (2015))

Factor Bloom Scenario | Projected Net
Change per
Blooming Event

Recreatioal value of the beaches in St Ivies all users Scenario 1 - £152,152
(revealed valuations based mspondentravel costs)

Scenario 2 - £54,418
Recreational value of the beacliesthe surfersof St lves Scenario 1 -£123,172
(revealed valuations based on travel costs)

Scenario 2 - £73,906
Recreational value of the beacludsSt Ivesstatedthrough Scenario 1 + 2 + £84000

contingent valuation of hypothetical beackath jellyfish
bloom management

In terms of jellyfish bloomgjse and nomise valuationsf the coastieecosystem
are a key consideratiqsee Chapter 2particularly aghe expenditure on goods
while in St lvegSection 6.9 thatbenefits the local area is closely linkiedthe
recreation that occurs within the coastal ecosystemrefbre, it can be stated
thatseasonal visitors will incur losses in recreational opportuhayellyfish
bloom will occur duringheir recreational period at St Ives)d the consequence
of this would be the economic impacts on those who benefitthertourism
industry, as the seasonal visitors tenttestate that they would avoid resorts

impacted by blooms.

Scenario 1 (blooms of stinging jellyfish leading to beach clostas}Yhe
greatest effect on the beach recreation vdimeall beach userdhe impacts
associated with scenario 1 were greatest because most seasonal visitors come to

St Ives specifically for the coastal ecosystem and the desired recreational
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opportunity would be lost during such a blooming event, which led to the greater
projedions ofloss There are similar recreational opportunities in ottearby
locations that respondents were willing to travel to, if the other locations were
unaffected by the blooming evemtcreasing the impact that would be incurred

acrossSt lves

In the event of scenario 2 (beaches remaining afemblooms of norstingers
occur),all impact projectionsvere considerably lower to all users of the coastal
environment. The lower impact of scenario 2 compared to scensuniggests

that blooms and soavrecreational activity on the coasts carocour, indicating
that if the beaches can be safely kept open, senreationavalue of the
beachegan be maintained during blooming events. For example, keeping
blooms from washing ashore would maintain a large proportion of the
recreational value of the beaches, as land recreation was more common, and it
was water recreation that was projected tairproportionally greater impact.
However, it must be acknowledged that net losses would still occur under
scenario 2, which would requireanagementmeasure$o mitigate impact

associated such blooming events

Theestimationf the total contingent vahtionof recreation orfbeachesbased

on the willingness to donate of the pulibcmitigation strategie@.e. the anti
jellyfish nets)was greater than all the projections of inghat waild occurin

the evenof scenario 2. Thereforlypothetically,duringblooms of norstingers
the donationsvould cover theotal projectedmpacts,assuminghe management
schemeavould successfully separate blooms from hum&fmvever, as discussed

in section 6.7, further investigation would be necessary to assess if the costs of

214



Chapter 6 Jellyfish Bloom Impact on Coastal Tourism

setting up and running a project that maintains these values would exceed the
donationgt would receiveor be greater thathe projections of loss thaould
occur under scenario 2 (in other word®uld management costs exceed benefit

that would be maintaingd

Assuming thathe scheme was successful at stopping hejeléyiish

interactions, the beneditvould be greater than the costs of maintairtimgarray

of usevalues associated witteach recreation argiould therefore be
implementedDue to the large difference between the contingent valuation and
the impacts projected under scenario 1, italanbe speculated that if the
donations would natover the costs of the management scheme, further funding
could beconsideredFurther research should therefore assess whiettiber

funding could be received and whether others who benefit from the beaches of St
Ives would be willing to contributeas well aghe velicle through which

donations should beollected Other sources of funding on top of the public
donations are therefore discussed during Chaptsedtion 7.4), in relatioto

bloom mitigation strategies.

It mustbe acknowledgedowever, that the suggestedanagement scheme

(Section 6.7)would have to be implemented over the course of an entire summer
season, as it is not feasiblecantinuallyinstall nets in response to each

blooming event and remove them when no blooms are présgrmation

would therefore be needed as to whetherstorgers or stingers would occur
during the tourism seasdwhich is currently not availablefp conclude what the
costs d a management schemeuldbe based on the recreational value that

would be maintainedSuch considerations are necessary due tditfezent

215



Chapter 6 Jellyfish Bloom Impact on Coastal Tourism

levels ofrecreatioml value of the beaches thatschemeavould maintainin
relation the varying impacts of stingers and+stingers There ae also some
recreational activities that would be hinderedliy suggestedntijellyfish
measures (such as surfing) which would require consideration when

implementing such a management scheme.

6.9 Conclusion

This chapter investigated aerdtimatedhe magnitude of theocioeconomic

impacts to a coastal commundnd related visitors the event of future

blooming eventand their potential increase, changing¢bastal reaation and

the tourisnthat occur. Ifinds that a variety of ipacts could occur ranging from

the financial implications to the local economy to the welfare impacts on those
that visit the town of St Ives for beach recreation. The main impact of blooms
was that they would cause recreational visitors to avoid the ésatist Ives,

and even the town itself, due to the presence of blooms. The welfare implications
were measured based on how much respondents valued access to the coasts
(based on their travel cost getting there) and by estimating how much welfare
benefitswould decrease with future blooms. The financial effects were assessed
based on assumed expenditure decreases by seaside visitors to give an indication
of the impact on the local economy. If blooms were to occur and increase, the
severity of these impactgould depend on what species were occurring and the
behavioural responses recreationalists they would trigger. Scenarios of

increasing blooms of stinging species understandably resulted in both greater
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economic and welfare impacts because they woulaatgll types of beach
recreation; in these situations, a great number of respondents suggested that they
would recreate elsewhere. In the event of increases in thstingmg species,

net negative socieconomic impacts were projected but some actwiwld not
beimpactedand adaptive behaviours would allow for some beach recreation to
occur. Beach closures would result in the greatest impacts and avoiding this
would at least maintain some of the use value of the coastal ecosystem for some

types of rereationalists.

This chapteralso investigatethe potentialmanagement implications in response

to the blooms of different species aheé response to theddse of the sea was
valued, based how much respondents would be willing to pay to separate sections
of it from blooms, so that it could be accessed by bathers, using anti jellyfish

nets. The willingness to pay for such schemes stigiggsa management scheme

like this could keep the beaches open, with notable benefits. As demonstrated
elsewhere around the glolmeanagng jellyfish in relation to tourism is a notable
challengedue b the conspicuousness of blooms #me morphologicktraits of

certain species.hle suggested scheme showed potentialamtainthe use value

of the coastal ecosystem for at least some of the beach users under certain future
bloom scenarigdut whether implementation is possible and if management can
betailored to the range of recreationalist in the area that could be impacted
remains to be see@hapter 7 will discuseranagement and policy implications of

jellyfish blooms in reference to the findings of this and the prewibagtes.
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CHAPTER 7

DISCUSSION AND CONCLUSIONS

7.1 Introduction

This chapterconcludes the thesis by discussingfihdingsfrom the

methodological and empiric@lhaptes in terms of the research questions

outlined inChapterl and the review of the literature @hapter2. This chapter
discusses what has been achieved in relation to current knowledge of jellyfish
populations in the Northeast Atlantic, potential socioeconomic impacts, actions
required in response to blooms and how further research could build upon the
findings that have been presented. Section 7.2 discusses the output of the GIS
maps that represent how suitable certain characteristics of Northeast Atlantic
waters are for jellyfish populations and how this could change ifuthee and
relates this to existing debatesgelatinous future of marine environments

