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ABSTRACT

Lengths at age and growth rates for the tiger shark, Galeocerdo cuvieri. in the northwestern Alantic
and Gulf of Mexico were estimated from bands formed seasonally in the vertebral centra. The tiger shark
grows rapidly compared with many other shark species. Growth rates for Gulf of Mexico juveniles were
faster than for Atlantic juveniles. This produced significantly different (P < 0.01) estimates of the
parameters of von Bertalanffy curves for the two regional samples. With sexes combined, parameter
estimates for the Gulf of Mexico sample were L"" = 388 cm TL. K "" 0.184. to = -1.13 years; for the
Atlantic sample they were L"" = 440 cm TL, K = 0.107, to = -2.35 years. Males mature at approx
imately 310 cm TL, females at 315-320 cm TL, but the regional differences in juvenile growth rates
result in different ages at maturity. In the Gulf of Mexico. males mature in 7 years. females in 8 years;
in the Atlantic. males and females both mature in approximately 10 years. The largest male and female
examined (381 cm TL) were 15 and 16 years of age.

The tiger shark, Galeocerdo cuvieri, is cosmopolitan
in warm-temperate and tropical coastal and oceanic
waters of the western North Atlantic (Castro 1983).
It is usually found alone or in small groups of three
to six individuals distributed rather homogeneous
ly over most bottom types (Springer 1963), Because
of its large size, it is one of the most frequent en
tries in recreational fishing tournaments, and it
occurs regularly, but in low numbers, in longline
catches (Clark and von Schmidt 1965; Dodrill 1977;
Branstetter 1981, 1986). Along the U.S. Atlantic
coast, the tiger shark occurs year-round off Florida,
migrates as far north as Cape Cod in summer (Casey
1964), and returns to more southerly latitudes in fall
(Musick et al. 1985). In the Gulf of Mexico, the
species occurs in coastal waters from spring through
fall, and in deeper continental shelf and offshore
regions year-round (Branstetter 1981, 1986).

The low catch rates and semisolitary nature of the
tiger shark have hindered a comprehensive study
of its biology. The tiger shark is both a scavenger
(Gudger 1949; Clark and von Schmidt 1965) and
euryphagous predator (Bass et al. 1975; Dodrill and
Gilmore 1978). Information on the reproductive
biology of the tiger shark must be gleaned from scat-
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tered observations on pregnant females taken in the
Indo-West Pacific and Indian Ocean (Kauffman
1950; Bass et al. 1975) and in the northwestern
Atlantic (Clark and von Schmidt 1965; Dodrill 1977;
Branstetter 1981). Age and growth rates for the
tiger shark have not been reported.

Alternating opaque (calcified) and translucent (less
calcified) bands form in the vertebral centra of many
elasmobranchs during growth (Radtke and Cailliet
1984), and if a regular periodicity can be demon
strated for the formation of these bands through
out the life of the animal (Beamish and McFarlane
1983), they can be used to assess ages for individuals
in the sample and to estimate growth rates for the
population. Using these bands, age and growth data
for collections of tiger sharks from Virginia and the
northwestern Gulf of Mexico were developed, com
pared, and integrated with known life history char
acteristics.

METHODS AND MATERIALS

Tiger sharks were examined from research and
commerciallongline catches and from recreational
fishing tournaments. The Atlantic sample consisted
of 27 specimens taken during 1983 and 1984 sum
mer tournaments, and 42 specimens collected in
May through October on longlines fished in con
tinental shelf waters (primarily <40 m) within a 50
km radius of the mouth of Chesapeake Bay from
1977 to 1983. The Gulf of Mexico sample consisted
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of 21 specimens taken on longlines fished in con
tinental shelf waters of the northwestern Gulf in
summer and along the shelf edge in winter from
1981 to 1985. Nine more tiger sharks were examined
during a summer tournament in Texas. Between
1978 and 1985, an additional 41 specimens were
tagged and released between Panama City, FL and
Brownsville, TX. Data on morphometries, lengths
at maturity, and weight/length relationships were
supplemented by specimens collected in the north
central Gulf of Mexico (Branstetter 1981) and by 23
weight/length records from specimens taken from
1976-81 Galveston, TX shark tournaments.

