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Global concern has been raised regarding the future of shark 
and ray species because more than one-third of species 
are threatened owing to overfishing (Dulvy et al. 2024). The 
southwestern Indian Ocean (SWIO) is a known hotspot of 
shark and ray endemism, with 70 endemic species described 
(Pollom et al. 2024). However, a recent study found that 
overfishing and climate change significantly intensify the 
extinction risk of shark and ray species in the SWIO, which 
thus requires strengthened management of all species along 
with increased data collection (Pollom et al. 2024). To prevent 

chondrichthyan species extinctions, South Africa finalised the 
National Plan of Action for the Conservation and Management 
of Sharks II (NPOA-Sharks II) in 2022, with one of the 
required actions being to produce a list of priority species for 
research, assessment and management intervention (DFFE 
2022). Based on multiple criteria, such as abundance trends, 
endemicity, levels of knowledge and relative exploitation, each 
shark species was attributed a score of relative importance, 
resulting in a list of prioritised coastal shark species, where 
the spotted gully shark (or sharptooth houndshark) Triakis 
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Rising global concern regarding the conservation and management of shark species makes it essential to identify key 
ecological species to guide conservation efforts, especially species with more restricted distributions such as endemic 
species. The southern African endemic spotted gully shark Triakis megalopterus is currently listed as Least Concern 
on the IUCN Red List of Threatened Species. Though not commercially exploited, increased catches of this species 
by recreational fishers and high misidentification with other species of Triakidae in commercial fisheries are bringing 
uncertainty regarding the future of the population. Although T. megalopterus is known for localised behaviour, the 
extent of its site fidelity and fine-scale movements remain largely unknown. Using passive acoustic telemetry, this 
study assessed the species’ residency, site fidelity and movement patterns along the Western Cape coast of South 
Africa. Overall, the data revealed low detections, suggesting that individuals are using coastal areas not currently 
covered by receivers. Tagged T. megalopterus exhibited seasonal detection patterns within their zone of tagging, with 
increased detections during winter months. A high number of the detections occurred after the estimated parturition 
period; thus, the existing receiver array might not cover potential nursery areas for the species. The results also show 
that some individuals do undertake long-distance movements to other zones of the coastline, possibly driven by the 
need to locate reliable food sources. Finally, the species did not significantly use marine protected areas (MPAs), 
highlighting the importance of better receiver coverage and the need to expand existing MPAs.
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megalopterus appeared in the 16th position out of 22 shark 
species assessed (da Silva et al. 2023).

Triakis megalopterus is a medium-bodied shark species 
endemic to southern Africa, from southern Angola (Penrith 
1978) to the Wild Coast on the southeastern coast of South 
Africa (Compagno 2005) (Figure 1), and is usually found at 
depths of <30 m on rocky reefs (Smale and Goosen 1999) and 
in kelp forests (Ebert et al. 2021). This species was recently 
re-evaluated by the International Union for Conservation 
of Nature (IUCN) Red List of Threatened Species (Pollom 
et al. 2020) and was downgraded from Near Threatened to 
Least Concern largely due to a stable population trend, and 
because it is typically released by recreational fishers, with low 
post-release mortality (Ebert et al. 2021). However, the 2020 
assessment focused solely on the De Hoop Marine Protected 
Area (MPA) on the South coast of South Africa, and though 
this work possibly approximated the trend of this species in 
this zone, broader consideration across its entire range might 
demonstrate a different population trend. Triakis megalopterus 
also remains a targeted species in the recreational fishing 
sector (Dicken et al. 2012; Ebert et al. 2021), and is 
susceptible to bycatch from commercial fisheries operating in 
shallower waters (Best et al. 2015; da Silva et al. 2023). This 
could result in post-release stress and mortality (Cooke and 
Schramm 2007), and hence even a small increase in fishing 
pressure (and associated mortality) could negatively impact the 
population (Booth et al. 2011).

