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S. Afr. J. mar. Sci. 8: 131-144
1989

SHARKS CAUGHT IN THE PROTECTIVE GILL NETS OFF NATAL, SOUTH
AFRICA. 2. THE GREAT WHITE SHARK CARCHARODON CARCHARIAS

(LiNNAEUS)

G. CLIFF*, S. F. J. DUDLEY* and B. DA VIS*

A total of 591 great white sharks Carcharodon carcharias was caught between 1974 and 1988 in the gill nets
which are maintained along the Natal coast to protect bathers from shark attack. The species represented 2,7
per cent of the total catch of sharks for the period 1978-1988 and the mean catch rate was 1,0 shark·km-
ncr I.year I. Specimens ranged in size from 131 to 348 cm precaudallength, with a mode of 206-210 cm for
females and 216-220 cm for males. None was mature, and the sex ratio was 1 male to 1,4 females. Catch rates
were highest in the southernmost nets, with asmaller peak in the extreme north. Catches peaked in midwinter,
those in the warmer, northern region lagging 1-2 months behind those in the cooler southern waters. The
relationship between catches and water clarity and temperature was tenuous. Elasmobranchs were the most
important prey item, occurring in 41, I per cent of stomachs containing food, followed by teleosts at 34,7 per
cent and marine mammals at 29,0 per cent, although marine mammals, mainly cetaceans, were the most
common prey category in sharks longer than 250 cm. Pelagic prey items were more common than demersal
species and there was evidence of sharks scavenging on animals from each of the main prey groups.

'n Totaal van 591 witdoodshaaie Can'harodon carcharias is tussen 1974 en 1988 gevang in die kieunette wat
langs die Natalse kus in stand gehou word om baaiers teen haaiaanvalle te beskerm. Die spesie het 2,7 persent
van die totate haaivangs uitgemaak in die tydperk 1978-1988, en die gemiddelde vangtempo was 1,0 haai· km-
net-I·jaar-I• Die grootte van eksemplare het gewissel tussen 13] en 348 cm prekoudale lengte, met 'n modus van
206-210 cm bywyfies en 216-220 cm by mannetjies. Geeneen was geslagsryp nie, endie geslagsverhouding was
I mannetjie tot 1,4 wyfies. Die vangtempo was die hoogste in die mees suidelike nette, met 'n kleiner spits in die
verre noorde. Die vangs het 'n hoogtepunt in die midwinter bereik, maar in die warmer, noordelike streek was
dit 12 maande later as in die koeler, suidelike water. Die verband tussen vangste en waterhelderheid en
-temperatuur was bra nou. Kraakbeenvisse is die belangrikste prooi en het in 41,1 persent van die pense met
inhoud voorgekom, gevolg deur beenvisse teen 34,7 persent en seesoogdiere teen 29,0 persent. Seesoogdiere,
veral walvisagtiges, was egter die volopste prooikategorie by haaie langer as 250 cm. Pelagiese prooi was meer
algemeen as demersale, en daar was aanduidings dat die haaie op lede van elk van die hoofprooigroepe aas.
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The great white shark Carcharodon carcharias
(Linnaeus) is generally found in coastal and shelf
waters of cold and temperate seas, with large individ-
uals entering tropical waters (Compagno 1984).
However, although it is widespread, little is known
about its biology and ecology because so few are
caught at anyone locality.

The known distribution of the white shark in the
southern African region extends from Swakopmund,
Namibia, to Natal, although it may also occur in
southern Mo<{ambique (L. J. V. Compagno, South
African Museum, pers. comm.). The centre of its
local distribution appears to be the waters of the
Southern and Western Cape (Bass et al. 1975). In
Natal waters, white sharks were caught for many
years by rod anglers from the piers at the entrance to
Durban harbour, using whale meat as bait. Between
1947 and 1975, catches included 13 individuals over
454 kg (I 000 Ib), the heaviest weighing 754 kg (Mara
1985). These catches dwindled in the late 1960s,
undoubtedly as a result of the diminution and

ultimate cessation of whaling from Durban harbour.
White sharks are still caught in the protective gill

nets which have been in place off Durban since 1952,
and off other Natal beaches since the mid 1960s, to
reduce the incidence of shark attack. In this paper,
biological information collected from specimens
caught in the nets between 1978 and 1988 is presented,
and total annual catches since 1974 are listed.

MATERIALS AND METHODS

The distribution of gill nets, which are maintained
along the Natal coast by the Natal Sharks Board
(NSB), is shown in Figure I. Details of the netting
operation are given by Cliff et al. (1988). Units of
effort are standardized as kilometres of net per year
(km-net· year-I).

