Marine Policy xxx (xxxx) xxx–xxx

Contents lists available at ScienceDirect

Marine Policy
journal homepage: www.elsevier.com/locate/marpol

A spatial and environmental analysis of shark attacks on Reunion Island
(1980–2017)
François Taglionia, , Sébastien Guiltatb, Magali Teurlaic, Mathieu Delsautd, Denis Payete
⁎

a

EA 12 OIES/CREGUR et UMR 8586 PRODIG, Université de La Réunion, Reunion Island, France
EA 4075 IRISSE, Université de La Réunion, Reunion Island, France
c
UMR 182 LOCEAN & UMR 228 ESPACE-DEV, Institut de Recherche pour le Développement (IRD), New-Caledonia, France
d
EA 4079, Laboratoire d'Energétique, d'Electronique et Procédés (LE2P), Université de La Réunion, Reunion Island, France
e
EA 2525, Laboratoire d’Informatique et de Mathématiques (LIM), Université de La Réunion, Reunion Island, France
b

ARTICLE INFO

ABSTRACT

Keywords:
Reunion Island
Human-shark interaction
Hazard
Vulnerability
Coastal water sports
Spatial & environmental analysis

This paper analyses data related to the 57 shark attacks that were recorded on Reunion from 1980 to 2017,
against the backdrop of an Indian Ocean island that is particularly vulnerable to shark attacks. To address this
issue of vulnerability, the discussion focuses on the respective weight of environmental, contextual and individual variables. The most pertinent parameters to explain the occurrence of attacks on Reunion are as follows:
time of day, month and turbidity. Two specific features of Reunion Island can be added to those: first, the high
mortality rate of the attacks (46% vs a world average of 11%), and secondly, the average increase in the number
of attacks between 2011 and 2017, despite the average drop in the number of ocean users. To understand and
explain this rise, three variables are identified: water turbidity, swell height and victim activity.
In addition, the multiple correspondence analysis, despite the limited number of attacks, provides correlations
between some variables: on the one hand, attack outcome, turbidity, swell height, and, as regards attacks before
or after 2011, board sports and swell height.

1. Introduction
The risk of shark attacks has increased dramatically worldwide in
recent decades [1], from a few attacks recorded in the early 1980s to
over 100 per year since the 2000s, with a relatively regular number of
fatal attacks (about 10 per year). It should be stressed that the world
population has increased by nearly 3 billion since 1980, with a parallel
rise in the number of those who engage in water sports. Such growth in
leisure activities is also explained by the improvements in living standards and the introduction of new leisure opportunities and equipment,
enabling year-long activity.
In order to reach a better understanding of the risk of human-shark
interaction, numerous studies have been conducted at various levels,
both worldwide [1–4] as well as on Reunion Island [5–7]. If sharks do
play an important role in marine food webs, they likewise remain at the
heart of a heated debate, with public authorities in a quandary as to
necessary shark preservation against coastal recreational activities.
Coastal water sports have been practiced on Reunion Island
(Western Indian Ocean) for roughly 50 years [8]. Seaside tourism has
developed in parallel since the 1970s [9]. Often at the foreground of the
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imagery linked to tourism promotion of Reunion Island, the island's
west coast symbolises the tropical beach resort ideal. Yet, as in other
areas of the world, Reunion Island has not been spared of the risk of
shark attacks [10]. However, it can be considered that shark attack risk
for the Reunionese population and tourists visiting the island is much
lower than many other risks present on the territory. Nevertheless Reunion Island is vulnerable to shark attacks as evidenced by the series of
24 attacks between 2011 and 2017, of which 9 were fatal. This uncommon succession of attacks on an area that is so small, and with
marked structural social and economic vulnerability [11], has had a
particular impact on Reunion's insular society [5]. The political and
social malaise caused by these attacks is compounded by economic
damage and indirect financial losses linked to the sharp drop in
coastline use [12,13].
This paper proposes to analyse the data relating to shark attacks on
Reunion Island since 1980 (n = 57). Following a preliminary framing of
Reunion Island within the world ranking of shark attacks, the environmental, contextual and individual variables will be analysed in
order to find some possible explanations for the attacks. The rise in the
number of attacks since 2011 will also lead to research possible

Correspondence to: Université de la Réunion, 15 Avenue René Cassin, Sainte-Clotilde 97715, La Réunion, Reunion Island, France.
E-mail address: francois.taglioni@univ-reunion.fr (F. Taglioni).

https://doi.org/10.1016/j.marpol.2018.12.010
Received 6 June 2017; Received in revised form 30 October 2018; Accepted 10 December 2018
0308-597X/ © 2018 Elsevier Ltd. All rights reserved.