While considerable work has been done on the genetics 
of the family Triakidae, including T. megalopterus (López 
et al. 2006; Maduna et al. 2017; Kiser et al. 2024; Winn 
et al. 2024), the species’ movements have received less 
attention, with one acoustic telemetry study (Cottrant 
et al. 2023) and one mark-recapture study (Mann et al. 2024) 
to date. These studies indicated that T. megalopterus displays 
resident behaviour, with adults moving greater distances, 
on average, than juveniles (Mann et al. 2024), and there is 
some evidence of sexual segregation taking place at certain 
sites along the coast of South Africa (Cottrant et al. 2023). 
The studies of Cottrant et al. (2023) and Mann et al. (2024) 
both highlighted the importance of no-take MPAs with suitable 
habitat within their distribution range. Though T. megalopterus 
is relatively low on the list of priority shark species, frequent 
misidentification with other triakids may be masking the 
impact of fisheries on this species. Furthermore, since the 
previous assessment contributing to its current IUCN Red 
List listing was conducted within an MPA, there is a clear 
lack of data for exploited areas. Therefore, this study aimed 
to build on existing movement information by investigating 
the movements patterns of individuals tagged in waters of 
the Western Cape Province, South Africa. The goal was to 
assess site fidelity to different zones along the Western Cape 
coastline, distances travelled by individuals and residency to 
MPAs. The effects of sex, size and tagging area were also 
considered when investigating each aspect.
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Figure 1: Map showing the acoustic receivers deployed along the coast of the Western Cape Province, South Africa. Receiver locations are 
coloured according to zones of interest, from west to east: West Coast, False Bay, Walker Bay, Gansbaai, Struisbaai, De Hoop, Mossel Bay 
and Plettenberg Bay; diamonds without colour denote inactive receivers
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Materials and methods

Study area
The movements of tagged T. megalopterus were monitored 
along 750 km of the South African coastline using an array 
of coastal acoustic receivers forming part of the Acoustic 
Tracking Array Platform (ATAP) (Murray et al. 2022) (Figure 
1). Because the westernmost acoustic detection was recorded 
on a receiver near Robben Island, north of False Bay, and the 
easternmost acoustic detection was recorded in Plettenberg 
Bay (Figure 1), data collected only on receivers deployed in 
the Western Cape Province (n = 125), which is located in the 
mixing zone between the cool-temperate and warm-temperate 
biogeographic provinces (Teske et al. 2011), were included for 
the purposes of this study. The receivers were grouped into 
eight main areas of interest, from west to east: West Coast, 
False Bay, Walker Bay, Gansbaai, Struisbaai, De Hoop 
(comprising receivers offshore of the Breede River estuary, as 
well as inside and around the De Hoop MPA), Mossel Bay and 
Plettenberg Bay (Figure 1).

Tagging procedure
From 2016 to 2021, 25 T. megalopterus were tagged with 
acoustic transmitters (V16-4L; Innovasea, Halifax, Canada) 
(Supplementary Table S1) with a varying battery life (mean 
± standard deviation [SD] = 2 468 ± 1 116 days). The sharks 
were caught in Walker Bay (n = 12), De Hoop (n = 10), 
Mossel Bay (n = 1) and Wilderness (n = 2) (Figure 1) using 
multiple gear types, including handlines (Walker Bay only), 
by hand when SCUBA diving (Walker Bay only), rod and 
line using baited circle hooks, or a seine net in the case of 
individuals trapped in rock pools (at Hermanus, Walker 
Bay), which occurred in 2020. Animals were handled 
in accordance with established best practices (Murchie 
et al. 2012), with the gills kept submerged at all times during 
the tagging to minimise stress. The individual was placed in 
tonic immobility (Kessel and Hussey 2015) and an acoustic 
transmitter was surgically implanted into the intracoelomic 
cavity, following Hammerschlag et al. (2017). Incisions of 
~1.5 cm in length were made in the abdominal wall, anterior 
to the pelvic fins, and closed using three nylon sutures. Upon 
capture, the total length (TL, cm) and sex of each individual 
were recorded. Based on size at 50% maturity (Smale 
and Goosen 1999), males of <132 cm TL and females of 
<145 cm TL were classified as juveniles.

Research was conducted under research permits RES2018-
13, RES2018-59, RES2019-61 and RES2020-16 issued by 
the Department of Forestry, Fisheries and the Environment 
(DFFE), South Africa, and permit number CN32-31-5459 
from CapeNature. Ethical clearance for individuals tagged 
by researchers from the South African Institute for Aquatic 
Biodiversity (NRF-SAIAB) was obtained from the NRF-SAIAB 
Animal Ethics Committee (#25/4/1/7/5_2017-08).

Data organisation
Data were downloaded from receivers every 6–8 months 
and visually inspected to remove any false detections 
potentially resulting from tag collision (i.e. two transmitters 
pinging at the same time on the same receiver) or acoustic 
pollution (Simpfendorfer et al. 2015). Detections were 
deemed valid if >2 detections of an individual occurred on 

the same receiver within 30 min or if single detections were 
corroborated by another receiver in the same area.