All measurements in this report, including those
cited from the literature, are precaudal lengths

* Natal Sharks Board, Private Bag 2, Umhlanga Rocks 4320, South Africa
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Fig. 1: Netted beaches on the Natal coast and, in parentheses, the length of nets in kilometres. Inset shows the
locality of the netted region and the distribution of C. carcharias in the southern African region (after

Compagno 1984; pers. comm.)
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Fig. 2: Trend in catch rates of white sharks in the Natal gill
nets, 1974-1988

(PCL). Precaudallength and fork length (FL) were
measured as straight lines from the tip of the snout to
the precaudal notch and the fork of the tail respec-
tively. Upper caudal length (VCL) was measured as a
straight line from the precaudal notch to the tip of the
upper caudal fin. As other authors use either total
length (TL) or fork length, it was necessary to convert
all lengths to PCL by means of the following
equations, where all lengths are in centimetres:

FL = 1,173 PCL - II,791 (n = 42, r = 0,9805,
NSB data);

VCL = 0,245 PCL + 8,398 (n = 297, r = 0,9398,
NSB data);

TL = (FL + 6,8357)/0,9517 (n = 79, r = 0,998,
Casey and Pratt 1985);

TL = PCL + 0,8 VCL (Bass et al. 1975).

The equation of Bass et al. (op. cit.) was used only
when comparing the present findings with theirs; in
all other cases, that of Casey and Pratt (op. cit.) was
used to derive the relationship

TL = (1,173 PCL - 4,9533)/0,9517 .

Measurements pertaining to reproductive struc-
tures and criteria for visual assessment of maturity
are discussed in Cliff et al. (1988).

Additional sources of data, other than the records
of the NSB, were Smith (1951), Pratt et af. (1982),
and unpublished records of L. J. V. Compagno
(South African Museum, Cape Town) and of the
Oceanographic Research Institute, Durban (ORI).
Use ofthese supplementary data is acknowledged on
the relevant figures.

Stomach contents were sorted into groups at the

lowest possible taxon and were quantified in terms of
frequency of occurrence (%F). Stomachs containing
only otoliths, cephalopod beaks or elasmobranch egg
cases were classified as empty. Subsequent to 1982,
the items in each group were counted and a wet
weight was obtained, making it possible to express
stomach contents in terms of percentage by mass
(%M) and by number (%N) - Hyslop (1980).

Each time the nets were checked, sea surface
temperature was measured and vertical water clarity
was estimated at a fixed point along each net
installation.

NET CATCHES'

Annual variation

A total of 591 white sharks was caught between
1974 and 1988, annual catches ranging from 22 to 61.
The contribution to the combined species catch for
the period 1978-1988 was 2,7 per cent, as compared
with 2,0 per cent for the years 1966-1972 (Wallett
1973), The mean catch rate of white sharks over the
study period was 1,0 sharks· km-neCI .year-I, a value
comparable with the 0,9 sharks· km-neCI. year-I for
the period 1968-1972 (NSB, unpublished data). The
annual rate varied considerably, and there was no
significant trend (r = 0,509, n = 15, see Fig. 2).
Catches of the species offN atal are among the highest
in the world, but whether the nets are responsible for
any decline in the species abundance remains
uncertain, because the level of recruitment from
outside southern African waters is unknown. Life
history features such as slow growth rates, late
maturity and low fecundity render elasmobranchs
susceptible to overfishing (Holden 1977, Bedford
1987). Cailliet et af. (1985) estimated age at maturity
of white sharks as approximately 9-10 years.

Distribution in relation to environmental conditions

Captures of white sharks between 1981 and 1987,
the period for which environmental data were avail-
able, were associated both with clear and turbid
water, vertical visibility ranging from 0,5 to 14 m at
an average of 3,8 m. Mean monthly visibility ranged
from 2,9 m in summer to 4,8 m in winter. There were
significantly more catches when the turbidity was
higher than the monthly mean (x2 test, p <0,05).
White sharks were entrapped at temperatures of 17-
26°C (apparently the warmest temperature on
record), with 63 per cent at 19-22°C. The species has
previously been recorded in waters ranging from
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Fig. 4: Seasonal distribution of catches of C. carcharias in
gill nets off (a) Richards Bay - Park Rynie and (b) SI

Michael's-on-Sea - Mzamba

7,2°C (Nakano and Nakaya 1987) to 24°C (Casey
and Pratt 1985) and is most common in temperate
waters.

