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Summer-winter comparisons of oxygen, nutrients
and carbonates in the polar seas®

Chen-Tung A. CHEN**

Abstract: TUntil very recently, marine chemistry studies in the polar seas were mainly per-
formed in summer. Little or no chemical data were collected in winter because of operational
problems. Yet, deep and bottom waters of the world oceans were mainly formed in winter
in the polar regions. The lack of winter data in such regions has prevented scientists from

accurately estimating the variation of chemical properties of deep and bottom waters as they

move away from their formation regions.

Winter chemical data, including oxygen, nutrients, alkalinity, total CO,, pH and PCOs
have now been collected in the Weddell Sea, the South Indian Ocean, and the Bering Sea.
The concentrations of certain chemicals, such as oxygen, were found to differ drastically
from summer values. Some properties, such as alkalinity, on the other hand, do not show

significant seasonal variations when compared at the same salinity and temperature.

1. Introduction

Subsurface waters are mainly formed in the
high latitude oceans in the wintertime. One
must therefore study the water chemistry in
these regions in winter in order to understand
the global biogeochemical cycle of chemicals.
Owing to operational problems, however, few
chemical measurements have been made in the
high latitude regions in winter. For instance,
we know of only seven oceanographic stations
with high-precision carbonate data in the entire
Indian Ocean south of 30°S. And all these
stations were occupied in the austral summer
(TAKAHASHI et al., 1980). Not knowing the
characteristic properties of the subsurface waters
near their origin, and near the time of their
formation, makes it difficult, if not impossible,
to interpret variations in the carbonate chemistry
in the Indian Ocean.

We recently had the opportunity to participate
in winter cruises in the Weddell Sea, the South
Indian Ocean, and in the Bering Sea. What
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follows will be the comparison between our
winter data and the summer data collected by
us and by other investigators.

2, Study regions and measurements

a) SOMOYV data: Concurrent pH and titra-
tion alkalinity (TA) were measured on the
research/supply vessel, MIKHAIL SOMOV, of
the Arctic-Antarctic Research Institute of Lenin-
grad, USSR. The Weddell Polynya Expedition
(WEPOLEX) started in Montevideo, Uruguay,
on 9 October 1981, crossed the Polar Front, and
entered the ice field at 5°E, 56°30’S. SOMOV
reached its southernmost point within the ice
field at 62°20/S, and left the ice edge at 57°30'S
near the Greenwich Meridian after obtaining
chemical data from 20 vertical stations. After
crossing the Polar Front again, the ship returned
to Montevideo on 25 November. The experi-
mental technique and data are described and
listed elsewhere (CHEN, 1982a; 1983; 1984).
Supporting oxygen and nutrient data are de-
scribed and listed in JENNINGS et al., (1984),
HUBER ez al. (1983) and GORDON et al. (1984).

b) MARION DUFRESNE data: Concurrent
pH, TA, total CO; (TCO;) and nitrate (INO3)
data were obtained in the wintertime south-
western Indian Ocean as part of the INDIVAT
1 Expedition (INDIEN VALORISATION de
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TRANSIT) aboard the French research/supply
vessel MARION DUFRESNE. The ship de-
parted La Reunion on 3 July 1984, reoccupied
the GEOSECS station GS427, crossed the Sub-
tropical Front at about 40°S, stopped in Crozet,
reoccupied GS429 after crossing the Polar Front,
then proceeded to Kerguelen and Amsterdam
after crossing the Polar and Subtropical Fronts
again, and returned to La Reunion on 4 August.
Concurrent pH, TA and TCO, data were again
obtained in the same general region in the aus-
tral summer of 1985 as part of the INDIGO 1/
INDIVAT 3 Expedition (INDIGO stands for
INDIEN GAS OCEAN) aboard the MARION
DUFRESNE. The vessel departed La Reunion
on 23 February and returned on 30 March after
collecting chemical data from 23 stations includ-
ing four GEOSECS stations (GS427-429, 454).
The Subtropical Front was crossed at approxi-
mately 43°S and the Antarctic Front near 52°S.

The data description and listing are given in
CHEN and PoIssoN (1986) and CHEN et al.
(1986). The supporting oxygen and nutrient
data are given in POISSON et al. (in preparation).

c¢) POLAR SEA data: The POLAR SEA
left Dutch Harber, Alaska, on 18 February and
returned on 19 March 1983, after moving in
and out of the Bering Sea ice between 58° and
61°30’'N and between 171° and 179°W. Con-
current pH, TA and oxygen concentrations were
measured. The data have been described and
listed in CHEN (1985) ahd CHEN ez al. (1985).

Approximate study areas of these expeditions
are shown in Fig. 1.

3. Comparison of the oxygen data
BROECKER e: al. (1985) reported that the
““surface ocean waters are almost always found
to be supersaturated with dissolved oxygen,”’
and that the amount of supersaturation averages
about 7 gmol/kg or approximately 3%. The
available data contradict this conclusion. Al-
though BROECKER ez al. (1985) investigated
three of the largest data sets available (those of
GEOSECS, NORPAX, and TTO), they did not
examine the reports, including those containing
winter data, published for high-latitude regions.
LEvITUS (1982) summarized all data from the
National Oceanographic Data Center as of 1978
and published the annual and seasonal mean
oxygen saturation levels at
The all-data annual mean indeed shows surface
supersaturation except in upwelling areas of
the eastern equatorial Pacific and the Southern
LEvITUS (1982), however, cautioned
against a hastenad conclusion, because the all-
data annual mean may represent data from only
one season, most likely summer. The Southern
Ocean annual mean, for example, was shown
to be a few percent undersaturated, but at that
time sufficient winter data were not available.
The recent winter data, tc be discussed later,
indicate an even lower degree of saturation.
The then available and recent winter data also

the sea surface.

Ocean.
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Fig. 1. Study regions of SOMOV, MARION DUFRESNE and POLAR SEA.

Map provided by A. Mantyla.
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Fig. 2. Correlation between (a) temperature and oxygen, and (b) temperature
and % oxygen saturation for Bering Sea shelf waters in winter (Taken

from CHEN, 1985).

show undersaturation in the Bering Sea and
the northern North Atlantic, but because the
more abundant summer data show supersatura-
tion, the annual all-data mean also shows super-
saturation.

Clearly, not all surface ocean waters are super-
saturated with oxygen, and certainly they are
not always supersaturated. Analysis of oxygen
saturation for the four seasonal periods is de-
sirable, but we will only attempt to make the
summer — winter comparison because of the
limitation in data coverage.

As early as 1963, SMETANIN (1963) reported
that wintertime northeast Pacific surface water
is slightly undersaturated with oxygen.

IVANENKOV (1964) reported that nealy all of
the Bering Sea in winter absorbs oxygen. He
reported an average of 6% undersaturation in
the western Bering Sea, a value later confirmed
by REID (1973). A similar degree of oxygen
undersaturation exists in the northwestern North
Pacific Ocean in winter (HAKODATE MARINE
OBSEVATORY, 1967; REID, 1973; 1982). The
wintertime northern Gulf of Alaska surface
water data and our POLAR SEA data on the
eastern Bering Sea shelf also show systematic

undersaturation in winter (SIO Reference 70-5,
1970; CHEN, 1985; CHEN et al., 1985). The
oxygen content of the POLAR SEA winter sur-
face layer is higher than that of the deep layer
on the ice-covered shelf (Fig. 2a), but the degree
of saturation (CHEN, 1981) is reversed, 7.e.
most of the deep shelf water is more highly
saturated than that of the surface water (Fig.
2b). This phenomenon is not observed in sum-
mer when both the oxygen content and the
degree of saturation of the surface water are
higher than those of the deep shelf water (e.g.
HaTTORI, 1977; 1979).

In summer, shelf oxygen data show extreme
variability, governed by biological processes
(CODISPOTI et al., 1986). Winter oxygen, how-
ever, seems to mix conservatively regionally as
suggested by segments of linear temperature vs
oxygen correlations (Fig. 2a), discussed in detail
in CHEN (1985).

