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Abstract

Growth patterns of the neptune whelk, Neptunea arthritica, of Usu Bay, which is located
within Volcano Bay, Hokkaido were studied, from August 1977 to April 1981.

(1) No significant growth differences were found between males and females.

(2) The growth rate of N. arthritica, which exhibits distinct seasonal changes, is higher
from late spring to autumn, and retarded from late autumn to early spring. Growth rates are
higher in younger year classes, decrease with increasing age, and are reduced considerably
after sexual maturity.

(3) The growth of N. arthritica is strongly affected by water temperature and repro-
duction.

(4) The growth in shell height of N. arthritica is summarized as follows : the time of
hatching, 9.0 mm ; l-year old, 18.3 mm ; 2-years, 34.3 mm; 3-years, 55.1 mm; 4-years, 69.8
mm ; 5-years, 82.3 mm.

(5) Recruitment into the adult population of N. arthritica, which is marked by sexual
maturity occurs at 2 years of age in males, and 3 years in females.

(6) A linear relationship between shell height and shell diameter of N. arthritica is
maintained throughout life.

(7) The processes in growth of N.arthritica apply best to the growth formula of
Gompertz, both over the life span and seasonally.

So far, studies on the growth of marine gastropods (Prosobranchia) center
mainly on species which inhabit from the intertidal zone to the uppermost of the
sublittoral zone. With the exception of abalones, species living in the sublittoral,
such as top shell Turbo cornutus (Ino, 1953 ; Amio, 1955 ; Uno, 1962 ; Nonaka et al.,
1969 ; Yoshiya et al., 1987), Babylonia japonica (Ino, 1950 ; Kubo & Kondo, 1953 ;
Yoshihara, 1957), Buccinum undatum (Hancock, 1963), B. tsubai (Kato, 1979) are
objects of studies on growth. The amount of research on marine gastropods in the
sublittoral, however, is much less than that on species in the intertidal.

Neptunea arthritica, belonging to the family Buccinidae, lives in shallow waters
from the upper sublittoral to approximately 10 m in depth along Tohoku, Hokkaido,
Sakhalin and other coastlines. It is fished commercially and occupies an important
position as one of the main fishing products from these regional shallow waters.
Research efforts on fishery biology of N. arthritica are restricted to investigations of
the reproductive biology (Miyawaki, 1953 ; Takahashi et al., 1972 ; Takamaru &
Fuji, 1981 ; Fujinaga, 1985), the estimation of the stock number by trap fishing (Ito
& Tachizawa, 1981), and annual growth rate estimates using laboratory-reared
specimens and a marking experimental procedure (Ito, 1982). Information on

*  Laboratory of Mariculture, Faculty of Fisheries, Hokkaido University (Present address: Liberal
Arts, Dohto University, 7 Ochiishi-cho, Monbetu, Hokkaido)
(LB R K EF TR A I RE, B EHAFHER, JEE g% a7

— 191 —



Bull. Fac. Fish. Hokkaido Univ. 38(3), 1987.

growth that provides the basis for analysis of population dynamics, together with
what is known about reproductive patterns and the survival phenomenon are also
basic items for studies of resource control such as the estimation of the optimum
catch quantity. However, until now the survey concerning the growth of N.
arthritica has not been undertaken at all beyond Ito’s report (1982) on the amount
of annual increases.

In the present paper patterns of N. arthritica growth in both shell height and
shell diameter during the course of seasons are described first, and secondly growth
formulae which quantify the mean rate of individual growth are mentioned.

The author wishes to thank Prof. Akira Fuji of the Faculty of Fisheries,
Hokkaido University, for his guidance and encouragement. Thanks also to Associ-
ate Prof. Sigeru Nakao of the same University, for his helpful advice. The late
Mr. Masao Ishikawa of the Muroran Branch of Hokkaido Hakodate Fisheries
Experimental Station also provided valuable assistance in the field, for which the
author 1is grateful. ‘

Materials and Methods

The investigations were carried out in Usu Bay, located in the back of Volcano
Bay, Hokkaido (Fig. 1), during periods from August 1977 to September and from
September to April 1981. Usu Bay has a length of approximately 120 m in the bay
mouth, 400 m in overall bay length, 900 m in bay width, and an area of 23.7 X 10* m?
at mean tide level. During the first period, neptune whelk samples were collected
via SCUBA diving at regular monthly intervals. After individual samples were

