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AGE AND GROWTH OF THE SPINNER SHARK CARCHARHINUS BREVIPINNA
(MULLER AND HENLE, 1839) OFF THE KWAZULU-NATAL COAST,
SOUTH AFRICA

B. R. ALLEN* and S. P. WINTNERT

Age and growth of the spinner shark Carcharhinus brevipinna off the KwaZulu-Natal coast of South Africa was
investigated from vertebral growth ring counts of 67 specimens (54—213 cm precaudal length, PCL). Counts
were made from sectioned vertebral centra by two readers. There was a statistically significant difference between
the growth functions of both sexes and Von Bertalanffy growth functions were L., = 196.3 cm, k = 0.146 year-!
and 7, = -2.3 year for males; L., = 232.8 cm, k = 0.1 year! and 7, = -2.9 year for females. This difference was
thought to be attributable to initially faster growth rate of males until maturity, after which their growth rate
slowed below that of females. Number of growth rings at maturity was 8—10 for both males (150 cm PCL) and
females (160 cm PCL). The oldest female and male in the sample had 17 (213 cm PCL) and 19 growth rings
(192 cm PCL) respectively. Annual growth ring deposition could not be validated using marginal increment ratio
analysis because of the small sample size. Geographic variation in growth rate and maximum attainable size was
evident between the spinner shark populations of the Indian and Atlantic oceans. Although C. brevipinna grow

slowly, the protective nets off the KwaZulu-Natal coast do not appear to have any detrimental effect on the popu-

lation.
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The spinner shark Carcharhinus brevipinna (Miiller
and Henle, 1839) is a common coastal-pelagic species
along the continental and insular shelves of warm-
temperate and tropical areas of the western and eastern
Atlantic and the Indo-West Pacific (Compagno 1984).
In the south-west Indian Ocean it has been recorded
off the west coast of Madagascar (Fourmanoir 1961),
southern Mocambique (Bass et al. 1973), the east
coast of southern Africa (Bass et al. 1973, Allen and
Cliff 2000) and as far south as Mossel Bay (Smith
1951).

On average, 136 spinner sharks are caught in the gill-
nets of the Natal Sharks Board (NSB; Allen 1999). That
organization maintains the nets off the KwaZulu-
Natal coast of South Africa to protect bathers at popular
beaches from shark attack (Cliff er al. 1988, Dudley
and CIiff 1993). The nets have been in place since
1952 and, to assess their possible impact on the C. bre-
vipinna population, life history parameters such as fe-
cundity and lifespan need to be determined.

Although much is known about the general biology
of C. brevipinna (Clark and Von Schmidt 1965, Sadow-
sky 1967, Bass et al. 1973, Dodrill 1977, Branstetter
1981, Stevens and McLoughlin 1991, Allen and Cliff
2000), the only available information on age and
growth is given by Branstetter (1987), who examined
15 specimens from the Gulf of Mexico. This study
uses vertebral growth ring counts from 67 animals to

elucidate the age and growth of the species from the
east coast of South Africa and compares the results
with those of Branstetter (1987).

MATERIAL AND METHODS

Sampling

Spinner sharks were collected between 1991 and 1998
from the NSB nets. Each net was 106 m long and 6.3 m
deep, with a stretched mesh size of 50 cm. Nets are laid
in two rows and run parallel to the shore, at a distance
of 300-500 m offshore, in water 10—14 m deep.
Further details of the netting operation are provided
by Cliff et al. (1988).

Each spinner shark was sexed, weighed and the
precaudal length (PCL) measured in a straight line
from the tip of the snout to the precaudal notch. For
comparison with Branstetter (1987), who used total
length (7TL), and other authors who used fork length
(FL), the following equations were used to convert
TL and FL to PCL:

PCL =0.779 TL - 9.07 (n = 376, r2 = 0.98)
PCL = 0.944 FL —3.21 (n = 382, 12 = 0.99)

Assessment of sexual maturity followed the criteria
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of Bass et al. (1973). Males were considered mature
when claspers were rigid from calcification and females
were considered mature if there were distinct ova in
the ovary and the uteri were expanded from a thin
tube-like state to form loose sacs.

Vertebral samples of 8—10 vertebrae from 35 males
and 47 females, including four male and four female
embryos close to term, were collected anterior to the
origin of the first dorsal fin. All vertebrae were stored
frozen, except for 10 that were stored in 70% iso-
propanol.

Ring-enhancing methods and ring counts

Several techniques were investigated to determine
the best ring-enhancing method: viewing clean un-
stained vertebra with transmitted light and dark field
(Wintner and Cliff 1996); staining whole and sectioned
vertebra with either crystal violet (Schwartz 1983) or
cobalt nitrate (Hoenig and Brown 1988) or silver nitrate
(Stevens 1975) and the “bow tie” method (Branstetter
and McEachran 1986). The clearest results were ob-
tained with the “bow-tie” method, in which a sagittal
section was cut from the centrum and polished using
200-grit sandpaper. The section was mounted on a
glass slide and successively sanded to a thickness of
approximately 0.5 mm using 200-, 400- and 600-grit
sandpaper. It was then viewed under a dissecting
microscope at a magnification of 63X, using transmitted
light and dark field.

