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Ecological interrelationships of zooplankton in Tokyo Bay*

Sachiko NAGASAWA**

Abstract :

This paper. describes interrelations (predator-prey relationships and symbiosis) of
the most abundant zooplankters and microorganisms in Tokyo Bay.

The predation impact by

Sagitta crassa on Oithona davisae was 10%. Polychaetes or unknown predators may eat 0.2%
of S. crassa, but the predation impact by other animals on chaetognaths is unknown. Perit-

rich ciliates were attached to 18% of Centropages abdominalis.
Ten percent of S. crassa suffered from bacteria, whereas

observed in 8.5% of Acartia omorii.

Bacterial attachment was

parasitic infection took place in 2.7% of this chaetognath. Specimens of S. crassa in Tokyo
Bay which is heavily eutrophicated by man’s activities include normal, shaven, headless and

deformed animals.

1. Introduction

Tokyo Bay which has an average depth of
17m and covers an area of 1000 km? is located
on the eastern side of Honshu Island, Japan.
This bay is surrounded with a densely populated
and industrialized area that introduces a large
amount of nutrients into the bay. Frequent
occurrence of red tide is due to elevated con-
centrations of nutrients.

This paper describes interrelations of the mos
abundant zooplankters (some species of copepods,
Oithona davisae (NISHIDA, 1985), Acartia omorii
(UEDA, 1986) and Centropages abdominalis and
a chaetognath, Sagitia crassa) and microorga-
nisms (bacteria, ciliated protozcans and trematode
larvae) in Tokyo Bay. Predator-prey relation-
ships and symbiosis are discussed; the former
Includes O. davisae- S. crassa and S. crassa -
polychaetes or unknown predators, whereas the
latter includes phoresis (C. abdominalis - peritrich
ciliate Zoothamnium), bacterial colonization (A.
omorii - bacteria, S. crassa - bacteria) and para-
sitic infection (S. crassa - larval trematode Ter-
gestia sp. (SHIMAZU, 1982)). Discussion is focused
on the ecological aspects of these relationships
taking place in the planktonic ecosystem in
Tokyo Bay.

2. Materials and methods
Samples used for predator-prey relationships
* Received September 9, 1987

** Qcean Research Institute, University of Tokyo,
Minamidai 1-15-1, Nakano-ku, Tokyo, 164 Japan

were collected on 13 and 14 July 1979. Water
samples of 10/ were collected from depths of
0, 5, 10, 15, 20 and 30m at 4 stations (see
NAGASAWA and MARUMO, 1984a) and were
filtered through a 20 #zm mesh. The specimens
retained on this mesh were preserved in buffered
59, formalin seawater and used for counts of
adults and copepodites of O. davisae and S.
crassa. Measurements of water temperature
were made at each depth of water sampled.
On the basis of the estimated daily ration of
this chaetognath (NAGASAWA and MARUMO,
1984a), the consumption of prey///day was ob-
tained, and the impact of predation by S. crassa
on O. davisae was calculated. The incidence
of shaven chaetognaths (NAGASAWA, 1986a)
was examined for five samples consisting of
1056, 1273, 1143, 2447 and 1180 individuals.

The nine samples used to investigate phoresis
were obtained from 5 January through 2 May
1985 (see NAGASAWA, 1986b). The incidence
of C. abdominalis with the peritrich ciliate Zoo-
thamnium was determined in Shinhamako (see
NAGASAWA, 1984), a saline lake connected to
Tokyo Bay.

Fifteen samples obtained from 13 January
through 4 July 1983 (see NAGASAWA and NE-
MOTO, 1986) were used for determination of the
incidence of A. omorii with bacteria. The per-
centage of deformed chaetognaths in 27 samples
collected on 13 and 14 July 1979, and 24 and
25 June 1982 (see NAGASAWA, 1985; NAGA-
SAWA et al., 1985b) was calculated. Chaetog-
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naths whose guts were infected by larval tre-
matodes were counted in 12 samples obtained
on 13 and 14 July 1979 (NAGASAWA and MARU-
MO, 1984b). The body lengths of 232 chaetog-
naths with parasites, 274 deformed animals and
672 normal animals were measured to obtain
the size composition of the three groups.

