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INTRODUCTION

Considerable economic importance and heavy
fishing of shellfish stocks emphasize the reliable
determination for correct age and growth rate of
organisms.  Age determination of population is also
of essentially significance for the application of

resource vield models used in shellfish fisheries

Ricker, 1975).
techniques presently employed for age determination

management (e.g., A variety of
of the bivalve shells depend on the identification of
growth checks visibly on the exterior of the shell
(Stevenson and Dickie, 1954, Merrill et al., 1965;
Kennish and Olsson, 1975, Kennish and Loveland,
1980; Clark and Lutz, 1982, Tanabe, 1988, Jones et
al., 1989, 1990; Sephton and Bryan, 1990).
Development of cyclic growth increment ranging
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in scale from day to year is the unique feature of
the bivalve shells (LLutz and Rhoads, 1980). Shell
banding patterns have proven to be the most
consistent and readily interpretable to receive wide
attention in marine ecological views, particularly in
determining age and growth rates. However, the
identification  of external checks as  representing
duration of growth for an individual bivalve is often
complicated by disturbance or shock rings (Fritz
and Lutz, 1986).

disturbances, either periodic (e.g., annual spawning)

An entire spectrum of growth

or stochastic  {eg., storms), is  potentially
interpretable from the bivalve shells (Kenmsh and
Olsson, 1975). Thus, Jones et al. (1978) argued that
the counting of growth checks seemed to be
misleading because the age of young clams was
overestimated due presumably to the presence of
disturbance rings, and that of older ones was
underestimated because largely of the erosion of
early rings on the umbo and crowding of later rings
at the ventral margin.

Distinguishment  between annual growth and
external disturbance lines is frequently very difficult
macroscopically and often very subjective (Lutz and
Rhoads, 1980).

seasonal variation in shell color, convexity of the

Other shell characteristics, such as

shell profile, and activity of boring organisms, may
provide additional information for the interpretation
Merrill et al, 1965).

However, these criteria are still very subjective and

of external lines (eg.

are not conclusive. With  respect  to  the
uncertainties involved in the accurate interpretation
of growth checks, additional and potential method of
establishing the periodicity of these characteristics
was pursued in the mollusk species. Principal
among these efforts is the utility of stable isotope
chemistry across shell increments (Epstein and
Lowenstam, 1953; Killingley and Berger, 1979, Wefer
and Killingley, 1980 Arthur et al, 1983; jones et
al., 1983; Krantz et al., 1987, Weidman et al, 1994;
Khim, 1997).

Present-day age estimate techniques for the venus

clam, Mercenaria stimpsoni rely on the subjective
interpretation of growth lines on the shell extenor
as representing periods of annual growth. The
purpose of this study is to venfy the seasonal
cyclicity of the annual growth increments through
the stable oxygen isotope method and to determine
the age of venus clam, Mercenaria stimpsoni

collected from the eastern coast of Korea.

MATERIALS AND METHODS

One valve of dead specimen HP-1 (Veneridae:
Mercenaria stimpsoni)  was  collected  from  the
dumped sediments that were dredged from the inner
harbor of Hupo, east coast of Korea (Fig. 1).
Mercenaria  stimpsoni 1s a cold-water bhivalve
species  distributed in the eastern coast of Korea
whereby the fine sandy substratum are dominant
with 10 to 20 m in water depth (Fig. 2a: Je, 1993
Jo et al., 1995).

Specimen HP-1 was prepared for stable isotope
analysis by first lightly grinding the exterior of the
shell to eliminate any attached debris.  Discrete
sampling of carbonate powder were then made by
drilling from the outer shell layer using a 0.5-mm
dental drill bit.  The calcium carbonate powders
were collected in a series of grooves parallel to
shell growth from 47 mm to 77 mm of shell height
(Fig. 2b).

prismatic shell layer which is deposited sequentially

Samples were taken only from the outer

along the shell margin during the growth.
Stable isotope measurements were done using a
FINNIGAN  MAT 252  gas

spectrometer  with  an  automatic  microprocessor-

150tope mass

controlled carbonate preparation device (Kiel CARBO
I at GEOMAR, Germany.
was treated with purified phosphoric acid at 70°C to

Each individual sample

produce CO. from which ¥0/"0  abundance was
measured.  Analytical precision is £0.03% based on
replicate standards. The values are reported relative
to the Peedee belemnite (PDB)
calibration to PDB have been done with NBS-19

standard, and

,10_
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125°E 130°E

Cheju Is.