Waters cooler than —0.6°C are all in the
homogeneous surface layer and have higher
oxygen concentration at lower temperature (Fig.
2a). All waters below —0.6°C, however, re-
main at about 5% undersaturation (Fig. 2b),
suggesting that air-sea exchange and photo-
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Iig. 3. Correlation between (a) temperature and oxygen, (b) temperature
and % oxygen saturation of our winter Aleutian Basin data, and cor-
relation between (c) temperature and oxygen, (d) temperature and %
oxygen saturation of the summer Hakuho Maru data from the same
location. The broken line shows the theoretical slope (Taken from CHEN,

1985).

synthesis cannot replenish oxygen fast eoungh
to compensate for upwelling of water with lower
O; content, respiration, and cooling effects. The
result is that the surface waters actually show
a lower degree of oxygen saturation than most
deep waters (CHEN, 1985; CHEN et al., 1985).

Deep waters for POLAR SEA stations (104
and 105) in the Aleutian Basin show a minimum
in oxygen (Fig. 3a). The homogeneous, ice-
free surface layer is also undersaturated with
respect to oxygen by about 8% (Fig. 3b). The
winter surface water oxygen concentration is

similar to the value found in the minimum
temperature layer in the summer. Summer data
from the same locality (stations KIH78-3-8 and
KH78-3-9 of the Hakuho Maru Cruise; HAT-
TORI, 1979) are plotted in Fig. 3c and 3d for
comparison. Seemingly, summer warming raises
the temperature, but the oxygen content of the
surface layer does not increase by much except
in the top thirty meters, where supersaturation
is obviously caused by enhanced photosynthesis.
In winter, enhanced vertical mixing and rapid
cooling, unmatched by slower air-sea oxygen
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exchange and photosynthesis, produce under-
saturation in the surface layer (IVANENKOV,
1964; REID, 1973; CHEN, 1985). BRUJEWIEZ
et al. (1960) also found an undersaturation as
much as 20% in the summer minimum-tempera-
ture layer in the Sea of Okhotsk, with the
lowest degree of saturation on the continental
shelf off Siberia and Sakhalin Island where in-
tensive cooling occurs in winter.

The situation is similar in the Weddell Sea,
based on the comparison of the SOMOV (CHEN,
1982a; 1984; HUBER, et al., 1983; GORDON,
et al., 1984), GEOSECS (TAKAHASHI et al.,
1980) and other data in the literature (BREN-
NECKE, 1921; DEACON, 1940; OB, 1958; 1959;
SECRETARIA DE MARINA, 1959a, b, c¢; IGY,
1961; some of these data need to be adjusted
due to systematic analytical error). An ice-free
summertime GEOSECS Atlantic station, GS89,
is located at 0.0°E, 60.0°S which is very close
to the ice-covered SOMOV station 33 (0°20'E,
60°S). The /S plot for waters below the
Oumin layer at GS 89 is essentially the same as the
plot at SOMOV 33. The 6/AO0OU plot (Fig.
4) below the O, layer at GS89 is also similar
to the plot at SOMOV 33. The SOMOV 33
data show a high AOU (apparent oxygen utili-
zation) value of 50 gzmol/kg at the surface be-
cause the surface water is mixed with low-oxygen

Weddell Deep Water, while the ice blocked the

i-0 ( WEPOLEX 81 GEOSECS

station 33 station 8¢

°C
—

\

2.0 ' " s L 1 L )
150 100 50 150 100 50 9]

AQU, umol/kg

Fig. 4. ©/A0U plot for WEPOLEX station 33
and GEOSECS station 89 in the Weddell Sea.
The temperature minimum layer for the
GEOSECS data is at about —1.8°C.

input of atmospheric oxygen (GORDON et al.,
1984). This finding supports the suggestion of
WEISS et al. (1979), EDMOND et al. (1979),
MINAS (1980), LYAKHIN and RusanNov (1980)
and CHEN (1982b) but disagrees with the Arctic
work of GOSINK et al. (1976) and F. HERR
(private communication, 1983) who found that
the annual Arctic sea ice is permeable to gases.

Our winter data in the Bering Sea also sug-
gest some air-sea exchange, but the exchange
could have happened in the numerous leads and
polynyi that we encountered in the Bering Sea
but not in the Weddel Sea. Furthermore, un-
like the annual Arctic sea ice which has many
brine channels, the Weddell Sea ice has a large
content of frazil ice with few brine channels,
resulting in low permeability (ACKLEY et al.,
1980; 1982; CLARKE and ACKLEY, 1982). The
late-winter, early-spring Weddel Sea surface
water is at about 869 saturation, higher than
the 60% for deep waters (BRENNECKE, 1921;
GORDON et al., 1984). The winter SEA-
MUNDSSON and HUDSON data (MALMBERG,
1983; CSS HUDSON, 1984) in the northern
North Atlantic Ocean also show systematic
oxygen undersaturation (as low as 10% under-
saturation) within or out of the ice field.

The above discussion clearly indicates that the
high-latitude regions are probably undersaturated

30
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July, 1984
INDIGO 1
Feb—March, 1985
GEOSECS

+ Dec, 77— April, 78

N
O
—
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o
T

T,°C
Fig. 5. Surface normalized nitrate concentrations
vs temperature for the GEOSECS, INDIVAT

1 and INDIGO 1/INDIVAT 3 data in the
south Indian Ocean.
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with oxygen in winter, although water chemistry
beneath the ice varies from place to place, and
we cannot yet generalize the findings in one
area to represent other regions. As further note,
ANDERSON and DYRSSEN (1980) reported surface
oxygen . supersaturation within the summer
Barents Sea ice field, which is, no doubt, due
to photosynthesis.

4. Comparison of the nutrient data

Surface nutrient values frequently show signifi-
cant variations between cruises even when data
from the same location are compared. For
instance, at GS 429 occupied in summer (Feb.
1978), the surface nitrate concentration was
20. 2 #mol/kg (WEISS et al., 1983). The INDIGO
1/INDIVAT 3 value was 21.2 #mol/kg (March
1985) and the INDIVAT 1 value was 24.5 g mol/
kg (July 1984). For unknown reasons, however,
the surface nitrate value correlates linearly with
temperature when the nitrate concentrations are
normalized to a constant salinity basis. The
normalized nitrate (WNQO;=NO;x35/S) data
from the above three cruises are shown in Fig.
5. These three temperature trends show much

smaller variations. Phosphate and silicate behave
in a similar way. Parts of the natural variations,
such as those due to evaporation and precipita-
tion, are removed by normalization, thus the
resulting trends
mixing processes.

reflect mainly biological and

5. Comparison of the alkalinity and total

CO; data

The surface alkalinity and total CO. values
show large seasonal variations when compared
in the same region, even when the effect of
precipitation and evaporation is considered. - The
potential temperatue is plotted against normalized
total CO; (NTCO:) for the WEPOLEX and
GEOSECS data in the Weddell Sea (Fig. 6).
The WEPOLEX winter data agree with the
GEOSECS summer data below the temperature
minimum layer, which is the remnant winter
surface water (CHEN, 1984; POISSON and CHEN,
1987). The summer surface water, however, is
lower by as much as 50gzmol/kg in NTCO.
because of biological consumption. The NTA
values are approximately 10 zeq/kg lower.

