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Age and Growth of the Scalloped Hammerhead, Sphyrna lewini, in
Northeastern Taiwan Waters!

C.T.CreN,2T. C. Leu,2 S. J. Joung,?2 and N. C. H. Lo?

ABSTRACT: Age and growth of the scalloped hammerhead, Sphyrna lewini,
caught mostly by longline and harpoon in northeastern Taiwan waters from
December 1984 to November 1985, were determined from annulus counts from
325 individuals. Translucent and opaque zones on vertebral centra were formed
twice a year, in June and December. The von Bertalanffy growth curve param-
eters obtained using a nonlinear regression based on age and observed length
were as follows: asymptotic length (L) = 319.72 cm total length (TL), growth
coefficient (K) = 0.249, age at zero length (z,) = — 0.413 yr for females; and
L, =320.59 cm TL, K = 0.222, t, = — 0.746 yr for males. Growth was appar-
ently fast and varied among individuals. Growth rates for females were estimated
to be 63 cm for the first year, 23—50 cm/yr for years 2—5, and 3—19 cm/yr for years
6—13. Growth rates for males was 54 cm for the first year, 22—42 cm/yr for years
2-5, and 11-18 cm/yr for years 6—8. Holden’s method was applied to estimate
growth parameters for purposes of comparison. Estimated age at maturity was
4.1yr (210 cm TL) for females and 3.8 yr (198 cm TL) for males, based on-the von
Bertalanffy growth equation from back-calculated data. The largest female (331
cm TL) whose age was determined in this study was 14.0 yr old; the largest male

(301 cm TL) was 10.6 yr old.

THE SCALLOPED HAMMERHEAD shark, Sphyrna
lewini, is common in coastal warm temperate
and tropical seas throughout much of the
world (Compagno 1984) and is found in Tai-
wan waters. Catches from areas west and
south of Taiwan are smaller than those from
areas to the east (Chen et al. 1988). This species
is commonly found from Pung Chia Island to
Guei Shan Island (Figure 1) and is one of the
most abundant species contributing to the
commercial shark fishery of the northeastern
waters of Taiwan (Chen et al. 1988). Based on
data from the fish market in Nan Fan Ao near
Suao city, located in northeastern Taiwan,
500 tons of scalloped hammerheads are
landed per year, representing 25% of the total
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catch of sharks in this area and ranking this
species first among all shark species caught.
The total catch of scalloped hammerheads is
valued at (U.S.) 1 million dollars per year.
Sharks are among the most valuable food re-
sources in Taiwan. However, because of their
low reproductive rate sharks are extremely
susceptible to overfishing (Holden 1974, 1977).

To ensure the continued abundance of
scalloped hammerheads as a food source, the
life history of the shark must be understood
before instituting any fishing management
methods. Chen et al. (1988) investigated the
reproductive biology of scalloped hammer-
heads captured off Nan Fan Ao, but not age
and growth. Clarke (1971) examined the
growth of scalloped hammerheads by using
tag-recaptured neonatals in Hawaii. Schwartz
(1983) and Branstetter (1987a) noted the age
and growth of scalloped hammerheads from
North Carolina and the Gulf of Mexico using
analyses of vertebral rings. Ageing methods
for sharks were summarized by Schwartz
(1983), but he did not verify annual ring for-
mation in scalloped hammerheads. Branstet-
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FIGURE |. Sampling area of S. lewini off northeastern Taiwan.

ter (1987a) suggested annual formation of
annuli for Gulf of Mexico specimens because
of observations of increasing width in mar-
ginal increments along the centrum edge.
Alternating opaque and translucent bands
form in the vertebral centra of many
elasmobranches during growth, and if a regu-
lar periodicity can be demonstrated for the
formation of these bands throughout the life
of the animal, they can be used to assess ages
for individuals in the samples and to estimate
growth rates for the population (Branstetter
et al. 1987). Holden (1974) used reproductive
data (i.e., maximum observed length, gesta-

tion period, and length at birth of embryo) to
estimate the growth rate in elasmobranches.
The vertebral rings (annuli) of Branstetter et
al. (1987) and Holden’s method (1974) were
utilized in this study to analyze the age and
growth of scalloped hammerheads captured
in waters off northeastern Taiwan.

