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Abstract. The variation in oxygen isotope ratio (180/160) shows the perio-
dicity within a given corallite of an ahermatypic scleractinian coral, Dendrophyllia
Japonica Rehberg, which was collected at the depth of 140 m in the Toyama Bay,
Central Japan. The variation in 13C/""C ratio, however, is little observed in the same
portion of the corallite. The annual growth rate of the corrallite in this area is
estimated to be 23—24 mm, the distance from peak to peak in the periodicity,
on the bases of the temperature dependence of the 185,160 ratio in ahermatypic
coral skeletons and of the seasonal change in local sea water temperature.

The distal part of the same corallite denotes much lower '80/160 and !3c/
2C ratios than those in the other parts. This observatioh suggests that metabolic
oxygen and carbon are vigorously incorporated into the skeleton at the front of
the growth of coral and that the proportion of skeletal CO% ~ derived from metabolic
CO, to those from inorganic HCOj taken from sea water is apparently varied in

the process of skeletal calcification.

Introductory Notes

Despite the widespread abundance in marine
environment, the skeletons of scleractinian corals
were not noted for a fairly long time with respect
to the oxygen and carbon isotopes after the work
of Epstein et al. (1951), by the reason of the
isotopic disequilibrium with the ambient sea
water. In the 1970’, studies on isotopic com-
position of scleractinian corals became active
little by little, and then some noteworth results
have been reported one after another.

Weber and Woodhead (1970, 1972a, 1972b)
and Weber (1973) examined the coelenterates
from many places in respect to the stable isotope
ratios of their skeletons. In a series of their
research, they reached a conclusion that the
most important factors causing isotope ratio
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variations in the skeletal carbonate of corals
are temperature and zooxanthellar activity.
Moreover, they showed that the §'%0 value
versus temperature curves for various hermatypic
scleractinian genera are parallel or nearly parallel
to the isotopic paleotemperature scale deter-
mined by Epstein et al. (1953) and later modi-
fied by Craig (1965). In the case, the sclera-
ctinian curves are displaced toward more negative
8180 values. Such a temperature dependence of
880 value in hermatypic genera was lately
proved for Montastrea annularis from several
locations by Emiliani et al. (1978) and Fairbanks
and Dodge (1979). Weil et al. (1981) also sub-
stantiated the temperature dependence of coral
skeletal 880 values by their careful experiments
on two hermatypic coral species, Pocillopora
damicornis and Montipora verrucosa, which were
cultured under various controlled temperature
and light conditions. Meanwhile, carbon isotope
ratios (8 '°C values) in the skeleton of hermatypic
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corals have been considered to change as a func-
tion of water depth (Weber et al., 1976; Fair-
banks and Dodge, 1979), because §'°C values
are chiefly controlled by the activity of the
symbiotic zooxanthellae which is associated
with change in light intensity.

Developing the idea of Weber and Woodhead
(1970), Goreau (1977) thought out a theoretical
model to explain oxygen and carbon fractiona-
tion in process of the calcification of hermatypic
corals, and then Erez (1978) verified experi-
mentally the mechanism by which lighter carbon
and oxygen isotopes (12C and '°0, respectively)
were selectively enriched into the skeleton of
hermatypic corals.

Deep-sea ahermatypic corals have been known
to be generally less depleted in >C and '®0 than
hermatypic corals and to be temperature de-

-pendent for 880 value of their carbonate skele-
tons (Weber, 1973). Emiliani et al. (1978) also
discussed the possibility of a small-sized solitary
coral Bathypsammia tintinnabulum as a tempera-
ture indicator, based on the fact that both
oxygen and carbon isotopes in the distal part of
corallite which was fully matured approached
the equilibrium value with sea water.

The main aim of this study is to estimate the
annual growth rate of an ahermatypic sclera-
ctinian coral Dendrophyllia japonica Rehberg by
using the cyclic variation of §'%0 value within a
given corallite. The change of §'30 value must
be periodical in the adequate part of the same
corallite growing in the region where sea water
temperature varies seasonally. Because little is
known about their growth rate, this attempt may
be significant to discuss the skeletal calcification
rates of ahermatypic corals without any sym-
biont, which are living over the entire tempera-
ture range of present-day ocean as compared
with the relatively narrow temperature range of
hermatypes.