Section 7.3 then discusses the bloom impact projections for fishery and seaside
tourism activitesin the Northeast Atlanticgonsideringhow blooms would

interact with theeindustriesthe associatedocioeconomic costs as well as

future research that could build upon the findings presented in this thesis. Section
7.4 thenexamineselevant managemeastiggestions in relation to reducing the
effects of jellyfish blooms on coadtand marine activities; thmanagement

implicationsare also discusse8ection 7.5 concludes tlehapterby assessing
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the general contributions to knowledigem this thesis, bringing togetheatural
and social science methodologik®ratures and sightsin relation to future

jellyfish change

7.2 Jellyfish Populations in the Northeast Atlantic

The first research question askeadat does existing knowledge of changes in
the marine environment reveal about potentialriijallyfish bloomsacross the
Northeast Atlantic, based on their physiological thresholdsponses to the
marine environmeftThe GIS maps that were developed as part of this research

(Chapter 4ket about answering the research quedtioientifying areas in the

Northeast Atlantic that could support jellyfish populations in the present day and

how changes to key factors within the marine environment could increase or

decrease these populations in the future. Categorisations of how environmental

factors contribute towasdchanges in jellyfish reproduction (based on current
physiological knowledge for each species) established specific areas within the
Northeast Atlantic that could be more pronduturejellyfish blooming events.
These enabled scenarios of future blodonise considered in relation to fisheries
and seaside tourism, which were examined through an ecosystem services

approach.

The key findings of the research conducted to answer this question are:

1. the distributions of current suitability within theoNheast Atlantic

defined by the GIS maps mostly coinaldeith current knowledge on the
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distributions of actual populationsyaluated through comparisons with
details of documented blooms (locations and seasonality of blooms),

2. several regionwithin the Northeast Atlantic could support large numbers
of a variety of jellyfish species, based on water temperature, salinity and
thepreyindexthat was developed

3. severalkreaswvere potentiallysuitablefor bloomed populations
(particularly off hecoast of Britain and Ireland)jcluding blooms of
warmer temperatspecies such &. hysoscella(mainly in the Celtic Sea
and soutlwesternwatersduringin summey, andblooms ofmore boreal
species such &. capillata(within northernandnorth-eagern areasuch
asthe North Seauring spring,

4. for most of the species, a combination of increased prey availability and
ocean temperature contributed to an area being identified as more suitable
for jellyfish populationsand blooms

5. increases in futurblooming events are a possibility, assuming certain
changes in the marine environment oce@ucgmbination opreyand
temperature increasesith salinities remaining constant with present day

conditions).

The GIS mappin@lso contributed to existing dates and discussions as to
whether marine environments are heading towards a more gelatinous future. As
discussed in Chapter 2verabpublications within the literature mention that
interactions between jellyfish blooms and people are being reported more often
(e.g.Purcellet al.2007). Reasons for the increstreporing include blooms

becoming more common due to environmental ch@Rgecell, 2012)and
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fluctuationsof jellyfish populatiors coinciding with increasing anthropogenic use

of the marine environment (Condenal.2013). Howeverit has been argued
suchclaims are not basedrdong term jellyfish populaons trendgCondonet

al. 2019. Indeed, the neefdr recording bloom occurrences to produce time

series data has been highlight€bidonet al 2012, as extensive historical data
sets do not exist. It will take time before enough robust records are collected and
cdlated about temporal variations of jellyfish numbers, bloom frequencies and

their locations.

The methodology developed as part of this research contributes to this
understanding by providing insights on the suitability for jellyfish populations in
thepresent and the future, highlighting factayde considered in relation to
bloomingevents The GIS maps were informed by the literature in relation to the
most suitable conditions for jellyfish, highlighting suitable stretches of water for
a variety ofspecies across the Northeast Atlantic. They were based on how
changes tenvironmental factors relationto the physiological thresholds of
different jellyfish species within the Northeast Atlantic woaltérhow suitable
theareawas for each speciethe findings indicated that, based on changes to
such thresholds, areas would become more suitable for jellyfish populations;
these could increasethin the Northeast AtlanticThe GIS maps produced in

this research with the sensitivity analyses undenglChapter 4, section 4.9),
indicate that if rises in sea watemperaturéwithin a reasonable limit, however
such limits are unknown) andcreasegrey abundance were to occur
concurrentlyand salinity was toemain relativelyconsistent, bloom inceses

and interactions with anthropogenic activities could also increater. In fact,
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water temperatures the Celtic sea are projected to rise between 1.5°C and 5°C
over the next 100 yea(Philippartet al. 2011). Also,temperature increases

within the North Sea during the last 40 years have been some of the most rapid
on the planet and the area is vulnerable to further rises (Philgiper2011).

Such projectionsre greater than the difference betwdervarying tiresholds
(atwhattemperaturesurvival, reproduction and reproduction that lead to blooms
are possible)hat were presented for each specieShapter4, used to examine

if an area was suitable for a certain species. Such comparisons indicate that
bloomincreases could occur based on a certain range of future temperature
changes, drawing upon the projections available and the current physiological

data available on each species.

Interactions between factors characterising environmental change, and their
effects on speciesd physiological thres
instance, during an assessment of eutrophication (which could lead to increases in
zooplankton specigsllyfish are known to prey upon (Arai, 2001; Richardsbn

al. 2009)) Almroth and Skogen (201@)entified the entire soutbastern part of

the North Sea as a problem area, due elevated nutrient levels and subsequent
decreases in oxygen levels that hbeen recorded there. Such changes in the
environment have bearviewed in the literature davouing jellyfish and

contribute towards bloome.@.Richardsoret al 2009).
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7.21 Further Development

There are a number of wayswhich the methodology could contribute further to
knowledge about future jellyfish populations acrossNbeheast Atlantic,
includingaddressing some of the limitations and challenges that emerged during
the research (see also Chaptetgher resaltion versions of environmental

data (including the temporal aspect) for each of the three environmental
parameters (temperature, salinity and pneex) used for mapping jellyfish
suitability areas could provide more accurate projections of the digbrbaft
potential future jellyfish survival, reproduction and blooming events. However,
as the marine environment is relatively stable (e.g. water temperatures do not
fluctuate as readily as air temperatures) and jellyfish show plasticity to these
factors Nawrothet al.2010), improvements in the resolution may have a limited
effect on our understanding; nevertheless, assessment of this would be of

scientific interest and relevance.

Another limitation was the paucity of detail on somedciesspecific

responses to environmentaktors (particularly the premdexthresholdgor

which someassumptions had to be madenprovingknowledge on which
thresholds in temperature, salinity and prey can support varying jellyfish
populations would provide more acate and detailed data that could be applied

to the maps using the same GIS methodology as applied in this thesis.

