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Abstract. Understanding the movement patterns of raggedtooth sharks (Carcharias taurus) is crucial in defining habitat
use and evaluating the effects of exploitation and anthropogenic activities. Between 1984 and 2004, 1107 C. taurus
juveniles (<1.8-mTL) and 2369 C. taurus maturing subadults and adults (>1.8-mTL) were tagged and released along
the east coast of South Africa. In total, 125 C. taurus juveniles and 178 C. taurus maturing subadults and adults were
recaptured, representing recapture rates of 11.2% and 7.5% respectively. The average distance travelled by juvenile sharks
was 18.7 km (95% CI = 10.8–26.6 km). Juvenile sharks displayed site fidelity to summer nursery areas. The average
distance travelled by maturing and adult sharks was 342 km (95% CI = 275–409 km). One female shark, however, was
recaptured 1897 km from its original release site. The average rate at which pregnant sharks moved south from their
gestation to pupping grounds was 2.6 km day−1 (95% CI = 2.04–3.16 km day−1). This study highlights the differences in
movement patterns between C. taurus juveniles and adults and suggests philopatric behaviour in both life-history stages.
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Introduction

Crucial to effective fisheries management is a thorough under-
standing of the stock structure of a population. Understanding the
spatial and seasonal distribution patterns of a species is necessary
to define habitat use and evaluate the potential effects of exploita-
tion and anthropogenic activities. This is particularly important
for a species such as the raggedtooth shark (Carcharias tau-
rus Rafinesque, 1810), whose life-history characteristics make it
particularly susceptible to over-exploitation (Pollard et al. 1996;
Smith et al. 1998; Compagno 2001). Exploitation, even at low
levels for a slow-growing, late-maturing species that only pro-
duces two pups every other year, could reduce the population
growth rate to values of λ < 1.0, resulting in severe population
declines in a very short time period (Baum et al. 2003).

Raggedtooth sharks, commonly known as ‘raggies’ in South
Africa, are also referred to as the sand tiger shark in North
America and as the grey nurse shark in Australia. It is a wide-
ranging coastal species found primarily in warm–temperate and
tropical waters around the main continental landmasses, except
in the eastern Pacific Ocean off North and South America (Last
and Stevens 1994; Compagno 2001). Over-fishing, however, has
resulted in dramatic population declines throughout much of its
global range. In the north-western Atlantic, the population of
C. taurus has declined by an estimated 80–90% since the 1970s
(Musick et al. 1993, 2000). On the east coast of Australia, there
are estimated to be less than 500, and possibly less than 300,

individuals remaining. It has been estimated that the time to
quasi-extinction for this population may be as short as 45 to
53 years (Otway et al. 2004). Dramatic declines have also been
reported in the south-western Atlantic (Lucifora et al. 2002).
C. taurus was once recorded in the Mediterranean; however,
since 1980 there have been no records of this species, suggest-
ing possible regional extinction (Fergusson et al. 2002). Owing
to declining population trends worldwide, C. taurus is listed as a
‘Vulnerable’ species by the IUCN in its Red List of Threatened
Animals (Hilton-Taylor 2000).

In South Africa, C. taurus has been occasionally reported
from the west coast, but is more commonly found along the east
coast from Cape Town to northern KwaZulu–Natal (KZN) (Bass
et al. 1975; Smale 2002; Dicken et al. 2006b). Mature female
sharks undergo a well defined biennial reproductive migration
along the coast, which can be traced through the spatially and
seasonally distinct phases of mating, gestating and parturition.
Mating is thought to occur off the south coast of KZN from
October to the end of November (Dicken et al. 2006b). Pregnant
females then move northward to spend the early part of their
gestation in the warmer waters of northern KZN and possibly
southern Mozambique. During July and August the near-term
pregnant females begin to move southwards towards the cooler
waters of the Eastern Cape (Wallett 1973; Bass et al. 1975;
Dicken et al. 2006b), where they give birth to two pups from
September to November (Smale 2002; Dicken et al. 2006b). The
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pups are born at a total length between 95 and 120 cm (Cadenat
1956; Taniuchi 1970; Bass et al. 1975). The young-of-the-year
and juvenile sharks remain in the geographically distinct nursery
areas for their first 4–5 years of life, before joining the subadult
and adult components of the population (Dicken et al. 2006b).

