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Abstract
In Gansbaai (South Africa), at Dyer Island Nature Reserve, a large White shark population is present and can be observed due to 
the support of local ecotourism operators authorised to reach the field observation sites. Between 2009 and 2019, it was possible 
to create a database including information about each individual observed. In total, 423 white sharks were sighted during 462 
direct observation hours from the boat, that included 220 hours from the diving “cage”. The mean sighting rate was 0.91 (range 
0.18–1.53) sharks per hour and sighting rates dramatically declined in the last three years of the study period. Ninety-nine unique 
Photo-Ids of the dorsal fin were collected and only five re-sightings occurred, which indicate a transient behaviour for the 
Gansbaai White shark population. The sex ratio showed that females were always prevalent over males throughout the duration 
of the observations: the ratios were 1:2.2:0.8 for males, females, and unsexed sharks, respectively, and showed the prevalence of 
immature female individuals (immature: 51 males, 201 females, and 40 unsexed; adults: 49 males, 14 females, and 1 unsexed; 
undefined maturity: 5 males, 19 females, and 43 unsexed sharks). The predominance of immatures only applies to the females; 
there were as many immature males (51) as mature (49). The total length for all the individuals was between 150 cm and 500 cm 
(mean 308 cm, n = 423) with few young-of-the-year and adults recorded, indicating that Gansbaai Area is not a nursery area nor 
an adult aggregation site, but a seasonal feeding ground. The interannual sighting trend showed a consistent long-term increasing 
peak (ca. 4–5 years) and this could confirm that, in Gansbaai, the White shark frequency is not affected by ecotourism but, since 
2017, a consistent loss of sightings was also due to recorded transient killer whales’ unusual fatal attacks.
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Introduction

The White shark Carcharodon carcharias (Linnaeus 
1758) is a protected species in many countries such as 
United States, South Africa, New Zealand, Australia, 
and Mexico (Fergusson et al. 2009) and this species has 
been categorised as Vulnerable since 1996 (Fergusson 
et al. 2009). This shark is relatively abundant in only 
the following eight “Great White hot spots” (Bass 
1975; Ferreira & Ferreira 1996; Martin 2003; Becerril- 
Garcìa et al. 2020; Leone et al. 2020): central 
California (especially the Farallon Islands and Año 
Nuevo Island), central Chile (from Punta Angamos to 
Punta Lavapie), New England, the Mediterranean Sea, 
South Africa (especially the Indian Ocean side of the 
Western Cape and the Southern Cape regions), south-
ern Australia, New Zealand, and Japan (from Sendai 