It was alscacknowledged ilChapter4 (section 4.10.1) that other factors
influence the jellyfish life cycle, including ocean currents (Licaretral. 2010),

water acidity (Richardsoet al.2009) and oxygenation (Purcell, 2001), nutrient

223



Chapter 7 Discussion and Conclusions

levels PerezRuzafaet al. 2002 and theexact loationof hard structures (Holst

and Jarms, 2007). A currelack of data on these aspects meant that they could
not be incorporated into the GIS mapping for this thesis. It may be possible for
some of these data to be obtained in the near future thrdugtuldies (similar to

the ones referenced in Chapter 4, sectioned@,Purcelet al.2012) e.g. on

effects of environmental factors to jellyfish reproduction. This wouldireq
resources, expertise asdmpling effort, as well as corroboration through
observational data through time. Information on factors that cannot be tested in a
lab such as ocean currents that may contribute to blooms could be gained from
tracking the movement of blooms in relation to ocean curf{@atapult, 2015)
Incorporatingthe influence of these factors into the GIS mapping, alongside
improvements in data resolution and more detailed data on temperature, salinity
and prey abundance, would further improve the accuracy of the maps, to identify
locations where changes to therma environment and jellyfish populations

could occur, and their potential effects on anthropogenic activities.

The GIS methodologyapplied in this thesis is transferable to other areas where
similar data exists, and where analyses could be undertaken for understanding
future changes to jellyfish distributions. For instance, the environmental data
used in this study (including tle®ninuous plankton recorder (CPR) dated to
projectthe preyindex(methods discussed in Chap8esection 3.3.))is also
collected within Atlantic waters off the east coasts of North America where the
stinging specie€hrysaora quinquecirrhand invasivéVinemiopsis leidyare
native(Worms, 2017). Providing understanding on species like these in other

geographical locationsould further contribute towardgdiscussion about future
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blooms and their frequencies, in conjunction with the findings from thsssttoe

expand on our understanding of jellyfish populations worldwide

7.3Bloom Impact Projections

This sectiorreviews the research on interactions that could occur between
blooms and coastaidustries based on the information generated in the GIS
maps, answering theecondesearch questioof this thesiswhat would be the
magnitude of the socieconomic impacts related tioe tourism and fishing
industriesn the event of increasgellyfish bloomoccurrence in thélortheast
Atlantic? The GIS maps contributed to identifying areas suitable for jellyfish
populations in proximityo locations characterised Iygh levels of commercial
fishing and tourism that could potentially experiemgzeases iflooming

events in the future

An ecosystem services approach based on the UKNEA (2011) framework was
applied (Chapter 2) to value changes to ecosystem services and benefits to
tourism and fishing at these locations. Scenarios were devdbaged on the
locations, species and times of year that blooms could occur with a variety of
established methods used to quantify impacts that would arise. Figure 7.1
indicates which services and benefits would be impacted by bleased on the
researchn Chapters 5 (fisheries) and 6 (tourisim) the Northeast Atlantic, it

was concluded thdtlooms would impact provisioning and cultural benefits
derived from the ecosystem services, not the services themselves (Fig 7.1).

Jellyfish blooms were seen asunexpected eventithin the ecosystemwhich
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would disrupt the fisherfolk and tourists in derivingndit from ecosytem

servicesDepending on the activity in question, socioeconomic impact was either

as a consequence of blooms impacting specific aetv{g.g. trawling) or

stopping certain activities from occurring (e.g. bathing) which also led to

secondary impacts, (e.g. lost revenue for local businesses) (Fig 7.1).

' 3 3 &
Marine Ecosystem Infermediate Services Final Ecosystem Services Goods/Benefits
Components, e.g. « Primary production « Fish and shellfish Food (wild, farmed)
« Habitats and species - Larval and gamete + Algae and seaweed + Fish 166G TWilG, Tarmed, bait)
« Sea space supply + Ornamental materials + Fertiliser and biofuels
« Seawater « Nutrient cycling + Genetic resources + Omaments and aquaria
+ Substratum « Water cycling « Water supply + Medicines and blue
‘4 « Formation of: ‘ - biotechnology
specieshabitat
physical barriers
seascape « Healthy climate
Processes, e.g. « Climate regulation = « Prevention of coastal erosion
« Production + Natural hazard . + Seadefence
« Decomposition protection S | . Wasteburial / removal /
« Food web dynamics « Clean water and = neutralisation
« Ecological interactions + Biological control sediments §
(inter- and intraspecific) « Natural hazard °
« Hydrological processes regulation & Tourism and nature watching
« Geological processes + Waste breakdown and S
« Evolutionary processes detoxification g
» Carbon sequestration + Places and seascapes f
3
@
\ I N J \s J/

ES / Benefit Bloom Impact

Food (wild fish) ——» Increased operational overheads to make catch

Reguiating ) . .
Tourism p» Decreased access of recreational sites

» Decreased visitor expenditure impacting the local economy

Fig 7.1 The dassification of ecosystem servicasd benefits that can be derived frima Northeasitlantic, adapted from

the UKNEAFO(2014) (originally included in the thesis as Figure 2.1 in Chapter 2), which has been modified to give
indications of which benefits would be impacted based on the research in Chapters 5 and 6. Red circles and arrows indicate
impact to culturakervices. Orange circles and arrows represent impact to provisioning services.

7.3.1Fisheries

In terms of the fisheries, abundant jellyfish presence would affect fish caught for
human consumption (as a benefit), although respondents did not envisage that
there would be losses in catch. This contrasts with findings from studies in other

geographicalocations where blooms are more common (e.g. in the
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Mediterranean(Palmieriet al. 2014 and Asian waters (Uye 2008 Additional
costs would be incurred whilst catching fish under bloomed conditions. The main

findings of this part of the research, preeel in Chapter 5, were:

- bloom bycatch would be the primary impact on fishing, especially by
large medusae specigsch afk. pulmo

- bloom bycatch would clog nets resulting in less catch per haul,

- inresponse, fisherfolk would increase the number oflsré&mvcompensate
for reduced catch at a location, or avoid areas that contain a bloom,

- generally, fisherfolk based on different vessel types, using different
fishing gear, reported the same impacts and responses,

- quantifiable impacts were calculatedsed on additional fuel use and
additional time spent out to sea that would occur doing extra trawls or

moving to alternative sitéd® maintain catch

The adaptive behaviours indicated by fishermen suggest that the quantity of fish
caught for human consytion would not decrease as a result of blooms. These
responses however, suggest that fisherfolk would incur increased costs of making
the catch during blooming events, with fuel costs being of particular relevance, in
addition totheadditional time requed out at sea. The impacts of increased
operational costs (particularly fuel consumption) on fishing communities has

been reported by previous studies as affedtiegviability of commercial fishing

in the Northeast AtlantiCAbernethyet al. 2010). Abenethyet al. (2010)

assessed the impacts of fuel incredsasoccurred ding the years 2007 and

2008 (a period when fuel prices doubled) on fisheries in the Southwest of

England (Newlyn harbour), using market data and interviews with skippers. It

227



Chapter 7 Discussion and Conclusions

was faund that fuel increases directly decreased vessel profits because of
increased fuel costs and fish prices remaining consistent due to market price
setting. The consequences were lost income, diminisheskembyity and

decreased crew employmehat threagned the viability of operationgith

vesset that tow gear experiencing the greatastts. Interestingly, respondents
fishing with these types of vessels also indicated impacts from blooms in this
study (Chapter 5)The fuel consumption increasestlined in Chapter 5 (section
5.6) couldtherefore besignificant because in some instances they would seem to
result infuel consumption (and therefore cost) increases per trip that would
exceed the fuel price increases repoltgdbernethyet al.(2010)(e.qg. the
maximum distance pelagic trawlers >10m would travel to avoid blooms would
result in 68% increase in fuel consumption per trip). If blooms were to persist
over long time periods, the impacts could potentially be similar to the costs that
occurredduring times when world fuel prices were much highkgwever, the
research in this thesis also indicatkdtthere was variation in the levels of fuel
expenditure that could occur in response to blooms of the different species, which
highlights the divesity among fishing vessels and within fishing locations, and

differentiation of impacts of jellyfish presence in fishing waters.