Please cite this article as: Taglioni, F., Marine Policy, https://doi.org/10.1016/j.marpol.2018.12.010

Marine Policy xxx (xxxx) xxx–xxx

F. Taglioni et al.

Fig. 1. Map of Reunion Island.

variables to understand and explain this increase as well as probe into
their specificities. Finally, possible correlations between explanatory
and significant variables of the dataset will be assessed.

on shark attacks on Reunion Island since 1980 has been built. This
database is founded on meticulous compilation work using (i) a thorough review of the local (Reunion Island) and national (mainland
France) press from January 1980 to December 2017, and (ii) a comparison with international databases on shark attacks. Whenever there
was some doubt regarding an attack, interviews with local players involved in monitoring these attacks were conducted.
This database includes the 57 attacks falling within the authors’
definition that occurred between 1980 and 2017. Data prior to 1980
proved too approximate and incomplete to be used.
For each attack the 16 following data were integrated into the authors’ base (Table 1); they are basically the same as those retained for
studies [2,4] on the conditions of shark attack occurrences in various
regions worldwide.

2. Materials and methods
2.1. Study area
Reunion Island is a small island of 2512 sq km with a population of
860,000 inhabitants, located east of Madagascar (Fig. 1). This volcanic
island is institutionally linked to mainland France (of which it is an
Overseas Department). The climate is tropical with a cool, dry season
from April to September (austral winter) and a warm, humid season
from October to March (austral summer). The island's climatology is
made even more complicated by its rugged terrain, several dozen
micro-climates [14] making the rainfall pattern complex.

2.3. Sources of collected data
See Table 2 here.

2.2. Data collection and preparation
Shark attacks are defined as an aggressive, unprovoked contact by a
shark (or sharks) on a living human being, resulting in injuries or the
victim's death, or in damage to their equipment (surfboard, bodyboard,
windsurfing board, kitesurf board, kayak, canoe, flippers, etc.). Several
authors retain the same basic defining criteria [15–18], while others
diverge from them [19]. For international comparisons (Fig. 2 and
Table 1) with Reunion Island, data from the Global Shark Attack File
(GSAF) database [20] were filtered in accordance with the authors’
definition. Shark attack risk is the probability of occurrence of harm
according to the interactions between the hazard (a shark attack), the
degree of vulnerability of the victims, and the risk (defined here as the
people at risk of being affected by the hazard). Clearly, the shark risk
applied to humans can also be envisaged in its social, economic and
political dimension [5,12,13].
To perform the analyses and design an interactive map, a database

2.4. Data analysis
A thorough descriptive analysis was performed using univariate
analysis of the environmental, contextual and individual factors likely
to influence the risk of shark attacks (see data collection and preparation). The variability of each of the factors during the 57 attacks was
analysed retrospectively to try and determine whether one or several of
them had a predictive potential for attack risk. The data were exploited
using Microsoft Excel Version 16 and R Software, version 3.2.0 [37].
The interactive map was created using JavaScript/HTML5, jQuery and
jCanvas.
To identify potential hypotheses that could explain the sharp increase in the number of attacks from 2011 on, environmental conditions, location and timing of attacks, outcome of attacks (fatal or not),
as well as victim activity at time of attack were compared in two
2
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test were not met. For quantitative variables, a Mann-Whitney U test or
a Welch's t-test was used when the conditions required to perform a
Student's t-test were not met [38].
In order to verify whether the explanatory variables were correlated
or not, a Multiple Correspondence Analysis (MCA) was performed using
5 qualitative variables: water turbidity (low, medium and high), wave
height (low [0.497, 1.6], medium [1.6, 2.7] and high [2.7, 3.8]), activity (board sports and other activities), attack outcome (non-fatal and
fatal) and attack after or before 2011. Multivariate statistics allowed to
find complex structures within a large number of variables and modalities. Due to the low number of observations (n = 57), the number of
explicative variables was limited. Also, due to victim's unknown activity at the time of attack, one fatal attack (15 September 1994) was
removed.
3. Results and discussion
3.1. Shark attacks worldwide
The number of shark attacks has increased worldwide over the past
decades. From just between 30 and 45 attacks a year (Fig. 2a) recorded
in the early 1980s, the number has topped a hundred annually since the
2000s, with relative regularity in the number of fatal attacks, at around
10 per year on average. These first data taken from the Global Shark
Attack File compilation database [20] are reliable and have been improved over the years. However, they include some sources of bias in
their data collection and methodology, meaning that they can be improved upon, notably for the 1980s and 1990s. Moreover, the world's
population has grown steadily since 1980 (up by nearly 3 billion) and
simultaneously the number of people participating in coastal water
sports has risen markedly with the improvement in living standards, the
world's population shifting to coastal areas, the development of new
leisure activities (kitesurfing, stand up paddle, sea kayaking, wakeboarding, windsurfing, and so on) and new equipment making it possible to practise such sports all year round. This trend is the same on
Reunion Island, with a steady increase in the number of coastal sports
users since the 1960s [8].
The comparison between the number of shark attacks worldwide
(n = 2547) (Fig. 2a) and that of Reunion Island (n = 57) (Fig. 2b) since
1980 shows that Reunion Island has been the scene of 2.2% of attacks
worldwide and 9.2% of fatal attacks (n = 26 on Reunion Island and
n = 283 worldwide). Considering the population of Reunion Island
(860,000 inhabitants in 2017), it is clear that as per both aforementioned percentages, Reunion Island is over-represented in terms of the
number of attacks per inhabitant, all the more so for fatal attacks.