Bay to Kumano Bay). In South Africa, overall estimates 
by Cliff et al. (1996) were 1279 sharks (95% confidence 
limits, 839–1843) from Richards Bay region in 
Kwazulu-Natal to Struis Bay in Western Cape; 
Ferreira and Ferreira (1996) recorded 255 sharks in 
False Bay, Gansbaai, Struis Bay, Mossel Bay, and 
Algoa Bay; Towner et al. (2013a) in Gansbaai identi-
fied 532 unique individuals and estimated the 
super-population size of 908; Andreotti et al. (2016) 
estimated the South African super population at 438 
sharks, but one year later Irion et al. (2017) stated that, 
due to the complex stock structure of White sharks and 
the model assumptions made by Andreotti et al. 
(2016), the conclusions drawn could not be supported 
by their methods and data. In any case, even if the 
estimates of the Gansbaai and South African 
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population are currently being debated in the scientific 
literature, an important white shark population is pre-
sent in the coastal South African area. Gansbaai is 
a world-recognised white shark aggregation site and it 
is the only location in the world where cage-diving trips 
operate daily, weather permitting (Towner 2012). The 
estimation of demographic parameters is essential in 
assessing long-term changes in vulnerable populations 
and determining the causes of population decline (Lee 
et al. 2014). It is thus important to understand the 
behavioural dynamics and turnover of individuals, 
sexes, and life-history stages within populations over 
time if shark populations are to be effectively managed 
(Hewitt et al. 2017). Photo identification is a long-term 
individual identification methodology for white sharks 
(Anderson et al. 2010, 2011) and a non-invasive 
method of mark and recapture. It provides information 
on white shark population size (Chapple et al. 2011; 
Towner et al. 2013a; Hewitt et al. 2017), sexual com-
position (Nasby-Lucas & Domeier 2012; Hewitt et al. 
2017), longevity (Anderson et al. 2011), site fidelity 
(Bonfil et al. 2005; Anderson et al. 2011; Nasby- 
Lucas & Domeier 2012; Hewitt et al. 2017), and migra-
tory behaviour (Bonfil et al. 2005). Photo identification 
must be very detailed, and the database must include 
data such as sex, length, parasites, and scars on the 
body to avoid potential mistakes (Towner et al. 
2013a; Micarelli et al. 2015). White sharks frequently 
prey on Cape fur seals (Arctocephalus pusillus pusillus) 
at rookeries off southern Africa and particularly during 
autumn and winter, when juvenile seals leave to forage 
offshore for the first time, making them vulnerable to 
predation by white sharks (Martin et al. 2005; 
Hammerschlag et al. 2006; Kirkman et al. 2006; 
Towner et al. 2013b). False Bay, Gansbaai and 
Mossel Bay are white shark hotspots because the 
white sharks predate on the resident seals. Concerning 
shark population demographic data, Gansbaai seems to 
host a white shark population similar in size to that of 
Mossel Bay (SA), but in Mossel Bay a greater pro-
portion of sub-adults and only occasional adults are 
present (Ferreira & Ferreira 1996; Ryklief et al. 
2014). In Gansbaai, white sharks are predominantly 
sub-adults and adults that primarily feed on marine 
mammals (Estrada et al. 2006; Towner et al. 
2013a). The greatest proportion of sub-adults and 
potentially mature sharks occurs in False Bay, South 
Africa (Kock & Johnson 2006). The main goal of 
this paper was to contribute to defining the role of 
Gansbaai area in the dynamics of South African 
white shark populations, investigating: A) inter- 
annual sighting trends, B) the sex-ratio, and C) the 
size structure and life-history composition.

Materials and methods

Study area

Observations and data collection were performed in 
the Nature Reserve of Dyer Island, located 7.5 km 
off the coast of Gansbaai (34° 41’ S; 19° 24’ E), 
South Africa. The Reserve includes Dyer Island and 
Geyser Rock (Figure 1): the first is a low-profile 
island ca. 1.5 km long and 0.5 km wide and it is 
characterised by the presence of different sea bird 
colonies; the second is ca. 0.5 km long and 180 m 
wide, and it hosts a colony of Cape fur seals 
Arctocephalus pusillus pusillus (Schreber 1775). 
The reserve is located in an area called Agulhas 
Bioregion, which is the meeting point between the 
Benguela Current, which is the eastern boundary 
current of the subtropical vortex located in the 
south Atlantic Ocean and the Agulhas Current, 
which is the current forming the western limit of 
the Indian Ocean. In summer, intensified south- 
easterly trade winds result in upwelling, causing 
cold waters of Benguela origin to enter the bay 
(Jury 1985). Upwelling along the coast results in 
high biological productivity, which in turn supports 
large fish stocks, including pilchard, anchovy, and 
hake (Griffiths et al. 2010).

Data collection

Eleven scientific expeditions were conducted in the 
study area in all years between 2009 and 2019. The 
water temperatures recorded ranged from 13.5° to 