7.3.12 Further Research

This study indicates thaesgeral aspects associated with the impacts of blooms on
Northeasttlantic fisheries would benefit from furtheesearch to improve the

detail of thescenarios examined and thetentialmanagement suggestions
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deriving from these. One key aspect relates to improving engagement with
fisherfolk before and during the studg,garner greater participation. Spending
more time in the harbours and usitiferent methods of approaching fisherfolk
may increase particgtion in the studyDuring field work successful contact was
made with potential respondents using social mediaGbapter3, section
3.5.1).Dedicating more time tengaging withpotential respondents prior to field
work instead of approachirigem diectly could increase the number of
participants to the study and decrease the amount of survey rejections fe.g. pre
arranging interviews during times that are conveni&igp, survey responses

could be supplemented by-depth interviews, if participants the study had the
time and inclination to reflect on their fishing practices, to garner more
contextualised understandings of how participants may view future fishing
conditions, constraints and opportunities. Both approaches could provide further
undestanding of the consequences of blooms on fishery operatidms

Northeast Atlanticsuch as whether bycatch would be the only impact or if there
would be a greater range of interactions in addition to those mentioned by the
respondents in the studihis consideration stems from the fact thating the

survey design, a greater range of impacts and responses to blooms was expected
compared to what was actually reported during the fieldwmaked onhe range

of impactsreported on fisheries in otheeggraphical locations (see survey

design methodology i€@hapter3).

Theinitial aim was to identify the range of impacts that blooms could cause and
elicit initial indications of the magnitude of thecsmeconomic cost of each

impactdue to the paucity of studies of bloom impacts in the Northeast Atlantic.
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However,it was not anticipated that bloom bycatch would be reported (almost)
exclusiwely byrespondentslhis was an interesting findinthat suggests that
further studies could gore whether such views emerge from other fishing areas
as well, and if so, elictnorein-depth ifformation onspecificimpacts, for
instanceunderstandingome of the practices that contributduel expenditure
andcosts whichwould contribute towats more informedmpact projections.

For exampleaskinghow many trawls each vessel does on a fishing voyage and
how long each trawl lasts faig obtainmore specific information on the cost per
trawl and howthis could varyif fishermendid additional tawlsduring jellyfish

blooms.

Other avenues of further study could also include repeating the study during
times of different fuel costs, for instance Adsernethyet al. (2010)stated that

fuel costs alter the decisions of skippers whilst fishing (e.g. forcing them to fish
closer to shore), which could have other implications for the industry. Carrying
out research at different times of the year, such as dareityfish bloom may
elicit different responses based on immediate experience of the event. As the
ways in which blooms coulnpact fisheries werewer, according to responses
in this study,comparedo other studiesandertaken in areaghere blooms are

more common, aasideration must bgivenon how respondentserceivedhe

scenarioshey were provided (see section 7)3.3
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7.3.2Tourism

In terms of seaside tourismjshresearch has found thaethenefit of recreation
within coastal ecosystemdgthin the Northeast Atlantisvould be diminishedby
bloom presence, which would betirect welfare implications on visitsto the
coasts as well as secondary impacts on the local economy (Fighelmain

findings from the researckiere:

bloom presace would decrease the recreational use value of coastal

ecosystems (beaches) due to negative interactions with both stinging

and nonstinging jellyfish, impacting visitor welfare,

- both watebasedand land based recreational actastvould be
affectedby blooms butthewaterbased would ingr proportionally
greater costs despite land recreation being more common,

- stinging jellyfish would have the greatest im@gct

- fewer beach visits would be made to the coastal ecosystem and seaside
towns as a consagnce of bloonncreass,

- consequently, tourism expenditure in seaside towns would decrease,
impacting the local economy,

- suchimpacts already occur in the Northeast Atlandiithough these

arenotwidely reported in the literature.

Generally these findings were consistent witudiesin the literature in terms of
the impacts and response to blooms of coastal touaitsit in other
geographical locations; there is a paucity of tiige of work in the Northeast

Atlantic. Chapter2 (section2.2.3) discusses responses and costs of blooms that
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have occurred across the Mediterranean coasts of Israel (originally reported by
Ghermandet al.2015) for example; in their study@mmon response of
recreational users of the coastal environmenttovasoid the area during

blooms, which was also reportedthis researchBoth Ghermandet al. (2015)

and the research in this thesis use inferred and stated valuation methods for cost
projections of blooms within the respective case stadgtiors. However, direct
comparisorcannot be made because of the time saaasidered in the studies

for bloom impacs. The research in this thesis is based on survey respnses
understand theiewsof individual users of the marine environmeach day a
bloom would persistand up scaled the impact based on the amount of days a
typical bloom has been reported to occur in the a&teéagter6 sections 6.5 and
6.6). On the other handhe Ghermandet al (2015)studyprojected impacts and
responss over a whole yeagextended to the entitdediterranean coast of Israel
because the work sampled several case study sites. The work in this thesis
focussed on a specific case stadyit aimed to generate an iniitisnderstanding

of blooms in the areasat could potentialy experience more events in the future
Interestingly, despite some methodological differences between the studies,
similar findings wee obtained, aboth studies documented similar responses to
blooms(e.g. stopping bathinggsultirg in similar mechanisms gbcioeconomic

cost(e.g. decreased ecosystem access value)

One indication from this study is thiais unlikely thatthe economic costs dn
welfare impacts coastal visitors in the Northeast Atlanticbe as severe to
thosein other parts of the world wherédooms are currently more common. One

of the reasons for this, teegreater influence of seasonalay jellyfish
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suitability across the Northeast Atlantiescribed byhe GIS mapping Chapter

4). It was suggested théite medusaeonsidered in this research would not

persist in the Northeast Atlantic as long as they currently do in areas such as the
MediterraneanAlso, this study did not generate evidence suggestiatblooms

will become a consistently regular feaue.g. annual occurrence) of Northeast
Atlantic waterdike they are in other regionthereforejt is possible that the

impacts reported in this study would be more short tetorvever, the magnitude

of impactsand costsvithin the Northeast Atlantiduring such periodgvould still

be significant due to the amount of seaside visitors who would change their
recreational activities due to bloom presence which included avaéiecied

areas

7.3.21 Further Research

The study undertaken here also pototsome fruitful avenues of further work.
Drawing inspiration fronother studiesvhich generated bloom costs over larger
geographicaareaseliciting responses anchlculatingsocioeconomic cOSECross
more than one locatiga sample of multiple caseusliesacross dargerarea

over a longer time perioacross the Northeast Atlantould be attempted his

could be achieved by repeating the survey in multiple locatibdgferent times

of theyear,so a more complete picture of the total annual costs can be imade
addition, thescaling up of theosts per persomper daycould be improved.