MATERIALS AND METHODS

Scalloped hammerheads (276 females and
49 males) were obtained from fish markets in
Tashi and Nan Fan Ao between December
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FIGURE 2. Average centrum diameter at different locations along the vertebral column of S. lewini from Taiwan.
Four specimens were sampled: 47.2 cm, 49.2 cm, 49.5 cm, and 49.9 cm TL. Vertical bars indicate +1 SD.

1984 and November 1985. Larger sharks were
captured mostly by longline and harpoon;
small sharks were captured by trawl and long-
line. The primary fishing area was located off
northeastern Taiwan (Figure 1). All sizes were
included in the samples. Measurements were
taken of total length (TL) (in cm) and weight
(W) (in kg). Methods follow Chen et al. (1988).
Total length is used throughout this report.
The 35th through 40th vertebrae, located
just under the first dorsal fin, were sampled
from each shark. These were the only verte-
brae readily available in the market, and they
are easy to locate under the first dorsal fin.
Measurements of centra of the vertebrae just
under the first dorsal fin were also used by
Stevens (1975), Tanaka et al. (1978), and
Wang and Chen (1982). To determine if these
vertebral areas were suitable for age determi-
nation, four specimens of similar sizes were
selected to compare variation in the radii of
the centra. The size of the 35th through 40th
vertebrae seems to be more stable (mean =
1.8, SE = 1.4, n = 4) (Figure 2) than that of
vertebrae sampled elsewhere in the column.
The vertebrae were prepared by (1) soaking
the vertebrae for ca. 30 min in boiling water;

(2) removing the connective tissue from the
centrum; (3) sectioning along a longitudinal
plane; (4) grinding along the central longitudi-
nal axis until the centrum was ca. 0.2 mm
thick; and (5) observing the section of centrum
with a dissecting microscope at 10 x magnifi-
cation by reflected light.

Measurements for back calculation were
made with an ocular micrometer using trans-
mitted light. Periodic marks appear to tra-
verse the centra of the vertebrae of the scal-
loped hammerhead. These marks, viewed by
transmitted light, are opaque. In this study
they are termed annuli (annulus); they are
analogous to the term “band” or “‘ring” used
by other authors. Validation of annuli as time
marks was not attempted. The radius of each
centrum was measured from the focus to the
outer margin (Figure 3). Measurements were
made at least twice. Measurements were
accepted if both measurements obtained were
in agreement. If the estimated number of
annuli differed by one annulus, then the
centrum was remeasured. Measurements that
differed by two or more annuli were rejected.
Measurements of 57 of the 325 vertebrae were
rejected.
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FiGURE 3. Longitudinal section of vertebra of S. lewini used for age determination. 1-14 = annulus marks; centrum
radii were measured from focus (O) to outer margin of the vertebrae.
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The time of annulus formation was esti-
mated from monthly changes in the marginal
increment (M.I.) using the following equa-
tion:

M.I = (R - rn)/(rn - rn—l)

where R is the centrum radius and r, and r,,_,
are radii of the ultimate and penultimate an-
nuli, respectively. The centrum radius and total
length curvilinear equation were utilized to
back calculate time of annulus formation.

The von Bertalanffy growth equation
(VBGE) curve (Draper and Smith 1981) was
selected as the growth model. The nonlinear
regression PAR BMDP statistical package
(Dixon et al. 1985) was used to obtain the
parameter estimates of VBGE by using (1)
observed length and age, and (2) the back-
calculated length at the time of annulus for-
mation and the age for each sex. The VBGE is
as follows:

L=L,{l —exp[— K (t— t,)]}

where L, is the live length at age ¢, L, is the
asymptotic length, K is the growth coefficient,
tis the age (day) from birth, and ¢z, is the age at
zero length.

In addition, Holden’s method (1974) was
used to obtain growth parameter estimates for
comparative purposes. Holden’s method re-
quires the maximum observed length (L,,,,),
gestation period (g) (= age at zero length),
and length at birth (L,) to estimate the growth
coefficient K:

K= —'ln(l - Lg/Lmax)/g

All of the growth rates were estimated from
a computerized form of the VBGE.