Figure 1. Gansbaai, Dyer Island, and Geyser Rock Nature 
Reserve.
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18° Celsius, and underwater visibility from 2 to 5 m 
(measured to the nearest 0.5 m with a Secchi disc). 
Expeditions took place in South African autumn, 
between March and May. Observations occurred 
between 2009 and 2013 aboard “Barracuda” 
(Unlimited Shark Diving owner), a 12 m long boat 
and, between 2014 and 2019 aboard “Slashfin” 
(Marine Dynamics owner), a 14 m long boat. The 
rectangular floating cage was made of galvanised 
steel, housing three researchers at the time and was 
moored to the side of the boat. We encountered 
white sharks at two aggregation areas in Gansbaai 
(Geyser Rock and Joubertsdam) as reported by 
Towner et al. (2013a). Sharks were attracted using 
olfactory stimulants (chum), following the methods 
described by Laroche et al. (2007). The chum was 
a mixture of seawater, cod liver oil, fish blood, and 
pilchards, and, in addition, 2–3 kg slices of tuna 
were used as bait which was kept at the sea surface 
by floats (Sperone et al. 2010). Observations made 
from the boats lasted from 6 to 8 hours/day, whereas 
underwater observations lasted from 2 to 4 hours/ 
day, for a total of ca. 42 hours per year. The sex of 
each shark was determined by the surface and by 
cage diving observations, and also with underwater 
video records of the pelvic fin area. The males were 
recorded if claspers were seen and the females if the 
lack of claspers was verified and their pelvic fin area 
was filmed. All other specimens were categorised as 
of unknown sex. The shark size was estimated to the 
nearest 0.5 m, as total length (TL), based on obser-
vations of the sharks when they passed in front of the 
measured diving cage fixed to one of the boat sides. 
In our study we estimated the size at sexual maturity 
according to Hewitt et al. (2017) and this helped us 
to define the population structure of the area. Sharks 
data were collected from the same operators and 
dorsal fin photos were collected using three digital 
cameras: one CANON model EOS 550 with 
a SIGMA 70 lens, one CANON model 70D with 
18–125 mm lenses, and one CANON model 700D 
with 55–250 mm lenses. Images were then analysed 
with Photoshop and Excel was used to archive 
photographs. Each collected photo was numbered 
and completed with the following information: date, 
sex, and size of the shark, presence of scars, and 
weather conditions. Identification of individuals 
was based on a larger pattern including not only 
the different notches of the dorsal fin, but also the 
following characters: caudal fin features, pelvic fin 
patterns, presence or absence of claspers, gill slashes 
and body patterns, presence of scars, and/or ecto-
parasites (Sperone et al. 2012). In 2017, a study was 
published by Hewitt et al. on the white shark 

population around False Bay (Cape Town) and 
similar data collecting methods were carried out by 
our research group.

Inter-annual sighting by sex

In order to analyse the inter-annual trend in sighting 
rates by sex over time, we used a log-linear model (a 
Poisson Generalized Linear Model) presented in 
Appendix 1, in which the outcome is expressed as 
a logarithm and the covariates are observable dis-
crete variables. A Chi-squared test was also per-
formed in order to check independency of maturity 
and sex.

Three stages for both males (M) and females (F) were 
considered according to Hewitt et al. (2017)

MALE:  

1. juvenile if the TL was ≤299 cm,
2. sub-adult if the TL was between 300 and 

349 cm, and
3. mature if the TL was ≥350 cm.

FEMALE:

1. juvenile if TL was ≤399 cm,
2. sub-adult if the TL was between 400 and 

449 cm, and
3. mature if the TL was ≥450 cm.

The young-of-the-year (YOY) measuring between 
130 and 160 cm was included in juvenile stages, 
because during the eleven years of data collection 
only nine YOY specimens overall were observed, 
and few ecological information were available for 
this life-history stage.

Results

Annual trends in Gansbaai area

Overall, during the 11 years of sampling with a total of 
462 observation hours and an average of 42 hours 
per year, 423 white sharks have been sighted in the 
following numbers: 105 males, 234 females, and 84 
unsexed sharks; 99 unique dorsal fins were collected 
and five sharks were re-sighted, three in 2015 and only 
one in both 2016 and 2017. The highest and lowest 
annual sightings were 65 and seven white sharks in 
2015 and 2017 respectively (Figure 2). Although 
sightings varied between 2009 and 2016, with two 
peaks in 2011 (63 sightings) and 2015 (65 sightings), 
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a consistently decreasing trend was observed from 
2017 to 2019 (Table I).