0 50 100
— 1
m

Fig. 1. Map of Usu Bay showing the locatins of investigations and approximate water depths.
: areas where whelks were sampled from August 1977 to September 1979, ]: area
where whelks were measured under water from September 1979 to April 1981.
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measured in the laboratory for both shell height and shell diameter, they were
returned to their original sampling sites as soon as possible. During the latter
period, at nearly monthly intervals, excluding winter, shell heigh of individual
samples was measured with a slide caliper while SCUBA diving, and immediately
following this underwater measurement, they were returned to their original posi-
tions. In the case of such places where many individuals cohabit the same position,
they were measured on boat. Taking into account differences in growth from place
to place, and changes of habitat accompanying growth. Fig. 1 shows the 9 districts
marked with the striped lines for the initial period, and the dark zone area for the
latter period that were established over the total area of the Bay for collecting
neptune whelks.

Results

Growth of shell height and shell diameter: The difference in growth between
male and female of N. arthritica in Usu Bay was investigated, distinguishing the sex
of individuals on the basis of the presence of a penis, for 6 months from April to
September 1978. The size frequency distributions in shell height and shell diameter
for male and female populations were analysed by Harding (1949) probability paper.
The means in shell height and shell diameter of cohorts obtained are shown in Table
1, and there are no significant differences between male and female for the corre-
sponding cohorts in every month (Pr {to> |t| } <0.001). . This means that investi-
gations on the phenomenon of growth, based on shell diameters, need not be
separated into male and female categories.

The size frequency distributions in shell height and shell diameter from August
1977 to September 1978, with male and female individuals, combined are shown in
Fig. 2. These frequency distributions represented as polymodal distributions were
separated into cohorts by the probability paper (Harding, 1949), with 5 or 6
obtained. The size of juveniles hatched from egg masses in September are 6-12 mm
shell height and 5-7 mm shell diameter. Depositions of egg masses are almost
completed, as for N. arthritica in Usu Bay (Fujinaga, 1985). These facts indicate
that the first cohort appearing after September (Fig. 2) is in the O-year class hatched
from egg masses deposited in that year, and that it is valid for each year class
increasing by 1 in July. The growth processes of N. arthritica using the means in
shell height and shell diameter for each year class obtained at monthly regular
intervals are shown in Fig. 3. Using those values shown in Fig. 3, monthly growth
rates, expressed as values of monthly growth increments in shell height and shell
diameter for each year class, divided by the mean of the respective dimention in the
beginning of the month, were calculated as shown in Fig 4. Fluctuations in
monthly growth rates for each year class show the same tendency through seasons in
both shell height and shell diameter. They exhibit distinctive seasonal changes ;
growth rates are rapid from late spring to autumn and slower from late autumn to
early spring. By comparing growth rates among year classes, it is shown through
characteristic growth patterns that the older the year class is, the lower the growth
rates are. In the 2-year class, growth rates are reduced considerably, and growth in
the 3- and 4-year classes nearly ceases during winter, while in the O-year class,
growth is maintained at low rates.
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Table 1. Mean values in shell height (SH) and shell diameter (SD) for each group of both
male and female from April to September 1978, analysed using the probability

paper.
Shell height

Month
Sex
Apr. May June July Aug. Sep.

36.1+3.3 35.3+4.0 37.8+5.2 27.5+2.9
53.5+4.5 54.4+5.7 55.4+5.4 40.0+6.0 42.2+54 43.4+50
Male 67.4+5.1 68.7+4.8 69.9+5.0 57.4+5.3 59.7+5.4 61.2+5.6
84.0+46  834+23 842419  695+53  Tl4+42  T13.5+3.7
842434  84.4+28  83.7+42
36.6+4.3 35.0+3.7 36.6+5.8 23.7+2.9
53.9+5.8 53.8+6.0 56.2+4.9 37.3+5.1 39.9+6.0 42.3+54
Female 67.0+4.6 68.8+4.5 69.4+4.5 57.3+5.8 59.2+6.3 62.8+6.6
81.3+2.5 81.6+2.9 81.2+4.0 70.9+4.7 72.7+45 75.1+4.1
83.8+38 84.8439 853+35

Shell diameter

Month
Sex
Apr. May June July Aug. Sep.