Material Studied

During the KT-75-6 Cruise of the R/V
“Tansei-maru”, an ahermatypic scleractinian
coral, Dendrophyllia japonica Rehberg, was

dredged at six locations in the Toyama Bay
(Fig. 1). Most of all specimens were broken
branches and it was rarely the case that the
basal part was recovered. The bright yellowish-
colored polyps were adhered originally to the
distal part of each corallite and their color
changed to dark brown after the collection,
while some organisms encrusted compactly to
the proximal part of branches.

It was the specimens collected at the locality
named St-26 that were used in the present study,
for the reason that the largest quantity of
Dendrophyllia corallum were dredged with a lot
of other benthos. The St-26 was situated at the
depth of 140 m, about 10 km off Domi, Nanao
City, Ishikawa Prefecture. Only the portion of
the skeleton associated with the polyp was
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Fig.1. Index map showing the localities where
Dendrophyllia corallums were collected
during the KT-75-6 Cruise of the R/V
“Tansei-maru’.

(Italic and parenthesized numbers represent
the station number and water depth, re-
spectively.)

NII-Electronic Library Service
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analyzed for the purpose of determining the
average isotopic composition of Dendrophyllia
skeleton and of comparing the average isotopic
composition between Dendrophylliec and shell
samples. The shell samples used here were two
species of molluscs, Pycnodonte musashiana
(Yokoyama) and Chlamys jousseaumei Bavay,
and one of brachiopod, Terebratulina peculiaris
Hatai. These shell samples were entirely com-
posed of calcite and were 16 mm in length and
15 mm in height, on the average.

A curved but the longest (about 19 cm)
Dendrophyllia branch was selected in order to
examine the variation in both oxygen and
carbon isotope ratios within a corallite. The
straight part was 6.3 cm in length from the tip.
Soft tissues were attached to the distal part up
to 14.2 mm in length. Some changes in diameter
of the corallite could be observed but did not
show any systematic periodicity. This corallite
was elliptical in outline, and the maximum
diameter attained 21.5 mm. The septa were in
five complete cycles, arranged in the hexameral

plan.

Experimental Methods

The main portion of septa was took away
with a dentist’s drill, after removal of polyp by
immersion in 10% sodium hypochlorite solution.
That is, only wall part of the corallite was used
for examining the variation in isotope ratios.
Because it was actually impossible to scrape
along the isochronal surface inside of septa and
special care was exercised to avoid the con-
tamination of younger skeletal materials to older
ones. The scfaping of the specimen was carried
out by use of a flat-shaped and fine-grained file.
Both specimen and file were cleaned by blowing
the compressed air as often as one sample was
cut off. Each sample was finally ground to about
250 mesh (62 u in diameter).

The powdered sample was roasted at 470°C
for 30 min. in an atmosphere of flowing helium.
- Carbon dioxide was evolved under vacuum by
reaction with 100% phosphoric acid and sub-

sequently extracted and purified as described
before (Omura, 1977). Measurements were
made on powder ranging in weight from 15
through 20 mg. The sample gas was extracted
by standard techniques using trichloroethylene
and liquid nitrogen cooled traps. The standard-
ized analytical procedure involved a reaction
time of about 15 hours and an extraction period
of 20 min.

Isotope ratios were determined with the
McKinney type mass spectrometer in which
sample and standard gases were alternately com-
pared up to six times for 3 min. intervals. Isotope
ratios are reported in the widely used delta nota-
tion with respect to PDB standard CO, as:

81%0 =@ x 1,000 (700, per mil)
, s

where R is the '%0/'0 (or '3C/'>C for §3C)
ratio, and x and s refer to sample and standard,
respectively. The reproducibility of the measure-
ment was less than 0.18 per mil for 6§20 and
about 0.11 per mil for §'3C. The isotopic com-
position of a working standard (CK-13) used in
this study has already established with respect
to PDB standard through interlaboratory calibra-
tion with H. A. Lowenstam and S. Epstein of
the California Institute of Technology and R. N.
Clayton of the Chicago University (Nakamichi
etal.,1969).

Results and Discussion

(1) Composition of Dendrophyllia skeleton
versus shell samples.

The mean isotope ratios (§'%0 and §!3C
values) of Dendrophyllia skeleton and shell
samples are summarized in Table 1.

The mean §'®0 and §'3C values of three
species of shell samples are +0.91 (+0.55) and.
+2.15 (£0.27) per mil, respectively. However,
6 values of shell samples examined here cannot
be used for the precise comparison with those of
Dendrophyllia samples, because they are com-
posed of the different mineral phase with each
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Table 1.

Akio OMURA

Mean oxygen and carbon isotope ratios of Dendrophyllia
japonica Rehberg and three shell samples.

