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Despite growing public pressure to use non-lethal strategies for managing predators (e.g., sharks) in marine
ecosystems, the response of many governments remains largely lethal. This article examined recreationist sup-
port and understanding of approaches for managing sharks in two of South Africa’s marine areas. Questionnaires
completed by 575 ocean recreationists at beaches near Cape Town and Durban showed they strongly disagreed
with lethal management of sharks. The non-lethal Shark Spotters program was the most strongly supported
strategy, followed by heat sensor cameras to detect sharks. Other non-lethal strategies (exclusion nets, personal
repellent devices, deterrent cables, camouflage wetsuits) were supported by fewer than 50% of respondents, but
were still more strongly supported than specific lethal strategies (shark hunts, drumlines, shark nets). Shark
Spotters was more strongly supported near Cape Town, whereas the lethal strategies and a few of the other non-
lethal approaches (personal electric repellent devices, electric deterrent cables, exclusion nets) were more
strongly supported near Durban. Few respondents understood that shark nets and drumlines are designed to
catch and kill large sharks. Understanding the function of shark nets correlated negatively with support for their
use and positively with support for temporary exclusion nets. Implications of these results were discussed within

the framework of a global transition from lethal to non-lethal management.

1. Introduction

The lethal management of predators (e.g., lions, sharks) that pose a
risk of injury or death to people represents a major threat to the survival
of predators both on land [48] and in the ocean [7]. Many of these
predators play important regulatory roles in trophic networks and their
removal may have severe and unpredictable cascading effects in the
ecosystems they inhabit [39,47,6]. Despite the threat of lethal man-
agement on predator populations and growing public pressure for
non-lethal alternatives [12,35,41,43,49], the response of many gov-
ernments to predators (e.g., sharks) that occasionally kill or injure
people has remained largely lethal [15,23,29].

Since the 1930s, many governments have believed that sharks must
be killed to reduce the threat they may pose to the public [29]. Conse-
quently, governments have heavily invested in ‘catch-and-kill’ programs
to mitigate risks from sharks by depleting local shark populations,
minimizing the spatial overlap between people and sharks, and reducing
the likelihood of negative interactions [28]. Three examples of lethal
measures are shark nets (also known as gill nets), drumlines, and shark
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hunts. First, shark nets are designed to catch and kill large sharks, but
many other marine species are also caught and killed in these nets as
bycatch, including rays, cetaceans, and non-target shark species [25,4,
45]. Shark nets were introduced to many coastlines and beaches popular
for recreation activities, including in South Africa’s KwaZulu-Natal
(KZN) province and beaches near the city of Durban. The first in-
troductions of shark nets in this area followed a spate of shark bites in
the 1950s and 1960s [5]. Second, drumlines were introduced to this area
more recently and are large baited hooks suspended from an anchored
surface float [45], designed to attract sharks actively feeding. Drumlines
were introduced to KZN (in the 1990s) and other parts of the world (in
the 1960s) with the intention of reducing non-target bycatch. The KZN
Sharks Board (KZNSB) claimed that the capture of non-target species has
declined almost 48% following the installation of drumlines [20]. Third,
a shark hunt is a targeted mission with the purpose of killing either the
individual shark responsible for a bite or any sharks in the area, and
these hunts often arise as a response to a shark bite incident. Given the
slim likelihood of conclusively proving which individual shark was
responsible for a bite, shark hunts are probably best understood as a
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form of theater aimed to control fear and give the public a sense that
action has been taken following an emotional response to a shark bite
[35].

An improved understanding of sharks, including their behavior,
ecological importance, and economic value associated with recreation
and tourism, has led some wildlife managers to seek non-lethal strate-
gies [28]. One of the most systematic and sustained non-lethal shark
programs is Shark Spotters in the Cape Town, South Africa area. Spotters
are trained to detect sharks from a vantage point and provide first
response assistance to any shark bite victims [19]. Colored flags are
displayed at beaches where Shark Spotters are operating, with these
flags denoting the levels of risk and spotting conditions. A siren is also
used when a shark is spotted in the vicinity of people in the water, posing
a potential threat.