Theoretical dates of maturity were calculated for tagged 
juvenile sharks based on the von Bertalanffy growth (VBG) 
formula (von Bertalanffy 1938) with parameters from Booth 
et al. (2011), resulting in an estimated age at maturity of 
10.9 years for males and 15.3 years for females. Age at 
tagging was calculated using the formula:

  Lt = L∞ (1 – e–k(t–t0))  (1)

where Lt is the TL on the date of tagging, L∞ is the 
theoretical maximum length that can be reached (obtained 
using VBG parameters in Booth et al. [2011]: (L∞ = 1 667.89 
mm TL for males, and L∞ = 1 738.93 mm TL for females), 
k is the growth parameter (k = 0.12 for males, and k = 0.10 
for females) and t0 is the theoretical age at zero length (t0 = 
−2.15 for males, and t0 = −2.67 for females). After the age at 
tagging was estimated, we used the difference between the 
age at maturity and the age at tagging to obtain the number 
of days remaining to reach maturity.

All analyses were performed using R (R Core Team 
2024) and RStudio (Posit Team 2024). For every model 
presented in the following sections, normality was assessed 
prior to analysis using a Shapiro–Wilk test.

Detection index: array-based, management-based, and 
tagging area-based 
To investigate site fidelity of individuals to zones along 
the Western Cape coastline, detection indices (DI) were 
calculated for all individuals (n = 25). The DI was calculated 
as the number of days detected divided by the number of 
days monitored, with the latter defined as the number of 
days between the tagging date and the last detection of the 
individual (March et al. 2010; Zhang et al. 2015, 2020). In 
the case of maturity, for juveniles that became adults during 
the study period, the DI was calculated from the tagging date 
until the theoretical date of reaching adulthood, after which 
they were classified as adults and an additional DI value was 
calculated from the date of adulthood until the last detection. 
Three types of DIs were calculated: (i) an array-based 
DI (DIa), which comprised all receivers in the study area; 
(ii) a management-based DI (DIm), which calculated the 
DI separately from receiver data within MPAs (DIprotected) 
and from receiver data in exploited areas (DIopen); and (iii) 
a tagging area-based DI (DIt), which for each individual 
comprised only receivers within its tagging area (e.g. all 
receivers present in the Walker Bay for individuals tagged in 
that zone). Using the three calculated DIs, we could assess 
the potential site fidelity to an individual’s tagging area or 
other defined zone.

A generalised linear model (GLM) using the ‘glm’ function 
of the package lme4 (Bates et al. 2015) was used to assess 
the effect of sex, maturity, TL and tagging area, on the DIa, 
DIm and DIt. Families used were quasibinomial with a log 
link for all the DIs 

DIa = Maturity + Sex + TL + Tagging area  (2)

DIm = Maturity + Sex + TL + Tagging area + Management type
      (3)
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DIt = Maturity + Sex + TL + Tagging area (4)

A generalised additive mixed model (GAMM) using the 
‘gam’ function in the package mgcv (Wood 2017) was used 
to assess the effect of month (as a proxy for season) on the 
proportion of the DIt for each month. A GAMM was used as 
nonlinear variations can occur between months, thus it was 
set as a smoothing term and individual tag numbers were set 
as a random effect. Data were non-normally distributed, and 
therefore a binomial family was chosen with a log link. Analyses 
were performed only on the individuals tagged in Walker Bay 
(n = 12) or in De Hoop (n = 10), as other tagging areas did not 
comprise enough individuals to exhibit significant results at the 
population level. Moreover, Walker Bay and De Hoop were 
also considered important zones for T. megalopterus as the 
highest number of captures were made in these zones based 
on the mark-recapture study (Mann et al. 2024).

Monthly DIt = s(ID,bs = “re”) + s(Month,by = ID,bs = “re”) + 
s(Month,bs = “cc”)     (5)

Furthermore, Mann–Whitney U-tests were performed 
to compare the values of DIa and DIt and accordingly to 
identify whether individuals were spending more time within 
their tagging area than in the rest of the receiver array. 
Tests were performed first on the entire dataset, and then 
only on individuals tagged in Walker Bay, and also only on 
individuals tagged in De Hoop, as the majority of individuals 
were tagged in these zones.

Space use
To evaluate the importance of the receiver array in elucidating 
space use by T. megalopterus, a roaming index (RI) was 
calculated as the number of receivers visited by an individual 
divided by the total number of receivers in the study area 
(Schlaff et al. 2020). Similar to the DI, a second RI was 
calculated for individuals that reached maturity during the study 
period to obtain an RI for juveniles and another RI for adults.