Wallett (1973) subdivided a catch of 117 specimens
taken in the nets between 1966 and 1972 into large
and small categories, arbitrarily separated at a length
of 195 cm PCL. The animals came from both north
and south of Durban. Bass et al. (1975) observed,
from these data, that the small specimens were
seasonal to the north but not to the south, and that
the large specimens showed no seasonality in either
area. Similarly, Bass et al. (op. cit.) described the
temporal distribution of 58 white sharks, mostly
caught off Durban, and subdivided the catch.
arbitrarily into small « 224 cm PCL) and large
;:::224 cm) sharks. They found that captures of the
small sharks were restricted to the cooler months
from June to November, but that large animals were
caught throughout the year. They ascribed these
distribution patterns to the effect of water tempera-
ture, stating that temperatures were generally cooler

south of Durban, and suggested that the larger sharks
showed a greater tolerance of warmer water than did
the smaller ones.

With nearshore surface temperature data having
been available from all netted beaches since 1981, it
transpires that Durban does not form a boundary
between warm and cooler waters (NSB, unpublished
data). It now appears that there have been two
relatively uniform temperature regions over the
period 1981-1987, with Richards Bay to Park Rynie
forming a "warm" northern region and St Michael's-
on-Sea to Mzamba a cooler southern region. The
intermediate beaches from Ifafa to Umtentweni
represent a non-uniform transitional zone linking the
other two.

The present catch data can be compared with those
of Bass et al. (1975). Although catches were made
along the entire netted coast, catch rates of white
sharks smaller than 224 em PCL were highest at
the southernmost installations, Port Edward and
Mzamba (Fig. 3a). Catch rates were relatively high at
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the northernmost installations, but low in the central
region which, together with the northern and
southern peaks, suggest longshore movement into
the netted region. The predominant southern peak
was expected because, as already stated, Cape waters
are the centre of southern African distribution (Bass
et al. op. cit.). The distribution pattern was less
clearly defined for the larger size category, with no
northern peak but a southern peak again evident
(Fig. 3b).

The temporal distribution patterns of the two size
categories were investigated for the warm and the
cool regions (Fig. 4). The smaller white sharks were
present throughout the year in both regions, with
seasonal peak periods in July-October in the north
and June-September in the south. The larger animals
were also present year-round in both regions, but
with seasonal peaks in July in the north and from
May to July in the south. Peak catches in the
northern region lag between one and two months
behind those in the south, as might be expected if the
species migrates into Natal waters from the south.

The water temperatures associated with catches of
white sharks of both size categories were significantly
lower than the prevailing mean in the cooler southern
area (X2 test, p > 0,05), but not in the north (Fig. 5).
This finding suggests that the presence of sharks on
the South Coast is generally associated with influxes
of cold water, but that this is not so on the North
Coast. From the findings of Bass et al. (1975), it
might have been expected that such an association
would exist on the North rather than the South
Coast.

In view of the seasonal presence of both size groups
in both regions, it must be concluded that there is no
evidence from this study to support the contention
that larger sharks have a wider temperature tolerance
(Bass et al. 1975, Casey and Pratt 1985). The
temperature gradient along the Natal coast may, of
course, be insufficiently large to demonstrate any
such difference. It is possible, however, that the peak
period of capture of white sharks of all sizes along the
entire Natal coast, namely the winter months June-
October, can be explained by the lower water
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temperatures prevailing at that time. Alternatively,
Ainley et al. (1985) found the temporal distribution of
white sharks off the Farallon Islands, California, to
be related closer to the seasonality of prey than to the
seasonality of sea surface temperature. In late June
and July, shoals of South African pilchard Sardinops
oce/latusenter Natal waters from the south, attracting
large numbers of predatory dolphins, sharks and
teleosts. Indeed, in some years, pilchard featured
highly in the stomach contents of white sharks during
June and July, and these results are discussed further
in the section on feeding.
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Reproduction

Fig. 6: Relationship between precaudallength and mass M
of immature white sharks, sexes combined

No mature specimens of either sex were recorded
throughout the study period.