Other non-lethal methods include those seeking to deter sharks from
approaching people in the water through understanding sensory cues
that sharks use for catching prey and interacting with their environment
[18]. Electric repellent devices, for example, have been developed to be
aversive to sharks with these devices being at the individual (e.g.,
hand-held) or landscape levels (e.g., extending across coastlines; [18]).
Another non-lethal method involves exclusion nets that function as a
barrier to sharks. These nets have been installed at locations such as Fish
Hoek beach in South Africa. The design of the net minimizes entangle-
ment and extends throughout the entire water column, creating a barrier
to sharks. Other non-lethal advances include: (a) wetsuit colors and
patterns that reduce the wearer’s visibility to sharks, which have poor
color vision [18]; (b) monochrome wetsuits; and (c¢) surfboard stickers
mimicking dangerous marine organisms such as orcas or sea snakes.

A primary argument in support for using lethal methods instead of
non-lethal approaches to control sharks is that the outdoor recreation
and tourism industries would suffer if people do not feel safe in the water
[34], and lethal control of sharks is necessary for people to feel safe. In
recent years, however, lethal methods of shark control have been
heavily criticized [15]. Surveys conducted before and after shark bites
have concluded that shark bite incidents do not always negatively in-
fluence public perceptions of sharks. For example, levels of “pride” in
the resident white shark population near Cape Town, South Africa and
confidence in local beach safety management remained similar before
and after a bite occurred [30]. This largely undocumented insight sug-
gested that shark bite incidents alone do not always result in over-
whelmingly negative public reactions toward sharks.

Recent research into public perceptions of sharks has suggested that
the traditional negative view of sharks as ‘threatening human-eaters’ is
shifting [21,35,36]. Studies in Australia, for example, found that public
opinion appears to be changing from one in which management should
protect people from sharks, to one where sharks need protection from
people [43,52]. In addition, recent studies in Australia and South Africa
found limited support for lethal control of sharks [21,35], signaling a
shift in perceptions that may alter the future landscape of shark man-
agement. Other recent studies have examined public perceptions of
non-lethal strategies for managing sharks and found the majority of
respondents were significantly more supportive of these strategies than
lethal actions [14,17,23,34]. Possible explanations for these changes in
perceptions include increasing public recognition of the: (a) environ-
mental roles of sharks and their importance in marine ecosystems; (b)
small likelihood of unprovoked shark bites, especially those leading to
human fatalities; (c) advances in beach patrols and emergency medical
responses; and (d) aesthetic, educational, and economic values of
sharks, especially from recreation and tourism activities [1,15,2,25,3,8].

Despite examining different strategies for managing sharks, a recent
study in South Africa found no significant differences among five bea-
ches in respondent knowledge, attitudes, and behavior toward sharks,
and general approaches for mitigating hazards from sharks (e.g., gov-
ernment responsibility for preventing human interactions with sharks,
responsibility of people in the water; [21]). However, the study did not
assess responses toward various specific lethal and non-lethal strategies
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for mitigating these hazards, whether respondents understood how
these interventions work, and if these responses differed by location. For
example, if people initially think that shark nets are a non-lethal barrier,
but then realize they kill sharks and other species, these people may alter
their perceptions and support for current management. In addition,
some strategies may be more or less acceptable in places where they are
used (e.g., shark nets and drumlines in the KZN / Durban area, spotting
programs in the Cape Town area) compared to where they are not used.
Using surveys of ocean recreationists in South Africa, this article
explored four applied research questions. First, do these ocean recrea-
tionists agree or disagree with lethal management of sharks in general
and specific lethal approaches in particular (e.g., drumlines, shark nets,
shark hunts)? Second, do these ocean recreationists understand the
function of some of these lethal approaches, and is this understanding
related to their support or opposition? Third, do these ocean recrea-
tionists support or oppose various non-lethal approaches being used for
managing sharks (e.g., spotter programs, repellent devices, exclusion
nets)? Fourth, to what extent do these responses differ between
geographic locations (Cape Town and Durban areas in South Africa)?

2. Methods
2.1. Study sites

Recreationists (e.g., surfers, swimmers) were surveyed at three
beaches near two of South Africa’s major coastal cities: (a) Muizenberg
beach (34.1087° S, 18.4702° E) near the city of Cape Town, and (b)
North beach and Bay of Plenty beach (29.8476° S, 31.0349° E) near the
city of Durban ( Fig. 1). These beaches were selected because they are
popular with recreationists of all abilities, have a history of shark bite
incidents, and have active management to reduce human interactions
with sharks. For example, Muizenberg beach has Shark Spotters oper-
ating daily from sunrise to sunset, and the Durban beaches have a
combination of shark nets and drumlines.