Rather than relying on estimates from key actors, counting the number of beach

users each day of the fielebrk and averaging it out would provide more
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rigorous estimations of the number of beach usera typical dayas well
enabling the incorporation of ranges (through confidence intervals) that could use

in the upscaling of the total costs projections.

7.3.3Reflection on the Responses Bloom Scenarios

Consideration is due in regard to the results on both fishing and tourism in this
research on how respondents engaged with the hypothetical scenarios of blooms
within the ecosystem that they benefit frdtris reported in the literature that

most people initially respond to elicitations about the uncertainty and risk
emotionally, using deep seated heuristics, which Sketvad. (2004) defined as

an experiential mode of thinking. Experiential thinking is an automatic response
to risk based on images and associations that link to positive or negative
emotions (Sloviet al 2004). It is only after a while that more logical resgsns

are enacted when analytical modes of thinking engage (Sowic2004). When
blooms were introduced to respondents in both fishing and tourism contexts
(Chaptes 5 and 6), the influence of such ways of thinking in terms of impact and
response must ecknowledged. There would seem to be some evidence from
the manner in which participants in the studies responded to the surveys which
suggests both modes of response were enacted. For example, the fishermen
focussed primarily on the issues they wouldefacorder to make their catches,

which were based on issues they currently experience.

As discussed ihapter5 (section 5.4), bycatch ispresentdayissue that

negatively impactfisheryoperations and could have been the immediate
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association they made in terms of bloom interactions. Therefore, asking
respondents to discuss hypothetical issues and behaviours potentially led to
underestimations in the range of impacts that could occur as the current day /
experiential expectations giit have been more salient to them; compared to the
few studies (e.g. Palmieet al.2014) that have assessed the costs of historical
blooms in other locations (s&hapter?). It is also possible thaeoplehad

difficulty envisaging a different futures ¢hinking about aspects one is not
familiar with is actually quite hard. Potentially longer interviews with individual
respondents could distinguish any differences between experiential and more
analytical responses to blooms, and those experienced veesgised
(hypothetical) Further researctould alsoexploretheimpactsof the added
overheads associated with blooms could haverms ofthe health of crew
membersDuring surveys, a determination to achieve fishing quotas, emerged
(e.g. fishermen wre willing to travel long distances to avoid blooms). It is
possible that the determination to make catch takes precedence over
considerations of the impacts certain actions would have. However, it is possible
this type of research may be challenging duihé sensitivity associated with

this.

In terms of the tourism responderds, almost opposite experience occurred in
relation to elicitation of hypothetical future respon&gsomswere notan
obstacleratherthey were seen as a danger (most immediate associations with
jellyfish deduced from the survegsponsewas their ability to sting even though
many of the species considered did not possess potent stinG$asgeer6

section 6.4). The most commonly ogfed response was to either avoid beaches
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or avoidthe locationlf further assessment of more analytical thinkoagterns

(that werdikely not captured within the short surveysyeaiation to what a

jellyfish bloom may entaitompared with the immedmassociations (that likely
influenced respondentghen the bloom responses that were reported could
change. In other wordsnoethe immediate association of riskakes way for

more conscious thought, wouddternative responses be made to what was
reported during the surveyBotentially, education and information systems could
therefore mitigatée ndi vi dual s & b e bleoms (eniatively i n r el at
suggested ihapter6); however, from the results of thitudy, this would

require testing with @ople frequenting beaches with jellyfidhis study

suggests that improvadn d er st andi ng o fofjpllgfishpsl e 6s e x p
required so that they could be alertedvhich type of jelly occurs oa particular

day, and possible responses to tti®wever, there are also other aspgetg.

how willing are beach recreationists to share the coasts with a blegandless

of whether they can sting or not) that will affect whether people bathe or want to
be at the beaclBased on these conditigise reponseseceivedand the

projected costs derived in this study provide an indication of future bloom impact
and potential future scenarios as bases for future coastal management and
decision makingWhen considering bloom management, consideration of both
experiential and analytical thought processes of users of the marine environment
in their responses and behaviours towards jellyfish blooms is required to inform

and underpin decision making, whitte following section is dedicated to.
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7.4 Mitigating the Impacts of Jellyfish Blooms

The finalresearchguestionwas what are the possible management and policy
options that would address the seemnomic impacts of future bloom changes

in theNortheastAtlantic? This section makes recommendations in relation to the
findings of Chapters 4 (GIS mapping), 5 (investigation into impacts of blooms on

fisheries) and 6 (investigation intmpacts of blooms on tourism).

7.4.1 GIS Mapping

From theGIS mapping of locations that could be suitable for jellyfish blooms,

the followingrecommendationsan be made:

- Develop the methodology underpinning the GIS mapping to include
higher resolution data and interactions, to further identify scenarios of

bloomimpact.

The moreaccurate and detailed the spatial and tempof@amationavailable
(discussed in section 7.2) that may be included in refined versions of the
mapping, perhaps integrated with other existing mode¢snore effectivehe

maps will beat projecting bloomsthese could then become more useful aids for
decision makers on locations and impacts of future blooms. Further development
(suggestion in section 2.2) would atsantribute to the discussion on bloom
increase the absence of histeal recods of jellyfish populations to generate

an understanding of changes to the marine ecosystem that they cartcatise.

opinion of the author that it will never be possiblertake short ternforecass of
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bloomoccurrencesimilar to a weathereport butaccuratelyidentifying bloom
prone areaand the seasons they aregtiikely to occur,can enable
management steps be madeas opposed to respondingeteentswhen they

occur

- Basedon the suitable aredar jellyfish, identify all thelocations
across the Northeast Atlantic where impasitsilar to the ones

examinedn the case studias this researchcould occur.

Any similarities between locations of fisheries and seaside tourism in waters that
could experience blooms, with the casadies examined in this research, could
give initial indications of locations where further study would be appropriate
Generally identifying locations across the entire area (e.g. Northeast Atlantic)
that was mapped would also give an indication of dadesof impact that could

occur as well as locations where management of impacts could be required.

- Restricteutrophicéion in waterssuitable for species known to impact

fisheries and tourism.

Of the environmental chang#sat contribute towards bloomscalisedprey
abundance spikes caused by eutrophicatiaidcbe restricted (OSPAR, 2017)
Within the Celtic Segeutrophication is limiteanainly to the Bristol Channeind
estuaries including Liverpool Bay (Carstense¢al. 2001)butlarge sectiosof
the North Sea experience eutrophicaigsuegAlmroth and Skogen, 2010),
particularly within coastal areas (OSPAR, 20159me of theskcations
(including the case studies in Chapters 5 antb@)d be suitablér a nunber of

groupsof jellyfish capable of impacting fisheries and tourism; limiting
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eutrophication could contribute to reducing abnormal populations and their

impacts.

- Where environmental data exist, apply the mapping methodology to
other locations arounithe world perceived to be experiencing jellyfish

increases.

Understanding of potential jellyfish populations in other geographical locations
could further contribute to knowledge as to whether future jellyfish bloom
increases are a possibility around tharlal, particularly if any similarities occur
between locations, as a more general pictuldarfm requirementare formed.