Fig. 2. a. Trend in the number of shark attacks worldwide between January
1980 and December 2017 (Source: [20]). b. Trend in the number of shark attacks on Reunion Island between January 1980 and December 2017, (Source:
Fig. 3a).

3.2. Analyses of risk factors on Reunion Island from 1980 to 2017

periods: before and after January 2011. The following variables with
potential influence on the shark species involved or on shark behaviour
were selected to characterise environmental conditions: water temperature, rainfall during the day of the attack, cumulated rainfall over
the three days preceding an attack, swell height, water salinity, cloud
cover, moon phase, and water turbidity. Regarding location, the attacks
were grouped depending on whether they occurred in the western or
eastern part of the island. Attack times were grouped depending on: (i)
whether the attack occurred in the morning (before 12 p.m.) or in the
afternoon (after 12 p.m.); (ii) whether the attack occurred in winter
(April to September) or in summer (October to March); (iii) the day of
the week when the attack occurred. For victim activity, attacks were
classified depending on whether the person was practising a board sport
(surf, bodyboard, windsurf, sea kayak, outrigger canoe) or doing
something else at the time of attack. For each variable, a Student's t-test,
or a chi-squared test was performed to compare their respective mean
(for quantitative variables) or distribution (for qualitative variables)
before and after January 2011. For qualitative variables, a Fisher's exact
test was used when the conditions required to perform a chi-squared

The assembled database on attacks is partly illustrated in the interactive map (Fig. 3a) which, via multiple queries, indicates the location of attacks, type of activity practised at time of attack, attack
severity, date, time and filter by year. Map data are complemented by
details on the age of victims and environmental parameters (surface
water temperature, water salinity, moon phase, cloud cover, cumulated
rainfall over the three days preceding the attack and that of the day of
attack, swell height and seawater turbidity).
A 2014 study [39] highlighted that 80% of Reunion Islanders frequent the lagoons of the island, 50% practising at least one coastal
water sport. This suggests high frequentation of Reunion Island coastlines. Concerning shark attacks, spatial distribution (Fig. 3b) shows a
very clear dissymmetry between east and west, along a line stretching
from the district of Le Port to that of Saint-Joseph. The western part of
the island has been the main scene of attacks since 1980. Indeed, the
western part concentrates over 80% of the attacks (46 out of 57) over
the study period. This dissymmetry is explained first by high concentration of Reunion Island's population in the west of the territory
3

Marine Policy xxx (xxxx) xxx–xxx

F. Taglioni et al.

Table 1
Data collection and preparation.
Contextual factors

Activity factors
Victim demographics

Environmental factors

–
–
–
–

date (day of week; month; year of attack) [2,4]
attack location [4,21]
time, sometimes approximate, of attack [2,4]
shark species [21]
– victim's activity at time of attack. These activities have been grouped into five categories: board sports (surfing, bodyboarding, windsurfing, sea
kayaking, outrigger canoeing); spearfishing; swimming; scuba diving; others (two attacks, one on a coastal fisherman, and another for which the
victim's activity at the time of the fatal attack is unknown) [2,4]. The first four categories are defined here as “coastal water sports.”
– age of victim [2,4]
– gender (male/female)
– type of injuries expressed as a score of severity (1 =material damage but no physical harm and/or slight abrasion injuries; 2 =minor bites requiring
stitches; 3 =significant bites, injuring the ligaments; 4 =loss of a limb; 5 =death) [22,23]
– sea surface temperature [2]
– rainfall on day of attack [2,24]
– cumulated rainfall over the three days preceding the attack [2,24]
– percentage of cloud cover [2]
– swell height [2,4]
– estimated seawater turbidity expressed as a score (1 =clear; 2 =slightly turbid; 3 =turbid; 4 =highly turbid) [2,25]
– seawater salinity (data available since 2002) [4,24,26]
– moon phase expressed as a score (1 =first quarter or last quarter; 4 =full moon or new moon) with the hypothesis that the moon's influence is at its
maximum when it is full or new [4]. Full moon or new moon phases score 4 while first or last quarter score 1 [27,28]. The lunar cycle is divided into
4 phases of 7 days each, the full moon being considered as the period 3.5 days before and after the exact time. The same goes for other phases (first
quarter; last quarter; new moon)

