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Phytoplankton ahd nutrient distributions off the northern
South Shetland Islands (summer 1984-BIOMASS/SIBEX)*

Frederico P. BRANDINI** and Miryam B.B. KUTNER*™**

Abstract: During the 1984 summer cruise as a part of the BIOMASS/SIBEX Program the
Brazilian R/V Professor W. Besnard surveyed the ‘B’ sector north of the South Shetland
Archipelago from January 21 to 28. Water samples were collected with Nansen bottles from
the surface to 500 m depth for the analyses of total plankton cells and physico-chemical param-
eters. The study area was dominated by Antarctic Surface Water, shelf water of the Ant-
arctic Peninsula and cold water originating from the Weddell Sea. During the mixing of
these watermasses, the distribution patterns of nitrate and silicate in the euphotic zone depicted
a clear non-conservative behaviour due to phytoplankton uptake. The mean concentrations of
nitrate and silicate in the euphotic zone varied from 14 to 26 and from 20 to 50 pg-at. I,
respectively. The phosphate distribution was not as much affected as nitrate and silicate by
biological uptake, and the mean concentration in the euphotic zone varied from 1.0 to 1.6
pg-at. I”. The phytoplankton population was numerically dominated by phytoflagellates and
monads smaller than 10 gm in shelf areas and by nanoplanktonic diatoms (Chaetoceros neglectus,
C. tortissimum and small chain-forming pennate cells) of 6 to 9 #m in size in offshore waters

of the Drake Passage. Hydrography, bottom topography and biological uptake were the main

factors governing the distribution of nutrients.

For phytoplankton distribution, the trophic

interrelation between planktonic organisms must be taken into account.

1. Introduction

The pelagic environments in the northern part
of the South Shetland Islands waters may be
characterized by physico-chemical gradients due
to (i) the mixing of Antarctic Surface Water
with colder and more saline water of the Weddell
Sea, as a part of the Weddell-Scotia confluence,
and (ii) the upwelling of Deep Circumpolar
Water at the emergence zone (PATTERSON and
SIEVERS, 1980; FIsHER, 1980; STEIN, 1981;
SIEVERS, 1982; Lipski, 1982). Strong bathy-
metric gradients are also characteristic of this
zone (CLOWES, 1934) and certainly affect the
hydrographic regime in the surface euphotic
layers above shelf and off-shelf areas.

* Received November 15, 1986
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** Centro de Biologia Marinha, Universidade Federal
do Parana, Curitiba 80.020, Paran4, Brasil

*#%% Tnstituto Oceanografico, Universidade do Sio
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During the second Brazilian expedition to the
Antarctic Peninsula in the summer of 1984, total
phytoplankton samples and hydrographic data
were obtained in this southernmost part of the
Drake Passage (‘‘B’’ sector, BIOMASS/SIBEX).
The sampling cruise offered a good opportunity
to study the pattern of horizontal distribut on
of plankton cells in relation to not only hydrog-
raphy and bottom topography but also the
consequence of trophic interactions among the
planktonic organisms. The trophic relationship
between nanoplankton and ciliates has been
discussed recently (HEWES et al., 1985; BRAN-
DINI and KUTNER, 1986) and it is considered
as one of the most important topics concerning
the lower trophic levels of the Antarctic food
web. For this reason, the analyses of the distri-
bution patterns of these organisms are performed
in the present study with the hope that it might
help to elucidate the initial step of the pelagic
food web in the Antarctic seas. For comparative
purposes, the phytoplankton distribution (mainly
diatoms) reported previously in the same area
(URIBE, 1982; KOPCZYNSKA and LIGOWSKI,
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1982; Lipski, 1982) is discussed.

2. Materials and methods

A total of 16 oceanographic stations were
sampled by the R/V ‘“‘Professor W. Besnard”
from Januray 21 to 28 conmsisting of the “B”’
sector of the BIOMASS program (Fig. 1).
Vertical water samples were obtained at standard
depths using Nansen bottles until 500 m. The
temperature was measured with reversing ther-
mometers and the salinity with an Autolab sali-
nometer. The analyses of nitrate, phosphate
and silicate were undertaken at the Oceanogra-
phic Institute of Sao Paulo University according
to STRICKLAND and PARSONS (1972).

Water samples for total phytoplankton were
collected from the Nansen bottles within the
euphotic zone of each station (0, 25, 50, 100 and
150 m depth) and preserved with 0.4 95 formalin
solution. Fifty mililiters were used for the
settling technique of UTERMOHL (1958) and
cell counts were performed with a Zeiss inverted
phase contrast microscope. Nanoplankton was
counted at magnification of 400X considering
various size categories (<3, 3-6, 6-9, 9-12, 12-15
and 15-20 gm) and microplankton, including most
of the ciliate cells, was counted at lower magni-
fication (130X ) in one half of the total chamber
area.

64° 62° 60°

3. Results

a. Hydrography and physico-chemical para-
meters

The bathymetric chart (Fig. 1) was redrawn
from that obtained by the Polish R/V “Pro-
fessor Siedlecki’’ during the BIOMASS/FIBEX.
The continental shelf, represented by the shaded
area, is bordered by the 500 m isobath occupying
approximately one third of the whole sampling
area. The bottom topography indicates a clearly
defined continental slope, bounding the shelf
water of the Shetland Archipelago and the off-
shore water of the Drake Passage.

The greater part of the study area was domi-
nated by the Antarctic Surface Water carried
by the Antarctic Circumpolar Current from the
Bellingshausen Sea. The horizontal distribution
of surface temperature (Fig. 2) indicates a well-
defined gradient decreasing eastward from a
maximum of 2.5°C in the oceanic water of the
Drake Passage (Stns. 4462 and 4463) to a mini-
mum of 0.1°C in the vicinity of the Elefant and
Clarence Islands (Stns. 4458 and 4459). The
salinity at the surface (Fig. 3) ranged from
33.31x107% with lowest values observed in
oceanic water of the western part of the study
area (Stns. 4469, 4470 and 4471), increasing
eastward to a maximum value of 34.48x107®
observed around Clarence Island (Stns. 4458 and
4459).
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Fig. 1. Station positions and the bathymetric chart of the surveyed area.
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The mean concentrations of dissolved nutrients
between 0 and 150 m and between 150 and 300
m depth were considered in order to analyse
more accurately the geographical distributions in
the upper euphotic and deeper aphotic layers,
respectively. The nitrate in the euphotic layer
(Fig. 4) ranged from 14 to 26 pg-at. ' with
the highest concentration measured in shelf water
decreasing northward with a sharp gradient over

the continental shelf zone. The lowest value

Horizontal distribution of salinity at 10 meters.

was found in offshore area around Stn. 4462.
In the aphotic layer (Fig. 5) the mean concen-
tration varied between 18 and 38 pg-at. /™!
Gradients over the continental slope were also
observed but they increased northward. Hence,
the distribution patterns in both of the layers
were completely different.

The distributions of phosphate in the euphotic
and aphotic layers (Figs. 6 and 7) were very
similar with the mean concentrations varying
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Fig. 5. Geographical distribution of the mean concentration of nitrate

(pg-at. I"Y) in the aphotic layer.

from 1.0 to 1.6 pg-at.[”! and from 1.2 to 1.8
pg-at. 71, respectively. In both layers, the
distribution was homogeneous in almost the
whole study area, with sharp gradients observed
only in the western sector.

The mean concentration of silicate in the
euphotic zone (Fig. 8) greatly varied from 20 to
50 pg-at. 7' with increasing gradients towards

the confluence with the Weddell Sea waterfin
the proximity of the Elefant and Clarence
Islands. In the deeper aphtic layer (Fig. 9) the
distribution was homogeneous over the whole
sampling area with concentrations ranging be-
tween 40 and 50 pg-at. [

b. Biological parameters

The highest concentration of total phyto-
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plankton cells in the euphotic zone (Fig. 10) 150 < 10° cells*m™  with the lowest density
was 160X 10% cellssm™2 observed in shelf waters observed near Elefant and Clarence Islands and
off Livingston Inland (Stns. 4466 and 4467), the maximum in shelf waters north of Livingston
decreasing northward to ca. 50-75x 10 cellsem—2 Island. In the continental shelf zone, more than
in offshore water of the Drake Passage. A €0 % of the total phytoplankton community was
minirmum of 25X 10° cellssm™2 was observed at numerically dominated by phytoflagellates and
Stn. 4459 near Elefant Island. monads smaller than 10 gm (Fig. 11). In these

The concentration of total phytoflagellates in areas, 50% of the nanoplanktonic organisms

the euphotic zone varied from 25 to more than were flagellates and monads of less than 3 #m.
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(#g-at. I”") in the aphotic layer.

In the northern most oceanic areas, nano-
planktonic diatoms of 6 to 9 pgm contributed to
509 of the total phytoplankton cells (Fig. 12).
These small diatoms mainly consisted of Chaeto-
ceros neglectus, C. tortissimum and chains of
unidentified pennate presumably to be
identified as Fragilariopsis nana mentioned
recently by HEWES et al. (1985) as dominant
in water of the West Wind Drift.

cells

The population of diatoms was almost com-
pletely restricted to the oceanic area of the
Drake Passage. Decreasing gradients were ob-
served towards the shelf waters of the Shetland
Archipelago reaching the minimum value less
than 109 cellsem™2 found at the eastern stations
near Elefant and Clarence Islands, and at Stn.
4466 located north of Livingston Island. The
highest density 60 x 10° cellsem™2

of ca. was
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per m?® in the euphstic layer.

found around Stn. 4469.

The abundance of the protozooplankton, mainly
ciliates, was estimated at each station as the
number of organisms per m? surface in the
euphotic zone (Fig. 13). High concentrations
of 150 to 175%x10%org-m™2 were observed in
shelf waters between Livingston and King George
Islands, and in the west sector of the study
area around Stn. 4471. Gradients were observed

n of total phytoflagellates and monads

over the continental slope with concentrations
decreasing northward and towards Elefant and
Clarence Islands. The low densities were found
at Stn. 4468 in the offshore area, and at Stns.
4458 and 4459.

4. Discussion
a. Hydrography and chemical parameters
The discussions and comments about the
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relationships between biological and physico-
chemical factors will depend on the observation
and comparison of the geographical distribution
patterns of these parameters.

The greater part of the sector “B” was
dominated by the Antarctic Surface water carried
by the Antarctic Circumpolar Current from the
Bellingshausen Sea. This water meets the colder
and more saline water of the Weddell Sea near

the northeastern end of the Shetland Archipelago

of ciliates per m? in the euphotic layer.

causing gradients of temperature and salinity
The
mixing of these watermasses is a part of the
Weddell-Scotia Confluence (STEIN, 1981; SIE-
VERS, 1982; Lipskl, 1982). In this study, not
only the convergence of watermasses but also
the bathymetric characteristics of the area were
considered important for determination of the

(observed in Figs. 2 and 3, respectively).

distribution patterns of both biological and chemi-

cal parameters. In fact, the sharp gradients
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observed in the distributions of nitrate, phyto-
flagellates, diatoms and ciliates are interrelated,
but they occurred precisely above the continental
slope due to the topographic gradients of this
zone which was previously described as the
Continental Water Boundary (WHITHWORTH,
1980) separating the Antarctic Surface Water
from the Shelf Water of the Antarctic Peninsula
(L1pski, 1982).