The methodology could also suggest further locations that could be impacted as

well as the management implications.

7.4.2 Fisheres

In terms of theesearch on thigshing industryand blooms within the Northeast

Atlantic, the following recommendation can be made:

- Provide information for vessel skippers on the different fuel cost

scenarios that fishing in bloomed waters could kead

A main finding that arose from the surveys with fisherfolk based in Brixham and
Newlyn was that depending on the interactions that occurred with bloertenc
responsg that fisherfolk make would lead to different levels of added fuel cost.
When comparing how far vessels were willing to travel to avoid blooms with the

costs of additional trawls, it became evident that doing more trawls would result
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in less fuel cost upntil a point.For vessels >10m doing 4 additional trawls
would cost more than the maximum distance they were willing to travel to avoid
blooms. For the vessels <10m it was 5 trajplejections were made in Chapter
5, section 5.6) Demersal fisherfolkeported they would only do additional

trawls rather than moving to alternate locations, therefore providing them with
costs per trawl projections would inform them of bloom impact, which could
resultin considerations about changes in fishing decisiondahdviours. The

fuel cost per mile increase in relation to bloomeéented ilChapters, section

5.6) couldalso influence skippers when making decisions whilst fishing during
blooming events. Such information could result in a variety of different actions,
such as those reported Apernethyet al. (2010, who provided evidence to
suggest that during times wiéuel prices and consumption are increased,

behaviours such as fishing closer to port occur.

- Investigate how many additional trawls blooms bycatch would
actuallycause and compare with the costs of the maximum distance

fisherfolk were willing to move téind unaffected fishing sites.

To increase the applicability tecommendatiog) an understanding iow many
additional trawls to compensate for any lost catch per dawhg a blooming
eventis required. If the number of trawls goes beyond 4 for tlesels >10m or

5 for the vessels <10 to achie® same amount chtch then the decision to
move to alternate locations before deploying gear should be méue fag!

costs would be lower, even if vessels were to travel the maximum distance
reported tdind unaffected sitedHowever, for such information to be generated

research would have to investigate bloom bycatch when it actually occurs to
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understand how many additional trawls would be required and changing
circumstances may also have additionduieice on how many trawls are

required.

- Continue to investigate hoblooms would impact the variety of

fishermen within the Northeast Atlantic.

It was unclear from the research whether fishermen were able to envisage the full
range of different impactkat could occur in hypothetical futures; bloom bycatch
and some stinging taractions weréhe most frequently reported impacts
Understandingf a greater range of impacts and responses would occur, could
provide additional insight on how to mitigate olgas to marine ecosystems

caused by blooms and / or fishing practices. A study where bloom scenarios,
potential impacts and responses are introduced to fishermen could provide more
information as to whether issues other than bycatch would occur by cogparin

to this research (where only blooms were introduced to respondents, not impacts
and responses). Further research could also examine a greater variety of vessels
than this research as a several other vessel types were not part of this study (e.g.
shelfish vessels as fieldwork did not commence during the correct season) and
repeating this research with these types of fishermen could further result in other

different suggestions of management requirementsioforce current findings.
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7.4.3 Touism

When considering the investigations into the impacts that blooms may have on
coastal tourism within the Northeast Atlantic, the following recommendations

can be made:

- In the event of blooms, deploy aillyfish netsto preserve use value

of thecoastal environment for recreational users.

Specifically, beach recreation and bathing (typically done by families during the
summer holidays) would benefit most from such nets in the event of blooms of
any of the species that where considered in the shudlyis study, lhe contingent
valuations projected through willingness to donate to an-gallyfish net

scheme of these users of the coasts were greater thanwb#are loss

projections indicating that such as scheme would be of value.
- Funding for the antjellyfish nets througtpublic daations.

The contingenvaluation study revealed thidtere would bgublic support for

the nets and also generated projections of potdatidsthatcould be raised.
However, the study indicated that individa@nations would be minimal as the
majority of dorations would be made through mimmayment vehicle such asf
collection buckets, making it debateable if enough would be rdssguite what
the survey responses suggé&xtferent payment vehicles could be explored in
further work & well as othefunding schemes.df instancepublicprivate
partnerships are a potential avenue of interest giveptidic and private bodies
needvisitor numbers to be maintainegsecondary impacts of blooms would

impactthe local economy due to less visitor exgliture caused by jellyfish

242



Chapter 7 Discussion and Conclusions

deterring seaside visitors from staying in a seaside resort. However further

research would enable the exploration of the viability of different options.
- Investigate the viability of jellyfish nets on Northeast Atlantic coasts

Exploration is required as tehether it is physically possible to cregbyfish

free pools and identify locations where nets could be deplaitbd locations
that could experience blooms. Using the case study in Chapterféthe
beaches alonthe St Ives coastling in St IvesPorthgwidden and Porthmintser
beachesouldinitially be suggested as lattons for antjellyfish netsbecause
theywerevisited bybeach users who mainly engaged in activitiesringiire
separation from jellyfish (g. relaxing on the sand and bathinglso, few
activities that would be impacted by nets (discussed bajowyr there. The two
beaches also occur in generally more sheltered areas, decreasing the dhances o
damage occurring to the nets. There is glsater tidal movement off the coasts
of St Ives compared to the locations where nets have been successfully
implemented in the Mediterranean (Pugh, 1986)there is the additional
challengeof keeping the net functional exshd confirming that medusae dot
enter the jellyfish free poal3hese challenges would potentially make the
scheme expensive and further reseavohld provide projections of how much a
schemdike this would cost and whether the donations reported in this study
would cover the costAn evaluation of the costs of implementation vs the

benefits that it would bring would be required.

- Investigate further the effectiveness of educatioa@mtributor to

changing behaviours inloomsituations
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Some evidence emerged during the reseidr@hsuggested beach recreationalists
with information, experience and knowledge of jellyfish (particularly of the non
stingers) made them more resilient to the welfare impacts that were projected.
However, suggestions welisited, and further researctoald result in the
development of further mitigation suggestions. For example, the research could
be repeated, but with two distinct groups of respondents, one that has been
provided with education about jellyfish and another with no information.
Comparingthe future response to hypothetical blooming events between these
groups would then give further indications as to whether educating the public
about jellyfish could make them more resilient to the impacts projected in this

thesis.

- Develop other means daiitigating impacts of blooms for users who

would not be protected by a#néllyfish nets.

Not all recreational users tfe coastal environment would support a net project.