The relationship of body weight and total
length was also examined for males and fe-
males. An analysis of covariance was used to
detect the possible difference in the weight-
length relationship between the sexes.

RESULTS

Relationship between Centrum Radius and
Total Length

A significant curvilinear relationship (Fig-
ure 4a,b) was found between the centrum radi-
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us (R) and total length (TL) for 226 females
and 42 males: female: TL = 18.833 R?-°568
[r=0.984, n =226, 18.833 (SE =0.1007),
0.9568 (SE = 0.0322)]; male: TL = 20.361
RO9362 [r =0.993, n=42, 20.361 (SE=
0.1011), 0.9362 (SE = 0.049)]. Both curves
pass through the origin. The curvilinear forms
were probably related to slowing of vertebral
growth in larger sharks.

Time of Annulus (Opaque Zone) Formation

The two smallest M.I. means for both im-
mature and mature females occurred in June
and in December (Figure 5). Thus an opaque
zone for females occurred twice a year, the
first in June and the second in December. We
assumed that the opaque zone is a half-year
annulus. Standard error was large because
annulus growth for each individual was differ-
ent, even in the same month. For example, in
June some annuli were nearly formed (M.I.
were large), and some had already been
formed (M.I. were small). The time of annulus
formation for males could be roughly esti-
mated in spite of small sample size (n = 42)
(Figure 5). As in females, males had two
smaller M.L., in June and again in December,
and we assumed that an opaque zone for
males occurred twice a year.

No annulus was found in the centra of em-
bryos during the breeding season (from May
to July) (see Chen et al. 1988). Three juveniles
(58 cm, 59 cm, and 60 cm) caught in October
did, however, exhibit one annulus. It is there-
fore reasonable to assume that the first
annulus is formed in June, immediately after
birth. Hence the age of first annulus forma-
tion was at 0 yr, the second at 0.5 yr, the third
at 1 yr, the fourth at 1.5 yr, and so on. Odd-
numbered annuli formed between June and
November, and even-numbered annuli formed
between December and May (Table 1). This
observation supports the conclusion that
annuli form in June and December each year.

Back-calculated Length at Time of Annulus
Formation

A mean annulus radius was calculated for
each sex. Mean radii for each annulus were
summed. It is obvious that Lee’s (1912) phe-
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FIGURE 4. Relationship between total length (TL) and centrum radius (R) in S. lewini from Taiwan. A4, females
(TL = 18.833R%-95%8 [r = 0.984]); B, males (TL = 20.361R°-2362 [r = 0.993]).
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TABLE 1

NUMBER OF VISIBLE ANNULI OF S. lewini FROM TAIWAN (DOES NOT INCLUDE REJECTED VERTEBRAE) (fop, FEMALE; bottom, MALE)

|
ANNU{.US GROUP

YEAR MONTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1‘6 17 18 19 20 21 22 23 24 25 26 27 28 TOTAL

1984  Dec 1 13 1 1 7
1985  Jan. 1715 1 3011 1 1 2 5 3 32
Feb. 2 2 4 3 3 3 2 2 21
Mar. 1 1 1 1 1 3 2 1 11
Apr. 3 5 2 3 2 1 4 1 21
May 3 2 4 3 1 2 116
Jun. 1 2 4 113 1 2 15
Jul. 2 4 4 2 4 1 1 1 19
Aug. 3 7 1 2 5 1 19
Sep. 1 1 4 o1 3 3 1 4 1 1 21
Oct. 1 1 2 1 301 4 3 1 3 1 1 24
Nov. 1 ] 3 4 3 3001 2 1 20
Total 1 3 1 8 3 6 4 7 0 4 11 7 24 11 18 12 17 8§ 15 15 5 15 9 11 6 2 1 226

ANNULUS GROUP

YEAR MONTH |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 TOTAL

1984  Dec. 1

1985  Jan. I
Feb. 2 1 1
Mar. 1 1 1 2
Apr. 1 1 1
May 1 | 1
Jun. 1 1 1 1 ‘
Jul. 1 1 1 1 1 2 i 2

—
AN ONWWWUL R -

Sep. 2

Oct. 2 1

Nov. 1
Total 2 41 —1 1 2 1 2 4 5 4 2 2 2 3 3 2 — 1

._.
N
R w




TABLE 2

BACK-CALCULATED TOTAL LENGTH AT TIME OF ANNULUS FORMATION OF FEMALE S. lewini FROM TAIWAN

TOTAL LENGTH (cm)