A GLM using the ‘glm’ function of the package lme4 
(Bates et al. 2015) was used to assess the effect of sex, 
maturity, TL and tagging area on the RI using a Gaussian 
family with a log link, whereby:

RI = Maturity + Sex + TL + Tagging area (6)

Furthermore, variability in use of the eight different zones 
covered by the acoustic array was assessed. The proportion 
of zones used by each tagged individual was calculated by 
dividing the number of zones visited by the total number of 
zones (i.e. eight). The correlation between the proportion of 
zones visited and the time at liberty was also tested using a 
Pearson correlation test. A GLM was performed using the ‘glm’ 
function of the package lme4 (Bates et al. 2015) to investigate 
the influence of maturity, sex, TL and tagging area on the 
proportion of zones visited. Data were non-normally distributed, 
thus a quasibinomial family was used with a log link:

Proportion of zones visited = Maturity + Sex + TL + Tagging area   (7)

For each shark monitored, the total minimum distance travelled 
during the study period was calculated. This estimates the 

minimum distance travelled based on the fact that individuals 
might swim in zones that lack receivers between two 
consecutive detections; the distance was calculated as the sum 
of distances between the locations of consecutive detections 
with the first distance being between the tagging area and the 
location of the first detection. The Haversine formula (Robusto 
1957) with a modification by Van Brummelen (2013) was used 
to calculate the distance by taking into account the curvature of 
the Earth, using the formula:

hav(d–r ) = hav(φ2 – φ1) + cos(φ1)*cos(φ2)*hav(λ2 – λ1) (8)

where hav is the Haversine function hav(θ) = sin2 (–φ2), θ 
represents the central angle between two points on a 
sphere; r is the mean radius of the Earth (r = 6 371 km); 
φ1 and φ2 are the latitudes of receivers 1 and 2 in radians; 
and λ1 and λ2 are longitudes in radians. Owing to the sparse 
setting of the receiver array, straight lines between certain 
pairs of the receivers cross land; to prevent this, nine 
additional fictional receivers were added for calculation to 
keep the approximated shark movements within the marine 
environment. A GLM was used to determine the influence 
of TL, sex, maturity and tagging area, on the total distance 
travelled by tagged sharks. Time at liberty was not included 
in the GLM analysis after a Pearson correlation test showed 
a significant correlation between time at liberty and distance 
travelled (p < 0.05). A Gaussian family with a square-root link 
was set for the GLM since the data were normally distributed.

Distance travelled = Sex + Maturity + TL + Tagging area (9)

Results

Dataset overview
The tagged T. megalopterus represented 15 females 
(5 juveniles, 10 adults) and 10 males (6 juveniles, 4 adults) 
with a length range of 76.1–175.6 cm TL (mean ± SD: 137.2 ± 
27.6 cm TL). Among the 11 juveniles tagged, 5 juveniles 
(2 females, 3 males) reached maturity during the study period 
(Figure 2). Of the 125 Western Cape receivers deployed 
for the duration of the study, 78 receivers (62.4%) detected 
T. megalopterus, comprising 33 011 detections between 2016
and 2023 (Figure 2). Of the receivers that detected tagged
sharks, 33 (42.3%) were positioned inside protected areas.

Detection indices
The time at liberty for tagged individuals ranged from 
47 to 2 791 days (1 122 ± 750.7 days) (Supplementary 
Table S2). The sharks displayed DIa values in the range 
of 0.01–0.28 (mean 0.06), and no significant influence 
of TL, sex, maturity or tagging area were found (p ≥ 0.05) 
(Supplementary Table S2; Figure 3).

The DIm values for protected areas (DIprotected) ranged 
from 0 to 0.17 (mean 0.03), and for exploited areas (DIopen) 
it ranged from 0 to 0.23 (mean 0.04) (Figure 3). These 
DIm values did not significantly vary with TL, sex, maturity 
or tagging area (p ≥ 0.05 in all instances). Relative to the 
number of days detected on the receiver array, the mean 
proportion of days on which T. megalopterus were detected 
in protected areas (0.43 ± 0.36) was not significantly 
different from the mean proportion of days they were 
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detected in exploited areas (0.57 ± 0.36; Mann–Whitney 
U-test: p = 0.17).