Focusing on the annual mean sighting of white 
sharks grouped by sex (Figure 3), four main results 

were found: (1) the sighted female white sharks were 
always higher than the sighted males; (2) female sight-
ing rates were higher than the mean (0.50) over time 
(6 years overall); (3) when female sighting rates were 
lower than the mean, for example, in 2012, 2015, and 
2019, unsexed sighting rates were larger and they had 
probably been females; (4) male sighting was recorded 
during the 11 years of observations and rates were 
generally constant over time, contrary to female ones.

Sex ratio, total length, and sexual maturity stage

The annual mean sex ratio over the eleven-year study 
period was: 1:2.2:0.8 for males, females, and unsexed, 
respectively. According to Figure 4, given a total of 
339 sighted and sized sharks (excluding the unsexed 
ones), the highest percentage of juvenile sharks was 
observed for females (81% for females and 14% for 
males, respectively). On the contrary, the males would 

Figure 2. Total annual sightings of white sharks (Carcharodon 
carcharias) in Gansbaai (2009–2019).

Table I. Observation hours, Sightings, Photo-Id sightings, and re-sightings of white sharks (Carcharodon carcharias) in Gansbaai 
(2009–2019).

Total survey Total Sharks

Years Hours Sighted Males Females Photo-Id Re-sightings Average sightings per hour

2009 39 23 10 9 0 0 0.58
2010 45 53 11 42 0 0 1.17
2011 41 63 20 29 0 0 1.53
2012 40 40 7 18 14 0 1.0
2013 44 51 9 34 15 0 1.15
2014 43 58 15 36 18 0 1.34
2015 45 65 12 28 11 3 1.44
2016 40 41 13 22 28 1 1.02
2017 39 7 2 4 6 1 0.17
2018 43 14 4 10 5 0 0.32
2019 43 8 2 2 2 0 0.18
TOTAL 462 423 105 234 99 5 0.91

24.82% 55.31% 34.80% 1.20% 0.90

Figure 3. Mean annual sightings rates of white sharks (Carcharodon carcharias) by sex in Gansbaai (2009–2019).
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seem to be mainly mature (22% for males vs. 7% for 
females). The Chi-squared test confirmed the depen-
dence between sex and maturity (p-value = 0.001) 
and therefore it was statistically significant that males 
were mostly mature and females were immature.

Finally, we considered the mean total length dis-
tribution (in percentages) of the sighted sharks by 
sex according to three distinct groups: (i) mature, 
(ii) immature, and (iii) undefined maturity. The 
results showed that most of the sharks observed 
over time were immature (Figure 5). The results 
confirmed the findings found previously and the 
same ratios are noted by observing the adult sharks: 
on 64 sharks, 49 were males. For the group account-
ing for sharks of undefined maturity, a significant 
result was observed: of 67 sharks, 43 were unsexed.

Discussion

Sex ratio, sighting trend, and peak periodicity

During our research period the female sizes were 
always larger than the sighted males. The females 
sighting rates were higher than the mean (0.50) for 

most of the years, six of 11 years observations. When 
females sighting rates were lower than the mean, for 
example, in 2012, 2015, and 2019, unsexed sighting 
rates were relatively larger in size and thus they could 
have been females, also because a mature male (-
>350 cm) will have extremely large claspers which 
would be difficult to miss. It is interesting to observe 
that the male sighting rate was generally constant over 
the years in contrast to that of the female, slowly 
decreasing. The mean sex ratio was 1:2.2:0.8 for 
males, females, and unsexed. Ferreira and Ferreira 
(1996) also reported that a degree of sex segregation 
occurred at both Dyer Island and Struis Bay, with 
females outnumbering males when collecting data 
during autumn-winter peak sightings season. In all 
the Dyer Island area studies, Ferreira and Ferreira 
(1996), Johnson (2001), Sperone et al. (2010), and 
our research group confirmed that females outnum-
bered males. Towner et al. (2013b) confirmed that 
during autumn (from March to May) and winter 
(from June to August) sub-adults, juveniles, and 
adults of both sexes were sighted at Dyer Island. 
Towner et al. (2013b) indicated that May is the most 
important sighting period of the year, reporting that 
the white shark mean sightings per trip was 8.4. In 
other white sharks South African aggregation such as 
Seal Island in False Bay, a seasonal pattern is also 
exhibited, with peaks in relative abundance occurring 
during austral autumn and winter that coincide with 
a seasonal increase in abundance and availability of 
prey in the form of juvenile, predator-naïve Cape fur 
seals (Kock et al. 2013). Hewitt et al. (2017) reported 
that the annual mean sex ratio over the nine-year study 
period was 1.0:1.0:2.3 for male: female: unsexed 
sharks, respectively, for Seal Island. No explanations 
are available to clarify the population differences 
between the two sites, Gansbaai and Seal Island. 
During the 11 years of data collection, periodic 