ANNULUS 7 1 2 3 4 5i 6 7 8 9 10 11 12 13 14 HS 16 17 18 19 20 21 22 23 24 25 26 27 28
1 1 453
2 3 522 721
3 1 539 667 769
4 8 699 959 112.7 1349
5 3 553 799 103.7 123.7 141.8
6 6 69.1 922 108.6 126.0 141.7 155.6
7 4 624 821 101.6 121.9 1423 163.3 184.5
8 1 743 1051 121.4 138.0 1540 173.8 189.7 206.2
9 6 575 743 91.0 106.1 1234 139.5 1579 1764 192.6
10 4 633 862 984 117.1 137.7 159.6 177.8 1949 2103 2253
11 I1 614 80.6 99.1 117.1 1339 149.2 165.3 181.7 198.5 213.0 226.7
12 7 61.8 850 1047 121.9 140.5 158.9 175.2 193.8 211.2 227.2 241.2 255.6
13 24 578 757 922 108.4 123.7 140.0 157.4 1757 1923 207.8 221.9 235.6 249.4
14 11 68.4 873 1029 119.5 1354 151.9 168.5 185.6 200.7 216.6 230.6 242.8 254.7 265.9
15 18 59.5 752 9L5 107.1 1222 1369 151.9 1584 1834 198.6 204.3 226.2 2383 249.5 262.7
16 12652 81.9 99.2 1156 1319 146.6 163.6 178.6 193.8 209.1 224.0 237.2 249.4 259.8 2;69‘9 280.1
17 17 599 779 947 108.7 1243 1394 1550 171.8 185.6 199.4 213.3 2274 240.6 2519 262.8 2724 281.8
18 8 655 794 947 109.1 1239 137.1 151.5 166.9 181.6 1954 209.3 2233 235.6 248.3 259.6 272.3 2834 292.8
19 15 60.7 769 912 1034 116.6 130.1 143.2 1564 1702 184.3 198.3 211.7 2259 239.6 2519 263.0 273.1 282.6 2914
20 15 63.0 799 944 1084 1224 1369 150.7 166.1 180.1 194.1 207.8 221.2 234.0 2459 256.0 2657 276.0 284.4 2924 200.5
21 5 61.2 774 917 103.7 114.6 127.5 142.7 1578 173.4 191.2 2054 218.7 231.2 241.2 251.8 2625 271.8 281.2 288.5 294.7 301.9
22 15 66.2 828 97.6 111.2 1224 1348 148.1 161.4 176.0 189.5 203.0 2159 228.0 240.1 251.8 2622 272.6 282.5 290.9 299.4 307.8 315.6
23 9 549 703 835 954 107.1 120.0 1324 1459 160.5 1749 189.2 2023 213.5 2264 238.8 2499 259.2 268.3 275.6 2823 288.1 294.3 301.1
24 11 583 749 88.7 1022 114.7 1273 140.0 1528 1663 179.8 192.6 2053 217.2 228.0 239.1 246.7 260.3 270.2 278.8 287.3 2952 3029 3108 317.0
25 2 641 794 929 1046 1146 1245 141.0 1550 169.7 180.3 194.1 207.0 220.0 232.8 242.5 2529 266.5 2769 286.5 2952 304.0 313.5 3238 331.7 3404
26 6 61.1 782 90.0 1042 116.2 127.8 140.7 152.8 1653 178.3 190.3 204.1 217.1 2304 242.0 251.0 2644 2740 282.8 290.0 296.3 303.2 310.6 317.9 324.6 331.3
27 2 667 760 862 954 1046 1162 127.0 138.5 152.5 168.1 182.7 194.1 207.0 220.8 231.2 240.1 2489 256.1 263.3 272.1 279.3 285.7 292.0 298.4 304.0 311.1 316.7
28 1 558 713 862 98.1 107.9 1195 132.6 1463 157.3 169.2 1804 194.9 203.0 2109 219.1 227.5 2357 2433 2521 259.6 269.1 2729 276.1 279.8 282.0 285.5 289.7 293.0
Weighted
mean 61.6 79.6 96.1 1109 1248 139.4 1553 167.7 1834 197.6 2103 223.5 2348 2442 2540 261.2 271.5 279.0 2858 2922 297.5 3040 306.2 3152 319.8 321.7 303.2 293.0