Although protected from commercial fishing in South Africa
since 1998, bycatch in any fishery potentially poses a realistic
threat to the survival of C. taurus. Because C. taurus typically
inhabits shallow inshore areas, it is rarely, if ever, caught by the
large-scale industrial fisheries operating on the high seas. Its
near-shore distribution, however, makes it susceptible to small-
scale multi-species fisheries as well as recreational fishermen,
spearfishers and the bather protection nets of the Natal Sharks
Board (NSB). Although the broad-scale distribution and migra-
tory habits of C. taurus have been inferred for parts of its range,
little is known on the fine-scale movement patterns, particu-
larly within the nursery areas. This information is crucial in
defining habitat use and evaluating the effects of commercial
and recreational exploitation and anthropogenic activities on the
juvenile (<1.8-mTL) and adult (>1.8-mTL) components of the
population.

The present paper presents information on the spatial and
temporal movement patterns of C. taurus juveniles and adults
using tag–recapture data from both the Oceanographic Research
Institute (ORI) and Port Elizabeth Museum (PEM) tagging
programs. Movement patterns were used to confirm the geo-
graphical extent and seasonal utilisation of nursery areas by
juvenile sharks. They were also used to investigate aspects of site
fidelity and philopatric behaviour of adult sharks. This informa-
tion is necessary for effective fisheries management to ensure
that the South African population does not suffer the marked
declines that are evident in almost all other areas of its global
distribution.
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Fig. 1. Map of South Africa showing the location of the 28 100-km coastal areas used to analyse the spatial movement patterns of
Carcharias taurus inferred from tag–recapture data.

Materials and methods
Study area
Two major ocean currents border the South African coast: the
warm Agulhas Current, which flows southwards past the east
and south-east coasts, and the cool Benguela Current, which
flows northwards along the west coast. As a consequence of
these two major oceanic currents, three biogeographical zones
can be broadly recognised along the South African coastline
based on water temperature: a cool temperate west-coast zone
extending from CapeTown northwards; a warm temperate south-
coast zone; and a subtropical east-coast zone from approximately
east London northward (Turpie et al. 2000).

For the purposes of this study, the South African coastline
was subdivided into 28 100-km coastal areas (Fig. 1). This scale
of division was considered sufficient to identify the major trends
and patterns in the spatial movement patterns of C. taurus juve-
niles and adults. Area 14 encompasses the Tsitsikamma Marine
Protected Area and, consequently, no sharks were tagged or
recaptured within this area.

Tagging
Different tag types, A-, B- and C-type tags, have been used to tag
C. taurus by members of the ORI and PEM tagging programs.
A- and B-type tags are Hallprint manufactured dart tags
(Hallprint, Victor Harbour, SA, Australia), and consist of a
monofilament vinyl streamer attached to either a plastic barb
(A-type) or stainless steel pointed head (B-type). All pertinent
tag information, including the tag number, return address and
telephone number of the tagging program are printed on the
streamer. Sharks were caught and tagged by shore and boat
anglers in the NSB nets and by scientific divers underwa-
ter. Because juvenile sharks are restricted to the Eastern Cape
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nursery areas, only the adult component of the population is
subject to catches in the NSB nets.

Fishermen and the NSB net operators applied the tags with
a stainless steel tagging needle, which was used to drive the
pointed head of the tag into the dorsal musculature at the base
of the first dorsal fin. Once inserted, the tags were pulled gently
to ensure that they were securely attached. If they had not been
inserted correctly, they were reapplied. Taggers were instructed
to apply the tag at an angle of ∼45◦ so that the streamer
would stay alongside the shark while swimming in an attempt
to minimise hydrostatic drag. Scientific divers tagged sharks
underwater using a Hawaiian sling. C-type tags are locally man-
ufactured (Durban, South Africa) plastic disk tags, similar in
design to the Jumbo Rototag. The tag is applied with an applica-
tor, through a hole created by a leather punch towards the base of
the first dorsal fin. The tag comprises two plastic disks (a male
and female component) that are placed on either side of the hole
and then clipped together. All tag information was printed on
the outside of the disk. The issue of this tag type to anglers was
curtailed in 2001 owing to excessive biofouling growth and fin
damage (Bullen and Mann 2004). Despite this fact, anglers who
already possessed this tag type continued using it to tag sharks.