The surface NTA and NTCO; values, how-

20} T T —- T . -
WEPOLEX GEOSECS
Summer Surface
10 + J
&
~0 F |
D
-10 ¢ 1
Winter Surface Remnant Winter
S s Surface Water
-2:C =1 L k 1 L !
, 2200 2250 2300 2200 2250 2300
NTCO,, pmol kg™
Fig. 6. Potential temperature vs normalized total CO. for the WEPOLEX (all data)

and GEOSECS (stations 79, 82, 85, 87 and 89) expeditions in the Weddell Sea.
The temperature minimum layer for the GEOSECS data is between 0 and —1.8°C
where NTCO; approximately 2,250 gmol kg™,
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Fig. 7. Surface (a) normalized total COs and (b)
alkalinity vs temperature for the GEOSECS
and SOMOYV data in the south Atlantic Ocean.

ever, show less seasonal variation when compared
at the same temperature. The normalized sur-
face alkalinity and total CO; seem to decrease
steadily with increasing temperature (CHEN and
MILLERO, 1979; CHEN and PYTKOWICZ, 1979).
The GEOSECS NTCO; data (Dec. 1972 - Jan.
1973) in the southern South Atlantic Ocean are
higher than the October SOMOV data by
6 ymol/kg and are significantly higher than the
November SOMOV data above 5°C (Fig. 7a).
These differences reflect a possible seasonal
effect due to changes in biological productivity.
The biological productivity, however, does not
significantly affect alkalinity. Indeed we could
not detect any seasonal variability in NTA vs
temperature correlations among the GEOSECS,
SOMOV October and SOMOV November data
(Fig. 7b). The GEOSECS NTA data are ap-
proximately 5 geq/kg higher than the SOMOV
data, but the difference is slightly smaller than
the combined experimental error.

Data in the south Indian Ocean also show
strong seasonal variations in NTCQO; when the

GEOSECS data are compared with the INDI-

821 WEPOLEX 81
o Oct 12 to Oct 19

% in pack ice
x Nov 14 to Nov23

pH >

79k «

-2 [¢] 5 i0 15
T°C
Fig. 8. Surface pH values (measured at 25°C)
vs temperature of the SOMOV data (taken
from CHEN, 1984) in the South Atlantic Ocean.

VAT 1 and INDIGO 1/INDIVAT 3 data. The
difference in NTA is smaller, on the order of
10 req/kg, only slightly larger than the combined
analytical error.

6. Comparison of the pH and Pco. data

The surface pH values (measured at 25°C)
also correlate linearly with temperature, and
seascnal variations are evident from the SOMOV
data (Fig. 8). MARION DUFRESNE data in
the south Indian Ocean also show linear cor-
relations with temperature but there the summer
trend does not differ significantly from the winter
trend below 18°C.

It is well known that pH variations in the
subsurface waters follow variations in oxygen.
Fig. 9 shows the pH vs temperature correlations
of our POLAR SEA winter and Hakuho Maru’s
78-3 summer Aleutian Basin stations (HATTORI,
1979). The curves are of similar shape as the
temperature vs oxygen plots (Figs. 3a, c¢). Our
deep water values are systematically higher than
the Hakuho Maru data by 0.05pH units, pro-
bably owing partly to a difference in calibration.
The winter surface value would agree with the
summer value at the minimum temperature layer
if the summer value is systematically shifted up

0.05 units. The summer surface pH value are
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same location (Taken from CHEN, 1985).

significantly higher than the winter value, re-
flecting COs consumption by primary productivity
(CHEN, 1985).

PcO; values are also known to show large
seasonal variations (DEACON, 1940). Strangely,
our SOMOYV data (CHEN, 1984) and the data of
TAKAHASHI (private communication, 1982) and
TAKAHASII and CHIPMAN (1982) are similar
to the GEOSECS data (TAKAHASHI et al.,
1980) near 60°S in the south Atlantic and are
nearly in equilibrium with the atmosphere. Rapid
cooling of the surface water in winter reduces
Pco;, but upwelling and entrainment (GORDEN
et al, 1984) increase PCO:. It is fortuitous that
the net result is near equilibrium with the atmo-
sphere. These observations prompted the sug-
gestion that the Antarctic surface waters are
likely to be in equilibrium with the atmosphere
throughout the year (CHEN, 1984; TAKAIASHI,
private communication, 1982; TAKAHASHI and
CHIPMAN, 1982). Recent observations of TAKA-
HASHI (private communication, 1985), however,
do show large temporal variations in the South-
ern Ocean. Fig. 10, based on the SOMOYV data,

,°C

°

Qct 12 to Oct 19

@D in pack ice

x

Nov 14 to Nov 23

L L
250 300 350 200

PCO,, patm

Fig. 10. Surface PCO; values vs seawater temper-

ature of the SOMOYV data (taken from CHEN,
1984) in the south Atlantic Ocean.
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also shows large October to November changes
in PCO; at high temperatures.

7. Conclusion

Certain chemical properties such as oxygen,
pH and Pco; show large seasonal variations in
the polar seas. Nutrients, alkalinity, and total
CO; also vary significantly at the same location.
But the variation is much reduced when com-
pared at the same salinity and temperature. The
seasonal variability in the normalized alkalinity
is not much higher than the analytical error.

We believe that winter values should be used
in preference to the summer values when one
needs to know the initial, or preformed, con-
centrations of chemicals for deep and bottom
waters. Without such information, calculations
of production or consumption rates of chemicals
are frequently subject to large error.
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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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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

Gompertz B Tl251.42 720, Gompertz IR D
I <H#EELURE,

b, FHiY T EBHENICRET S 04EEOHEM
BB ES s (Table 3) TiZ, O0£EHRMTHORE
AR AHELTWE2, Toh o (Fig. 1,
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D bz,

3. # =
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FrEBEMEHERs LU E R & HEHEO DL RE
Wi, BREOERIC L 5 FE (1962) OREREE
e, ) -k (1982) oFHEEEHSE, HERm
OFEBIC L HEE (1955) o nREH Ribd, HBERE
OERERIT L % FE (1962) OTIER/hE#S, FHHE
AlSHE S X CREY OBRERESFORINc L 2 RA
% (1978) ORMRASHEOBDLEEFLVWER B D
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X aH) e (1967), B (1968), FEDL (1970),

fE (1975), PEH (1975), il (1980), #)Il (1981),
FHES (1983), W)l (1983) BIOE (1984) 03
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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)
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Response of a fish school to turbid water*

Tsutomu MORINAGA®*, Takashi KOIKE***, Keiichi OoTOMGC**
and Kanau MATSUIKE**

Abstract: Using a TV-camera and VTR system, the responses of a fish school to turbid
water were examined with an indoor water tank under constant illumination. The tank is of
rectangular shape, provided with openings for water supply at both ends of the tank, and
drains on both sides in the center. The fish used are Japanese horse mackerel Trachurus
Jjaponicus and parrot fish Oplegnathus fasciatus, specimens having total lengths of 6 to 10 cm.
The matter suspended in turbid water consisted of four different substances: sand, phyto-
plankton, red clay and bottom mud. A beam attenuation coefficient (C, m™) is introduced as
an index of turbidity of water.

To water turbid with sand, horse mackerels show an extreme response of avoidance, thus
seeking out the least turbid parts. Parrot fish, on the other hand, seem much less sensitive to
turbidity, and show little or no avoiding behaviour at all. The smallest value of beam attenua-
tion coefficient for getting an avoidance response is 5.0 m™ (concentration of sand in water,
4.9mg/0), i. e. the difference between the turbidity of test water and that of the water which
the fish inhabited before the experiment. This coefficient has no connection with the turbidity
of water inhabited and the kind of matter suspended. It is concluded from the discrimination
of horizontal slope of irradiance that the action of avoidance depends heavily on visibility.

1. & E

AAE, R 2R OB D RFERICHEML T
D, hoBYEECIEIWHERZEL, JAlb 50
b CTRRETHEOZHE L DRH U ERS R T
L, IV VORERENEC L ZEBEBERN T T
HDHo INHOWYPREHICERTZRECNSNWS
B ERIIET I ERAGCHEIND, L -
T, BTOBD BAEOTEICE 0L 5 P EY IS
PEEEHT LI R, RBREICE s TBRDTEETH
%,

* 19874F11H25H M Received November 25, 1987
# ETUKERYE T108 RS EX #kFI4-5-7
Tokyo University of Fisheries, Konan-4, Minato-
ku, Tokyo, 108 Japan
wox STARBEMEFER T514 SERMRAILA -
80 Faculty of Bioresources, Mie University,
Edobashi 2-80, Tsu, Mie, 514 Japan

COMBEICELT, sudMdRikEKCERET D
L, FOBERPEROMBI X » THIL - %8 - BAR
FoFEE R (BHHE, 1978), X, T4 I8 (Esk
mE) BHRLE D N U TEERE, &5 0 kiR
OHBERE TS ERELNTIRTWD (FHW,
1978), LaL, ShHOMFE T EDBRE »HoER
LI TN,

AFeOREE, EBRALE L URBREOEENZRA
Bosbe7y (B#BR) &4 v44 BAR), 2D
BOOBEL LTBIBEOERBLATESEE Ol
W@, m™) 2ERLAALD D, KFLTE, &
- KT B BRSO BREI L S HE, E- oKL
EBLAEOAKROTE LBV IBE L OBR, SETH
FERITEAOEVBERCEORRICD W T L
7o



20 La mer 26, 1988

Camera
Lamp ] Lamp
L A
Lamp
2400 mm kY
L)
Baffle Hose

Board

Fig. 1. Sketch of water tank and illumination.