(70% in total); secondly, the existence and use of coastal water sport
spots are determining elements in this distribution: board sports, scuba
diving and bathing sites are almost exclusively located in the west [40].
Thus the west of the island concentrates roughly 90% [41] of people
taking part in coastal water sports. The situation for spearfishing sites is
a little different because this activity is almost entirely practised in the
east [41], with the notable exception of the more remote and hard-toaccess volcano coastline (between Saint-Philippe and Sainte-Rose,
Fig. 3b).
As for victims’ activity (Fig. 3a) at the time of attack, the people
most affected are those taking part in board sports, with two thirds
(61%) of the total, i.e. 35 of the 57 attacks. Surfers are the most represented, followed by bodyboarders and marginally (n = 2) windsurfers. Then in decreasing order come swimmers (21%) and

spearfishers (10.5%). Board sport predominance can be explained by
the fact that most users of the coastline are board riders [8] and that
among people practising surface coastal sports, board riders are the
ones who go the farthest away from the shore compared to swimmers.
Thus, board sport riders are at the forefront for sharks. As for swimmers, it is assumed that people at the time of attack were more or less
isolated in the sea (no matter the distance to the shore). It is interesting
to note that no person among a group of swimmers was ever attacked
by a shark on Reunion Island.
Scuba divers (3.5% of attacks) are the least concerned despite the
high estimated number of people practising this activity [8]. One reason
is that Reunion Island scuba divers practise their sport in clear water in
order to enjoy their dive. Not only can scuba divers see sharks around
them under water, but sharks (especially bull sharks) prefer to swim in

Table 2
Source of collected data.
Contextual and activity factors

Victim demographics

Environmental factors

– date, attack location, time, shark species, victim's activity at time of attack, according to:
● various articles in the French national and Reunion Island local press (analyses from 1980 to 2017)
● various interviews with local stakeholders (fishermen, lifeguards, water sports enthusiasts, etc.)
● Global Shark Attack File (GSAF) [20]
● International Shark Attack File (ISAF) [29]
● Shark Attack File (SAF) [30]. The dataset from this base have not been available since 2015
– age of victim, gender (male/female), severity of injuries (score: authors), according to:
● various articles in the French national and Reunion Island local press (analyses from 1980 to 2017)
● various interviews with local stakeholders (fishermen, lifeguards, water sports enthusiasts, etc.)
● Global Shark Attack File (GSAF) [20]
● International Shark Attack File (ISAF) [29]
● Shark Attack File (SAF) [30]. The dataset from this base have not been available since 2015
● sea surface temperature: National Oceanic and Atmospheric Administration (NOAA) [31]
● rainfall: Météo France (French National Meteorological Service) [32]. Data extracted from the nearest rainfall station (22 stations) on the
day of the attack and cumulated rainfall over the three days preceding the attack
● cloud cover expressed as percent variables:
● NOAA from 2004 to 2017 [31];
● review of the Météo France weather forecasts from 1980 to 2004 (data from Météo France published on Reunion Island local press: Journal
de l’île de La Réunion and Le Quotidien de La Réunion et de l’océan Indien)
– swell height:
● from February 1997: Candhis (Buoy No. 97403: Pointe des Galets, recording period from 1997 to 2017 [33]; Buoy No. 97405: Saint-Pierre,
recording period from 2000 to 2010 [34]);
● WaveWatch 3 (NOAA) data, from 2004 to 2017 [35]
● review of the Météo France weather forecasts from 1980 to 2004 (data from Météo France published on Reunion Island local press: Journal
de l’île de La Réunion and Le Quotidien de La Réunion et de l’océan Indien)
– turbidity: empirical estimated score from the swell, rainfall, and knowledge of the benthic substrate, local people knowledge, information
from the local press; score: authors
– salinity: Institut français de recherche pour l’exploitation de la mer (IFREMER) [36]. Data have been collected since 2002 monthly through
a network of 24 stations spread over the entire coast of Reunion Island. The data are extracted from the nearest station on the day of the
attack
– moon phase: ephemeris; score: authors
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Fig. 3. a. Interactive map of shark attacks on Reunion Island since 1980. (please click below). http://www.taglioni.net/Recherche/fig3/. b. Spatial distribution of
shark attacks on Reunion Island since 1980, (Source: Fig. 3a).
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Fig. 4. Distribution of attacks according to the time of day between January 1980 and December 2017 (Source: Fig. 3a).

Fig. 5. Monthly distribution of attacks between January 1980 and December 2017 (Source: Fig. 3a).

unclear water [25], less commonly in clear water. In contrast, there
were six attacks, one fatal (17%), on spearfishers who are more likely to
be exposed to the risk of human-shark interaction. Actually, the stimuli
caused by the presence of fish injured by a hunter is susceptible to attract sharks. The category “others” refers to two attacks (one on a
coastal fisherman and one of unknown activity at the time of attack),
and is difficult to discuss owing to the insignificant (statistically
speaking) number of victims.
Analysis of the proportion of fatal attacks out of the total number of
attacks for each activity type since 1980 sheds light on the vulnerability of the people involved. Of the 57 attacks recorded in the database between 1980 and 2017, 26 were fatal (Fig. 3a). The mortality
rate is therefore 46%, which places Reunion Island well above the
world average of 9% [20] for the same period. Such exceptionally high
mortality is no doubt partly due to the shark species involved on Reunion Island's attacks. Whilst the available data is incomplete (shark
species identified for 40 out of 57 attacks), it has been established that
bull sharks (Carcharhinus leucas), which are responsible for 63% of the
attacks, and more marginally tiger sharks (Galeocerdo cuvier), 28% of
the attacks, are the main protagonists. For non-fatal attacks (n = 31),
the severity of injuries is high: scores of 3 and 4 (n = 20) are the most
frequent (65% of non-fatal attacks). People practising board sports