Taggers were asked to record the following data when tagging
a shark: tag number, date, locality, sex, weight, precaudal and
total length and the taggers name and address. This data was then
mailed on a pre-addressed data card back to the ORI program
or emailed or faxed to the PEM program, depending on which
organisation the angler was affiliated with. Unfortunately, many
of the anglers in the ORI program failed to report all of the
requested information, which limited data analysis. To improve
the reporting rate of tag recoveries, this study was advertised in
newspaper articles, posters and radio interviews. It also featured
in the ‘Tagging News’, a tag-and-release information pamphlet
distributed to members of the ORI tagging program. A series of
workshops were also held at fishing clubs throughout the country,
encouraging fishermen to record and report any tag–recaptures.

Movement patterns
Area of recapture, minimum travel distance (MTD) and the num-
ber of days at liberty were determined for all shark recaptures.
MTD was defined as the distance travelled between the tagging
and recapture locality. Localities were defined as the distance in
kilometres along the coast from the Mozambique/South African
border according to Bullen and Mann (2004). Because of the
generally north–south orientation of the South African coast-
line, movements from the tagging site included strong northward
or southward directional components. Northward movements
greater than 20 km for juvenile sharks and 50 km for adult
sharks were defined as positive displacements, and southward
movements of the same magnitudes were defined as negative
displacements.

Few juvenile sharks were tagged or recaptured outside of
the summer fishing season (September to May). As a result, the
data were inadequate to investigate seasonal movement patterns.
An analysis of competitive shore angling catches (Dicken et al.
2006b) suggested that juvenile sharks exhibited site fidelity to
summer aggregation sites. To test this hypothesis, a 90-day sea-
son was chosen, such that recaptures made within 0 to 45 days

of tagging, or within ±40 days of a tagging anniversary, were
classed as ‘in season’ and recaptures made outside these periods
were classed as ‘out of season’. A two-sample t-test, assuming
unequal variances, was then used to compare the distances trav-
elled between the seasons. The test was repeated using a shorter
60-day season. A two-sample t-test was also used to compare the
average MTD between juvenile male and female sharks.

To test the hypothesis that mature female sharks undergo
a biennial breeding migration, a 360-day season was selected.
Recaptures made within 0 to 180 days of tagging or within ±180
days of a tagging anniversary were classed as ‘in season’ and
recaptures outside these periods were defned as ‘out of season’.
Tests using shorter season lengths were not possible because of
the small number of recaptures. It was not possible to compare
the movement patterns between adult male and female sharks
because of the low number of male recaptures.

Results

From 1984 to 2004, 1107 C. taurus juveniles and 2364 C. taurus
adults were tagged and released. In total, 125 juvenile (11.3%)
and 177 adult (7.5%) sharks were recaptured. The time at liberty
for recaptured juvenile sharks ranged from 1 day to 5.2 years,
with an average of 372 days (95% CI = 350–394 days). The time
at liberty for adult sharks ranged from 1 day to 10.8 years, with
an average of 929 days (95% CI = 791–1067 days).

C. taurus juveniles were tagged and released between coastal
Areas 6 to 20. The majority (86.0%) were tagged between Areas
10 and 13. Adult sharks were tagged along the entire coast
from Areas 1 to 20. All movements greater than 20 km made
by juvenile tagged sharks are shown in Fig. 2. Of the 125
sharks recaptured, 74 (59.0%) were re-caught within 5 km of
the original tagging locality and 115 (92.0%) were re-caught
within 50 km. The average distance travelled was 18.7 km (95%
CI = 10.8–26.6 km). Only eight recaptured juvenile sharks had
moved to a different coastal area, involving a movement of over
100 km. Four of these recaptures were to the north of the original
tagging locality and four were to the south. The greatest move-
ment observed for a recaptured juvenile was 268 km. The shark
had moved from the ‘Dredges’ in Area 10 to Port St. Johns in
Area 7 and was at liberty for 269 days. Because of the restricted
movement patterns exhibited by juvenile sharks, the majority of
recaptures (83%) were made between Areas 10 to 13. Surpris-
ingly, no recaptures were reported in Areas 15 or 16, despite the
fact that 24 juvenile sharks had been tagged and released within
this 200-km stretch of coast.