It has generally been accepted that nutrients
do not limit the phytoplankton development in
Antarctic seas, and even during local blooms
when the growth rate is maximum, the concen-
trations are still above the levels required by
phytoplankton cells (HOLM-HANSEN et al., 1977;
SAKSHAUG and HoLM-HANSEN, 1984; EL-
SAYED, 1984). However, this may not be
applied to exceptional cases where the amount
of silicate may decrease down to limiting levels
for some diatoms in certain areas. JACQUES
(1983) reported that the half saturation constant
(Ks) for the uptake of silica by Antarctic dia-
toms is very high, varying between 12 and 22
pg-at. I"'.  According to his experiments, concen-
trations of ca. 50 pug-at. /7! would be necessary
during the period of the maximum growth rate.
Looking at Figs. 8 and 12, it is clear that concen-
trations of this magnitude were only measured
in the shelf water around the northeastern side
of the Shetland Archipelago, while in the oceanic
areas dominated by diatoms the uptake may
have lowered the amount of silica to limiting
levels for at least certain species as previously
argued by JACQUES (1983). SAKSHAUG and
HOLM-HANSEN (1984) reported that concen-
trations of silica are seldom below 50 pg-at, 71
in offshore waters. The low concentration level
observed in the present investigation was pro-
bably one of the rare occasions and it was
certainly due to the uptake by diatoms. In the
deeper aphotic layers, the absence of photo-
synthetic activity maintained high concentrations
homogeneously distributed in a more conserva-
tive manner.

Like silicate, the distribution pattern of nitrate
in the euphotic zone depicted a clear non-con-
servative behaviour during the mixing of water-
masses due to phytoplankton activity, although
the concentrations were high above the levels
required for a maximum growth rate.

In the case of phosphate, although the mean
concentrations in the euphotic zone were lower
than those in the aphotic zone, the uptake by
phytoplankton cells did not reduce it to limiting
levels and also did not affect intensively . .the
pattern of horizontal distribution as they were
very similar in both layers.

b. Biological parameters

During the BIOMASS/FIBEX summer cruise
of 1981, the same area was surveyed by URIBE
(1982), LipskI (1982) and KOPCZYNSKA and
LIGOWSKI (1982), and the phytoplankton distri-
bution patterns reported by these authors were
very similar, Although they did not mention
the phytoflagellates during their plankton analy-
ses, they reported that diatoms were dominating
the phytoplankton population. Therefore, at
least the diatom distribution patterns of the 1981
and 1984 cruises my be compared.

KorczynNskRA and LicGOwsKI (1982) found
high diatom densities as cell numbers per m? in
the euphotic layer in the shelf water of the
Shetland Archipelago and in the Weddell con-
fluence area. The same pattern was confirmed
for the chlorophyll a distribution reported by
LipskI (1982).
toceros neglectus and C. fortissimum as domi-
nants in the area north of Livingston Island.
Tt is interesting to note that URIBE (1982)
cbserved an opposite trend few weeks before
with low densities of diatoms, mainly C. tortis-
simum, dominating the phytoplankton population
in the shelf waters off Livingston and King
George Islands increasing abruptly northwards
(his values of chlorophyll @ were 3 to 5 times
higher than those reported by LIPSKI (1982) in
Coincidently, we ob-

These authors found also Chae-

the same oceanic areas).
served the same pattern of diatom distribution
in 1984 in a similar seasonal period and also
with small Chaetoceros spp. being apart of the
dominant groups. Few weeks before the Brazilian
cruise, KOPCZYNSKA and LIGOWSKI (1985)
reported for the “B”’ sector approximately the
same range of diatom densities perm? in the
euphotic layer (0.01x10%-53.3 % 10° cellsem~?) as
observed in the present investigation (0.36x 108~
60 10° cellssm™2), although they used a different
methodology for phytoplankton sampling. They
also observed a similar distribution pattern with
the minimum deunsity in shelf water between
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Elefant and King George Islands as well as high
densities in offshore water of the Drake Passage
dominated by Chaetoceros neglectus and C. tor-
tissium. However, they did not mention Fragi-
lariopsis cf. nana as a part of their phytoplankton
samples.
to be caught during the net hauls performed by
the Polish scientists.

The ecological importance of the protozoo-
plankton in the pelagic ecosystems of Antarctic
seas has been emphasized in recent years
(BROCKEL, 1981; HEWES ez al., 1985), suggest-
ing that ciliates in the Antarctic food web re-
present a more efficient path for the transfer of
organic matter accumulated in the nanoplankton
community to higher trophic levels (HEWES et
al., 1985; BRANDINI and KUTNER, 1986) rather
than the classic diatoms—krill based food web
which, actually, is considered to be only part of
a more complex food web proposed recently
(HEWES et al., 1985; EL-SAYED, 1984).

In the present study, high densities of ciliates
were observed in shelf waters off Livingston and
King George Islands (Fig. 13). The decreasing
gradient towards the offshore water of the
Drake Passage and towards the confluence with
the Weddell Sea water was clearly defined. The
same pattern of distribution was observed for
phytoflagellates (Fig. 11). Apparently, a trophic
relationship between both organisms is not
evident by just comparing their distribution maps.
On the other hand, an inverse relation may be
recognized between the abundance of nano-
planktonic diatoms (Fig. 12) and ciliates (Fig.
13). For example, the maximum concentrations
of ciliates found in the shelf water between
Stns. 4465 and 4466, and also in the west sector
of the study area between Stns. 4471 and 4472,
counteract the minimum concentrations of
diatoms observed in the same areas. Therefore,
it may be suggested that the ciliates were grazing
more efficiently the nanoplankton diatoms due
to their immobility rather than the actively
swimming phytoflagellates.

The relationships between environmental and
biological parameters in the ‘B’ sector during
the 1983 Brazilian BIOMASS/SIBEX cruise may
be summarized as follows: Hydrography, bottom
topography and mainly biological activity jointly
control the distribution patterns of nutrients.

We presume that F. nana is too small

For phytoplankton distribution, the trophic
interaction between the planktonic organisms
must be taken into account in order to better
understand their patterns.
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Gymnodinium nagasakiense, a red-tide forming
dinoflagellate, and its culture medium*

Yoshio NAKANO**, Rokuro ADACHI**, Shinsuke HIROOKA**
and Hiroyuki TOMINAGA***

Abstraet Seven culture media were examined for investigating the morphological changes of
a red-tide forming dinoflagellate Gymnodinium nagasakiense. The Wilson-Collier medium was
concluded to be most suitable because relatively higher growth rate, longer stationary phase
and smaller variations in cell length and width of this species were obtained in culture ex-

periments.

1. Introduction

Gymnodinium (Dinoflagellata) has been known
as red-tide forming and toxin-producing phyto-
plankton (SPECTOR, 1984). DAvVIs (1984) de-
scribed G. brevis collected from Mexico Bay.
Its bloom has frequently occurred along the east
coast of USA and has become an important
problem for marine products. Many researches
relating to the toxicity of dinoflagellates have
been published (e.g. TAYLER and SELIGER,
1979; ANDERSON ef al., 1985). A big bloom
of Gymnodinium nagasakiense, a species observed
in 12 coastal areas or inland bays of the western
part of Japan (TAKAYAMA and ADACHI, 1984),
occurred at Kumano-nada, off the southern coast
of Kii Peninsula in 1984. This bloom caused
the second biggest damage to the fisheries ever
reported in Japan, and now intensive researches
on this species are urgently required. How-
ever, studies on this spescies from the growth
physiological point of view are limited at present
to those by Itizuxka (1976, 1979).

In thiz paper, we describe the results of the
examination of several culture media for investi-
gating morphological during the
growth, which will provide a basic information
to the successive experiments on morphological
variations of this species under the different

variations

* Received May 14, 1987
** Faculty of Fisheries, Mie University, Edobashi,
Tsu, Mie, 514 Japan
#dok Water Research Institute, Nagoya University,
Chikusa, Nagoya, 464 Japan

environmental stress.

2. Materials and methods

Gymnodinium nagasakiense used for this ex-
periment was kindly offered from Fisheries
Experiment Station of Tokushima Prefecture by
the courtesy of Mr. Masao YOSHIDA. This
clone was isolated from Harima-nada in May
1980 when a dense bloom of this species develop-
ed and covered this sea area, and maintained at
the station using the culture medium SWM-3
(CHEN et al., 1970) at 23°C under fluorescent
lamps of 4,000 lux. The stock culture in our
laboratory was maintained axenically using the
Wilson-Collier (WC) medium (WILSON and
COLLIER, 1855) at 20°C under fluorescent lamps
of 6,000lux with a photoperiod of 12 hr-light
and 12 hr-dark and used as inocula in culture
experiments. The natural seawater taken from
the offing of Owase Bay, Mie Prefecture, was
used for making enriched culture medium. IV
had a considerably neritic nature with a salinity
of 34.280 % and was considered to be water of a
branch of the Kuroshio. It was aged for more
than half a year before use.

A 10 m! aliquot of 14-day-old mother culture
at the logarithmic phase was inoculated to 200 m
of the following culture media and was cultivated
axenically at 20°C under fluorescent lamps of
6,000 lux with a photoperiod of 12 hr-light and
12 hr-dark. The culture media examined were
WC (WILSON and COLLIER, 1955), SW II
(IWASAKI, 1961) and {/2-Si (GUILLARD, 1975)
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which: were nutrient-enriched natural seawater
and ASP,, ASP, NTA (PROVASOLI et al., 1957),
ASPsi (PROVASOLI, 1963) and ASPi, NTA
(PROVASOLI, 1963) which were nutrient-enriched
artificial seawater.

The cell number was counted under the light
microscope (Olympus, Tokyo) using a Sedwick-
Rafter counting chamber. The cell length and
width used as indexes of the cell size were
measured under the light microscope using a
stage micrometer (Olympus, Tokyo) and an
eyepiece ruler (Olympus, Tokyo) equipped to
the ocular. The cell growth rate (g,) in each
culture medium was calculated by the following
equation:

_ 11’1(1’\72 —_ ]\’Yl)

He
to—1;

where N; and N, are the cell number at the
time of # and %, respectively, during the loga-
rithmic growth phase. Measurements were made
at 3-day intervals when the culture was at the
first half of the logarithmic phase.

3. Results
The variations of cell number during the
growth observed in three different . enriched

100

Cell Number (10%cells/mi)

Time (Week)

Fig. 1. The growth of G. nagasakiense in en-
riched natural seawater: Wilson-Collier medium
(open circle), SW II medium (open triangle)
and f/2-Si medium (solid triangle).

natural seawater are illustrated in Fig. 1. WC
medium supported good growth with no in-
duction phase. The growth rate observed in
this medium was 0.63/day and the logarithmic
phase continued for 1.5 weeks. The cell number
reached the maximum (5,500 cells/ml) 2.5 weeks
after inoculation and thereafter decreased gradu-
ally to 1,300 cells/m/ 8 weeks after inoculation.
The growth in SW II medium was good during
the logarithmic phase similarly to that in WC
medium, but a rapid decrease of cell number
was observed during the later stage of culture.
The growth rate in this medivm was 0.33/day
during the logarithmic phase which continued
for 2.5 weeks. The cell number reached - the
maximum (5,650 cells/ml) 3 weeks after inocu-
lation. There was a large difference in the
growth curves at the latter half of death phase
between WC and SW II media.
these two media, f/2-Si medium did not support

Contrary to

the growth.

In Fig. 2, the growth curves obtained in four
kinds of artificial seawater media were illustrated.
Growth was observed only in ASP, NTA
medium, and other three media did not support
growth. The increase of cell number in ASP;
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Fig.2. The growth of G. nagasakiense in artificial
seawater media: ASP: (solid circle), ASP; NTA
(open circle), ASPg (open triangle) and ASP:
(solid triangle).
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Cell Number (10%cells/ml)

Standard Cell Appearance (%)

Time (Week)

Fig. 3. Abundance of the standard cell (thick
line) of G. nagasakiense in WC medium. Thin
line indicates the cell number.

NTA medium continued for 3 weeks after in-
oculation with an initial lag, and the growth
rate during the logarithmic phase was 0.49/day
which was considerably lower than the value in
WC medium (Fig. 1). The maximum cell
number (2,250 cells/ml) was observed 3 weeks
after inoculation in ASP, NTA medium. This
value is less than half that observed in WC and
SW II media.

Abundance of the standard cell during the
culture in WC medium is shown in Fig. 3.
The standard cell in this paper was defined after
the morphological description by TAKAYAMA
and ADACHI (1984). In WC medium in which
the present species of dinoflagellate was suc-
cessfully cultured, the abundance of the standard
cell from inoculation to the stationary phase
was about 95% (average value) with a little
fluctuation. At the transition from the stationary
to the death phase the abundance temporally
decreased to around 92 9, but recovered to about
95 9% during the later period of culture. In SW
II medium (Fig. 4), a high abundance of the
standard cell was observed from inoculation to
the stationary phase, but the abundance de-
creased with aging of the culture.