3. Results

1) Predator-prey relationships

The water of the inner part of Tokyo Bay
was stratified with a thermocline between 10
and 15m. The average temperature was 24. 7°C
at the surface and 18.7°C at the near-bottom.
The daily ration of S. crassa was 7.1 prey (O.
davisae). The mean abundance of Sagitta (3.1
ind./l) above the thermocline results in the con-
sumption of 14.9 prey///day. This is 10% of
the adult copepod (O. davisae) population (147
ind./Z) and 1% of the total prey available (1293
ind. /! including copepodites and adults of this
copepod).

The incidence of shaven chaetognaths was
0.4, 0.1, 0.3, 0.2 and 0.19% for five samples.
The mean value was 0.29% (0.1SD, standard
deviation). This value is far lower than the
incidence of chaetognaths with head damage
caused by bacterial attack, ranging from 1.6 to

13.39% (NAGASAWA et al., 1984; NAGASAWA,
1985). The rare occurrence of shaven chaetog-
naths suggests that the predation impact of poly-
chaetes or unknown predators on S. crassa
occurs in only 0.29% of the population (NAGA-
SAWA, 1986a).

2) Symbiosis

Copepods (C. abdominalis) carrying peritrich
ciliates Zoothamnium began to appear on 4
February and disappeared on 18 April. The
incidence of such copepods ranged from 0 to
39. 89 with a mean of 18.19,.
of A. omorii and some shrimp larvae were
covered with Zoothamnium, whereas chaetognaths
never carried peritrichs. Two pronounced peaks
of incidence were observed, although this does
not directly indicate a quantitative temporal

A small number

variation in peritrich population.

The incidence of copepods (A. omorii) with
bacteria (cf. NAGASAWA and NEMOTO, 1986)
ranged from 0 to 29.19% with a mean of 8.5%;
it was low in January and February and in-
creased from January through April, and then
decreased in July. The April samples had the
highest incidence despite little change in environ-
mental factors such as temperature, salinity and
chemical oxygen demand (INAGASAWA and
NEMOTO, 1986). On the whole, the difference
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Fig. 1. Size composition of normal chaetognaths (A), deformed ones (B) and those infected
with larval trematodes (C) obtained from Tokyo Bay on 13 and 14 July 1979.



Ecological interrelationships of zooplankton in Tokyo Bay 163

in the percentage of copepods with bacteria was
seasonally significant at the 19 level.

The percentage of deformed chaetognaths
which became abnormally knotty and flabby in
July 1979 ranged from 2.5 to 38.5% with a
mean of 12.4%. 1In contrast, the percentage
of such abnormal chaetognaths in June 1982
ranged from 0.2 to 19.1 9% with a mean of 3.9%;,
which is very low compared with the mean value
in July 1979. This difference was significant at
the 1% level and may be due to the difference
in the year of sampling rather than to differences
in month or sampling station location.

The percentage of infection by larval trematodes
ranged from 0.8 to 4.7 9% with a mean of 2.7 %.
Most infected chaetognaths (88-100%;) had ong
metacercaria and some of them had more than
one. The chaetognath population in Tokyo Bay
is more frequently infected with larval trematodes
than in Suruga Bay (NAGASAWA and MARUMO,
1979) and the East China Sea (NAGASAWA and
MARUMO, 1981). The mean body length of
chaetognaths infected with larval trematodes,
5.9mm (1.8SD), was almost the same as that
of normal chaetognaths, 5.8 mm (1.7SD). Due
to the lack of large specimens, however, the

mean body length of deformed chaetognaths was
5.0mm (1.3SD). The size composition of de-
formed chaetognaths and those with parasites
was similar to that of the normal chaetognaths,
although deformed specimens larger than 9.0 mm
and specimens infected with parasites less than
2.5mm were not found (Fig. 1). The absence
of larger deformed animals may be due to high
mortality and slower growth rates of deformed
animals as a result of being handicapped by
bacterial colonization and diminished feeding
(NAGASAWA, 1985; NAGASAWA et al., 1985b).

