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Knowledge of population distribution and movement is crucial for the conservation and management 
of shark species occurring in coastal waters. From 1984 to 2009, 641 scalloped hammerheads Sphyrna 
lewini, 1 342 smooth hammerheads Sphyrna zygaena and 1 352 unspecified hammerheads Sphyrna 
spp. were tagged and released along the east coast of South Africa, with recapture rates of 1.9%, 
1.5%, and 0.7% respectively. Maximum and average distance moved was 629 km and 147.8 km (95% 
CI = 33.0–262.7 km) for S. lewini and 384 km and 141.8 km (95% CI = 99.1–184.5 km) for S. Zygaena 
respectively. The majority of sharks (68% S. lewini, 74.1% S. zygaena and 33.5% Spyrna spp.) were 
tagged in the Transkei region, with the largest number tagged in Port St Johns. Across regions, 
most tagged sharks were >50–100 cm precaudal length (PCL), except in Transkei where more sharks 
>100–150 cm PCL were tagged. In the Western Cape, Southern Cape and Eastern Cape, few sharks 
were tagged during the autumn/winter months, whereas in KwaZulu-Natal and Transkei sharks were 
tagged throughout the year. Large-scale directional movements observed may have been migrations in 
response to seasonal sea surface temperature changes. We identify coastal locations in Transkei that 
are of importance to juvenile and subadult hammerhead populations year-round. 

Keywords: hammerhead sharks, migration, seasonality, tag recapture

Understanding the spatial and temporal occurrence of 
vulnerable and endangered shark species in coastal waters 
is essential for effective population conservation and 
management (Kohler and Turner 2001, Knipp et al. 2010, 
Speed et al. 2010). Delineating key aggregation sites, core 
activity areas and nursery habitat, and identifying seasonal 
movements, are important for defining habitat use and 
understanding the potential effects of coastal anthropo-
genic activities. Long-term tag-recapture datasets involving 
the species and area of interest provide an effective means 
through which population-level data can be obtained (Kohler 
and Turner 2001). 

The scalloped hammerhead Sphyrna lewini (Griffith and 
Smith 1834), and smooth hammerhead Sphyrna zygaena 
(Linnaeus 1785) are large coastal and semi-oceanic 
pelagic sharks found in warm temperate and tropical 
waters worldwide, with S. zygaena occurring in more 
temperate waters (Compagno 1984). Sphyrna lewini is 
designated as Endangered by the IUCN Red List (Baum 
et al. 2007). In South Africa, catch rates of juvenile and 
adult S. lewini in protective gillnets off the coast of 
KwaZulu-Natal (KZN) declined by 64% between 1978 

and 2003 (Dudley and Simpfendorfer 2006). In addition, 
newborn S. lewini were the most abundant elasmo-
branch bycatch taken by the Tugela Banks prawn fishery 
off KZN (Fennessy 1994). The mortality rate for S. lewini 
in this fishery was estimated to be 98% and a declining 
catch of newborn S. lewini was documented between 1989 
and 1992 (Fennessy 1994). Sphyrna lewini is also taken 
as bycatch and targeted by commercial, recreational and 
artisanal fisheries in South Africa (de Bruyn et al. 2005) 
and neighbouring Mozambique (Sousa et al. 1997), as 
well as by illegally operating longline vessels along the 
western Indian Ocean coastline (IOTC 2005). Considering 
the Tugela Banks are thought to constitute a core nursery 
area for S. lewini in South Africa, coupled with low intrinsic 
rate of population growth and productivity for this species 
when compared with other sharks (Smith et al. 1998, 
Cortés 2002), regional species-specific management plans 
are required. 

There are few data available regarding the biology and 
ecology of S. zygaena, particularly off southern Africa 
(Smale 1991). This species is currently listed as Vulnerable 
by the IUCN Red List (Casper et al. 2005) and, similar to 
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S. lewini, is reportedly caught with a variety of fishing 
gear both as bycatch and as a target species (Compagno 
1984). Found throughout much of the same range, S. 
lewini and S. zygaena have often been grouped together 
in catch records, making it difficult to obtain data on the two 
individual species (de Bruyn et al. 2005). As such, Sphyrna 
spp. grouped together in competition shore-angling catches 
decreased considerably within Transkei from 1977 to 2000 
(Pradervand 2004).

The aims of this paper were to investigate the size range 
and spatial and temporal distribution of S. lewini and S. 
zygaena in coastal waters off the east coast of South Africa 
using a long-term, tag-recapture dataset (1984–2009). An 
additional aim was to examine coastal movement patterns 
to identify potential seasonal migrations/movements. 

Material and methods

Study area
Tagging of target species was undertaken between the 
border of Mozambique-South Africa and Cape Point, South 
Africa, a 2 085 km stretch of coastline (Figure 1). The 
coastline was divided into five main regions according to 
Hussey et al. (2009), which form a sea surface tempera-
ture (SST) gradient moving south from tropical conditions 
in KZN to temperate conditions in the Western Cape. To 
examine the locations of tagged and recaptured animals, 
the coastline was further divided into 21 coastal sections, 
each 100 km long, according to Dicken et al. (2007) and 
Hussey et al. (2009).