The DIt values ranged from 0 to 0.18 (mean 0.03), 
irrespective of the sharks’ original tagging area (Supplementary 
Table S2; Figure 3). By tagging area, the range of the DIt 
values was 0–0.08 (mean 0.01) for De Hoop sharks, 0.01–0.14 
(mean 0.05) for Wilderness and Mossel Bay sharks, and 
0–0.18 (mean 0.04) for Walker Bay sharks (Supplementary 
Table S2). Similar to the values of DIa and DIm, no significant 
influence of TL, maturity or sex was found on the values of DIt 
(p ≥ 0.05 in all instances). However, significance of the tagging 
area was found for the single shark tagged in Mossel Bay, 
which had a higher DIt value compared with all other sharks 
from all other tagging areas (GLM: F = 2.31, p = 0.04). 

The DIa values were significantly higher than the DIt 
values for all tests performed, specifically when using: (i) 
all individuals (DIa range of 0.01–0.28, mean 0.07; DIt range 
of 0 to 0.19, mean 0.03); (ii) Walker Bay-tagged individuals 
(DIa range of 0.01–0.20, mean 0.08; DIt range of 0–0.19, 
mean 0.04); and (iii) De Hoop-tagged individuals (DIa range 
of 0.01–0.28, mean 0.06; DIt range of 0–0.08, mean 0.02) 
(p < 0.05 in all instances). Proportions of days detected in 
the tagging area ranged from 0 to 0.90 for De Hoop-tagged 

sharks, 0.58 to 1.00 for individuals tagged at Wilderness 
and Mossel Bay, and 0 to 0.75 for sharks tagged at Walker 
Bay (Supplementary Table S2).

For T. megalopterus tagged in the Walker Bay zone, 
the probability of their detection was higher within this 
tagging area between March and September, and a lower 
probability of detection was found between September and 
December, with a strong decrease in detection probability 
between October and November (p < 0.001) (Figure 4a). 
Sharks tagged in the De Hoop and Walker Bay zones 
showed similar seasonal patterns of detection within 
their respective tagging area (Figure 4). De Hoop-tagged 
individuals were most likely to be detected in the De Hoop 
zone between April and November, with the detections 
peaking between September and October, whereas the 
probability of detection was low between November and 
April, and lowest in February (p < 0.001) (Figure 4b).

Space use patterns
The RI values ranged from 0.01 to 0.16 (mean ± SD: 0.08 
± 0.05), and were not significantly influenced by TL, sex, 
maturity or tagging area (p ≥ 0.05 in all instances). The 
number of zones visited ranged from 1 to 5 of the total 8 zones 
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monitored (2.63 ± 1.47 zones), corresponding to proportions 
ranging from 0.14 to 0.71 (mean 0.37); no correlation with time 
at liberty was found, along with no significant influence of 
sex or maturity (p ≥ 0.05 in all instances).

Results showed differences in the proportion of zones 
visited depending on the tagging area of individuals, with 
Walker Bay-tagged individuals visiting a greater proportion 
of zones (mean 0.41) than individuals tagged in any of the 
other areas (i.e. mean 0.27 for De Hoop, mean 0.25 for 
Mossel Bay, and mean 0.19 for Wilderness; GLM: F = 0.48, 
p = 0.04). The number of zones visited by an individual was 
also significantly influenced by TL, with larger individuals 
visiting more zones, meaning they displayed wider-ranging 
movements (GLM: F = 0.001, p = 0.02).

The minimum distance travelled was calculated for each 
of the 25 tagged sharks (Supplementary Table S2). An 
adult male (167.0 cm TL at tagging) exhibited the greatest 
minimum distance travelled, moving 1 870 km in 1 624 days 
monitored, while the smallest distance was by a juvenile 
male (77.3 cm TL at tagging) with 2.25 km travelled in 190 
days. The tagged sharks exhibited a mean (±SD) minimum 
distance travelled of 594 ± 524 km for a mean (±SD) time 
at liberty of 930 ± 546 days (Supplementary Table S2). 
Juveniles exhibited a mean minimum distance travelled of 
480 ± 493 km for a mean time at liberty of 804 ± 594 days, 
while adults had a higher mean minimum distance travelled 
of 664 ± 544 km for a mean time at liberty of 1 006 ± 416 
days (Figure 5a). Distance travelled was significantly 

correlated to time at liberty, showing that larger sharks 
swim longer distances than smaller sharks (p < 0.05). Only 
three individuals had long-distance movements detected 
continuously towards the same direction along the coastline 
by multiple receivers: 1 juvenile male, 1 juvenile female 
and 1 adult female (average size 1 334.7 ± 164 SD cm TL). 
The largest movement record was in a southwestward 
direction between De Hoop and False Bay, with detections 
in Gansbaai and Walker Bay (minimum distance of 169 km).

