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Was There the High Gibraltar Sill in the Messinian Stage?*

Michihei HOSHINO**

Abstract: The world-wide sea-level of the Messinian stage was 2,000 m lower than that of
the present, and the Mediterranean evaporite was formed as a result of this event.

For many years the writer (HOSHINO, 1962,
1975, 1978) has argued that sea-level in the late
Miocene was 2,000m lower than that of the
present and that the boundary between the
Miocene and Pliocene periods is the most signifi-
cant division of earth’s history. The writer
has suggested that the period since the Pliocene
should be called the Anthropogene period.

Recently, evaporites of the Messinian stage
were found beneath the floor of the Mediter-
ranean Sea, and the shipboard scientists of the
Glomar Challenger maintained that this salinity
event seriously influenced the Messinian natural
environment and the development of primitive
man (HSU e al., 1977). Though the Messinian
event of the Mediterranean Sea attracts interest
of world geologists, the writer has some criti-
cisms of the desiccated deep basin hypothesis
of the shipboard scientists. HHis criticism is
concerned with the mechanism for the isolation
of the Mediterranean from the Atlantic Ocean.
Just before the Messinian stage, the Atlantic
and Mediterranean should have been connected
by a broad portal, because the Tortonian sedi-
ments found by the deep-drilling core (Site 121)
from the Alboran Basin of the western Mediter-
ranean are an open marine marly ooze (NESTE-
ROFF et al., 1972), as is the Tortonian marl
occurring in the Moroccan Rif (CHOVBER and
FAURE-MURET, 1974) and Betic Cordilleras
(RONDEEL and SIMON, 1974). It is hard to
imagine that the Gibraltar Sill existed before
the Messinian stage.

The sill which divided the Miditerranean Sea
from the Atlantic must have been formed just

* Received June 12, 1978
** Faculty of Marine Science and Technology,
Tokai University, Shimizu, 424 Japan

before the Messinian stage and the formation
of this sill was the essential cause of evaporite
deposition. In the Japanese Islands and in
every part of the Alpine orogenic belt of the
world a general upwarping was taking place
in the late Miocene. Subsequently the remark-
able high recent mountain chains of the world
rmust have been formed as a result of epiro-
genic crustal upheaving (block faulting uplift)
in the Early Pliocene and the Early/Middle
Pleistocene (HOSHINO, 1962, 1975, 1978). A
similar crustal movement must have been taking
place in the Gibraltar region, and the primary
gentle sill was formed by crustal upwarping in
the Late Miocene.

There is a view that the isolation of the
Mediterranean from the Atlantic resulted from
a glacial eustatic lowering of sea-level (ADAMS
et al., 1977). However, there is little evidence
concerning this idea, and it is doubtful if an
ancient shore line existed on the continental
shelf in the Messinian stage. It seems likely
that the topography of the continental shelf was
formed in the Anthropogene period. The ship-
board scientists of the Glomar Challenger also
considered that the Gibraltar or western Mediter-
ranean sill was formed just before the Messinian
stage, but they consider that this sill in the
Messinian stage was as high as the present
Gibraltar Sill, and the sea-level of the Messinian
was the same as that of today.

From these suggestions a difficult problem
arises. Fossil benthic foraminifera and ostra-
coda which occur in the sediments of the early
Pliocene (Trubian stage) succeeding the Mes-
sinian evaporite are an abyssal fauna of a few
thousand meters depth, and these faunas cannot
have migrated over the high shallow sill as
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through a siphon (BENSON, 1972; CITA,
1976). Though NESTEROFF (1973) is against
the view of a Pliocene abyssal benthic fauna,
I agree with the opinion that the western
Mediterranean benthic fauna, in the Early
Pliocene, is an abyssal one. To explain the
origin of this abyssal benthic fauna in the
Early Pliocene, the high sill of Messinian times
should have been removed within very short
time, and the shipboard scientists considered
this to be the case (HSU et al., 1973). They
stated that the destruction of sill was caused by
the rifting of Azores-Gibraltar Fracture Zone.
However, the Gibraltar region is a part of the
Alpine orogenic belt—Betic and Rif zone—
(RUTTEN, 1969), and the Betic and Rif Moun-
tains were uplifted in the Early Pliocene (RON-
DEEL and SIMON, 1974; CHOVBER and FAURE-
MURET, 1974); thus it becomes impossible to
consider the local subsidence of the Gibraltar
region, especially since there is no possibility
of the sudden destruction of a sill of a few
thousand meters in height and more than a
hundred kilometers in width. However, the
shipboard scientists’ idea on the destruction of
the sill has also slightly changed. At first they
considered that the time of destruction of the
sill was in the earliest Pliocene (CITA and RYAN,
1973), then CITA (1976) said that the destruc-
tion of the sill began during the latest Miocene:
he described this as—‘‘an incipient erosion of
the Gibraltar sill, or eustatic induced rise of
the ocean level, or a combination of both,
resulting in a transient filling stage’”’. The
writer (HOSHINO, 1975) considers that the sea-
level of the Messinian evaporite stage was quite
different from the present sea-level, and the
lower sea-level of that time was not limited to
the Mediterranean but it was world-wide phe-
nomenon. The writer has already described
the lower sea-level of the latest Miocene based
on much evidence and the writer has said that
the Mediterranean evaporite may be one ex-
ample of this event (HosHINO, 1975). The
writer urged that the two remarkable risings
of sea-level in the Early Piiocene and Early/
Middle Pleistocene were caused by the rising
up of the ocean floor. CITA (1973) pointed out
that the hypsographic curve of the Mediter-

ranean is similar to the world ocean, but he
did not explain why it was so. The writer
considers that the submergence of the conti-
nental slope is the result of the remarkable
rising of sea-level, and that the similarity of
the hypsographic curve of world oceans and
seas was caused by this phenomenon. The
similarity between the benthic fauna of the
Early Pliocene sediments which rest upon the
marine Miocene formation and the recent
abyssal fauna which lives on the ocean floor at
about 2,000 m is not limited only at the Mediter-
ranean Basin. Already this fact was reported
from the fossil foraminiferal fauna of the Ven-
tura basin (NATLAND, 1933) and Los Angeles
basin (CONERY, 1967), California. KASENO
(1965) described that the lower marine Pliocene
formations of the Noto Peninsula of Japan can
be distinguished from the upper Miocene by
the ‘change of faunal.composition. The writer
considers that the same applies to the Mediter-
ranean. The shipboard scientists (HSU ez al.,
1973) said that the Pliocene sediments which
filled the ancestral valleys of the Nile and
Rhone are an evidence of lower base level of
the Mediterranean in the Messinian stage, but
this phenomenon is not limited only to the
Mediterranean. Here the writer gives one ex-
ample from California: the landward extention
of the Monterey submarine canyon is filled by
late Middle(?) Miocene and younger sediments
some 1,600m in thickness (STARKE and
HAWARD, 1968). Perhaps the oldest sediments
of this filled valley may also be of the lowest
Pliocene formation. This evidence also indicates
that the late Miocene base level was lower than
that of the present. The writer described
these phenomena in detail in his book (HOSHI-
NO, 1975). Recently, a fresh water diatom
flora of the Messinian stage was discovered
from the abyssal part of the Japan Sea (BURKLE
and AKIBA, 1978). This fact also indicates that
the lower sea-level of the Messinian is not
limited to the Mediterranean. The writer
considered that the desiccation of Mediterranean
in the Messinian stage was in no way related
to present sea-level but was done when the
world sea-level was 2,000m lower. Considering
the fact that the volume of the Messinian
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Fig. 1. Change of sea-level since the Late Mio-

cene. The stage of remarkable uprising of the
sea-level is also the stage of crustal upheaving

Kurotaki unconformity

but the magnitude of the crustal upheaving is
different scale in each part of the world.

evaporite is very large, the invasion of water
from the Atlantic to the Mediterranean could
not have occurred only eight to ten times, but
rather it occurred on many occasions because
the barrier between the Atlantic and Mediter-
ranean was not distinct.

HsU and others (1977) explained the origin
of relict fauna of the Mediterranean islands as
a result of the recovery of the higher sea-level
in the Early Pliocene. This is also not limited
to the Mediterranean. The writer (HOSHINO,
1975) described that the origin of the relict
fauna of the Nansei islands (Ryukyu Islands)
can also be explained by the rising of sea-level
after the Early Pliocene. Perhaps the origin of
the relict fauna of the Antilles may be explained
by the concept of islanding resulting from the
events of Early Pliocene times.

The Middle American land is an example of
an isthmus which formed in the Early Pliocene
(SCHUCHERT, 1968). The Tehuantepec Portal
was closed for ever after the Early Pliocene,
and the Panama-Costa Rica Isthmus rests on a
swell some 2,000 m deep and 300 km in width.
Here, the writer considers that the crustal up-
heaving exceeded the rise of sea-level, so that
the isthmus was formed. Many Pliocene shallow
marine molluscan fossils have been collected
from the edge of the sill of the Tsugaru Strait
which separates the Japanese islands of Hok-

kaido and Honshu. UozuMI (1967) described
these fossils as shallow sea type of the —2,000 m
stage of the Early Pliocene, and after that time
the crustal upheaval of the Tsugaru Strait was
not as much as the rise in sea-level, thus the
fossils spread out along the sill side. The
writer considers the genesis of the Gibraltar
Strait to be similar to that of the Tsugaru
Strait, namely the initial Gibraltar Sill in the
Late Miocene should have been a gentle rise
and the top of it was almost the same as the
—2,000 m sea-level.

The present topography of the Mediterranean
might be formed by the uprising of sea-level
and crustal block faulting uplift after the Early
Pliocene. From the fact that the Messinian
evaporites occur on land in Sicily and at other
localities, the writer cannot agree with the
opinion that the topography of the Mediter-
ranean in the Messinian stage was the same as
that of today (HSU ez al., 1973). The shipboard
scientists said that there is no possibility of
large crustal depression of the Mediterranean
From the fact mentioned above, the
writer considers that the Messinian evaporites
were uplifted from their original level through
a few thousand meters at the mobile margin,
and the fact that there are no evaporites at
the stable margin (LEENHARDT, 1973) may be
due to their original topography and that these
areas may have emerged in the Late Miocene.
The writer wishes to point out that the origin
of the sea basin is quite a different matter from
the suggested deeping of the sea basin.

The world-wide distribution of an uncon-
formity at the basal part of the Pliocene for-
mation is not the result of glacial eustatic change
through several ten meters (ADAMS et al.,
1977), but it was caused by Pliocene marine
sedimentation after a remarkable rising of sea-
level over the eroded surface of the Late Mio-
cene peneplanation stage (HOSHINO, 1975). The
outline of Messinian Mediterranean Basin must
have been limited to those areas deeper than
the present 2,000 m isobath except in the mobile
region, and the Miocene and Pliocene formation
contacts should be conformable in those areas
at present deeper than the 2,000 m isobath,
while in the shallower areas the Pliocene marine

Basin.
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formations should rest upon the lower formation
unconformably.

The Mediterranean evaporite distribution
deeper than the 2,000 m isobath indicates the
lower sea-level of the Messinian stage (LEEN-
HARDT, 1973), and the “‘bull’s eye’’ distribution
pattern of the Messinian evaporites of the
Balearis Basin (HSU et al., 1973; LEENHARDT,
1973)—tidal sulphate evaporites distributed along
the 2,000 m isobath and soluble halite distri-
bution at the central part of the basin—indi-
cates that the desiccation of the saline waters
which were supplied from the Atlantic was not
complete, but rather that shallow water depo-
sition occurred in the central part of the basin.

In the Andalusian region, in the southwest
of the Iberian Peninsula, it is reported (CITA
and RYAN, 1973) that the Miocene marine grey
clay facies is succeeded by Pliocene calcareous
sandstone. The writer considers that we may
find that abyssal Pliocene formation rests upon
Late Miocene gravel bed at the lower part
(—2,000 m) of the continental slope outside of
the Gibraltar Strait. Another indication of this
phenomenon was reported by DAY (1959) from
the western margin of the English Channel.
The writer hopes that in the future programme
of the Glomar Challenger an investigation of
the hypothesis could be adopted.
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The Larval Development of Etisus laevimanus RanNpaLL*
(Crustacea, Brachyura, Xanthidae)

Hiroshi Suzuxkr+*

Abstract: Ovigerous females of Etisus laevimanus RANDALL were collected from the sea-
shore near the Kominato Marine Biological Laboratory, Kominato, Chiba Pref., on June 20

and July 18, 1977.

The larvae were reared from hatching to the megalopa stage in order to make a descrip-
tion of all its larval stages. The first zoea of this species was compared with those of three
chlorodid species; Pilodius spinipes, Chlorodiella nigra, and Cymo melanodactylus.