Tagging
A voluntary tag-recapture programme was initiated by 
the Oceanographic Research Institute in 1983 to collect 
information on the movement and population structure of 
important linefish species in coastal waters. Throughout 
the programme, four different tags (A-, B-, C- and D-type) 
were applied to Sphyrna species, the tag-type depending 
on shark size/mass. Tags consisted of a monofilament 
vinyl streamer attached to a plastic barb (A- and D-tags) or 
stainless steel anchor (B-tags) (manufactured by Hallprint, 
Australia) that were inserted into the dorsal muscula-
ture. The majority of tags used were locally manufactured 
C-tags, which consisted of two interlocking plastic discs 
clipped together through a small hole in the base of the 
dorsal fin. These tags, however, were discontinued after 
2001 due to resulting fin damage and excessive biofouling 
(Dicken et al. 2007). Upon first capture or recapture of a 
shark, programme participants recorded the date, tag 
code, tagging location and the precaudal length (PCL) of 
the shark.

Analysis of shark size range 
Sphyrna species were divided into four size classes to 
examine the spatial and temporal size structure of the 
tagged sharks in the study area: 0–50 cm, >50–100 cm, 
>100–150 cm, and >150 cm. In certain instances, the total 
or fork length (TL and FL respectively) were recorded. For 
S. lewini, these were converted to PCL according to de 
Bruyn at al. (2005) and for S. zygaena, PCL was calculated 
using the conversion PCL = 75.5% of TL (77.2 ± 1.2) within 

the range 58–305 cm (Bass et al. 1975). Length of most 
recaptures was not recorded, because they were often 
caught by uninformed members of the public, thus limited 
sample size precluded growth calculations. Hereafter, all 
length measurements are given as PCL unless otherwise 
stated.

Analysis of spatial and temporal movement
From the reported recaptures we determined the number 
of days at liberty, minimum rate of movement between the 
tag-and-recapture location, and minimum displacement 
distance. Based on the minimum displacement distance, 
recaptured sharks were ‘binned’ into categories of 1–100 km, 
101–200 km and >200 km. Recaptured sharks were classi-
fied as undertaking either northerly, southerly or no apparent 
movement. To examine spatial and seasonal movements, 
the displacements of sharks at liberty for ≤365 days were 
plotted by month and tag/recapture location, where tag/
recapture location is the distance (km) from Kosi Bay at the 
northern border of the study area. As a result, the slope of the 
displacement line indicates the minimum rate of movement 
(km day–1). Sharks at liberty for >365 days were excluded 
from the analysis because they could have undertaken 
multiple seasonal migrations.

Results 

Scalloped hammerhead Sphyrna lewini
Spatial, temporal and size distribution 
A total of 641 S. lewini was tagged and released between 
January 1984 and December 2009, of which 637 had length 
data at the time of initial capture (Figure 2). The mean 
(±SE) number of S. lewini tagged each year was 24.7 ± 
4.3 (95% CI = 15.7–33.6) with a maximum of 103 sharks 
(16.1%) tagged in 1988 (Figure 3). The majority of S. lewini 
were tagged in the Transkei (Trans) region (436 or 68.0%), 
followed by 145 (22.6%) in KwaZulu-Natal (KZN), 28 (4.4%) 
in Eastern Cape (EC), 22 (3.4%) in Western Cape (WC) and 
10 (1.6%) in Southern Cape (SC). The majority of S. lewini 
tagged were captured and released at only two locations 
within Trans: 194 or 30.3% of sharks were tagged at Port 
St Johns/Mzimvubu River and 134 or 20.9% were tagged 
44 km north at Lupatana River. The numbers of S. lewini 
tagged by coastal section and geographical region are 
presented in Figure 4.

In terms of seasonal distribution, most S. lewini were 
captured and tagged in December (17.6%), whereas the 
smallest number tagged was in August (3.9%). In all regions, 
particularly south of Trans, a larger proportion was tagged 
in the spring and summer (October–March) than autumn 
and winter (April–September). This seasonal distribution, 
however, was less obvious in Trans where the numbers of 
S. lewini tagged each month were more evenly distributed 
throughout the seasons (Figure 1).

Most sharks tagged were >50 cm and ≤150 cm (>50–
100 cm [46.5%], >100–150 cm [50%], with few newborns 
0–50 cm [3.0%] and large >150 cm [0.6%]) sharks encoun-
tered. In all regions, there were more small (≤100 cm) than 
medium and large (>100 cm) S.lewini tagged, except in 
Trans where a larger proportion of sharks >100 cm were 
tagged and released (Figure 1). 
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Spatial and temporal analysis
Of the 641 S. lewini tagged and released, 12 (1.9%) were 
recaptured during the 25-year study period. The average 
distance moved (±SE) was 147.8 ± 52.2 km (95% CI = 
33.0–262.7) and the average time at liberty was 224.6 ± 
77.1 days (95% CI = 54.8–394.4). Grouped into displace-
ment categories, two of those recaptured moved zero 
kilometres after one and two days at liberty, four moved 
1–100 km from 29 to 832 days, two moved 100–200 km 
from 206 to 451 days and four moved >200 km from 24 to 
550 days. The greatest minimum rate of movement was by 
a shark of 107 cm tagged in April in the Cintsa River area 
and recaptured 51 days later after moving 629 km north 
to Richards Bay at a speed of 12.3 km day–1. Following 

release, the same shark was recaptured again 550 days 
later in December at Port St Johns, 421 km south of where 
it was first recaptured (Figure 5a).

