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Population ecology of the spiny turban shell Batillus cornutus
III. Early growth and change of density*

Akihito YAMAZAKI** T and Naonori ISHIWATA**

Abstract: The early growth and the change of density of the spiny turban shell Bazillus
cornutus (LIGHTFOOT) are obtained during the period from November 1981 to August 1983
from size-frequency analysis of the natural population in a subtidal zone of marine preserves

on the Pacific coast of Chiba Pref., Japan.

In these waters the animal reaches a mean shell

height of 12 mm at 1.0 year, 33 mm at 2.0 years, and 50 mm at 3.0 years. Juvenile shells
of less than 12 mm in shell height live densely inside the association of articulated coralline
algae (Corallinoideae), and they will move from this habitat to the outside of the association
when they attain a size of 12 to 33 mm. They will stay in this area for early growth and
move gradually to the waters of more than 10 m depth before the third summer.
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Fig. 1. Sampling stations and transects for inves-
tigation of the spiny turban shell in a subtidal
zone (indicated by arrow in top map) on the
coast of Uchiura Bay (cross in top map),
Chiba Pref. Solid circle (a-p), station for
sampling of the juvenile and young shells in
the inside of the association of articulated
coralline algae; solid line (A-D), transect for
sampling of the young shells in the outside
of the association. Solid bold line, tide line
at mean high water; broken line, tide line
at mean low water; dotted line, boundary
between rocky bottom and boulder area;
chain line, limit (part) of the preserves; solid
thin line, isopleth in meter; w-z, fiducial
points of transects A, B, C and D respec-
tively.
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Table 1.
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Number of quadrats (see text for size) in sampling stations (a-p, Fig. 1) of juvenile shells in

the inside of the association of articulated coralline algae.

Date

22 3-4 11-14 5-7 19-20 3-4 25-26 14-18 9-11 25-28

Station Nov. Feb. Apr. Jun. Aug. Nov. Jan. Apr. Jun. Aug.
’81 ’82 ’82 82 ’82 ’82 ’83 ’83 ’83 ’83
a 1 1 2 2 2 1 1 1 2 2
b 1 1 2 2 2 1 1 1 2 2
c 1 1 2 2 2 1 1 1 2 2
d 1 1 2 2 2 1 1 1 2 2
e 1 2 2 2 1 1 1 2 2
f 1 1 2 2 2 1 1 1 2 2
g 1 2 2 2 1 1 1 2 2
h 1 2 2 2 1 1 1 2 2
i 1 2 2 2 1 1 1 2 2
; 1 1 1
k 1 1 1
1 1
m 1
n 2 1 1 1 1
o 2 1 1 1 1
p 2
Total 5 9 18 18 22 9 11 13 22 26
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Fig. 2. Seasonal change in the shell height frequency distributions of the
spiny turban shell. The histograms show the observed frequency in
the inside of the association of articulated coralline algae (black parts)
and the outside of the association (white parts). The broken lines
are the normal curves fitted to each year group by the AKAMINE’S
program and the solid lines are the sum of the normal curves.
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Table 2. Results of the size-frequency analysis of the spiny turban shell in the inside and outside of the
association of articulated coralline algae. Q, quadrat; T, transect. Figures in parentheses, mean
number of individuals per quadrat.

Year class
Item Date 1979 1980 1981 1982 ~ Remarks
Nov. 81 1.7£0.4 0
Feb. ’82 21.2+1.9 3.2+1.2 Q
Apr. ’82 25.8+4.1 4.441.3 Q
Jun. ’82 26.4+2.4 6.4%+1.6 Q
Aug. 82 53.3+8.9* 34.8:£3.7 13.0+2.3 T
Aug.’82 11.3+2.0 Q
Mean shell Nov. 82 17.3%2.1 1.7%+0.4 Q
height+sD, mm Dec. 82 47.3%£10.2*%  39.3%£3.3 19.9+£2.3 T
Jan. ’83 19.2-43.7 3.0£1.0 Q
Apr. '83 24.3+4.6 5.4+1.6 0
Apr. '83 54.9+7.2% 45.4+5.1 27.3%+2.9 T
Jun. °83 28.85.0 8.2+1.8 0
Jun. ’83 52.749.2% 31.2+3.5 T
Aug.’83 48.5+10.1* 33.3%3.7 14.2+1.5 T
Aug. 83 29.9+3.8 12.0+2.0 Q
Nov. ’81 52(3.7)** Q
Feb. ’82 9(1.0) 46(5.1) Q
Apr. '82 5(0.3) 103(5.7 Q
Jun. ’82 2(0.1) 72(4.0) 0
Aug.’82 131* 763 13 T
Aug. 82 41(1.9) o}
Composition, number Nov. 82 17(1.9) 57(6.3) Q
of individuals Dec. ’82 352% 169 443 T
Jan. °83 17(1.6) 43(3.9) Q
Apr. ’83 15(1.2) 76(5.9) Q
Apr. ’83 227* 158 375 T
Jun. ’83 5(0.2) 109(5.0) Q
Jun. ’83 227* 720 T
Aug.’83 153* 602 55 T
Aug.’83 2(0.1) 41(1.6) (@]

* Excluding year groups of plural. ** Reduced value.