Measurements were taken as the straight line
distance between perpendiculars with caudal fins
placed in a natural position (Dodrill 1977;
Branstetter 1981, 1986). The upper caudal lobe
angle was calculated to be approximately 21-22°,
based on a formula by Dodrill (1977) which places
the vertex of the angle at the upper caudal notch.
This is slightly less than the values calculated by
Thompson and Simanek (1977), who measured the
angle through the center of the caudal peduncle, not
the upper caudal notch. Total lengths (TL) are used
throughout this report, but because measurements
were taken by different people, there could have
been variation in placement of the long flexible
upper caudal lobe into a natural angle. Therefore,
for each regional sample, reg-ressions were
calculated to compare total length to the more
precisely measureable fork length (FL) or precaudal
length (PCL).

Weights of tiger sharks from tournaments and
Virginia specimens were made with balance beam
scales, and Gulf of Mexico specimens taken on long
lines were weighed with spring scales. Scales were
tested for accuracy between sampling periods.

Reproductive development and maturity deter
minations follow Springer (1960), Clark and von
Schmidt (1965), and Branstetter (1981). Males were
considered mature only if the claspers were fully
calcified and siphon sacs were fully developed.
Sperm is produced before the claspers calcify and
cannot be used as a criterion of maturity. Virginity
in females, indicated by the presence or absence of
a hymen covering the distal end of the oviducts, is
not a criterion for maturity. Females were con
sidered mature when developing or ripe eggs were
in the ovary, eggs or embryos were present in
the uteri, or by uterine expansion of nongravid
females.

For age and growth analysis vertebrae were
removed from 25 females (125-381 em) and 19 males
(156-381 em) from off Virginia, and from 10 females
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(91-355 em) and 7 males (140-340 em) from the Gulf
of Mexico. An additional eight Gulf of Mexico spe
cimens (100-285 em) had been processed for sale,
and sex could not be determined. A section of the
vertebral column was removed from under the
origin of the first dorsal fin or, when sampling com
mercial operations, from the cervical region dorsal
to the branchial chamber. Samples were frozen or
preserved in 10% formalin and stored in ethyl or
isopropal alcohol. Following methods detailed in
Branstetter and McEachran (1986), individual cen
tra were cleaned and a sagittal section cut from the
center. Sections were polished on wet 400 grit sand
paper and observed with a binocular dissecting
microscope using transmitted light. To block inci
dental light, an opaque tube was placed over the
section between the microscope stage and objec
tive.

Distinct marks (annuli), as illustrated in Caseyet
al. (1985: fig. 1) and Branstetter and Stiles (in press:
fig. 1), were visible in the intermedialia of cen
trum sections. These annuli corresponded to trans
lucent areas in the corpus calcareum and to the
outer edge of translucent bands on the centrum face.
The annuli formed distinct borders for the growth
bands. Bands were counted without knowledge of
the length of the specimen. All band counts were
made by the senior author. Counts for each
specimen were performed twice, and if agreement
was not reached, a third count was made for
comparative purposes. The distance from the
section focus to each annulus, centrum dorsal radius,
and marginal increment was measured on a line
from the focus through the center of the inter
medialia.

The periodicity of annulus formation was verified
through marginal increment analysis and corrob
orated with comparisons to back-calculated lengths
at each mark. Relative marginal increments were
calculated by dividing absolute marginal increment
widths by the width of the last fully formed band,
and relative marginal increments were compared
by month of capture. Back calculations were per
formed using the Dahl-Lea method (Carlander 1969)
where

TL; = M;(TL)CR

and TL; = total length at mark i (M;), TL = ob
served length at capture, and CR = centrum radius.
Back calculations were analyzed for each sample as
a whole and by age class.