4. Discussion

Some ecological features of plankton in Tokyo
Chaetognaths
feed mostly on copepods as reported by many
In contrast, data concerning
predators of chaetognaths are scarce, although

Bay are summarized in Fig. 2.
authors elsewhere.

they are sometimes recorded as gut contents of
fish or other chaetognaths. Chaetognaths with
partial head, which may be attributed to pre-
dation by polychaetes or unknown predators,
are occasionally found in preserved samples
(PIERCE, 1951; GHIRARDELLI, 1968; FEIGEN-
BAUM, 1979; KING, 1979; NAGASAWA, 1986a).

metacercariae
@ (Parasitism)

st |30l omori}—69)

(Parasitism)

-@- C. abdominalis —-ND

shaven
headless @ polychaetes?
S. crassa
@ other predators
deformed

(Phoresis)

Fig. 2. Summary of interrelations among animals examined in Tokyo Bay.
are the mean percentages of the respective interactions taking place.
Predator-prey relationships are shown with arrows.

data.

(Parasitism)

i

Encircled numbers
ND indicates no
Thick shaded lines indicate

parasitism, whereas a thick white line indicates phoresis.
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Sagitta crassa which is the dominant chaetog-
nath in Tokyo Bay has little impact on the prey
available in summer; the number of prey eaten
accounted for only 109 of the adult O. davisae
and 1% of the copepodites and adults of this
copepod. In the laboratory S. crassa fed on
more A. omorii than O. davisae when these
food organisms were separately offered (NAGA-
SAWA and MARUMO, 1984a). They also reported
that S. crassa 5 to 7mm in length showed
negative electivity for O. davisae, indicating that
predators avoid O. davisae when three copepod
species of different size were offered at the same
time. The daily ration of S. c¢rassa is not
available in terms of the number of A. omorii
in Tokyo Bay. In addition, there are no data
on the precise density of A. omorii. If the
predation impact of S. crassa on A. omorii which
is a more preferable prey than O. davisae is
determined, it will probably account for more
than 109 of the population. Few reports are
available which discuss the impact of predation
on any species of chaetognath. The present
study is the first attempt to estimate the impact
of predation by polychaetes or some other animals
on S. crassa.

Ciliated protozoans might be used to indicate
the condition of activated sludge (CURDS and
COCKBURN, 1970). Zoothamnium on copepods
occurred in Tokyo Bay waters in 1985 for the
first time since 1982 when I began to examine
zooplankton there. This suggests that the quality
of water is changing, although it remains obscure
whether the quality is improving or not.

Unlike phoresis, bacterial colonization of cope-
pods (Acartia spp.) occurred prior to 1985 not
only in Tokyo Bay but also in coastal waters
in different parts of the world (NAGASAWA,
1986¢c). Very little data on viable bacterial
counts and microflora in the areas studied are
The tendency for bacteria to become
attached to copepods may depend on the physio-
logical activity and developmental stages of cope-
pods rather than on bacterial numbers in the
(NAGASAWA, 1986c).  Vibrionaceaen
bacteria were few or absent in the inner part
of Tokyo Bay in 1972 (SIMIDU et al., 1977),
whereas they accounted for 20 to 40% of bacterial
flora in 1964 to 1965 (KANEKO et al., 1969).
Such a change in bacterial flora may indicate

available.

water

the advance of eutrophication in Tokyo Bay,
since the abundance of Vibrionaceae is low in
the seawater of eutrophic areas as reported by
SIMIDU and TAGA (1980). Although the species
of bacteria associated with copepods were not
determined, it is likely that Vibrio are present
in colonies of bacteria as SIMIDU ez al. (1971)
and NAGASAWA et al. (1985a) suggested. The
growth of Vibrio is inhibited by Skeletonema
costatum in mixed culture (KOGURE et al., 1979).
In January a red tide of S. costatum occurred
at the time of plankton collection. This implies
that the presence of S. costatum has an effect
of the numbers of Vibrio. Itis of importance to
examine this relation in Tokyo Bay where red
tides of S. costatum frequently occur and the
incidence of copepods with bacteria seasonally
changes.

Copepod-bacteria associations can be parasitic,
since scars representing sites of previous bacterial
attachment which seem to have damaged the
copepod exoskeleton can be found (INAGASAWA,
1986d), and in addition the bacterial invasion
of the inner part of the copepod was shown to
occcur in some individuals (NAGASAWA, 1986d).

Bacterial colonization was often found in the
muscles of deformed chaetognaths, and the
musculature of the body wall locoked as though
it had degenerated (NAGASAWA, 1985; NAGA-
SAWA et al., 1985b). As a result, chaetognaths
with bacteria changed shape and appeared quite
I found deformed
chaetognaths with food, sperm balls (NAGASAWA,
1987) and parasites.

distinct from normal animals.

