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Abstract. An important part of the economy of the municipalities on the south-
ern Spanish coast revolves around tourist activity, whose main attraction is the
sun and beach. Events such as the arrival of swarms of jellyfish on their beaches
have generated a certain amount of fear in the tourism sector. This work pre-
sents a methodological essay to evaluate the possible impact of this phenome-
non on the use of the beach and the tourist economic activity linked to it. The
chosen study area is the stretch of coast between the beaches of "Lagos" and
"Ferrara" (eastern coast of the province of Malaga). It is developed from a risk
management perspective, addressing exposure and vulnerability factors. The
sources are mainly surveys. The results show that in the short term there are no
clear consequences, but there are in the long term.
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1. Introduction

Swarms of jellyfish (mainly Pelagia noctiluca) could represent a threat to tourist ac-
tivity on the Costa del Sol (Spain). This fear has been aroused by the intense arrival of
this species on its beaches in the summer of 2018. Jelly distribution and proliferation
has been studied for a long time from various scientific approaches. Condon et al. [9]
states that recurrent jellyfish swarms are a consequence of global oscillations. The
rates of colony emergence have been compared to the current process of climate
change [4], but it cannot be said that there is an unequivocal relationship between
increased jellyfish swarms emergence rates and global warming [16, 20]. This phe-
nomenon has also been studied in the Mediterranean Sea with regard to its biological
proliferation [5, 7, 22, among others] and the relationship between the appearance of
swarms and climate dynamics [2]. However, despite the progress made, there is insuf-
ficient knowledge to accurately predict the future evolution of the rates of jellyfish
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appearance in the medium and long term, at least in the area of the Alboran Sea
(southern Iberian Peninsula). The massive arrival of jellyfish in the summer of 2018
logically generated concern. It was so extraordinary that it has sown doubts about
whether it was just an outlayer or a warning of a change of cycle. As this issue has not
been fully calibrated, despite the progress made, uncertainty about the evolution of
the rate of appearance of jellyfish is a concern on the coast of southern Spain, mainly
because tourism is the main economic activity. In light of this risk, it is necessary to
manage it territorially by estimating the consequences for society in scenarios of ag-
gravation of the threat to human beings. This work has this objective: to analyze the
exposure and vulnerability of human use of beaches in a sector of the southern coast
of Spain. For this purpose, the analysis is structured through risk analysis from the
perspective of Disaster Risk Management [3]. The analysis of exposure and vulnera-
bility is approached, which, together with hazard, is one of the three constitutive ele-
ments of the study of natural risk from a territorial perspective [18]. If jellyfish can
be considered a threat, the risk to humans is given by the probability of damage
(physical, such as stings, and in the form of a drop in economic activity, in case of a
decrease in economic activity) or loss (mainly due to the consequences of a hypothet-
ical drop in visits to beaches that are affected by jellyfish). Progress has already been
made with regard to the impact of jellyfish stings on human health [6, 12, 14], also at
the socio-economic level in certain sectors such as fishing [17, 23] and in tourism [11,
13, 21]. The interest of this study is to consider all the possible aspects in which their
appearance on the coasts can imply an effect on the human activity on the beaches,
both recreational and tourist. That is to say, not only the economic activity generated
by tourism is taken into account, but also the recreational use that both the local popu-
lation and visitors make of the beaches. Vulnerability analysis applied to territorial
risk management is widespread at both the academic and institutional levels [19] and
it has been already applied to coastal management [8, 10, 25]. In the specific case of
jellyfish, it is assumed that the consequences of their appearance on beaches may vary
depending on the activity (recreational or economic) and the time scale in which the
analysis is carried out. For example, the arrival of a swarm on a particular day could
bring more economic benefits than on a day without jellyfish to certain activities such
as restaurants, nearby swimming pools, pedal boats, pharmacies, etc. However, in the
long term (two or three summers seen in a scenario with repeated visits of jellyfish in
all of them) could cause the activity to decline due to a general decrease in tourism.
Therefore, this paper attempts to address the effects that jellyfish may have by focus-
ing on various temporal and spatial scales. The selected study area is a sector of the
coast of southern Spain located in the municipalities of VVelez-Malaga and Torrox. It
consists of four beaches: Lagos, EI Morche, El Cenicero and Ferrara, arranged from
west to east (figure 1). They are all listed in the Guia de Playas del el Ministerio de
Agricultura y Pesca, Alimentacién y Medio Ambiente [15].
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Fig. 1. Location map of the study area: Sector of the coast between the beaches of Lagos and

Ferrara (Malaga province, Spain). Prepared by the authors based on the World Ocean Refer-

ence (Esri, 2020), DERA (IECA, 2019), Plan Nacional de Ortofotografia Aérea (2016) and
MAPAMA [15] | Terrestrial Reference System: World Geodetic System 1984.