Tiger sharks are born in the Gulf of Mexico and
along the southeastern U.S. Atlantic coast in early
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swnmer (Clark and von Schmidt 1965; Dodrill 1977;
Branstetter 1981). Therefore, for simplicity, a 1
June birthday was used to estimate actual ages. For
back calculations, ages were based on the age at the
formation of winter annuli; therefore, for summer
caught tiger sharks, there is a difference between
the actual age and the age at annulus formation (i.e.,
a tiger shark taken in June that was aged at 6.0
years would be 5+ years of age in back calculations).
To estimate growth rates, observed agellength data
were applied to a computerized von Bertalanffy
growth model (Fabens 1965). Males and females
were taken in similar numbers, and both sexes for
both samples are represented graphically; however,
because of the small data base, sexes were combined
for all mathematical analyses.

Apparent differences in mean lengths at age be
tween the two samples were tested for significance
using t-tests (Snedacor and Cochran 1980), and
independent von Bertalanffy curves for the two
regional samples were tested for differences follow
ing methods of Bernard (1981) using computer anal
ysis (SAS Institute 1985).

RESULTS

A FL/TL plot of data from both samples (Fig. 1)
can be used for general conversions of lengths re
ported in this paper. However, analyzed separate
ly, the two regional samples had nonsignificantly dif
ferent regression formulas for the relationships of
FL or PCL to TL:

Gulf
FL = 0.871(TL) - 13.5 (n = 33, r = 0.998)
PCL = 0.788(TL) - 12.1 (n = 34, r = 0.977)

Atlantic
FL = 0.853(TL) - 10.1 (n = 66, r = 0.994)
PCL = 0.797(TL) - 14.2 (n = 68, 'r = 0.992)

Combining data for both samples, the relationship
of centrum radii (CR) to length (TL) (Fig. 2) could
be described by linear regression:

TL = 14.72 CR + 51.15 (n = 64, r = 0.972)

Although the regression did not pass through the
origin, no correction factor, such as the Fraser-Lee
method (Carlander 1969), was applied because this
factor did not adequately describe the rapid embry
onic growth (Casey et al. 1985; Branstetter 1986).
For simplicity, this isometric relationship was used
for back-calculating lengths at previous ages and did
not produce Lee's phenomenon (Table 1). However,
the relationship was slightly curvilinear and was
more accurately described by separating the data
into immature vs. mature specimens « or> 310
cm):

Immature - TL = 17.7 CR + 20.18
(n = 44, r = 0.972)

Mature . TL = 7.6 CR + 190.21
(n = 20, r = 0.796).
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FIGURE i.-Relationship between fork
length and total length for Galeocerdo
CUi!tieri taken in the Gulf of Mexico and off
the Virginia coast.
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FIGURE 2.-Relationship of centrum dorsal radii to total length for GaJ<locerdo ruvil'/'i taken in the Gulf of Mexico
and off the Virginia coast. Centrum radii measurements are in ocular micrometer units (omu). 1 omu = 1.2 mm.
See text for discussion of the different regressions.

FIGURE S.-Marginal increment widths as a ratio of the width
of the last fully formed band in vertebral centra of GoJ/>()('erdo
C'lwi<l1'i compared by month. Specimens from the two regional
samples are combined.

The two regional samples of tiger sharks exhibited
similar growth rates. By combining observed length
at age data from both samples a single von Berta
lanffy curve could be fitted by using Fabens (1965)

Neonatal tiger sharks had only one annulus. Back
calculations of length at the formation of this an
nulus indicated that it was formed at birth. Prebirth
marks, which formed at placentation (Radtke and
Cailliet 1984; Casey et aI. 1985; Branstetter 1987c;
Branstetter and Stiles in press), were not found in
this aplacentally developing species; a condition also
noted for the aplacental Alopias vulp'inus (Cailliet
et aI. 1986).

Marginal increment analysis on all but neonatal
tiger sharks (Fig. 3) indicated that the annuli formed
in late fall or early winter (October-December) be
came visible off the centrum edge by January and
were farthest from the centrum edge in summer.
This "winter" annulus was consistent throughout
the size range of the sample (Beamish and McFar
lane 1983). Therefore, the first band bordered by
the birth mark and the first winter annulus repre
sented approximately 6 months growth; remaining
bands formed annually.