340300180 220 260
PRECAUDAl LENGTH (em)
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(Student's t test, p < 0,05), so the sexes were com-
bined (Fig. 6). The absence of animals < 131 cm peL
and > 348 cm limits the application of the curve,
although the size range sampled by the nets is within
the size distribution previously recorded from South
Africa. The smallest specimen caught in South
African waters was one of 114 cm reported by Smith
(1951), and the largest was a 485 cm individual
caught off the Southern Cape (L. J. V. Compagno,
pers. comm.). It is quite possible that sharks> 348 cm
long enter the netted region, for on occasion large
holes, thought to be the result of large sharks, not
necessarily only C. carcharias, breaking free, are
found in the nets. Such incidents, which are not
recorded but are estimated to occur between 10 and
20 times a year along the entire coast, may indicate
that the nets are not an adequate sampling device for
large white sharks.

The modal length class of males for the entire catch
was 216-220 cm, and of females 206-210 cm (Fig. 7).

Group occurrence

On eight occasions, two white sharks were trapped
in the same net on the same day. Of these eight pairs,
three were of the same sex and five were mixed.
However, none was sexually mature, which precludes
,the possibility of pairing being for mating. On 13
occasions, 2-4 sharks were caught in different nets at
the same installation on the same day, the installa-
tions ranging in length from 0,4 to 3,6 km. Finally, 11
white sharks were caught over a five-day period at
two installations I km apart and seven over a two-
day period at three installations 7 km apart.

The majority of cases of multiple capture were
between June and September, the period of peak
catch rates of white sharks by the nets. Although the
species usually occurs singly or in pairs, feeding
aggregations of 10or more sharks have been observed
(Compagno 1984, Casey and Pratt 1985). Therefore,
it is considered plausible that some of the multiple
captures in Natal waters represent winter feeding
aggregations.

The ratio of males to females for the total catch was
I : 1,4 which was significantly different from unity (x2
test, p < 0,05, n = 377). This difference may be
natural, because the sex ratio of embryos is unknown.
Alternatively, however, males may be more common
in deeper water or outside the latitudes of the study
area. Nevertheless, as none of the captured sharks
was mature, reproductive behaviour cannot explain
the variation in sex ratios.

Sex ratio

Length distribution

Length-mass relationships for males and females
caught in the nets did not differ significantly

MALES

The 20 males >250 cm long, including one of
340 cm, were all immature. This finding is in keeping
with that of Casey and Pratt (1985), who stated that
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males mature at lengths> 350 cm. Also, Bass et al.
(1975) cited Springer (pers. comm. in Bigelow and
Schroeder 1948) as stating that males of 300-313 cm
PCL caught off Florida were immature. Bass et al.
(op. cit.) do list mature males of 248,254 and 278 cm
from Natal waters, although one of the authors
(N. Nayager, formerly N. Kistnasamy of ORI, pers.
comm.) is now doubtful about the maturity of those
specimens. L. J. V. Compagno (pers. comm.)
examined a mature male of 299 cm from the west
coast of South Africa. Therefore, while the findings
of the present study are in agreement with those from
the western Atlantic, it would appear that there is
considerable variation in length at sexual maturity.

The increase in clasper length relative to precaudal
length is depicted in Figure 8. The relationship is
similar to that for another lamnid shark, the shortfin
mako /surus oxyrinchus (Stevens 1983, 1984), for
which species clasper length reached a plateau at
maturity. Given the shape of the curve (Fig. 8) and
the fact that a 372 cm male examined by ORI was
mature (N. Nayager, pers. comm.), one may have
expected the 340 cm NSB male to be close to

maturity, although the claspers were uncalcified.
Owing to the difficulty of separating the testes

from the epigonal organs in immature sharks, few
masses of testes were obtained. Sharks of 195-252 em
peL had testes masses of 18-61 g, but there was a
sharp increase in testes mass in sharks> 250 cm, an
individual of 279 cm having a testes mass of 194 g.

FEMALES

The largest specimen analysed in the present study
measured 348 cm and was immature, again in agree-
ment with the findings of Casey and Pratt (1985),
who stated that females> 399 cm are mature. Two
pregnant females from Japanese waters measured
455 cm and c. 386 cm respectively (Uchida et al.
1987). Bass et al. (1975) recorded two immature
females of 312 cm and 321 cm and a mature specimen
of 366 cm from Natal waters, again smaller than the
size at maturity established by Casey and Pratt (op.
cit.).

Only five ovary masses were obtained, and these
ranged from 20 g in a shark of 217 cm to 110 g in a
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Fig. 8: Relationship between inner clasper length and pre-
caudal length of male white sharks
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shark of 300 em. The mean uterus width in 19 sharks
ranging from 175 to 255 em peL was 16,0 ± 2,44
(SD) mm. Pratt et al. (1982) recorded an immature
female of 334 em with oviducts only IO mm wide.