Muizenberg beach is situated in the north-western portion of False
Bay approximately 14 km (9 mi) from Seal Island, a known white shark
aggregation site during the winter (June to August). Sea temperatures
range from 14° to 21°C (57-70°F), peaking in January and at their
lowest in July. Muizenberg is an exposed beach with prevailing north-
westerly winds in the winter and south-easterly winds in the summer
(December to March). The beach is microtidal and characterized by a
Mediterranean climate [22].

North beach and Bay of Plenty beach are adjacent to each other and
form part of Durban’s Golden Mile. These beaches are exposed to the
dominant southerly swell and have a much steeper incline from the
high-water mark to where the waves break compared to Muizenberg. An
artificially created offshore mound refracts wave fronts to enhance wave
formations suitable for surfing, and the wooden piers create rip currents
that surfers use to more easily access the backline of the waves [37]. Sea
temperatures range from 20 °C (68°F) in early August to 27 °C (81°F) in
early February.

Based on a dataset compiled by the Shark Research Institute, there
have been five shark bite incidents at Muizenberg beach since 1960 (in
1964, 1983, 1984, 2004, and 2014). All victims were surfers and none of
the incidents were fatal. Between 1940 and 1990, there were eight shark
bite incidents at North beach: one in 1943 (fatal), three in 1944 (all
fatal), one in 1947 (non-fatal), one in 1950 (fatal), one in 1971 (non-
fatal), and one in 1986 (non-fatal).

2.2. Data collection

Questionnaires were administered on-site (i.e., face-to-face) between
07:30 and 17:00 over consecutive days at both the Cape Town (October
3-10, 2019) and Durban (October 22-30, 2019) beaches (see the sup-
plemental files for the questionnaires used in this study). Every adult
recreationist coming out of the water on these days during these hours
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Fig. 1. Map of study site locations near Cape Town and Durban in South Africa.

was approached and invited to participate. Although targeting these
recreationists does not ensure a representative sample of the entire
population at each beach, people who recreate in the water in areas
affected by shark bite incidents have been targeted by studies on per-
ceptions about sharks and shark management, as this segment of the
population is most likely to be directly affected [14,17,21,34,42]. This
study design did not involve sampling people who had come to the
beach but opted not to enter the water, or people who had opted not to
come to the beach at all. Respondents were left to complete the ques-
tionnaire on their own and asked to return it immediately on comple-
tion; the field researcher did not suggest possible answers. Each
questionnaire took between five and 15 min to complete. A total of 434
people were approached at the Cape Town beach (Muizenberg) and 370
completed a questionnaire, resulting in an 85% response rate (+£5.1%

Table 1
Demographic characteristics of respondents.

margin of error at the 95% confidence level; [51]). At the Durban bea-
ches (North beach and Bay of Plenty beach), 235 people were
approached and 205 completed a questionnaire, yielding an 87%
response rate (+6.8% margin of error at the 95% confidence level; [51]).
The total sample size across both sites combined was 575 respondents
(86% response rate; +4.1% margin of error at the 95% confidence level;
[51]). These high response rates (85-87%) are consistent with other
recreation and tourism research of this type involving on-site face-to--
face data collection [51].

2.3. Analysis variables

The questionnaire measured a few demographic and activity char-
acteristics of respondents (Table 1). To measure level of agreement with

All (n = 575) Cape Town (n = 370) Durban (n = 205) t or y? value p value Effect size (rpp or V)"
Age (years) 3.80 <0.001 0.16
Mean 35.67 34.03 38.72
Standard dev. 13.61 13.10 14.06
Range 18 - 80 18 -80 18-76
Sex (%) 20.59 <0.001 0.19
Male 65 59 76
Female 35 41 23
Non-binary <1 0 1
Main activity (%) 8.51 0.074 0.12
Surfing 71 75 65
Swimming 24 20 30
Paddle boarding 5 5 4
Kayaking 1 <1 1
Scuba diving <1 <1 1