2. RREBEHE

LRI Tig. 1 1WRTE57EZ 130 em, 20 cm,
B 15 cm ORFEKETIT» 7z, AXEmEmICigA O
o, PROEGHEBECEKTREFRE N ER T 2 (8
& Al 1985), KO LK 2. 4micFre s 2
(CCTV-CAMERA HV-17T]) & MBS (HaEk
100W, 2W & 2{@) %FREL, HEIZEIETHE- 2,
FEREFEOER Fig. 2 DX O THD, 247 DTEK
M (FFR420D) o ek e KRER LD, 2608
VT L, IR ORISR RS X 51
Uiz, ZOROMMIZ 1.2¢cm/s Th-Tz, ZOHEL,
BOERECHEATCOTHEBED bRAh- 2, B
o oK, A#EARC BT B3 2 b v, Kt
BOEAXBRIEE- 7, B eKkoBoiEeEmI
JeREARA (ELEEKE: 486nm, HEE: 1m) %{E
RAUT, ERECHOESEMTHIEL 2, M 5% IE 5%
(C, m™) LBEME (SS, mg/l) LR TEDL 5%
EREGRRS D, MERE ) 3099 ETEFIE
[

THRRF

Ci—Cw=1.02+SS+0.01

bEC7 D A

(r=0.996)

Ct—Cw=0.10-Chl.a+C.15 (r=0.998)
Rt

Ci—Cw=0.91-SS+0. 04 (r=0.998)

Ct—Cyw=0.77-SS+0.23 (r=0.989)

{HL  Ce: B 7oKOKFIERREL
Cw: EFVNTRK DI BRI
Chl.a: 7mua7 4 a & (mg/l)

ZEBVHEOREN AR Fig. 3 0L 5 TH 5,

EFRIZ19864E 6 A2 BILA T T HEE, HEK
BEARFIRMEREE S T - o, KREHET o Kl 12
19.1~23.2°C, Hi5r134934%TdH - 7o

BERACREEE O = 7 ¥ Trachurus japonicus,
BAMEDA v &4 Oplegnathus fasciatus (&% 6~10
em) AW, EEATHRELUAREREER S ¥
FHOERERL, BRECE LRSI LU, ERA
ORI 795 B TH - Iz,

FEERTIHOBEL U TICRRD . ERAKEALH S
ENWIREAKEEALLD, ERAIERTNET S, &
OROXNAETOMEIZ 201k £45, ASFNLELT
KA R T 5 L HRER LK HKPREZ60
Ix &35, & ORIETHEE L FEER(1~5 HE/ )
w5 LBl - RREAT, BT AREERET 5, 20
S, FHOEKEE - KDY Ez, HiT
FAEET S, KT, BORBRELLL TEREZEDER

T
oo OMBRAKDOYHEE Ui, HIERIIXA TR

3. WHRRUEBZE
3-1 EolKExTH=TVEL VEAL DRIG

E NN B REAE - oK B L 22 0 s
i, = 7Y (HEiEmR) &4 84 (BAKR) TE0LS

TR A DN DRI, Fig. 4 RIGAERE k05
HERROK R ZRT, KRIE 1 2B ORI FEE T
b5, ARIZERWERKEE - oK BOHEEZ L)
L OWEZENR0.8m™, BMRZOEEX 6.6m™ @
BAETHD, B KEAOHBE O BRI E 1D
OO TIONHEOAHORERE RS (UTF, HEET%),
AN OHE, =7 Y ORBEREEEKIC L D80%0 5
0% BT DA, 1 VEL DTNIRABSLHHBTE - &
{EMLEW, =7, BROBS, =7 VOHMIRRE



o K3 b HEK A OTTE

Clear Water

Camera

(420 L)

P_relimiflary Tank

Turbid Water (420 L)

Turbidity
Meter

P

[

Dark Room

0]

Underwater Pump

Blackout Curtain

Booster Pump

> Water U Tank

i
I
!
!
!
!
!
|
1
!
l
!
|
i
[
!
|
|
T
!
I

Indicator |~ — — Reco

rder

Video
Deck

Monitor - —

S P

l. — 4 Timer

Hose

- Electric Wiring

Fig. 2. Schematic diagram of equipment and arrangement.

Table. 1. Values of swimming speed and differential rate at different turbidities.

21

Turbidity
Before pouring
After pouring
Rate (%)

Horse Mackerel

0.8m™!

11.7 cm/s

15.4cm/s
+31.7

6.6m™*
10.8 cm/s
21.0cm/s

+95.7

Parrot Fish
0.8m™
9.5cm/s
7.1cm/s

—25.7

6.6m™!

8.1lcm/s

9.0cm/s
+11.2
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These values are shown as differences between the turbidity of

test water (C¢) and that of the water which fish inhabited before the experiment (Cuw).
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Action of avoidance by Japanese horse
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mﬁAQﬂ%? oy CECIL D,
jafﬁéﬂ“{ 5, Hloﬁ
bib, ugo/’J’( (SN
HREDEL,
MO BND,

Fig. 5 =7 VR WK EEBLLE & OBk
EHEO—~FITH D, B- 72K CRIEREE, 6.9m™)
WA LM, shwnwiok (ak, 0.3m™) RANT
Bb, BATHOHACRSWT, =T VBB ke &
MoK & QBRI CRIE L ,%qkmﬁm?%ﬁ?
DOYBIEZTE D, 2BMIUSELVFELLIAS , H
PR, 8- 7ok bERE S 5 ﬁ@h&ﬁﬁ RN
7, Fig. 6 NLD/ERTH D, BAMRT Y, B=H
A v 24 2 RERIRT, S BOMIBFER 1§
MoOBBHEE» DEREXHEIML, 198 FHLLd
ThHd, X, BEBDHIMEBEK mSm‘)&%ﬁ
B (6.6m™) OFEHTHED, MRLY, =700
m@gi%ﬁK%M?ém,4/&4@%%@&&&5
FAELR N, - FAKEAR RO FHEREEDMEE
{E=i3 Table 1 DX 5 Th %,

ULEDb, BolKicHT580RGR~TIEL &
FA4 TRHEEL, MERELLRNZBIEERT &N

AV EL DTN
ch@MLTm
W ISZ=T Y0
A v EA TIREH 1}17J<@J£— D&, L

b, T

(n) W1 Clear

Turbid Water
Water X .
:
e
|
‘e
I ° .
|
.
ol : |
~ ) °
L
2 A K % o . e o
s e A * o
9 a4 h
3} ® A .
Sl L AA A A B e
A A SAe, N
. A A A
® g8 Ay o
¢ ¢8 A A
oy
|
1
. h . .
0 10 20 30
Time (min)
Clear L. .
(B) 3¢ Water ) Turbid Water
:
\
ee .
: o
—~ 20 i L]
Q r .
L
= |
2 «° LA
|
® | A
ket ° |
8 o LN 1 A A
o, 10 b bAoA, AA
wi h
o ., @a® A A b,
A,A—AA ' A LA
s
:
‘
X . :
0 10 20 30
Time (min)
Fig. 6. Variations of swimming speed due to

turbid water. Circles and triangles mean

Japanese horse mackerel and parrot fish,

respectively. (A) C:—Cw=0.8m™"; (B) C;
—Cw=6.6m™"
2%, Tihobb, 2TV TRTEAKEMTHHE - KT
HLThH, 4 V44 TRERNRATD, T, H-7%