The variations of cell size expressed by the
cell length and width are shown in Fig. 5. The
average cell length tended to increase until the
middle of the logarithmic phase and then de-
creased until the end of that phase. A very
slight decrease in the cell length continued until

..
>
Cell Number (10%cells/mi)

Standard Cell Appearance (%)

Time (Week)
Abundance of the standard cell ({thick
line) of G. nagasakiense in SW II medium.
Thin line indicates the cell number.

Fig. 4.
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Fig. 5. Variations of the cell length and width

of G. nagasakiense during the culture in WC
medium. The vertical bar attached to the open
circle indicates the standard deviation. Thin
line shows the cell number.

the end of the culture. The variations of the
cell width showed the similar trend as observed
in the cell length during the logarithmic phase.

4. Discussions
When cultured at 20°C under 6,000 lux with
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a photoperiod of 12 hr-light and 12 hr-dark, the
growth rate of G. nagasakiense in WC medium
and SW II medium was 0.63/day and 0.33/day,
respectively. The growth of this species was
not complete in other media examined. The
stationary phase continued until 8 weeks after
inoculation in WC medium, whereas in SW II
medium it ended 4.5 weeks after inoculation.
I1izukA and MINE (1983) reported the growth
rate (0.64/day) of this species cultivated in Erd-
Schreiber medium at 22°C under 0.05ly/min,
equal to 9,000 lux after WESTLAKE (1965). The
present value (0.63/day) in WC medium was
consistent with their value.

It is a well-known fact that morphology of
the cell influentially changes with the physico-
chemical environmental stress. In WC medium,
the variations of the cell length and width were
relatively small, and about 959 of the cells
were the standard cell during the culture period
of 8 weeks. In SW II medium, on the other
hand, a high percentage of the standard cell
appeared from the logarithmic phase to the
stationary phase, but the abundance of the
standard cell decreased during the death phase.

The average cell length and width increased
and fluctuated slightly during the logarithmic
phase. As a whole, the range of variation of
the cell length and width was within the values
originally described by TAKAYAMA and ADACHT
(1984).

Consequently, itis concluded that WC medium
is one of the suitable media to observe the mor-
phological change of the G. nagasakiense cells
under different environmental conditions, be-
cause a relatively higher growth rate was
obtained, a long period of the stationary phase
was sustained and small variations of the cell
length and width were observed in the medium.
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Biologically effective space in the artificial reef for the spiny lobster*

CHEN Sai-bin**, Seiichi WATANABE**, Yasuyuki KOIKE***
and Kazunori TAKAGI**

Abstract:
portantly for the spiny lobster’s habitat,

For the purpose of improving an effective plan of the artificial reef made im-
biological factors of the space of such a reef is

preliminarily analysed by means of selection experiments for live animals of 45.0~59.5 mm in

carapace length in an indoor tank of one-ton capacity.
in both frontage and height among space factors, but not necessarily in depth.

An apparent tendency is recognized
The meaning

of the experiments is discussed from the biological viewpoint.
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Table 1.
ments in 7 categories.

Body size of 27 specimens for experi-
BW, body weight in
g; CL, carapace length in mm, Exp, category
of experiments, represented by double code:
A-1 to B-2 (b), except of Control. Double
code corresponds to subtitle code in the text.

No CL BW Exp No CL BW Exp
1 49.4 88.0 A-1 16 50.0 71.0 B-2 (b)
2 46.7 76.0 A-2 17 50.0 69.0 B-2 (b)
3 55.0 94.9 A-3 18 52.5 83.0 B-2 (b)
4 50.6 76.0 B-1 19 50.0 74.0 B-2 (b)
5 55.0 87.0 B-1 20 58.0104.0 B-2 (b
6 53.5 82.4 B-1 21 52.5 85.0 B-2 (b)
7 52.0 92.5 B-1 22 53.0 90.0 Control
8 54.5 98.0 B-1 23 59.0 106.0 Control
9 53.7 85.0 B-1 24 49.0 76.0 Control
10 53.5 81.8 B-2 (a) 25 50.0 72.0 Contral
11 55.1 95.0 B-2 (a) 26 59.5110.0 Control
12 56.8 97.2 B-2 (a) 27 48.0 72.0 Control
13 45.0 537 B#Z (a) ....................................
14 57.0 99.3 B-2 (a) # 52.5 84.8
15 49.0 70.0 B-2 (a) ¢ 3.71 13.36
" 3

1 2

3 4

5 6
Fig. 1. Areal divisions (Areas 1-6) settled on

the bottom (176.8X87.2 cm) of an experimental
tank. Main drainage tube penetrates a corner
side in Area 5, and the sub-tube does the
bottom at an end part of the medial line
running through between Areas 5 and 6.
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SEREAHE CTHNOMBUKR B K ETEREIN
7o ERPIEHETH 5,

ERICHW N, ET R, EHORADEERLE
BB, BIENCHHERE27EK T, D& (Table
1) 1Z, BEBPFET 45.0-59.5mm (¥1552.5 mm), &
E T 53.7-110.0g (F 15 84.8g) THD, thb%3

e O

Fig. 2. Diagrammatical open space (bold line)
in the model reef (thin line). a, frontage; b,
height; c, depth. Open space is a representa-
tive of the habitat of the animal in the natural

reef.
% a e
o by <——-J‘; c »———’f kb
a | d
Fig. 3. Diagrammatical disposition (bird’s-eye

view) of the model reefs in Areas 5 (left square)
and 6 (right square). Bold line, contour of the
open space. a, d, d’, distance along the medial
line of the experimental tank (cf. Fig. 1), from
each mouth of the open space to their facing
side of the tank; b, b’, distance from outer
side of the open space to the nearest side of
the tank; c, distance between inner sides of
open space in double-settled model reefs. Cir-
cle (in Area 5), horizontal section of the main
drainage tube at the level of drainage.
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ITEOKBANDHERAR, TEOKEADHIZFKEYHWE
LC, 7 BI3H TIZERBBOKN 2B M, 7 A14H
DBz HOLIBE (W7 BT Wik o, AR
Wi CiE, MHZERI2RECSHET S L 5 cn#
Jce NEBEORMLHEE S, TvoEFEoRE
WA EELT, ERHEGEO AR % AT (18:00-18:30
D) » LB EHHEAE (05:30-06:00 D) FT

O¥) 1R 304 DT, 15-20 SHBEO4EE Lz, T
v ONTIREERTER T A1, 1-2 RAlE 5-6 KHAID 2
D, —2oFoOBHREL (9 4w) Itk - THEW
FHELL, BERT2L- TERRBLL, BE1HY
#20 OFTEREIZEE0MHE T D, FhKL 2, 3E
DEETHREL 60T BLALT 1370,

3. # £

A BEER

(1) BIBFLOET DN T KRR

WA L c#EdER (Table 2) OB BILOEIRIENS D
(5 na) 28 15em, By (£Fwvb) 2 6cm T
b5b, MECRERIEEOEFND2.5ETHD, REIZE
5RMWI, EFvbEd6XANE L, EEEMZ
Table 3 DB TH D, AT wDORES (Table )
1%, FREL 49. 4mm, AEN 88.0g TH 2,
HEREARY (Table 4) 13 7 A13H16:308H2> 5 7 H14H
06:05 ¥ CCTH b, TEONERBREHBEENLSKX
wER LTS, Lnbl4EOEZERIIE (78.6%) T
CEBEHCTL (5 X)) WODALRD bit, REHEFA
DELRFRIEETNEICAZT OND T &A%, &
THRELIN D,

TV a %k

Table 2. Specification (in cm and ml) of model
reefs (a and b) applied to Experiment A-1
(cf. Table 1).

Item a b

Reef proper

Width 33 30
Height 22 22
Depth 21.5 21.5
Open space
Frontage 15 6
Height 10 10
Depth 21.5 21.5
Volume 3225 1290

Table 3. Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment A-1 (cf,
Table 1).

Item Distance
a 130
b 8
b’ 14
c 44
d 25
d’ 25
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Table 4. Progress note on the animal distribution
by area in the tank during the execution of
Experiment A-1. cf. Tables 2 and 3.

Date ‘nga Remarks

7/13(16:30) 1-2 release of the animal in the areas
18:35 5  observation started in; in the open

space of model a

18:50 5 in the open space of model a;

sunset at 18:58

19:05 5 in the open space of model a
19:20 5 in the open space of model a
19:35 5 in the open space of model a
19:50 5 in the open space of model a
20:05 5 in the open space of model a;

observation interrupted
7/14 04:05 5 at the corner area, behind the

main drainage tube

C4:25 5 in the open space of model a;
sunrise at €4:36

04:45 5  at the corner area

05:05 5 in the open space of model a

05:25 5  in the open space of model 2

05:45 in the open space of model a

@

[o2]

foe)
[$1INe)
wr

at the corner area; observation
closed

(2) BHALOE SOV TOHEKER

T L7k (Table 5) THEHK 3
D (=Fna) H18cm, , EVWHD (EF /v b) 2% 6cm
THbB, TETFNaTOHEHIR=EF VL TOEND 3ET
Hb, TE’i"E}');/dZS :
L, ELEREHENE Table 6 @
REX (Tabie 1), HiH
76.0g TH 5

e TRl (la‘jlet) /&7 H13H16:306{: 5 7 A 141

06:00 FTTHbH, TEDHIHIIBERH 1725
Ric&ghd 2 Easemev,. PEE (20:00-04:20) TO

.

AL BNE DD, C<W“”W<u% L) T
5T, EHWE TV anOIRNELNEE
OBETT e BERFLNICLEL T B L IR 82
& RN

(3) BEHAOEBITIC DV TDHE,

TR Uitk (Table 8) CHUMALO B, i
30 (2Fwa) T 21.5cm, BFodd (2Fvh) T
43cem ThD, BEOHRFTRMEBEDOZLTND2ETH B,
fLEIZEFva®r 5RME, €57 vba 61XHEEL, BE
PaEE)Z Table 9 KR &BDTH D,
—ER T FARICET 505, FRRAHOEE

o
i
I

e FRED

1987

Table 5. Specification (in-cm and m!) of model
reefs (a and b) applied to Experiment A-2
(cf. Table 1).

Item a b

Reef proper

Width 30 30
Height 30 18
Depth 21.5 21.5
Open space

Frontage 16 16
Height 18

Depth 21.5 21.5
Volume 3870 1290

Table 6. Disposition (in cm; cf. Fig. 3) of the
mode! reefs applied to Experiment A-2 (cf.
Table 1.

Ttem Distance
a 137
b 12
b’ 12
c 43
17
d’ 17

Table 7. Progress note on the animal distribution
by area in the tank during the execution of

Experiment A-2. cf. Tables 5 and 6.

Date Aléia Remarks
7/13(16:30) 1-2 release of the animal in the areas
18:30 1  observation started in
18:45 5 close to the main drainage tube;
sunset at 18:58
10:06 5 close to the main drainage tube
19:15 5 at the corner area, behind the

main drainage tube
19:30 5 at the corner area, behind the
main drainage tube
at the corner area, behind the

—t
«©w
e
%]
(9]

main drainage tube
observation interrupted
on the outer part of model a

~1

-

SN

[ami N}
SN )
<o D
[seli aw]
oW

04:20 2 sunrise at 04:36

04:40 5 on the outer part of model a
05:00 5 on the outer part of model a
05:20 5 . on the outer part of model a
05:40 5 in the open space of model a
06:00 5 in the open space of model a;

observation closed
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Table 8. Specification (in cm and ml) of model
reefs (a and b) applied to Experiment A-3
{cf. Table 1).

Item a b
Reef proper
Width 20 20
Height 22 22
Depth 21.5 43
Open space
Frontage 8 8
Height 10 10
Depth 21.5 43
Volume 1720 3440

Table 9.

Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment A-3 (cf.
Table 1).