Fig. 1. Collection site of mollusk specimen HP-1
(Veneridae; Mercenaria stimpsoni). One valve
was collected from the dumped sediments that
were dredged from the inner harbor of Hupo.
Mercenaria stimpsoni is a cold-water bivalve
species distributed in the eastern coast of
Korea whereby the fine sandy substratum are

dominant with 10 to 20 m in water depth

(Craig, 1957).

RESULTS

Isotopic determinations were made on 35 discrete
carbonate powders from the shell of specimen HP-1
with a shell height of about 100 mm. The oxygen

isotope data are plotted in Figure 4 with the 8*0

(a)

£

Fig. 2. (a) Photograph of Mercenaria stimpsoni. The
individual arrows marks the dark growth
increments. (b) Sampling scheme of sectioned
shell specimen HP-1. The growth marks are

The each

sampling groove is a drilled site for the

clearly visible on the surface.

collection of carbonate powder.

scale reversed, the lower 8™0 values, representing
"warm” isotopic temperatures, are at the top of the
vertical scale. The
specimen HP-1 exhibits almost five complete cycles

oxygen isotope profile of

with approximately 2.58 % vanation between
minimum and maximum 80 values (Fig. 3). The
heaviest (most positive) 80 value in the record is
1.34 %, and the lightest (most negative) is -1.24 %.
In each cycle, the variation from the 60 minimum
value to the maximum is abrupt whereas the
change from maximum to minimum looks fairly
gradual. An another interesting feature is the

gradual attenuation of amplitude in each cycle as

,11,
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Fig. 3. The oxygen isotope profile of shell specimen

HP-1 (Mercenaria stimpsoni). The 60 scale
is reversed so that the lower (more negative)
§"%0
temperatures are at the top of the vertical

The solid triangles along the horizontal

values representing “warm”  isotopic

scale.
axis stand for the dark growth increments that

are visible on the shell exterior. The inset

box is shown in Fig. 5 as converting the

The

80 curve is roughly sinusoidal although occasional

each cycle becomes correspondingly lighter.

deviations of the a few tenths of a permil are
observed from the trend.

Specimen HP-1 was estimated to have completed
16 years of growth and finished shell deposition in
The age

on

the margin at the death of time.

determination an

was  primarily  based

interpretation of the
lines represented diagrammatically

The millimeter scale on the horizontal axis related

identifiable  external growth

in  Figure 2b.

the position of these external lines to shell height
(as measured from the umbo to the margin) and the

position of each carbonate powder sample drilled

from the shell.  Over the sampled intervals of
oxygen isotope, the individual growth checks as
representing dark growth lines match the cach

oxygen isotope cycle (Fig. 3). The dark growth

lines are formed at the time just following the

.. 18, .
minimum 80 value in each year.

estimated  temperature  of shell carbonate
deposition. DISCUSSION
growing. In addition, the maximum 80 value in One of the characteristic features in the mollusk
30 — 35
i
|
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Fig. 4. Three-year (1994, 1995 and 1996) temperature and salinity variation observed off
Uljin in water depth of 10 m (NFRDA, 1995, 1996, 1997).
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Fig. 5. Estimated temperature variation from the oxygen isotope data

measured from shell carbonate using the paleotemperature equation

of Grossman and Ku (1986).