Hepatosomic index HSI

Liver mass is a good indicator of condition III

sharks (Springer 1960). The hepatosomic indices
(liver mass/total mass X 100) of 175 sharks are shown
in Figure 9. The relationships for males and females
were visibly similar for the data available (i.e.
predominantly immature sharks), so the sexes were
combined, but the scarcity of data from large white
sharks precludes the fitting of a curve. Sharks lighter
than some 500 kg showed widely varying HSI,
between 5 and 24 per cent, but it appears that there

Ii]1983-88 (n=58)

.1978-82 (n=66)
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ELASNtQBRANCHS
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Fig. 10: Comparison of diet composition, expressed as frequency of occurrence, of white sharks caught in the
Natal gill nets during the periOdS197!H982 and 1983-1988
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Fig. 11: Diet composition of white sharks off Natal, 1983-1988, expressed in terms of frequency of occurrence
(%F), percentage by number (%N) and percentage by mass (%M)

may be less scatter for larger animals. There was no
clear seasonal pattern in HSI, there being large
variation within months.

Feeding

]n the period 1978-1988,32 (9,7%) of the 331 white
sharks analysed had everted their stomachs and any
stomach contents were lost. Of the remaining 299
stomachs, 41 per cent contained food, a value lower
than both the 53,7 per cent recorded by Casey and
Pratt (1985) and the 47 per cent of 43 specimens
analysed by Bass et a/. (1975). It is possible that the
differences are related to fishing gear, the specimens
sampled by Casey and Pratt (op. cit.) being caught on
lines and those of Bass et al. (op. cit.) in nets and on
lines.

In the 58 stomachs containing food which were
sampled during the period 1983-1988, there were 88
prey items.

ELASMOBRANCHS

Elasmobranchs were the most common prey
category over the II-year period, being found in 41, I
per cent of stomachs containing food. During the
first five years they were the second most common
prey category, occurring in 33,3 per cent of stomachs

(Fig. 10). However, during the second six-year
period they constituted the most common prey
category whether expressed as frequency of occur-
rence (50,0%), mass (44,4%) or number of prey items
(50,0%) - Fig. II. Bass et al. (\975), working in a
similar study area, also found that elasmobranchs
were the most common prey type, occurring in 40 per
cent of white shark stomachs. Similarly, elasmo-
branchs were the most frequently encountered prey
category in white sharks from California (Tricas and
McCosker 1984).

Eight species from seven elasmobranch families
were identified, with the requiem sharks (Carcha-
rhinidae) represented by three species (Table I). In
addition to the prey species shown in Table I, two egg
cases from a skate (suborder Rajoidei) were found.
Chunks of tissue from large sharks were found in 11,3
per cent of stomachs and batoids in 5,6 per cent.

The most common elasmobranch prey was small
sharks (PCL:::; I m), which were found in 26,6 per
cent of stomachs over the II years. They constituted
29,2 per cent by mass and 38,6 per cent by number for
the second six-year period (Figs 10, II). Juvenile
dusky sharks Carcharhinus obscurus were the most
common, occurring in 7,3 per cent of stomachs and
constituting 12,5 per cent by number and 16,9 per
cent by mass (Table I). Seven of these small sharks
were found in the stomach of a single predator and
eight members of the family Squalidae were found in
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Table I: Stomach contents of great white sharks caught in the Natal gill nets, 1978-1988. Totals represent percentage of
stomachs (F), of number of prey items (N), and mass of prey (M, kg) respectively

Prey category
1978-1982

%F %F

1983·1988

%N %M

Elasmobranchs
Carcharhinidae (requiem sharks)

Carcharhinus obscurus (dusky shark) 6, I
C. hrachyurus (copper shark) .
Rhizoprionodon aeulUS (milk shark) 1,5

Sphyrnidae (hammerhead sharks)
Sphyrna lewini (scalloped hammerhead) 1,5

Odontaspididae (ragged-tooth sharks)
Carcharias taurus (spotted ragged-tooth) . . . . . . . . . . . . . . . .. . .

Squalidae (dogfish sharks) .
Rhinobatidae (guitarfishes) .