In this study, a growth ring was defined as a pair
of bands consisting of a darker opaque and a lighter
translucent band (Cailliet et al. 1983, Cailliet and
Radtke 1987). Following the centrum face outward
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g. 1: Mean monthly marginal increment ratios (+SD) for C. brevipinna with eight growth rings or less

from the centre (focus), a distinct change in the angle
of the centrum was visible, and this was defined as a
zero growth ring. Any ring observed before this birth-
mark was defined as a pre-birth mark. The diameter
of the birthmark and the centrum diameter (CD)
were measured dorso-ventrally along the sagittal
plane through the focus using vernier calipers.

Counts were made independently by two readers
without prior knowledge of the length of the animal.
Samples with unclear growth rings were defined as
unreadable and were discarded. To accept a count,
the counts of the two readers had to be either identical
or differ by one growth ring; in the case of the latter,
the lower of the two was taken in an attempt to be
conservative. Non-accepted counts were recounted
and the same procedure was applied. Samples not ac-
cepted after a second count were counted a third
time, but only those counts that were identical were
accepted; all others were discarded. For samples
accepted on the third count, the precision of age deter-
mination was determined using the method of average
percentage error (APE), as described by Beamish and
Fournier (1981). An arbitrary upper limit of 10% was
set and any sample above this limit was discarded.

The von Bertalanfty growth function (VBGF) was
computed using the &onlinear regression programme
of STATGRAPHICS™:

L :Loo(l—e_k(’_%)) ,

where L, is the length at age 7 in years, L., the maximum
theoretical length, k the rate at which L, is reached
and 7 is the theoretical age at length zero.

To test for significant differences in the VBGF of
males and females, the data for both sexes were lin-
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Fig. 2: Relationship between centrum diameter and precaudal length (PCL) for C. brevipinna

earized and an analysis of covariance (ANCOVA)
was performed.

Centrum analysis

The width of each growth ring was measured using
an ocular micrometer. Verification of the periodicity
of band deposition was attempted by comparing the
nature, i.e. opaque or translucent, of the last band
with the month of capture (Kusher et al. 1992) and
by calculating monthly marginal increment ratios
(MIR; Hayashi 1976, Skomal 1990). The equation
used to calculate the ratios was

MIR=(VR-R,)/ (R,-R,_}) .

where VR is the vertebral radius, R, the width of last
complete growth ring and R,,_; is the width of the
second-to-last complete growth ring.

A relationship between CD and PCL was investi-
gated and the Dahl-Lea method of back-calculation
(Carlander 1969) was used following the equation:

PCL,= CD,x PCL./CD, ,

where PCL,; is the length at age #, CD, the centrum
diameter at age ¢, PCL,. the length at capture and CD,.
is the centrum diameter at capture.

RESULTS

Of the discarded samples, five were unreadable,

seven had no agreement after three counts and three
had APEs >10%, resulting in an overall usable sample
of 67. The samples stored in alcohol had much poorer
resolution of growth rings than those stored frozen,
and of the five unreadable samples, four were stored
in alcohol.

Pre-birth marks were observed in 9% of the samples.
In 59% of the samples, a thin translucent band was
observed immediately after the birthmark. The nature
of the last band in specimens with more than eight
growth rings was difficult to determine and was there-
fore abandoned. MIR analysis was hampered by a
lack of samples from July to December, and by the
difficulty in measuring the thin growth rings near the
centrum edge, which were smaller than the smallest
unit of the ocular micrometer (0.08 mm). MIR analysis
was therefore performed on samples with fewer than
eight growth rings because those samples could be
measured more accurately (Fig. 1). A MIR peak in
January and subsequent low MIRs at the end of the
year were visible. However, annual deposition of
growth rings could not be verified because of the
small sample size and overlap of monthly standard
errors.