Annuli along the periphery of centra in large (old)
tiger sharks were closely spaced, making counts for
these individuals more difficult. Annulus counts
between the two readings were identical except for
some of the larger individuals. In these cases, results
of a third count matched one of the two previous
counts, and this was the value accepted.
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TABLE 1.-Back calculations by age class for the Virginia and Gulf of Mexico samples of tiger sharks. Galeocerdo cuvieri. Ages are based
on age at the formation of the winter mark. Lengths to nearest cm TL. Significantly different mean lengths at age between samples in
dicated by asterisks (.. P < 0.001; • P < 0.01).

Winter
mark n B 0+ 1+ 2+ 3+

Age at the formation of the winter mark
4+ 5+ 6+ 7+ 8+ 9+ 10+ 11 + 12+ 13+ 14+ 15+

0 0
1 2 76 126
2 2 74 130 156
3 6 73 125 159 185
4 9 73 122 161 189 209
5 1 84 126 160 192 219 237 ATLANTIC
6 2 78 135 178 205 223 244 262
7 2 75 120 151 186 218 243 259 274
8 2 82 118 163 198 224 242 261 278 294
9 1 73 122 148 165 196 224 249 271 290 309

10 5 72 116 154 186 211 229 250 270 290 305 314
11 6 72 121 159 184 211 239 262 280 300 316 326 336
12 1 78 118 144 176 211 230 245 270 284 296 311 322 330
13 1 73 128 183 219 238 256 284 302 317 326 335 348 356 366
14 1 62 107 153 187 207 253 270 281 299 314 324 337 345 351 362
15 2 77 123 158 189 214 236 261 287 301 313 325 334 346 355 364 372
16 1 72 111 150 180 198 214 244 260 274 285 304 318 331 346 359 364 378

X 74 122 159·· 188·· 213·· 237·· 258·· 277·· 295· 310· 321 334 342 355 362 369 378
cm/yr 1(48) 37 29 25 24 21 19 18 15 11 13 8 13 7 7 9

cmlyr 1(49) 51 35 29 24 18 18 17 16 13 9
X 73 122 173· • 208·· 237*· 261·· 279·· 297·· 314· 330· 343 352

0 1 77
1 4 70 114
2 3 74 129 169
3 5 74 125 180 212
4 2 80 124 170 214 241 GULF
5 2 77 125 169 208 235 267
6 1 68 115 166 198 227 256 281
7 2 74 130 172 197 233 249 274 288
8 1 61 105 179 202 229 250 275 300 307
9 2 74 126 178 209 237 263 280 301 317 329

10 0
11 1 68 113 166 215 254 283 290 306 316 333 343 352

'Six months growth.

procedure (Fig. 4) to adequately describe the growth
rate. However, young age classes in the Gulf of Mex
ico (hereafter referred as Gulf) sample were slight
ly larger at age than their Atlantic counterpart.
Independent von Bertalanffy curves for each data
set had different parameter estimates. Regressions
of the curves, linearized by log transformation, were
analyzed for covariance (SAS Institute 1985) and
were significantly different (P < 0.0001). Simul
taneous nonlinear regression analysis of the two von
Bertalanffy curves derived from back-calculated
mean lengths at age produced parameter estimates
with nonoveriapping simultaneous confidence inter
vals (Bernard 1981).

Back calculations by age class for each sample
(Table 1) also showed the more rapid growth of the
Gulf juveniles. Mean lengths at the formation of the
winter annuli were significantly different (P < 0.01
or P < 0.001) for early age classes of the two
samples. Neonates in both samples increased near-

ly 50 em in length the first 6 months, and the Age
I Gulf tiger sharks continued to grow at 50 em/year,
but Atlantic Age I individuals grew <40 em/year.
Gulf tiger sharks continued to grow approximately
4 em/year faster than the Atlantic population until
the fourth year. Growth rates then became similar;
Gulf tiger sharks were simply larger at age.

Observed and back-calculated lengths at age
(Table 2) corresponded within each sample. Com
parisons of observed and back-calculated iengths did
not indicate the occurrence of Lee's phenomenon.
Differences in observed and back-calculated lengths
at age were attributable to the fact that most speci
mens in both samples were taken in summer; there
fore, observed lengths at age were larger than back
calculated lengths at age based on the winter formed
annuli.