# Effect size for age measured using ry, where .10 is “small” or “minimal” .24 is “medium” or “typical,” and .37 is “large” or “substantial.” Effect size for sex and main

activity measured using Cramer’s V where .10 is “small” or “minimal,” .30 is “medium” or “typical,” and .50 is “large” or

“substantial” [10,51].
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the lethal management of sharks in general, the questionnaire contained i a o o~ o & o
seven statements with responses on a 5-point scale from 1 “strongly 2l 2 Z S 2 2 2
disagree” to 5 “strongly agree.” These statements are listed in Table 2.
The questionnaire also measured level of support toward 10 specific
lethal and non-lethal approaches for managing sharks (e.g., drumlines, g o o < o 0 o
shark nets, exclusion nets, spotter programs) with responses on a 5-point E S 8 g g 8 3 8
scale from 1 “strongly oppose” to 5 “strongly support.” These items are e ° ° ° °c < °
listed in Table 3. An open-ended question was used for measuring
respondent understanding of the purpose of the shark nets used in KZN .
(i.e., Durban area). Despite shark nets not being used in the Cape Town 2 + o n o« L o o
area, a goal was to determine whether the lethal action of using these i 8 o 8 = 2 08 2
nets was better understood where they are used (i.e., Durban area)
compared to Cape Town where only non-lethal methods are used. In the
questionnaire administered in the Durban area, respondents were also o)
asked about the function of drumlines (drumlines are not used near Cape ““‘ L L P
Town). To avoid potential order effects, these open-ended questions E g 2 2 R & & R
occurred earlier in the questionnaire. Responses to these two open- -‘-E c < < E E % %
ended questions about shark nets and drumlines were recoded into a g g e = T
dichotomous variables (0 = incorrect, 1 = correct) using content anal-
ysis. Correct understanding of shark nets meant that respondents had
identified that these nets are designed specifically to catch or kill large s
sharks. Correct understanding of drumlines meant that respondents &
knew they are baited hooks designed to attract and kill large sharks. The g -
methods used in this study were approved by the University of Cape g s 8 g g g g g Y
Town Faculty of Science Research Ethics Committee. Ll1e =) s g s S o 2
& 8 8 3 8 g 2 2 L
3. Results 18| <+ ~ - - - 5= ‘g
3.1. Respondent profile 1R % ﬁ
The majority of respondents were 35 years old or younger (58%, 1 5 o = 9 ) 5
mean [M] = 35.67, standard deviation [SD] = 13.61), male (65%), and 5 2 e g I 8 S 8§ 5 i Euo
participating in surfing as their main activity on the day they completed == A - - - E: A
the questionnaire (71%; Table 1). Compared to those at the Cape Town § N
beach, those at the Durban beaches were slightly older and more likely _ n —g
to be male. These differences between locations were statistically sig- 2 - . o o a o g =
nificant (p < 0.001), but using guidelines from Cohen [10] and Vaske «“ © 5 Tg
[51] for interpreting effect sizes, the effect sizes were relatively “small” 5 &
or “minimal,” respectively (age: point-biserial correlation [ry,] = 0.16; £ :
sex: Cramer’s V = 0.19). S5 : S
< < ) < o~ o~ — — Z g
3.2. Agreement and disagreement with lethal management in general E ;q‘é
s
Respondents were more likely to agree with the two statements 8 £ ﬁ
against lethal management of sharks (“I do not support the killing of “ - Ton ©on e 2 o
sharks as a safety measure,” “I do not support the killing of sharks under 5 ia )
any circumstances”) compared to the other five statements that were all E _ § E
in favor of lethal management (e.g., “I support the killing of sharks at e 9"
=l A N N <] N N~ © < R
any time [not just after a bite incident],” Table 2). In total, 87% of re- =) T 5
spondents agreed with the two statements against lethal management < Ny