This first zoea differs from that of P. spinipes by having a smooth dorsal spine.

This first zoea is distinguishable from that of C. nigra by seta formula on the endopod

of the maxilla and first maxilliped.

The value of the proportion between the length of spinous process and that of the exopod
distinguishes this first zoea from that of C. melanodactylus.

The megalopae were compared between E. laevimanus and C. nigra.

This megalopa has a rostrum which terminates in a blunt median process deflexting

downward and two stout pointed lateral spines.

The antenna is eleven-segmented. Two-

segmented uropod has one plumose hair on the proximal segment and ten natatory hairs on
the distal segment. The telson has three plumose setae on the posterior margin and a minute

process on each posterior angle.

These characters distinguish this megalopa from that of C. nigra.

1. Introduction

GURNEY (1938) described the first zoeae of
three chlorodid species; Pilodius spinipes,
Chlorodiella nigra, and Cymo melanodactylus.
GOHAR and AL-KHOLY (1957) reared and
studied on the larval developments of Chloro-
diella nigra at Al Ghardaqa.

In this work the author makes descriptions of
the larval stages of Etisus laevimanus and
remarkes on the diagnostic characters of its
first zoea and megalopa. The rearing work
was executed at the Kominato Marine Biological
Laborathry of Tokyo University of Fisheries,
Kominato, Chiba Pref.

The author wishes to express his appreciation
to Dr. Masatsune TAKEDA of National Science
Museum, Tokyo and to Dr. Tatsuyoshi MASUDA
of the Tokyo University of Fisheries, Tokyo,
for their useful suggestions and valuable advice

* Received April 28, 1978
** Laboratory of Aquatic Zoology, Tokyo University
of Fisheries, Minato-ku, Tokyo, 108 Japan

throughout the study. Thanks are also due to
the staff of the Kominato Marine Biological
Laboratory of Tokyo University of Fisheries,
Kominato, Chiba Pref., giving the admissions
of the use of facilities.

2. Material and method

One ovigerous female was collected from the
sea-shore near the Kominato -Marine Biological
Laboratory, Kominato, Chiba Pref., on June 20
and two females on July 18, 1977. These
females were segregated in 7 liters jars with
filtered sea water, in running condition, to await
the hatching of their larvae. The zoea larvae
were hatched on July 6, 20, and 22 from the
above-mentioned females, respectively. At the
time of hatching the zoeae were removed into
30 liters jars with filtered sea water and air,
and fed on rotifer, Brachionus sp., and Artemia
nauplii. The zoeae were maintained at 23.6-
25.8°C. During zoeae were reared, the bottom
of a jar was cleaned up by pipette and {reshly
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Larval Development of Etisus laevimanus 177

filtered sea water added, the food suply renewed,
and zoeae observed.

Larvae were fixed in 70 % alcohol at known
intervals during development and were kept in
70 9, alcohol to check setation of the appen-
dages. The appendages were dissected from
each stage larva and drawn to a different scale
from that used for the whole larva. The smaller
appendages, as antennule, antenna, mandible,
and maxillae, were mounted with glycerine-
gelatin solution for preservation and observation.
Ten individuals were dissected for accurate
observation of appendages at each larva.

Drawings were made with the aid of a drawing
apparatus.
measured with an ocular micrometer.

The dimensions of the larvae were

Measurements of various parts of the zoea
are defined and described as follows:

1. Length of carapace: from the anterior edge
of the eye stalk to the posterior edge of the
carapace.

2. Length of rostral spine: from the anterior
edge of the eye stalk to the tip of the spine.

3. Length of dorsal spine: from the junction
with the carapace to the tip of the spine.

4. Length of lateral spines: from the junction
with the carapace to the tip of the spine.

5. Length of spinous process: from the joint
with the proximal somite to the tip of the
process.

6. Length of antennal exopod: from the junc-
tion with the spinous process to the distal
end, excluding the distal setae.

7. Proportion between the length of spinous
process and that of exopod: the length of
the spinous process as a fraction of that of
the exopod.

8. Length of abdominal somites: from the
anterior margin of the first somite to the
posterior margin of the last somite.

9. Length of telson: from the joint with the
last abdominal somite to the tip of the
telson-fork.

and as for megalopa:

1. Length of carapace: from the tip of the
rostrum to the posterior margin
middorsal line.

2. Width of carapace: between the outer
edges at the widest part.

along

3. Length of abdominal somites: from the
anterior margin of the first somite to the
joint with the telson.

4. Length of telson: from the joint with- the
last abdominal somite to the posterior margin
of the telson.

3. Descriptions
PRE-ZOEA (FIG. 1)

Measurements: Length of carapace, 0.40 mm.

Carapace (Figs. 1a-b) ovoid without spines.
Protopod of antenna (Fig. 1 d) with two spinules
on distal end, exopod with four marginal plumose
hairs. Telson (Fig. 1i) bifurcated with three
setae on inside of each branch. FEach branch
has two distal processes and a lateral one. The
other appendages (Figs. 1c, e-h) similar those
of the first zoea, but undeveloped.

FIRST ZOEA (FIG. 2)

Measurements: Length of carapace, 0.51 mm.

Length of rostral spine, 0.49 mm. Length of

dorsal spine, 0.54mm. Length of lateral

spines, 0.05 mm. Length of spinous process,

0.50 mm. Length of antennal exopod, 0.03 mm.

Proportion between the length of spinous

process and that of exopod, 16.6. Length

of abdominal somites, 0.62 mm. Length of

telson, 0.37 mm.

Carapace (Figs. 2 a~-b), not spinulous, has
rostral, dorsal, and a pair of lateral spines.
Anterior and posterior dorsal tubercles on the
median line of carapace. A seta on each lateral
side of the posterior region. A few spinules
rarely on the postero-lateral edge of carapace.
Rostral spine (Fig.2c) straight with three
spinules on anterior surface. Dorsal spine,
longer than rostral, slightly curves with a hook-
like end. Lateral spines short and slightly bend
upward at the tips.
Short, conical antennule (Fig. 2 d) has two long
aesthetes and two short hairs at the tip. Pro-
topod of antenna (Fig.2e) forms a tapering
process with three rows of spinules on distal
half, one minute process at one-fourth proximal.
Two apical setae on small exopod.  Mandibular
incisor (Fig. 2f) with three stout teeth and

Compound eyes sessile.

" molar process forms semitriangle. Endopod of

maxillule (Fig. 2 g), two-segmented; distal seg-
ment with four terminal and two subterminal
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setae, and one seta projects from the proximal
segment. DBasal endite with five setae and seven
setae project from coxal endite. Bifurcated
endopod of maxilla (Fig. 2 h) has three terminal
and two subterminal setae on distal lobe, and
three setae on proximal. Basal endite has a
total eight setae, four on distal lobe and four
on proximal, and coxal endite bears eight setae,
four on distal and four on proximal. Four soft
plumose hairs project from distal margin of
scaphognathite whose setous end tapers to a
point. Protopod of first maxilliped (Fig. 2 1)
bears setae arranged as 2, 2, 3, 3 from proximal
to distal. Four natatory setae on exopod.
Setation of five-segmented endopod, 3, 2,1, 2,
and 5. Protopod of second maxilliped (Fig.2 j)
bears four setae spaced one another. Exopod
with four natatory setae. Three-segmented
endopod has a setation of 1, 1, and 5.
Abdomen (Fig. 2k) consists of five somites
plus a telson. Two setae on postero-dorsal edges
of somites 2-5. Second somite bears a knob,
curves anteriorly, on each lateral side, and three

A small
hook on each lateral surface of third somite.
The postero-lateral margins of somites 3-5 ter-
minate as spines overlapped next somite. A
dorsal, a lateral, and a hair-like spines on
each telson-fork. Three pairs of serrated hairs
on inner surface of telson-fork, innermost ones

spinules on postero-lateral margin.

without setae on inside and outside.

SECOND ZOEA (FIG. 3)

Length of carapace, 0.60mm.
Length of rostral spine, 0.66mm. Length of
dorsal spine, 0.67mm. Length of lateral
spines, 0.08mm. Length of spinous process,
0.60mm. Length of antennal exopod, 0.03
mm. Proportion between the length of spin-
ous process and that of exopod, 20.0. Length
of abdominal somites, 0.85mm. Length of
telson, 0.52mm.

A pair of setae appears on antero-dorsal
region of carapace (Fig. 3a). Basal portion of
antennule (Fig. 3d) slightly swollen, four aes-
thetes and one short hair present at the tip.
Endopod bud of antenna may emerge with one

Measurments:

c-f

Fig. 1. Etisus laevimanus RANDALL. Pre-zoea. a, dorsal view; b, lateral

view; c, antennule; d, antenna;

maxilliped;
Scales indicate 0.1 mm.

e, maxillule; f, maxilla; g, first

h, second maxilliped; i, abdomen in dorsal view.
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spinule at distal (Fig. 3e).

Incisor of mandible (Fig. 3f); three stout
teeth and five ones on the edge. Basal endite
of maxillule (Fig. 3g) has eight setae, one
plumose hair located on dorsal side of basis.
Eight hairs project from distal surface of scaphog-
nathite, three hairs from the apical tip(Fig. 3 h).
Bifurcated basal endite has four setae on distal
lobe and five on proximal.

Exopods of maxil-
lipeds 1-2 (Figs. 3i-j); six and seven natatory
setae, respectively.

THIRD ZOEA (FIG. 4)
Length of carapace, 0. 76mm.

Measurments:

Length of rostral spine, 0.80mm. Length of

dorsal spine, 0.86mm. Length of lateral

spines, 0.16mm. Length of spinous process,

0.75mm. Length of antennal exopod, 0.03

mm. Proportion between the length of spin-

ous process and that of exopod, 25.0. Length

of abdominal somites, 1.09 mm. Length of
telson, 0.53mm.

A few setae on surface of carapace (Figs. 4
a-b), a long seta and a few setae on postero-
lateral edge (Fig. 4c¢).
nule (Fig. 4e); more swollen, bears three
aesthetes and one short hair on the tip. Endopod

Basal portion of anten-

Fig. 2. Etisus laevimanus RANDALL.

— a-b,k.
c-j

First zoea. a, lateral view; b, dorsal

view; ¢, rostral spine; d, antennule; e, antenna; f, mandible; g,
maxillule; h, maxilla; 1, first maxilliped; j, second maxilliped; k,
abdomen in dorsal view. Scales indicate 0.1 mm.
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of antennule appears as a small bud at one-
third distal. Endopod of antenna (Fig. 41);
elongate to twice as length of exopod. Budded
palp of mandible; now present on dorsal surface
(Fig. 4g). Setation of basal endite of maxillule

— -
—— a-b. k

(Fig. 4h) has increased to nine setae and coxal
endite has eight or seven setae. Basal and
coxal endites of maxilla (Fig. 41) have ten and
nine setae, respectively and scaphognathite
fringed with 19 plumose marginal hairs.

Fig. 3. Etisus laevimanus RANDALL. Second zoea. a, lateral view; b, dorsal
view; c, rostral spine; d, antennule; e, antenna; f, mandible; g, maxillule;
h, maxilla; i, first maxilliped; j, second maxilliped; k, abdomen in dorsal

view. Scales indicate 0.1 mm.
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Coxopodite of first maxilliped (Fig. 4j) has
one plumose seta. Distal segments of endopods
of maxillipeds 1-2 (Fig. 4k) have six setae,
respectively. Exopods of first and second maxil-
lipeds bear severally eight natatory setae and
nine ones.
rudiments (Fig. 41) appear as' a small bud
behind of second maxilliped. A sixth abdominal
somite added (Fig. 4 m), somites 2-6 bear small
pleopod buds on ventral surface (Fig. 4 a). First
somite with two hairs on dorsum (Fig. 4 n). On

— a-b
c-

—

Third maxilliped and pereiopods.

inner surface of telson a small pair of plumose

setae added.

FOURTH ZOEA (FIGS. 5-6)
Measurments: Length of carapace, 0-98mm.
Length-of rostral spine, 1.05mm. Length:of
dorsal spine, 1.07mm. Length of lateral
spines, 0.14mm. Length of spinous process,
0.92mm. Length of antennal exopod, 0.03
mm. Proportion between the length of spin-
ous process and that of exopod, 30.6. Length
of abdominal somites, 1.4lmm. Length of

Fig. 4. Etisus laevimanus RANDALL. Third zoea. a, lateral view; b, dorsal view;
¢, lateral spine and postero-lateral margin of carapace; d, rostral spine; e,
antennule; f, antenna; g, mandible; h, maxillule; i, maxilla; j, first maxilliped;

k, second maxilliped;

1, third maxilliped and pereiopods rudiments;

m, ab-

domen in dorsal view; n, first to third abdominal somites in lateral view.