Figure 4. Total length-frequency distribution (with corresponding 
data on sex) of white sharks (Carcharodon carcharias) in 
Gansbaai (2009–2019).

Figure 5. Mean total length (TL) distribution (in %) of white sharks (Carcharodon carcharias) in Gansbaai (2009–2019).
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sightings peaks were observed, followed by a decrease 
in total sightings. The peak of sightings was observed 
in 2011 with 63 sightings and in 2015 with 65 sight-
ings (Figure 1). These events were also described by 
other authors along the coast of South Africa. Annual 
catch rates of white sharks C. carcharias in shark nets, 
set along the KwaZulu-Natal coast, varied consider-
ably from 1966 to 1993 (Cliff et al. 1996) and those 
authors observed that a cyclical trend peaked with 
4–6 years intervals. The similar peak year interval is 
not surprising, as most white sharks that are part of 
Gansbaai aggregations also move into KZN shark 
netted areas (Ocearch accessed, 2013; Towner et al. 
2013b). Hewitt et al. (2017) suggested that sighting 
rates peaked at five-year intervals for males (2005/ 
2010) and six-year intervals for unsexed sharks 
(2006/2012), but there was no obvious cyclical pattern 
for females at Seal Island. It was established by various 
studies (Klimley et al. 1992; Skomal et al. 2012; Kock 
et al. 2013) that the best time during the year to 
observe white sharks coincides with the moment of 
maximum availability of prey, in particular the juve-
niles of Cape fur seals (Arctocephalus pusillus pusil-
lus) (De Vos et al. 2015a, 2015b). Therefore, 
assuming a strong correlation between the presence 
of young Cape fur seals and the presence of sharks, it 
should be noted that no demographic collapses have 
been observed in the seal colony. Pup counts in South 
Africa suggest that there has been a little change in the 
overall population of these Cape fur seals since 1993 
(Kirkman et al. 2007) and therefore the dependence of 
the minimum peaks of sightings from the availability of 
this type of prey can be excluded. Most of the white 
sharks sighted undergo a change of diet from piscivor-
ous to marine mammals (Tricas & McCosker 1984) 
and it cannot be excluded that the presence of other 
prey (bony fish or other sharks) influences the pre-
sence of C. carcharias in the area. As evidence of the 
absence of correlation between the availability of 
young fur seals and the presence of sharks, the trend 
in the Kwazulu-Natal area is similar, despite the 
absence of colonies of seals (Cliff et al. 1996). 
However, it would take several decades of sightings 
to statistically confirm the existence of peaks. Bruce 
and Bradford (2012) demonstrated extended resi-
dency periods of white sharks in an Australian study 
site where “chumming” and tourism activities had 
expanded. The 4–6 years peak hypothesis suggested 
by several authors for KZN, False Bay, and Gansbaai 
could be important concerning cage-diving ecotour-
ism and white shark residence times in Gansbaai 
where chumming is used, but where the white shark 
frequency had not increased.