Item sttance
a 130
b 8
b’ 14
c 44
d 25
d’ 25

Table 10.

Experiment A-3

Progress note on the animal distribution
by area in the tank during the execution of

cf. Tables 6 and 7.

Date

Area
No

Remarks

7/13(11:00) 1-2

7/15

18:

00

120
+40

100
120
:40
:00
:30
150
4:10

5

[srRNe) oy 9

ooy G

o1 D Ol

S o1 Ul

release of the animal in the areas
observation started in; on the
outer part of model a

in the open space of model a

on the outer part of model b;
sunset at 18:58

observation interrupted

at the corner area

at the corner area

in the open space of model b
on the outer part of model a;
sunrise at 04:36

in the open space of model a
in the oven space of model a
observation closed

WMRATEH00E Lk, iz D AR&E X (Tablel) i3
FHMFHE 55.0 mm, AE 94.9g TH 5D

ZEAMEM] (Table 10) 127 F14H 11:00 @57 B
15H 05:30 11@5 T OSHEIREISHEE (18:00)
NEBEKGAEDH B b- KRN TNWEHDOD, 2T
DT LTL \~Tfﬁi§h?,bEWT§%(M
ED3H9ME, 64.3%) T TE6RXNT 5E(35.7%)
L TN B, MEFANDZEDHELIL DWW T 4D
E, MR Zo0XBOHELALCLIKSKDET IV a
(BFFOEWED)~OARE (5E, BRILANSH 3 EY
SDRFEINTWE—HT, 6XDEF b (BITOHE
WhD) AL (2E) b, HBILAETONA 1E
PEALC EREEANNE, LTFLLFELL{BVEE

R H LTS, KOL S e
Z

MRIC L BEERAYTT - 2, (1)

ED s T BERWL BaEF e, (D) &
OHEER, B KEERECLISEDRD (&<
ﬁﬁ;m@ﬁkﬁm>%%ﬁbf,z VOl ERF A
MU TEY OB ER L, (i) HERTHR=E

’@@W%Eﬁ sEEX e, REORABREERT
b B, (iv) 2 DEBR TS ( )%ﬁkmﬁm
B ST, (V) Bk AR BNEDRY B H
bz Sﬁ MEFERE N2 72,
(1) BIALOIET 2T D B
W LR (Table 11) OFKILOER, Rod
D (%f» a) C1l7em, KWd D (70 b) T3dem
ThbH, BEDFERNEDLThDO 2ETH S, LB,
%?‘)Ua%éﬂ“"ﬁﬂf] 7 vb%d 6 XAlE L, EEERZ
Table 12 L F 3+ & B D TH bH, EzrORER
(Table 1) 13, FEMFET 50.6-55.0mm (F 5 53.2
mm), {KET 76.0-98.0g (‘P 86.8g) TH 2,
FER AT (Table 13) 127 H15H 11:00 257 A 16
H05:30 £ CTTh b, ks CBONmEL, RFEOEE
a&@maﬁLmK%zémﬁ%ﬁ&ééw@,ﬁﬁ«
¢w@&§ﬁ%ﬁw<m2mmgﬁmﬁw0::f

rcw/bzﬁﬁ FeRicBET 5D ETiUE, LAEE
QTSECQ@%,GPKWMWaK% ?MV@L
5 XA~ OER GE<27E) REFL L,
E=FUAOTEDBELE (GEXIGHEE) dERVEEZL
270\, BRWBIKTL (2 7V a) PICEER 7 M@k, R
I (BT b) RICEN 6 BESBESN, AbikT
Fb CRbCHEEE LR 3EESRINZ bhvd,

A
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<
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Table 11. Specification (in cm and m/) of model
reefs (a and b) applied to Experiment B-1

Table 12. Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment B-1 (cf.

(cf. Table 1). Table 1).
Ttem a b Ttem Distance
Reef proper a 110
Width 70 70 b 8
Height 16 16 b’ 9
Depth! 21.5 21.5 ¢ 6
Open space d 45
Frontage 17 34 d’ 45
Height 16 10
Depth 21.5 21.5
Volume 3655 7310
Table 13. Progress note on the distribution (number of individuals by area) of an animal

group in the tank during the execution of Experiment B-1.

In Columns 5a and 6b,

distribution inside the open space of the respective model reefs, unless otherwise stated.
*  animal(s) at the corner area, behind the main drainage tube, in parenthesses; **,
animal(s) on the outer part of the model reef, in parentheses. cf. Tables 11 and 12.

Area No
Date — Remarks
1 2 3 4 5 5a 6 6b
7/15 (11:00) (6) release of animals in the areas
18:00 1 2 1 1 1 observation started in
18:20 2 2 2
18:40 1 1 2(1)* 1 1 sunset at 18:57
19:00 3(3) 2 1(1)**
19:20 1(1) 1 2 2
19:40 2 1(1) 1 1 1
20:00 3 3 observation interrupted
7/16 03:30 3(3) 2 1(1)
03:50 5(5) 1
04:10 3 1 2
04:30 3(3) 2 1 sunrise at 04:37
04:50 1 5
05:10 4(4) 2(1)
05:30 1 5(5) observation closed
Total 0 1 4 4 41(27) 7 18 9(3)

FARCED bR EOEEMIRE L SDHEAD 1-2
T, LI EABEVIZRD bRV, 22, PIRILA
TERIhWAREHFCOWTED L, EOBALBEY
B2 DO EMNED bR TIRNBD, PWBEKTL (5K)
Tt 04:00% T, JRWFL(BIX) TI205:10 £ TTH 5,

(2) BHAOB IO TOhERER (2)

HEH USSR (Table 14) OBRILOE X2, KW\
D (EFva) T 10cm, BdD (E571b) T30
cm T, MEODEIDOHIZ 1:3TH b, BEREF IV a
Z5FM, =FrbEd 6 XEE L, BLEREBEE Table 15

CRT EBDTHD, HHRTEBDO K & & (Table 1)
12, FEFAET 45.0-57.0mm (F# 52.7 mm), (K&
T 53.7-99.3g (°F#5 83.0g) TH 3,

HEAHRY (Table 16) 137 A14H11:00 &2 5 7 516
H05:35 ¥ TCTh b, iz vHOLHREMOREEL
LB 56X IEEZEMEED TV DA, HREANDE
FEREEHRERS (18:05) bk hEV, Thb2
RoofTid, ERLKECREYEARSHETE
HIND 5EXADERFHEREL Y,

= FUAD T E DL GERER) 7LD BV, &
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WHIEAL (27 v a) WIKERL2MEAE, BWBKRIL (=
T b) WICIENISEENRED bINER, TOENVRE
IHEVWLAEBORENWC L 53D LRLFTLENZIN,
BEECFLNICE D bz L E OEERHICOWTH B &, &
LHLOHED 12 THD2H, FEEBVETVEELA
5535 ThD, Thbb, EFNVaDIASHEL0ER
bhiedb, 2EGESHIR2ETHLOHFLT, €F
NbDOHANFEOEA R I0E KFLT5ETE D, —
F, BWBIEFL (6 X) 22BEWdD (6 X)) ~OBIT
ERSENERDREDTINVWE A3 EZ D, L ICHA
2SI DONTH D &, BEHEOIEIZE TV
b LA HEREFELVWDOIRFLT, BAETEET IV afA

Table 14. Specification (in cm and mZ) of model
reefs (a and b) applied to Experiment B~2 (a,b)
(cf. Table 1).

Sy HEIL D,

(3) BIRILOBILOWTORERE (b)

HEOERBHEE DX/ BNV ® FIVBEEOMNE A
EEVEIX® LI ETH D, LEERIX Table 15 KR
TEBYTHD, HRATCHOK S X (Table 1) i,
9 g B B C 50.0-58.0 mm (¥ 52.2mm), KET
69.0-104.0g (FF#3 81.0g) TH 3,

ERRHE (Table 17) 12, 7HISH 11:00E@» 57 A
16H 05:35 ¥ CTh D, AT CHONHEILEL LT
5-6 TXNDEREOENEL, SEOMOERE
THRHEMHTHD, 1AEDEESE L T 1-2 KITE~N 9 fF
f, 3-4 KICERL2EERPEED bz, 1-4 KWicEE

Table 15. Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment B-2 (a, b)
(cf. Table 1).

Reef proper

Width 23 20
Height 22 42
Depth 21.5 21.5
Open space
Frontage 11 8
Height 10 30
Depth 21.5 21.5
Volume 2365 5160

ath B—Zb Distance
a a 123
b b’ 27
b’ b 29
c c 12
d d’ 32
d’ d 32

Table 16. Progress note on the distribution (number of individuals by area) of an animal

group in the tank during the execution of Experiment B-2 (a).

In Columns 5a and 6b,

distribution inside the open space of the respective model reefs. cf. Tables 13, 14 and 15.

Area No
Date _ Remarks
1 2 3 4 5 ba 6 6b
7/14 (11:00) (6) release of animals in the areas
18:05 1 1 2 1 1 observation started in
18:25 2(2)
18:45 1 3(3) 2 sunset at 18:58
19:05 2 4(4)
19:25 2(1) 1 3
19:45 1 1 1 1 1 1
20:05 1 1 1 1 2 observation interrupted
7/15 03:35 3(3) 1 2
03:55 1 1 2 2
04:15 1 1 2 2
04:35 3 1 1 1 sunrise at 04:36
04:55 2 1 2 1
05:15 3 1 1 1
05:35 4(3) 2 observation closed
Total 4 3 2 2 31(16) 12 15 15
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Table 17. Progress note on the distribution (number of individuals by area) of an animal
group in the tank durinkg the execution of Experiment B-2 (b). In Columns 5a and 6b,
distribution inside the open space of the respective model reefs. cf. Tables 13, 14 and 15.

Area No
Date - — Remarks
1 2 3 4 5 5b 6 6a
7/15 (11:00) (6) release of animals in the areas
18:05 1 1 1 1 1 1 observation started in
18:25 3 1 2
18:45 4(3) 1 sunset at 18:57
19:05 1 3 2(1)
19:25 1 4(4) 1
19:45 1 1 1(1) 3
20:05 2 1 3 observation interrupted
7/16 03:35 3 3
03:55 1 22 3
04:15 2 1 1 2
04:35 2 1 3 sunrise at 04:37
04:55 3 3
05:15 1 3 1 1
05:35 1 1 1 3 observation closed
Total 4 5 5 7 27(12) 6 28 2

Table 18. Progress note on the distribution (number of individuals by area) of an animal
group in the tank during the execution of control experiment. cf. Tables 1 and 13.

Area No
Date — _— Remarks
1 2 3 4 5 6
7/15 (11:00) (6) release of animals in the areas
18:10 6(6) observation started in
18:30 1 4(4) 1
18:50 2 4(4) sunset at 18:57
19:10 1 5(5)
19:30 6(6)
19:50 1 5
20:10 1 3 2 observation interrupted
7/16 03:40 6(6)
04:00 3(5) 1
05:20 6(6)
04:40 5 1 sunrise at 04:37
05:00 6(6)
05:20 5 1
05:40 3 2 observation closed
Total 1 3 2 1 69(48) 8

LS HERZED beDi, BEL4EF 3E(21.4%)
ThbH, WFhCLTd, 2FELT5-6 XANDBEWE
HUFMANRED NS A TR, MOEROHAEEFEL TH
b, IND 2HHEXOETRELWRED DEMZED 5
N\, 5 RITEAIEEICH LT, 6 RICLER30EE
TH 5,

BIAALAND - e OBELE OB A L I TEN (2
AEBUCERSHEE) 0b, TORBDDL S —DDF
ML 2B, T, MmOBE 56 OEXMICHELDE
LWREDBED SR NDICH LT, ZOHAHE bR

RYORDEND L BREEND, TiHbD, FHH

AL (Fv b) WIREER 6 BiRicd LT, Ewil (=
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Table 19. Attractivity (total number of the
animal(s) occupied the inside of open space) of
open spaces of the model reefs on selection
experiments (Exp), except of figures following
the symbol -+, which are the total number of
the animal(s) observed on the outer part of
model reefs. Difference, between Areas 5 and
6, respectively.