make up half (50%) of victims of fatal attacks (13 out of 26 fatal attacks). Bodyboarders (n = 6) top this category, followed by surfers
(n = 5) and windsurfers (n = 2). In contrast, it clearly emerges that
bodyboarders are more vulnerable than surfers, with a death rate of
50% (6 fatal attacks out of 12) whilst surfers have a mortality rate of
26% (5 fatal attacks out of 19). An initial explanation for this greater
vulnerability is probably that bodyboarders are more immersed in the
water during a surf session. Moreover, surfers can use their board more
easily to shield themselves during attacks, compared to bodyboarders
whose board is much shorter. Indeed, for certain attacks on surfers, the
interaction was limited to damage on the equipment, with the surfer
unscathed, which is less often the case for bodyboarders. While windsurfer mortality rate is 100%, it is impossible to draw conclusions because the sample of attacks is limited to two and the position of the
victims in relation to their board at the time of attack is unknown. They
may have been in the same situation as a swimmer, and not on their
board when the attack occurred. Indeed, swimmers make up a very
vulnerable category. They represent 38% of fatal attacks, but their
fatality rate is 83% (10 fatal attacks out of the 12 recorded attacks).
They have no means of protection when the attack is made, which
makes them the most vulnerable category. For underwater activities, it
is difficult to make a realistic estimate of the vulnerability of scuba
6
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divers owing to the small number of attacks (n = 2, neither fatal). Ultimately, divers, whether scuba divers or hunters, are no doubt the least
vulnerable to shark attacks.
Considering that the risk is “what you stand to lose” [42], and
knowing that the average age of attack victims since 1980 is 29.5 (all
victims male, excepting two female), one cannot help but be profoundly
affected by these attacks. A shark attack is all the more shocking as the
victims are young. In this instance, the people participating in coastal
water sports are generally teenagers or young adults [2]. The impact is
all the greater as the attacks are given a great deal of media coverage
both locally and nationally, indubitably against a backdrop of dramatizing the accidents, due to a specific fear (the Jaws effect [43,44]).
An examination of the distribution of attacks according to the
time and season complements the main preceding analyses referring
to the interactive map.
The time (Fig. 4) of attack is known—at least approximately—in 55
out of the 57 attacks. Nearly 70% of the attacks (38 of those 55) occurred after midday (matching the maximum frequentation of sea users
[2,9]) and nearly 33% after 5 p.m. (corresponding to sunset, depending
on the season on Reunion Island).
Monthly distribution (Fig. 5) of the attacks is fairly homogenous
over the year, except in July, when there is a clear peak with no fewer
than 10 attacks (out of 57), 4 of them fatal. However, the period from
April to September (austral winter) concentrates a high proportion of
fatal attacks (70%). One hypothesis is that the austral winter is more
favourable for board sports, owing to optimal wave conditions. This is
also the riskiest time of year because of the high turbidity of the water
linked to the higher number of swell days during austral winter [45].
Indeed, turbid water (see below) is a predictive factor [25,46] of the
presence of bull shark, the species responsible for most attacks on Reunion Island especially during austral winter [45].
Austral winter is also risky because of the behaviour of sharks,
which are in their breeding season, especially in the sector of SaintGilles-les-Bains, with possible over-aggressiveness of males linked to
mating between males and females at the time of breeding [47,48].
Regarding the environmental parameters of the attacks, water
temperature is relatively narrow in range (min: 23 °C; max: 30.5 °C)
and is not a determining variable of attacks distributed evenly (30 attacks at under 26.1 °C compared to 27 attacks at above 26.1 °C) on either side of the average (n = 26.1 °C). This is because people practising
coastal water sports can use wetsuits during their session, so they can
take to the water all year round.
Our data on salinity for the period 2004–2017 show that salinity is
relatively constant in time and space. Mean salinity in the attack zones
stands at 35.25 with a minimum of 34.65 at Saint-Gilles-les-Bains on 19
February 2011 and maximum of 35.82 at Saint-Paul (Cap La Houssaye)
on 5 October 2011. Although the ecology of the bull shark is influenced
by salinity [26], on Reunion Island the homogeneity of the data regarding the time of the attacks cannot prove that salinity is a factor
influencing the occurrence of attacks.
A full moon or a new moon has an obvious influence on tidal range.
One hypothesis retained by certain authors [4,28] is that both of these
moon phases could have an influence on the occurrence of attacks. The
possible influence of moon phases on shark attacks on Reunion was
therefore explored. However, as the analysis of the scores demonstrates,
this “moon effect” is not convincing on Reunion Island, as only 28
(50%) of the 57 recorded attacks took place at full moon or at new
moon.
86% of the attacks (49 out of 57) occurred with cloud cover equal
to or less than 50%. This is echoed in the rainfall on the day of attack,
which for the 57 attacks stands on average at roughly 1 mm of water
with most often 0 mm and sometimes (n = 4) 10 mm. For the most part
this can be explained by the tendency for sea users to frequent the
coastlines on the sunniest days. The degree of sunshine per se is
therefore not a variable directly correlated with the risk of shark attack.
In 61% of attacks (35 out of 57), rainfall from D-3 to D-1