The growth rate estimated from centra was val
idated with one tag-recapture. A female, tagged 3
November 1978, was estimated to be 230 em, and
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FIGURE 4.-Length at age for Galeocerdo C'U;viel'i from the Gulf of Mexico and the Atlantic coast of Virginia. In
dividuals are plotted by their estimated actual ages (time elapsed since formation of the last winter mark). Birthdays
set at 1 June.

at recapture, 7 April 1984, was estimated to be 320
cm from the weight/length relationship. The tiger
shark grew 90 cm in 5.4 years. By using the agel
length relationship estimated by the growth curve
(Fig. 4), the shark would have been 3.4 years of age
when tagged and 8.8 years of age at recapture.

Even with the relatively rapid growth rate ex
hibited by this species, a length-frequency analysis
for both samples (Fig. 5) did not distinguish age
classes. The size distribution did indicate that young
juvenile tiger sharks occur only rarely in the Virginia
region.

Males matured at approximately 310 cm, females
at 315-320 em, and the differences in growth rates
between the two samples meant that they reached
maturity at different ages. For the Gulf of Mexico,
the smallest mature males (310, 311 cm) were 8.0
and 7.8 years old. The largest male aged (340 cm)
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was only 8.8 years old. Back calculations indicated
that this individual grew relatively rapidly compared
with smaller individuals in the sample, and the only
larger male collected (363 em) was not aged. The
smallest mature female (325 em) was 8.8 years old,
the largest (355 cm) was 11.2 years old. For the
Atlantic sample, two immature males (310, 311 em)
were not aged, but a 312 em mature male was 10.1
years old. The largest male (381 cm) was 15.1 years
old. The largest immature female (307 em) was 8.1
years of age, the smallest mature females (318, 319
em) were 9.0 and 11.1 years of age, and the largest
female (381 em) was 16.1 years old.

The rapid linear growth early in life did not cor
respond to a great increase in the weight of the in
dividuals (Fig. 6). Growth from the third through
the seventh winter decreased from 30 to 20 em/year,
and weights increased during this period. As the
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TABLE 2.-Comparison of length at age for observed and back-calculated data for Atlantic and Gulf populations of the tiger shark, Ga/eocerdo
cuvieri. Lengths are to the nearest em TL. Values indicate low-mean-high (n) for each age class.

Winter mark: 0 I II III IV V
Age: 0 0+ 1+ 2+ 3+ 4+

Gulf
observed 91-99-106 (2) 100-121-140 (4) 150-179-199 (3) 205-220-240 (5) 248-249-250 (2) 278-279-279 (2)
back calculation 50-73-85 (25) 96-122-137 (23) 149-173-184 (19) 192-208-228 (16) 225-237-254 (11) 239-261-283 (9)

Atlantic
observed NA (0) 125-140-155 (2) 156-165-173 (2) 180-192-225 (6) 205-216-229 (9) 237 (1)
back calculation 60-74-84 (44) 101-122-149 (44) 138-159-188 (42) 161-188-220 (40) 183-213-238 (34) 202-237-256 (25)

Winter mark: VI VII VIII IX X XI
Age: 5+ 6+ 7+ 8+ 9+ 10+

GUlf
observed 288 (1) 285-298-310 (2) 311 (1) 325-333-340 (2) NA (0) 355 (1)
back calculation 272-279-290 (7) 283-297-306 (6) 307-314-318 (4) 325-330-333 (3) 343 (1) 352 (1)

Atlantic
observed 250-276-302 (2) 278-282-286 (2) 292-300-307 (2) 318 (1) 307-322-335 (5) 319-341-354 (6)
back calculation 221-258-284 (24) 245-277-302 (22) 270-295-317 (20) 292-310-327 (18) 304-321-341 (17) 315-334-349 (12)

Winter mark: XII XIII XIV XV XVI
Age: 11 + 12+ 13+ 14+ 15+

Atlantic
observed 338 (1) 368 (1) 368 (1) 370-376-381 (2) 381 (1)
back calculation 340-343-356 (6) 348-355-366 (5) 359-362-369 (4) 364-369-378 (3) 378 (1)
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FIGURE 5.-Length frequency ofGaleocerdo C'/I;vieri collected off Virginia and in the Gulf of Mexico.
Specimens are grouped into 10 cm size classes.
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sexes combined.

animals matured at 310-320 em, linear growth
slowed from 15 cmlyear to <10 ern/year, and weights
increased dramatically.