In other words, some
chaetognaths with bacteria not only contained
copepods and parasites in their guts but also had
sperm balls on the body evidencing reproductive
behaviour. However, feeding and reproductive
activity are greatly reduced in these deformed
animals (NAGASAWA, 1985; NAGASAWA ef al.,
1985b), further suggesting that chaetognath-
bacteria associations are paracitic.
Chaetognath-metacercaria associations are a
common form of parasitism. This parasitic in-
fection was found in 2.79; of the chaetognath
population in Tokyo Bay. Chaetognath-bacteria
associations were higher (12.4%;) than or similar
(3.9%) to parasitic infections. Copepod-bacteria
associations were observed in 8.5% of the cope-

pod population. In short, more or less 10%, of
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each of copepod and chaetognath population in
Tokyo Bay suffer from bacteria and such chae-
tognaths are somewhat more abundant than those
with parasites. In addition, the mean body
length of deformed chaetognaths was smaller
than that of normal chaetognaths as well as those
infected with parasites. These findings suggest
that bacterial colonization of chaetognaths is
more serious than parasitic infection and that the
former has substantial effects on the mortality
and/or growth rate of chaetognath populations.
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Characteristics of velocity distributions in a strait:
Current measurements by Doppler Current Profiler*

Yoshio TARKASUGI**, Takehiko HIGO** and Hideaki NOGUCHI**

Abstract: Current measurements by Doppler Current Profiler (DCP) were made along two
sections in the Neko Seto strait, a small strait in the western part of the Seto Inland Sea.
The currents in the strait are vertically uniform and semi-diurnal tidal currents are pre-
dominant. The currents vary from eastward flow to westward flow, mostly normal to the
strait and a strong eastward current, caused by topographical effect, reversal to the westward
transport is observed near the southern end of the strait.

Further, the extent of the recirculation region or the region with reversal currents is
estimated by the experimental results in an open-channel flume. The region may be defined
by the ratio of reattachment length to protruding topography length, which is about 4 in the

strait.
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Fig. 5. Vertical distributions of the current
normal to the section at specific points.
The C, j denotes the middle point between
Ci and C;. Currents near the bottom cannot
be measured, because the range of DCP

measurements is limited within 80 per cent
of the depth.
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Fig. 6. Time sequences of axial current, the
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cate the westward flow.
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Harmonic analysis of velocity at specific points.
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D1, D2, D4 and VO denote diurnal

tide, semi-diurnal tide, 1/4 diurnal tide and residual component, respectively. Phase is

shown in lag from 0000 20 August 1985.

D1 D2 D4 Vo
Amp. Phase Amp. Phase Amp. Phase
(em/s)  (deg) (em/s)  (deg) (em/s)  (deg) (em/s)
Cy 2.1 313 15.2 34 13.0 115 8.7
Ci,2 12.8 5 103.0 55 5.8 345 —6.6
Sec. A Ce 19.0 8 135.5 61 18.1 340 —17.6
Ce, s 18.4 65 122.7 58 4.0 345 —6.0
Cs 8.3 56 70.3 50 25.6 139 20.7
Ca 16.6 16 36.4 28 29.7 130 43.0
Cuys 14.9 336 57.0 31 19.7 161 33.3
Sec. B Cs 17.2 58 123.2 52 10.4 277 —5.7
Cs,6 19.4 54 130.5 54 8.3 324 —15.0
Cs 9.0 89 62. 2 41 11.7 355 —29.4
—o— Section A
70 ~---&--- Section B
601 Tide (Kure) em
~ o O o7 4500
£ g o 7
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= 8 2ol 400
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Fig. 7.
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Time series of the volume transport.
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Table 2. Harmonic analysis of volume transport. Symbols are the same as in Table 1.
D1 D2 D4 Vo
Amp. Phase Amp. Phase Phase )
) - (10°m%s)  (deg) 103m3/s) (deg) (103 3/s) (deg) (10°m?®/s)
Section A 7.41 26 59.4 57 1.93 322 —2.96
_ Section B 7.25 38 54.9 49 1.34 211 . 0.75
U (cm/s) T.O‘
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Fig. 8. Distributions of mean velocity U and
velocity gradient dU/dy in section B at
reverse flow occurrence. y denotes distance
along the section from point Ci.
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Boundary
Streamtine

Fig. 10.
recirculation region.