Total length and life history

Between 2009 and 2019, white sharks ranged from 
130 to 500 cm TL but immatures, both for males 
and females, outnumbered mature specimens; the 
mode with a mean TL = 308 cm (σ 28.8 cm). At 
Dyer Island, an average length of 320 cm in TL was 
reported by Ferreira and Ferreira (1996), 336 cm by 
Johnson (2001), and 278 cm by Towner et al. 
(2013b). Data collected by several research groups 
on the white shark population in Dyer Island 
between 1996 and 2019 would show a trend towards 
a decrease in the total length (Ferreira & Ferreira 
1996; Johnson 2001; Sperone et al. 2010; Towner 
et al. 2013a). In False Bay the mode was 325 cm TL 
(Hewitt et al. 2017), while in Mossel Bay there was 
a large proportion of sharks (78%) ranging between 
175 and 324 cm (Ryklief et al. 2014) (Table II). 
Concerning YOY (<160 cm TL) in False Bay they 
were absent and only 1% of sharks were considered 
young in their first two years of life (YOY + 1) (-
<199 cm TL), while 25% were small juveniles 
(200–299 cm TL) (Hewitt et al. 2017). Different 
from False bay, nine YOY during the eleven years 
of study were observed, less than 2% of the total. 
This suggests that Gansbaai is not a nursery or pup 
area. Ferreira and Ferreira (1996) suggested that the 
relatively few white sharks ˂ 200 cm and ˃ 400 cm 
TL may be the result of white shark hunting over the 
previous three decades along the South African 
coastline. Alternatively, Hewitt et al. (2017) sup-
posed that hunting was not the primary reason for 
the scarcity of particularly large white sharks in 
South Africa, because sufficient time had passed 
since protection for large numbers of individuals of 
both sexes to have reached adult size, assuming that 
hunting had negatively affected the adult stock 
before protection. The several possible questions 
that arise from the available data suggest that the 
ecology of the life history of white sharks is not yet 
clear for these South African populations, as there is 
a total lack of data on the link between the status of 

Table II. White Sharks mean TL in aggregation areas of South 
Africa; * in Mossel Bay 78% measured between 175 and 324 cm.

Location Mean TL Authors

Gansbaai 320 cm Ferreira and Ferreira 1996
Gansbaai 336 cm Johnson 2001
Gansbaai 278 cm Towner 2012
Gansbaai 308 cm Micarelli 2021
Mossel Bay * 175/324 cm Ryklief et al. 2014
False Bay 325 cm Hewitt et al. 2017
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fish population prey and white sharks, and their 
influence on their life cycles. The low number of re- 
sightings that we recorded in Gansbaai, five in 
11 years corresponding to 1.2% of the population, 
showed that the white shark population attending 
this area has a transient behaviour. In False Bay, 
215 (71%) individuals were sighted in a single year 
only, also indicating a transient behaviour, and 88 
(29%) sharks were re-sighted in at least one 
other year (Hewitt et al. 2017).

Dramatic loss of white shark sightings since 2017

A dramatic decline in white shark sightings was 
observed in Gansbaai since 2017. The cause could be 
linked to the presence of a pair of transient killer whales 
(Orcinus orca) and this hypothesis is supported by the 
following evidence. Before 2015, killer whales in False 
Bay had been only observed preying on marine mam-
mals, in particular on Common dolphins (Delphinus 
delphis) and whales such as humpbacks (Megaptera 
novaeangliae; reviewed by Best et al. 2010). No records 
of shark predation by killer whales exist historically for 
False Bay, and neither researchers nor shark-based tour 
operators reported marked changes in the presence or 
behaviour of sharks associated with the more frequent 
visits by killer whales in the last decade. It is indicative 
that groups of killer whales co-existed with resident 
shark species, most likely through niche partitioning 
(Engelbrecht et al. 2019). The arrival of two new indi-
vidual killer whales in False Bay occurred in 
January 2015. Both individuals have collapsed dorsal 
fins, but in opposite directions, making them easily 
identifiable (Engelbrecht et al. 2019). Between 2015 
and 2017, the couple of orcas was sighted at a number 
of different locations along the west and south coasts of 
South Africa, including areas such as Struis Bay and 
Gansbaai, and their presence at these two sites was 
followed by the discovery of multiple shark carcasses 
just between February and June 2017; in these 
instances, the prey were white sharks (Engelbrecht 
et al. 2019). Necropsies on the white shark carcasses 
in Gansbaai showed that they bore similar wounds to 
those observed on the seven-gill sharks in False Bay 
and, in all cases, the shark livers had been removed 
(A. Towner, public communication, Times Live, 
https://www.timeslive.co.za/news/sci-tech/ 2018–04- 
16-the-return-of-the-great-white-sharks/). The evi-
dence from the carcasses at Millers Point (South 
Africa) and Gansbaai, in which only the liver of the 
shark was consumed while the rest of the carcass was 
discarded, is indicative of highly selective feeding habits 
by these killer whales. However, the gaps in the 