Area No
5 6
A-1 11 0
A-2 2+4 0
A-3 3+2 1+1
B-1 7 9+3
B-2(a) 12 15
B-2M) 6 2

Difference of

Exp selected open space

Frontage: 15cm: 6cm
Height: 18 cm: 6cm
Depth: 21.5cm: 43cm
Frontage: 17 cm: 34 cm
Height: 10 cm: 30 cm
Height: 30 cm: 10cm

Fva) WICEENR2MEETH B, BVHIKELDEL O
FFRD BN B ETRITORR B-2) OBALAEL
THD,

C HEHE®R

KBAEORKEC L 2ERTCONHDRED ZH DA
3B DHMERTE D, TEOKRKEX (Table 1)
%, FEHMEET 48.0-59.5mm (P 53.1mm), (A%
T 72-110g By 87.7g) Th b,

EERIHT (Table 18) 127 A15H11:00 EH2 5 7 H16
H05:40 T TTh b, AT CBOSAIZ, BIZBHIEE
#2355 K (BIEI4EIE~GHER) wEF L, 6K (6
EFER 8 fEK) 212U, 3-4 X (2 HENR 3 EE) &
T2 X (3EIERIEAR) EHRTELLEBLT
W5, Lad, 5XTREAT O R Em (19859
EE~ASTEMR) 2B TH D,

4. ® =&
KR TRSL BN DO EBRIZ TN gD
BNEDTIRH DL, TNTHA L EDHEE T VES

I+ RN E R BD D ENTED L5 A
bbb,

A9 CHEA X NAERAEZ, JHEER (Table 18)
TH LR E DI, FHKEDH D 5 KBATIc v
W ABWET MAEEZ WD, L, —HTHEkE
BREBEBMEZBEL T, EFVEBEEAD L CORERY
LW ZBFUSHRD BN T WD, &1L, EFVERE
OHEEHE B-2 (a, b) i& (Tables 16, 17), Z DA
HEROEZNICHRILO ZEMERIC BN FI D H S
TERTRBLTVWERTTHS, 2D LE, SLER
BRI EQFEEMFCE S SO THIIE, =F V&I

Table 20, Total number (Total) per time zone
of the animals occupied inside the open space
in the 3 group experiments of B series (cf.
Table 1). *, time zone including the time of
sunset or sunrise; No Exp, frequency of related

experiments,

Time zone No Exp Total Ind/Exp
(Hour) (a) (b) (b/a)
18-19* 3 14 4.7
19-20 3 9 3.0
20-21 1 3 3.0
03-04 2 6 3.0
04-05* 3 11 3.7
05-06 2 8 4.0

FRAHOBRNHEIECH R L ERKT230E A2 T
WBT EERBHRLTNS, WIThicd X, 5XBEATA
DT DBNSR, EEE, BEFUEBGEENOT
DEIGDOESAFMEEL LD, ZOHRSHED
MRCEINICAKERBEEDO—2>TH %,

AP0 ERTH 2 BRILO K E I OHEIC DN TH
&, SHORKRRRCETS1-ED, RT0oHAYR
&, FEThEITHIREVAR, Thbb, AHOKRE
WHIRE S = e nFEF | SN BB b/ Ei (Table 19)
MNEADBNDL, TTRER LS, BERTH 1EHD
BEL ) OFBAAOSER 12 Ak EE > TW5ED
T, TOZLREFRLOEIEZEDDLZ & EFELR,
T TRITOBEOFNMILERNRTEE I NS,

AR TOBETR, TTrBRE2EL S, BRI
BITICDOWCIRBEARR LElcikE D, BERRTLD
nTWil, Land, TO1EDOERRTESENED, F
PIRMD 5 E O HERRER L REOEECL T 5,
Thbb, ZOo0® FVEEEO I TR EZRL
D bhisnL (Table 10), BkILASAETRIL A
MOBELRIFDEAIZADOIND, TOT LICEE
LT, e QBRI B 5 TOx E D 2 fhfy OfE]
T, TERBELOFER LN TWDORERENS, RICT
O 1 HOEBFERNBREL SO TRV E TR, &2
BAOKELDHRDLINILVEWI BHT, F2%EH
FERL LU TCORTOFMIE, BPEI LD H{ERNATEEY
BHD, CORDBSHOEED DMERO—D2TH D,

BRI BB L €, IR IN5 01, W
DHERORRNEE TH S, 3EOHEREZEL T, 18K
HAOEHGKE T IBRAAOEES S L, FHIES
EAEBIC X > T ONEFFE) (Table 20) 45 &,
3.00:5 4.7 FTOHMBETEMLTCnD, TOZ LI
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HERIE 6 AR TERINCCHERT, ¥ Loy
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2N ORI, B R N5,
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L CEROHEMBEEN D, T ORITHEEYE RO
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Bick - C, Z0H 1iEEIE B ABEO 18-20 R
5T, B 2EEE HMEND 02-04 KicHbh, g
BHin L, MIELDDIREBOEDH DN AN
LABND, &M O R (Table 20) 12, D k>
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i) Doz eniAlAE EELTWDZ EnbAT,
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Espace effectif, au point de vue biologique, d’un récif
artificiel particuliérement adapte aux langoustes

CHEN Sai-bin, Seiichi WATANABE, Yasuyuki KOIKE et Kazunori TAKAGI

Résumé:

Dans le but d’améliorer Iefficacité d’un modele de récif artificiel plus particuliére-

ment adapté aux langoustes, les facteurs biologiques conernant 1’espace utilisable par les
animaux vivant dans le récif sont préalablement analysés au laboratoire au moyen d’ex-
périences de sélection sur des animaux vivants de 45,0-59,5 mm de longueur céphalothoracique

dans un bac d’une tonne.

aussi commenté au point de vue biologique.

Deux facteurs, la largeur et la hauteur des abris ont apparement
une influence, ce qui n’est pas le cas de la profondeur.

La signification des expériences est
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The experimental ecology on the feeding of Macrobrachium
rosenbergi larvae in the laboratory™

Xiao-tao Lin** and Yutaka UNO***

Abstract: The nutrition of larvae of Macrobrachium roserbergi (De Man) is experimentally
studied in the laboratory. Relationships between density(p) of food (Artemia nauplii) and ration(r)
ingested by zoeal larvae of the shrimp can be illustrated by Ivlev’s formula. Based on ex-

periments, the following equations are given:

r=16.55 (1—e 0272),
r=27.27 (1—e™%31610) and
r=51.22 (1—e0-50%%p)

for the 4th, 6th and 9th zoeae, respectively.

It seems that the influence of food density on

the ration diminishes with the size of zoea, and that the influence of population density

increases with the larval growth.

1. B &

TR ORBEAEREMC W B T2 SEOEBER
CHEERYADOEMCRKESEET L AHLNRT
WaBH, ZOEEONVWTHE, 1z D740V —<
(FFE, 1965), 7F Y Macrobrachivm nipponense
(De Haan) (%5, 1967) L& &2 4 7 ¥V #H 3
Neptunus pelagicus Linnaeus (JUF, 1960) THAE X
NTWBICTET, BROMRRZ L, FEZIZHF
KETCEBEINTWDA =T F LY Macrobrachium
rosenbergi (De Man) DA% AT, ZOEMCKIZ
THENEELCHEFEOREC OV TREREDT, £
OWER = 2 IK#HET 5,

* 19874F 1 A29H= Received January 29, 1987

o TUKEE RGBT B, T108 HREEX
B 4-5-7 Laboratory of Animal Ecology, Tokyo
University of Fisheries, 5-7, Konan 4, Minato-ku,
Tokyo, 108 Japan

o EEKBEE A Tokyo University of Fisheries
B TI75 HERBBREAL-6-1 (231)
Present Address: 6-1 (231), Tokumarucho 1,
Ttabashi-ku, Tokyo, 175 Japan

2. MHERUOFE

19864E 1 A23H KT8 3 A30H T B KEE K3 K ek 1
ERAEETHMELLr=FF e GEL R, HAEEY
FTotze 301 B¢V 54 i mL J #925 FHEEE, ml
Z AT green water & L, TZISMEERD Y =74
HEHS0EZX AL, X It HLERD Artemia salina™
LULTFTws I 7E8H) 2+oB52THE L, &
6V T TH BT RREZRAES Uk, SIER
W4, 6% X0 CHRETSDEH CEBRMICA
Wiz,

EOEEE (r) LHEBEE (p) LOBGRYHANRS
», FERESY 10 B, /200 ml, SEHE (p, 200 ml K
tho 7y 3 THER) % 200, 400, 600, 8C0, 1,000
KT 1L,2000 6 BipEE L, T ThoBHE (RSl
TUTF I TERPBEFRERC 28 2HE L. ER
125 4, 6, OBV T TICOWTIT -2, EoHV T
DF4, p 400 DBMERE N,

HAEEE () LEHEEG) & DBEBREENCT DD,
R FEERSGAERA( A2 — &1 7] (hEE) 2#
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Table 1. Relationships between density of food (p, number of Artemia nauplii in 200 m/ of
water) and ration (r, number of nauplii ingested by 10 zoeal larvae during 5 hrs) in 3
stages (4th, 6th and 9th zoea) of M. rosenbergi. m, mean of the ration provided by
respective series of experiments. See text for further detail.

P 4th zoea 6th zoea 9th zoea
T m r m T m
5.1 6.3 16.5
1.1 11.8 - 17.7 ;
200 34 4.60 9.9 9.00 17,0 17.43
5.8 8.0 18.5
8.3 ~” 15.4
400 7.4 7.82 130 14.20 _—
9.5 14.4 36.9
9.4 = 16.8 i s 46.8
600 8 6 8.95 16,4 15.63 29 9 39.13
8.3 14.9 42.9
10.0 14.7 49,5
9.9 = 24,2 y 50.1 .
800 9.5 9.85 19.7 18. 80 50. 9 48. 58
9.9 16.6 44.5
14.0 24.1 13.2
- 13.0 ” 21.5 /, 53.8 2
1000 19.8 12.78 20,9 22,43 167 48.28
11.3 23.9 49.4
14.7 23.8 48.5
11.1 = 22.9 = 50.7 .
1200 13.9 13.58 540 23.15 451 49.23
14.6 21.9 52.6

Table 2. Relationships between density (N, inds. in 200 m/ of water) of zoeal larvae in 3 stages
(5th, 8th and 10th zoea) of M. rosenbergi and ration (r, number of Artemia nauplii ingested
by given number, N, of zoea during 5hrs) under an initial density (800 inds. in 200 m/
of water) of food. m, mean of the ration provided by respective duplicate experiments.
See text for further detail.

N . 5th zoea . . 8th zoea - . 10th zoea o

2 5o 10. 25 o 10.75 o 44,00

8 1858 18.26 Ep 36.63 oals 48.57
12 F n.e 11.50 pr 31.17 . gé 43.17 -
16 %g o 15.63 .1 26. 60 50-19 30.82
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Fig. 1. Relationships between density (p, inds.)
of food, Artemia nauplii, and ration (r, inds.)
of the 4th (A), 6th (B) and 9th (C) zoeal larvae
of M. rosenbergi. cf. Table 1.
R (p) & —%, MEBE GIFK 200m/ FO

T7“$@@$i)é24n812&616@5&%‘
LT, FREROEHELHEL, d & r OBFEERD
prals

FAEARRAENIMIDEL =AY 7 A3z ilni,
EELES 10.5 % OAFUEK 200 ml FICHROED
Fren Ty 3 TROSEYRA LE, A0SR
%R (27.3°C) hTfTbivie, SR FHBRAIZAR
Xk bORMEAL, BEMEE S RHE L.
WEFEADEERS L EBEXD 2 DORMTIT- 7.