KICTHEB U 2B O JURES O@KEEDR, =7 VU TliiE
""" BRAESEMTITNED, 41044 TRESE
B,
3-2 EHMTEYECTRACEDBE

W o oK VBT SUS L= T Y EHNWT, 554
u,uﬁﬁ'%ﬁﬁﬁ@ﬁjh&%@ﬁbto Fig. T2\ D 1B
BN RT5HAROKRINITH D, HRFIL 158D
BEEHHETRT, X, & 9%%@fﬁﬁ%?,@¢@
CHEIZREWEKEE > TKEDEBEZYRRT S, @
- 7eKEADBEEDN (L0 LED, HMERRZWIFho C
BICRNTH, 50~80%DHEHENILCD D, - ZeKEA



24 La mer 26, 1988

Clear

10 Water Turbid

Water

|
'
h
i
h

0.6 nt

<

o
%)

S 100

~

<
S

=
=

e
=

=
>

<

=
k=]

Appearance Rate
o
]
T
;iq—
=
—

40

=
@]
ur
-
3

20

v
1

L i Von i
0 10 20 30

Time (min)
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Fig. 12. Variation of appearance rates as a function of irradiance in clear water. The

values of E are shown as differences between the irradiance of the illuminated water
area and that of the dark water area.
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ThHbd, I2lEL, L(Z, 0, ¢) BAKE Z TKIES 0, /5 RTETTEMTED,

or (z/2
E«2)= S¢=056=0 L(Z,0,¢)+cos8+sin b db d¢
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Ex=E || 1 0a0+ " r.0)a8
+{7 r0an) o

2L,
Ff1(0)=exp[—Ci*Z+sec 0] cos O+sin b
F2(0) =exp[—cosec {X(Ce—C:)
+Ci+Z-tan 0}] cos O+sin 0
0'=tan"(X/Z)
Case 11 OEA

Ez(0=Ea (|, s@ar+{ roar)
+E22O\, fO)do ®)

L,
f(@)=exp[—C+Z-sec 0] cos 0+sin 0

DR Eq(0)=601x, C:=C.3m™}, K (C:=5.8
L (B) R T Eq 1(0) =601x, Eq 2(0)=251x, 151x
& C=0.3m™ ZTNENRALRE A #E% Fig.
15 Rt M oA Case I, FEfUZ Case II 0%
BTH D, EECHWT, EHRKE TOME Eq 2(0)
A 25 Ix (% 351x), TR Zha 151k (B
E:451x) HEWRT D, AXI D, SRRRERMET OK
FIEHE T 5 em OHIFE) TWHEBOMMICAEEL TV
. X, TOROMEDEDMHE GIFEHAD) 14 4%/cm
Thod, ZOFRERND, BRERE- KB T 254
2, TOBMRTERIN OB HEENE S, BE5 0K
BTN D BRI AKIR S Sl A R O R E AR ORI
fEEE, BIE—RTD I EEHEN S,

EROEBETINETOE L WIHERE RS NS
Brid, WEOE- mKEEtioshwikeoro b
AP ECOLEHEETH D, =7 VRO 1Y
FCIIREBOSTE AR DIENZD 0T (LM%, 1981),
NEOHY BT VOREZH T TND & H DDk
ThHbHD,

W g

l

4. B B

(1) B Kexs 5 SRENH O =T ¥ LR
AVEATRERD, =T VIRE- KEHLENE
MIIEZERT D, 4 VEARLZDE 3 RIIGEIZEA
EREIRW, b, BUICHEERT AL, w7V
BEWHERL, DR OEREE ARSI LA
T5he —Ji, 4 VA OEHFTREERAL, DX
OHEENRDHE DAL,

0

<

\

S
‘
fy
.

DA

e X > Ez(x)
-1, 90
8’ = tan '(x/z)

L =z/cos e

£2= X/sin e
TFig. 14. Definition sketch for calculating under-

!
|
i
|
i
1
|
!
!

r =z .tane
21 = {r-x)/sine

water irradiance in the vicinity of boundary
between light and dark area.

Digstance from Becundary (cm)
0 10 15 30

Relative Irradiance (%)

Fig. 15. Horizontal gradient of irradiance obtain-
ed by numerical calculations. In case [,
the value of C (=C:—C)) is5.5m™. In case
11, the upper and the lower lines indicate
Eq2=251x and Eq2=15lx, respectively.

Q) =T UNRBHITHETRACEVRER, b
WHRBEK L S K E OBE 5. 0m™t (LS
B 4.9mg/l) ThD, 2D LI, bEWRRIK
DHECE Y HEOFHMPICBER LRV,

3) Enwnvickhesn TREAL GKFEARO) 2345
4%/em LV BRBE, <7 YV RBHRES HIEME
BRICBALE N, COREARIRENWKEE- &
KEDOEEZS0m OBA&RIZIE—TTS, 2DZ
LD, BHIRHT ST YO SBTEIRREICKE
LTWBZ ERREENRD,
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ATHFE D BRI Z B % TR Fe B K BE RS I 3B
FHBG QML B O I HEE O 2 I D
BERLUET,

X X
ABFE A7)l i (1985): A X (LFEHHEDR
BRBEQ). AR8LE, T(4) 17-25.
PR (1978): HLBV AT 2HBOMBHUR

B, Rt ofbc k2 REOFRIRIGATRESE.
A,

AEEAED (1973): AHOTHCEIETHL ORE.
ANOE G NS BEREE 4 HAK
ERERED .

JErRLOV, N.G. (1976): Marine Optics. Elsevier Sci.
Publ. Co., Amsterdam.
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Home shell selection in an intertidal hermit crab,

Clibanarius virescens, on the Pacific coast of

Boso Peninsula, Chiba Prefecture®

Ken’yo MURATA**, Seiichi WATANABE** and Kazunori TAKAGI**

Abstract: Home shell selection of hermit crabs is investigated on the Clibanarius virescens
population in August and October 1984 at the mouth of Uchiura Bay, Chiba Prefecture. In
this case, 22 gastropods are found there to be utilized by the hermit crab for its home shell.
Of these, after size differences in the hermit crab, shells of Batillaria cumingii, Turbo steno-
gyrus, Omphalius pfeifferi and Thais spp. are totally recognized as major home shells in the
above-mentioned area. Selection experiments in the laboratory reveal that shells of B. cumingii,
Pisania ferrea and Thais spp. are suitable together as home shell of C. wirescens by their
aperture ratio (minimum width/maximum width; 0.60-0.74) and inclination (angle between
axis of maximum aperture width and shell axis; 8-30°), and these two variables should be

essential in the shell selection by the animal.