understanding of killer whale occurrence, behaviour, 
and movement patterns in South African waters make 
it difficult to predict why there has been an increase in 
their presence in coastal areas in recent years, or 
whether these incidents of shark predation will become 
more frequent in the future (Engelbrecht et al. 2019). 
Jorgensen et al. (2019) stated that in multiple instances, 
brief visits from killer whales displaced white sharks 
from southeast Farallon Island (off San Francisco, 
California, United States), disrupting shark feeding 
behaviour for extended periods at this aggregation 
site. Although infrequent, killer whale attacks on white 
sharks do occur. An adult killer whale killed and par-
tially ingested a 3–4 m white shark (C. carcharias) near 
southeast Farallon Island (Pyle et al. 1999). Although 
attacks are rare, Fertl et al. (1996) speculated that 
elasmobranchs are likely underestimated in the diet of 
certain killer whale populations because of the difficulty 
of detecting underwater predation events and this asser-
tion is supported by further studies (Visser et al. 2000; 
Visser 2005; Ford et al. 2011). The attacks in South 
Africa were linked to the pair of transient killer whales 
observed between 2015 and 2019 which have 
a different ecotype from that of the killer whale popula-
tion residing along the South African coast and they are 
responsible for the loss of sightings, due to displacing 
the white sharks from Gansbaai. Therefore, ongoing 
research is needed to obtain both: a better understand-
ing of the drivers behind killer whale presence along the 
South African coast, the impact on the long-term beha-
viour, the movement patterns of apex shark species 
such as seven-gills and white sharks and whether there 
are other cofactors responsible for this sudden and dra-
matic decline in white shark sightings. However, there 
are also other pressures that could act on Gansbaai’s 
white sharks as well, but the major threat could be 
represented by “biological resource use” and, more 
specifically, “fishing and harvesting aquatic resources” 
(Pacoureau et al. 2021). Recently, White et al. (2019), 
stated that many species of sharks are threatened by 
overexploitation, but the degree of overlap between 
industrial fisheries and pelagic fishes remains poorly 
understood. Regarding white sharks, juveniles may be 
vulnerable as bycatch to various fisheries such as long-
lining, trawling, seine-netting and recreational angling; 
moreover, new developing fisheries that overlap with 
white shark migration routes should also be evaluated 
(Huveneers et al. 2018; Malara et al. 2021). The 
increased frequency and incidence of these activities 
may also have affected the white shark population of 
Gansbaai. Also, many indirect threats such as, above 
all, long-term exposure to pollutants should be consid-
ered. As top predators, white sharks are, in fact, likely to 
be exposed to high levels of heavy metals and organic 
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pollutants, although the impact on their health and 
longevity is not completely determined (Bevacqua 
et al. 2021; Consales & Marsili 2021). For the popula-
tion of white sharks of Gansbaai, Marsili et al. (2016) 
have found levels of organochlorines and polycyclic 
aromatic hydrocarbons higher than those found in the 
literature. In the same study, the pattern of DDT and 
its metabolites showed high percentages of not only 
pp’DDE but also op’ DDE and this indicates a recent 
and continue DDT input in the environment. Finally, it 
cannot be excluded that such a drastic reduction in the 
presence of white sharks in Gansbaai may also be 
related to the effects of climate change. Although it is 
speculated that, compared to other elasmobranch spe-
cies, the white shark populations are less vulnerable to 
direct effects of climate change (Chin et al. 2010; 
Hazen et al. 2012) specimens using coastal areas in 
shallow waters, like in Gansbaai, could likely be more 
exposed to and affected by climate change. Recent 
studies (Rouault et al. 2009) have shown that surface 
waters along South Africa’s subtropical east coast are 
warming significantly and this has been linked to warm-
ing and strengthening of the Agulhas current. In con-
trast, sections of the country’s south and west coast are 
cooling seasonally as winds that favour upwelling 
increase. In response to warming waters, changes in 
the distribution and abundance of tropical and tempe-
rate species have already been recorded (James et al. 
2013). Evidence of influence of climate change on 
juvenile white sharks’ distribution has been observed 
also for a similar period (2014–16) in North Pacific by 
Tanaka et al. (2021). In particular, the growing pre-
sence of juvenile sharks above 34° N in Central 
California suggested that climate change may be revis-
ing basic aspects of the established spatial population 
structure for the local white shark population. 
Moreover, this spatial shift is significant as it creates 
potential conflicts with commercial fisheries, protected 
species conservation, and public safety concerns. 
Therefore, the drastic decline in white shark sightings 
in Gansbaai could be the result of a number of inter-
linked factors.