3. BRRUEER
WA, 6RFIHY T OEMELFREE L OBk
& Tablel KR THY &5, T D#EHR%E IVLEV
(1965) QEME () LEREE (p) OB
r=R (1—e7kP)
(zcic, REEREHICHT HRABHEE kﬁﬁ%)
CHTiRDDE, B4, 6 XTIV = THESE
r & p & QBRI
BWAW T
ey =T
B9/ =T

1=16.55 (1—e 0-2070),
1=27.27 (1—e 031p),
r=51.22 (1—e0-:09%p) -
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Fig. 2. Difierences of ration (r, inds. of Artemia
nauplii) depending on density (N, inds.) of M.
rosenbergi larvae in the 5th (a) 8th (b) and

10th (c) zoeal stages. cf. Table 2.

cEENDE, FHL (1967) BRFFHTEBEY/ =T
W, SE R 108,300 ml T 6 IO ERO Bé
r=922.63 (1—e 03409) BTN, ZORERSED
%%ﬁ%aﬁ%?éa%gbmmﬁabmf¥ﬁat
%, Table 1 OFREEBONIHEFERCLYrEped
RIE % [MRT B & Fig. 1ITRd & 510/s b, Tablel
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oL HRITHmL, ﬁi%\ﬂanrﬁﬁ?éou@
R@meﬁﬁzuﬁféwm*ﬁd?46@/l
%ﬁm1mMWQMmL%9ﬁ7;7@Mg8m@/
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IHEEZLDND,
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BI{Z1Z Table 2 KOt Fig. 21 R D ThD, BEE
*ﬁn@mﬁm&c%mf%MMSQﬁﬁﬁt@Eﬁaé
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HENE EPETH D, W T Eica T AFEERE

OEEI RIS HL B LHETE D,

mEGE LMY = T) AV, BB ORHY
Flie oW TRERE EARD 8 OBEOERERERA
L Table 3 CRTEY TH5, BRERREHICBEERL

¢, B ABERYTTRAEEE 4OBANEILE V.
Table 3 225 2 BRIZ & OFFRYET B L, Fig. 3
Kﬁ?%batéoﬁ@@Qﬁ%(wm®%@%&%&
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Table 3. Change in ration (r, number of ingestive nauplii of Artemia) of M. rosenbergi in
10th zoea in two cases of definitive densities (N, inds. in 200 m/ of water) during given
periods (2, 4 and 6 hrs) of feeding. m, mean of the ration provided by a series of 4

experiments.
detail.

Initial density of food, 800 inds. in 200 m/ of water.

See text for further

2 hrs

4 hrs 6 hrs

B

23.
24
22.
24.

23.75

25.
38.
34.
46.

60. 48

AU,

15.
22.
22.
21.

20.48

O | WU or

32.
30.
45.
32.

Tk | 0000 U1 W

56.23

Sls mBL®
O W= OV oo o U1 o0

O b s Ut

D 2EER (4-6) DFNLIIIFTHEL L,

COERTI, KEOKRELKICEFERETT
Chppbbd, BUO 2REC T 2EEERERD
ThEBERUBRY SR, coRdgnily =70
BT OWTHEO 2 KRB SEBLEREERT, 0O
BREEHEEL VFAEEECEEIND ENENE
WIHEE BT 5, BRHEGEORECHTIHERE
EORBEONCL, BMHETILERD D, TOKR
oW TIRA L ESREIRE 7R, RERCEER
BAL, BEFEEAERLTLIILNL, LD AREWAE
EEEOLEESMEE LD THED D,

4. E OB

* = 5 + 4 T ¥ Macrobrachium rosenbergi (De
Man) $EOBHEICKITTHRFEERCHEEEORE
COWTHEL, THROMEELET,

1. YEOHBEE () LIEHEE (p) &L ORI IVLEV
OEBRr=RA—e )X BTIEED, K 27.3°C
H4y 10.5%, HEHEY =7 108,200 ml, EHE
5 R ORB R TROERR L/,

g4/ T r=16.55 (1—e%270),
Be =7 r=27.27 (1—e 0:3161p),
Bollv 7 r=51.22 (1=e 0-6%%p),

T OREEM D, BEBEGERRE L HICEERE T
b, BAMERCAWEEEZ T THRERIIE 4, 614
V7P TTF T 1000 f8,200ml, BOH /=TT
FF 3T 800, 200ml Y FEHEIRS,

2. BEE L HEEE L0 BRI, #HEEY—E
(75 37 8001, 7200ml) &L, HD FHZAHE1
THRID LERRE Licha, SEOBHEERFAERE

20

10 +

Time , hr.

Fig. 3. Fluctuation for six hours in ration (r,
inds. of Artemia nauplii) of M. rosenbergi in
the 10th zoeal stage reared in density as 4 (A)
and 8 (B) inds. per unit volume of water. cf.
Table 3.

DEREKCHENL, BREZRLLBERS T2, CO
RBHRECHES BEBEOEKTREZERESA 12K
THD,

3. HERMHSEOCBRFEEORMNEEICOWT, EHF
R 6 FHOERCH W CETO 2 RHH&EBEO 2 BH
Tk 1T BEERIITITELN,

4. Dlo#Red o, XESHAOEEKCKIZT
HHEELAEFEOREYER L. SiE0REILS
HOFABRMECENT, RECE S VWHAFREOEE
BPHL T, AEHEORENM D LHEINS,

5
IvLEV, B.C. (1965):

A x B
BEORBLERT. L bEE,
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*F. ix+261p. [mvTEEAR (1955) ORED brachium nipponense (De Haan) OFHFHICEE$ 5E
Ik AEIERAT. BAEREHPE. 54, 5(3), 42-46.

HLFRE (1965): 4+ vO@E7 + oV —<OHA JE B (1960): £4 TV HF I zoea FIEDHE.
BT, BAIKEFLE, 31, 902-906. 1. EREE AR, KESHE, 7(3), 37-42.

FE OE - BEEE (1967): FFrAz Y Macro-

Ecologie experimentale de la nutrition des larves de
Macrobrachium rosenbergi (De Man) au laboratoire

Xiao-tao LIN et Yutaka UNO

Résumé: Une étude sur 1’écologie expérimentale de la nutrition des larve de M. rosenbergi
a été menée au laboratoire. La relation entre la densité de la nourriture, nauplii d’Artemia
et la quantité de nourriture absorbée par les zoé peut étre exprimée par la relation d’Ivlev.
En calcutant les valeurs approximatives de k, se basant sur les resultats experimentaux, nous
avons obtenu les équations: R
Pour les zoé 4°me stade, r=16,55 1—e 27 D),

6°me stade, r=27,27 (1—e ®%¥8p) et

geme gtade, r=51,22 (1—e 060%0p),
Il apparait que ’influence de la densité de la nourriture sur la quantité absorbée par les zoé
diminue avec la taille des zoé, et que l’influence de la densité de population augmente avec
la croissance des larves.
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Population ecclogy of the spiny turban shell Batillus cornutus

I. Ecological peculiarities of the hakitat*

Akihito YAMAZAKI® ¥ and Naonori [SHIWATA**

Abstract:

Concerning the habitat of the spiny turban shell Bazillus cornutus (LIGHTFOOT),

the substratum, macrobenthic animal community and algal vegetation are investigated in
August 1984 in a subtidal zone of marine preserves on the Pacific coast of Chiba Pref., Japan.
In this area the sea bottom slopes gradually from the shore; many sands, gravels and boulders

are arranged together irregularly.

The macrobenthic animal community is dominated by

Omphalius pfeifferi rather than B. cornutus, both of which may be interactive in the com-
munity, because of their occupying together the same niche in relation to space and food;
the dominant algal vegetation in the area is represented by small perennial algae, especially
crustose (Melobesioideae) and articulated (Corallinoideae) coralline algae.

1. ®# =

+ 4 T (Batillus cornutus (LIGHTFOOT)) 137 7 £
EWATHRIOB THEBBICE BT HKE LRE /%
RO 1FATH S, Rk, KEOERBCOWTIE, *
MOR[BEL, FCHEOARBCOWTOREOHRIZ
TBDTAT N, REFFETIR19814F11 B 4 519854 1 Bl
DIy, THERZERRE/NETARE, BEKEREN
BERDT HEOMIBE TR REX L LT, "J“dfl
LRGRT O AR, BREOARBSF, wERER L
CHERICHES BB OB b E #H<Tz,

VY IDL I EEROH 2BREHTIX, BE, B
B EDERRARBI OB L BN BERS 2 EE 2
b, £2TC, KM TRAMED ¥ = 04 BEFT

DA TRHEARICK N, BE, AREAESYRE

* 19864E103 17TH2®  Received October 17, 1986

HOHEERUKE RS, T108 HSTHMX MR 4-5-7
Tokyo University of Fisheries, Konan 4, Minato-
ku, Tokyo, 108 Japan
T BRE: TERKERRYE, T29 THEREZEHT
EHETP R
Present Address: Chiba Prefectural Fisheries
Experimental Station, Chikura, Chiba, 295 Japan
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BEOWEREYTEN, “ZOHAYELEDT, O
EERHET D,
KXW ADIERE D, BEORELY L TWkZWkE

FKERFREBFERE, ZEHORAZY L Ty
KERERFKEFHS=ZBAZEL, BREHEOREY L
TWe W EHFKERNTANHEER, ALHRECLS
B TR AR R L T W e T EIRKERRIE T
K, ZEHEK, BPABK, HECBELCIHERY
W2 W B FUKEREIERICEL B#oELY R
D EMEIBR, RXBOCREL WL W HRKERY S
ARAEEFTEHR T 5,

2. BREFZE
%ﬁl(EE?E)NMESHGEﬁBSE§T®ﬁ
M, MEERBREoM THERR (Fig. 1) T, 2+
;M/*zﬁz’ilfcckcffi?ﬁ%fu%“\fco 7, EEOKREX
FEERCL T 1 Qem UTF), 2 (I~10cm), 3 (10
~25 cm), 4 (25~50cm), 5 (50~100cm) % X ' 6
(100 cem PIE) @6 BT K Ay Ui, #IT #izARicsd
HEEREREL, FHACHT A BIERE (1X1~5%5m)
P CEMBERAED 2HEEOE A % 0, 0~20, 20~40,
40~60, 60~80 B XX 80~100%D 6 BIFICHME L 7z,
HE 2 (EYBRENE) 194 £8H6HETH, A
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HKIRT, R+ 2 —NEKICE - TRBURABYRE,
BWHAZTENI, BROEEK 2 £ 4 (Fig. 1; x, y)
B, BEFALDEEHE, KPTa vy xxHNT
n—7 (# 200m) ZEECEKY, 2EHR Fig. 1; A,
B) #RE L,

RAEABYBERE TR, FHELSLDERCH - T
10m fAEc21hE (ARt 4288) 2BE L, KA

WHEE: (IX1m) & &, BRORBEEATYZEE
L, FRCKE BEEXETH L, TYHE, ¥z,
NFA T, AT ERIEY T OWT, FRESRSA
TEAEEEETD, EbICHRL k. OB nW
TiE, 10%+v<) Y CHEREL, EREICHELR > T
L, FE, BHELE,
WEEAREE IR, FEHSC 10X10em KRED

72T (50X 50cm) A B &, KHTHILED BRI
OV, BRROFEEROFERYEMELAEL, BE
R 2 REEBOANRLWE S L TRD X,

KOMINATO MARINE

LABORATORY

3. REHZR

JKiB  1981~19844E D4 H 108 D/ NEHBRBICK T 5
EHEAKBOGERIC LT, BEDHFHAKR (Table 1)
I3 13.8~24.8°C Th %,

KBEEEE KHEO/NEDIXEANmD - THIEEIC
&, MERARELE T, SREIE IR TnOEENBE
PEBEL T2, BERIERSEENIESHTH 525,
EINZAECE L, BRAEMLL, BEEEASR, &
YR HERFEL TN D,

B BiA® L iconT, KE (Fig. 1) 1Z#iH
L, OTIZ 8~10m, ThE VWA TRAHEL, RE
XDBEHTIE 156~16m KET 5,

«—Fig. 1. Ecological survey lines (A, B) for investi-
gation of macrobenthic animal community and
algal vegetation in a subtidal zone (indicated
by arrow in top map) on the coast of Uchiura
Bay (cross in top map), Chiba Pref. 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. x, y, fidu-
cial point of survey lines A and B, respectively.
On each line are 21 stations by regular interval.
Marks on the line are made by every 5 stations.