TABLE 3

BACK-CALCULATED TOTAL LENGTH AT TIME OF ANNULUS FORMATION OF MALE S. lewini FROM TAIWAN

TOTAL LENGTH (cm)

ANNULUS n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 2 87.6

2 4 614 850

3 1 658 832 953

4 I 693 967 119.0 136.5

5 1 569 798 97.0 109.0 1259

6 1 552 780 953 109.0 120.8 137.6

7 2 587 79.8 105.6 1225 1360 1493 164.2

8 1 569 746 919 109.0 1174 1309 142.7 1593

9 2 596 789 987 1158 1326 1452 161.8 179.9 2004

10 4 569 812 972 1149 131.8 151.0 1684 189.7 2069 226.0

11 5 512 714 895 107.6 1255 1420 160.6 1784 196.1 211.1 226.7

12 4 548 759 984 1183 1351 154.0 170.8 186.1 202.5 2155 229.3 2438

13 2 702 88.4 103.0 I121.7 1385 161.8 1774 1947 208.5 224.7 2393 2529 269.0

14 2 525 702 893 1047 1242 141.8 158.5 171.7 190.6 2044 2174 2312 2425 2554

15 2 435 623 789 944 1090 1259 1443 1609 179.1 193.0 2045 219.1 231.2 2449 257.8

16 3 503 623 775 924 1039 1186 1326 1493 167.1 1824 196.6 209.0 2243 238.8 251.7 266.1

17 3 486 623 775 889 1044 1163 1304 1448 1571 171.3 1889 2064 218.7 2312 243.6 257.0 2718

18 2 480 675 780 8.4 987 109.0 119.1 131.8 146.0 159.3 1733 184.8 1979 210.1 2150 2344 2465 258.6
Weighted mean 568 749 914 107.6 1220 138.1 154.1 1700 187.6 201.8 211.8 222.1 2294 2359 243.1 2547 261.8 258.6
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FIGURE 6. Von Bertalanffy growth curves for S. lewini from Taiwan. Individuals plotted by their annuli (time
elapsed since the formation of the half-year annulus). B, birth mark. Top, females; bottom, males.
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estimates were K =0.249 (SE = 0.0122),
L, =319.72 cm (SE = 3.7485), and t,=
—0.413 yr (SE =0.1031) for females and
K=0.222 (SE=0.0389), L, =320.59 cm
(SE = 21.4894), and t, = — 0.746 yr (SE =
0.1998) for males. Length at birth was esti-
mated to be 31.3 cm for females and 48.9 cm
for males. Females are smaller at birth
than the average length of embryos at birth
(45 cm). The growth rate during the first year
was estimated to be 63 cm for females and 54
cm for males, then 23—-50 cm/yr for females
and 22—42 cm/yr for males for years 2—5, and
3-19 cm/yr for females for years 6—13 and
11-18 cm/yr for males for years 6—8.

(2) Back-calculated lengths for ultimate
annulus formation at different ages (diagonal
column, Tables 2 and 3) are 45.3 cm at 0 yr,
72.1 cm at 0.5 yr, 76.9 cm at 1 yr, 134.9 cm at
1.5 yr, etc. In Table 2, these lengths were also
used to calculate the predicted lengths of the
VBGE. The parameter estimates were
K=0.178, L,=235575 cm, and t¢,=
—0.889 yr for females and K =0.161,
L, =352.81 cm, and ¢, = — 1.308 yr for
males. A von Bertalanffy curve produced from
back-calculated length-at-different-ages data
was close to the observed data curve (Figure
6) although there were small differences in
length data in both young and older speci-
mens.

The length at sexual maturity for the scal-
loped hammerhead was 210 cm TL in females
and 198 cm TL in males (Chen et al. 1988).
The age at maturity in the present study was
4.0 yr for females and 3.8 yr for males, based
on the VBGE from back-calculated data. Us-
ing the back-calculated data, age at maximum
size was 14.0 yr for females (331 cm TL) and
10.6 yr for males (301 cm TL).