Two of the 12 sharks recaptured were at liberty for over 
365 days. Of these, one was recaptured after 832 days 
at liberty, having moved 42 km from Lupatana River to 
Agate Terrace, and the other was recaptured after 451 
days, having moved 155 km from the Durban piers to TO 
Strand. Movements of the remaining 10 occurred within 
coastal sections 3–9 (Figure 5a). Of these, two sharks 
were recaptured at their initial tagging location (Lupatana 
River and Margate/Lucien Point) after one and two days 
at liberty respectively. Two S. lewini undertook southward 
movements: one was recaptured 15 km south of its tagging 
location (from Stibell’s Rocks to Mzimkulu River) following 
a one month at liberty period in the summer, and the 
other was by a shark released in autumn and recaptured 
421 km south (Richards Bay to Port St Johns) in the spring 
of the following year. The six remaining sharks undertook 
northward movements after being recaptured and released 
for the first time. One shark was displaced 6 km north 
(from Lupatana River to Port Grosvenor) over 123 days 
through autumn and winter, three sharks were tagged in 
spring/summer and were recaptured farther north in the 
subsequent autumn/winter season, one was tagged in the 
Cintsa River area during early autumn and was recaptured 
farther north in Richards Bay during late autumn, and 
one shark was tagged near Sandy Point in spring and 
recaptured a month later near Port Edward in summer. 

Smooth hammerhead Sphyrna zygaena
Spatial, temporal and size distribution 
In total, 1 342 S. zygaena were tagged during the 25-year 
study period, of which 1 336 were measured (PCL) at the 
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time of initial capture (Figure 2). The mean number (±SE) 
of S. zygaena tagged each year was 51.6 ± 20.8 (95% 
CI = 8.9–94.4) with a maximum of 468 (34.9%) tagged in 
1987 (Figure 3). Most S. zygaena were tagged in the Trans 
region (995 or 74.1% of total), followed by 150 (11.2%) in 
KZN, 110 (8.2%) in EC, 65 (4.8%) in SC and 22 (1.6%) in 
WC. The majority of S. zygaena were tagged at Port St 
Johns in Trans (857 or 63.9%), followed by Shark Point in 
Trans (24 or 1.8%) and Richards Bay in KZN (27 or 2.0%). 

The greatest number of sharks were tagged in January 
(13.6%) and the lowest number in June (3.3%). The 
numbers of sharks tagged were more evenly distributed 
throughout the months in the northern regions of KZN and 
Trans, whereas in EC, SC and WC most sharks were tagged 
in the summer with few animals tagged in the winter.

Most S. zygaena tagged were >50 cm and ≤150 cm 
[>50–100 cm (55.0%), >100–150 cm (42.7%)], with few small 
[0–50 (1.4%)] and large [>150 cm (0.9%)] sharks encoun-
tered. In all regions, the majority of sharks were >50–100 cm 
PCL, except in Trans where the number of sharks of 
>50–100 and >100–150 cm PCL were almost equal, similar 
to the size distribution of S. lewini in the Trans region.

Spatial and temporal analysis 
Of the 1 342 S. zygaena tagged during the study period, 
20 (1.5%) were recaptured. The average distance moved 
(± SE) was 141.8 ± 20.4 km (95% CI = 99.1–184.5) and the 
average time at liberty was 603.5 ± 192.9 days (95% CI = 
199.7–1 007.2). One shark was recaptured at its tagging 
location after 80 days at liberty. Six sharks moved 1–100 km 
over 293–3 075 days, nine sharks moved 101–200 km 
over 45–2 963 days, and four sharks moved >200 km over 
52–601 days. The highest speed estimated was a minimum 
rate of movement of 5.1 km day–1, undertaken by a smooth 
hammerhead (109 cm) that moved 384 km north from Port 

St Johns to Mtunzini in 75 days between September and 
December.

Of the 20 S. zygaena recaptured during the study period, 
11 were within 365 days at liberty (Figure 5b). All of these 
sharks were tagged at Port St Johns and movements 
occurred within coastal sections 3–7. One shark was 
recaptured at Port St Johns after 80 days at liberty during 
spring/summer. The only southward movement was a 
4 km displacement to Second Beach from August to May 
(293 days at liberty). The remaining nine sharks moved 
northward from Port St Johns, though movements were not 
as well defined as those of S. lewini in terms of directional 
movements related to seasonal SST changes (Figure 5b). 

Sphyrna spp.
Spatial, temporal and size distribution 
Of the 3 335 hammerhead sharks that were tagged, 1 352 
(40.5%) were recorded as unspecified hammerheads 
(Sphyrna spp.) and may have either been S. lewini or S. 
zygaena, or potentially great hammerheads S. mokarran. 
Of these, 1 338 were measured at the time of initial capture 
(Figure 2). The mean number of unspecified hammer-
heads tagged each year (±SE) was 52.0 ± 7.0 (95% CI = 
37.7–66.3) with a maximum number of 142 (10.5%) tagged 
in 2004. The distribution of Sphyrna spp. tagged across 
years was different to that of S. lewini and S. zygaena, which 
peaked in the mid- to late 1980s (Figure 3). Most Sphyrna 
spp. were tagged in the Trans region (453 or 33.5%), 
followed by SC (379 or 28.0%), KZN (300 or 22.2%), EC 
(161 or 11.9%) and WC (59 or 4.4%). The largest number 
of sharks tagged was at Port St Johns in Trans (201 or 
14.9%), followed by Victoria Bay in Southern Cape (102 
or 7.6%). 