The mean distances travelled by recaptured C. taurus
juveniles classified by season and sex are given in Table 1.
A two-sample t-test indicated there was no significant difference
between the distance travelled ‘in season’ and ‘out of season’
for either a 60- (P = 0.80) or 90-day season (P = 0.85). There
was also no significant difference between the distance trav-
elled between male and female sharks (P = 0.95). Despite these
results, plots of MTD against days at liberty (Fig. 3) suggest
that C. taurus juveniles may make cyclic annual movements to
and from summer nursery areas and/or exhibit some degree of
seasonal site fidelity.

The maximum rate of travel recorded was 5.6 km day−1 for an
unsexed juvenile shark. The shark travelled 168 km in 30 days
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Fig. 2. Movements (>20 km) of Carcharias taurus juveniles from tag–recapture data 1984 to 2004. The insert, a 30-km section of Area 13, shows
the fine-scale movement of the majority of juvenile recaptures.

Table 1. Minimum travel distance of recaptured juvenile Carcharias taurus, shown as mean ± s.e. classified by season and sex
Sample size is shown in parentheses

60-days season 90-days season Sex

In-season Out-of-season In-season Out-of-season Male Female

19.9 ± 8.2 (41) 18.2 ± 4.5 (84) 17.6 ± 6.3 (54) 19.6 ± 5.2 (71) 18 ± 9.5 (30) 17.3 ± 6.4 (51)
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Fig. 3. Relationship between minimum travel distance and days at liberty
for recaptured Carcharias taurus juveniles. Positive and negative values
reflect a northward or southward movement respectively.

from the Strand in Area 20 to Bontkop in Area 21. This was
the only C. taurus specimen (tagged or untagged) to be caught
on the west coast of South Africa and this exceptionally high
displacement velocity should be viewed with caution. The next

two fastest rates of travel were 2.7 km day−1 and 1.4 km day−1.
All other recaptures, 122 (96%), had travelled at a rate below
1.0 km day−1. Rates of travel are minimal, since the juvenile
sharks may have travelled further than the MTD between the
tagging and recapture sites.

All movements greater than 50 km made by adult tagged
sharks are shown in Fig. 4. Of the 177 sharks recaptured,
72 (40.7%) were re-caught within 100 km of the original
tagging locality, 136 (76.8%) within 500 km and 152 (85.9%)
within 1000 km. The average distance travelled was 342 km
(95% CI = 275–409 km). The greatest movement observed for
a recaptured adult was 1897 km. This was a female shark that
had moved from ‘raggy reef’ in Area 2 to the Strand in Area 20,
and was at liberty for 1377 days. Adult sharks, particularly
females, are highly migratory. Female sharks move northwards
to breed and gestate and southwards to pup. As a result, sharks
recaptured after a time at liberty greater than 12 months may
have travelled a greater distance than their recapture site.

The majority (56.5%, n = 100) of recaptured sharks were
female and only four sharks were males (2.3%). All other
recaptures (41.3%, n = 73) were unsexed. The distances that
recaptured adult sharks moved displayed no apparent cyclic
movement pattern (Fig. 5). A weak biennial movement pattern
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Fig. 4. Movements (>50 km) of Carcharias taurus adults from tag–recapture data 1984 to 2004.
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Fig. 5. Relationship between minimum travel distance and years at liberty
for recaptured Carcharias taurus adults. Positive and negative values reflect
a northward or southward movement respectively.

was observed, however, when distances were correlated with
times at liberty for only recaptured female sharks (Fig. 6).
The mean distance that female sharks were recaptured from
their original tagging locality in-season and out-of-season for a
360-day season was 288.5 km (n = 54) and 487.6 km (n = 46)
respectively. A two-sample t-test indicated that this seasonal
difference was marginally significant (P = 0.042).