Sample

184,

13

Dendrophyllia japonica

2.48(0,7910

- 6,53(0,90)10

Terebratulina peculiaris

Chlamys jousseaumei

Pyenodonte musashiana

Lo+

+

+

0.67(0.33)5

0.70(0,63)5

1.36(0.30)5

+ 1.95(0,21)5

+ 2.42(0.08)5

+ 2,10(0,22)5

*
Format for data: mean delta value (standard deviation) number

of specimens analyzed.

_Fig. 2.
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Variations in 820 and 6 !3C values within a corallite of Dendrophyllia japonica Rehberg.

(Shaded part denotes the region where polyp was attached; the arrow shows the curvature
point of the corallite.) ‘
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other. It is possible to estimate the § value of the
aragonitic material in isotopic equilibrium with
sea water. Such an aragonite is expected to give
the 0 value of +1.8 per mil relative to the
PDB standard, by using the equation of Horibe
and Oba (1972). Accordingly, Dendrophyllia
skeleton is thought to be approximately 4.3 pex
mil lower in §'0 value than the aragonite in
isotopic equilibrium with sea water. Depending
on the data of Weber and Woodhead (1972a), the
difference in §'%0 value between skeletons of
hermatypes and the aragonite in isotopic equiilib-
rium is not exceeding 3 per mil at a given tempe-
rature. Therefore, it can be conclusively said that
the above observations support the strong “bital
effect” of ahermatypic corals, as mentioned by
Weber (1973).

(2) Variations in §'®0 and §'°C values within a

corallite.

Variations in oxygen and carbon isotope
ratios within a given corallite are illustrated in
Fig. 2.

513C value does not vary systematically and
its variation is characterized by the limited
ranges, particularly in the straight-elongated
part of the corallite. On the other hand, Fig. 2
denotes clearly the cyclic variation of 5180
value in the corallite up to about 6 cm in length
from the tip. The range of variation in 580
value is 1.17 to 1.91 per mil. The distance from
peak to peak in the periodicity is 23 to 24 mm.

If the salinity of the ambient sea water
changed seasonally, apparent §'°0 and §'°C
values alike should be influenced and show the
same pattern of their variations. The limited
range in variation of 83C value suggests that
the chemistry of the sea water is little varied
by the seasonal change in influx of fresh water.
If the variation in 820 value within the corallite
depends substantially on temperature curve is
parallel or nearly parallel to the paleotempera-
ture scale, as pointed out by Weber and Wood-
head (1972a), the variation from 1.17 to 1.91
per mil in 580 value means that the seasonal
change in sea water temperature is approximately
5 to 8°C at the sampling location. So far some
data at the location tell us about the change in

( temperature and salinity of the sea water through

the year (Figs. 3 and 4). Such data seem to
support that the temperature range of 5 to 8°C
is not irrelevant as the seasonal variation in sea
water temperature even at the depth of 140 m
near the location where the samples analyzed
were collected.

For those reasons, the cyclic variation in
580 value is considered to be caused by the
seasonal change of sea water temperature. In
other words, the distance from peak to peak
seen in the periodicity is regarded as an annual
growth rate of Dendrophyllia japonica Rehberg.
The Dendrophyllia specimen used here was a
broken branch, and hence it is quite hard to
infer what part in a dendroid corallum was
examined. It may, however, be said that the
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Fig. 3. Map showing some locations where

fixed point observation is carried out for
temperature and salinity of sea water by the
Fisheries Experiment Station of Toyama
Prefecture. '

(Small black circles show the localities
where Dendrophyllia corallums were found
to inhabit at present.)
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Fig. 4.

The range of variation in temperature and salinity of sea water in the Toyama Bay.

(Thick dotted lines are drawn on fifty data at twelve locations from points A to L, from
April, 1953 through March, 1958: while thin solid and dotted lines on ten data from"
November, 1978 through November, 1979, at twelve locations and point H, respectively.)

partial annual growth rate of Dendrophyllia
corallum attains 23 to 24 mm at this place. It
has often been said that growth rates of aherma-
typic corals are much lower than hermatypes.
Because they do not have a favorable influence
upon the symbiotic zooxanthellae in their
calcification process. Further elucidation on the
cyclic variation in §'%0 value will require more
detail observations. The growth rate of Dendro-
phyllia should be reconfirmed with a radio-
chemical technique by use of short-lived radio-
active isotopes.
(3) Oxygen and carbon isotope ratios at the tip
of a corallite.