Scales indicate 0.1 mm.
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Fig. 5. Etisus laevimanus RANDALL. Fourth zoea.

a, lateral view; b, dorsal view; c, lateral spine
and postero-lateral margin of carace; d, rostral
spine; e, antennule; f, antenna; g, mandible;
h, maxillule; 1, maxilla; j, first maxilliped;
k, second maxilliped. Scales indicate 0.1 mm.

—Fig. 6. Etisus laevimanus RANDALL. Fourth
zoea. a, third maxilliped and pereiopods
rudiments; b, second to sixth abdominal
somites in ventral view; c¢, abdomen in
dorsal view. Scales indicate 0.1 mm.
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telson, 0.67mm.

Three long setae on postero-lateral edge of
carapace (Fig. 5¢). Two pointed lateral spines
project from rostrum (Fig. 5d). Three-segment-
ed antennule (Fig. 5e) bears three tiers of
aesthetes arranged as 1, 4, 3. Endopods of
antennule and antenna (Fig. 5f) have increased

in length, respectively. Incisor of mandible

— a-b
& h-j
c-d.f-g

Fig. 7. Etisus laevimanus RANDALL.

(Fig. 5g) has eight stout teeth and some small
teeth, molar with some teeth on outer edge.
Setations of basal and coxal endites of maxil-
lule (Fig. 5h) have increased to twelve and
ten, respectively. One seta on dorsal side of
coxal endite. Eleven or twelve setae project
from basal endite of maxilla (Fig. 5i), coxal
endite has nine or ten setae. Scaphognathite

Megalopa. a, lateral view; b, dorsal view;

¢, antennule; d, antenna; e, mandible; f, maxillule; g, maxilla; h-1, left first

maxilliped; h-2, epipodite of right first maxilliped;

i, second maxilliped;

j, third maxilliped. Scales indicate 0.1 mm.
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fringed with 24 or 26 plumose marginal hairs.
Exopods of first and second maxillipeds (Figs.
5 j-k) have ten and eleven natatory setae, res-
pectively.

Third maxilliped consisting of three parts
and segmented pereiopods (Fig. 6 a) now project
below the border of carapace. Endopods of
pleopods on somites 2-5 appear as a small bud
(Fig. 6b).
hairs on the dorsum (Fig. 6¢). Telson bears
two short setae at median dorsum, a ninth

First abdominal somite; three long

plumose seta added to inner surface.
MEGALOPA (FIGS. 7-9)

Measurments: Length of carapace, 1.40mm.

Width of carapace, 0.98mm. Length of ab-

dominal somites, 1.02mm. Length of telson,

0. lmm.

Rostrum terminates in a blunt median process
deflecting downward and two stout pointed
lateral spines which are shorter than the median
process (Figs. 7a-b). Carapace fringed with
numerous setae. Antennule (Fig. 7 ¢) composed
of a peduncle and two flagella. Unsegmented
flagellum bears three terminal and one sub-
terminal setae. Aesthetes on five-segmented
flagellum arranged in three tiers of 6, 6,4, and
terminal segment also has two setae. Antenna
(Fig. 7d); eleven segmented, the arrangement
of setae from proximal to distal segment is 3,

Fig. 8. Etisuslaevimanus RANDALL. Megalopa.
a, chela; b-e, second to fifth pereiopods;
f, podobranchiae; g, telson in dorsal view.
Scales indicate 0.1 mm.

2,2,0,0,2 0r 3,0,4,0,4, and 4. Mandible
(Fig. 7€) bears a three-segmented palp with
eight or nine stiff setae on terminal segment.
Maxillule (Fig. 7f) has three setae on distal
segment of endopod and two setae on proximal
segment. Basal endite has twenty-four or
twenty-five setae and coxal endite has seven-
teen setae. Two setae project from dorsal side
of basal endite. Endopod of maxilla (Fig.7 g)
bears one subterminal seta and four dorsal
setae. Bifurcated basal endite has seven and
six setae on each lobe, coxal endite bears a totel
of seventeen setae. Scaphognathite {fringed
with 47 or 48 plumose hairs.

Epipodite of first maxilliped (Fig. 7 h) has seven
soft hairs probably with a variation in number.
Broad endopod has three spines at distal end.
Nineteen or twenty setae on basipodite and
coxopodite bears eleven setae. Two plumose
and five terminal hairs found on exopodite.
Endopod of second maxilliped (Fig. 71), four-
segmented with setae arranged as 3, 1, 6, and
8 or 9. Second maxilliped has three-segmented
exopodite with five terminal hairs and two
minute setae, and undeveloped epipodite with

one plumose seta. Endopodite of third maxil-

Fig. 9. Etisus laevimanus RANDALL. Megalopa.
a-e, pleopods on somites 2-6. Scale in-
dicates 0.1 mm.
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liped (Fig. 7j); five-segmented with numerous
setae. Epipodite well-developed with 16 soft
hairs. Exopodite has seven terminal setae and
one subterminal seta on distal segment.

All pereiopods well provided with short setae
(Figs. 8a-e). A prominent hook, curving pos-
teriorly, located on basi-ishiopodite of chela
(Fig. 8a). Dactylopods of pereiopods 2-5,
armed with a few spinules, respectively, and
two conspicuous hairs on dactylopod of fifth
pereiopod. Abdomen consists of six somites
plus a telson (Figs. 7 a-b). Pleopods on somites
2-6 with a setation of 18, 19, 17 or 16, 15 or
14, and 11, respectively (Figs. 9a-e). Pleopods
of somites 2-5 have endopod bearing two short
terminal setae. Three plumose setae exist on
posterior margin of telson (Fig. 8 g) and six
setae on dorsal margin. A minute process
projects from each posterior angle of telson.

4. Remarks

Under laboratory conditions there are four
zoeal stages and one megalopa stage in the
development of Etisus laevimanus.

As for identification of the zoea larvae of the
Xanthidae, AIKAWA (1929, 33) and GURNEY
(1942) proposed some characteristic features as
shown below:

Table 1.
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1. presence or absence of the carapacial

spines,

2. the second antenna,

3. setae formula on the endopod of the

maxillae and maxillipeds,

4. the telson.

In the present paper the abdominal features are
adopted for the morphological diagnoses added to
the above-mentioned characteristics. Therefore,
the author considers to discuss the diagnostic
characters for the first zoea of the discribed
species as based on the above-proposed features.
This zoea conforms exactly to Lebour’s definition
of the xanthid The four chlorodid
species, Pilodius spinipes, Chlorodiella nigra,
Cymo melanodactylus, and E. laevimanus, are
in the
setae formula on the endopod of the maxillule
and the second maxilliped, and abdomen. But
the first zoea of E. laevimanus differs from
those of the other chlorodid species in detail
(Table 1). The first zoea of this species is
recognizable from that of P. spinipes by having
a smooth dorsal spine, from that of C. nigra
by setae formula on the endopod of the maxilla
and first maxilliped, and from that of C.
melanodactylus by the values of the proportion
between the length of spinous process and that

larva.

similar with one another antenna,

Comparison of chief characters in the first zoeae of Pilodius spinipes,

Chlorodiella nigra, Cymo melanodactylus, and Etisus laevimanus.

CHARACTERS ™ ———————SPECIES Pilodius spinipes

CARAPACE

Postero-lateral edge
Rostral spine
Dorsal spine
ANTENNA
Spinules on protopod
No. of terminal setae on exopod
Values of the proportion between the length
of spinous process and that of exopod
MAXILLULE
Setae formula on endopod
MAXILLA
No. of setae on endopod
FIRST MAXILLIPEDE
Setae formula on endopod
SECOND MAXILLIPEDE
Setae formula on endopod
ABDOMEN
Lateral knobs on
Postero-lateral spines on
No. of inmer setae on telson

Outer spines on telson-fork

smooth
a few denticles

a few denticles

present
2

15.0 (from fig.)

1:6

2nd and 3rd
3rd - 5th
3 pairs
1 dorsal, 2 lateral

REFERENCE

Gurney, 1938

Chlorodiella nigra Cyma Etisus I
smooth smooth smooth smooth or spinules
a few denticles smooth denticulate at end 3 spinules
smooth smooth smooth smooth or granules
present present present present
2 2 3 2
15,0 (from fig.) 15.0 (from fig.) 7.7 (from fig.) 16.6
1:6 1:6 1:6 1:6
R 2;2 3;2-3 3;2-3
— 0: —_— 3:2:1:2:5
—_— 2 1:1:6 1:1:5
2nd and 3rd 2nd and 3rd 2nd and 3rd 2nd and 3rd
3rd - 5th 2nd - 5th 3rd - 5th 3rd - 5th
3 pairs 3 pairs 3 pairs 3 pairs
1 dorsal, 2 lateral 1 dorsal, 2 lateral 1 dorsal, 2 lateral| 1l dorsal, 2 lateral
Gurney, 1938 Gohar § Al-Khaly, 1957 Gurney, 1938 Present work
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Table 2.
nigra and Etisus laevimanus

Comparison of chief characters in the megalopae of Chlorodiella

CHARACTERS SPECIES Chlorodiella nigra Etisus laevimanus
Spines on the rostrum only median spine a median and two lateral spines
ANTENNULE

inner flagellum 5-segmented with 8 setae 5-segmented with 18 setae

outer flagellum unsegmented with 4 setae unsegmented with 4 setae
ANTENNA

Number of segments 11

Hairs formula | = =i-i-iei- 1-:1-16 3:2:2:0:0:2 or 3:0:4:0:4:4
MANDIBLUR PALP

Number of segments 3

Setae formula 0:0:3 0:0:8 or S
SECOND MAXILLIPEDE

Setae formula on endopod 0:0: a few 3:1:6:8 or 9
Number of setae on pleopods

second 8 18

third 8 19

fourth 8 16 or 17

fifth 6 14 or 15
Number of setae on uropod uropod, absent 1:10
TELSON

Form roundish rectangular

Number of plumose setae

on the posterior margin 10 3
REFERENCE Gohar & Al-Kholy, 1957 Present work

of the exopod.

The megalopa of E. laevimanus has a rostrum
which discriminates it from that of C. nmigra
{Table 2), although those of Xantho incisus,
Leptodius exaratus, Cycloxanthops novemden-
tata, Panopeus herbstii, and Lophopanopeus
bellus diegensis are alike in rostrum. All other
megalopae described to date have only one
median spine or lack it on the rostrum. The
megalopa of this species differs from that of C.
nigra by the number of the antennal segments
and its hair formula, although those of the
reported xanthid species, except for Eurypano-
peus depressus, Ozius truncatus, and Heterozius
rotundifrons, are similar by lacking hairs on
the segments 3, 5, 7, and 8 from distal to proxi-
mal. The presence of the uropod distinguishes
the megalopae of this species and all other xanthid

frons.

species from those of C. nigra and H. rotundi-
The pleopods of abdominal somites 2-5,
in the Xanthidae, generally have endopods with
two or three small hook-like hairs on the distal.
The megalopa of this species is still more differ-
entiated from that of C. nigra by the form of
telson, especially having a minute process on
each posterior angle, and the number of plumose
hairs on the posterior margin, and the majority
of megalopae of other xanthid species bear
three plumose hairs as this species.
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A Geophysical Consideration of the Water in
the Ushigomebori Moat

On the Transversal Seiche Motion Induced by the
Nemuro-Hanto-Oki Earthquake on June 17, 1973*

Nobuo MORITANT** and Tomosaburo ABE***

Abstract: The authors observed a remarkable oscillatory motion of the water level in the
Ushigomebori Moat induced by the Nemuro-Hanto-Oki Earthquake (the earthquake occurred
off the Nemuro Peninsula, Hokkaido, Japan) on June 17, 1973. Its bi-amplitude is grown up
rapidly and reaches 4.28 cm after about 100 seconds. They discussed on the data of the
water level and the seismic record based on the one dimensional linear model. The observed
results are able to be favorably explained theoretically assuming that the oscillatory motion
~is induced by the selected resonance with the seismic disturbances.

" The amplitude of the transversal seiche motion, induced by the earthquake, decreases
gradually accompanying with beat oscillations. With analyzing the data of the damping
seiche, the authors estimated the frictional coefficient as e=0.00102'sec™" and- the intensity of
the resonance as 4=140.3 when the frequency of the external force coincides with that of

transversal mononodal seiche. It is estimated that the selected resonance may be easily
induced by the seismical disturbances to the transversal direction of the moat.