1. B
Y EA YR, —RCEREoZBRYHLO 4R
(—ESNE) ELUCRIAL, DEXIGUCEDFEYR
WOBZ D BT BN TS, Y FHVEECE ST,
WY BB SETHT R, ToEE L, B TER
LH& b, OB Ok E (MARKHAM, 1968), A5f
(CHILDRESS, 1972), B5#E (VANCE, 1972) 75 &l B2
TEEEE25, BRHELTOHBE, ¥ Fh ) EER
OREEIHGIMT 5L H T, LEBANTOERH DM
g, BEE, YFAHVHEOEEE O 81 (VANCE,
1972) b7 b LI 295, COBEOEHOFMHCEES
DHFER, TOMCBEkEFLE L THE S ED DR
oo Y E A VHHOKRE LEHOBRE & OBICXEERM
B9 (REESE, 1962) #3380 b1, I HICEBROEEL N
*19874E 7 H 5 H&=H Received July 5, 1987
PHREUKEATFER B NEREEEHEE (EWER
F) T108 A X HEpE4-6-7
Laboratory of Sea Farming Biology (Population
Biology), Department of Aguatic Biosciences, Tokyo

University of Fisheries, Konan-4, Minato-ku, Tokyo,
108 Japan

IR &3 1 BBR 0B tE A (REESE, 1963) Th
%, GRANT (1963) & MARKHAM (1968) i Liig, 22
YORAEREEEZE ORI EEEROEENRFD &5
Bi, —7, HAZLETT (1970) lc Laud, FIE(EEkT
RBREE R, NEERTRERERNLOHEDELER
LB, I B, Pagurus bernhardus 3 (MITCHELL,
1976), ZEFHOEE, HHMBIUCROFO=FMHIEHR
OFT, MUK ZOFEEZRINT S,

72 B OB L TN 2 B ORE-CTIRA~ OB LF ik
COWTCADE, TTHORBOYEE, Pagurus acadi-
anus 1% (GRANT, 1963), Buccinum, Thais, Littorina

3SEORBEOT T Buccinum BD D DX E ST L, P.
hirsutiusculus 1% (ORIANS and KING, 1964), Tegula
B Calliostoma BDDDED Y Thais EOBOEE
Selgic R, BHROBEIX, Coenobita rugosus 73 (R
F - [E, 1968), MMt 1:2 OBKERWREITE 2R~
L, ¥/ P. bernhardus 12 (ELWOOD et al., 1979),
Gibbula EDH D & HRB L, LittorinalgD b D& B
BCBE 2, TOBENRFEEOER L AR E OHICKTE
LTWw5b,

i

T
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EEDI, HRAR OB CHBEEMEHI I —
AR SN DAY aa N4 I Clibanarius virescens
T HERBRCOWT ZZ0OHARE LI DT, *
DOEEERET S,

KL AB I, Ko EBMEREE LKETD
FHMONEHFKEAFERASEIR L B H &
%, Tiz, TOWREED DY, FEHREHEL
OESBERE L, HFKERFZEOWLIFRICIK B 4
ORERHEXRS, TERKESREO LB AKK
REHRECONWTENEZ T, ThbOH LS
BILELET S,

2. HMEBIUHFE

AT IR A LT R BURUREE R/ R R
Vg (FERTEBMRENET) OB T1984
FR—10RFEI N, T2 OEEHICHEEZIE 5m?
OFRERAED, THEHRICZICWSLY I aNFID
A T RN TN TR L TR S Ui,

8 H14F (B 1E) oFEEAR, HHOBORE,
Kbk o¥ B, fASEEORN, HWHERICX 3 EEH
FiedhHThk, 10A16—17H E2E) 0O, EAT
OFE D O@RERICHE L, B RIANEERR, £0
EHgr 2 BiCkBIE & T 5 0E» b, FEFERAK
IEZ 59, K RidH#er oMY a2 HEL T,

EEAKHNZ, THOTRTOHLELRL T, EMmMAOX
80cm, X 8cm DM FEAHMHE THE, 2T, [
v 3oy I OREYYTSEHNT, ERYESERK
AR EED, FRHREEEOWEK TN TRAINRE
& L7,

BIREROFIROBESIRROMED TH S, HLBRT
FHETEXLZDYFH ) DRBERBE LOENWEZI b
THwT, FFERLLTORABLCONT, kK, ©®
¥, MEo3EBELXH L, ZOBA&OXAIEHRE T
OEERBCES S Bk - 2, e, ESTO%
HOBHEBRICL LT, MBI LOBIRERTOY K
H) EHBREOEAGDERER, ROLSEEEINK,
KEBOBETH2IE, T 3FE CREEER 1EY
GT) OBNERERLYED, ThTnZBicEHE T
B4V 3 aNF I10EEIEDONWT, 3HOERPEBEEL
TWwb, $7hkbb, A FHZIRRZINLOIEBED
—OEEFERLTIHORERLECDIVEERTHE-T, &
NEOY FhHYEHOEN LRI, EFE3BHOEAID
WT, BRLUTCBRCHAINRTWS dDEED TRET

SEE, TEEAEEEIA RIS YRR

0T oD Bk BT ¥, HEHOEAR, BHOE
OCREEEH1IHAZED) KX- T5HoER, v
71 VIR0 A0, HBIERE30EToTch Y, MEE
TR, REOREHECY - T3HDOER, ¥ FHYIZ10HE
o, AR R E20EToTch s, REMNIHOER
iU, ERIBBBEHEKEL DL, v aany

IREAE L THAL WS EBlc & - ¢, L%AH
PRI T,

T EUBIRA M B L TR, RO L S TR 2
B BEFEHCICETOME L2 LT, TR bOBRED
RREAELO GEORE) SIUOREMEBREHOME
LEEGGIEE) YL, WEOMEBEREY R,

3. # B
3.1 RATOBE ARG
BE1HOIBETZ BRI 3,34 302, 1 378
fe GuIREE 180 kT &Ts), HEISOMEE, AFt 567 ik
(Table 1) T, M E Af: =105 TH b, BADIE
HEDIEEN R Rk (Fig. 1) 245 &, #ETi% 2.5—3.0
mm JE S 5 11.5—12. Omm Bk £ ¢ 0 [ ¢, 4.0—
5.0mm @ 2 B CHE L EEnFED b, TN
Zmbsbed niE, ThidkX%6.5—7.0mm RO
Lok d, EOHEEREA B &, 2.5—3.0 mm BEE» D5
16.0—16.5 mm B D £ H- THOEBADL 5/
TRE /BN bR, EEIEBHE 5 0212 3.5—4.0
mm BT ICH 5 HACHOHALTH D,

M

1

-

-

i
44L§2ﬁg%%éﬁ;h,ﬁ

=189

Frequency

1 " s N I PR

5.0 10,0 150

Carapace leilgth (mm)

Fig. 1. Size composition in carapace length by
sex of Clibanarius virescens at the sampling
station in August 1984 (see text). Hatched

bar, for oviferous females (N=180).



4 @ a4 3 Clibanarius virescens O7TF HER

ThbpAyvaany IFHRELTHAIR TV
% HORAHIL 22 (Table 1) ThHhd, LT bOHEHEH
FIFRIL 2 55 &, MO KRS HEREAE D54.0%)
3RV W X =4 Batillaria cumingii O#%FIBL T\
50IERL T, BREOHAZEBNERNZ RS KNS
DD, FFa v T hH¥ L Turbo stenogyrus (HEFRIE
BED24.9%) & F Y U =F(20.6%) EEBALTWS,

FIRZEEAREREICE T2 E0F) 285 a2 T
WoHIER ORI, oA, Lty v 1 =3 DIEd,
VA Y T(14.6%), £ A3 9T HA Ergalatax
contractus (6.6%) BIXK=>Y VA Pyrene testu-
dinaria tylerae (5.3%) OAFTAEETHD, HO%

Table 1. Gastropod shells utilized as home shell
by Clibanarius virescens, and sexual compo-
sition of the user of them at the sampling
station in August 1984 (see text).