Sex and life stage (juveniles vs adults) did not 
significantly influence the distance travelled by 
T. megalopterus (p ≥ 0.05 in all instances) (Figure 5a,b). 
Similarly, tagging area did not significantly influence the 
distance travelled by individuals, but there were larger 
sample sizes in the De Hoop (n = 10) and Walker Bay 
(n = 12) zones than in Wilderness (n = 2) (Figure 5c). The 
minimum distance travelled by individuals was significantly 
influenced by TL, with larger individuals travelling farther 
(GLM: F = 0.03, p = 0.04). Indeed, individuals larger than 
1 500 cm TL had a mean (±SD) minimum distance travelled 
of 714 ± 369 km, while individuals smaller than 1 200 cm TL 
had a mean minimum distance travelled of 256 ± 212 km.

Discussion

Two previous studies assessed the population of 
T. megalopterus for the IUCN (i.e. Booth et al. 2011; 
Pollom et al. 2020), but the study areas did not cover a 
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Figure 3: Detection indices for Triakis megalopterus tagged in South African waters, sorted by tagging area (from west to east) (see 
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large proportion of their distribution range. The results 
of the current study revealed that T. megalopterus 
tagged and monitored in coastal waters of the Western 
Cape were generally resident to their respective tagging 
areas. However, low values of the detection indices and 
roaming index suggest that the receiver array was not fully 
capturing shark movement and residency patterns across 
their range. Comparatively higher roaming and detection 
indices have been found for other shark species, such as 
the blacktip reef shark Carcharhinus melanopterus (Schaff 
et al. 2020) and Caribbean reef shark C. perezi (Baremore 
et al. 2021). While those species are expected to be more 
mobile than T. megalopterus and occupy different habitats 
(i.e. reefs), given the higher detection rates obtained in 
those studies, we suggest that better receiver placement 
along the coast of the Western Cape could better capture 
the species’ movements and residency.

Juveniles and adults of T. megalopterus prefer shallow 
waters <30 m deep (Goosen 1997; Smale and Goosen 
1999; Ebert et al. 2021), where they feed on crustaceans, 
cephalopods and reef fishes (Smale and Goosen 1999). 
The majority of the ATAP receivers deployed in the Western 
Cape were positioned in relatively shallow coastal water, 
with a mean depth of 21 ± 8.3 m. As such, it was expected 
that these receivers would regularly detect the tagged 
individuals. However, low detection indices suggested that, 
regardless of the relatively shallow depths of the receivers, 

T. megalopterus might use shallower habitats than those 
covered by these receivers. In fact, this species is often 
observed in the surf zone, where receivers are usually 
not placed because of high wave action (EC pers. obs.; 
Velasco et al. 2023). Part of the Western Cape coastline 
comprises good reef structure along with numerous 
gullies forming ideal habitat for T. megalopterus (Skowno 
et al. 2019). The deployment locations of the acoustic 
receivers, in contrast, are generally sandy in nature, and 
set away from reef structures to reduce the impact of reef 
noise on the detection range of the receivers. As such, 
the low detection indices recorded here may be a result 
of the sharks traveling closer inshore coupled with the 
receivers not being deployed in optimal locations to detect 
this species. Indeed, the ATAP array was not designed or 
implemented in a way to detect any one species (Murray 
et al. 2022).

The tagged T. megalopterus exhibited a high proportion 
of days detected in their original tagging area, a pattern not 
influenced by sex, maturity or size. This result is consistent 
with other research on this species (e.g. Smale and 
Goosen 1999; Dunlop and Mann 2014; Mann et al. 2024). 
Nevertheless, the higher values of DIa than DIt showed that 
residency was not limited to the individual’s tagging area, 
and while the individuals spent a high proportion of days 
within their tagging area, some individuals venture out and 
visited other zones along the coastline. Half of the tagged 
individuals remained within their tagging area irrespective 
of sex or size (i.e. no influence of either variable). Thus, 
roaming behaviour could be linked to individual variability 
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Figure 5: Minimum total distance travelled (km) for Triakis 
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in behaviour or physiological condition as opposed to 
driven by a specific need, such as feeding or mating. The 
results revealed marked differences in the proportion of 
zones visited depending on the individual’s tagging area, 
with areas in which more individuals had been tagged 
having generally higher values compared with areas 
in which only a few individuals had been tagged. This is 
largely a result of sample sizes, and indicates a need to 
tag more individuals close to False Bay and Mossel Bay; 
accordingly, this also has implications for the layout of 
deployed receivers, since during the study many more 
receivers were deployed at Walker Bay and De Hoop than 
at Wilderness and Mossel Bay, which together had only 14 
receivers out of the 125 in the study. Nonetheless, the high 
proportion of days that Walker Bay and De Hoop-tagged 
sharks spent in their original tagging areas could suggest 
that T. megalopterus in the Western Cape may be present 
in multiple discrete populations.