The largest number of tags was applied to Sphyrna 
spp. in December (256 or 18.9%) and the least number 

S. lewini
S. zygaena
Sphyrna spp.

100

200

300
400

800
900

1 3 5 7 9 11 13 15 17 19 21
COASTAL SECTION

N
U

M
B

E
R

 O
F 

S
H

A
R

K
S

TA
G

G
E

D
 A

N
D

 R
E

LE
A

S
E

D

1 000

2 4 6 8 10 12 14 16 18 20

50

150

KwaZulu-Natal Transkei Eastern Cape Southern Cape Western Cape

Figure 4: Geographic distribution of S. lewini, S. zygaena and unspecified Sphyrna spp. tagged across the 21 coastal sections from Kosi 
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of tags was applied in June (45 or 3.3%). The tagged 
Sphyrna spp. had a similar size distribution to S. lewini 
and S. zygaena (Figure 2) with the majority of sharks in 
each region being in the >50–100 cm size class, except 

for Trans which had a greater proportion of sharks 
>100–150 cm (data not shown). Of the 1 352 Sphyrna spp. 
tagged, 10 (0.7%) were recaptured, all occurring between 
coastal sections 2–17.

(b) S. zygaena
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Discussion

Tag recapture rates
Recapture rates were 1.9%, 1.5% and 0.7% for S. lewini, S. 
zygaena and unspecified Sphyrna spp. respectively. There 
are no comparable tag-recapture studies in South Africa 
for these species but there are from elsewhere. Recapture 
rates of S. lewini from eight studies reviewed by Kohler and 
Turner (2001) ranged between 0 and 18.5% (mean 4.0%, 
median 1.6%), and the National Marine Fisheries Service 
(NMFS) Cooperative Shark Tagging Program in the Atlantic 
Ocean reported a recapture rate of 1.6% for this species 
(Kohler et al. 1998). Recapture rates of S. zygaena from 
four reviewed studies (Kohler and Turner 2001) ranged 
between 0 and 3.2% (mean 0.8%, median 0%) and was 
estimated to be 3.6% along the Atlantic coast by NMFS 
(Kohler et al. 1998). 

Various factors may affect the recapture rates of 
hammerhead sharks, but movement and migration linked 
to life-stage is likely the most important. The vast majority 
of sharks tagged were <150 cm PCL and were therefore 
neonate, juvenile and/or subadult animals (Compagno 
1984). Juvenile S. lewini are known to reside in nursery 
habitat for limited periods of time (Duncan and Holland 
2006) and large S. lewini undertake ontogenetic movements 
to offshore waters with females reportedly moving earlier 
than males (Klimley 1987, Hussey et al. in press). Similarly, 
juvenile S. zygaena remain in coastal nursery habitats with 
adults found on deep reefs at the edge of the continental 
shelf (Smale 1991). Recapture rates may therefore be 
reduced because hammerhead sharks do not remain in 
coastal waters for prolonged periods of time with mature 
adults only moving inshore for reproductive purposes 
(Smale 1991, de Bruyn et al. 2005).

In addition, the low recapture rates of hammerhead sharks 
may be due to high mortality rates within the study region. 
Catches of S. lewini in beach protection nets are declining 
in KZN (Dudley and Simpfendorfer 2006) and there is a 
high mortality rate for neonate/juvenile S. lewini caught in 
the Tugela prawn fishery (Fennessy 1994). Furthermore, 
hammerhead sharks are known to be susceptible to capture 
and handling (Compagno 1984) and consequently field 
tagging by recreational anglers may have associated high 
mortality rates (Skomal 2007, McLoughlin and Eliason 2008). 

Tag shedding may also affect recapture rates, and 
wounds resulting from tagging may contribute to mortality. 
C-type tags made up 54.3% and 87.9% of those used 
for S. lewini and S. zygaena respectively, but they were 
discontinued after 2001 due to fin damage and excessive 
biofouling (Dicken et al. 2007). However, within the same 
tagging programme and using the same tag types, dusky 
sharks Carcharhinus obscurus and raggedtooth sharks 
Carcharias tauras had higher recapture rates of 6.7% (n = 
9 716) and 8.7% (n = 3 476) respectively (Dicken et al. 
2007, Hussey et al. 2009), suggesting that tag retention and 
tagging-induced mortality are not major factors affecting 
recapture rates, although post-release survivorship may 
differ for Sphyrna spp. 

Differences in fishing effort and recapture reporting across 
the study area could also affect recapture rates, as well as 

the absence of effort recorded north of the Mozambique–
South Africa border where sharks may migrate beyond. 
Accepting possible bias as a result of the distribution of 
fishing effort, however, peak numbers of S. lewini and S. 
zygaena were tagged in the Transkei, while within the 
same tagging programme, dusky sharks were predomi-
nantly tagged in KZN (Hussey et al. 2009) and raggedtooth 
sharks were tagged mostly in the Eastern Cape (Dicken et 
al. 2007). Programme participants tagged all species caught 
and were distributed along the coast within the study area, 
indicating that tagging effort was not concentrated in the 
Transkei and actual species distributions are reflected in the 
numbers tagged. However, more localised bias may exist at 
popular fishing spots, particularly due to the beach-driving 
ban imposed on recreational vehicles in 2001, with further 
restrictions made in 2004 (Celliers et al. 2004) which made 
some fishing spots less accessible.