Schematic diagram of the coordinate system for analysis of
! denotes the protruding topography length,

yr the length between x-axis and boundary streamline.
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Fig. 11. Boundary streamline in open-channel step flow and in the reverse
flow at the Neko Seto strait. Re denotes the Reynolds number,
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results in an open-channel flume (NEZU

symbols for the Neko Seto reverse flow.
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Salinity effect on the growth rate of bacterioplankton
in the Teshio River estuary during winter*

Takeshi NAGANUMA** and Humitake SEKI**

Abstract: The Teshio River estuary in northern Japan has a ‘‘salt wedge’’, creating three
layers—surface (river water), bottom (seawater) and intermediate (river-sea interface). Growth
rates of bacterioplankton from these layers were determined under variable salinity conditions
(0-50 %0) during winter including freezing period. Sample bacterioplankton showed varying
degree of halophilism (growth in salt conditions), ranging from nonhalophilic (surface) to slight
halophilic (bottom) with the interface (intermediate) layer neither distinctly nonhalophilic nor

halophilic characteristics. Bacterioplankton were also shown to be salt-tolerant at or near
their optimal growth temperatures. These results suggest that bacterioplankton contribute
more to estuarine productivity in winter when primary phytoplankton production declines.

1. Introduction

Since primary productivity is low in subarctic
estuaries, heterotrophic bacteria greatly influence
The bacterial support of
estuarine food webs through detritus food chains
has been shown by: 1) high bacterial activities
in water column (SEKI et al., 1969) and sedi-
ments (SIZEMORE et al., 1973), 2) nutrient value
of detritus bacteria (DARNELL, 1961; PAERL,
1974), and 3) interaction between bacteria and
bacteriovors in waters and sediments (ZOBELL,
1946: CHUA and BRINKHURST, 1973).

Estuarine bacteria have been categorized as

their productivity.

halophiles (requiring salt) of marine origin, non-
halophiles of freshwater origin, and indigenous
bacteria acclimatized to the brackish environment
(e.g., SEKI et al., 1969; COLWELL et al., 1981).
Their response to salinity, however, has been
studied primarily with isolates (e.g., STANLEY
and MORITA, 1968; SINGLETON ez al., 1982a;
1982b). To better understand bacteria halo-
philism and its ecological importance in estuaries,
growth studies of natural bacterioplankton are
preferable. Such bacteria are free-living and
probably more numerous than attached epibac-
teria, but show relatively less metabolic activi-
ties (review in PEDROS-ALIO and BROCK, 1983;
else, BELL and ALBRIGHT, 1982; PALUMBO et

* Received June 2, 1987
*% Tnstitute of Biological Sciences, University of
Tsukuba, Tsukuba, Ibaraki-ken, 305 Japan

al., 1984; ALBRIGHT et al., 1986; CLARKE and
JoiNT, 1986).
can be more easily studied since standing stock
and in situ growth rates can be estimated by
direct microscopy, giving an approximation of

Furthermore, bacterioplankton

their importance to estuarine productivity.

Estuarine environments in the subarctic zone
are physically stable during winter because of
both low water discharge from terrestrial snow
and the dampening effect of surface ice on river
This stability makes winter
the best season to study the relationship between
bacterial halophilism and the salt environment
of the estuary.

In northern Japan, the Teshio River estuary
shows these conditions, hence was suitable for
studying salinity effects on the growth of bacterio-

water movement,

plankton collected from layers of varying salinity.

2. Materials and methods

The Teshio River of Hokkaido is the fourth
longest river in Japan (2566 km) and has the
tenth largest area of watershed (5,590 km?®). Tts
estuary is a ‘‘positive estuary’’, i.e., evaporation
is less than the volume of entering freshwater
(McLusky, 1981).
more than 15km along the river bottom, thus
it is a ‘“‘salt wedge type”’ (SEKI and EBARA,
1980). At its lowest course, the river flows
parallel to the coast line but is forced to be
nearly perpendicular to the Sea of Japan by a

The seawater intrusion is
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Fig. 1. Station locations in the Teshio River
estuary, Hokkaido, Japan.