In total, 71 gestating sharks were tagged in Areas 1 and 2.
Recaptures of these sharks within a 12-month period indicated
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Fig. 6. Box plots of minimum travel distance against time at liberty for
mature Carcharias taurus females. Boxes illustrate the interquartile range for
minimum travel distance with the median distance represented by the solid
bar and open circle. Whiskers are drawn to the shortest distance travelled, not
beyond 1.5 times the interquartile range. Solid points indicate the maximum
distance travelled. Numbers show sample sizes larger than 1.

their movement southwards to pup in the nursery Areas 9 to 20.
The majority of these sharks were recaptured in Areas 10 to 13
(66.6%) compared with Areas 14 to 20 (30.4%). The average
rate at which pregnant sharks moved south was 2.6 km day−1

(95% CI = 2.04–3.16 km day−1). One recaptured female, how-
ever, travelled 383 km in 13 days, from Cape Vidal in Area 2
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to Uvongo in Area 6, at rate of 29.5 km day−1. In total, 37
recaptured sharks had moved northwards from their original tag-
ging site. Only one female shark, however, was recaptured within
a time at liberty of less than 12 months. This shark had moved
422 km from Gamtoos in Area 13, to Mazeppa Bay in Area 8 at
rate of 1.45 km day−1.

Discussion

The overall recapture rate for C. taurus (8.7%) was higher than
for the majority (55%) of the 52 shark tagging studies reviewed
by Kohler and Turner (2001), which reported return rates of
less than 5%. The return rate for C. taurus specimens tagged in
the Atlantic by the National Marine Fisheries Service (NMFS)
Cooperative Shark Tagging Program (CSTP) was only 5.5%
(Kohler et al. 1998). Recapture rates, however, are influenced by
a variety of factors, which can limit the validity of the inferences
that may be drawn from these data. Recapture rates are influ-
enced by the life-history characteristics of the species. C. taurus
is an inshore species of shark that is readily caught by recreational
anglers. Some species occur farther offshore in deeper waters
and are not present in areas during the primary fishing season,
or are not readily caught. C. taurus juveniles remain in nursery
areas for extended periods of time. They are less migratory than
adult sharks and are consequently more prone to capture and
recapture. This may be a possible explanation for their higher
recapture rate (11.3%) compared with adult sharks (7.5%).

Recapture information indicated that the movements of
C. taurus juveniles were limited. Few sharks, less than 8%,
had moved more than 50 km, suggesting that little mixing may
occur between juvenile sharks inhabiting different areas within
the nursery grounds. Recreational shore anglers target C. taurus
throughout the geographical range of its nursery area (Dicken
et al. 2006a). Fishing effort is not constant throughout the year,
however, and is limited to the summer months (September to
May) due to unfavourable weather conditions in the winter.
This, combined with few offshore releases by recreational and
commercial ski-boat fishers, severely restricts the analysis of
movement patterns. As a result, the observed movements of
recaptured juveniles may not be true, but a reflection of variable
fishing effort.

Annual recaptures of juvenile sharks provided weak evi-
dence of a cyclic annual movement to and from summer nursery
areas. The proximity of recaptures to the original release site
in the same months, 1 year, 2 years or 3 years after tag-
ging suggests that juvenile sharks may exhibit natal nursery
homing.This behaviour has also been observed for juvenile sand-
bar sharks, Carcharhinus plumbeus, (Merson and Pratt 2001),
juvenile blacktip sharks, Carcharhinus limbatus, and juvenile
blacknose sharks, Carcharhinus acronotus (Hueter et al. 2004).
For philopatric species, the specific areas they return to must
confer some form of competitive advantage. Focussed studies
on shark nursery areas (Branstetter 1990; Castro 1993; Merson
and Pratt 2001; Heupel and Hueter 2002) suggest that predator
avoidance and prey abundance are the critical factors influencing
habitat choice.The greater number of pregnant female recaptures
and the higher abundance of juvenile sharks in the nursery Areas
10 to 13 compared with 14 to 20, suggests that water temperature
also plays an important role.

In temperate zones, cold winter temperatures force YOY
(young of the year) and juvenile sharks into deeper offshore
or warmer water (Castro 1993). Few YOY or juvenile sharks
were either caught or sighted by shore anglers, boat anglers
or divers anywhere along the entire east coast of South Africa
between May and August (Dicken et al. 2006b). The location of
the winter nursery areas remains uncertain. During the winter, it
is possible that juvenile sharks move into deeper offshore water.
Alternately, they may move northwards towards the northern part
of the Eastern Cape and southern KwaZulu–Natal.