Spatial, temporal and size distribution
The seasonal tagging distribution of S. lewini was comparable 
to the catch rates of S. lewini in beach protection nets along 
the KZN coast, with the largest number of sharks caught and 
tagged during summer and the lowest in winter (de Bruyn et 
al. 2005). As beach protection nets are fixed installations and 
remain in the water over an annual cycle (with the exception 
of the period of annual sardine run which typically takes 
place in June and July; Dudley and Cliff 2010), these data 
are standardised and suggest that the observed seasonal 
tagging distributions accurately reflect seasonal animal 
abundance and are not a result of differences in seasonal 
fishing effort. This seasonal pattern was evident for both S. 
lewini and S. zygaena in all regions except for the Transkei 
where the numbers of sharks tagged on a monthly basis 
were more similar throughout the year. This may indicate 
that a large number of both S. lewini and S. zygaena reside 
in the Transkei throughout the winter, particularly in the Port 
St Johns region where the majority of sharks were tagged. 
One S. lewini moved only 6 km northward between April and 
August in the Lupatana River area of the Transkei, indicating 
that it likely remained in the region throughout the winter. 
Sharks were also tagged in KZN throughout the winter, but 
fewer animals were tagged and seasonality of capture was 
more defined, in agreement with de Bruyn et al. (2005). In the 
regions south of Transkei, almost no S. lewini or S. zygaena 
were tagged in the winter suggesting that lower SSTs may 
regulate the movement and residency of sharks at that 
time. It is important to note, however, that inferences on the 
seasonal distribution of sharks across regions may be biased 
by the actual fishing effort undertaken (Kohler and Turner 
2001, Hussey et al. 2009). 

There was a clear difference in the size distribution of 
both hammerhead species tagged in the Transkei relative 
to the other four regions; 61.3% and 49.8% of tagged S. 
lewini and S. zygaena respectively were >100–150 cm 
PCL in this region in contrast to 25.6% for S. lewini and 
22.0% for S. zygaena in all other regions combined. These 
tagging data suggest that larger individuals of both species 
(>100–150 cm PCL) are present in the Transkei, particularly 
in the vicinity of Port St Johns. The comparable size distribu-
tions of hammerhead sharks in Port St Johns across years 
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(data not shown) suggests that the mouth of the Mzimvubu 
River forms important coastal habitat for juvenile/subadult 
S. lewini and S. zygaena between neonates leaving nursery 
grounds and larger animals moving offshore. Hussey et al. 
(in press) reported that ontogenetic stable isotope profiles 
of male hammerhead sharks indicated animals of a similar 
size may be residing in the Eastern Cape/Transkei coastal 
waters for a period of time, in agreement with the tag 
recapture data. It is unknown whether the tagged S. lewini 
in this study were principally male sharks. We cannot rule 
out that misidentification of hammerhead shark species, 
however, may have led to the observed regional size distri-
bution trends, but the recapture of a S. lewini in this region 
(after repeat recaptures and releases by different anglers) 
would suggest that the trends are real.

In contrast to the seasonal tagging distributions, the 
annual tagging distribution of S. lewini in KZN did not agree 
with shark catches in KZN protective gillnets from 1984 to 
2003 (Dudley and Simpfendorfer 2006). Peak catch rates 
of S. lewini in beach protection nets occurred in 1985 
and showed a significant decrease of approximately 64% 
over time until 2003, whereas the number of tags applied 
to S. lewini in KZN remained stable across years. This 
could relate to differences in the location of beach protec-
tion nets and fishing effort, or differences in fishing effort 
between years. In contrast, catch rates of S. zygaena in 
KZN gillnets reportedly remained stable from 1984 to 2003 
(Dudley and Simpfendorfer 2006) whereas annual tagging 
rates of S. zygaena declined in KZN and all regions after 
a peak in 1987. This suggests that the numbers of S. 
zygaena off the east coast of South Africa decreased during 
the study period. However, possible misidentification of a 
large number of hammerhead sharks at the start of the tag-
recapture programme should be considered. Contrary to 
the peak catch rate of S. lewini in beach protection nets in 
KZN in 1985, very few tags were applied to S. lewini in KZN 
or in any other region until 1988 when there was a sudden 
peak in the numbers of S. lewini tagged (103 tags applied; 
Figure 3). There was a similar trend for unspecified Sphyrna 
spp., with only one tag applied before 1988. Conversely, 
large numbers of S. zygaena were tagged between 1984 
and 1987, with a peak in sharks tagged in 1987 (468 tags 
applied), after which the number of sharks caught and 
tagged declined. The general absence of S. lewini and 
unspecified Sphyrna spp. tags at the beginning of the study 
period and large numbers of S. zygaena during this time 
suggests that before 1988 Sphyrna spp. may have been 
grouped as S. zygaena. If so, this may have skewed the 
annual tagging distributions for S. lewini and S. zygaena.

Transkei was the peak tagging region for both S. zygaena 
(74.1%) and S. lewini (68.0%). Among the next most 
common regions, similar numbers of S. zygaena were tagged 
in KZN (150 or 11.2%) and EC (110 or 8.2%), whereas for S. 
lewini, a much larger proportion were tagged in KZN (145 
or 22.6%) than EC (28 or 4.4%). This may highlight the 
difference in the distributions of these species, because S. 
zygaena have a more temperate distribution (Compagno 
1984) with greater number of sharks tagged south of 
Transkei into cooler waters, while a nursery area for S. lewini 
is thought to exist in KZN (Fennessy 1994). During the study 
period, 1 342 S. zygaena and 641 S. lewini were tagged and 

released, indicating the greater abundance of S. zygaena in 
the study area. 