There was a linear relationship between CD and
PCL (Fig. 2) and no significant difference between sexes
(Student’s #-test, p > 0.05). Because the y-intercept was
close to zero (-0.1285), no correction factor such as
that of the Fraser-Lee method (Carlander 1969) was
required. Mean back-calculated length at zero growth
rate was 57 cm, close to the observed value of 55 cm
(Table I). Lee’s phenomenon, a tendency for back-
calculated lengths of older fish in the earlier years of



fish at the same age (Carlander 1969), was not evident.
Because there was a significant difference between
the VBGF of both sexes (F = 15.172, p < 0.05), separate
VBGF were calculated for males and females (Fig. 3).
A combined VBGF for comparative purposes was also
calculated and the parameter estimates are given in
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Table I: Back-calculated and observed lengths at number of growth rings for C. brevipinna
Number of Back-calculated PCL (cm) Observed PCL (cm)

growthrings | pfean Min. Max. n SD Mean Min. Max. n SD
0 57 44 82 58 6 55 54 57 8 1

1 75 61 114 58 9 - 0

2 89 69 116 57 8 114 1
3 103 84 137 55 11 95 91 100 2 6
4 115 94 145 53 12 126 115 137 2 16
5 124 103 157 50 11 137 133 141 3 4
6 133 111 158 47 10 145 130 157 3 14

7 142 120 166 46 10 133 1
8 150 130 173 41 10 155 139 166 5 11

9 157 134 183 41 10 - 0
10 165 140 188 39 10 151 137 165 2 20
11 171 151 195 37 10 171 169 174 2 4
12 178 160 201 33 11 170 165 175 4 4
13 183 165 205 30 11 179 176 183 3 4
14 188 169 209 20 12 184 170 205 10 12
15 190 173 211 14 12 192 172 209 6 13
16 192 175 213 10 11 195 175 209 4 14
17 188 177 195 5 7 200 186 213 5 10
18 189 187 192 2 3 188 177 195 3 10
19 - 0 189 187 192 2 3

life to be systematically lower than those of younger Table IL

The predicted growth rate of males and females at
one growth ring was 19 and 17 cm respectively.
Males and females were mature at 8—10 growth rings
(Table II), after which the annual growth rate slowed
from 7 to 2 cm for males and from 8 to 4 cm for fe-
males. The oldest animal analysed was a 192 cm

Table Il: Comparison of the calculated Von Bertalanffy growth parameters (sexes combined) and other parameters from this
study with those of Branstetter (1987)

Parameter Present study Branstetter (1987)
k (year-1) 0.127 0.212
L., (cm) 209 158
1o (years) -2.52 -1.94
n 67 14
Size at birth 55 40
Maximum length (cm) 220 166
Male Female Male Female
Number Number Number Number
PCL (cm) | of growth | PCL (cm) | of growth | PCL (cm) | of growth | PCL (cm) | of growth
rings rings rings rings

Smallest 115 4 91 3 84 24 81 1.5
Youngest 115 4 114 2 84 24 81 1.5
Largest immature 157 6 165 10 115 5.6
Maturity 150 8-10 160 8-10 123 7.5 131 7.5-8.5
Smallest mature 155 8 164 8 127 7.7 135 7.5
Largest 196 17 213 17 141 8.5 153 11.8
Oldest 192 19 213 17 141 8.5 153 11.8
Pregnant 193-209 14-16
Post-partum 153 11.8
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Fig. 3: Von Bertalanffy growth curve and parameter estimates for (a) male and (b) female C. brevipinna

male with 19 growth rings, and the largest was a 213 cm
female with 17 rings.

DISCUSSION

Pre-birth marks have been found in a number of car-
charhinids (Casey er al. 1985, Branstetter and Stiles
1987, Batista and Silva 1995). Few samples in this study
(9%) possessed pre-birth marks. Branstetter (1987)
reported that at least one annulus was formed during
embryonic development in C. brevipinna from the
Gulf of Mexico. That author suggested that this was
common among placental species, occurring as a result
of nutrient increases at the onset of placentation.

However, Batista and Silva (1995) also observed pre-
birth marks in aplacental species. Casey et al. (1985)
suggested that these marks could also be formed in
the embryo’s vertebrae as a result of migrations
and/or winter marks of its mother, which may affect
the development of the embryo.

In 59% of the samples, a thin translucent band was
present immediately after the angle change. Wintner
and Cliff (1996) found the same pattern in C. limbalus
from the east coast of South Africa and suggested that
the thin translucent band is representative of the first
winter growth and that subsequent opaque bands are
deposited every summer. This would provide a plau-
sible explanation for C. brevipinna, because full-term
females from South Africa are caught in winter between
May and July (Bass et al. 1973, Allen 1999).



6 South African Journal of Marine Science 24

MIR analysis is commonly used to verify the period-
icity of band deposition in elasmobranchs (Branstetter
and Stiles 1987, Killiam and Parsons 1989, Batista
and Silva 1995, Natanson et al. 1995, Wintner and
Cliff 1998). Difficulties in distinguishing the last band
and measuring the widths of the outermost bands in
older specimens of sharks were also found by Casey
et al. (1985), Ferreira and Vooren (1991) and Goosen
and Smale (1997). Because of this, Killiam and Parsons
(1989) used juveniles 2—3 years old in their MIR
analysis. Owing to the scarcity of animals under study
with two or three growth rings, animals with eight
rings or less were used. However, the results of the
MIR analysis are not conclusive enough to suggest the
possibility of annual growth ring deposition. Bran-
stetter (1987), on the basis of absolute marginal in-
crements, suggested that growth rings begin to form
between October and December and are completed
by late summer (September). However, the samples
(n = 12) were only collected between late May and
late September, preventing distinct annual growth
ring deposition from being verified.