Another interesting result was obtained in the

variation of oxygen and carbon isotope ratios

within a corallite. It is the low §'%0 and §!3C
values observed at the tip of the corallite (Fig. 2).
In order to make sure whether such an extremely
low & value is a characteristic common to all of
Dendrophyllia corallite, only the wall part of
three portions in a corallite was taken out from
the other four corallite specimens as shown in
Fig. 5 and were examined for isotopic composi-
tion. '

As a result, it is clear that all of the examined
corallite show the same pattern without excep-
tion (Table 2). Because metabolic carbon is some
12 to 17 per mil lighter and metabolic oxygen is
some 10 per mil ligher than those derived from
HCOj in sea water (Weber and Woodhead, 1970;
Land et al., 1975; Goreau, 1977; Emiliani et al.,
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1978), it is very likely that metabolic carbon
and oxygen are vigorously incorporated into the
skeleton which is secreted at the front of growth.
That is, the proportion of skeletal CO3~ derived
from metabolic CO, to that from inorganic
HCO; taken from sea water seems to vary in
the process of the skeletal calcification by
hermatypic scleractinian coral. Such an apparent
variation in isotopic composition is summarized
in Fig. 6. In the case of Dendrophyllia skeletons,
it does never approach the value in isotopic
equilibrium with sea water, as shown for a
small-sized solitary coral Bathypsemmia tintin-
nabulum by Emiliani et al. (1978). These facts
is suggestive the followings: (1) Dendrophyllia
grow infinitely at the same growth rate if circum-

Fig. 5. Simplified sketch of Dendrophyllia
specimen showing three portions to examine

the variation in 830 and §!C values within stances permit, whereas ahermatypic simple
a corallite. corals like Bathypsammia cannot exceed certain
(Shaded part and black arrow represent the limit in size: (2) The higher § values in a corallite
limit of adherent polyp and growth direc- except the tip may be resulted from reformation
tion, respectively.) of the isotopic composition due to the secondary

thickenning or the secondary deformation of
fine skeletal structure during the life time of
scleractinian coral as observed in rugosa by Kato

(1963).
Corallite 2 » b c

- alBOPDB 613CPDB 513OPDB 613CPDB ‘SIBOPDB 6lBCPDB

1 694 |-835 |-315 |-7.00 |-2.80 |-7.38

2 - 7.45 | -863 |-2.48 |-7.10 |-2.84 |-7.37

3 -6.04 |-8.06 |-300 |-618 |-4,25 |[-5.8

4 -6.06 {-7.81 |-331 |-57 |-355 |-6.20

5 - 4,66 |-879 |-3.63 |-733 [-3.43 |-7.04

Mean dettal -6.23 |-8.36 | -3.11 |-6.67 |-3.37 |-6.76
Seandard | (21.06) | (20.41) | (+0.42) | (20,68 | (+0,59) | (x0.71)

Table 2. !0 and 8§!3C values in different three portions within
the same corallite.
(See Fig. 5 for the portion analyzed.)
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Fig. 6. 880 versus §13C diagram of the samples
examined in this study.
(B and C show mean & values of bulk
Dendrophyllia skeleton and shell samples,
respectively; a, b and ¢, mean § values of
three portions illustrated in Fig. 5; M, §
value of metabolic carbon and oxygen in
coral skeleton, mentioned by Weber and
Woodhead, 1970; Land et al.,1975; Goreau,
1977; and Emiliani et al.,1978))
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INRERHEEHRGH 10km « )KE 140 m OHELS F Ly O SRIEEHEEY v SO —F
Dendrophyllia japonica Rehberg Fi&rhdfiesk « IRERMEL (1%0/1°0 » BC/12C) #3kdd
oo ZTOREER, RFEFRMAGLOERNTZEAELRbRVORE L, F— corallite ORES
AR > CERRFNLAR Lo FIIRIZE B 23] & 23S 75 - Foo 080 HO LB 1.2~1.9%0 T,
BB b h 5% € — 7 MO FEHY 23~24mm CThotc, SO 2L, IEEHEMY v 25
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7z, corallite D FIERIBIC IS 1T 2 WA « REFRMMAEEL E b R0 BT 2 st
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RHR Ty v TEBORBIEATIESR D, Y5 metabolic /eATR R L O RENIMAIC
BukEhCon o &, Flov v THEROAIKIGER T, BAShIEE  RED >, Wk
DERER A A~ (HCO3) H3kD & ® & metabolic 7cd D L DEEGNET D X 5B s,
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