and these had the highest mean agreement (M = 4.45-4.48, g8l - g g
SD = 1.22-1.26). There were, however, statistically significant differ- % 8 g o o ° ~ o~ o e E
ences (p < 0.009) in the levels of agreement with these two statements §° gla - ©  ® © ® o iéo =
between respondents at the Cape Town and Durban beaches, with those g 8 8
at the Cape Town site having stronger agreement (M = 4.56-4.59, SD = E 2 =
1.10-1.13) than those at the Durban beaches (M = 4.24-4.26, gEJO _‘2 2 § 2. g . £ 22 E° %a
SD = 1.40-1.46). Regardless, mean agreement was high at > 4.24 g 5 2 . g ERgs 5E &8 S % g %
across both statements and sites, and the effect sizes (rpp <0.13) were E B “E :50 . g 2:) E" E % £ ) % . P :5) z g
“small” [10] or “minimal” [51], suggesting that the strength of these g g g) g 58559 2% E P = = £ 5 g3
differences was not substantial. k7 Bl &= Z 32 £E% TS . = :‘30 EEE :50 g 9 2
Most (80-91%) respondents strongly disagreed with the five state- j;j £ é £85 § Tf = E gepsg %E EG| £ 8
ments in favor of lethal management. The statement receiving the most % E = é é %EE 2 E c 5 £EEy s =g % §
agreement for lethal management was “killing sharks makes it safer for - E 55 2858 E E 2 2 ":g - 82 E glg=
water users,” but only 8% of respondents agreed (M = 1.44, SD = 1.01). ~ 2 2|2 g % 885 éo g - gg E25 §°'§ ég g 8
The statement receiving the least agreement was “I support the killing of % §~ C“::; YRR “E § EfE2583 g i: Az |=d
sharks at any time (not just after a bite incident)” with only 2% agreeing S === - - a °
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(M =1.17, SD = 0.64). Two of these five statements about lethal man- i a0~ o & & e © oo
agement were statistically different between locations, with those in the 2l 2 3 8 S g & Z saSz
Durban area more likely to agree that “killing sharks makes it safer for
water users” and “killing sharks is justified to lower the probability of a
shark bite.” The effect sizes (r, <0.13), however, were “small” [10] or S S 3 8 2 3 3 3 833
L. = S — S ~ S S S SS9
“minimal” [51]. : s o© o s ¢ ¢ sgo
Reponses to the two statements against lethal management were
reverse coded and then, after testing for measurement reliability using
Cronbach’s alpha, were combined with the five other statements into a g
single mean index measuring responses to lethal management in gen- E § 5 B 3 E § § & 5 g
eral. An alpha coefficient that is approximately >0.65 indicates that - . - e
variables are measuring the same concept and justifies combining them
in further analyses [11,31]. The alpha was 0.77 and reliability would not o
be improved by deleting any of the seven statements (alphas if items ﬁ
deleted = 0.72-0.75). The mean of this index was 1.38 (i.e., strongly g o B @ @ B 5§ 7 RS
disagree with lethal management; SD = 0.67). There was a statistically g e 2 2 g © Z g 2o g
significant difference between locations with those at the Cape Town g E E § a § § E § E E
beach disagreeing slightly more with lethal management of sharks (M =
1.30, SD = 0.61) compared to those at the Durban beaches (M = 1.53,
SD = 0.76), t = 3.46, p = 0.001. The effect size (rp, = 0.16), however, Q
was relatively “small” [10] or “minimal” [51]. ‘T"
=
3.3. Understanding about lethal management strategies o g E 9 ;Lr? 5 @ o g 583 .
g|lel € 2 ¢ 2 © 2 2 gee| &
In total, only 48 respondents (8%) correctly understood that shark § § 3 E § 53: E E § § f 5 =
nets reduce risks to humans by catching or killing sharks (28 [8%] from E i
the Cape Town beach, 20 [10%] from the Durban beaches). There was = g
no significant difference between locations, y*> = 0.40, p = 0.525. %: Q o P N %
However, a significantly greater proportion of respondents from the ale § E § Er 5 % g § § § @ 2
Cape Town site (101 [27%]) thought that shark nets function by forming 5le S < 3 s < S - I =l