217425 22.1+3.3 22.8+3.5 16.4+1.9
32.6+3.0 32.8+3.3 33.1+2.7 23.44+3.0 25.0+3.4 25.8+3.2
Male 40.7+3.4 41.0+3.3 41.3+3.8 33.8+2.9 35.3+2.8 37.1+34
52.8+2.0 50.6+2.5 51.942.5 41.7+3.0 42.643.2 45.1+1.8
505+1.1 50.5+1.9  50.9+0.7
215+2.6 22.0+2.8 22.0+3.5 14.8+1.9
32.5+38 32.843.2 33.3+29 22.7+3.2 24.5+3.7 25.7+3.6
Female 41.0+3.3 41.3+3.6 41.7+3.6 33.7+2.9 36.3+3.4 37.9+3.8
50.5+1.1 49.74+2.0 50.6+1.3 42.2+29 43.1+2.8 44.8+2.1
49.6+19 49.9+1.9 51.1+1.9

The growth formulae: As mentioned above, the fact that the monthly growth
rates in both shell height and shell diameter show the same seasonal tendency for all
year classes suggests that increases in the two dimentions take place synchronously,
and that the relationship between the two remains linear throughout a life span.
The relative growth of shell diameter (SD) to shell height (SH) was examined, using
the means of respective months in shell height and shell diameter for each year class,
and obtained the probability paper (Harding, 1949) from the size distribution (Fig.
2), as shown in Fig. 5. The relationship between the two dimentions is expressed as

the following linear equation :

SD=0.60 SH +0.158
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Fig. 3. Growth of Neptunea arthritica in shell height and shell diameter. Dots and vertical
bars represeent mean and standard deviation, respectively. Roman numerals indicate year
classes.

This means, in investigating the growth phenomenon of N. arthritica, there is no
difference between the representations of shell increases even though variable
dimensions were adopted. Therefore, the following further analyses of growth are
examined in terms of shell height, which represent increases in the direction of the
longer axis.

The size frequency distributions in shell height, investigated from September
1979 to April 1981 at nearly monthly intervals excluding the winter months were
similarly separated into year classes by the probability paper (Harding, 1949). The
mean shell heigh at age in month is shown in Fig. 6. There are some variations from
year to year in shell height, represented as ages in months ; the tendency is particu-
larly marked in the younger year classes. However, it is considered that there are
no significant differences among years (Pr{to> | t|} <0.001). Therefore, concern-
ing the growth patterns traced for N. arthritica in Usu Bay, the mean values in shell
height at age in month for respective year classes over several years during August
1977 to April 1981 were adopted, as shown by the solid circles in Fig. 6. As the
intervals between investigations in the latter period are not exactly a month, in
obtaining the mean of growth at age in month, the mean shell height on the first day
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Fig. 4. Monthly growth rates in shell height and shell diameter for each year class.
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Fig. 6. Growth of Neptunea arthritica in shell height and growth curves (solid line) calculated
by applying the Gompertz's growth equation. [——{: period from August 1977 to
September 1978, O——0 : period from September 1979 to April 1981, @ ; mean during the
period from August 1977 to April 1981.

of every month for each month for each year class calculated by the simple
proportional allotment was adopted.

To appreciate the phenomenon of growth quantitatively is one of the important
aspects of resources control ; as the means of separating the population into groups.
To investigate the process of growth in N. arthritica for satisfactory correspondence
to the three growth formulae of Robertson, Bertalanffy and Gompertz, an examina-
tion was made with Walford’s graph (1946), using the means of shell height (0-year
class: 9.0 mm, 1-year class: 23.1 mm, 2-year class: 60.4 mm, 4-year class: 74.6 mm,
b-year class: 85.6 mm) in Septembr (Fig. 7), when juveniles hatched from egg
masses recruit into the N. arthritica population.

The resulting correspondence to that of Gompertz was the highest obtained for

Robertson Bertalanffy Gompertz
SHo = 80.0 mn SHeo=284.7 om 20F SHw=1075mm
101 1= 0996 0r 1= 0993 18 1= 0999
. .
o 8 - 8}
< e T T
- - - =
3 8 = 8 & o
x . P o
“ s & st 2> 2t
2| 2 10
1 1 1 1 1 1 3 1 L 1 1 1 i L 1 1
2 4 8 8 10 2 4 8 8 10 10 12 14 16 18 20
1/ sHt «1072 SHt x 107" Log SHt

Fig. 7. Walford’s graphs indicating satisfactory correspondence to the formulae of Robertson,
Bertalanffy and Gompertz, using mean of shell height for each year class in September.
Regression lines are determined by the least square method.
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Table 2. The growth formulae in shell height at age in month obtained by
applying the Gompertz’s growth equation: SH,=SH._e-#¢*“"*™; where
SH, is the length (mm) at age in month (t), SH,, is the ultimate length
(mm) and a, b, m are constant. For only 0-year class ¢ is the age in month
from the time of hatching (September).