Rhinoba/Os annu/a/Us (lesser guitarfish) .
Rhynchobatus e/jiddensis (giant guitarfish) 1,5

Dasyatidae (stingrays) 3,0
Myliobatidae (eagle rays)

P/erorny/aeus bovinus (bullray) .
Unidentified small sharks 10,6
Unidentified large sharks 10,6

Teleosts
Seombridae (tunas) .
Sciaenidae (kobs)

Argyrosomus h%/epido/us (kob) .
Clupeidae (herrings)

Sare/inops oce//atus (South African pilchard) 27,3
Sparidae (seabreams) 1,5

Cheimerius nufar (santer) .
Chrysohlephus ang/ieus (Englishman) .
Pagel/us bel/olli natalensis (red .jor-tjor) .

Ariidae (seacatfishes)
Ga/eich/hysfelieeps (white seacatfish) .

Sphyraenidae (barracudas) 1,5
Unidentified teleosts 10,6

Mammals
Cetaceans (dolphins, whales)

Delphinus de/phis (common dolphin) .
Tursiops /runea/us (bottlenose dolphin) 1,5
Unidentified cetaceans 22,7

Pinnipeds (seals)
Arc/ocephalus pusillus pusil/us (South African fur seal) 1,5
Unidentified seals 3,0

Molluscs
Cephalopods

Sepiidae (cuttlefishes) 3,0
Teuthoidea (squids) 1,5
Unidentified cephalopods 3,0

Bivalves - , .

8,6 12,5 16,9
1,7 1,1 2,6
1,7 1,1 3,4

1,7 1,1 2,8

1,7 1,1 1,7
1,7 9,1 2,4
1,7 2,3 1,3
1,7 1,1 0,1

1,7 1,1 0,0
24,1 15,9 8,5

5,2 3,4 6,6

1,7 1,1 0,9

3,4 2,3 11,2

1,7 2,3 0,1

1,7 1,1 0,4
1,7 1,1 0,1
1,7 1,1 0,0

1,7 1,1 0,1

15,5 11,4 1,8

1,7 1,1 13,6

19,0 13,6 17,6

10,3 6,8 9,6

3,4 2,3 0,2

1,7 4,6 0,0

Extraneous items
Butcher's bones

~~ .

1,5

66 58 88 103
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the stomach of another white shark. There was a
two-fold increase in the frequency of occurrence of
small sharks from the first five-year period to the next
six years (Fig. 10).

In contrast to the present study, small sharks were
found in only 3,4 per cent of the stomachs examined
by Casey and Pratt (1985). This difference may
indicate a higher availability of small sharks in Natal
waters than in the western North Atlantic, but it
could also reOect the smaller size of predator (22-
82 kg) in the latter study.

TELEOSTS

During the period 1978-1982, teleosts were found
in 39,4 per cent of stomachs containing food and as
such were the predominant prey category (Fig. 10).
They were represented by six families and included
three species from the family Sparidae. In addition to
the prey species shown in Table I, the squaretail kob
Argyrosomus thorpeiwas identified from otoliths, so
it should also be listed among the prey species of
white sharks.

The dominant teleost was the pilchard Sardinops
ocellalus, which was found in 27,3 per cent of
stomachs during the period 1978-1982 (Table I); it
was not only the most common teleost but also the
most common individual prey species. An estimated
910 of these fish were found in eight stomachs. Their
appearance in the diet was extremely seasonal, being
restricted to June and July, and was confined to white
sharks captured south of Durban.

During the period 1983-1988, teleosts no longer
dominated the prey, being found in 29,3 per cent of
stomachs and constituting 14,6 per cent by mass and
21,6 per cent by number (Fig. II). This substantial
drop in teleost predation may be attributed to the fact
that only two pilchard were found in a single stomach
during the six years (Fig. 10). Although pilchard
shoals were common close inshore in 1984 and 1985
(NSB, unpublished data), during each of these years
the nets were removed for approximately two weeks,
coinciding with the presence of maximum pilchard
abundance. Such a practice would certainly have
reduced the probability of catching white sharks with
pilchard in their stomachs. The low percentage by
mass relative to frequency and number is a result of
both the small size of teleosts and their rapid
digestion.

MARINE MAMMALS

The third most common prey items were marine
mammals, which were found in 29,0 per cent of