Shells User

Male Female

Species/Japanese name

Trochidae
Tristichotrochus unicum
(Dunker), ebisugai — 1 1
Monodonta labio (Linnaeus),
ishidatamigai 1 3 4

Family Sum

Chlorostoma lischkei
(Tapparone-Canefri),
kubogai 22 7 29
Omphalius pfeifferi
(Philippi), bateira 32 6 38
Turbinidae

Turbo (Batillus) cornutus
(Lightfoot), sazae 1 6 7

T. (Marmarostoma)
stenogyrus Fischer,

koshidakasazae 47 102

93]
O

Astralium haematragum
(Menke), urauzugai —

Lunella coronata coreensis
(Récluz), sugai 3 1 4

Neritidae

Theliostyra albicilla
(Linnaeus), amaobunegai 5 4 9

Potamididae

Batillaria cumingii (Crosse),
hosouminina 39

Muricidae
Thais spp., reishigai-rui 21
Bedevina birileffi (Lischke),
kagomegai 1 — 1
Ergalatax contractus (Reeve),
himeyo6rakugai 6 25 31
Buccinidae

Pisania (Japeuthria) ferrea
(Reeve), isonina 4 9 13

p—
[y

31
- Babylonia jeponica (Reeve),
bai — 1
Pollia mollis (Gould),
shiwahoradamashi 9 12
Pyrenidae
Pyrene tesiudinaria tylerae
(Griffith et Pidgeon),
matsumushigai 20 22
Euplica wversicolor (Sowerby),
futokorogai 3 3
Nassaridae
Reticunassa fratercula
(Dunker), kurosujimushiro-
gai 3 3
Alectrion sufflatus (Gould),
yofubai — 1
Mitridae
Strigatella scutulata (Gmelin),
yatategai 1 1
Epitoniidae
Gyroscala perplexa (Pease),
nejigai 1 1
Total 378 567
101 1 — ]
. | 1*’
- !
i
orl| J | ‘
sof || - i
BC| = || ] '*j !
S "ol s !1 %‘
N i TS
~ il
© o- l 1,} l -
2
S gy
o 100 e [
=T A S e
b ™H el
. - A
T lop op| 0P
f N =i '# op| OF
50 ~ H - —
8C TS [T E XJ‘ —
TS f —4 let| TH| |
Be s frs] 185 - CLl i
ts| |18 oL cL| i
i |
OTLTD - : . 7CA':AJ Loo- 12. 1 L1504
Carapace length (mm)
Fig. 2. Proportional composition of home shells

occupied by both sexes and size classes (in
carapace length) of C. virescens at the sam-
pling station in August 1984 (see text). Abbre-
viation of home shell species: BC, Batillaria
EC,
Ergalatax contractus; OP, Omphalius pfei-
fferi; PT, Pyrene testudinaria tylerae; TH,
Thais spp.; TS, Turbo stenogyrus. Blank bar,
other gastropods than the above-mentioned

cumingii;

species.

CL, Chlorostoma lischkei;
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A, LR 2 FE DR, NFA 5 Omphalius pfeifferi
(16.9%), 7 £ #4 Chlorostoma lischkei (11.6%) %
X v A v HA B Thais spp. (11.1%) O&F 5EHE
Th5d,
CNBROWCHBHEENOFEE (Fig. 2) 245
&, BBIKIET TWwhiE BB E ARG E 0L H 51
ARRED NG, T7bb, miickBEL T, NERE
TRAYV U=+ OZBROFARBEL, TO®RIIMET
5.0—6.0mm Bl%, #T4.0—5.0 mm BEHEZRE
NHBZ B &, B Ta vy F 00O HES
Bt Tn5b, LICHETHED NS ZIIMERE L
T, 9.0—10.0mm BikA Bz 5 A1 b &, av
EAYFIDLYD NF 4 5 0EBOFMEIEL b
L5ThD, EEIUCLEOES, TRIZEFHWFIAR
HREDORENE DD, KW WEEE (6.0—7.0
mm B0 5 12.0—13.0 mm Bk E To 7 BR) TLA
YHAOEBOFANRRD BNAH T LS, & TR
Ik s,
3.2 THEBRZER
a AJE# (Table. 2) AJEEEBCEIRNGLERD
O, BRADSHEZ RHAALNFA TBIT VA VY
AFTh B, Ehra-1 T, 4V 3axy3 (10HEK)
AABHTIBICIZ TN THYOBEN DK - T, VI VT
A FDEZTA - TWb, HBENC T4 72{5&& LT
WAHEA (EM a-Dd, Likzks, A#4a (9
) BFELWEHVA Y HA4HOLEDAE - T D, f
S 1 EETHE, YwodolFEE 74 9) BE
HET DR -T0HR, ZOBAEROFEESLME
Tk »C, BERBROFAEEICOWTRAHTHESD, &
R a-3 OBAED, TT0L0 Q0EE) v 1 vH

AFRER LT ORI T B2, LEERUTEMN
kD, HASHROAEMLIC DN TR SA TR,

Table 2. Occupation (frequency) by large-sized
hermit crabs (10inds) of their finally
selectable home shells (Selectable shell;
prepared 20 each by species for) in relation
to 3 species of gastropods. Exp, code of
experiments; Home shell (in column),
shell occupied initially by the hermit crabs
as home shell.

Exp Home shell

Selectable shell
CL op TH

a-1 Chlorostoma lischkei (CL)

0 0 10
a-2 Omphalius pfeifferi (OP) 0 1 9
a~3 Thais spp. (TH) 0 0 10

COIHDEBREFBEUT, 74 TR/ EHA DERE
BT ERE LicdAy 3 a9 3212, FECHCES
PIEE DI, FAEHDNIRL L Wi,

b HJEM (Table 3) BIRNMNSEIZEH 5 A
VA2 I H 4 Monodonta labio, 7 RHA, AL HH
WL, 4V =7 Pisania ferrea B3IV A Y HAHT
BB, HMOEERRDb-1/5#EU T, A4V I3 I
BRIV A Y HAESDNWEA Y = FOEREYSE
LCh20RFEHERE, L CBEDHANELWE
MTH D, 0MEEDA Y I a4 30%, 14 (EE b-
4, VA4 V1 EORE; REFRDWO%) BRI,
EDERTH AT DMK (70—85%) 2T @ HBth i
W mERE LTnd, Toknicid, BHXROAEE
MORPL 16 (ER b5, 1V =FDEHE; 10%) »
EENTND, FLOFINE, EREF a DBEERET
Lo, VA4 v HAEOEBRADELWEFE (60%)
CEoTRI-TWS, TR SHOERYELT, &
MITIIZ 3TEEA 22 304, 7R TABLTa v
AV FLZOEBRANOBELTNLEN DD EFIREED
Y AW AN

Table 3. Occupation (frepueucy) by medium-
sized hermit crabs (20 inds) of their finally
selectable home shells (prepared 30 each by
species for) in relation to 5 species of
gastropods. For the legend of columns,

cf. Table 2.

Selectable shell
ML CL TS TH PF

b-1 Monodonta labio (ML) 0 0 8] 3 17
b-2 Chlorostoma lischkei

Exp Home shell

(CL) 0 0 G 4 16
b-3 Turbo stenogyrus (TS) G G G 6 14
b-4 Thais spp. (TH) 0 0 ¢ 12 8
b-5 Pisania ferrea (PF) 0 0 0 6 14

Table 4. Occupation (frequency) by small-sized
hermit crabs (10 inds) of their finally
selectable home shells (prepared 20 each
by species for) in relation to 3 species of
gastropods. For the legend of columns,

cf. Table 2.

Exp Home shell Selectable shell
TC BC PT
c-1 Turbo cornutus (TC) 0 10 0
¢-2 Batillaria cumingii (BC) 0 10 0
c-3 Pyrene testudinaria
tylerae (PT) 0 10 0




A 3 2,349 3 Clibanarius virescens 072 HBIR 33

c /NEE (Table 4) BIRHNSBZEEO 3By
P ($18) Turbo cornutus, vV v 3 =+BI <Y
LA TED, 3HOER c-1/3DFRTT, EKH

TH

PF

A
TC \ﬁ

TS BC

Fig. 3. Outline of the 9 species of gastropods
applied to the selection experiments (Tables
2-4). Black area, aperture. Abbreviation of
home shells: ML, Monodonta labio; PF,
Pisania ferrea; TC, Turbo cornutus; for
other abbreviations, cf. Fig. 2.

90t

OPA OCL
MLO
TCOTS

Inclination of_aperture (degree)

OPT ®TH
L . L | . " L . }

0 .5 1

Ratio of aperture

Fig. 4. Relationships between the ratio (minimum
width/maximum width) and the inclination
(angle between axis of maximum aperture
width and shell axis) of the aperture in
shells applied to the selection experiments
(Tables 2-4). Closed circle, shells occupied
finally by the hermit crab in a higher rate in
the experiments; triangle, exceptional shells
in the final occupation (in a lower rate);
open circle, shells without final occupation
after selection. For abbreviation of shell
species, cf. Fig. 3.