a physical barrier to sharks (Durban site = 28 [14%], x? = 19.55, S|z I 202 s 2 2 3 LI §‘g)o
p < 0.001), although the phi (¢ = 0.19) effect size was relatively “small” 28
[10] or “minimal” [51]. Only 48 (23%) of Durban respondents under- EO Z,
stood that the function of drumlines is to attract, catch, and kill large ) g 5
sharks. There was no significant difference in the proportions of Durban A 8 & 8 2 5 & ° @@ L: -E;
respondents who understood the functions of both drumlines and shark AF
nets, y? = 0.18, p = 0.673. ﬁ )
5 8 8 a2 5~ 8 8 5 evolfR
3.4. Support and opposition regarding specific lethal and non-lethal g :
management strategies e
The non-lethal Shark Spotters program was the most strongly sup- z ® 3 & 2 8 &5 B wwew =g
ported strategy among respondents, with 89% supporting (56% = g :5
strongly) and the highest mean response among all strategies overall a8 g
(M = 4.40, SD =0.81) and for each site (Table 3). The only other A L . o o ~n o I N
strategy that was supported by the majority of respondents was using ‘% =|(° - “« o0 -« - o
heat sensor cameras to detect sharks moving close to people (62%, f ::1 : E
M = 3.67, SD = 1.16). The other non-lethal strategies were supported SER a g E
by fewer than 50% of respondents (camouflage wetsuits: 49%, go E o -~ o < ~ o o g 5
M =3.36, SD=1.23; temporary exclusion nets: 46%, M = 3.08, g s e - aoa e hee N %
SD = 1.40; personal electric repellent devices: 41%, M =2.97, g 6: g
SD = 1.37; electric deterrent cables: 42%, M = 2.92, SD = 1.43; per- é g . S . 2 5’3 2
manent exclusion nets: 26%, M = 2.46, SD = 1.32), with respondents f S g it = § . 2 E’ 9 S
most divided on temporary exclusion nets, personal electric repellent _E %o ¥ g 8 % _E 5 % g = < :f é 8
devices, and electric deterrent cables. Shark Spotters was significantly ﬁ ,‘g _E 2 § 2 3 E) 23 g %’ g E o &
(p = 0.004) more strongly supported among those at the Cape Town = = 2 2 2 8 “§ £3 j% g = & E = I gﬁ
beach (M = 4.48, SD = 0.77) than the Durban beaches (M = 4.27, 2 EE £ g % g § g 2 E % % = § § %
SD = 0.85), but the effect size (rpp = 0.12) was “small” [10] or “mini- %: £ E g K § rs 8 :%: g ¥ E g 4 5
mal” [51]. Conversely, all of the other non-lethal strategies were more g Z =R % g = _i: g g 2 ! ’% o £ &g
strongly supported by those at the Durban beaches (M = 2.79-3.77, E " £ 2 2 o2 §s 3 ¥ § gi »28| 83
SD =1.15-1.38) than the Cape Town beach (M = 2.283.61, 3 5| 228 Sghesy 2<% Egg| gl
SD = 1.16-1.41), with three of these (personal electric repellent devices, zf a; E E 54 % § § Té é ,E § :; § .é 2 2 E g % ;
electric deterrent cables, permanent exclusion nets) being statistically - § = 2 Eo 2 B § % i é ; © £ E‘é g ‘é g § é @
significant (p < 0.001) with relatively “medium” [10] or “typical” [51] w & 2|85 % & gt tEe €52 Eg 2 3| 28
effect sizes (rp, = 0.18-0.32). = 2 Sl Es e REGE5REE8588c55=|~0
3 . . 23 &lz< = O G A B B 3680« s
All three of the lethal strategies (shark hunts, drumlines, shark nets) A
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were opposed by almost all respondents (87-90%) and had much lower
means (M = 1.35-1.45, SD = 0.90-0.98) compared to the non-lethal
strategies (M = 2.46-4.40, SD = 0.81-1.43). Setting shark nets across
beaches to catch and kill sharks was the strategy that received the most
opposition (90% oppose [83% strongly]l, M = 1.35, SD = 0.90).
Although these lethal strategies were strongly opposed, on average,
among respondents at both sites, there was less opposition (i.e., more
support) among those at the Durban beaches (M =1.54-1.74,
SD =1.03-1.20) than the Cape Town beach (M = 1.25-1.39,
SD = 0.80-0.91), and these differences were significant (p < 0.001)
with “small” to “medium” [10] or “minimal” to “typical” [51] effect
sizes for both drumlines and shark nets (r,, =0.16-0.23).