South of Transkei there was an increase in the number 
of S. zygaena tagged from coastal sections 12–16 in the 
Eastern Cape and Southern Cape respectively (Figure 4), 
and coastal section 16 contained the second largest number 
of S. zygaena tagged (3.8%), after section 7 (69.8%; 
including Port St Johns). The large number of unspecified 
Sphyrna species tagged in coastal sections 12–18 and the 
general lack of S. lewini tagged in this region suggest that 
these unspecified hammerheads were actually S. zygaena, 
potentially making this region of greater importance to 
the species (Figure 4). Large schools of S. zygaena have 
been observed near Port Elizabeth in the Eastern Cape 
(Bass et al. 1975, Smale 1991) and the Southern Cape and 
Eastern Cape have been identified as nursery areas for 
S. zygaena (Smale 1991). Over the study period, a small 
number of S. zygaena <50 cm PCL (the size of newborn 
animals; Compagno 1984) were tagged between November 
and February in the Eastern Cape (Figure 1). Smale (1991) 
recorded neonatal S. zygaena with open umbilical scars in 
that region (coastal sections 12 and 13) between November 
and January. The overall size distribution of S. zygaena 
tagged in coastal waters of the Eastern Cape was similar 
to that of Smale (1991). Given that the distribution differ-
ences observed here between S. lewini and S. zygaena 
were similar to those previously described, suggests that 
the species were identified correctly in our study.

Spatial and temporal movement
The seasonal differences in both S. lewini and S. zygaena 
abundance along the east coast of South Africa suggest 
they exhibit migratory movements, possibly in associa-
tion with seasonal changes in SST. Movement of S. lewini 
in response to an influx of cooler water in the Gulf of 
California was documented by Klimley and Butler (1988). 
Furthermore, although sample size is small, the majority of 
S. lewini tagged and recaptured demonstrated northward 
movements, providing further evidence that large directional 
movements are taking place in response to seasonal 
temperature changes. The multiple recaptures of a single S. 
lewini that moved northward between April and June at the 
greatest speed observed may indicate that this animal was 
tagged at the beginning of, or during, its northward winter 
migration (Figure 5a). Seasonal, regulated movements/
migrations have been reported for dusky shark off southern 
Africa (Hussey et al. 2009) and for other shark species in the 
Atlantic Ocean (Castro 1996, Kohler et al. 1998, Pade et al. 
2009). Sphyrna zygaena inhabit coastal nursery grounds in 
more temperate waters of the Eastern/Southern Cape region 
(Smale 1991), and large numbers of small individuals are 
caught in KZN protective gillnets (Dudley and Simpfendorfer 
2006). Northern movements of tag-recaptured S. zygaena 
in our study confirm this movement, but the numbers of 
recaptures were limited and there were no obvious seasonal 
patterns. Overall, no movements of hammerhead sharks 
south of coastal section 9 were reported, so there are no 
examples of movement for either species in the southern 
half of the study area. 

Although the numbers of S. lewini and S. zygaena 
tagged generally decreased moving south from KZN to 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

in
ds

or
] 

at
 0

9:
20

 1
8 

A
ug

us
t 2

01
7 



African Journal of Marine Science 2011, 33(2): 229–238 237

cooler waters, Transkei constituted the core area where the 
largest numbers of both species of shark were caught. This 
increased presence in this region concurs with Pradervand 
(2004) who found that Sphyrna spp. were within the top three 
most common catches (11% by number or 31% by mass) 
between 1977 and 2000 from competition shore-angling data 
in the Transkei, but these species did not make up signifi-
cant portions of the catch in KZN (Pradervand et al. 2007) or 
the Eastern Cape (Pradervand and Govender 2002) during 
this period. Consequently, there may be additional factors 
affecting Sphyrna spp. movement and habitat use, aside 
from SST, which places the Transkei as an important region 
to these species. The increased abundance of Sphyrna 
spp. in the Transkei, as well as the increased proportion of 
sharks in the >100–150 cm PCL size class, may relate to the 
continental shelf which is at its narrowest point in this region 
along the east coast of South Africa, and the close proximity 
of the fast-flowing Agulhas Current at Transkei (Lutjeharms 
2006). Also, the rocky and deep-water areas along the 
Transkei coastline (e.g. Lupatana and the Gap, south of Port 
St Johns) makes fishing for sharks, particularly large ones, 
more accessible. 

In conclusion, the number of S. zygaena tagged has 
declined since the mid-1980s in KZN and across all regions, 
contrary to Dudley and Simpfendorfer (2006) who reported 
stable catches of S. zygaena in KZN gillnets from 1978 to 
2003. Although tagging of S. lewini does not appear to have 
decreased significantly over the study period, this should be 
viewed with caution as trends may be affected by species 
misidentification or annual changes in fishing effort. Catches 
of S. lewini in KZN beach nets have shown a significant 
decline between 1978 and 2003 (Dudley and Simpfendorfer 
2006) and the Tugela Banks prawn fishery is known to 
have had a large impact on the juvenile S. lewini popula-
tion (Fennessy 1994). Also, Pradervand (2004) showed 
a decreasing trend in catches of Sphyrna species (which 
overall dominated the catches by mass) in the Transkei from 
1977 to 2000 based on competitive shore anglers’ catches.