2. Methodology

The proposed methodology analyses the vulnerability of human use of beaches and
their areas of influence. It is conducted using various temporal and spatial scales as
proposed by Cantarero et al. [8].

Two scales are considered in the spatial dimension of the vulnerability analysis:

- Detailed (beach): the one with the highest approach or resolution, the study area
is limited to the beach and the seafront.

-Area of influence: Covers an area that goes beyond the beach itself, reaching
nearby areas where economic activity is largely related to tourist activity on the
beach.

At a temporary level, 2 scales are established:

- Short term: addressing the possible immediate impact of the arrival of a swarm of
jellyfish, that is, what happens if jellyfish swarm visits the beach on a particular day.

- Long term: to consider the consequences of a possible scenario of an increase in
the frequency of blooms of jellyfish in future seasons.

The sources for working on these 4 spatial-temporal contexts are surveys and in-
terviews carried out through field work both on the beach and in its area of influence.
Depending on this context, one, the other or both will be used.

2.1 Analysis of possible short-term consequences

This first unit focuses on the possible immediate consequences of the arrival of a
swarm of jellyfish on a particular day at the beach. This analysis is divided into two
sections: the repercussions on the beach (at the use level and on economic activity



linked to tourism) and on the area of influence (specifically on economic activity
linked to tourism).

Detailed analysis (on the beach) in the short term (in the immediacy of time). The
starting point is the evaluation of the exposure factor (of the users and the existing
economic tourism activities on the beach) and then the vulnerability of both the users
and the economic activities themselves. This phase of the analysis is divided into 2
factors, which in turn are broken down into 5 sub-factors measured through a total of
10 indicators. Finally, as the ending part of this section, the consequences on econom-
ic activity are also estimated, that is, the degree of affectation (positive or negative)
experienced by the establishments if on a specific day a swarm of jellyfish reaches on
the beach.

Table 1. Analytical structure used in the methodology to estimate the exposure and vulnerabil-
ity of recreational and tourist use of beaches in the detailed analysis -on the beach itself- in the
short term -in the temporal immediacy-)

FACTOR SUB-FACTOR INDICATOR

Gross exposure 1 Type/Provenance of users

Main motivation for decid-
ing to go to the beach

Exposure Personal pref to tak
Net exposure r preference to take a
P bath in the sea on 100% of the
occasions when going to the
beach

Assessment of the experi-
ence in the face of the arrival of
jellyfish or other impediments
to bathing in the sea

Level of discom-
fort or dissatisfac-
tion

Willingness to stay on the
5 | beach in case of the arrival of a
jellyfish swarm

Comparison of jellyfish dis-
6 | comfort with other unpleasant

Vulnerabil- User experiences at the beach

ity vulnerability Preventive information:
Protective 7 | Knowledge of the app "Infome-

measures against dusa” [1]
Jellyfishes (Preven- Physical protection: Jelly-
tive information, fish protection equipment

mitigation features, Mitigation features:
physical protection) 9 Knowledge of how to act in
case of a sting

Alternatives to bathing in
10 | case of impossibility due to the
presence of jellyfishes

Alternatives to
bathing




Qualitative estimation through in-
terviews with businesses in the area of
study

Vulnerability of economic ac-
tivity related to tourism

The following sections are dealt with:

Gross exposure. It is based on a double inventory: a count of the users who go to
the beach and another one of economic activities. In the first one, users are classified
according to their typology (based on their origin): locals, holidaymakers (people
from outside the municipality or region of study who spend in it their summer holi-
days), occasional tourists (visitors who change their destination regularly and there-
fore will probably choose a new destination in the coming years).

In economic activities level, it is took into account both those located on the sand
itself and those located on the built seafront are taken into account.