1. Introduction

The Ushigomebori Moeat, which is one of the
Endo Castle, is roughly rectangular basin with
the dimension of approximately 610x60x1.0 m.
In the moat, observations on seiche have been
made since September 1969. On June 17, 1973,
the remarkable seiche motion, induced by the
Nemuro-Hanto-Oki Earthquake, is observed. T.
SUZUKI reported on the seiche in the Tokyo
Bay caused by the great earthquake of September
1, 1923 (Suzuxki, 1935) and also reported on the
seiche in the Lake Ashinoko due to the Kitaizu
Earthquake, 1930 (SuzUKi1, 1936). He obtained
the reasonable results with the assumption that
these motions are induced by the vertical dis-
placement of the land crusts. On the other
hand, the seiche observed in the moat seems
to be the resonated seiche induced by the hori-
zontal vibration of the land crust. In this paper,

* Received September 8, 1978
** Tokyo Center, Japan Weather Association,
Chiyoda-ku, Tokyo, 101 Japan
*** Faculty of Science, Science University of Tokyo,
Shinjuku-ku, Tokyo, 162 Japan

they intend to make a short qualitative con-
sideration on the resonated transversal seiche
motion under a few reasonable assumptions.

2. Observed results

The Ushigomebori Moat has been divided into
two parts of A and B by the iron-wall sector
for the sake of subway constructions during
the term from October 1971 to August 1973,
as shown in Fig. 1. The area A is the ob-
served field and the water level meter (MORI-
TANI and ABE, 1977) has been equipped at the
site P.  The period of the transversal mononodal

i
A

Fig. 1. Shape of the Ushigomebori Moat.
The moat is divided into two parts of the area
A and B by the wall sector. A’ is the sectional
area of A and P is the site where water level
meter equipped, and the lower figure shows the
cross section of the moat.

(18)
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seiche motion is shown in Table 1. Since
the moat makes such a elongated shape, it is
estimated that the transversal seiches may be
the sectional area of A’. In
the area A’, width is relatively wider and
its depth is deeper than the other. In Table
1, L is the mean width, % is the mean depth
and 7" is the period of the transversal seiche
motion both in the area A and in the sec-
tional area A’. Unfortunately, the absolute
depth of the moat in those days is unknown,
so that the estimated depths are listed with
deviation of +20 cm. It is seen that the former
period is little smaller than the latter.

The record of the water level is
in Fig. 2. The

seems

generated in

shown
irregular variation of the
to be generated by the
over the moat during 12h00m

Taking attention to the record
in the time interval from 12h59m to 13h
40 m, the regular oscillation sets in motion
at 12h59m and two minutes later its bi-
amplitude reaches of
4.28 cm, and then it is gradually damped with

water level
wind stress
to 12h59 m.

its maximum value

Table 1. The period of the transversal mononodal
seiche in the area A and A’
The period is calculated by the Merians’ Formula.

Area L(m) Alecm) dhlem) T=+d4T(sec) stds(sec™)
+2.1 —0.024

A 37.7 119.7 =+20.0 22.0_1 6 0. 285+0 023

’ +2.0 —0.037

A7 27.4 101.2 =+20.0 17.4 15 0. 361__0 034

189
the beat oscillation. Though the original record
of Fig. 2 is exact one,
detect the oscillations caused by the earthquake
from the regular oscillation.

it is hard to clearly

So we enlarged
the time scale of the record by ten times with
magnifying the record as shown in Fig. 3.
The origin of the time scale is adjusted so as
to coincide with the starting time of the oscil-
The mean period of the oscil-
lation is 22.0 sec and the mean period of the
beat oscillation becomes 198 sec during the time
t=0 to t=2178sec in Fig. 3. It is
able that the former period nearly equals to the
transversal seiche as seen in Table 1. Accord-
ing to the weather map of Fig. 4, on June 17,
1973 the travelling anticyclone,

latory motion.

notice-

which crossed

(June 17,1973 )
T

cm

Elevation |

Ane b
1 1 1 L 1
12:00 13:00 14:00
Time | hour
Fig. 2. Fluctuation of the water level recorded

by the portable long-period wave recorder at
the site P. The upper record is observed
during the time interval from 11 h55m to 14h
50m. We can see that the water level makes
regular oscillation from about 13h and its
amplitude is gradually damped accompanying
with beat.

(Jun.17,1973.13:00~14:40)
7

;'.,\/;\/'Mf\ﬂu/'\MM,_M\AMM’\W\’\WAA.AAMMAMAAAM sl /\/\A/\A/\/\/\
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Fig. 3. Picture of the record of the .water level,

\\l"/’l

«— 198 sec —>

I i 1 ~
90 99 108

Wave Number -

time scale

being magnified by ten times.
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EH RS E TR

17 8158

The weather map at 15h JST on June
17, 1973 (from the Daily Weather Map of Japan
Weather Association).

Fig. 4.

the Mainland of Japan on the preceeding day,
covers widely on the ocean off the eastward of
Japan. It was relatively calm weather in Tokyo
Districts, so it is hard to consider that the
meteorological disturbances generate such a
regular oscillations. In the Ushigomebori Moat,
the amplitude of the longitudinal mononodal
seiche, which is generated by the wind stress,
is less than 1cm for the wind speed of about
5 m/sec at the height about 2 m above the moat
surface (MORITANI and ABE, 1973). Therefore,
it is found that the regular oscillation of the
water level may be generated by the Nemuro-
Hanto-Oki Earthquake which occurred on the
same day. The detailed informations on the
earthquake are shown in the paper of Tech.
Rep. of J.M.A. (1974). According to the paper,
the earthquake parameters are as follows.

Origin time: 12h55m 01.840.5s, June 17,
1973 (JST)

Epicenter: 145°57"E+37, 42°58’'N+1’

Depth: 40 km

Magnitude: 7.4
The epicenter was located about 40 km south-
east of the Nemuro Peninsula, Hokkaido. In
Fig. 5, the areas where the people felt the

1
138 42 146

Fig. 5. Distribution of the seismic intensity
(after the Tech. Rep. of J.M.A., 1974)

main shock are shown. In the Kanto Districts,
the seismic intensity is the grade III and the
epicenter is located about 750 km northeast of
Tokyo. So that it is estimated that the land
crust around the Ushigomebori Moat may be
uniformly vibrated horizontally. The seismic
record in Tokyo (139°45.5’E, 35°41.2’N) is
shown in Fig. 6 and Fig.7. The former
recorder is strong motion seismograph (magnifi-
cation: 1) and the latter is electromagnetic
seismograph with visible recorder (magnification:
10), and the magnification of the both recorder
for the wvariable period is shown in Fig. 8.
As seen in the figures, the seismic disturbances
are rapidly amplified and reached its maximum
about two minutes later, and then it is gradually
It is seen that the hori-
zontal component is amplified much larger than
the vertical one. It is noticeable that the pre-
dominant period during the time interval from
12h59m to 13h 0l m seems to be about twenty
seconds which are nearly equal to the period of
the mononodal transversal seiche in the moat,
and after this time the predominant period be-
comes smaller.

From the records on the water level and the
seismic disturbances, it is estimated that the
regular oscillations of the water level in the
moat are considered as the transversal seiche

decreased with time.

motion induced by the co-oscillation with the

(20)



A Geophysical Consideration of the Water in the Ushigomebori Moat 191

(June 17,1973 ; Tokyo)

12:56 13.00 13:05

—_——
T
R

== =
== = =

AESCRa = S =

—
Sy

7 vgm'u.—_-

s L N 1 " L
WEST

L
COWN

Fig. 6. Seismic record of the Nemuro-Hanto-Oki Earthquake on June 17, 1973 in Tokyo.
The record is observed by the strong motion seismograph (magnification; 1).

(June 17,1573: TOKYO)
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Fig. 7. Seismic record of the Nemuro-Hanto-Oki Earthquake on June 17, 1973 in Tokyo.
The record is observed by the electromagnetic seismograph with visible recorder
(magnification; 10).
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Fig. 8. Magnification of the seismograph at
Tokyo. Upper curve (J) is the magnification
of the electromagnetic seismograph with visible
recorder (magnification; 10) and the lower
curve (S) is that of the strong motion seismo-
graph (magnification; 1). In the curve, H and
V mean the horizontal and the vertical com-
ponent, respectively (after the Seismological
Bulletin of J. M. A., 1973).

seismic disturbances and the generated seiches
are damped gradually with the beat oscillation.
Let us study below on the seiche motion induced
by the seismic disturbances assuming the one
dimensional linear model.

3. Basic equation

For the sake of simplicity, we regard the
Ushigomebori Moat as a rectangular basin of
uniform depth % and length L, as shown in
Fig. 9. In the basin, take the origin of the
coordinate at one of its edges, the x-axis in the
direction of the length, the z-axis and the surface
elevation {(x,t) both positive upward. The
motion of the fluid is assumed to take place
only in the x-z plane and the frictional force
Fy{(z,t) per unit mass of water is proportional to
the mean velocity of water, so that

z
A
q(t)
<«
/ z=z §(x,t) N
2= 0] N > x
/ TT—=_N
/ =N
/ N
/1 N\
/

L1V W W W W i i N N
x:0 x:L

Fig. 9. A cross section of the rectangular basin.

Fyz, )= —2pea(z, t) (1

where ¢ indicates the frictional coefficient or
the damping ccefficient, p density of water and

>

a(x, t):%g:hu(:c: z,t)dz.

Now we discuss on the mononodal seiche
motion induced by the seismical horizontal
disturbances. We consider the uniform dis-
placement ¢(¢) to the x or z direction. In this
case, the equation of motion and the equation
of continuity are given by

28D G HBD 0
! +2ei(z, )=0 (2)

ox ot

where §(¢) is the inertia force working on the
water mass. Seek expressions for {(z,¢) and #
(z, t) as functions of & and ¢ which will satisfy the
conditions of @#0,#)=0 and #(L,#)=0. To give
the mononodal oscillations, we try the expression

iz, t)=y() sin zz/L . (4)
On substituting this into the equation (3),

08
ot

T
——hy(#) costx/L ,
L
integration of this equation gives

Uz, t):——lrLﬁY(t) coswx/L, (5)

22)
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where Y@= St'y(t) dt.

On substituting (4) and (5) into (2),
(Y(O)+2eY () +s2 Y@} sinwx/L—§()=0, (6)

: where s2=gh/4L%.
Multipling sin #X/L on both sides of the equa-
tion (6), and integrating 0 to L with respect to
X, so that we obtain

V) + 267 (D) + 2 Y(t)—jéij(t)zo LD

In the special case, we consider the following
displacement ¢(z)

q(#)=qo sin (o2+ o) (8)

where qo, 0 and ¢o are the amplitude, frequency
and phase angle of the seismic disturbances,
respectively. In such a case, the differential
equation (7) is written by

V(O +2eY ()42 Y@ =Fysin (6t+¢0), (9)
where Fo=-— iqoo2 .
T

So the general solution of the equation (9) be-
comes

Y(£)=Ae* sin (7t+¢)+ N sin (gt+¢o+90) (10)
where 72=s?—¢? and ¢ means phase angle.

On substituting into (9), constants N and 0 are

given as
- T LT
V= e=erreayr P
tan 5:?22% . (12)

From the following initial condition

Uz, =0 or Y(0)=0,

we can decide the constant A as

_ sinlpotd)
sing

A= (13)
On integrating both sides of the eguation (9) with
respect to ¢ from 0 to 7, and letting 7 tend to
zero, so we obtain the following equation

lim Y(T):% cOos Qo . 14

70

Differentiating both sides of the equation (10)
with # and equating ¢ to zero, we obtain

; Y(O)Z&A sing. 15
Therefore from the equations (14) and (15),
F
-U—Ocos @o=cA sinp—7rAcos¢
— 0N cos (go+0) 16)

From the equations (13) and (16), A and ¢ are
given as

N .
A=— ‘7-\/72 sin®(go+0)+ <o cos (go+0)

. 5 Fo 2
—e sin (po+0)— N cos @o an
tan @ = 7 sin (got-0) a .
g cos (@o+0)+¢ sin (<p0+6)+?%cosgoo

18

Therefore, from the equations (11), (12), (17)
and (18) the constants in the equation (10) are
determined.

In general, ¢ is satisfactorily smaller than s,
so 7 nearly equals to s. In the special case of
resonance, o approaches to s so that A and’g
become

lim A=N, and lim ¢=g@¢+97 ,

g8 g8

where N=F,/2¢0 and 0= +7/2.

So that the equation (10) becomes
Y= — —g—;—(e‘“—l) sin (ot +¢) . (19)

Therefore, on substituting (5), elevation {z(x, 2)
becomes

_ 2sh

Crlx, )= quo (e=¢t—1) sin (ot +¢) cos tx/L.