HOLDEN’S METHOD. The gestation period (g)
is 10 months ( = 0.833 yr), which is equivalent
to age at zero length. Length at birth for the
embryo (L,) is 45 cm, and maximum observed
length (L,,,,)is 331 cm TL for females and 301
cm for males (Chen et al. 1988). Based on
Holden’s method, we obtained K = 0.175 for
females and 0.194 for males. Thus VBGE
(Figure 6) for both sexes were obtained as
follows:

PACIFIC SCIENCE, Volume 44, April 1990

females: L, = 331 {1 — exp[ — 0.175
(t + 0.833)]}

males: L, = 301 {1 — exp[ — 0.194
( + 0.833)]}

From these equations, the calculated length at
age zero is 45 cm. This agrees well with the
birth length of embryos from back calculation
and observation. The first-year growth rate
was estimated to be 45 cm for both sexes, then
22.8-38.6 cm/yr for females and 20.8-37.2
cm/yr for males for years 2—5, and 5.6—19.2
cm/yr for females and 4.4-17.1 cm/yr for
males for years 6—13.

The predicted lengths using VBGE ob-
tained from Holden’s method were somewhat
smaller than those from observed data and
back-calculated data.

Relationship between Body Weight and
Total Length

The general length-weight relationships
(Figure 7) were as follows:

females: W = (2.82 x 1076) TL312°

(n = 276)
males: W = (1.35 x 1076) TL3-252
(n=49)

An analysis of covariance of the loga-
rithmic weight and length suggested that the
relationship between sexes was significantly
different at the 5% level.

The weight-growth equations, transformed
from the VBGE were as follows:

females: W = 293.56 {1 — exp[ — 0.156
(t + 1.053)]}>122

males: W = 159.88 {1 — exp[ — 0.238
(t + 1.076)]}3-252

DISCUSSION

The disparity between the number of males
and females was striking (Chen et al. 1988).
We do not know whether scalloped hammer-
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FIGURE 7. Relationship between body weight (W) and total length (TL) in S. lewini from Taiwan. A4, females
(W =2.82 x 107° x TL*!2°); B, males (W = 1.35 x 107 x TL>2%2).

head females were more vulnerable to fishing
gear than males or were simply more numer-
ous in this area than in other areas. Perhaps
males inhabit areas further off shore and were
not well represented in our study area. Clarke
(1971), Klimley (1981), and Branstetter (1987a)
thought that females were associated more
with oceanic waters than with shelf waters.
Taiwanese hammerheads were caught pri-
marily in coastal areas rather than oceanic
waters. These differences in sex disparity need
further investigation.

The relationship between centrum radius
and total length seemed to be close to a
curvilinear regression. The linear regression
was also calculated, as follows: females:
TL = 16.25 + 152.33 R (r = 0.956); males:
TL =22.19 + 15481 R (r=10.982). Al-
though both curvilinear and linear regressions
are significant, the curvilinear is more suitable
than the linear.

There are several possible explanations for
the first annulus formation in June for both

sexes. Shortage of food supply, deprivation
caused by migration, and changing tempera-
tures may all be factors, but we have no avail-
able data to verify any specific cause. Lowest
water temperatures (18°C) occur in northern
Taiwan waters from December to February.
Hence, the second half-year annulus formed
in December may be correlated with that
lower temperature. It is unlikely that apparent
formation of two annuli per year is due to the
migration of hammerheads into the study area
from another population as was reported for
Carcharhinus acronotus by Schwartz (1984).
The existence of two rings per year has also
been reported by Parker and Stott (1965) for
the basking shark and by Pratt and Casey
(1983) for shortfin makos.

Lee’s phenomenon could arise from two
sources. Most of our samples were taken by
longline and harpoon employed at the sea
surface, which are selective for large individu-
als. Smaller sharks were taken only by trawl
near the bottom. Thus selective mortality of
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fast-growing young sharks could be responsi-
ble for the observed difference in annuli radii.