Previous genetic work on this species revealed two 
distinct populations within the South African distribution, 
separated at Cape Agulhas (Soekoe 2016). The De Hoop 
region is located in the Indian Ocean but near the mixing 
zone with the Atlantic Ocean, whereas Walker Bay is in the 
Atlantic Ocean, with each location falling on opposite sides 
of Cape Agulhas. Thus, water temperatures are generally 
lower in Walker Bay than in the Breede River mouth area 
of the De Hoop MPA (Teske et al. 2011), resulting in the 
presence of different prey species, which could potentially 
explain movements of T. megalopterus between zones that 
exhibit significant differences in water temperature. Indeed, 
individuals could be traveling across zones to seek food 
and then return back to the same area for reproductive 
purposes, which would explain how two genetically distinct 
populations could prevail. However, it could also mean 
that the previous cut-off proposed as a frontier separating 
the two populations might be farther east than previously 
considered. Indeed, the genetic differences were found 
based on individuals sampled in False Bay and Algoa 
Bay (Soekoe et al. 2022); therefore, it is possible that 
the limit is not Cape Agulhas, but (based on our results) 
could be around the Breede River mouth. The study of 
Soekoe et al. (2022) also found differences in the diet of 
T. megalopterus between the Western Cape and Eastern 
Cape; thus, it is possible that the population tagged at 
De Hoop is exhibiting similar behaviour than the Eastern 
Cape population that showed differences of diet between 
winter and summer (Soekoe et al. 2022). This could explain 
the movement of De Hoop-tagged individuals towards the 
colder waters of Walker Bay and False Bay, such as to 
forage for west coast rock lobsters Jasus lalandii.

Based on mark-recapture data, T. megalopterus has 
a generally higher catch rate between October and March 
(austral summer) along the entire South African coastline 
(Mann et al. 2024). This result differs from our findings, 
as tagged individuals used the two principal zones of 
interest (i.e. Walker Bay and De Hoop) to a greater extent 
during winter months, between March and September. 
Because mark-recapture is shore-based, this suggests 
that individuals might be using the closer inshore waters 
on a seasonal basis—for example, moving offshore for 
feeding and mating purposes, but shallower inshore areas 

for parturition and as nursery areas. Higher detections in 
winter in Walker Bay and De Hoop could be explained by 
an individual’s life cycle (e.g. mating period, parturition) and 
seeking warmer or cooler temperatures in coastal areas at 
different times of the year. In fact, the greater probability 
of detection during winter aligns with after the parturition 
period for the species, estimated to be between February 
and March (Soekoe 2016). Indeed, this parturition period 
is influenced by water temperature and occurs earlier in 
the year in the Western Cape than in the warmer waters 
off Angola or in the Eastern Cape, which is thought to be 
the result of Western Cape individuals growing slower, a 
pattern generally observed in elasmobranch species which 
grow slower in cold than in warm waters (Economakis and 
Lobel 1998; Soekoe 2016). This was also found for another 
triakid species, the smoothhound shark Mustelus mustelus, 
where parturition periods were different across different 
zones of its distribution, occurring in spring and summer in 
the Northern Hemisphere (i.e. Senegal, Mauritania and Gulf 
of Tunis), and in October and November (austral spring) 
off South Africa (da Silva et al. 2021). This suggests that 
different parturition areas for T. megalopterus may be outside 
the zones covered by the receivers or else that there is no 
specific zone for parturition, which might occur throughout 
their distribution (Bass et al. 1975; Mann et al. 2024). Hence, 
this shows a need to increase the number of receivers close 
to the coastline as the current array might be missing key 
aggregation areas for the species.