(20)

4. Discussions
Now let us discuss.on the data of the water

23)
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level and the seismic record based on one
dimensional linear model, assuming that the
oscillatory motion of the water level is the
resonated seiche motion induced by the selected
resonance with the seismic disturbances of the
Nemuro-Hanto-Oki Earthquake. And also we
assume that the generated seiche decreases its
amplitude with time as a damping seiche.
(1) Damping seiche accompanying with beat
oscillations

Beat oscillations are given by the combination
of the two kinds of wave of the slightly different
frequency. Now we combine the two kinds of
damping seiche (i(#) and {o(z) as follows

L=+ @n
where {i(f)=ae ¢ cos siz and {a(2)
= —ae * cos s:(2).

Then .(z) becomes

{()=2a e " sin Ast sin st 22)

where 4ds=(s1—s2)/2 and s=(s1+s2)/2 . (23)

The above equation (22) shows the damping

seiche of the frequency s, and its amplitude

oscillates with the much smaller frequency of
of 24s. The wave height of the oscillation is
given by the following equation

H(t)=2ae st sin Asty+2ae b2 sin Asti  (24)
where #s1=4i4-Dr/2s, tie==4i+3)n/2s

and #;=(tu+1:2)/2=2i+Dn/s
(:=1,2,3,...,K for the i-th wave).
In our case 1/e and 2z/4ds are much larger

than the value of (#;1—#:2), so that the above
equation is approximated by

H(t)=Ho, e'”ilsin Ast;)
(=1,2,3,...,K for ith wave) (25)
where Hoy=2a.

Therefore the maximum bi-amplitude in each
beat wave becomes

H(t,)=Hpeoin

(n=1,2,3,...,N for n-th beat wave) (26)

where t,=2n+ )n/24s.

On the other hand, H(z,) is given by the record
on the damping seiche accompanying with beat
oscillation from the following equation

H(tn)= ]\/Imz H{tnim)
(n=1,2,3,...,N and m=1,2,3,..., M

for the n-th beat wave) @n
where ty . m=0Qn+ Dr/24s+2m+1zx/s.

Consequently the damping coefficient & and the
initial wave height H, are determined by the
record on the damping seiche accompanying
with the beat waves using the equations (26)
and (27).

From the record on the water level of
Fig. 3 during the time interval £r=0~2178 sec,
the mean frequency of the oscillations and
mean frequency of the beat wave are

5=0.286 sec™! and 245=0.0317 sec™!,
or the mean period becomes
T=220sec and T,=198 sec.

Therefore the frequency of the two kinds of
wave becomes from the equation (23)

51=0.270 sec™* and s2=0.302 sec™!,
or the period becomes
=23.2sec and T2=20.8 sec.

‘We consider that the larger period may be the
transversal seiche in the area A and the shorter
one may be that in the sectional area A’ in
Fig. 1. With the least square method, the
calculated values of € and H, are obtained as

Hy=36.8mm and £=0.00102 sec™!
(for =198~ 1782 sec) .

Then the variation of the seiches’ amplitude
with time is given by the equation (25),

~0.00102t; | gipy 2T
H(t;)=36.8¢ sin 198 lz]
so that
In H(#;)=—0.00102¢;+1In s1nT9—8tz +3.91.
(28

c24)
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Number of Wave (i)

Fig. 10. Damping seiche accompanying with beat
oscillations. In the figure, the observational
data are shown with the open and solid circles
and the theoretical curve is shown with the
solid line.

Table 2. Intensity of resonance for the longi-
tudinal and transversal seiche motion in the
Ushigomebori Moat.

T (sec) s(sec™) e(sec™) A(fore=1)

angltudmz}l 400
seiche motion

0.0157  0.000915 8.55

Transversal

seiche motion 220 0.286

0.00102 140. 3

In Fig. 10, the calculated curve of the equa-
tion (28) is shown with the solid line and
the observed amplitude for the each wave is
shown with the solid circle. The maximum
amplitude for each beat wave, calculated by the
equation (26), is also shown with the open
circle. The calculated curve almost agrees
with the observational amplitude.
(2) Intensity of resonance

Intensity of resqnance is defined as the
following equation

A=N/& . (29)

In the equation, N is given by the equation
(11). Tt is defined as the amplitude of the co-
oscillated motion in the steady state. And the
£y is the statistical elevation induced by the
constant external force Fo. It is given as the
special solution of the differential equation (9),

as follows
Eo=Fo/s? . 30)

Therefore the intensity of resonance becomes

1
; Alet)s ot
00 {1 - @4 47

T

T
A NE |

f=0.00713
for the transversal seiche)

<«

L1133yl

Intensity of Resonance { A )
»

(for the longitudinal seichd

05

T T Ty

Lot 1A 2l

0.3 05 10 15

Relative Frequency (e )

Fig. 11. Intensity of resonance for the longi-
tudinal and the transversal mononodal seiche
motion.

A=1/ V{1 —e2)?+ %2 3D
where f=2:/s and e=0/s.

In the case of Ushigomebori Moat, the values
of s and ¢ are given by Table 2, for the trans-
versal and the longitudinal mononodal seiche,
respectively. In Fig. 11, the intensity of
resonance is shown for the relative frequency
e. It is shown that the very sharp resonance
is recognized for the transversal seiche, and the
elevation of the co-oscillated seiche is about 140
times larger than that induced by the constant
force Fy. Hence it is expected that the selected
resonance may be easily induced by the vibrating
external force to the transversal directions. On
the other hand, it is hard to take place the
resonance to the longitudinal directions because
of the weak intensity of resonance as shown in
Fig. 11.
(8) Resonated seiche induced by the seismic
disturbances

The elevation of the resonated seiche motion is

obtained from the equation (20), at the x=0m,

(25)
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Number of wave (i)

Fig. 12. Theoretical and observed amplitude of
the resonated seiche.
Ggo means the amplitude of the seismic dis-
turbances to the transversal direction whose
period coinsides with the period of the trans-
versal mononodal seiche.
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Fig. 13. Vector diagram of the seismic dis-

turbances ¢(#), which are obtained by the
Fourier analysis. In the figure, ¢: and gz are
given by the following equation ¢(¢)=g¢; sin
27t/22.0+ ¢z cos 27¢/22.0, and they are the
transversal component of the moat.

Cr(2)=18.3 goe 000192 —1)5in(0.286¢+ ¢o) . (32)

The extremum value of {z(¢) for the i-th wave
oscillation becomes

Cr(2:)=18.3 qo(e™0-00102t: 1)
where #;=(wi—go)/s .

BES))

In Fig. 12, the theoretical curves of the
equation (33) are indicated for each value of
q0=0.5, 1.0, 1.5, 2.0, 2.5 cm, with the solid lines.
The observed amplitudes are shown with the
solid circles. It is seen that the observed data
are almost between the theoretical curves of
q0o=0.5 and go=1.5cm. Hence it is estimated
that the observed oscillatory motion of the water
level may be induced by the seismic disturbances
to the transversal direction, with period of
22.0 sec and with mean amplitude being roughly
equal to 1cm.

Now we estimate the value of go by analyzing
the seismic record in Tokyo (Fig. 6.) On
taking the record of the both horizontal com-
ponents over the time interval of 12h59m to
13h04 m and dividing it into consecutive 22.0
seconds periods, we carry out the harmonic
analysis of the every 22.0 sec time series. Ob-
tained results are shown as the vector diagram
in Fig. 13. It is seen that the phase angle
exists between 202° and 295° and the amplitude
keeps relatively larger value in run number 2
to 5. On taking the mean value of go during the
run number 1 to 5, we obtain as go=0.705 cm.
Its mean value almost coincides with the esti-
mated value of go=~1cm. Consequently, it is
shown that the analyzed results of the seismic
record in Tokyo may be an effective support of
the idea of the selected resonance.

5. Concluding remarks
The authors observed the remarkable oscil-

latory motion of the water level in the moat
induced by the Nemuro-Hanto-Oki Earthquake
on June 17, 1973. They discussed on the data
of the water level and the seismic record basing
on the one dimensional linear model, and the
obtained results are as follows:

(1) The damping coefficient (or the frictional
coefficient) for the transversal seiche motion
of the moat is estimated as £=0.00102 sec™!,
using the data of the damping seiche ac-
companying with beat oscillations.

(2) Intensity of resonance for the transversal
seiche motion is calculated as 4=140.3. Itis

e=1
shown that the selected resonance may be
easily induced by the vibrating external force
to the transversal direction of the moat.
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(3) The observed oscillatory motion may be
induced by the co-oscillation with the seismic
disturbances to the transversal direction
whose period coincides with the transversal
seiches’ period and the amplitude is estimated
as go~1cm.
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Coral Reefs of Ikema-jima, Miyako Islands, Japan*

Hideo OHBA** and Yusho ARUGA**

Abstract: A preliminary survey was made concerning the distribution of corals at Tkema-
jima, Miyako Islands, during July and August 1974. Observations were carried out mainly
along six transects by skin diving and underwater photography. Fringing reefs with large
moats are developed along the northeast and the northwest coasts of Ikema-jima. Corals of
the genus Acropora, which among hermatypic coral genera is the most abundant in number
of species and is the most widely variable as to growth form, were classified into four growth
forms; tabular, encrusting, corymbose and branching. The tabular and encrusting forms of
Acropora dominated at wave-washed margins of the outer reef flats and upper reef slopes at
the exposed sites, while at the sheltered sites, in moats and on deeper reef slopes, the
branching forms of Acropora dominated. The living corymbose forms of Acropora and the
massive faviid species were sparse on the inner reef flats which are emersed infrequently.
In the frequently emersed areas, living corals were not found and barren zones developed.
In a discussion of the coral distribution in relation to the reef structure, four types of moats

and two types of outer reef slopes were distinguished in the coral reefs of Ikema-jima.
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WS (Fig. 1D oFMic 6 # 77 transect A 3%
BL, AFVEA YV IR L - CEE HE & &
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R (corymbose type), P& « g2yt (tabular
and encrusting type) 5T TEUD - 720

D wufl S o i P2 i B

WEE (Fig. D 134FiEE 7Tkm o/ NETH
b, BIEALPLCTE N oL L 24
DY —7 (reel) NBCEAWHEL LS5 TRELT
Wb, 2D220Y —7 ORI, 1§ 400m, 7K
P 20~30m 3 EDOREDAENEET S, Th
FRDY =7 « 75 5 b (reef flat) 11 X < FeFL
7orEM (moat) #¥%, “HEIERE” oA
SFE S QLE, 1975'7), Bodb~bHREix
mS 10m FIROEREEPER SR THE DI
LT, LY ~ 74k RlE R e %
L, KETHBAE 20~30m {7 TRl

R CTwh, B Iblb Y — 7 Tl 23 i
M2 o TREFLTRD, ISRELEH- &

% (spur-groove system) ZFEREL T\ 5,

Map of Tkema-jima showing locations of Transects 1 to 6 and Stations a to p.

BB U CRES T REL LY — 7 1F
FEX$, EOWCHERE (fringing reef) 2R LR
LT THY, BEHLGROBEILE £ T
%o DL, UIRTHENCR CEAL The kK E
IO A ST, BEC OEOHREIEHD
LTHNTHE DBEN YK & L THr-> T b,
2)  TEREERE O oA

OB CHERTE-FE T 4 7 W EH (herma-
typic corals: reef corals) & JErEHIEH (aherma-
typic corals: non-reef corals) % Table 1 T3
3", Acroporidae CETH L DONHELE <, B
11 20 F T _F 7o IRAUT Favildae IWE 35 3 D
nEL, 8EEXAIL I, ks L Tl MAE O
AR CE I,

Transect 1 % X ¢ Stations a, b, ¢ [Fig. 2]

ZOHRE, WHWLEEYEL Tk D IE 200m
3 EDOHNEER (O~ ) &, BMHEEF (spur
and groove zone) X <FFEL HAE (O~
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Table 1.

List of hermatypic and ahermatypic corals found in Ikema-jima.