The two main strategies used for managing sharks in South Africa are
the Shark Spotters program and shark nets. For all respondents taken
together and at each site individually, Shark Spotters (non-lethal) was
much more strongly supported (89% support overall, M = 4.40,
SD = 0.81; Table 3) than shark nets (lethal; 6% support, M = 1.35,
SD = 0.90). A paired sample t-test showed that this difference between
the two strategies for all respondents taken together was significant with
a “large” [10] or “substantial” [51] Cohen’s d effect size, paired
t =56.70, p < 0.001, d = 3.68. There was also significantly more sup-
port for the Shark Spotters program among respondents at the Cape
Town beach and significantly more support for shark nets among those
at the Durban beaches (Cape Town: Shark Spotters M = 4.48, SD = 0.77,
shark nets M =1.25, SD = 0.80; Durban: Shark Spotters M = 4.27,
SD = 0.85, shark nets M = 1.54, SD = 1.03), paired t = 28.37-51.25,
p <0.001, d =2.89-4.11.

Understanding of the function of shark nets correlated negatively
with support for their use, with support declining by a factor of 0.30 for
respondents who correctly identified their lethal purpose, F = 4.41,
p = 0.036. Understanding about these nets was also a significant pre-
dictor of support for temporary exclusion nets, with support increasing
by 0.54 for those who understood how shark nets function, F = 6.39,
p = 0.012. Understanding about shark nets, however, was not a signif-
icant predictor of support for permanent exclusion nets, F = 0.69,
p = 0.405. Understanding about what drumlines are was not a signifi-
cant predictor of support for them, F = 0.60, p = 0.441.

4. Discussion

One major finding of this study is that there was minimal support for
lethal management of sharks according to the recreationists sampled at
the sites. Respondents largely agreed with the statements related to non-
lethal strategies, more strongly supported the non-lethal strategies (e.g.,
Shark Spotters, heat sensor cameras), strongly disagreed with the pro-
lethal statements, and strongly opposed all three methods of lethal
shark control (shark nets, drumlines, shark hunts). Shark nets were most
strongly opposed (83% strongly opposed) and Shark Spotters was most
strongly supported (89% supported), showing that the two main
methods of shark management at the study sites were at the opposite
ends of the spectrum in terms of respondent support. Similar results
were found in Australia where non-lethal approaches were preferred
over lethal approaches by 78-85% of respondents [34]. Together, these
and other recent studies in locations such as Australia, South Africa, and
the United States (e.g., Florida, Hawaii) suggest a global trend of
reduced ocean recreationist support for lethal shark policies and
increasing concern among these recreationists for conserving and pro-
tecting sharks irrespective of whether or not they bite humans [14,17,2,
23,3,34,40,43,46].

Of great concern is the finding that only 8% of respondents (10% at
the Durban beaches) were aware that the nets used in parts of South
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Africa (e.g., Durban) are lethal shark nets, and only 23% of respondents
from the Durban beaches knew that drumlines are designed to catch and
kill large sharks. Instead, most respondents believed that the shark nets
form a physical barrier to prevent sharks from accessing the surf zone
where most recreation activities take place (these are exclusion nets, not
shark nets). Respondents who knew that shark nets are actually lethal
nets were less likely to support this method. A study in Australia showed
that support for shark nets may be due to their promotion as a passive
and non-lethal form of management [17]. The same study found that
respondents supported the shark nets at their local beaches, but were
overwhelmingly against the general culling of sharks. Results presented
here also showed that respondents were opposed to culling in general
and specific forms of lethal management in particular, and thus were
opposed to the use of shark nets and drumlines when eventually told in
the questionnaire what their purpose was (e.g., “drumlines [baited
buoys to catch and kill sharks],” “gill nets set across beaches to catch and
kill sharks™).

The higher proportion of respondents from the Durban beaches who
correctly identified the role of drumlines (23%) compared to shark nets
(10%) is possibly explained by the recent media attention surrounding
the installation of drumlines (e.g., [53,16]). Both traditional media (e.g.,
television, newspaper) and more recently social media can have a
marked influence on understanding and acceptance of wildlife man-
agement and policy [38]. In the 1970s, for example, public pressure and
adverse media coverage led to the banning of using poisons for man-
aging wildlife in South Africa [S0]. More recently, the documentary
titled Blackfish exposed the captive cetacean industry and public pres-
sure led to laws being introduced to phase out captive orca exhibits [32].
Education through documentaries and media campaigns can change
perceptions of some members of the public, ultimately leading to
changes in environmental legislation and policies [13,24]. The low
levels of understanding regarding the actual function of shark nets in
Durban and other parts of the world need to be addressed as a matter of
urgency if public pressure is going to ensure that local and national
governments seek alternative methods to the ongoing culling of sharks
and other marine organisms.