concrete breakwater at the estuary mouth (Fig.
1). The maximum depth of the study area was
4 to 5m (within 5 km above the estuary mouth).
This area is frozen from December to March
or April every winter, with the ice cover develop-
ing first upstream. Samples were taken during
four winter periods as follows: late non-freezing
(October 1984), just pre-freezing (December 1985),
early freezing (January 1985), late freezing
(March 1984). Sampling sites (and times) were
as follows: Station l-—beneath the Kakoh-
Ohashi Bridge (October, January, and March),
Station 2—near the edge of ice cover (Decem-
ber), Station 3—off the Teshio Ilarbour (Octo-
ber and December). Station 2 was selected as
an alternative of Station 1 in December when
thin ice cover made sampling at Station 1 dange-
rous. In January and March, Stations 2 and 3
were not sampled because of unavailability of
boat. All samples were taken in the morning,
with those from the boat when and where water
was ice free (October and December) and those
on the ice cover when the ice thickness was
30-50cm at Station 1 (January and March).
Vertical profiles of both water temperature and
salinity were measured with a Tohodentan
EST-3. Water samples were collected with

sterilized Hyroht bottles (1,000 ml) from the
surface to the bottom. The intermediate sampl-
ing depth was determined at each investigation
according to the vertical salinity profile. In the
estuary, surface water was low in salinity (be-
low 0.2 %), due to the influence of river water.
The bottom layer, however, received seawater
from the Sea of Japan, thus its salinity was
comparable to that outside the river. Samples
from the intermediate layer were brackish and
varied in salinity.

Immediately after sampling, pH of each water
sample was measured with a Toa-Denpa DMIA,
and dissolved oxygen (DO) was determined by
the Winkler method. Each water sample was
filtered through glass fiber filters (Whatman
GF/C), thereafter both filtrate and filters were
frozen for later chemical analyses.

Inorganic nitrogen (total of NO3-N, NO,-N
and NH;-N) and inorganic phosphorus (PO;-P)
were determined according to GOLTERMAN
(1969) and STRICKLAND and PARSONS (1972).
Dissolved organic carbon (DOC) in each filtrate
was measured with a Beckman TOC Analyzer
915B. Particulate organic carbon (POC) on the
filter was measured with a Yanagimoto CHN
Analyzer MT-2. Chlorophyll @ was determined
by the methods of STRICKLAND and PARSONS
(1972), wusing the formula of JEFFREY and
HUMPHREY (1975).

To estimate standing stock and growth rate
(increase in cell number), bacterioplankton were
counted by the acridine orange direct count
(AODC, HOBBIE et al., 1977; ZIMMERMANN
et al., 1978; PETTIPIER, 1983) as {follows: a
known volume of sample water was filtered
through a Nuclepore membrane filter (pore size
=0.2 pm) prestained with Sudan black B solu-
tion (5 mg dissolved in absolute ethanol, which
was then diluted to 509 with distilled water).
Bacterial cells on the filter were stained with
several drops of acridine orange solution (10 mg
dissolved in 6.6 mM phosphate buffer, pH 6.7)
and thereafter were counted under a Nikon
epifluorescent microscope (NAGANUMA and SEKI,
1985).

Specific in situ growth rates of bacterioplankton
were determined with chemostats (NAGANUMA
and SEKI, 1985). These rates were determined
within the initial 12 hours at a dilution rate of
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0.16 hr™! in dark at in situ temperature.
Bacterial growth rates under various experi-
mental salt conditions were determined for
the following samples: October—all layers from
Station 3 only, December—surface sample from
Station 2 but intermediate and bottom samples
from Station 3, January and March—all samples
from Station 1 only. A 2ml water sample from
each depth was added to a series of test tubes,
each with 20ml of sterilized medium (sodium
chloride dissolved in tap water). For growth
rate determination, quintuple inoculates of each
of ten salinity media (0, 5, 10, 15, 20, 25, 30,
35, 40 and 50 %.) were incubated for a maximum
of 12 hours. Inoculates were incubated at 15
and 25°C for samples from October, but at 0°C
for those from December, January and March.
The incubations were stopped with 1 ml of 379
formalin at known intervals in the time-course.

3. Results
Environmental Parameters
Distinct vertical stratification was observed in
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temperature and salinity profiles in the Teshio
River estuary for all samples taken, except at
Station 1 in October when river flushing water
increased with heavy rain (50-80 mm) just before
sampling (Fig. 2). At that time, all environmental
parameters were similar to those of the surface
layer (SL) at Station 3. The surface salinity of
all samples was below 0.2%. Due to intruding
seawater, the bottom layer (BL) salinity ranged
from 19.6 %o (January) to 35.1 %o (October). The
brackish intermediate layer (IL) had salinities
between those of the surface and bottom layers.