Furthermore, the gestation period of T. megalopterus is 
estimated to last 19–21 months (Smale and Goosen 1999); 
thus, mating might occur between June and July. During that 
period, both sexes showed higher DIt values, indicating that 
Walker Bay and De Hoop might be important aggregation 
sites for mating. A previous study using network analysis 
showed that co-occurrence patterns occurred only in Walker 
Bay during the winter months (Cottrant et al. 2023). Thus, 
aggregation in Walker Bay could be attributable to mating, 
as co-occurrences were found between males and females 
(Cottrant et al. 2023). Additionally, Walker Bay-tagged 
individuals displayed a pattern of returning to that same zone 
seasonally, which could suggest philopatric behaviour, which 
was also suggested by mark-recapture studies (Wagstaff 
2023; Mann et al. 2024). Indeed, philopatry has been found 
in another triakid, the leopard shark Triakis semifasciata 
(Lewallen et al. 2007), thus this behaviour might also 
occur in T. megalopterus. Aggregation in the De Hoop 
area could be due to preferred food sources, especially for 
juveniles, as found previously for the smooth hammerhead 
shark Sphyrna zygaena (Albano et al. 2023). Our results 
showed that, regardless of the tagging area, individuals 
exhibited strong resident behaviour along with occasional 
long-distance movement. However, no significant influence 
of sex or maturity was found, which could indicate that either 
two genetically different populations occur but show similar 
temporal patterns, or that the previous geographic limit 
between the two population is inaccurate, suggesting that the 
sharks tagged in Walker Bay and De Hoop were from the 
same population.

The minimum distance travelled in the current study is 
greater than previously found with mark-recapture (Mann 
et al. 2024), which highlights the importance of additional 
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information provided by acoustic telemetry. Even so, 
the limited scale of movement described by frequent 
detections of the tagged T. megalopterus in this study was 
consistent with mark-recapture findings, with movements 
linking De Hoop and False Bay. Furthermore, the distance 
travelled was found to be influenced solely by size, with no 
significant influence of sex or life stage, yet mark-recapture 
found the life stage to be a significant influence (Mann 
et al. 2024). This difference in findings might be explained 
by the lower sample size of acoustically tagged sharks, 
or, because telemetry reveals finer-scale movements, it 
could also mean that there is no clear ontogenetic shift in 
movements between adults and juveniles, but rather that 
individuals venture farther from their core site or that they 
expand their home range as they grow.

Detections were not higher in MPAs than in exploited 
areas, suggesting that the current placement of protected 
areas may not adequately protect T. megalopterus 
distributed along the Western Cape coast. This was likewise 
evidenced by network analysis that revealed the most-used 
areas fell outside MPAs (Cottrant et al. 2023), and spatial 
modelling found only a small proportion of the species’ 
southern African distribution to be protected (Faure-Beaulieu 
et al. 2023). Considering a sparse receiver array, individuals 
might use MPAs more than what is shown by our data or 
use zones outside of MPAs. This is supported by a previous 
study using baited remote underwater videos (BRUVs) in the 
De Hoop area that found a significantly higher abundance 
of shark species (including T. megalopterus) inside 
the De Hoop MPA when compared with outside (Albano 
et al. 2021). Thus, to draw a conclusion on the efficiency 
of MPAs, more receivers would be needed, preferentially 
by setting multiple lines of receivers perpendicular to the 
coast, to identify individual entry to specific areas along the 
coastline, or as a grid inside existing MPAs, to assess the 
relative importance of specific areas. Together, these results 
(Albano et al. 2023; Cottrant et al. 2023) suggest that shark 
species would benefit from an extension of the De Hoop 
MPA. Furthermore, BRUVs have proven to be efficient to 
assess the use of an MPA by shark species, and could be 
used in zones of interest along the coast to highlight potential 
new zones of importance and in need of protection, not 
only for T. megalopterus but also for other endemic and 
endangered species.

Our results showed that T. megalopterus individuals 
spent a large proportion of time in their original tagging 
area, but also exhibited long-distance movements. The 
results suggest that this species aggregates in key areas, 
such as Walker Bay possibly for mating purposes, and 
De Hoop for feeding, thus indicating other zones along 
the coastline that could offer opportunities for increased 
spatial management. Moreover, there was some evidence 
of philopatry, but further sampling will be needed to confirm 
this. We speculate that the sparse setting of the South 
African receiver array and the specific locations of receivers 
are not optimal for detecting this species, which caused the 
low roaming and detection indices reported here. Therefore, 
to better understand this species’ ecology, more receivers 
should be set in important zones shown to be extensively 
used by the tagged individuals, especially De Hoop and 
Walker Bay, to detect entry and exit from those areas and 

to provide more-detailed information on space use (e.g. 
Walker Bay has only four active receivers). More receivers 
are also required in shallower areas that are missed by the 
current setting. This study also highlights that fine-scale 
movement assessments through acoustic telemetry 
could give different results than mark-recapture study 
(i.e. Mann et al. 2024) or analysis of population genetics 
(i.e. Soekoe 2016). No factor assessed in this study was 
found to significantly influence the roaming behaviour of 
T. megalopterus; therefore, sampling of environmental 
conditions could be useful to determine whether the extent 
of roaming is due to individual behaviour or driven by key 
environmental variables.
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