Although respondents voiced strong opposition to lethal manage-
ment of sharks in both Durban and Cape Town, more than 90% were
unaware that shark nets are a lethal intervention. There was slightly
greater opposition to lethal management among Cape Town respondents
and this might be a consequence of Cape Town’s complete reliance on
non-lethal management (e.g., Shark Spotters). Knowing that the prob-
ability of an incident with sharks is low at beaches with non-lethal
management could be helping to foster a belief that lethal manage-
ment techniques are unnecessary and, given their negative ecological
impacts, worth opposing. Nevertheless, the differences between Cape
Town and Durban respondents in their opposition to lethal shark control
was small, and the most notable outcome of these findings is that few
respondents supported lethal management of sharks despite it being the
mainstay of current government management efforts in KZN (e.g.,
Durban area). A similar schism between the public and government has
been documented in Australia [17], and suggests that wider consultation
with stakeholders and efforts to inform about the impacts of manage-
ment are imperative to drive change. In addition, results of studies such
as these need to be provided to governments to show that some of their
current management efforts are not within public tolerance limits.

Respondents who understood the purpose of shark nets were less
likely to support their use and more likely to support temporary exclu-
sion nets that are removed each night to prevent bycatch. Lethal shark
control programs have been heavily criticized in the past due to their
lack of selectivity and management authorities have thus been
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encouraged to devise methods to reduce bycatch [33,44,9]. Drumlines
were designed specifically to reduce the impacts on non-target species
while still removing large sharks. However, opposition to drumlines has
been clearly documented both here and in past studies [23,26,27,53],
and this opposition primarily centers around killing sharks.

5. Conclusions

This study showed that recreationists at beaches near Cape Town and
Durban strongly disagreed with lethal management, although those near
Durban were slightly more likely to agree with this form of management.
The Shark Spotters program was most strongly supported, followed by
heat sensor cameras to detect sharks. All other non-lethal strategies
(exclusion nets, personal repellent devices, deterrent cables, camouflage
wetsuits) were supported by fewer than 50% of respondents, but were
still more strongly supported than any lethal strategy (drumlines, shark
nets, hunts). Shark Spotters was more strongly supported near Cape
Town where this program operates, whereas several other strategies
were more strongly supported near Durban.

One of the most alarming results was that 92% of all respondents and
90% of those specifically surveyed at the Durban beaches were unaware
that shark nets are a lethal intervention for managing sharks even
though this is the common approach used in the Durban area. It is not
clear whether this is the result of a deliberate communication strategy
on behalf of relevant authorities and Sharks Boards or simply an absence
of effective communication between the public and managers. However,
there is an urgent need for people to be informed about the true in-
tentions and ecological costs of these nets. Given that this study provides
evidence that ocean recreationists surveyed at popular beaches near
Cape Town and Durban strongly oppose lethal management of sharks in
general and shark nets in particular, it is likely that exposing the lethal
approaches currently used by authorities will result in them facing
serious backlash from some members of the public.

Ocean recreationists are an important stakeholder in shark man-
agement, so understanding their perspectives is critical. The results
presented here may influence the management of sharks in South Africa
by demonstrating that this important interest group strongly favors non-
lethal approaches over lethal alternatives. Reduced reliance on lethal
methods to control sharks would have positive impacts on the overall
conservation of shark species, bycatch species, and the greater marine
ecosystems in which sharks play a critical role. These findings, however,
may not generalize to other ocean users and non-users, and other coastal
and marine environments. This study was based on samples of ocean
recreationists at select beaches near Cape Town and Durban during one
month of one year. Although every adult recreationist coming out of the
water was targeted for sampling during this time period, those who had
not entered the water and those who had opted not to come to the beach
at all were not sampled. The results presented here, therefore, may not
be representative of all beach users and non-users at the study locations
or other areas where sharks are found. The applicability of these results
to other ocean recreationists, stakeholders, and geographical areas re-
mains a topic for future empirical investigation.
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