Pocilloporidae

1. Seriatopora angulata KLUNZINGER

2. S. hystrix DANA

3. Pocillopora damicornis (LINNAEUS)

4. P. verrucosa (ELLIS et SOLANDER)

5. Palauastrea ramosa YABE et SUGIYAMA (?)
Acroporidae

6. Acropora arbuscula (DANA)

7. A. conferta (QUELCH)

8. A. cymbiciathus (BROOK) (?)

9. A. danai (M. EDWARD et HAIME)
10.  A. digitifera (DANA)

11. A. echinata (DANA)

12. A. formosa (DANA)

13.  A. humilis (DANA)

14. A. pectinata (BROOK)

15. A. pyramidalis (KLUNZINGER) (?)
16. A. guelchi (BROOK)

17. A. smithi (BROOK) (?)

18. A. spicifera (DANA)

19. A. squarrosa (EHRENBERG)

20. A. surculosa (DANA)

21. A. tumida (VERRILL)

22. Montipora digitata (DANA) (?)

23. M. foliosa (PALLAS)

24. M. spumosa (LAMARCK)

25. M. sp.
Agariciidae

26. Pachyseris rugosa (LAMARCK) (?)

27. Pavona frondifera LAMARCK
Siderastreidae

28. Coscinastrea columna (DANA) (?)
Fungiidae

29. Fungia echinata (PALLAS)

30.. F. fungites (LINNAEUS)

31. F. scutaria LAMARCK
Poritidae

32. Porites atteniiata NEMENZO (?)

33. P. lobata DANA

34. P. lutea M. EDWARD et HAIME

35. P. tenuis VERRILL

36. Goniopora planulata EHRENBERG

37. G. sp.
Faviidae

38. Hydnophora exesa (PALLAS)

39. Favia speciosa (DANA)

40. Favites abdita (ELLIS et SOLANDER)

41. F. pentagona (ESPER)

42.  Goniastrea pectinata (EHRENBERG)

43. Platygyra lamellina (EHRENBERG)

44. P. rustica (DANA)

45.  Leptoria phyrygia (ELLIS et SOLANDER)
Oculinidae

46. Galaxea fascicularis (LINNAEUS) (?)
Mussidae

47.  Lobophyllia costata (DANA)

48. L. robusta YABE et SUGIYAMA (?)

49. Symphyllia recta (DANA)
Caryophylliidae

50. Euphyllia fimbriata (SPENGLER)
Dendrophylliidae

51. Tubastrea aurea (QUOY et GAIMARD)
Milleporidae

52. Millepora platyphylla HEMPRICII et

EHRENBERG

53. M. temera BOSCHMA
Melithaeidae

54. Melithaea ocracea (LINNAEUS)

@) »hied, HHEDAMCE/NE ol (@
) b Y, HR Acropora D/INEENREL T
Wb

A (@) TREATERCTHT 55HEST
HY, AMNEE (nner reef flat) T HRIK
Acropora surculosa, A. digitifera 2/NIRD
Favia speciosa, Platygyra lamellina 7z ¥ D3ER 5H
CHEBL TS, AIFEERE (outer reef flat) 12
WAL - THIEOMEL M T % & L
Z, RERIRD Acropora humilis, A. pyramidalis,
A. smithi, H B IR © Acropora pectinata, A.
surculosa 7t EPNHEBE LIRS 5, S BEONFE T
BN 100% e b, BEECEET 5

Acropora g U - T Pocillopora wverrucosa @
NS HBIE SEEL Toie, oo
% (@~0® WO BT oEEmT, RO
Porites attenuata <2 Millepora tenera, 3 b §KIR
@ Pachyseris rugosa AR BT,

AFEHRE (@O~® W) Tk, AENBEDE
TR (spur) CBATT B & 2 A L, ArEE T
£ % RHE (groove) (D) & X o THHE L IR
—EYEI SN TWbE2503b 5%, BHEAKE
BIFEAY 7o LSRR ] TRERI L, KE20m
RO L 2 ATRAHD D VT~ 2B 177
%o BUMETORHIIFECE <, 1 100~150 m
BED D, M EREOEHEIMO R 100 % i<
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Fig. 2. Horizontal distribution of corals (A) and schematic representation of the vertical

profile (B) along Transect 1.

(A)

Explanation of the symbols used are shown below.

(B)

i : Seriatopora % : Pocillopora verrucosa
X : Pocillopora verrucosa 1&’,1 : Palauastrea ramosa
T : Acropora (Tabular and encrusting type) T : Acropora (Tabular and encrusting type)
QO : Acropora (Corymbose type) 4 : Acropora (Corymbose type)
VY & Acropora (Branching type) ¥ : Acropora (Branching type)
W : Montipora & : Montipora
& : Fungia @@ : Fungia
A : Porites attenuata Y : Porites attenuata
® : Porites lobata and P. lutea : Porites lobata and P. lutea
©® : Porites tenuis : Porites tenuis
& : Goniopora L Goniopora
® : Faviidae & : Faviidae
4) : Galaxea fascicularis @ : Euphyllia fimbriata
o : Mussidae X% : Millepora tenera
& : Euphyllia fimbriata R : Melithaea ocracea
< : Millepora tenera A : Sinularia flexibilis
\‘f, : Melithaea ocracea
M : Sinularia flexibilis i Thalassia hemprichii
AAA ¢ gravel s sand
XXxX: dead coral Xxxx: gravel

ssee: boulder

———: Tock
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FL, AFERCEWAE1~bm o&EF (BH#) T
1%, MERD Acropora pectinata, A. surculosa,
A. tumida, F IR D Acropora humilis, A.
pyramidalis 7s EXMEE L TEHEL TWiz, o
L oEERBRENCE U » C Pocillopora verrucosa =2
Faviidae g3 % /NIRFEA B B\ 3 Acropora
cymbiciathus, A. smithi, A. danai, A. quelchi
e LS BENTIDILVHDML Todes I HICK
BRI L 7ops » THARD Acropora DEE D
L, K& 10~20m fFJT i 8 R o Acropora
Jormosa, A. arbuscula o EPEEEL TWAHE D
HhRbN, LM LEZDEE, §HED Acro-
pora = Pocilloporidae, Poritidae, Faviidae IZJ&
THLDIRENEEL TV

B o RT3 7o b E L - #E T,
KRGO CEEIMAD N BT 5,
RIFTE O TE (EE 60° LI oEE T,
FIKE GrEE) R L oo FEeREEC X »
THEINTHD L HNREL, BEND Im £
AETORTEHTEE SEFEMBOEEL Rbh
e otz HIFmEOH~TE T, Acropora %
Ful & U C Montipora, Seriatopora, Faviidae 7t
ENbIcHBERZERL T, UL, ik
eI TH a i (Fig. 2A) THER 2m #ik
DM EIR Acropora conferta (M AG3 HEHED 50
BREEIEHED A, o #Hi (Fig. 2A) T ik
Acropora & EINCEEL TWBHEZALRED
nice 7oR, BHELITL CW5BERELL S
W BEE N B 720, B E o5 EHEME A<
BONIWIZEL o7,

Transect 2 35 J (¢ Stations d, e, f [Fig. 3]
Z o) — 7 HEiE 300m, KE 0~10m
13 EDHBRTIR & o d # ., APERATEIC
Tr. 1 20 e Lo IEEEH 1 REL T 5,
Fio, WEKILES 10~15m 12X DEENER
ENTRY, RELBEIRELNIR,
BEim D <& HE S (O ) ik Acropora
Sformosa, A. arbuscula, A. echinata 75 ¥ OIR
Acropora A 5 LU - BE#HAL D, £z

Acropora squarrosa, A. surculosa, Montipora

% H16% H45 (1978); BHILMENERLHE

foliosa, M. spumosa, Seriatopora hystriz, S.
angulata, Porites attenuata, Goniopora planu-
lata, Fungiidae % Favildae 0BT 53D L%
COREOMBANEEL T, ZoMiT b &M
Doy Acropora pectinata, Pocillopora
damicornis, Coscinastrea columna, Mussidae 1
BT5b0, ILIEBOMETERWEENE S
SHELTED, TOMBEEEETH -7

E IR < FEMIIOKEE S5~6m L ORE
D, Ko coral knoll 2AHAL Tz (O F)o
knoll JH DM R ITEIR Acropora D/NEEDS
RIEL Tz, knoll ko> H#iMELY, bBaBL oA
WO FN UL TR D, knoll & 7 L=
YRS AT ETEIR D Porites lobata, P. lutea
DREHE, D WEKBREY E LR Palau-
strea ramosa OIRKERILE L HIEL Tz,
IRLOBEOKE STERE, RILbE2~4m
LIEHIC K E /b D Th -7, knoll # & IROFE
B & OBTHERTE T, IR mE (Acrogora,
Porites) WTIR{EL T Euphyllia fimbriata, Hyd-
nophora exesa, 5 Porites lobata, Fungiidae
CETHLDENIML T,

SRS < &, BEEAK E 2 1~2m
&% < e D BRI N T A IR R TR (@
~@H: T, Rtk EOMEIRES ERL
TV =7+ 755 "ABRIEN > TWBEDT, £
DA HEME LTS LT D) Lieh, 2D
R a0 D 2 L RC R T E
o Tiebhb, EaHHWIBEWEALYE LK
IRD Porites attenuata L FIRD Acropora for-
mosa 73, -3y FIREEEY LKL T2 EHE D
DOHEL (@) &, BiRD Acropora formosa %
FElk LT B Acropora TR (@ )
EDZDOTHb, BEHEBETCE L-T, @F T
1% Galaxea fascicularia, Pavona frondifera,
Montipora foliosa, M. spumosa, IR O M.
digitata, Fungia jfungites, F. scutaria, F.
echinata, Acropora squarrosa T & ps, F1-QiF
Tl Montipora foliosa,
Fungia spp. Te EXME L Tre,

HwpEe Tr. 1 Zadke L oA s (@F)D 1,

Porites atienuaia,
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Fig. 3. Horizontal distribution of corals (A) and schematic representation of
the vertical profile (B) along Transect 2. For the symbols, see Fig. 2.

Tr. 1wl ~HEE ML <, bR E» - T
P AE A 22 L A S RS 78 WOk B #
(barren zone) #JERLL T\ 5, AMRERE I
R R TEEC 3 C L BR%E & 2% 30%
DT EEWE 2 ARR LR, WEiME: Tr. 1
CIZIFEET T,

wer £ H (Fig. 3A) ok, A%EA 10m Pk
LB 2D, KR L 8 iR o Acropora
Sformosa, A. arbuscula 75 YR L, EEFIC
oo TEHEMAERL Tz LxL, BIE e
Hidi L HE7e b, knoll D¥HK D, knoll [

DB L WA T B DD, Millepora platyphylla,
Montipora spumosa, Montipora sp., Goniopora
sp. 7o EMLEHI L SEZIh, ok, BEAET
HECR Acropora © 80 % P EixEfit GEHO
LTkKD, ok kcid=y MROBEERRK
BENERL T

Transect 3 ¥ X ¢F Stations g, h, k [Fig. 1 8]
OB T, Tr.l = Tr. 2 © X 5 5247

| BIEATIcbleh o 1, BEEIROED Th %,
JER Y — 7 JefBiefirEd % Tr. 3 1%, wIHED Tr.
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4 LHERCERE L TR Y, HEEEIEEL Tr 4
k@'ﬂ;{bfh‘éo

IER Ts ik, KEEMN 0~10m & Tr. 4 1ol
NTEL, S HIEHREH, IS B T T
KGN 16~20m LBEL b, ML, Kk
Acropora OREAF B KA knoll <= B g (patch
reef) NI SFEE L T05, AR WERET

(A)

5 & BW16% Ham (1978); HILEREREAR

m,m%5mm%@@@LK&ﬁAm@muﬁﬁ
HELTBD, o880 Tr.4 Il A Tr.
2 @t FHRRERNL T, o iR
80% PLEWZIERKL eIl T,

g~h iRl DR AR NETEER, K8
TR AR o 7 » CF T %88 200 m ©
AEH (barren zone) XTER L TH Y, FEHEINH

MHW
4 o —MLW
™
st i
R '
) ]
10F ¢ H
H :
151- 1 a's ]
A - i '] A i A 'l A '
0 200 400 600 800 1000 m

Fig. 4. Horizontal distribution of corals (A) and schematic representation of

the vertical profile (B) along Transect 4.