Table 1. Fluctuation by month in daily average of the surface water temperature
(°C) at the survey area (Fig. 1) during the years 1981-1984, based on records
by the Kominato Marine Biological Laboratory.

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1981 15.0 14.3 13.7 16.2 18.4 21.1 23.5 25,0 246 21.2 16.2 16.3

1982 14.8 13.4 14.1 15.1 18.3 20.8 22.4 233 240 21.8 20.6 18.0
1983 14.9 14.4 143 157 18.9 20.0 22.2 25.8 248 21.8 19.2 16.2
1984 15,0 13.6 12,9 156 18,1 22.3 257 25.1 230 222 19.8 16.8
Mean 14.9 13.9 13.8 15.7 18.4 21.1 23.5 248 241 21.8 19.0 16.8
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F——. rocky bottom.

Fig. 2. Summary of distribution analysis by size class (see Table 2) of substratum
in the subtidal zone in August 1984. Distribution of classified substrata is indi-
cated in occurrence rate (in classified percentage) illustrated by dot size (see
bottom of the figure), as well as by approximate limits (thin line).



P T D TS

EH (Fig. 2) KOWTR2 &, M MHomalL&ER
U B AR A TERR L T 52035, £ OWHIDIEEICIIW
B, NMOEORFHACEEIN TS, LT, B
A BB ALY » TEBIOVEEIICIE 10 cm DT O RS
PHEFE L, AEICIE 50 e Pl L O A A TFEEST D, T,
BERNDWMAICPICONT, B, B, DNESR, KiER
DOIRCEE R BETL T B,

KAELESHEE LSBT 5KE, BEE (Table
2), REUEEBYBEOBEEEHR (%) B L OEY, 1
B LB oMk (Table 3~4) 2 R5 %, LA
%LU T (Table 5), HREHOREIAFNL9, 1 HIA
M ) PSRRI 12.5/m? Th D, SEHEMIT LT
Ra&, ®EEY (SHRE, BRM, 08 DEEK
FELIE kD 45.5%, HEHE 25.3%, ZELH 14.1%,
WEBY (v IV, b FE, v=3, v aE)

Table 2.
lines A (left) and B (right).

Size class, designated by a

KBGO R
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9.1%, T DLOEY 6.0%ThH 5, HABYOREMRE
1%02,143, 1M D PEEGER 51.0/m® TH %,
Z D5 LGB OMEEHERELED 76.5%, B B
¥ 18.2%, WREY 3.4%, ZEX 1.4%, FOMOD
B 0.5% ThHbH, SHEBENCREDE, ~71 35
DOEGEIL 38.8% THRHEZL, RIKr7hesr 3 an
#310.3%, ¥H17.3%, £AITIFIHAT.0%,
TAEFTHA 6.6% &FHiE, DM D EYL30.0%
Thbh, /574 F1237HHACHIL (UBLE 88.1%),
FD5BIMATELL, 777k AT a5y 113400
AL (HBEER 95.2%), THETESLSL, ¥¥ T
F3THAIC R L T D (1K 88.1%), 43U T
7 HAV 2 HICHIRL (BB 76.2%), 3HIMT
BEL, TAEFTHAIZ2MACHEL (HRE52.4
%), 2HETEEL TV,

Depth (m) below S.S.L. and substratum by size class in station nos. 1-21 on survey

major axis: 1, less than 1cm;

2, 1-10cm; 3, 10-25cm; 4, 25-50 cm; 5, 55-100 cm; 6, more than 100 cm. +, present;

—, absent.
Stn Size class Size class -
no.  Depth ;o 4 4 5 ¢ Depth  y 5 3 4 5 6
1 0.2 - 4+ - - - - 0.7 + o+ = = = =
2 0.4 - o+ = = = = 08 + + - - = =
3 0.6 o+ 4 = = = - 0.9 + - - 4+ = =
4 U 0.7 — - - 4+ o+ -
5 09 - - - o+ o+ - 08 — - + o+ - -
6 L4 4+ o+ - - o+ - 0.9 - - = 4+ 4+ -
7 L9 o+ - - =+ - L3 - - - - 4+ -
8 22 — o+ - - 4 Ly - - - = 4+ 4
9 2.7 - o+ o+ = - = 25 — - = = 4 4
10 32 — = - 4+ = 4 26 — - - = o+ 4
11 40 - - = -+ 33 - - - = =
12 45 - - - - - & 31 - o+ = = = ¥
13 51 — — 4+ - - 4+ 39 — o+ - - = %
14 59 -  — o+ - - 4 L9 — - - - 4 4+
15 60 — o+ - - - 4 58 — - - + = =
16 68 — + - - 4+ 4 60 — — - - + ¥
17 7.6 - - - - 4+ 4 36 — - - - = -
18 g2 — - - - 4 75 - - = = = =
9 11 - - = = 4+ % ui - - = = = 4
20 130 + - - - - 4 3.0 - - - - = 4
21 153 + — — - - 1 51 + - = = = 4
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Table 3. Total number (top) of species (No. sp.) and individuals (No. inds.), composition (%,
distribution (number of individuals per m?, bottom) of important animals occurring at stations
indicated by gothic and italic figures, respectively.

Station no. 1 2 3 4 5 6 7

No. sp. 12 6 19 16 16 21 12

No. inds. 28 21 64 78 84 75 31

COELENTERATA 1.3
Anthozoa 1
PLATHELMINTHES
Turbellaria
NEMERTINEA 3
Anopla 3.
3
3

w

1.6
1.6
ANNELIDA
Polychaeta
MOLLUSCA 60.
Polyplacophora 28.

e

D N o
~3
o

w N O W w
(92}
i
w1

N

81.0 82.8 8
9.4
81.0 71.9
Bivalvia 1.6
ARTHROPODA 25. 19.0 9.4 7.
19.0 9.4 .
ECHINODERMATA 7.1 6.3 6.4 3.6 6.
Crinoidea
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Astralium haematragum (9 5 9 X H A1) 1
Ergalatax contractus (L 4 3w 57 #4) 2 1 2
Thais bronni (L A4 v H1) 2

Crustacea
Rhynchocinetes uritai (59 T &) 3 2
Paguristes ortmanni (r 77 4 3 2,84 3) 5 2 3 2 5 8 9
P. japonica (7F & 3 a4 3)
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middle) in individual number by major taxon in macrobenthic animal community, and specific
(1-21) on the survey line A (Fig. 1) in August 1984. Dominant and subdominant species are

8 9 10 11 12 13 14 15 16 17 18 19 20 21
13 19 15 14 21 8 10 12 11 13 10 10 9 1
59 54 87 62 111 43 53 41 44 38 116 26 21 1
3.4 3.7 0.9 5.3 4.8
3.4 3.7 0.9 5.3 4.8

86.4 77.8 87.4 79.0 77.5 44.2 86.8 756 86.4 92,1 89.7 76.9 33.3
23.7 33.3 27.6 9.7 6.3 62.3 17.1 13.6 7.9 1.7 4.8
61.0 44.4 59.8 69.4 71.2 44.2 24,5 56.1 72.7 84.2 87.9 76.9 28.6
1.7 2.4
3.4 13.0 8.0 19.4 18.9 51.2 13.2 19.5 13.6 2.6 10.3 19.2 52.4
3.4 13.0 8.0 19.4 18.9 51.2 13.2 19.5 13.6 2.6 10.3 19.2 52,4
6.8 5. 4.6 1.6 2.7 4.7 4.9 3.8 9.5 100
6.8 5.6 4.6 1.6 2.7 2.3 2. 3.8 9.5 100
2.3 2.
8 10 5 3 23 2 2 1 1 1
6 8 1 10 5 1 1 1
2 1 1
2 1
31 16 41 32 65 4 14 18 16 28 5
2 1 7 6 4 1 6 7 3 1 1
1 2 2 9 6 5
1 3 1 3 8 2 3 41 2
3 1 19 5
1 2
2 4 3 7 5 21 5 6 5 1 2 3
1 2 8 1 1 1 1 10 1
1 1 1
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Table 4. Total number (top) of species (No. sp.) and individuals (No. inds.), composition (%,
distribution (number of individuals per m?, bottom) of important animals occurring at stations
by gothic and italic figures, respectively.

Station no. 1 2 3 4 5 6 7
No. sp. 6 9 9 11 11 14 20
No. inds. 14 16 31 24 32 54 58
COELENTERATA 3.2
Anthozoa 3.2
PLATHELMINTHES
Turbellaria
NEMERTINEA
Anopla
ANNELIDA 12.5 3.1 3.7 1.7
Polychaeta 12.5 3.1 3.7 1.7
MOLLUSCA 92.9 62.5 61.3 833 71.9 66.7 56.9
Polyplacophora 21.4 22,6 20.8 3.1 1.9 3.4
Gastropoda 71.4 56.3 38.7 58.3 59.4 64.8 50.0
Bivalvia 6.3 4.2 9.4 3.4
ARTHROPODA 7.1 37.5 355 15.6 25,9 27.6
Crustacea 7.1 37.5 35.5 15.6 25.9 27.6
ECHINODERMATA 4.2 9.4 3.7 13.8
Crinoidea 3.4
Ophiuroidea 4.2 6.3 1.9 1.7
Echinoidea 3.1 1.9 8.6
Holothuroidea
Polyplacophora
Ischnochiton comptus 3 7 5

Rhyssoplax kurodai
Gastropoda

Sulculus diversicolor aquatilis 1 2
Granata lyrata 4
Omphalius pfeifferi 7 5 13 26 24
Batillus cornutus 1 1 2 1
Astralium haematragum 1 1
Ergalatax contractus 1 1 4 2
Thais bronni

Crustacea
Rhynchocinetes uritai
Paguristes ortmanni 1 5 10 4 12
P. japonica 1 1

Pagurus lanuginosus 1
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middle) in individual number by major taxon in macrobenthic animal community, and specific
(1-21) on the survey line B (Fig. 1) in August 1984.

Dominant and subdominant species are indicated
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8 9 10 11 12 13 14 15 16 17 18 19 20 21
11 14 16 8 17 18 17 15 15 10 14 14 7 2
39 29 41 57 83 96 78 110 63 70 63 28 16 4
2.6 1.2 1.0 1.3 1.6
2.6 1.2 1.0 1.3 1.6

1.3
1.3
2.6 4.9 2.4 4.8
2.6 4.9 2.4 4.8
76.9 72.4 61.0 84.2 72.3 68.8 756 827 77.8 84.3 84.1 46.4 68.8 75.0
2.6 3.4 15.7 7.7 1.8 3.6
71.8 65.5 53.7 84.2 56.6 68.8 67.9 80.0 77.8 82.9 81.0 42.9 68.8 750
2.6 3.4 7.3 0.9 1.4 3.2
15.4 20.7 22.0 15,8 20.5 29.2 21.8 16.4 17.5 15.7 14.3 46.4 31.3 25.0
16,4 20.7 22.0 15.8 20.5 29.2 21.8 16.4 17.5 15,7 14.3 46.4 31.3 25.0
2.6 6.9 12.2 3.6 1.0 0.9 7.1
3.6
2.6 3.4 2.4 3.6 1.0 0.9
3.4 9.8
3.6
10 3
2 1 1 1
24 14 16 39 23 38 32 67 31 26 21 1
1 2 6 10 10 7 17 12 7 7 2
1 2 1 10 2
3 2 1 2 3 1 2 14 9 6 3
4
2 12 1 1
1 5 5 13 13 4 7 4 10 6 4 1
1 2 1
2 1 1 3 5 3 1
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Table 5. Summary of Tables 3 and 4 by survey line. See Tables 3 and 4 for further detail.