CRHRY Y I =3 OBBY HETHEARE B T
D, YRRV I =FOHBOBE (EBc2) KER
RBOAREEARETESL L3V EThi, -
T, B 3HOERTE, SRy (gH) &
TV LYHA L DB E RN EECEH D,
3.3 BUORLEFHOMEEE 0BG
EEHRERONRE L - 2013, Biiis.3 TEKL
Lick s, BIELEBIER DM TR 58597
H (Fig. 3) THD, T THOH- - BOELE BO
BEELRAND, PR SAEINEE G H N ©
i, EHOREBRECORERERTESDT, +XT
DHEMEXHEFICILZ D, COX SR - T,
ZHOMI o (0fEEk) FHEOSH (Fig. 4) o
WTH D&, IELIZ0.24-0.95 I, Fhn
R 8-79° OH I S 5, DX 5 WL DMG
TakE LU THEHEND DI, E I E B (Tables 2-4)
THICENHEMEERL 2 3B (Fig. 4, 24), &V
U, AV SF BRIV A VA AR o 4
ECEENRPEAZ R, LHdEUERTHEERED
B (& IKAM) &R BT LS s iR
LTnwaZ&Thd, TORPER, BROZELTHL
1$0.60-0.74, BOMEETWZIE 8-30° DR NI B
hTnws,

4. B B

BREICEONAMHEE AFLUALERTHLINSD,
Fif (Fig. ) &5, 41V aaxyIofidiEr o s
KB D H0BRHDL5CH25, OEE, HEE
DEEHROTHOMEAKDOEE L U ABESAKEVWD
B, BOEGOHI DN LEEHETDLIEDNRE 50
EWVWS AR, SRICEINCERTECLSFELVWEE
CE TR B,

KATOERROMBAKE HEBHD2 bhic( v 3
INY T, efELT, kv wisdd, BRIEK
CAVERFF L ORHEDR SR ERRZ SN T
Wh, FHLSRBE, TOYNA ) ORERBICL 5%
W (Fig. 2) 838D b, FOBAMmERZELT T, WH
WRATEY, $h{RRELEbiT, RECEELES
BICHBLTWD, L, CoZ il T, K&
KBETEREBCFHHORD bNIHAGGRERLTL
b4 g any I OFRORBBRE ML TnB &k
BRoMv, TOZERAMAECOBINERICEL » TR
BINTWDE, RRKIBRTOAS Vaay IRFEoLE
B CAT LT VWERALBRZ AL THAIcT ERwn
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&, BIETRETHESS, TOF¥FHY LEHOMEND
L oBRI, BECOHONHREL R OEETH
HrEZDOND,

BEHBIRER ZoEROMIL, T TkiiEL>
, REEBYEDERBHELDAFL TV, it
> T, TOHBTOEREDR»1DA Y Iaxy I
DBRRNEETHRELTND, £0kdD, FRok 5
2, TO¥ FAY ORBHCRE M+ <EFATEEIR
ERICBRGEOEERC AT 2D LT R S A REM:
BERCHDL, FEUCERAREBITIIEE COR
AEMEWEDEETH NS,

ERAERCOWTZ ZCRIET & L1, +CRE
BLTwB LI, ZOERKFODE TR, BIUEE
QENE, EROEEZEZROM T OB ELHNS, BIRE
BT zAEE- e LTd, FRIZEHIRTNS
TEThHB,

CDXIREHTCERINBEERBRER T, ko
L EFE L FRERAED Sz, T7hbh, AEM
HEoHE (EBRI a) KONWTL 5 e —HOEBAYE
UT, BB VY HAMHOBEBRNERE L TRIENSE
H2E LV, EBRa-2 (Table 2) ToONF4 501 Hli
P LT CE AL AL, MRAKOES (&
BRI D) 12, AKFEOLODHALELL, v via
HOEBALL D OMETREIRTWE 00, Fhic
B TA V= F DEB~DRNBEIRFCR 23580 b T
Wb, TRNEEFEOEES (RBAT ) 17, iy
U= F OEBANDKENRDBND,

EHT DT, INBUOERYEL T, —D0FIsNER
E, AvIarsyIohs, Fokveisd, 4=
FHLVER VA Y H A HDOMNRDEBABINI TN
5, INBLOMRIZ, BEOHMR T Pagurus acadianus
Ay =F EANERIC HEFED Buccinum BD H DD
%% (GRANT, 1963), %7 Pagurus hirstiusculus s
Thais BD DD % (ORIANS and KING, 1964) +
NENRBRLTWD20E, RIS E ORI D T
KO ELARLTWE, IR E, 4V 3
ANy ICRRIND ¥ F A VEAEERBRIT 254
i, EBoX 5kt EoRAx e THIE, T80
BHOHAIN 8-30°) bOETREERTNE S1CHZ D,
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Rift system in the North Fiji Basin:
Results of Japan-France Cooperative Research on board KAIYO 87*

KAIYO 87 Shipboard Party**

Abstract: Marine scientific survey was conducted in the North Fiji Basin during the period
from 28 November 1987 to 2 January 1988 on board the R.V. KAIYO. This cruise was the first
phase of the joint cooperation, designated as STARMER project, of Japan, France and the South
Pacific countries together for the study of the rift system in the South Pacific backarc basins.
The North Fiji Basin has opened with poles on both western and eastern side margins of
the basin. This opening implies complicated evolution of the rift system in the North Fiji
Basin. The rift axis and magnetic anomaly lineations are not in straight lines throughout
the rift system. They are discontinuous and segmented from tens of kilometers to 150 kilo-
meters. Some geomorphological lineations are superimposed and multi-directional. Oblique
development of the rift axis to the magnetic anomaly lineations was observed in the southern
rift of the triple junction in the central basin. These features suggest that the rift systems in
the North Fiji Basin have been variable during its formation and the basin has been formed
by spreading of sea-floor with mosaic pattern.
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Fig. 1. Track lines and detailed surveyed boxes in the North Fiji Basin by the KAIYO
87 cruise. Bathymetry is based on the chart compiled by KROENKE et al. (1983).
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Fig. 2. Track lines and sampling sites (circles with dots) in the rift system of the

North Fiji Basin by the KAIYO 87 cruise.

M1 is the surveyed area with Sea-

MARC 11 by HIG, and S1 and S2 are the sea-beam boxes by the SEAPSO cruise.
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Fig. 3. Reflection seismic profiles in the North Fiji Rift.
sediments are observed in the rift area.

Arrow indicates rift

s

Fig. 4. Pillow basalt

taken by deep-tow camera in the rift axis
at Station 6.

axis.
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Fig. 5. Pillow basalt sampled at Station 9
(2720 m deep). Surface of pillow is glassy.
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Fig. 6. North Fiji Rift and geomorphological lineations in the axial area observed

in sea-beam records. 1, rift area axis with double lines.

2, scarp. 3, ridge. 4,
trough axis. 5, rift axis. 6, knoll.
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Fig. 7. Topographical profiles in the southern
North Fiji Rift. Axis is indicated with arrow.
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Fig. 8. Topographical profiles in the northern
North Fiji Rift. Within area of a few tens
of kilometers, two types of rift system are
distinguished; depression with steep scarps
on both sides of the axis and uplift in the
axial area.
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Fig. 10. Livings associated with hydrothermal vent at Station 4
(1980 m deep).
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A note on pot holes in Kitayama Valley*

Shigehisa NAKAMURA**

Abstract: Pot holes in the Kitayama Valley which is located at the upper reach of the Kumano
River in the south Japan are studied. Specific features of the said pot holes are discussed
along with the previously confirmed cases already reported in Japan and in other countries.
A descriptive note is for a qualitative mechanics of forming processes of pot holes or giant

kettles. Some previous notes suggest that a pot hole can be formed as a bowl-shaped bed-
rock after erosion caused by river flow and sediment transport. Pot hole also can be formed
by effect of waves near coast and of glaciated erosion. Formation of pot holes in the Kitayama
Valley as in the other places should be solved after an appropriate formulation with considera-
tion of the factors related to physical and geological conditions.
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