For the symbols, see Fig. 2.
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WEETH D, AEHFOE RCEECHOL 72/
flothizit, £%o Ophiuroidea (7 & & b T;E)
AEER T, h & o AprrgshE ik Tr. 1,
Tr. 2 LR DGEHZETIALNT, LohL

ZAHRBEERENNEET BN, SEARLEA
21z KEE 30m D EDBELELAL TS, E
RE R XA &I Tk, METERERN

60~70% LKLz ARE,

k iLf'LTh%%)E’}_tZDZ)\/ I, EEL
ToE R 10~20 cm i3 & Ok & 7oA~ A R
ERUBIERTHERL T,

Transect 4 % X ¢ Stations i, j, | [Fig. 4]

Z OHBE T, EOEEEME 700~900m 2
T TR - TRD, EEEHRD B IE
Hith, DK EF 0~2m (—ETix 3m) &
%<, KE knoll Ho\WTBHEIZE A L EER
3, @R L7 Tr. 3 O & ke L Ricd
Bo Fio, HERI L OhDKE (IF 50~ 100
m, KE10~20m) T X » CTYH ST\ 5%, HE
EOITRARC 1L € —5 - vy 2 (beach rock)
BRELTED, ThickH < EERTowr e
Thalassia hemprichii (V = 7% o7 A H &) pIE
FL T\, ERE 10~20 cm @ T. hemprichii H»
B e b7 =& (seagrass bed) #3E 200~300 m
Cibles TUER SN, IHLIREDRCEIERE
BEONYREEENE S0m Bbhbic ) ERL T
Wizo THRAEOT <283, HE»DIEHL
T RIRD Porites tenuis, % H\ Y P. attenuata
DNFEEREIEL T B, 7 <28 bt
RER 1 ClL Acropora formosa, A. squarrosa,
A. pectinata, Porites lutea, Lobophyllia costata
T EPENCEELTCOWHREET, MHENE
BThoteo 7=ThlifksOMicizig 100~
150 m, K 3m DiXiE (@) 1A EETL
THETLEER DD, Z OQHIITEEP G
THOEBIIEARbR T, BHhCEETHERE
BN LIc B HOK & s WENEET S
FTholc, IkuthohREynbAEL s
KEDOADATE T T, BERY 72~
(soft coral) @ Sinularia flexibilis (7= v A b

A MEFLTED, BELTWLLEZALAD
iz,

SR A > THOKENEL 78 b, RO
Acropora formosa, A. arbuscula 75 ¥ )EEET
HELiwetns (@), L, Tr.2 &idfEnD
BRBITET L, Sy FREATLT
WhHEZHREG, TOTHIDRER | T &
30~50m istc - THARHMADIE 8 h A HERE L
B (@) 2BRL TS, NREREOAFER
i, MANCAEHSNRET L0, R AE
RTINS IR Acropora < Faviidae 128
T 5 b DRMEHECTOmL TV

AEIRER () AT - TOPHIEL
TEY, TR HERD Acropora pectinata,
A. surculosa, KARD A. digitifera, A. spicifera
RENBEA I L CHEL T, chbDES
BEIIR A L € Pocillopora verrucosa, Faviidae
BT 5% Off, Acropora humilis, A. pyra-
midalis, A. smithi, I EPNEBL Tl g,
SMURER B3RS ERR L R E RN S L, £
TR Acropora BEELTWAEBARS D, &
TEHREA D TR PP T H - 7o

ATEREMTE (@ %) i Tr. 3 L AR EE &
M ER IR OIS, SEFL OEENE AT
LZANREZ G, UL, KE 15m 50 HER
PE < T D WD BT BEERH IS BT LT
5T Tr. 3 LS - Tbe #ELE TS
RIFER & FRROIHIEA B LT 5 BENRE W
B, BBOHIT Millepora tenera HMES L CTW5 &
ThHEH ot FHEHE OKE 3~10m) Tk
ERPRIET T 50, Acropora spp. = Seria-
topora spp. %7 Faviidae 7¢ ¥ MWNBEHE# A 7o
By, B ABWEEIRD Porites attenuata 2FR D
Acropora formosa PMELEEEAL T, %
7ofid transect TIERBN g oo AL A D
Melithcea ocracea (F# 14 YV 3F) PEFL T
HRESZ0 -7 FE T OEHHH T,
Acropora formosa xFX{kE LT A. arbuscula,
A. surculosa, A. pectinata, Seriatopora hysiriz,
S. angulata, Porites attenuata, Favia speciosa,

Favites abdita, Goniastrea pectinata, Platygyra

(35)
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Fig. 5. Horizontal distribution of corals (A) and schematic representation of

the vertical profile (B) along Transect 5.

lamellina, Leptoria phyrygia, Millepora tenera
e ERRBAEL T,

Transect 5 ¥ L ¢F Station n [Fig. 5]

Tr. 5 1308 50~ 100 m DAL EEEE &, FRAERK
I THEATH D5, iAo & AR
T Uicws, AMHIEER (@ %) Tk Montipora
foliosa, Montitora spp., ¥IRD Acropora sur-

culosa, A. squarrosa, A. danai, Faviidae TJ&
FTHLOMMENREELTEY, To®HE L 80%
BETh-oT.

AR D 20 (@) TRBIEST L/
knoll kicix, HURSHERD Acropora 2
IR Acropora humilis, Montifora spp: 7o &M
WEE 50~70% DEETHEEL Tic, BRI
WA (@ #) 2 bAKE 15~20m 37 % THRIE

For the symbols, see Fig. 2.

Foi < 25, WIARBHBEF IR I T
W (@ #). comEfE e AEEn e <R
T, IR D i B HERE L T B 72T
Thotc, REBIEECDEL, YL LWEY
IhEDECON ot ek, AR LT
knoll R ¥{ifkD Acanthaster planci (# =t
P ABEL

Transect 6 % X (% Stations o, p [Fig. 6]

AEVE Y — 7 5% BEREATE & HY LR il L 7 &8
S EEHOMRIC L - CHEN I oMY, B
WRRECBEOLTED, FHEMHBEAZEL T
Wh, Tr. 4 ol & zERD, Ko knoll
B miuc L <k Y Tr. 3 WH 5%, #
B WERET (O#) T, A Rl
D Acropora, FEIR® Montipora, X B\ THIR

(36)
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Fig. 6. Horizontal distribution of corals (A) and schematic representation of
the vertical profile (B) along Transect 6. For the symbols, see Fig. 2.

& Faviidae WET5 3 D EREE L TW7oR,
BEEIERS60 % FEE CTh - fes o72L, JLEop
Hi W mss S IO TR D Acropora formosa,
A. arbuscula I EDXVRNTAH L 5D, pHiA
TUEKNR Acropora OFEEMA TR L Cuvic, B
HEHI O RS it Lobophyllia costata DK X s
HIREHE (EE 1~1.5m) 2L T e

U D e R i 2 TRk ZE DY 5~10 m
EEEL, R/ knoll REEFENEE L Covic (@
), KR Acropora Hiz @ knoll & di.ls & L
T, FORUOEIEIC F THAL o, FIR
Acropora WREIEL THUIR - FERD Acropora,

Montipora spp., Fungia spp. 7t EDMHEFL T
7205, MR « BRD Acropora WELE L T 5
LZAbH ot (o & p HADFHEH#A). 7
¥ o~p AT, KB D Acanthaster planci
PEELCHWB Lo ANREL, —o0liE i
BB b A. planci DAEER - T B & 2 A L BIEE
Titice

BRI R O VUL, KB 1~2m ok
Witk (@ #) RN - Tb, & & THBAR
Acropora ¢ B —FEEN D 7oA KBIBEENER S
T b, kL Acropora formosa, A.
arbuscula 7c ¥ DREATEITH D, L1 b O Hi#HlE

375
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PR EC L » TREA I Hl S X S,
TARCERE LA LT, F7e, B
IR Acropora OFEELR 7B T BRENHERE L7218
IRWEC L > TRDBEEFRTRY, oIl
{ko Fungiidae 7o 2 2387E L T\ 5 Ml Porites
lutea, Acropora pectinata, A. squarrosa 1o & H3

EPCEB L TCHWAREE o - 70,

4, % =
1D RS o i

MENE T, B2 B R T GBI oZ < n
Acroporidae (3 FUV A VR BT 5 L EHiILT
BY, HHBLIEOMC N, WS T
Acroporidae IZ/@TAENREZ WL &L, Acro-
poridae VL EIEFIH O 2L EHED 55 809% VI
A E DT 5, fdE ik Pocilloporidae,
Faviidae, Poritidae /e BWicf@-T5 01X » T 5
BDHITV T, ’

SO BECRE Loy, sREecdE
HWCBLTBATWS & & LI EEME 004 b
xm’C%éo FETEAA O ke, Rk
75 ¥ DEREEC X 5 ERE D B U EBIGE, #y o
FTHHBLELATHIC L AEIGE, EEORE,
N MRS ¢ M & O BRIOREER, b
G AR O BaLHEY EE D 2 < D r23EgN
REERZ L s TEAINDL EELZ BT
Bo fo b Z XR~FHHIB O RITRWT, HE
P b WERRITC T T A WS IR
BRI L » THRAGE LT LU L 51, 0
BAEIC 3\ T b BREME IR 62 & 5 — *@
BEEEY T2 L5 TWS (ODUM and
ObuM, 1955'®; YONGE, 1963'®); MORTON,
197429 (L1 Eifth, 1974%; 113 H, 1975'7; GEISTER,
1977#0),

WEEOEA, ABCEECEREN SV
WTIEEAR Acropora pEET 5 & 2 A E 0,
LR BEBEA e Tr. 2~Tr.4, Tr.6 T, 4
0 - CL DM AIERIFEO KR Acropora
DIBINCEERENER IR D, KR Acropora
HENORORBEMENRELCNS, COBS
RRIEDPMENEDR Acropora 18 5 B EHCHITL

T, BEONEWEREMNEEL T SEZBEN

CIEREEVEM (Tr. 2) 2, BCRWCBENLR

D7 =BG Sh, BERETOLoRKkE
EHLCORWER (Tr. 4 L EET 5,

BIRUE N @A RO AR 2 b BRI BB
G, BEEIR » IR Acropora o 0 % AR
Acropora DESEEEWHIERING L L LIT,
Pocillopora verrucosa <2 Faviidae &3 5 /N
WEE, BBk Millepora tenera to ¥3 X < A
BL T, BREE TAHT Lo TERE M
BT e i, BUEIR Acopora DFERNTE
WEINBHLICTI oD, PISHESDDIXEE
HEIETLIZIUD S 2 EABRD BRI,

KRR X < Tl 5 4 i 0 RAIREIR S A
G- T BRI T, BRI RE e A0\
EREWC ETE—HTAHL0LBbNs, g
ERFERECHBAI SEMHOETIL R
DN ARTR A T2, ThiEfElkuvEar
% Faviidae W@ 3 % /NEIRREESHUR  Acropora
PMMEHE CAEBT L T BEDONED BRI,

ZOX D CHIIER X CERIC AL 7o B R
TR LT, SEME#EIS L HAMNEY & » CTHh
LTWAZ LB TH T, tthﬂl}Ié%&@
W F D& DWAR, FoB0BE LR
L7e A DIEHEEE 247 5 B X » TIERR &
TN EDTHA T, TR L TLdRE
By D IEFEME O e E — R 5 - 2k
Ly, SEOFHERELLLITO X 5 CHifs
DI R ST 5 EnTE L5,

I metoH

1 IER7eEMAZE T GBEHEAERL T\ %),

a. EHEIORESRRENE W Tr. 2,
b, EHEMH ORI RRGECS, &
R Acropora inBH7Is HEERENFEEL T 5
Hitg: Tr. 3, Tr. 6,
¢ EEEMERIEEAERT, RUOBHE BT
7 < B BN o T Bl Tr. 4,
LRI Z A S e\ B #E % Bl L T
%5): Tr. 1, Tr. 5,
1L #leEpesim o ReE
1 %M - BERPIREL, hRmSEREE
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e 1

’%\»z‘% ~5
@

Fig. 7. Map showing the areas of dead corals
(shaded areas) and the number of Acanthaster
planci (solid areas) found for 2 hours each
during the skin diving around Ikema-jima.