DISCUSSION

An isometric relationship between centrum growth
and length has been noted for many shark genera
(Cailliet et al. 1983; Gruber and Stout 1983; Bran
stetter and McEachran 1986). The slight curvilinear
relationship between centrum growth and length
noted for Galeocerdo CU1Yieri suggested there were
two distinct growth stanzas. A similar relationship
was also noted for Isurus oxyrinckus (Pratt and
Casey 1983). The point of inflection in the curve is
generally at the length corresponding to the onset
of maturity, a decreased linear growth rate and an
increased weight gain rate. Apparently, centrum
growth is correlated to the structural support neces
sary for length increases, but an increasing rate of
weight gain does not require additional strengthen
ing of the vertebral column.

Marginal increment analysis of annulus periodicity
demonstrated that one growth band, consisting of
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one calcified opaque zone and one less calcified
translucent zone, formed annually. A similar period
icity for growth bands or annuli has been verified
for several shark genera (Gruber and Stout 1983;
Cailliet et al. 1986; Branstetter and McEachran
1986) and validated using tetracycline injected
Negaprion brevirostris (Gruber and Stout 1983),
TriaJ.-is semifasciatus (Smith 1984), Rkizoprionodon
terraenovae, and Carckarkinus plumbeus (Bran
stetter 1987a). In contrast, Parker and Stott (1965)
and Pratt and Casey (1983) provided evidence that
lamnoids produce two band pairs per year, and
Natanson (1984) could find no regular periodicity in
centrum bands of Squatina californica.

Our estimates indicated the tiger shark doubles
in length the first year of life. This is supported by
growth of a full-term embryo (69 em) placed in an
aquarium by Clark and von Schmidt (1965) on 21
May, where it survived 12 weeks growing to 89 em.

Rapid linear growth for juvenile tiger sharks may
be necessary for adequate cohort survival. With a
13-16 mo gestation period (Clark and von Schmidt
1965) and a mating season which occurs before full
term females have pupped, the female reproductive
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cycle is at least 2 years. Considering the litter size
(40-70 pups) (Kauffman 1950; Bass et al. 1975; Bran
stetter 1981), natural mortality must be high for
young age classes. Pups are born in coastal waters
at a relatively large size (>70 cm) which reduces
some predation, but the elongate, flexible body pro
duces an inefficient anguilliform swimming motion.
Additionally, early in life, the caudal fin is extremely
flexible and has a low thrust angle (Thompson and
Simanek 1977). The combination of these charac
teristics precludes rapid swimming speeds, thus
making the pups vulnerable to predation by the
abundant coastal sharks including their own species.
Not only does rapid linear growth make them larger
than most potential predators, it may help decrease
predation by increasing swimming efficiency and
speed through increased body rigidity (producing a
more carangiform motion) and increased caudal fin
thrust angle.

Linear growth continues at >20 cm/year until the
tiger sharks are near maturity. Such rapid growth
is similar to that noted for severallamnoids (Parker
and Stott 1965; Gruber and Compagno 1981; Pratt
and Casey 1983; Cailliet et al. 1985), but contrasts
sharply to the slow growth rates estimated for
several carcharhinids and sphyrnids (Thorson and
Lacy 1982; Gruber and Stout 1983; Schwartz
1983a). Even the more rapidly growing carchar
hinids do not have such large relative increases in
length (Parsons 1985; Branstetter and McEachran
1986).

The mean lengths at age between the Gulf of Mex
ico and Atlantic tiger sharks were significantly
different, and probably represent ecophenotypic dif
ferences between the two regions. However, the two
regional groups are not isolated. Our one tag
recapture was tagged off Mobile Bay, AL and recap
tured in the Florida Straits off Havana, Cuba, and
there are similar tag returns of tiger sharks that
moved between the Gulf of Mexico and the Atlan
tic (J. Casey pers. commun.4). However, long migra
tions between the two regions may be restricted to
larger individuals with juveniles remaining in their
respective regions.