stomachs over the II-year period (Fig. 10). By mass,
they accounted for 40,8 per cent during the period
1983-1988, only slightly less than elasmobranchs
(Fig. II), presumably a direct result of the large size
of the marine mammals preyed on, enabling a shark
to take its fill from a single animal. Cetacean remains
were found in 22,5 per cent of stomachs (Fig. 10) and
included the bottlenose dolphin Tursiops aduncus
and the common dolphin Delphinus delphis (Table I),
the two most abundant species of dolphin in Natal
waters (Ross 1984). Pinnipeds, presumably the South
African fur seal Arctocephalus pusillus pusillus, the
only species of seal resident in South African waters
(Oosthuizen and David 1988), were found in 7,3 per
cent of stomachs. One of the seals had been tagged as
a first-year pup II months earlier near Gans Bay,
I 400 km south-west of the point of capture of the
shark (1. H. M. David, Sea Fisheries Research
Institute, pers. comm.). The South African fur seal
and, less commonly, other species such as the
Subantarctic fur seal Arctocephalus tropicalis occur
only as strays in Natal waters (Shaughnessy and Ross
1980), probably having been forced into the region by
stormy seas associated with cold fronts. As the
nearest colony of South African fur seals is in Algoa
Bay, 600 km to the south-west (Oosthuizen and
David op. cit.), the presence of pinniped remains in
white sharks caught off Natal could indicate a
migration of these sharks northwards from Cape
waters. The absence of any pinniped rookeries in
Natal or immediately adjacent waters may also
explain the lower incidence of pinniped than cetacean
remains encountered in this study. Tricas and
McCosker (1984) found that the incidence of
pinnipeds in the diet was more than four times that of
cetaceans.

MOLLUSCS

Remains of cephalopod molluscs were found in 4,0
per cent of stomachs. Their small size and the absence
of a hard protective covering results in rapid digestion
and a very low percentage by mass (0,2 per cent) ~
Table I. In addition, eight stomachs contained
cephalopod beaks with no accompanying soft tissue;
squid species were represented in five of these and the
others were unidentified.

OTHER PREY ITEMS

Seabird remains were absent from stomachs
examined in the present study, perhaps in part
attributable to the absence of resident jackass
penguins Spheniscus demersus in the study area.
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Randall et al. (1988) observed that these birds were
subject to white shark attack in Algoa Bay, although
the attacks were not necessarily fatal. Bass et al.
(1975) found seabirds in 2 of20 white shark stomachs,
one being a jackass penguin and the other a grey-
headed gull Larus cirrocephalus. The shark which
had eaten the penguin was captured on the Cape west
coast (N. Nayager, pers. comm.).

The occurrence of anomalous food items or
indigestible material in white shark stomachs was
rare. Over the II-year study period, very small
quantities of seaweed were found in seven stomachs,
possibly the result of feeding close to or on the sea
bed. One stomach contained 20 water-worn pebbles
weighing 187 g. In view of the high incidence of such
pebbles in the stomachs of A. pusillus (Rand 1959), it
is probable that they originated from the semi-
digested pinniped present in the same gut. Butcher's
bones, four small, white bivalve molluscs and small
amounts of riverine vegetation (twice) were found in
separate stomachs.

Despite the incrimination of white sharks in more
attacks on man than any other species (Compagno
1984), no identifiable human remains were found in
the stomachs examined.

REGIONAL DIFFERENCES IN DIET

Over the entire study period, the stomach contents
of sharks captured in the warmer region to the north
of Ifafa (Fig. I) were dominated byelasmobranchs
(48,2% of stomachs), followed by marine mammals
(31,4%) and teleosts (24,1%). In the period 1983-
1988, elasmobranchs constituted 59,2 per cent by
frequency, 53,6 per cent by mass and 60,6 per cent by
number in the north.

Sharks from the cooler region south of Umtentweni
showed a preponderance of teleosts in their diet
(47,1% of stomachs), attributable to the high inci-
dence of pilchard during the first five-year period. If
the presence of pilchard is excluded, the sharks from
the southern region still had a higher incidence of
teleosts than those from the north (33,3% v. 16,7%).
During the period 1983-1988, teleosts occurred in
32,0 per cent of sharks from the southern region, but
they only constituted 2,2 per cent by mass. For the
northern region, the comparative values were 22,7
and 7,5 per cent respectively.

The stomachs of sharks from the south contained a
lower incidence of both elasmobranchs and marine
mammals, 37,3 and 21,6 per cent respectively, than
sharks from the north for the entire study period. In
contrast to the respective values for the northern
region, elasmobranchs constituted 40,0 per cent by
frequency and 47,1 per cent by number in stomachs

of sharks from the south during the period 1983-
1988, but they represented 77,3 per cent by mass.