7edbl: Tr. 1, Tr. 2 (JEBEY — 7).
2. BH - BEROREST, SEATHE:
Tr. 3, Tr. 4 (LY —7)s

2) TWHHAZERIR & Acanthasier planci
WA E O B & IEEIC I 70 - T GRS
W LT W AR D 5 70, FHE Fig. 7 @R
I3 Tr. 2 @i fH#& e Tr. 3 oy, Tr.
5 oAlEO SR TH S, [ 2L, LB
L CHEE KB 5~10m) X 2 % F IR
Acropora O BEEHITH D, =2 TR, L
MR T I RREBH oI T D T
B, TREEROFEOFBREREMR S TED, Hi
BN EA R OB RED 2255 B
bhbd, BERO—D2&LT, HEMEREHLT
ez b UC B & 7o o 7o Acanthaster planci
(F=e bR IBZEREZDRD, LL,
AU A, planci ORER (Fig. 7500 &
IOFOEH LWEERLE D RERLRT, SEOH
Hh L A, planci T X B D h, b BWIEfD

BEREZ X % LONIMETE e o7
PIFNZE £ < OEBEAEE LT e Tl
e EEbi s Tr. 5 OfERtE <, f Hidds
YO8 Tr. 3 o LR b M KR EHEL
Fn T, LEaMRoT, 22 TR EDHE
D) R ERMEAEB L T LE b D LHE
2 HIBY, FOUBOELVGERED R,
HAEEY % — (19749 ©Xhud, BEHHEET
12 1957 ~58 EIC kiR e A, planci DEEFEE

MR E ofc Z EPERESINTHWBHENWIZ ETH
D, 1968 FI it KB EH AR R &b h T
Bo FMEWD T IV, WEORE 1~2km
Dl ARHERRED LWRERD D, HETR
LI hbOLBOEENR LN EWS 2 ETho
oo TBHDZ ENDBHEET B L, Al planci b
BT REIE BT & » C—EIRR U ic Birec -
WOWE L, T L REEMIC X A5k
WL A WO EERe v 7 b a - Bl
DHEE (EEMA, 1974) 2R bivise o Tilis
WinkEL2 bRb, ok, Tr.5 i Tr. 6 £
T AL planct DFERLERIZ S BHhvien,
Tr. 5~Tr. 6 B0 RO EHFRES L Tr.
5 0FRMH LT, D A. planci it & Tr. 5T
AMEAFE T & E BN BRI & B,
A%, BO A planci {AERPEFEEIEL T
MR RUO MY BT 2 0B bbbl
A, B ORI IR A R A, planci D{F
BEERIOCZOHLWEREED R <, HERTR
FOBHERFRE S BECALRVE S CEbh
1o

5. 08 E

D EE GRS B T, 197448
7~8 AD20F T b I 0 e 2T
FRMHEEZ TN - 7

2) FEHLCUL 6 7 BT transect TS, A
v AL EV IR L o OKTEE S UCERREY
FFis\s, 4 transect & LT IEFEHHIO 7R % 1E
B L 72

3) HERHEREAO A IR O T AT
LEEERC L S TRD X 5 RS T 1,
() FEMEN S CEE-PAERAE TH T, &
Ik Acropora HME EHNCEAET B, b IR
O REER O ERERENEE L BEREN S
Mo too (b) BEBUE @O MR 2 DR
U EERCUE, Bk R BRD Acropora
B SR L, fwc Pociliopora verrucosa,
Faviidae, Millepora tenera e X DHEFLER
tce (©) BRHREEANE\HLHE D P RIERIR O R
T - TR TR T, AR 0T
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The Fishing Ground of Set Net and the Distribution of Fish Schools—III
Schematic Migration Pattern of Schools Viewed from the Distribution Charts

Yoshihiro INOUE

Abstract: In the present paper, the distribution of fish schools around the set net in Sagami
Bay was analysed from the continuous records of fish finder for five hours a day and the
migration pattern of fish schools was viewed as follows:

1) The large schools appeared near the research sea area are composed from several

small groups.

2) The most of schools are moving from the east to the west in the area.
3) The almost schools are passed off the set net and only few schools come in contact

with the net.

4) The definite way of the school towards the set net is not found out from the schematic
charts on the migration pattern of the schools.

BT R RIE T 5 - DI REEOTEIAE
BEA HMHEEL, PRSI LcRE, ikl
AT52 BT LV, FEEEED LS oz s
DR, BETEZLOREHRIMEORVETD
T BRI T 5 ABOTENC K& IKE
LTV 700 MNE s BEOEY B(AaHE) D
R, ELREEOITEHARIEEREEYO —>
Lo Tvho ARFITHHYY & CLRABERTHE
FIB A L CEERRIEIR O BN T 3N
EHEMA L ABEOBREMA S ERBLLDTHD
73y A ENEERE RO AR 2 8 L CGEN
L AR ORRNZ L) S EEME AEEC &
FHREOBIIRELHAHEE Mb - LATER
DTHET D,

* 1978 E 1016 H I )R BB BIS X

2R R K B BRI MR S, /NEH TR 1[1-8-1
Sagamiwan Branch, Kanagawa Prefectural Fisher-
ies Experimental Station, Hayakawa, QOdawarashi,

250 Japan

1. RAEHE

HER/NEETHEOEAEERASY #E
wEE L L, o, Fig. Lic 7+ X 57 1.4km
x 1.5 km OFFRAZTFELNEE 200 mx250 m
DEHIECRD Ui, ABEOERIAERLEHL
foffih 5~6 /v b THIE S A XEBIE) o
ReAFRICHE AL ES = — AR 250 m
DEfTHERE Lic, 1 ElOFERMZT G 1EBET

0 500m - i

[ ]

Fig. 1. Sea-area and a course of research for
fish school.
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ERE LT OENBI2IEE Colrgide 2E, 13
Bt 16+ codfpic 28 GEMEOESD
b%) DFF4EESL TR RY o w—HOWE
LT MEHGER I~2HM & LRt o Lkl
RWEEZZOCHELZITR -

7%, WECHAL AFBRIEER <L <
v SRM-682C ZCFEMEIZHRY RO
T2 TIREKT 5,

2. # 2
FHETIL 1974 42 4 H 25 1976 4T 5 A F ¢ HIRE

34 B, A 138 moAREEY KL
7oo BRI FENTIIHIIR FIBL A B ST AR L Db
b ABNEHBICE A BERE L ECET S
L5 CHEARARBCAEL, ZhbRAEOTT
BoBEWEZRLLTWHEDE L THE -7 &

7o, AP0 OWLT S AIEBE SR Eo Mg

FEOBBOWERIE HFAL TWBL0E L TE

&H, ExL»b, HXL#EHORE S(E)wE

bImEEER UUTARELTH) LT,
L AHOREX
FHECRILL 2o BB 1 1,600, = oo 66
% HBENRE, 34 LRMIRED B Th T,
EREIDR- bAoA E 21, Fig. 2
CRT XS e LT b, AEREMNT T
TAHRKEEELD AN, T6% »HaPHE 500 DT
1000

1

52%

500 |- 04

Number of school

1 1 | L l
0o 1 2 3 a4 5/ 720
X100

Amount of fish

Fig. 2. The number of schools and the amount
of fish.

DEETHEDLI TR Y, T 52% WHHEFTX
X XHPABE 10 DTN BB ChH D, IRITHE
DEILEINLRESLEATS L, Fig.3
T X5 ER 100m £x 1,200m DEIICA
TORBENRNE->TLES, UL, BERED
BED 79%, BARECHED 9% NEEX 20m B
X 100 m o/NEENICE TR, chnls o
DT B RE LB T OEZ S N BEHRED BT
Lo TEDLNTD, EHLIAHEDITEDE
PHREIERRD L, Fig 4 @R L5 wEzEn
HdbNDH, nE, Table 1 wWind Xk 58EHL

m
100
>
<=
~
=
Pt
0 L 1 ' I i [ i FE N | 1 L L
o 5 10 X100m
Length

Fig. 3. Thickness and length of fish schools.

500
s
2
« o]
=
a
3
=
=
500 L 1 1 1 L I
o 1 2 3 4 5
(log}

Amount of fish

Fig. 4. Division of the fish schools by the types
and the size of fish school.
G type: Migrating group
F type: Stationary group
S: Small sized group
M: Middle sized group
L: Large sized group
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Table 1. Image types and amounts of fish schools.
F type is migrating group and G type stationary
group.

Size of fish '

school (log) \\: Types F type o ‘,,S ,tlpe
0~1 38 140
1~2 318 336
2~3 461 62
3~4 206 4
4~5 44 0

Table 2. The seasonal number of fish school

by size.

Sclizo?f(lisg}; \\ Season Summer Vzinter
0~1 34 4
1~2 185 133
2~3 225 236
3~4 68 138
4~5 0 44

KE ST WELCH Dl CEBEDZED t
BE) #1770 BRI U T CHERE LB D
T, EOWELITI) EBEKES % D ETHE
REED ABENVRAPIREEDEE L 9 9.1~12.9 f (15
10.8 %) k&, HAEEROEBEM L6 A% an
b LRAZCOHMBEINTWHDTIERY 2
e T EBMAECBEEINTS 6~11 A% E
i, 12~5 J 2&H ¢ LBEREDARIICOWT
KRBT 2O E SB35 L, Table2
CRT L IR D, KRESTOWTHE & [EED
BEXRITL D LERE L UV THEREERD, £
DEHEHEET D EHEARYEDS % DT MR
DEHOR LD 2.6~4.1 15 (B 3.3/ K&
Vo Y EDX S EEHOANE SRITBENTBD LR
50T, Fig. 2 WRT L 5 BRI X W EA K
R, A, NUIBOBECHT, coBREE
R T 5 oD R h B A PR\ 7o R BIRE, I
BT X B A 1778 - 7o

(2) mBEOHTE
MEBRCARRED L S SHT 0% A5
ToDARE Z LR TELR - AR O AFHE
L OREOBRHFERR (UTABEE LT 5)
LT, AEOITENRE GRARE, BEPRE)
LOHOKE SHCIHNEIERT 5 &, Fig. 5
CRTX5b,

- [CR
Fig. 5. Hcrizontal distribution of fish schools.
The number of fish schools in each section
detected from fish finder.
A': Small sized groups of F type fish school.
B: Large sized groups of F type fish schecol.
C: G type fish school.

F type G type

Fig. 6. Vertical distribution of fish schools.

Summer

-
large sized 7
group

Small sized
group

| |
L | [ ]
[ P

!j 5T ® 810 124 - 25

Fig. 7. Seasonal distribution of fish schools.

BAREOABIREICIL ENELER
100 m DEosic s L e afmn b, Rk
EIECTH BB [BEOWE LFEh A ERT
BENE, ZORMIREOBEENREL S NHT 5%
BB ERE /N BEL £ S L TV B A,
EEOESACHIE L o TR b v, k&
DEL Z O/NBIBEN D53 B iR O SIE <4k
23, FCEBMM S OWEA PLCEENE
DEBPER SN DB, 2Dk 5 InfEfdKE
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EDBRIL b Rbh, KENC AR 2AFHK RICELSDHL T B, KEOEIKENRE N &
T TAHERELTCEDLTE, Fig. 6 WrTX> TAPBEWE AT CLRERCA L T 5
Cith, BARECEIWTRE 50m DIEoK N, KENERL 2B NE L Is B IERARL T
FegEdhl, BERECHI/NMORE 50m P Wb, FHEEROKENERE BN ELoER) X

# Small sized school

@ Middle sized school

# Large sized school

% Chain of large

5 sized schools

Fig. 8-a. Schematic fish migration pattern of fish schools as time elapsed at 10~60 min interval.
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W DK EE T b KR 7o 25T < 2RI KERR R e i EA RS it X SE
B e DELENEL Io o TWAD THEBEDE N B (6~117) &481 (12~5 A) il BEiRE
X BOTEETDIL, OB OWCEEAIT S &, Fig. 7T @RrTX5

G065

Fig. 8b. Schematic fish migration pattern of fish schools as time elapsed at 10~60 min interval.
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WARER CTRELE BRI B L O Fisk B i FEBMENALTLCEEOE G EEATER S
HEENSOCERY D B, Ui, 2BNCHEE b REL, ZORFAOAENART X
PELS HENT AR HIREL R Tb, L8 SICBEPR DL L TWAL &% FLThb,

A

o

O

B}
& R T

Fig. 8-c. Schematic fish migration pattern of fish schools as time elapsed at 10~60 min interval.
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INESRRZ DT, DT o RERT L RiE RIS e
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B O 1 B Es LT 48 PLEfTR

WA ORFEIEA L DR EE O E) IR B & ] N

7oo AR BB T NFE T AR 100m

PO EIRICER S b 7o dm L TFE T

WO T, BENREOBAC oW TETIE HEIA

RO A HNEER L 7o Bbn AR 15T

HHEN—HOBRTEL 0 AFCHELBadd

50, izl A EBHcSbinws Edb b,

BENDINEAIROBERESY +aab - &

NLTHL VDT, o2 CRERNEROZ H

o LRERE] (F8], 23D 166142010

Syt 1R R o i L 7 4 2 o RREH KT

DEE T ARV E O AT LB B L - 4[8%

#AT) DAERE EhEh, Fig. 8 CRT. %

TREREN LR IIHE I LHOBAr DR &

Fig. 8 ® 1~8 0 X 5T, MOz &XHbI 5,
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Summer

Winter :/

2~ 3

DBEHHTHBH, chbOERND BEEOKE
KOWTHERBL COLEANLTHMA D, KA
WO TARTH 2 [BIEEE 2 18], B 4 3 RO
DHABHUKENCES &, Fig. 9 wrvL5
Tish,

L CRADERERTIE S AL T ic flE
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1) AMORxE
FEEMEPRDBETON TV ARERT kg5
AR, Hx DB OWTRHS & FOREONA
BE 100 To/rEREETEDLR, FIHYET
DRER LR E BRI I, b OBEDS
ITEX 20m EX 100m PINOEIHIINE - C
LEIRESTHDIMN, RERBETEES Lkm B
S 80m CRsSLDGELNE, MEOBEEH
FBEEICHANEIRENREEZL O RAE 2 b
N, REILWERCETS L5 BARED mE
WERTBEEZBEH L COAREDAE T < 1/10
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