1
The seawater 6'°0 values are

assumed as 0, -0.5, and -1.0%, (SMOW), respectively.

shell is an accretionary growth presenting the
repeated and periodic  shell increments (Lutz and
Rhoads, 1980).
growth

Recent studies on the timing of

increment formation reported that the

geographic  differences in  annual  shell growth
patterns reflected seasonal fluctuations of ambient
water temperature (Clark and Lutz, 1982; Peterson
et al, 1983). In addition, Grizzle and Lutz (198%)
recognized the wide latitudinal variations in the
growth increment formation and underscored the
requirements for the documentation of such patterns.
In our coastal area in Korea, Kim et al. (1977)
reported that Meretrix meretrix lusoria formed the
annual increments during cold season between

The growth pattern of
showed the

annual banding in late summer from August to

November and April.
Spisula  sachalinensis formation  of
September (Kato and Hamai, 1975, Kang and Kim,
1983). Based on the oxygen isotope, Khim (1997)
suggested that the annual increments of Cyclina
sinensis were formed in winter, similar to those of

Phacosoma japonicumn (Tanabe, 1988).

This study also employs the isotope ratio between
YO0 and "O in shell carbonate to interpret the
growth pattern of Mercenaria stimpsoni. Based on
the thermodynamic behaviors of the oxvgen isotopes
in chemical reactions, the 80 values of the product
depend on the 8”0 values of the reactants and the
temperature at which the reaction occurs (Urey,
1947, Epstein et al., 1953, Rye and Sommer, 1980).
During the growth of a mollusk, the isotopic
fractionation of shell carbonate is a function of the
®0/®0 ratio of the ambient water in which the
organism lives and the ambient temperature during
shell precipitation. In assumed case of constant
§%0 value for ambient water, relatively fewer )
atoms are incorporated into shell carbonate during
the warmer summer months (“lighter” isotopic
values) and proportionately more ®O atoms are
assimilated during the cooler winter months
("heavier” isotopic values).

At a first approximation, the variations in the
oxygen isotope profiles of specimen HP-1 can be

interpreted as being controlled primarily by seasonal

-13_
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changes of seawater temperature (Fig. 3). A series
of pertodic cycle in the oxygen isotope profile reflect
the annual fluctuation of seawater temperature. In
addition, the correspondence of each growth mark to
the 50 cycle at least confirms that the formation
of growth bands over the sampled intervals can be
regarded as annual. The position of annual growth
marks lies just over the 8™0 minimum value in the
cycle. [t means that the growth marks were
formed just after the warmest season of late
summer. Thus, the oxygen 1sotope profile confirms
the visual identification of growth bands, exhibiting
an apparent annual cycles. The gradual attenuation
of amplitude and decrease of the maximum 80
value in each cycle show the typical pattern of
senescence in growth.  Similar interpretations have
been proposed for the attenuation of cycles in the
isotopic record for conchs (Epstein and lLowenstam,
1953 Wefer and Killingley, 1980) and surf clams
(Jones et al., 1983, Krantz et al.,, 1987, Weidman et
al.. 1994).

The controlling factors of temperature and 80
value of water can be quantified in relation to
oxygen isotopic composition of shell carbonate in
terms of the aragonite paleotemperature equation
(Grossman and Ku, 1986).

of this equation is to calculate temperature of

The principal application

precipitation from a known carbonate isotopic value
when water Isotopic composition is known or can
be reasonably estimated. Epstein et al. (1953)
emphasized that seasonal temperature cycles produce
significant variations In isotopic composition within
the shell.

mollusk shell at close intervals, it 1s possible to

Through a series of sampling from a

examine seasonal changes of the ¥0/"0 ratio and
to compare these variations with the shell growth
record (Wefer and Killingley, 1980. Arthur et al,
1983; Jones et al, 1983, Krantz et al, 1987;
Weidman et al., 1994; Khim, 1997).

Temperature and salinity data between 1994 and
1996 obtained from 10 m water depth off Uljin

south of the study area were displayed in Figure 4

120
100
80 —
60

40 - Ve
204

Shell Height (mm)

0] 3 6 9 12 15 18
Age (vear)

Fig. 6. Growth rate of  Mercenaria  stimpsoni
determined from the external line technique

that was confirmed by oxygen isotope profile.