The VBGE parameter K, estimated from
observed data, was 0.249 for females and
0.222 for males. These values are larger than
those from the back-calculated data (0.178 for
females and 0.161 for males). Conversely, L,
and ¢, estimated from observed data were
smaller than those from back-calculated data
(Figure 6). These differences in K, L, and ¢,
derived from observed data and back-
calculated data could be caused by our limited
data with great variation in length in the same
age group for younger and older specimens.
Holden’s (1974) estimate of the K value for
female Sphyrna diplana (= S. lewini) was
0.150, lower than our estimates based on
Holden’s method: 0.175 (females) and 0.194
(males). This difference in K estimated from
various data may result from our use of a
different gestation period (0.833 yr) rather than
Holden’s 1-yr period. Branstetter (19875)

categorized the K values as 0.05-0.10 for

slow-growth species, 0.10—0.20 for average-
growth species, and 0.21-0.50 for rapid-
growth species. Based on these criteria,
Taiwanese scalloped hammerheads have an
average growth rate. However, scalloped
hammerheads from the Gulf of Mexico were
estimated to have a K of 0.073 by Branstetter
(1987a), indicating a slow-growth species.
Holden’s method is a quick way of obtain-
ing K values and seems to be effective in deal-
ing with the growth equation in scalloped
hammerhead sharks. As Francis (1981)
pointed out, Holden’s method provides a

mechanism for rapidly estimating elasmo-

branch growth rates. It is, however, not a
substitute for growth rate analysis based on
age determination and should only be used in
the absence of actual data or as an interim
measure, such as the initial value for nonlinear
regression.

The growth rate for Taiwan-caught speci-
mens was 63 cm for females and 54 cm for
males in the first year and 23-50 cm/yr for
females and 22—42 cm/yr for males for ages
2-5yr. Growth increments of females of 3—19
cm/yr for ages 613 yr and of males of 3—15
cm/yr for ages 6—8 yr were recorded. Con-
versely, Branstetter’s (1987a) specimens from
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the Gulf of Mexico demonstrated average
growth rates of 15 cm, 10—15 cm, and 5-7 cm,
respectively, which were much slower than
those of Taiwanese specimens. Growth rates
recorded by Schwartz (1983) were 10-15
cm/yr during the first 5 yr, decreasing from 10
cm/yr to 5 cm/yr for years 5—8. Thus, Taiwan
hammerheads apparently grew at least twice
as fast as those from the Gulf of Mexico and
North Carolina. We attribute these geograph-
ic growth-rate differences to the formation of
two annuli per year in Taiwanese specimens in
contrast to the formation of one annulus per
year found in Gulf of Mexico and North
Carolina specimens. However, if two verte-
bral annuli are assumed to be formed each
year in Gulf of Mexico sharks, then Branstet-
ter’s growth estimations would approach our
results.

Pratt and Casey (1983) assumed that two
centrum annuli were formed each year by
shortfin makos from the northeastern Atlan-
tic. This led them to conclude that shortfin
mako growth was rapid when compared with
growth in most other sharks. Their data indi-
cated that growth rates for combined sexes of
shortfin makos were 43—44 cm/yr for the first
and second years and 9-29 cm/yr during the
next 9 yr. These growth rates in a different
species were somewhat similar to our results.

The predicted lengths at birth from nonlin-
ear regression, based on observed data, were
31.3 cm for females and 48.9 cm for males.
The estimates for females were smaller than
the average length observed in full-term em-
bryos (45 cm); the males were somewhat
larger. The overestimated or underestimated
length at birth was probably caused by the
small sample size of young fish and the great
variation in sharks of similar length but of
different ages. Coincidentally, estimate of
length at birth employing Holden’s method
was 44.9 cm, a length similar to that observed
in full-term embryos.

The L, values estimated from observed
data were 319.72 cm for females and 320.59
cm for males, which were close to the maxi-
mum sizes we recorded: 331 cm for females
and 301 cm for males. Likewise, the female L,
value of 331 cm was close to Branstetter’s
(1987a) observation (329 cm). However, using
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the back-calculated data, we calculated the
L, values as 355.75 cm for females and 352.81
cm for males, both values larger than observed
maximum length.

Age at sexual maturity for Taiwan scal-
loped hammerheads is much younger than
that reported for specimens from the Gulf of
Mexico, where males matured at 10 yr (180
cm) and females at 15 yr (250 cm) (Branstetter
1987a).
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