Movements of C. taurus adults were much more extensive
than the juveniles. Movements were associated primarily with
reproduction, with one pregnant female travelling 1897 km from
the gestating areas in northern KwaZulu–Natal to the parturi-
tion areas in the Eastern Cape to pup. The maximum distance
travelled by C. taurus specimens tagged in the Atlantic by the
NMFS CSTP was 1187 km (Kohler et al. 1998). The movement
of pregnant females south along the SouthAfrican coast to pup is
rapid. The fastest movement observed was 29.5 km day−1. This
shark had been at liberty for 13 days and had travelled 383 km.
Stevens et al. (2000) recorded a similar maximum rate of travel
(25 km day−1) for Carcharhinus tilstoni, tagged off northern
Australia. Tagging studies in New Zealand have reported max-
imum rates of travel of 21 km day−1 for Mustelus lenticulatus
(Francis 1989) and 23 km day−1 for Galeorhinus galeus (Hurst
et al. 1999). In contrast, the maximum rate of travel for C. taurus
specimens tagged in the Atlantic was only 5.4 km day−1 (Kohler
et al. 1998).

The majority of female sharks in gestation (66.6%) tagged
in Areas 1 and 2 were recaptured within the nursery Areas
9 to 13, compared with Areas 14 to 20, during the pupping
season between September and February. The fishing effort
within these two regions was similar, 8477 and 7789 fishing days
year−1 respectively (Dicken et al. 2006a). Assuming that the
non-reporting rate is the same in both regions, then the observed
movement patterns are probably unbiased and not a reflection
of variable fishing effort. This spatial recapture pattern was not
surprising, given that the majority (94.2%) of YOY sharks col-
lected in a survey of competitive shore anglers were recorded
within Areas 10 to 13 (Dicken et al. 2006a).

Recaptures of female sharks closer to their original tagging
site in alternate years provided weak evidence of a biennial repro-
ductive cycle. Evidence for a 2-year reproductive cycle with a
resting stage in between has also been observed for C. taurus
populations in the North Atlantic (Branstetter and Musick 1994)
and the South Atlantic (Lucifora et al. 2002). Successful repro-
duction in captivity over the last 10 years also supports a
2-year reproductive cycle hypothesis (Henningsen et al. 2004).
Few adult male sharks were recaptured. As a result, their move-
ment patterns in relation to the female breeding migration
and their whereabouts outside of the breeding season remains
unclear.

Recaptures of gestating sharks in the same areas that they
were originally tagged, in the same months, every other year
suggests that female sharks may be philopatric to their gestating
areas in northern KZN. Concern has been expressed in recent
years that increased diver pressure may be impacting the num-
ber of sharks seen in these areas. Such is the concern, that all
SCUBA diving and spearfishing was temporarily suspended at
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one particular reef (Quatermile reef) in December 2005, pending
the arrival and acclimation of the sharks (K. Sink, South African
Institute Aquatic Biodiversity, personal communication).

There were an insufficient number of recaptures to investi-
gate the possibility of philopatry to the mating or pupping areas.
A female shark tagged as a juvenile in Area 10 was recaptured
8 years later as an adult, only 34 km from the originally tagging
site. Unfortunately, there were no data on the reproductive state
of the female, but it is possible that this shark had returned to
its natal nursery area to pup. In other shark species, nuclear and
mitochondrial DNA markers have been used to indicate strong
to moderate signals of natal philopatry for the lemon shark,
N. brevirostris (Feldheim et al. 2002) and the blacktip shark
(Keeney et al. 2003).

The effects of over-fishing, anthropogenic activities and envi-
ronmental perturbations will have a more dramatic effect on
populations whose individuals are philopatric and depend on a
specific locality, compared with those that are part of a larger
homogeneous stock. For philopatric species, the specific areas
they return to must confer some form of competitive advantage.
Why some reefs are chosen over others, despite similar physical
characteristics, at this stage remains unclear. If suitable habitat is
limited, the identification of aggregation sites, particularly those
associated with the reproductive activities of mating, pupping
and gestation, are essential for effective fisheries management
to ensure the conservation of C. taurus in South Africa.
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