Despite the evidence presenteimapter6 (section 6.7), that such a project

would be used by a proportion of beach users, thersuggestionshat it could

have negativempacts. For example, 30% of respondents who discussed the nets
during the surveysgported thathey were unnecessaryitin3% reporting that
management would be important, but not in the form that was suggested. Those
thatwere against net projects, reported that creating pools within the inshore area
was Ainterfering with nature,nsomexpress:i
cases this included concern for jellyfish) with others reporting that they needed

more evidence that the nets worked. Other arguments include that during times

when jellyfish are not present, the nets could restrict use benefits ofetalco

244



Chapter 7 Discussion and Conclusions

ecosytem unnecessarily by separating the beach and the inshore area. There
could therefore be times when bloomless waters are needlessly separated,
impactingwaterbasedecreation such as water sports that require driggsr

than the antbloom poolslt could also be argued that the nets would also
unnecessarily impact the aesthetic value of the coast, but the impacts of this
require further researcihese issuewould be particularly evident for surfers
who require access to large areésvater thahet wouldseparateNets would
therefore not achieve the aim of maintaining the use value of the beach for
surfers. Due to this consideratimme recommendatiao be considered is that

no nets are placed on Porthmeor bgacinfing beach at St Ivesvhereall

surfing activity occurs. The only option currently available to surfers in the event
of closed beaches (a scenario that could occur it stinging jellyfish were to
blooms), would therefore be to travel to other locatibtmvever, in the event of
nonstingers occurring and beaches remaining opemagement of bloom
impacts could still be achieved for surfers. Instead, information about jellyfish
that are safe to surf amongsuttbact as effective managemefs the

respondents in this study were leggly to avoid the area during surveys when
large numbersf nonstinging species were present, perhaps surfers would
engage in the same behaviours and continue to surf, if they were assured they
were not in any danger, particularly as they wear wetsutsoffer additional
separation form them and blooms. Again, further research would be required to
understand if surfers would be willing to surf in waters that contain a bloom of
nonstingers or if the prospect of sharing waters with any jellyfish would be

enough to trigger behaviours such as avoiding St Ives. There would also be
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inherent difficulty in making these decisions as stinging andstioging species

are known to occur in the same locations at similar times.

7.4.4 GeneraRecommendations

More generally, the following recommendations can be made from this study:

- Transfer thanethodologie®f the thesis to other case study locations.
Further research could explore whether the findings in this study could be
relevantto other locations at riskdm future bloomncreasesdue to the large
areasf jellyfish suitablity acrosdJK waters(revealed by the GIS maps in
Chapter 4). This included the locations of the majority of the principal seaside
towns (seaside towns with an economy reliantoomism described by Beatst
al. 2010, referenced in section 6&)d several large fishery harbours (e.qg.
Plymouth)that also coincide with increasgdlyfish suitability. The application
of themethodologiesn this thesis coulgotentially be used to assess what
actions specifizisers of the marine environmexttother locations would
undertake in response to blooms based the responses reported in Bitixhasn
and Newlyn In terms of recreation, an initial example is Newquwalyich is also
renowned for beach recreation and surfing. An example of transferable
methodologiesncludes thenvestigation into theurfers who would avoid a
beach location in response to the bloom scea#wiestimate costs that would
occur. Additioral information would be required to estimate costs specific to

other locations, such as estimation of the number beach users and the number of
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surfers. In terms of the fisheries Plymouth harbour could be a potential study site

due to the locations the vess fish in relation to potential jellyfish populations.
- Investigation of potential impacts on the aquaculture industry.

Oneindustrywhere tlis research unsuccessfully attempted to examine the
impactsof bloomswithin theNortheast Atlantic, waaquaculture. Asliscussed

in Chapter Jsection 3.6pata collection was restricted due to a number of
commercial and sensitivity issues. Howevere do thesuccesses of this research
with the fishery and tourism case studies, it can be recommendedriittat s
research could be done with aquacultpagticularlyas there arexamplef
successful collaboration betweacademicsnd the UKaquaculturendustry
(e.g.Kintner and Breirly, 2018)Perhapsan institution that has an existing
relationship wih the Scottish aquaculture industry (the location of pens that
could coincide with large stinging species (€gcapillatg known to impact the
industry) would have more success in approachmgculturists to survey. Any
future scenarios of impacts aodst that would develop form surveys could then
be linked to the requirements of the industry in terms of mitigating bloom
impacts (e.g. improving technology that stops stinging interactions between

jellyfish and finfish discusskin Chapter2)
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7.5 Ganeral Contribution to K nowledge

Thisthesis has made several contributions to the field of jellyfish bloom research.
It hascontributed to the widaurnderstanding ahe causes of blooms, future

jellyfish populationsand bloom impactdt has alssuggested further ways to
improvesuch knowledge (e.g. using physiological information on individual
species to project how populations will change in the future which is required due
to an absence in long term records of jellyfish populatidhbas aso provided
insights on how industries in the Northeast Atlantic may change in response to
blooms and projected the impacts that could be incurred which is comparatively
understudied compared to locations where blooms are more common (e.g. the

Mediterranen).

Generally, it can be suggested that the impacts in the Northeast Atlantic may not
be as far reaching as in areas where blooms are a more common feature of coastal
waters, but it has been acknowledged that cauigioequired when making such
comparisos as the scenarios in this study were hypothetical, where the literature
reports responses and costs after a blooming event has occurred. There is also
still large uncertainty about the mechanisms and interactions regulating jellies
and their blooms in #harea. However, from the specific impacts and costs that
were identified, some suggestions have been rmBdew to mitigate issues,
specificto Northeast Atlantic waters arbw tounderstand them further. The

main component of this investigation wasttihavas an initial attempt at using
interdisciplinary research to assess jellyfish blooms in the Northeast Atlantic. It

integrated methods from the natural and social sciences as well as environmental
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economics to identify where impacts could be incuened to then quantify the
magnitude of such socioeconomic costs for the consideration of management
requirementsL.ooking forward, such approaches have an important role to play
in understanding jellyfish populations and their impactse generallyso tha

further management consideration can be made, particularly in areas where
understanding is currently lacking. To be able to achieve a better understanding
of the interactions between marine users ilNbgheast Atlantic and jellyfish
newdata hae been collected from case study sites axémined using
establishedechniques and approachédthough the research has used well
established techniques, it is novel in the way that it has brought them together to
make projections of impact in response tpdihetical scenarios associated with
ataxon of speciethat arecurrently understudied in the aréldhe research
demonstrated how findings from the natural sciences and social sciences can
improve information for management and policy suggestibine.GISmgps on

their own suggest mardifferent activities could be at rigknany locations of
fisheryandtourism activitycould occur in the same locations as bloorBg)

combing the GIS map outputsth the survey responses and economic impacts
projections more indepth understanding has been obtained, highlighting the
importance of the circumstances of the varying users of the marine environment
that could incur socioeconomic costs from blooms, and their difference to those
experienced and expected by similigers in other geographical locations. This
research has demonstrated the utility of applying an ecosystem services approach
to thevaluation of the impacts of jellyfish blooms because it developed

information that included the locations of where bloammsld cause impacts,
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what the impacts of blooms would be, quantifiable indications of the scale of
such impacts and the resources required to maintain benefits that humans derive
form the environmentThis has been achieved for the Northeast Atlanticyea a
where comparatively understudied in terms of jellyfish blooms occurrence and

their impacts.