CHANGES IN DIET WITH SIZE

On the basis of an assumption that white sharks
over 2,5 m target on marine mammals (Tricas and
McCosker 1984), the entire sample was divided into
sharks smaller and larger than 250 em. Elasmo-
branchs were the most common prey category in the
smaller sharks, being found in 44,4 per cent of
stomachs, followed by teleosts at 35,4 per cent and
marine mammals at 26,3 per cent. During the period
1983-1988, elasmobranchs accounted for 46,0 per
cent by mass and 51,9 per cent by number, teleosts
16,0 per cent by mass and 20,2 per cent by number
and marine mammals 37,7 per cent by mass and 17,7
per cent by number.

In larger white sharks (> 250 cm peL) marine
mammals were the most common prey category
(40,0% of stomachs), followed by teleosts at 32,0 per
cent and elasmobranchs at 28,0 per cent. During the
period 1983-1988, marine mammals constituted 66, I
per cent by mass and 50,0 per cent by number,
elasmobranchs 26,2 per cent by mass and 12,5 per
cent by number and teleosts 0,3 per cent by mass and
12,5 per cent by number. These results support the
findings of Tricas and McCosker (1984), who
attribute the change in diet with increasing size to
such factors as decrease in agility and change in tooth
morphology.

SIZE OF PREY

The smallest prey recorded from a white shark
stomach in the present study was a pilchard of 19 cm.
The largest whole items were juvenile dusky sharks of
82-95 cm PCL and a barracuda Sphyraena sp. of
87 cm FL. Resulting predator: prey length ratios for
prey items consumed whole are between 9,9: I and
2,2: 1. Larger prey, such as marine mammals and
certain elasmobranchs, were consumed in portions.

VERTICAL DISTRIBUTION OF PREY

Two of the identifiable elasmobranch species, both
from the family Rhinobatidae, are benthic, and a
third, the bull ray Pteromylaeus bovinus, is demersal.
Carcharhinus obscurus, the most common single
species, and Sphyrna lewini are coastal pelagic
species and the remaining three species occur through-
out the water column. All the marine mammals may
be regarded as pelagic, whereas six of the eight
identifiable teleost types are demersal or reef-asso-
ciated. Casey and Pratt (1985) noted a similar high
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incidence of demersal teleosts in the diet of white
sharks sampled in the western North Atlantic. Pelagic
prey items constituted 76,6 per cent by mass, demersal
and reef-associated items 15,2 per cent and benthic
items 1,8 per cent. Over the II-year study period, the
very small quantities of seaweed found in seven
stomachs was probably the result of feeding close to
or on the sea bed.

In conclusion, therefore, it seems that white sharks
off Natal feed throughout the water column, although
pelagic prey items are more common. In contrast,
Tricas and McCosker (1984) found that the two most
common prey species of white sharks off California
were the bat ray Myliobatis californica and the spiny
dogfish Squalus acanthias, both generally associated
with demersal inshore communities.

SCAVENGING

Of II juvenile dusky sharks found in stomachs of
white sharks, two appeared to have been scavenged.
Portions of flesh from one specimen had previously
been removed from the abdominal region by a small
shark, and a second had a baited fishing hook in its
mouth. Also, two of the 14 identifications of remains
of large sharks in the stomachs appeared to have been
the result of scavenging, including that of a male
copper shark Carcharhinus brachyurus of approxi-
mately 200 cm caught in a shark net. A santer
Cheimerius nufar which had been gutted and dried by
a fisherman was also found in a white shark stomach.

Some 7 per cent of the white sharks caught were
found in the same net installation as a dolphin, and
on over half these occasions, the animals were in the
same net. Both common and bottlenose dolphins
were represented in this figure in approximately
equal numbers. Scavenging by the sharks on the
dolphins may, thus, be a reason for simultaneous
capture, for one white shark was netted adjacent to a
bottlenose dolphin and portions of the same dolphin
were present in the stomach of the shark. On two
other occasions, dolphin remains were found in
stomachs together with shark net twine, implying
that the dolphins had been scavenged from the nets.
White sharks are known to scavenge on floating
whale carcasses (Pratt et at. 1982), and Compagno
(1984) reports that this species readily scavenges on
carrion and hooked fIsh. Nevertheless, Cockcroft et
al. (1989) report that 11 per cent of the bottlenose
dolphins caught in the shark nets had healed scars
from shark bites, indicating that scavenging is not
necessarily the primary source of cetacean remains
being found in white sharks.

Simultaneous capture may on some occasions
have been the result of dolphins and sharks both

feeding on pilchard, because four of the sharks netted
together with dolphins were found with pilchard in
their stomachs. Only one of the associated dolphins
was examined, and its stomach was also found to
contain pilchard (V. G. Cockcroft, Port Elizabeth
Museum, pers. comm.).
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