Sources: [20] for international data; sources of Fig. 3a for Reunion Island; calculations by Olivier Hoffer [50] for coastline measurements.
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United States (total)
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Republic of South Africa
Reunion
Proportion of these 4 countries
as a % of total worldwide

Number of fatal attacks/
Proportion of fatal attacks
worldwide Absolute value
Number of attacks/Proportion of
attacks worldwide Absolute value
and %

Table 3
Data (January 2011 to December 2017) on attacks worldwide compared to Reunion Island.

Proportion of fatal attacks in
the total number of attacks %

Rate of attacks per
million inhabitants

Rate of fatal attacks per
million inhabitants

Rate of attacks per
100 km of coastline

Rate of fatal attacks
per 100 km of
coastline

F. Taglioni et al.
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Table 4
Comparison of the environmental conditions of attacks before and after January 2011.
Variable

p-value of student's t-test, chi-squared, welsch's t-test,
mann-withney u test or fisher's exact test9

Average for attacks before
January 2011

Average for attacks after
January 2011

Water temperature
Rainfall the day of an attack
Cumulated rainfall during the three days
preceding an attack
Swell height
Water salinity
Cloud cover
Victim's age
Water turbidity1
Moon phase2
Practising a board sports3
Attack outcome4
Attack location5
Time of attack (time of day)6
Time of attack (season)7
Time of attack (day of the week)8

0.0985s
0.7042s
0.6100w

26.5 °C
1.6 mm
9.3 mm

25.6 °C
1.2 mm
12.3 mm

0.0041m
0.2295s
0.3354s
0.2185s
0.0033f
0.6645f
0.0055f
0.4356k
0.3257f
0.7399k
0.2323k
0.4218f

1.9 m
35.1 g/l
39.4%
28 y.o.
–
–
45%
51,5% were fatal
76% western part
66% after 12 p.m.
51,5% winter
–

2.5 m
35.3 g/l
33.2%
31 y.o.
–
–
83%
37,5% were fatal
87,5 western part
66% after 12 p.m.
71% winter
–

1

Classified into four categories: clear, slightly turbid, turbid, highly turbid.
Classified into four categories: new moon, first quarter, last quarter, full moon.
3
Victim's activity, classified into two categories: practising a board sports vs other activities.
4
Attack outcome, classified into two categories: fatal or non-fatal.
5
Attack location, classified into two categories: western part of Reunion Island vs eastern part.
6
h of attack, classified into two categories: before or after 12 p.m.
7
Month of attack, classified into two categories: summer (October to March) or winter (April to September).
8
Day of the week when the attack occurred (Monday, Tuesday, etc.).
9
The letter beside the p-value indicates the test used (s for Student's t-test, w for Welsch's t-test, m for Mann-Withney u test, k for chi-squared test, f for Fisher's
exact test).
2

(cumulated rainfall over the three days preceding the attack) was below
2 mm, i.e. with no or very little rain. In 25% of attacks (14 out of 57),
rainfall was above 10 mm. Those levels are not significant enough to
consider that rainfall is a factor influencing shark attacks on Reunion
Island.
Between 1980 and 2017, 61% of the attacks (35 out of 57) took
place when swell height was over two metres. As regards turbidity a
little bit more than two thirds of attacks occurred in turbid (18%) or
highly turbid (50%) waters; this ties in with observations in other parts
of the world [2]. The correlation of swell height and turbidity is to be
assessed in relation to the benthic substrate: turbidity will be all the
greater when swell is strong and benthic substrate silty. For attack locations on Reunion Island, swell height and substrate were taken into
account to produce a turbidity score (from 1 to 4). The fact that the
attacks tend to take place in turbid water and with a swell height of
over two metres is closely linked to the victims’ activity types. 61.5% of
victims were practising board sports, in quest of waves and therefore a
swell [49]. Another explanatory factor is linked to the ecology of the
main predators, the tiger shark and especially the bull shark, which
have a special predilection for highly turbid waters [25] where they are
hard to observe. In this connection, bull sharks are the species most
involved in the attacks (where the species is known, n = 40) on people
practising board sports, amounting to roughly 60% between 1980 and
2017 and 80% since 2011.
In the light of this univariate analysis, only the victims’ activity
type, time, month and turbidity/height swell appear to have a degree of
influence on the risk of attack. Therefore no obvious hierarchy emerged
that would lead to consider those environmental, contextual and individual variables individually and approach them analytically. To a
great extent, they are interdependent, at times permeable, and combine
to produce interactions that do not have the same intensity according to
the relations under consideration. As matters stand, a shark attack is the
complex outcome of the accumulation of human, animal and environmental elements [5].