Age in month (t) SH.,, a b m
1~10 23.55 1.057 0.099 0
13~24 3251 0.769 0.288 1
25~36 52.12 0.555 0.280 2
3748 66.99 0.258 0.276 3

49~ 60 80.72 0.189 0.269 4
61~72 87.90 0.101 0.412 5

N. arthritica. According to Lockwood (1974) who states that the growth formula
can be applied to depict seasonal growth, the relationships between age in month (t)
and shell height (mm) for each year class, were calculated using the Gompertz
growth formula to obtain the increasing pattern of shell height with growth (Table
2). The growth curves are depicted in Fig. 6, traced in solid lines.

Discussion

Hitherto, the differences in growth between male and female in some marine
gastropods are indicated (Magalhaes, 1948 ; Comfort, 1957 ; Wilbur & Owen, 1964 ;
Hyman, 1967 ; Pearce & Thorson, 1967 ; Edwards, 1968 ; Nagai, 1974 ; Maclntosh
& Paul, 1977), but it is considered that such gender differences are not recognized in
Buccinum undatum (Hancock, 1963), Tegula funebralis (Frank, 1965), Heminerita
japonica (Nakano & Nagoshi, 1980), Monodonta lineata (Wikkiamson & Kendall,
1981), and M. labio (Nakano & Nagoshi, 1984). It is concluded that there is
statistically no significant difference (Pr{to> |t | }<0.001) in growth between
male and female as for Neptunea arthritica in Usu Bay.

Numerous growth formulae as the growth equations of organisms have been
previously proposed, but in marine gastropods that of Bertalanffy is most often
employed (e.g. Hancock, 1963 ; Frank, 1965; Phillips, 1969; Rao, 1976; Kato,
1979, ; Bretos, 1980; Hayashi, 1980; Hughes, 1980). However, in the present
study on the growth of N.arthritica the formula of Gompertz was adopted.
Correlation coefficients obtained by the least square method from Walford’s graph
(1946), 0.999 for the Gompertz and 0.993 for Bertalanffy, indicate a high correspon-
dence both formulae. Comparison of growth curves in these two formulae, denotes
decreasing growth with increasing age using Bertalanffy’s formula, while in that of
Gompertz the increase is evidenced in the central portion of the curve with reduc-
tions reduce before and after. The growth of N. arthritica in Usu Bay is the largest
during the period between 2 and 3 years old, and is lower before and after this
period. The ultimate shell height obtained from Walford’s graph is 284.7 mm with
the formula of Bertalanffy, and with that of Gompertz it is 107.5 mm, which is very
approximate to the observed values (Fig. 2). In this perspective, the application of
the Gompertz formula to depict the growth of N. arthritica is considered to be the
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best.

As in many other gastropods, the seasonal growth for all year classes of N.
arthritica, reflects maximum growth during summer when water temperature is high,
and shows slower rates during winter when the temperature is lowest. Comparison
of growth rates for individual year classes, however, reveals considerably decreasing
growth rates in classes post 2 years. Also, in the younger year classes growth does
not cease during winter, while in the older classes during the same period, growth
nearly stops. In investigations on the reproductive biology of N. arthritica (Fu-
Jinaga, 1985), size at sexual maturity was determined to be 50 mm shell height in the
male and 60 mm in the female, based on histological observations of seminal vesicles
and gonads, respectively. Growth in shell height of N. arthritica traces the follow-
ing patterns: at hatching: 9.0 mm, 1-year old: 18.3 mm, 2-years: 34.3 mm, 3-
years: 556.1 mm, 4-years: 69.8 mm, b-years: 82.3 mm (Fig. 6). Therefore, N. arth-
ritica in Usu Bay is considered as belonging to the adult population at 2 years old
in the male and at 3 years in the female. In general, the phenomenon of growth is
closely connected with reproduction (Orton, 1928 ; Sakai, 1960, 1962 ; Williams,
1964a, b ; Morton, 1969 ; Feare, 1970 ; Creese, 1981). In studies of the N. arthritica
reproductive cycle (Takamaru & Fuji, 1981 ; Fujinaga, 1985) it is indicated that
winter is the mature period in the adult female and likewise in the male, with
maturation of the seminal vesicle. These results suggest that the phenomenon of
growth is closely connected with the maturation of gonads in N. arthritica.
However, it is desirable that these implications should be further investigated
according to seasonal changes for each year class in feeding activity and allocation
of energy ingested into each component of body such as gonad, soft parts, and shell
ete.
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