Net exposure. This name is intended to define the number of users who may indeed
be affected by the presence of jellyfish. These are the ones that come to the beach
with the intention of taking a bath. Those who come with other intentions are not
counted. Two criteria are proposed to estimate this factor: a) main motivation for
deciding to go to the beach, b) personal preference to take a bath in the sea on 100%
of the occasions when going to the beach.

Vulnerability. As shows table 2, this factor is divided in 7 indicators for user’s vul-
nerability and addressed by qualitative estimation in the case of the vulnerability of
economic activity related to tourism assessment.

Analysis in the area of influence. Research in this area is less exhaustive than in the
previous one. It focuses on economic aspects and is also implemented with field
work, applying semi-structured interviews to workers in tourism-related activities.
The aim is to determine whether on a day when jellyfish are present, any difference is
observed in the daily activity of the business. Hotels, bars and restaurants, pharmacies
and private parking lots are included in this task.

2.2 Analysis of long-term consequences

Estimation of possible consequences on the beach and area of influence in the
long term. A survey has been used in order to evaluate the long-term social and eco-
nomic effect of jellyfishes on the beach recreational uses and touristic activity. They
basically question the interviewees on their preference or behaviour in the case of the
scenario already proposed in this hypothesis: that a recurrent arrival of jelly-fish
swarms would be experienced on their beach in the present and successive seasons.
Due to the different circumstances or motivations for which the beach that is the ob-
ject of this study is visited; it has been decided to separate all of these into local popu-
lation, holidaymakers and



3. Results

Two days were required to collect data: 25 to 26 June 2019 between 12:00 - 14:00 h
and from 15:00 - 18:00 h. It was estimated that there were about 500 people on the
beaches of the sector, so it was necessary to make 207 surveys to obtain results with a
confidence level of 95%.

3.1. Short term analysis

Gross exposure. The number of visitors to the beaches on the stretch of coast covered
by this study is increasing towards its eastern end. In approximate relative values,
most users are concentrated on the beach of Ferrara, 41%, followed by the beaches of
El Cenicero, El Morche and Lagos with 30%, 25% and 4% respectively.

In the same way, the density of establishments with a tourist function is also increas-
ing towards the east. Figure 2 shows their distribution.
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Fig. 2. Distribution of economic activities with a tourist function in the Lagos-Ferrara beach
sector. Source: Own elaboration based on IECA (2020).

More than half of the users are local, reaching 63%. The rest is occupied by holiday-
makers with 32% and casual visitors with only 5%. Most of them own a house in the
area (83% of the users interviewed).

Net exposure

Reason for deciding to go to the beach. A little more than half of the users go to the
beach with the main motivation of taking a bath (55%). The rest of the users (45%)
come mainly for aesthetics (getting a tan), to practice sport and for entertainment,
representing 26%, 16% and 3% respectively.



Personal preference to take a bath in the sea on 100% of the occasions when going to
the beach. Most of the visitors interviewed (55%) stated that they always take a bath
in the sea, a proportion of 35% do so almost always, 7% only if the water temperature
pleases them (if it is not too cold) and the remaining 3% never take a bath in the sea.

Users vulnerability

Assessment of the experience in the face of the arrival of jellyfish or other impedi-
ments to bathing in the sea. Most of the users interviewed consider that the arrival of
a swarm of jellyfish implies that their experience on the beach is bad (40%) or very
bad (50%), the remaining 10% observe this circumstance indifferently.

Willingness to stay on the beach in case of the arrival of a jellyfish swarm. Despite
the bad experience declared in the previous indicator, if on a given day a swarm of
jellyfish appears on the beach, most visitors declare that they would remain there
(81%). The remaining 19% would leave the beach.

Comparison of jellyfish discomfort with other unpleasant experiences at the beach.
When asked about a series of frequent problems, respondents rated dirt and jellyfish
as the worst. On the other hand, the low water temperature, the situations of high
concurrence of the beach or adverse meteorological situations such as the foehn effect
(in Malaga it is known as the local term "terral™) are not a clear impediment for the
users of the beaches in this area of study.

Knowledge of the app "Infomedusa” [1]. Only 10% have installed some kind of appli-
cation with information on the evolution of jellyfish in the coast.