3.3. Characterisation of shark attacks
3.3.1. Attacks worldwide compared with Reunion Island before and after
January 2011
To fine-tune these initial analyses, a few indicators relative to
Reunion Island's position in the world ranking for attacks are required.
The period of reference retained for the following table (Table 3) is the
one starting in 2011 and corresponding to what is referred to as the
“shark crisis” on Reunion Island [5].
The areas with the highest occurrences of shark attacks worldwide
have been selected for territorial analysis. In descending order these are
the United States (with two states, Florida and Hawaii, particularly
affected), Australia, the Republic of South Africa and Reunion Island.
Over the period under study, those countries and territories alone
concentrate more than three quarters (n = 563; 80%) of the world's
attacks (n = 705), with half (n = 288; 51%) occurring in the United
States. For fatal attacks the ranking is modified, with Australia leading,
followed by Reunion Island, the Republic of South Africa and the USA.
The proportion of fatal attacks (n = 62) compared with the total
number of attacks places Reunion Island at the top of the list, with more
than one fatal attack out of three. Similarly, and by far, Reunion Island
outranks the other zones for almost all other indicators, such as the
number of fatal attacks per million inhabitants and the number of fatal
or non-fatal attacks per 100 km of coastline. As regards the rate of attacks per million inhabitants, higher in Hawaii than on Reunion Island,
this should be weighted by the number of incoming tourists. Reunion
Island, with its population of 860,000, receives roughly 450,000 tourists a year, while the Hawaiian archipelago, with a population of 1.4
million, receives 9 million. Those tourists take a major part in coastal
water sports [51], and so automatically increase the risk of shark attacks in Hawaii; Hawaii's ratio of number of attacks per million inhabitants should therefore be revised downwards to remain comparable
with that of Reunion Island, which receives few tourists, many of which
are mountain sports-oriented [8].
Table 3 shows that since 2011 Reunion Island has been much more
vulnerable to shark attacks (and particularly fatal ones) than other
countries affected worldwide. This observation requires further study
8
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Fig. 6. Distribution of the variables describing environmental conditions and attack characteristics before and after 2011.
Table 5
Variance of multiple correspondence analysis (Source: Fig. 3a).

Eigen value
% of variance
Cumulative % of variance.

Dim. 1

Dim. 2

Dim. 3

Dim. 4

Dim. 5

Dim. 6

Dim. 7

0.392
28.030
28.030

0.279
19.930
47.960

0.216
15.416
63.376

0.203
14.498
77.873

0.157
11.192
89.065

0.089
6.384
95.449

0.064
4.551
100.000

through more detailed analysis on Reunion Island, where the distribution of attacks is not homogenous over the entirety of its area; not only
does this reinforce the island's top ranking worldwide, but it also generates true limitations for its socio-economic development.

have changed since 2011. The number of attacks rose from 33 between
1980 and 2010 (i.e. an average of one attack per year) to 24 between
2011 and 2017 (i.e. an average of 3,5 attacks per year). Taking into
account only people practising board sports (Fig. 3a) over the same
period of time (1980–2017), the average number of attacks per year
was 0.5 between 1980 and 2010 (17 attacks) and 2.9 between 2011 and
2017 (20 attacks). This underscores the rise of attacks before and after
2011 for this category of practisers.

3.3.2. Univariate analysis of the environmental conditions of attacks on
Reunion Island before and after January 2011
The conditions in which shark attacks take place may be assumed to
9
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Table 6
Description of multiple correspondence analysis axes (Source: Fig. 3a).

The annual general rate of attack since 2011 is even more remarkable owing to the sharp drop in the number of people practising coastal
water sports. In the board sports category, this is all the more significant
considering the sharp drop—roughly 75%—in the number of surfers
and bodyboarders since 2011 [52]. The Decree dated 27 September
2013 [53], implementing a total ban on board sports outside the lagoon
(which is very shallow and in theory shark-free), was enacted to protect
practitioners from shark attacks. Since this decree came into effect, the
number of board sports riders has plummeted. Nevertheless, the
average incidence of attacks rose after 2011 but decreased globally
since 2014 (with an exception in 2015, n = 4). This goes with some
studies claiming that there might be a correlation between the increase
in the number of shark attacks and the increase in the number of sea
users [54,55].
The potential relevance of diachronic changes was therefore tested
in some parameters. Of the 15 variables tested prior to 2011
(1980–2010) and after 2011 (2011–2017), only three demonstrate
statistically significant changes (Table 4 and Fig. 6): environmental
conditions of water turbidity and swell height on the one hand, and the
practise of board sports versus other activities on the other hand.
Water turbidity (p = 0.0033) at the moment of an attack changed
significantly as of 2011: 28 out of 33 attacks (85%) occurred in turbid
to highly turbid water before 2011, whereas 10 out of 24 attacks (42%)
occurred in turbid to highly turbid water after 2011. One explanation
could be that people have modified their habits since 2011, being more
careful to bathe in clear water, thus modifying the population at risk of
an attack. Nonetheless, this possible change in behaviour has not
modified the number of attacks—far from it—and this despite the fall in
the number of sea users, and their taking more precautions.
Swell height (p = 0.0041) during attacks is significantly higher
after 2011. Examination of victims’ activity shows that the proportion