Table 3. Mean number of individuals per quadrat (30X30 cm) of O-year-old shells in the inside of the

association of articulated coralline algae. -, no investigation in concerned station.
Date

Station Nov. Feb. Apr. Jun. Nov. Jan. Apr. Jun.
"81%* '82 ’82 ’82 ’82 ’83 83 ’83

a 4 3 2 5 3 7 3 0.5
b 4 0 0.5 0.5 3 2 1 1
c 7 4 3 4 4 1 5 4
d 9 4 2.5 1.5 8 3 5 3
e — 3 9.5 5 9 6 5 5
f 28 4 6.5 3.5 2 6 8 7
g — 8 7 10 6 1 10 1
h — 10 9.5 3 16 7 4 7
i — 6 11 3.5 6 5 10 7
j — — — — 4 14
k — - — - — - 16 22
1 — _ — _ _ — — -
m — — — — — — — —
n — — — — — 5 4 2
o — — — — — 0 1 0
P — — _ __ — _ — —

* Size of quadrat: 50X 50 cm.
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Table 4. Local growth data of the spiny turban shell given by researchers.

Shell height (mm)

Researcher
Locality Age Age standard
1 2 3 4

ABE (1952)
Tobishima, Yamagata Pref. 31-42 46-50 51-60 Year mark on operculum
AMIO (1955)
Yoshimi, Yamaguchi Pref. 25 45 56 75 Year mark on shell
UNO (1962)
Imabetsu, Aomori Pref. 10.3 23.9 41.6 56.1 Year mark on operculum
Omagoshi, Aomori Pref. 11.6 34.0 48.6 60.1 Year mark on operculum
Kozunohama, Yamagata Pref. 13.9 35.6 — — Year mark on operculum
Inakujira, Nigata Pref. 14.8 29.2 45.3 60.4 Year mark on operculum
Kasumi, Hyogo Pref. 20.4 42.8 58.3 — Year mark on operculum
Suzaki, Shizuoka Pref. 33.2 63.2 92.2 — Daily growth line on shell
Kominato, Chiba Pref. 25.2 50.7 78.1 163.9 Daily growth line on shell
FUSHIMI et al. (1978)
T6ji, Shizucka Pref. 49.5 65.3 79.7 92.6 Size composition
SUGAWA & KAWAMURA (1982)
Fukaura, Aomori Pref. 26.1 38.9 49.2 65.5 Year mark on operculum

Table 5. Local growth data of the juvenile spiny turban shell in rearing experiments. Shell size (mm)
is given by height except the case in diameter (figure with asterisk).

Shell size
Researcher
Locality Age Remarks
0.5 1 1.5 2 2.5 3
NAKAGAWA et al. (1967)
Shizuoka Pref. 2.9%
2.8%
3.7%
2.1%
NONAKA (1968)
Tzu, Shizuoka Pref. 11
TERAO et al. (1970)
Yamaguchi Pref. 9. 8% 13.7%
MATSUOKA (1975)
Kyoto Pref. 11.2
NISHIMURA (1975)
Hachijo, Tokyo 11.7 32.5 49.3
12.4 29.4
14.3
TovaMA (1980)
Chiba Pref. 3.6 16.4 28.3 38.2
KAJIKAWA (1981) )
Tottori Pref. 3 10 17 38
27 34 Warm up water
in winter
KAKUDA et al. (1983)
Yamaguchi Pref. 9.4
IcHIKAWA (1983)
Ehime Pref. 2.3
NiIsHIMA (1984)
Fukuoka Pref. 1.3 7.7
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Fig. 3.
spiny turban shell.
shell height of 1980 year group in the inside
of the association of articulated coralline

Growth of successive year group of the
Solid triangle, the mean

algae; open triangle, the mean shell height
of 1980 year proup in the outside of the
association. Solid circle, the mean size of
1981 year group in the inside of the associa-
tion; open circle, the mean size of 1981 year
group in the outside of the association. Solid
square, the mean size of 1982 year group in
the inside of the association; open square,
the mean size of 1982 year group in the
outside of the association. Vertical lines
through markes are standard deviations.
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