Conclusions

In Gansbaai, between 2009 and 2019, the large num-
bers observed of few young-of-the-year sharks and few 
adults suggest that this area is an important seasonal 
feeding ground among individual sharks rather than an 
adult aggregation site, or a pupping or nursery area. 
The low number of re-sightings, only five in 11 years 
of 423 sharks sighted, confirms the transient behaviour 
of white shark population occurring in Gansbaai. The 

white shark sighting trend with periodic peaks followed 
by a slow decrease in total sightings, seems to show 
a cyclical trend with 4–6 years intervals between two 
peaks. The lack of correlation between the size of the 
Cape fur seals population and the variations in sight-
ings of white sharks over the years suggest that other 
events are responsible, perhaps related to the diversity 
of the white shark diet which also includes fish and 
other elasmobranchs, or environmental factors, whose 
contribution must be researched. The peak hypothesis 
confirms that in Gansbaai, where cage diving with 
chumming is present, the white shark frequency is 
not increased by daily ecotourism, in contrast with 
the Australian study site where chumming and tour-
ism activities expanded their resident periods. The 
dramatic loss of sighting from 2017 was linked also 
but not only, to the presence of a couple of transient 
killer whales with an ecotype including elasmobranchs 
in their diet. They were responsible for a number of 
fatal attacks and the subsequent displacement of white 
sharks from Gansbaai and other white sharks from 
South African aggregation sites, as Seal Island in 
False Bay. Other cofactors such as oceanic overfishing, 
pollution and climate change could probably also play 
an important role.
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Annual Sightings by sex

Year Male Female Unsexed

2009 10 9 4
2010 11 42 0
2011 20 29 14
2012 7 18 15
2013 9 34 8
2014 15 36 7
2015 12 28 25
2016 13 22 6
2017 2 4 1
2018 4 10 0
2019 2 2 4
TOTAL 105 234 84

Polynomial Regression to analyse mean annual sighting rates by sex

Model 1 
Y = MALE

Model 2 
Y = FEMALE

Model 3 
Y = UNSEXED

Model 4 
Y = TOTAL

year (p-value) 0.06 * 0.007 *** 0.09 * 0.01 **
Observation 11 11 11 11
Adj. R-squared 0.65 0.75 0.32 0.75
Ftest (p-value) (**) (***) (**) (***)

Appendix 1

Table of the annual sightings by sex and the outcome of the log-linear model about the inter-annual trend in 
sighting rates by sex over the years.

374 P. Micarelli et al.


	Abstract
	Introduction
	Materials and methods
	Study area
	Data collection
	Inter-annual sighting by sex
	Three stages for both males (M) and females (F) were considered according to Hewitt etal. (2017)

	Results
	Annual trends in Gansbaai area
	Sex ratio, total length, and sexual maturity stage

	Discussion
	Sex ratio, sighting trend, and peak periodicity
	Total length and life history
	Dramatic loss of white shark sightings since 2017

	Conclusions
	Acknowledgements
	Disclosure statement
	References
	Appendix 1