Use of jellyfish protection.. Only 7% of the users interviewed use jellyfish protection.

Knowledge of how to act in case of a sting. Although 58% know some procedure to
follow in case of a sting, some interviewees indicate remedies such as vinegar, urine
that are not advised by medical protocols. Some others answered that their solution
would be to go to the lifeguard for help.

Alternatives to bathing in case of impossibility due to the presence of jellyfishes.. The
alternative that users contemplate in case of being impossible to take a bath is to use
swimming pools, either their own (22%) or those that are accessible for various rea-
sons (6%). A quarter would take the bother of moving to another beach while 47%,
who do not have access to swimming pools, indicate that they would have to stay and
be content with the situation generated by the jellyfish.



Vulnerability of economic activity related to tourism. About 22% of the restau-
rants surveyed indicate that they have detected a certain increase in their activity dur-
ing episodes of jellyfish arrival on the beach. The explanation given by the restaurant
businesses interviewed is that users choose to go to their establishments when jelly-
fish are present. However, a majority, 78% of the remaining businesses do not indi-
cate any change. The only spa in the area they indicate that the turnover has increased
at times of high influx of jellyfish on the beaches. One pharmacy noticed more sales
than normal due to demand from users who needed sting remedies.

The remaining businesses are two car rentals and a spa. In. For its part, rent a car,
logically, have not noticed any change

3.2. Long-term analysis

Field surveys have also been used to find out if users would continue to choose the
study area if their beaches started to experience a recurrent arrival of jellyfish in the
coming seasons. 83% of local users would not change beaches. As for the tourists,
moved to the area only during the holiday period, 44% would remain loyal to the
beaches in the area, 39% would change beaches and 17% were undecided. On the
other hand, users or occasional tourists, 17% would not change beaches, 64% would
change beaches and 20% do not know if they would change.

4 Conclusions

The Lagos-Ferrara sector indicates a considerable vulnerability of the beach user to
the phenomenon of jellyfish swarms. Although in the short term there are no negative
impacts on economic activities with a tourist function (if any positive) in the long
term some current visitors indicate that they could change area if the arrival of jelly-
fish were to continue frequently in the future.

Users show some concern in the interviews in the analysis of short-term conse-
quences, however, the answers given in the section on prevention and protection in
the event of the arrival of jellyfish (knowledge of health protocols for action, having
the Infomedusa application [1] installed, etc.) indicate that there is currently no strong
interest in how to act or in having predictive information about the appearance of
jellyfish on the beaches they visit. In fact, a large number of these users indicate that
they would tolerate the impossibility of bathing while remaining on the beach without
being able to refresh themselves.

The lack of knowledge or interest in having preventive information or action
against consequences (stings) coincides with the results of VVandendriessche et al. [24]
which indicate that most respondents on the Belgian coast had little knowledge about
various aspects related to jellyfish, such as their causes, the type of threat they repre-
sent and the solutions that can be applied.

The fact of having a dwelling in the area seems to be a determining factor in the
way of acting. In the analysis of long-term consequences, a large majority of local
users would not change beaches (83%). In the same vein, a large number of users who



spend their holidays in the area (44%) would do so even if the arrival of jellyfish on
the beaches were to become more frequent. Having a property in the area ( a second-
ary residence in this case), seems to be the main reason for not moving from its
beaches, besides the climate or circumstances such as having relatives residing in the
area. This may be due to what Kontogianni and Emmanouilides [13] call "sense of
place" in their results for the Gulf of Lion, i.e. a kind of "rooting". This does not mean
that the locals or holidaymakers enjoy the jellyfish episodes at all, but that they prefer
to endure the bad experience by staying on the beach. This circumstance indicates, in
a way, a kind of resilient behaviour of most of the users of these beaches. However,
there is a lower proportion of holidaymakers and a high proportion of occasional tour-
ists than if they declared that they would leave these beaches if the phenomenon were
repeatedly observed in the future. This could probably mean economic losses. In this
regard, it is necessary to continue to quantify them. Some studies have already begun
in the tourism sector [17]. It would be worthwhile directing further researches to the
role of the media. There are some works that have used news as a way of approaching
the phenomenon of jellyfish [9, 21]. The challenge that remains is to assess the long-
term effect of bad news about jellyfish on the decision-making of potential tourists.
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