The linear relationship between CD and PCL is
common for many carcharhinids (Casey et al. 1985,
Davenport and Stevens 1988, Killiam and Parsons
1989). Branstetter (1987) also found such a relationship
for C. brevipinna in the Gulf of Mexico. Mean back-
calculated length at zero growth rings (57 cm PCL)
corresponded to a size at birth of 50-60 cm (Allen
1999), suggesting that the angle change is formed at
or close to birth. These birth sizes were larger than
the 38—45 cm PCL reported by Branstetter (1987)
for the same species.

Differences in VBGF parameters between males and
females have been found in other carcharhinids (Natan-
son et al. 1995, Sminky and Musick 1995). It appears
that male C. brevipinna off South Africa initially
grow faster than females, but that the growth rate
then slows below that of females after maturity is
reached. Branstetter (1987), using a sample of six males
and nine females, found no difference in growth rate
between sexes. The present number of growth rings at
maturity (8—10) was the same for both sexes (Table II).
Branstetter (1987) also found similar ages at maturity
for both sexes of C. brevipinna (Table II) and suggested
that males reach maximum length at 10.5-15.5
growth rings and females at 15.5-20.5 rings. The
asymptote for the VBGF of both sexes occurs at 17
rings in the present study. This falls within the range
of the females, but is larger than that of males of the
species from the Gulf of Mexico.

The combined VBGEF calculated here differs from
that of Branstetter (1987; Table II). The present L.,
value of 209 cm is larger than the 158 cm calculated
by Branstetter (1987), a result of the maximum attain-
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able size of the South African C. brevipinna (220 cm),
being larger than that from the Gulf of Mexico (166 cm).
The value of k in this study (0.127 year-!) represents
initially slow growth for juveniles, with neonates doub-
ling their length after approximately three years.
Branstetter (1987) attributed his findings of a large
value of k (0.212 year-!) to the rapid growth rate of
juveniles, with neonates doubling in length in the
first six months.

According to Branstetter (1990), to ensure survival,
neonates must attain a length of approximately 70 cm
to deter predators by allowing for escape through in-
creased swimming capabilities. He stated that two
different strategies are employed by elasmobranchs
to achieve this objective. First, young of the species
exposed to predators in their nursery grounds will
usually grow fast (k > 0. 1). Second, those with slower
growth rates (k < 0.1) inhabit more protected nursery
areas, or have higher fecundities. According to Bass
et al. (1973), the KwaZulu-Natal coast serves as a
nursery ground for newborn C. brevipinna. Dudley
and Cliff (1993) found an abundance of predatory
shark species along the KwaZulu-Natal coast, many
of which prey on small sharks, including C. brevipinna.
The Gulf of Mexico also has an abundance of large
coastal shark species (Branstetter 1981) that may prey
on newborn C. brevipinna using shallow bay areas as
nurseries (Branstetter 1987). Branstetter (1990) cate-
gorized C. brevipinna as employing the first strategy
in the Gulf of Mexico. The slower growth rate of C. bre-
vipinna in South Africa may therefore be compensated
for by their larger size at birth. The 70 cm “‘survival
size” suggested by Branstetter (1990), would there-
fore be reached by both populations after approximately
one year.

There are clear differences in age and growth between
C. brevipinna populations from the Gulf of Mexico
and those off South Africa. It must be noted, however,
that factors such as small sample size, sampling bias,
enhancing techniques and reader accuracy may also
play a role in the differences observed. Further analysis,
incorporating the use of multiple methods, including
tag-and-recapture and tetracycline studies (Beamish
and McFarlane 1983), are needed to verify and validate
the age and growth of C. brevipinna from the northern
and southern hemispheres.

Spinner sharks are fairly long-lived, exhibiting both
slow growth rate and late maturation, making them
susceptible to overfishing. Between 1978 and 1997,
2 728 C. brevipinna were caught in NSB nets, 10.27%
of the total catch of sharks. Analysis of trends in
NSB catch data has shown that this species has ex-
hibited significant increases in PCL of mature and
pregnant females over the period 1966—-1998 (Dudley
1999). Such a trend was also evident for tiger shark
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Galeocerdo cuvier and, although the cause is unknown,
the phenomenon may be attributable to competitive
advantage that these species have over other sharks
caught by the NSB fishery (Dudley 1999). The current
catch rate of C. brevipinna in NSB nets appears to be
sustainable. However, the extent of other forms of
fishing mortality (e.g. commercial/recreational fisheries)
elsewhere in its range is unknown.
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