7.6 Concluding Remarks

The overall rationale of this study was to generate an initial understanding of the
future relationship between blooms and people in the Northeast Atlantic, as
jellyfish populations and their impact in the area are understudied compared to
other geographioegions (where blooms are currently more commohg main

focus of this thesis was to improve the understanding of the potential
distributions of larggellyfish populations, including the potential for blooms,
identifying locations that may be impactéide magnitude of any socioeconomic
consequences and any management considerations in response to evidence
presented in the literature that blooms may increase in the area. The research has
achieved these aims and projectesteraimpacts that could occ@mcluding
suggestions of magnitude), ranging from losses of all benefits of the marine
ecosystem to added costs associated with an activity under bloomed conditions.
Although the magnitude of the impacshot comparable with other locations
where bloommpacts have been quantified (due to seasonality and the context of
the studies), the ways in which blooms would cause such impact were

comparable. Some similarities were reported (e.g. the way tourists would avoid
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bloomed coasts) as well as a few differes (e.g. the differences in what gear
damage to fishing equipment would be caused in the Northeast Atlantic
compared to what has been reported in the Mediterranean) in response to blooms
by users of the marine ecosystem in different regions, leadingygestions of

future research to assess the discrepancies (e.g. do similar industries in different
geographic locations interact differently with blooms or are there more
methodological considerations to be made). As impact was projected (in some
cases sigificant impact), management suggestions have been made which could

potentially preserve the use value of marine ecosystems if blooms were to occur.

The research has shown that a case study approach is effective at exploratory
investigationsas the responsesiaflividuals who would baffected by blooms

in the Northeast Atlantic have been achieved in a way that a more national
assaesment could not, allowing for hypothetical responses to bloom scenarios to
be analysed. The individual impacts have been based on responses of users of the
marine environment if they were to experience blooms in each case study,
enabling the subsequentrgeerson impact to be scaled up to provide indications

of the magnitude of socioeconomic costs that could ogithin the Northeast

Atlantic. The research has also demonstrated the value of using social and natural
science approachasan interdisciplinary fashioas it has emphasised a diversity

of findings The combination of the understanding of changes to the marine
environment brought about by blooms and the responses of society toftaem

useful insights for managers and pglmakerson where impacts could be

incurred, who will incur impacts and a comparison of the value of protecting

certain activities compared to potential management.ceidying impacts in
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terms of ecosystem services has contributed to these findmlyerfbecause it
enabled the valuation of welfare (that
as market goods, highlighting how blooms could impact both. The valuations in
terms of ecosystem services and benefits (both use value ang@aealue)

allowed for more informed projections of the total impact of blooms in the case

study locations to be made, which were then used to suggest implications within

the Northeast Atlantic as a consequence of jellyfish blooms.
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APPENDIX A

CONTRIBUTIONS OF LITERATURE SOURCES
TO SPECIES THRESHOLDS
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A) The thresholds deduced form the OBIS species pages

Species Threshold Contribution
SST°c PPT
OBIS . aurita Below Survival <5 <10
Survival 5 10
Reproduce 10 30
Bloom 15 35
. hoctiluca Below Survival <5 <30
Survival 5 30
Reproduce 10 31
Bloom 15 35
. capillata Below Survival >16 <25
Survival 16 25
Reproduce 14 30
Bloom 10 35
. pulmo. Below Survival <14 <30
Survival 14 30
Reproduce 15 36
Bloom 20 36
. hysoscella Below Survival No data No data
Survival No data No data
Reproduce No data No data
Bloom No data No data
. lamarkii Below Survival <16 No data
Survival 16 No data
Reproduce 14 No data
Bloom 10 No data
. physalis Below Survival <2 <30
Survival 2 30
Reproduce 15 31
Bloom 20 35
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B) Specific adjustments to OBIS thresholds based on the literature search of specific st
on physiological responses to the environment by jellyfish medusae.

Source Species Threshold Adjustment
Lucas (2001) A. aurita Survival Temperature Confirmedto be 5C
Survival Salinity Changed to 1°C
Purcell (2007) A. aurita Reproduction Temperature | Changed to 1%€
Holst and Jarms (2010) | C. capillata Below Survival Salinity Confirmed to be less than 25 PP
Survival Salinity Confirmed to be 25 PPT
Reproduce Salinity Changed to 32 PPT
Bloom Salinity Confirmed to be 35 PPT
C. lamarkii Below Survival Salinity Confirmed to be less than 25 PP
Survival Salinity Confirmed to be 25 PPT
Reproduce Salinity Changed to 32 PPT
Bloom Salinity Confirmed to be 35 PPT
C. hysoscella Below Survival Salinity Set to below 20 PPT
Survival Salinity Set to 20 PPT
Reproduce Salinity Set to 32 PPT
Bloom Salinity Set to 36 PPT
A. aurita Survival Salinity Confirmed to be 5 PPT
Purcellet al.(2012) R. pulmo Below Survival Salinity Set to below 1%C
Survival Salinity Set to 14C
Reproduce Salinity Set to 18C
Bloom Salinity Changed to 2C
A. aurita Reproduce Temperature Confirmed to be 1%+
C. hysoscella ReproductioriTemperature | Confirmed to be above 1@
C. lamarkii Reproduction Temperature | Confirmed to be less than 45
Pascuaekt al (2014) A. aurita Reproduce Temperature Confirmed to be 1%+
Morand, (1987) P. noctiluca Survival Prey Index Confirmed to be 5
A. aurita Survival Prey Index Confirmed to be 5
Doyleet al (2008) P. noctiluca Reproduce Temperature Changed to 1€
Bloom Temperature Confirmed to be 1%
Rosaet al.(2013) P. noctiluca Reproduce Prey Index Confirmed to be 40

Bloom Temperature

Confirmed to be 1%+

Lilley et al (2014) Small medusae | Survival Prey Index Setto 5
Reproduce Prey Index Set to 40
Bloom Prey Index Set to 60
Fancett, (1988) Large medusae | Survival Prey Index Set to 30
Reproduce Prey Index Set to 60
Bloom Prey Index Set to 100
Brewer, (1989) C. lamarkii Survival Prey Index Setto 15
Purcell, (2003) C. capillata Below Survival Prey index | Confirmed to be <30
PerezRuzafa, (2002) R. pulmo Survival Prey Index Set to 40
Lilley et al (2009) R. pulmo Survival Prey Index Confirmed to be to 40
Fuentest al.(2011) R. pulmo Survival Salinity Confirmed to be 30 PPT
Survival Temperature Confirmed to be 19%€
Sparkset al (2001) C. hysoscella Below Survival Temperatur¢ Set to <16C
Survival Temperature Setto 10°C
Reproduce Temperature Setto 18C
Bloom Temperature Set to 16C
Flynn and Gibbons, (2007] C. hysoscella | Survival Prey Index Set to 30
Holst, (2012) C. capillata Reproduce Temperature Changed to 1%
C. lamarkii Reproduce Temperature Changed to 1%
C. hysoscella | Survival temperate Confirmed to be 1%C
Purcell, (1984) P. physalis Prey index Survival Confirmed to be 30
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APPENDIX B

SPECIES SPECIFIC RECLASSIFICATIONS OF
THE ENVIRONMENTAL DATA LAYERS IN
ARCMAP
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Reclassificationsf the SST [@AtaLayers in winter for Eachpicies
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Reclassificationsf the SST [@talLayers in spring for Eachpecies
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Reclassificationsf the SST [@AtaLayers in summer for Eactp&cies
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Reclassificationsf the SST [@AtaLayers in autumn for Eachp8cies
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Reclassificationsf the PPT @talLayers in winter for Eachpcies
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Reclassificationsf the PPT @talLayers in spring for Eachpgecies
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Reclassificationsf the PPT [@taLayers in summer for Eaclp8cies
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Reclassificationsf the PPT @talLayers in autumn for Eachp8cies
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Reclassificationsf the Plankton Index &alayers in winter for Eachicies
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