The pH was nearly neutral (6.8-7.4) at the
surface, but at the bottom it was similar to
seawater (8.0-8.3), except at Station 1 in March
when it was 7.2. Intermediate layer pH values
were between those of the surface and bottom
layers.

The dissolved oxygen (DO) was high through-
out the water column in all samples (Fig. 2),
ranging from 10.4 to 13.1 mgQOs-+17! in the sur-
face layer, 9.3 to 11.2mgQOs+17! in the inter-
mediate layer, 7.9 to 11.7 mgQO;-1~! in the bottom
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Fig. 2. Environmental measurements in the Teshio River estuary: triangle—October at

Station 3, open and filled square—December at Stations 2 and 3, filled circle—January

at Station 1, open circle—March at Station 1.
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layer. Even the lowest DO (7.9 mgO,.171,
‘October, Station 3, bottom) was 93 % of satu-
ration. :

The surface concentration of inorganic nitrogen
(inorganic-N) was higher than those in both
intermediate and bottom layers (Fig. 2). This
difference was most distinct in December when
concentrations of surface, intermediate and
bottom layers were 63.3-67.4, 32.8-39.7 and
15.8-23.1 pg-at.«17%,  respectively. Through-
out the study, nitrate-N made up the largest
component of total inorganic-N, except in March
when ammonium-N increased to more than 70%
of the total. The highest nitrate-N fraction,
above 909, of the total, was observed in
October.

Overall inorganic phosphorus (inorganic-P)
level in the surface layer was only slightly higher
than in other layers {(Fig. 2), However, the
inorganic-P level varied the most in the bottom
layer, ranging from 0.09 to 0.58 ug-at.-17%;
and the least in the surface layer, 0.34 to 0.53
pg-at.« 17t (Fig. 2).
level was higher in river water than in sea-

In winter, the inorganic-P
water. It was highest in October when river
flushing was the greatest, but distributed evenly
throughout the water column.

Dissolved organic carbon (DOC) levels were
nearly the same (0.04-4.39 mgC-17!), except
those taken at Station 2 in December (Fig. 2).
During that time, early winter, river flushing
decreased sharply and the mgC-1-! level rose to
8.14 mg+1"! in the surface {river water) and 12.29

Bacterioplankton

Fig. 3. Standing stock density and growth rate
of bacterioplankton in the Teshio River estuary.
Symbols are as in Fig. 2, with an additional
symbol of diamond—October at Station 1.

mgC-1~! in the intermediate (brackish water).
Particulate organic carbon (POC) increased
with depth in the estuary throughout the study,
except at Station 3 in December when it was
the highest in the surface and the lowest in the
intermediate (Fig. 2). This increase was the
most distinct ‘at Station 3 in October and Station
1 in January when POC difference between
river and sea water was 0.4 mgC-1"!. An in-
crease with depth was even more obvious in the
vertical profile for chlorophyll @ content (Fig. 2).

Bacterioplankton Standing Stock Density and
In Situ Growth Rate

Standing stock densities varied most with time
of sampling, but there was some depth variation
(Fig. 3). Sample densities ranged from 1.3x 10®
cells.17! at Station 1 in March (bottom) to 9.8
X 108 cells+ 1! at Station 3 in October (surface).

In situ growth rates, however, varied most by
depth. These rates were usually the highest
and showed the greatest range at the surface,
0.035 to 0.211 hr™! (generation time of 19.8-3.3
hours). The overall highest surface rate was
0.211 hr* at Station 2 in December. The
bottom layers usually showed the lowest growth,
with a range from 0.002 to 0.87 hr=! (generation
time of 346-8.0 hours). The averall lowest rate
was 0.002hr™' at Station 1 in January. The

g 15°C |

Growth Rate (x107%hr'")

% 10 20 30

Salinity (%o )

40 50

Fig. 4. Bacterioplankton growth in variable
salinity in the surface, intermediate and bottom
layers in the Teshio River estuary in October.
Incubated at 15 and 25°C.
in siiu salinities.

Wedges indicate
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intermediate layer growth rate varied the least,
0.024-0.084 hr! (generation time of 28.9-8.2
hours).