of victims who were practising a board sport (p = 0.0055) when they
were attacked rose from 45% (15/33) to 83% (20/24) after 2011. There
is no reason why sharks would suddenly target people based on their
activity. The increase in swell height during attacks observed after 2011
therefore probably results from a change in people's behaviour, modifying the composition of the population at risk. Indeed, board sport
lovers who keep pursuing their activity despite high risk increase and
the decree banning coastal water sports in 2013 are by far the most
motivated and expert. This can assuredly be explained by the fact that
they seek out more challenging surfing conditions, i.e. higher waves.
3.3.3. Multivariate analysis of environmental conditions of attacks on
Reunion Island
Multiple correspondence analysis (MCA) allows to detect underlying
structures in the dataset. In Tables 5, 4 axes account for 77.8% of the
dataset variance (eigen over 1/p with p number of variable). Where
new axes are introduced (Table 6), it appears that main component 1
separates attack before and after 2011: board sport versus other activities and swell height. Component 2 focuses more on the fatality of
attacks and a graduation of turbidity and swell height. Components 3
and 4 provide less explanation, mostly showing turbidity.
Fig. 7 seems to show that fatal attacks (46% of total attacks on
Reunion Island) happen mostly in highly turbid water and with medium
swell; non-fatal attacks occur in clear water and with low swell. This
can be explained by the ecology of sharks species (especially bull
shark), which prefer to hunt in turbid water [46]. Moreover, people
exposed to shark attacks in turbid water are much more vulnerable if
they cannot see the shark during the interaction. Regarding medium
swell, there is a link between turbidity and swell level (depending on
benthic substrate); medium swell is favourable to multiple uses of the
sea by practisers; a human-shark interaction will be more difficult to
10
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Fig. 7. Projection of the variables of the dataset in the first two principal components from the MCA (Source: Fig. 3a).

manage with medium swell than with low swell or flat sea conditions.
It can also be observed that after 2011, more board sport riders were
attacked in high swell whereas people attacked before 2011 were
mostly practicing other activities. This confirms the result of univariate
analysis for swell height and board sports practice.
The main limit of this multivariate analysis is that it is difficult to
establish a strong result with only 56 observations.

analysis provides correlations between some variables: on the one hand,
attack outcome, turbidity, swell height, and, as regards attacks before
or after 2011, board sports and swell height.
Consequently, interactions between humans and sharks remain a
subject of scientific research requiring further in-depth studies. To
quantify shark attack risk with accuracy, it would be necessary to
analyse with more precision the characteristics of the population at risk,
and the way it changes over time. Thus, precise quantification of the
attack risk in a given area of the island is subordinate to determining
the populations of different species of sharks and the number of sea
users in those locations. To date, the main relevant issue is to obtain this
dataset, to be used as a base for the production of a reliable indicator of
the risk of shark attacks, with the perspective of implementing an efficient strategy of warning and prevention.

4. Conclusion
In this study of shark attacks that occurred between 1980 and 2017
on Reunion Island, database analysis (57 attacks since 1980) enables
identification of several variables which might influence the occurrence
of attacks. The apparently most relevant parameters in this context are
the following: time of day, month, and turbidity. As for vulnerability,
the type of activity performed by victims seems decisive, with swimmers and bodyboarders being the most vulnerable group for fatal attacks. Two Reunionese specificities can be added: high mortality rate
(46% vs a world average of 11%) and the average increase in the
number of attacks between 2011 and 2017, despite the average drop in
the number of ocean users. Nevertheless, admittedly the average incidence of attacks rose after 2011 but decreased globally after 2014
(with an exception in 2015, n = 4).
Comparison of situations before and after 2011 shows that three
variables underwent a statistically significant change: water turbidity,
swell height and victim activity. This shows that a vast majority of sea
users after 2011 were those engaging in a board sport, while most other
people discontinued their sea activities.
Shark attacks are all the more complex to analyse as the number of
recorded attacks is, to a point, too limited over the 37 years encompassed by this study for interpretations to be highly significant and
predictions possible. Nevertheless, the multiple correspondence
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