Anthropogenic activities such as coastal development, 
fishing (both commercial and recreational), and bycatch 
mortality can impact k-selected species, and understanding 
movement patterns as well as identifying key aggregation 
sites may be crucial for effective regional conservation and 
management strategies. This is of particular importance 
for the two species under study, considering that 51.2% 
of S. lewini were tagged at only two sites along the entire 
study area, Port St Johns (30.3%) and nearby Lupatana 
River (20.9%), and 63.9% of S. zygaena were tagged at 
Port St Johns alone. The large numbers of sharks tagged 
in this area suggests that these sites present a competi-
tive advantage for both juvenile and adolescent Sphyrna 
species. In terms of regional shark management plans, it 
is therefore necessary that these sites be considered for 
protection as they constitute core coastal habitat for both S. 
lewini and S. zygaena populations along the east coast of 
South Africa. Fortunately, the region between the Lupatana 
River and the Mkozi River (a distance of approximately 
9 km and known as Waterfall Bluff) was proclaimed a 
no-take zone for shore-angling within the Pondoland Marine 
Protected Area (MPA) in June 2004 (Mann et al. 2006). 
Furthermore, the area between the Sikombe River and 

Mboyti River (~40 km) and seaward to the 1 000 m depth 
contour (~10 km) is an offshore no-take zone (i.e. no fishing 
off a vessel) within the Pondoland MPA. These conservation 
measures should provide some protection to juvenile and 
adolescent hammerhead sharks while they are temporally 
resident in this core habitat. 

Acknowledgements — We thank members of the Oceanographic 
Research Institute Tagging Programme for their considerable 
efforts in tagging hammerhead sharks.

References

Bass AJ, D’Aubrey JD, Kistnasamy N. 1975. Sharks of the east coast 
of southern Africa. III. The families Carcharhinidae (excluding 
Mustelus and Carcharhinus) and Sphyrnidae. Investigational 
Report No. 38. Durban: Oceanographic Research Institute. 

Baum J, Clarke S, Domingo A, Ducrocq M, Lamónaca AF, Gaibor 
N, Graham R, Jorgensen S, Kotas JE, Medina E, Martinez-
Ortiz J, Monzini Taccone di Sitizano J, Morales MR, Navarro 
SS, Pérez JC, Ruiz C, Smith W, Valenti SV, Vooren CM. 2007. 
Sphyrna lewini. In: IUCN 2010. IUCN Red List of threatened 
species (Version 2010.2). Available at www.iucnredlist.org 
[accessed 10 August 2010].

Beckley LE, van Ballegooyen RC. 1992. Oceanographic conditions 
during three ichthyoplankton surveys of the Agulhas Current in 
1990/91. In: Payne AIL, Brink KH, Mann KH, Hilborn R (eds), 
Benguela trophic functioning. South African Journal of Marine 
Science 12: 83–93.

Bolton JJ, Stegenga H. 1987. The marine algae of Hluleka 
(Transkei) and the warm temperate/sub-tropical transition on the 
east coast of South Africa. Helgolaender Meeresuntersuchungen 
41: 165–183. 

Casper BM, Domingo A, Gaibor N, Heupel MR, Kotas E, Lamónaca 
AF, Pérez-Jimenez JC, Simpfendorfer C, Smith WD, Stevens JD, 
Soldo A, Vooren CM. 2005. Sphyrna zygaena. In: IUCN 2010. 
IUCN Red List of threatened species (Version 2010.2). Available 
at www.iucnredlist.org [accessed 10 August 2010].

Castro JI. 1996. Biology of the blacktip shark, Carcharhinus limbatus, 
off the southeastern United States. Bulletin of Marine Sciences 59: 
508–522.

Celliers L, Moffett T, James NC, Mann BQ. 2004. A strategic 
assessment of recreational use areas for off-road vehicles in the 
coastal zone of KwaZulu-Natal, South Africa. Ocean & Coastal 
Management 47: 123–140.

Compagno LJV. 1984. FAO Species catalogue, Vol. 4. Sharks 
of the World; an annotated and illustrated catalogue of shark 
species known to date. Part 2. Carcharhiniformes. FAO Fisheries 
Synopsis 125: 250–655.

Cortés E. 2002. Incorporating uncertainty into demographic 
model ing: application to shark populations and their conservation. 
Conservation Biology 16: 1048–1062.

de Bruyn P, Dudley SFJ, Cliff G, Smale MJ. 2005. Sharks caught in 
the protective gill nets off KwaZulu-Natal, South Africa. 11. The 
scalloped hammerhead shark Sphyrna lewini (Griffith and Smith). 
African Journal of Marine Science 27: 517–528. 

Dicken ML, Booth AJ, Smale MJ, Cliff G. 2007. Spatial and 
seasonal distribution patterns of juvenile and adult raggedtooth 
sharks (Carcharias taurus) tagged off the east coast of South 
Africa. Marine and Freshwater Research 58: 127–134. 

Dudley SFJ, Cliff G. 2010. Influence of the annual sardine run on 
catches of large sharks in the protective gillnets off KwaZulu-
Natal, South Africa, and the occurrence of sardine in shark diet. 
African Journal of Marine Science 32: 383–397.

Dudley SFJ, Simpfendorfer CA. 2006. Population status of 14 shark 
species caught in the protective gillnets off KwaZulu-Natal beaches, 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

in
ds

or
] 

at
 0

9:
20

 1
8 

A
ug

us
t 2

01
7 



Diemer, Mann and Hussey238

South Africa 1978–2003. Marine and Freshwater Research 57: 
225–240. 