(NSFDA, 1995, 1996, 1997).

to be essentially full marine with mean salinity of

The study area seems

33.8 % and an annual salinity range is about 1.2 %.
A certain degree of seasonality 1s associated with
salinity in that the highest salinity values occur in
the late spring and early summer, while the lowest
salinity  values are observed during late summer
(Fig. 4).
range from approximately 7.6'C to a maximum of
256°C, but
Throughout most of the winter and early spring,

Monthly temperature for the same area

approximately generally 20°C.
water temperatures remain below 12°C. Beginning
in late spring and continuing through the fall, water
temperature steadily increase to an annual maximum
at the time of August. An interannual variation of
temperature was also figured out.

As previously mentioned, ambient temperatures

during shell carbonate precipitation can be estimated

from the aragonite paleotemperature  equation
(Grossman and Ku, 1986).
TCO = 20.6 - 4.34x%0. — 8%0,)

using the §"™0. values of the individual carbonate

samples and the 60, values of the ambient waters.

,14,



Oxygen Isotope Profile and Age Determination of Venus Clam from the East Sea

As a first approximation, if one makes the
simplified assumption that changes in seawater §"0
values at the collection site are negligible, an
average seawater 60 value can then be used to
estimate temperature during shell deposition. In this
study, considering the variation of salinity, the
corresponding  seawater §"0  value changes little
significantly, but unfortunately the 80 values of
seawater are not available. Thus, the seawater 8"%0
values are assumed as 0, -05 and -1.0 %,
respectively.  In this manner, the shell carbonate
80  values can be converted to temperature

maxima and minima (Fig. 5). Using  this
approximation, the minimum isotopic temperature
recorded in the shell of HP-1 is about 10°C at the
“1.0 % of seawater 80 value and the maximum is
about 25°C at the 0 % of seawater 8”0 value. In
this case, the calculated temperature range 1s
smaller than the real fluctuation of temperature in
Uhin (Fig. 4).

temperature that was recorded in the shell isotope

The main reason is the minimum

data. In extreme case of Fig. 4. the estimated
minimum temperature of 10°C reflects that either the
shell mollusk did not grow below that temperature
or the very slow growth rate under such
temperature could not retrieve by the presently
utilized analytical method. Similar  feature of
cessation of shell deposition related to cold threshold
temperature has been already reported from other
shell mollusks (Krantz et al., 1987, Weidman et al.,
1994).

Because the oxygen isotopic composition of
Mercenaria stimpsoni is  controlled by seasonal
hydrographic factors, the isotopic record from this
venus clam should provide a functional time scale
for determining the growth rate. The number of
months from the beginning of shell deposition may
be estimated for obvious seasonal peaks such as
summer 80 minima and winter 8”0 maxima in the
oxygen isotope profile.  This time scale then be
related directly to the positions on the shell of the

respective samples. Constructed in this manner, a

standard graph of shell height to years of growth
(Fig. 6) illustrates that specimen HP-1 (Mercenaria
stimpsoni) shows an average rate of growth of
approximately 6.1 mm per year (as interpreted from
the isotopic record). This supports the growth rate
interpretation by suggesting a similar trend in

ontogenetic development.

CONCLUSIONS

Venus clam, Mercenaria stimpsoni, was collected
from the Hupo Harbor, east coast of Korea.
External growth lines visibly identified on the shell
surface  represent periods of apparently annual
growth and provide the utility of present-day age
determination  technique.  Such  subjective  age
estimate of Mercenaria stimpsoni was verified by
the stable isotope profile across the shell surface.
The present stable oxygen isotope study proves the
shell age and growth estimates from the external
growth lines. The oxygen isotope profile of venus

clam, Mercenaria stimpsoni shows cyclic and

annual pattern  which i1s  largely controlled by
seawater temperature variation. On the basis of the
match between the individual dark growth mark and
the annual oxygen isotope cycle, the formation of
growth marks looks apparently annual, although we
cannot rule out the possible disturbance and shock
marks. Because the oxygen isotopic composition of
shell carbonate are controlled by the physicochemical
condition of ambient seawater hydrographic factors,
the oxygen isotope profiles of Mercenaria stimpsoni
provide an independent time scale for age and

growth rate determination.
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