If juvenile tiger sharks do remain in their respec
tive regions early in life, growth rate differences
between the two regions may be caused by dif
ferences in early life histories. In the Gulf of Mex
ico, the pups apparently only migrate short distances
inshore-offshore seasonally. In the Atlantic, the pups

'J. Casey, Northeast Fisheries Center Narragansett Laboratory,
National Marine Fisheries Service, NOAA, South Ferry Road,
Narragansett. RI 02882, pers. commun. June 1986.

are born south of Cape Hatteras, probably in the
Florida region (Dodrill 1977). These neonates may
not migrate north during their first year, as small
individuals, <150 cm, are rare in the Virginia region
(Fig. 5). During this time, the growth rates for both
groups are similar. The extensive northern
migration for 1+ year old Atlantic juveniles,
150-200 cm, may be energetically costly, hinder
ing growth. Therefore, the Gulf young that do not
migrate great distances are able to attain greater
lengths during this time period. The increased
swimming efficiency attained with lengths >250 cm
could possibly explain why growth rates become
similar.

For juveniles of both regions, the energy require
ments for the inefficient swimming motion and rapid
linear growth apparently restrict any great increase
in weight (Fig. 6). Only after the tiger sharks reach
lengths >200 cm (3 + years of age) does weight in
crease substantially, and correspondingly linear
growth begins declining. After reaching maturity
(310-320 cm) linear growth is <10 cm/year while
weight growth is substantial, corresponding to the
change in centrum radius/length relationship (Fig.
3).

The von Bertalanffy parameter estimates for the
two collections closely bracket known life history
characteristics. With sexes combined, the La> for
the Gulf of Mexico collection and for both samples
combined (388 cm) is smaller than many reported
large individuals, but is a reasonable compromise
between the maximum reported lengths for males
and females: 419 cm individual (McCormick et al.
1964); 370 cm male, 410 em female (Bass et al. 1975);
410 cm female (Branstetter 1981); and a 381 cm
male and female from this study. However, the tiger
shark is thought to attain lengths in excess of 450
cm (Bigelow and Schroeder 1948; Castro 1983),
more in agreement with the L .. for the Atlantic
sample (440 cm). The to value for the Gulf sample
(-1.13 years) is accurate, but the 13-16 mo gesta
tion period is overestimated for the Atlantic sam
ple (- 2.35 years). The to value for many shark
species overestimates the gestation period (Casey
et al. 1985; Branstetter 1986). The K values for each
analysis reflect the rapid growth rate of this species
and are similar to some of the more rapidly grow
ing Ca.rcharhi'Y/.1tS species such as C. limbat·U8, C.
brevipinna (Branstetter 1987c), C. falciformis
(Branstetter 1987b), and C. acronotus (Schwartz
1983b).

At the estimated growth rate for the largest in
dividuals (5-10 cm/year), exceptionally large speci
mens, 400-450 cm, would be 20-25 years of age. The
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von BertaIanffy curve using observed lengths at age
produced an estimated age at L"" for the Gulf
sample of 28 years, and 37 years for the Atlantic
sample. This would mean that the species matures
at 30-50% of its maximum age, and with a reproduc
tive cycle of greater than 2 years, a female would
reproduce less than 10 times. On the other hand,
von Bertalanffy curves derived using back
calculated lengths at age for both samples produced
estimated ages at L"" of 45·50 years. Exceptional
ly high ages at L"" may be due to the exponential
function of the model, or it is also possible that as
tiger sharks attain sizes near their maximum weight
or length, centrum growth and band formation do
not accurately represent age. Because no excep
tionally large individuals were aged, we are unable
to determine which is the case. Even so, the data
indicate that the tiger shark is long-lived with a
relatively low fecundity. and natural mortality for
the young may be high. As with many other elasmo
branchs, this combination of K-selected character
istics may result in an overexploitation of this
species under increased recreational and commer
cial fishing pressure (Musick and Colvocoresses
1986).
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