Line A B Total
No. sp. 65 77 99
No. inds. 1,137 1,006 2,143
COELENTERATA 0.1 0.6 0.3
Anthozoa 0.1 . 0.3
PLATHELMINTHES 0.1 0.1
Turbellaria 0.1 0.1
NEMERTINEA 0.2 0.1
Anopla 0.2 0.1
ANNELIDA 1.3 1.5 1.4
Polychaeta 1.3 1.5 1.4
MOLLUSCA 79.0 73.8 76.5
Polyplacophora 16.4 4.3 10.7
Gastropoda 62. 4 67.9 65.0
Bivalvia 0.3 1.6 0.9
ARTHROPODA 15.6 21.2 18.2
Crustacea 15.6 21.2 18.2
ECHINODERMATA 3.9 2.9 3.4
Crinoidea 0.3 0.1
Ophiuroidea 3.2 1.3 2.3
Echinoidea 0.7 1.2 0.9
Holothuroidea 0.1 0.1
Polyplacophora
Ischnochiton comptus 113 28 141
Rhyssoplax kurodai 47 5 52
Gastropoda
Sulculus diversicolor aquatilis 15 3 18
Granata lyrata 30 7 37
Omphalius pfeifferi 415 417 832
Batillus cornutus 64 93 157
Astralium haematragum 33 27 60
Ergalatax contractus 7 74 151
Thais bronni 32 4 36
Crustacea
Rhynchocinetes uritai 14 25 39
Paguristes ortmanni 101 120 221
P. japonica 28 12 40

Pagurus lanuginosus 9 22 31
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Table 6. Specific coverage (%, see text) of algal vegetation occurring along the survey lines A
+, coverage less than 1%.

Station no. 1 2 3 4 5 6 7 8

Perennials
Large type
Eisenia bicyclis (75 #)
Ecklonia cava (1Y A)
Sargassum spp. (FV XU 5 &) 1 8 12 13 14 8
(Phyliospadizx japonica) (LT <%E)
Small type
Cladophora wrightiana (F %~ V& 7'%) 2 1 17
Gelidium amansii (=7 4) 7
Carpopeltis angusta (¥ b &) 1
Marginisporum spp. (~NV bV H =/ F&) 2 4 4 3 2 1
Amphiroa spp. (I =/ F&) 3 13 4
Corallina spp. (¥ IEE) 5
Melobesioideae (HEHi+V >~ o) 20 30 23 17 10 23
Annuals
Small type
Plocamium telfairiae (271 ) 1

Perennials
Large type
Eisenia bicyclis

Eckloni cava

Sargassum spp. 15 2 1
(Phyllospadiz japonica) 1 8
Small ‘type
Cladophora wrightiana + 1 32 2 3 26
Gelidium amansii 9

Carpopeltis angusta

Marginisporum spp. 2 3 14 12 11 3
Amphiroa spp. + + 6 45 2 16 12 +
Corallina spp.
Melobesioideae 2 9 9 18 17
Annuals
Small type

Plocamium telfairiae 1
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(upper) and B (lower) in August 1984. Coverage of dominant species indicated in gothic figures;

9 10 11 12 13 14 15 16 17 18 19 20 21 Total

6

1 1 2

1 5 62
13 + 33
7

1 5 1 1 + 2 1 + 12
19 8 17 1 10 5 7 3 1 13 3 3 115
5 1 + 6 1 3 13 61

1 1 1 + + 1 13
14 22 35 50 52 20 50 50 50 50 25 13 5 559
1

2 2

2 20

50 59
13 1 78

9

+ + + +

3 9 6 13 8 6 24 13 17 5 15 164
6 2 + 3 5 5 1 105

+ 11 1 1 1 1 1 25
6 13 30 30 50 50 50 70 60 6 1 421
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Table 7. Frequency (%, F), coverage (%, C) and summed dominance ratio (%, SDRy)
of algal vegetation occurring along the survey lines A and B in August 1984.
-+, rudimentary occurrence. See text for further detail.
Line A Line B Total
Life-form - —
F C SDR; F C SDR: F C SDRg
Perennials
Large type
Eisenia bicyclis 4.8 0.3 3.2 4.8 0.1 3.2 4.8 0.2 3.2
Ecklonia cava 9.5 0.1 5.5 0 0 0 4.8 0.1 2.9
Sargassum spp. 38.1 3.0 26.6 19.0 1.0 14.2 28.6 2.0 20.9
(Phyllospadiz japonica) 0 0 0 14.3 2.8 15.9 7.1 1.4 7.2
Small type
Cladophora wrightiana 23.8 1.6 16.1 38.1 3.7 32.8 31.0 2.6 23.8
Gelidium amansii 4.8 0.3 3.3 4.8 0.4 4.0 4.8 0.4 3.6
Carpopeltis angusta 42.9 0.6 24.8 14.3 + 8.9 28.6 0.3 17.3
Marginisporum spp. 90.5 5.5 60.3 81.0 7.8 69.5 85.7 6.6 64.3
Amphiroa spp. 61.9 2.9 39.7 76.2 5.0 59.5 69.7 4.0 48.7
Corallina spp. 38.1 0.6 22.2 42.9 1.2 29.5 40.5 0.9 25.6
Melobesioideae 90.5 26.6 100.0 76.2 20.0 97.1 833 233 98.6
Annuals
Small type
Plocamium telfairiae 4.8 0.1 2.8 19.0 0.2 12.3 11.9 0.1 7.2
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Hydrographic structure around the Tosa-bae, the bump off
Shikoku south of Japan, in November 1985*

Yoshihiko SEKINE** and Yasushi MATSUDA**

Abstract:
been made in November 1985.

the Tosa Bump, while a warmer temperature region is found on its eastern ridge.

The hydrographic observation around the Tosa-bae, the bump off Shikoku, has
A colder temperature region exists on the western ridge of

This

feature seems to be identical with the results of numerical experiment performed by HUPPERT

and BRYAN (1976).

The existences of the coupled cold and warm temperature regions on

the ridge of the Tosa Bump are detected down to about 500db, but only a cold temperature

region is found at greater depths,

The flow of the Kuroshio below the mixed layer is

influenced by the topographic effect of the Tosa Bump.
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HONSHU

Fig. 1.

The position of the Tosa Bump in (a) is indicated by an arrow.
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Fig. 4. Temperature cross-sections along the lines A, F, I
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Table 1. Geostrophic speeds (cm s™!) referred to
GEK values which are assumed to show
velocities at 0 db.

Stations K1-K3 K3-K5 K5-K7 K7-K9 K9-Kl11

0db 169 110 61 99 95
100 147 109 60 107 111
200 95 100 57 128 112
300 73 7 34 141 106
400 44 61 7 127 136
500 19 59 —25 115 169
600 5 49 =37 103 164
700 —25 7 12 95 150
800 —44 91 134
900 64 147

1000 75
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A note on extreme tsunami run-up along
the coast of Wakayama, Japan*

Shigehisa NAKAMURA**

Abstract: This work concerns to a survey reports on the extreme tsunami run-up along the

coast of Wakayama facing the western North Pacific. In the districts of Tanabe and Shira-
hama, the extreme is estimated to be about 13m in 1707 Hoei tsunami. In the district of
Kushimoto, the estimated extreme must be more than 17m at Azumame referring to the con-

firmed old descriptions and the local legends. Although, a little upheaval should be repeated
in Kushimoto at every event of the earthquakes in the past.

1. ; = - ok v | e
%fzv/ 13 B B e pe 2. HOBROZERLE
SE ORI BRI OWT, THET ) B B
<;ﬂéﬁui ERIh "%m%mﬁ;%y;giy “Q<m%>7 ;ﬁWW ﬁ%ménﬁw 2k %
‘b:'//~ N r yj: ﬂ 19\;77) ;EVT;]%UJ;\.:W @Hﬂ‘f\ﬁ: Clﬁ%&,*_nhu“l“fj\fvi'&lz ;_Jﬁ E‘u—o<o
T iu371%®“zﬂi ° még“ﬁmig Fk (1984, 1987b) 1© Z4UE, HLOTTZIEETEO
/)V‘h‘r‘ pRi=h ==, =1 . . o . ; -
CEIRRID P I 0L j;ji C@iﬂii*‘} (7 SR BAT, 1O7ERAOHM O KU LR 13m
T oD B i B E T, £hET RN -
] LEFEEND, HUMmAOKEMHE T o B
L, S 1913 RE, 19650 omplEmio  SiPec A BUBROKEN
F, ®IOMEUBED L5 CHERIE L DRV EICR
LEERBIH  cHMELTEDE LD TS, P o
. T B EOEEE D FE T 7+ (NAKAMURA, 1987¢)
7ot EEORTONEERCHERZRC L &
- BHbEEL T FHELR, ZOREE T LOfER
%Gﬁ—*ﬁ@aﬁl_rﬁil DOWTHETDOLED D B Gl T2
- 1T, HTECI—ORIEREY B - T, %@Iﬁ}uﬁ*ﬁ"—i
. HA (1984a,b, 1985, 1986, 1987a,b,c) (I, *O s . B
e, Lo i W kAR WhHe B H
&u@ﬁ T T AT R I A = I

ot AT, MEUMED S, ki, By O FEAERUB R 107 - 18045 1946&1{;
g 1 O AR OB A LB i e h LT 19G0EIC W DB ES 5 T\ 5 EE Ej%k?ﬁﬂa%?—,
CHE LR L LT, FOEALE, g COBRERICELTUA, BT b
KB RE DD E DD L) RS B 1, AREITOFTATL 02z LREIZ L 2EKRDD -
7oz & i)n%;ﬁa)%(ikéo

MR O BRI DV T, 19460 FHFE DK,

T 108746 4 2 AZM Received June 2, 1987
w5 EE RN K TSR B 1 v R B,

s B IR B R 2 E 42 5 FRR VISR T b s ia ey,
T649-22 T LR 722 D 1 HT BRI . - s b SR P
Shirahama Oceanographic Observatory, Disaster BRI DU T b R h, B BIKM7
Prevention Research Institute, Kyoto University, Bt

Katada-Hatasaki, Shirahama, Wakayama, 649-22
Japan



148

BAOERERES 72y T BRI - T Bl TR I o THERNIZ X
FE (1980) 13, HBAMECOWTS, BANTEE R E LEBLRBIRVEIALSDL, T T, 1987TFE5 A%
BEC L, Eio, HHEB - ZHFHEKEET L CHB Tz

La mer 25, 1987

BEAELTVA, UL, EEOHMLARIUL, BN T, 17074F « 18544F « 19464 « 1960F DEEJE T &
1

mﬁjiuﬂ 'Kbu/
ST, W (1984a) PAELLE I OWTIRNTW A X

HHE

A"Pj’t

Wh,

,’/1\

HAHIK T
OVWTLHTHIHBLTC D L WIEEN DD, 7= BRI B TR - BIER e & T i

NORTH
PAGIFIC DCEAN

135°45°E
33°26'N

Fig. 1. Tsunami inundaticns and run-up in Kushimoto.

Patches in éncre de chine show the areas where the tsunami inundated or run up at the seismic
events in 1707, 1854 and 1946.

Open circle: the location of Azumame-Kaimonan where the ground level is 16.5m above
the datum level and the estimated extreme run-up in 1707 must be more than 17 m high.

Solid circle: the present location of Muryoji-Temple which had been in Azumame first by
the time of the 1707 tsunami’s action to wash away the temple’s housing and has rebuilt in
the present area.

Cross: the location of a single tall and old tree (more than 1000 years old by 1925),
which was taken to be oldest in the eastern Asia in 1932 and in the world in 1933. This
tree is called as Byaku-shin in Japanese (identified to be Juniperus chinensis L.) and it had
already a branch of 70m long and its stem was 5.5m round at the level of about 1 m high
above the ground level in the eleventh century. This tree must tell us the history of the
past events, if its growth rate could be obtained by any harmless technique.

Arrows in the coastal water zone: the estimated directions of the tsunami front propagation.
Hatched area: the location of the rice fields in Yoriji of Kujinokawa where Hachiman Bridge
is crossing the river (Kujinokawa) at a distance of 2km from the river mouth. Although, the
colony of Kujinckawa is at a distance of 3km from the river mouth so that it is more easy
to get there crossing a hill from Hashikui by a 1km walk.
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