Duncan KM, Holland KN. 2006. Habitat use, growth rates and 
dispersal patterns of juvenile scalloped hammerhead sharks 
(Sphyrna lewini) in a nursery habitat. Marine Ecology Progress 
Series 312: 211–221.

Fennessy ST. 1994. Incidental capture of elasmobranchs by 
commercial prawn trawlers on the Tugela Bank, Natal, South 
Africa. South African Journal of Marine Science 14: 287–296.

Hussey NE, Dudley SFJ, McCarthy ID, Cliff G, Fisk AT. In press. 
Stable isotope profiles of large marine predators: viable indicators 
of trophic position, diet and movement in sharks? Canadian 
Journal of Fisheries and Aquatic Sciences. 

Hussey NE, McCarthy ID, Dudley SFJ, Mann BQ. 2009. Nursery 
grounds, movement patterns and growth rates of dusky sharks, 
Carcharhinus obscurus: a long-term tag and release study in South 
African waters. Marine and Freshwater Research 60: 571–583.

IOTC (Indian Ocean Tuna Commission). 2005. Information on shark 
finning fisheries. IOTC-2005-S9-08[EN]. Victoria, Seychelles: IOTC.

Klimley AP. 1987. The determinants of sexual segregation in the 
scalloped hammerhead shark, Sphyrna lewini. Environmental 
Biology of Fishes 18: 27–40.

Klimley AP, Butler SB, 1988. Immigration and emigration of a 
pelagic fish assemblage to seamounts in the Gulf of California 
related to water mass movements using satellite imagery. Marine 
Ecology Progress Series 49: 11–20.

Knipp DM, Heupel MR, Simpfendorfer CA. 2010. Sharks in 
nearshore environments: models, importance and consequences. 
Marine Ecology Progress Series 402: 1–11.

Kohler NE, Casey JG, Turner PA. 1998. NMFS cooperative 
shark tagging programme, 1962–93: an atlas of shark tag and 
recapture data. Marine Fisheries Review 60: 1–87.

Kohler NE, Turner PA. 2001. Shark tagging: a review of conventional 
methods and studies. Environmental Biology of Fishes 60: 
191–224. 

Lutjeharms JRE. 2006. The coastal oceans of south-eastern Africa. 
In: Robinson AR, Brink KH (eds), The sea: ideas and observations 
on progress in the study of the seas, Vol. 14B. The global coastal 
ocean: interdisciplinary regional studies and syntheses, the 
coasts of Africa, Europe, Middle East, Oceania and polar regions. 
Cambridge: Harvard University Press. pp 783–834.

Mann BQ, Celliers L, Fennessy ST, Bailey S, Wood AD. 2006. 
Towards the declaration of a large marine protected area: a 
subtidal ichthyofaunal survey of the Pondoland coast in the 
Eastern Cape, South Africa. African Journal of Marine Science 
28: 535–551.

McLoughlin K, Eliason G. 2008. Review of information on cryptic 
mortality and survival of sharks and rays released by recreational 
fishers. Bureau of Rural Sciences Report. Commonwealth of 
Australia.

Pade NG, Queiroz N, Humphries NE, Witt MJ, Jones CS, Noble LR, 
Sims DW. 2009. First results from satellite-linked archival tagging 
of porbeagle shark, Lamna nasus: area fidelity, wider-scale 
movements and plasticity in diel depth changes. Journal of 
Experimental Marine Biology and Ecology 370: 64–74.

Pradervand P. 2004. Long-term trends in the shore fishery of the 
Transkei coast, South Africa. African Zoology 39: 247–261.

Pradervand P, Govender RD. 2002. Assessment of catches in 
shore angling competitions from the border region of the Eastern 
Cape, South Africa. African Zoology 38: 1–14.

Pradervand P, Mann BQ, Bellis MF. 2007. Long-term trends in the 
competitive shore fishery along the KwaZulu-Natal coast, South 
Africa. African Zoology 42: 216–236.

Skomal GB. 2007. Evaluating the physiological and physical 
consequences of capture on post-release survivorship in large 
pelagic fishes. Fisheries Management and Ecology 14: 81–89.

Smale MJ. 1991. Occurrence and feeding of three shark species, 
Carcharhinus brachyurus, C. obscurus and Sphyrna zygaena on 
the Eastern Cape coast of South Africa. South African Journal of 
Marine Science 11: 31–42.

Sousa MI, Marshall NT, Smale MJ. 1997. The shark trade in 
Mozambique. In: Marshall NT, Barnett R (eds), The trade in sharks 
and shark products in the Western Indian and Southeast Atlantic 
oceans. Nairobi: TRAFFIC East/Southern Africa. pp 67–79.

Smith SE, Au DW, Show C. 1998. Intrinsic rebound potentials of 26 
species of Pacific sharks. Marine and Freshwater Research 49: 
663–678.

Speed CW, Field IC, Meekan MG, Bradshaw CJA. 2010. 
Complexities of coastal shark movements and their implications 
for management. Marine Ecology Progress Series 408: 275–293.

van der Elst RP (ed.). 1981. A guide to common sea fishes of southern 
Africa. Cape Town: C Struik. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

in
ds

or
] 

at
 0

9:
20

 1
8 

A
ug

us
t 2

01
7 