Bacterioplankton Growth in Variable Salinity
Conditions

October (Fig. 4)—At 15°C, surface layer
growth occurred only below 10%., with an
unclear peak at 0%. The intermediate layer
growth pattern showed double bimodality with
a gap (no growth) between 15 and 20 %0, and
bimodal curves above and below the gap. The
latter showed the greatest growth around 0 and
10 %o, while the former peaked at about 25 and
and 35%.. Bottom layer growth was bimodal
but the gap was minimal.
5-10 % and 30%, with the latter showing a
much higher rate of growth.

The peaks were at

At 25°C, surface layer growth occurred up to
nearly 15 %o, but was much higher at or near
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Fig. 5. Bacterioplankton growth in variable

salinity in the surface, intermediate and bottom
layers in the Teshio River estuary in December,
January and March. Incubated at 6°C. Wedges
indicate in situ salinities.

0%o. Intermediate layer growth showed a gap
between 25 and 30 %, with three peaks below
(0, 10 and 20 %) and one above (35 %.). Bottom
layer growth was bimodal with peaks at 5 and
35 % and a gap between 15 and 25%. The
latter peak was at a much higher salinity than
at 15°C-incubation.

December (Fig. 5)—Surface layer growth
occurred below 20 %o, with a minimal peak
around 0%.. Intermediate layer growth was
not distinctly bimodal but did show slight maxima
at about 0 and 30%. Bottom layer growth
was continuous from near 0 to 50%., with
peaks at 5, 20, 30 and 40 %.. The most growth
was at 30 %o.

January (Fig. 5)—Surface layer growth oc-
curred over the entire salinity range of 0 to 50
%o, with two slight peaks at about 0 and 30 %o..
The intermediate layer pattern showed a small
growth peak around 0%, a short gap, and
continuous growth between 15 and 45%. with
peaks at about 20 and 30 %. The bottom layer
growth had two peaks, a small one at about
10% and much larger one at about 30 %..
There was minimal growth at 20 %, although
that was the concentration where the inter-
mediate layer bacteria showed their geatest
growth, ,

March (Fig. 5)—Surface layer growth occurred
only below 10%, with a peak at about 0 %.
th showed a con-
tinwous pattern from 0 to 30 % but with dis-
tinct peaks at 0, 15 and 35 %o, the greatest of
which was at 15 %..

The intermeniate laver gro

W
ad
<

The hottom layer showed
the same range but growth from 0 to 5% was
minimal and there were peaks at about 10, 25

and 40 %.

4. Discussion
Environment

The Teshio River, typical of those flowing
through the peaty plains in Hokkaido, has a
well developped bottom salt wedge in the estuary
(SEKT and EBARA, 1980).
study, levels of both organic and inorganic

During our winter

nutrients were in the mesotrophic range (nutrient-
middle, The Oceanographical Society of Japan,
1975).
stant for many years, as evidenced by the
continual commercial harvest of Corbicula ja-

These conditions may have been con-
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ponica, a bivalve which inhabits the sandy
bottom of nonpolluted estuaries.

The inorganic-N level (Fig. 2), especially
nitrate-N, correlated negatively with salinity,
forming an ‘‘estuarine sink” (SHARP et al.,
1982; BARNES, 1984). This “‘sink’ was most
distinct in December when the surface inorganic-
N level was the highest. In October, there was
a predominance of nitrate-N (above 909 of
inorganic-N), attributable to record rain fall
(50-80 mm) just before sampling, as observed
elsewhere (ZEDLER and ONUF, 1984). This
surface-rich and bottom-poor inorganic-N distri-
bution suggests an important role of the Teshio
River as a nitrogen source for the coastal waters
as well as a source of particulate organic matter
(SEKI and EBARA, 1980).

The inorganic-P level was highest at the sur-
face, except in October when the intermediate
and bottom levels were higher (Fig. 2). At that
time, phosphorus, bound in sediment, may have
diffused into the water as soluble phosphate,
perhaps due to redox potential change caused
by the autumn temperature decrease and the
low DO content (‘‘estuarine source’’, SHARP et
al., 1982). The Teshio River is also a source
of phosphorus for the coastal waters.

The dissolved organic carbon (DOC) level was
below 4 mgC 1!, except at Station 2 in Decem-
ber when surface and intermediate layers reached
8.14 and 12.29 mgC-«1™, respectively (Fig. 2).
These local highs may have been due to both
seasonal humus increase in the Sarobetsu River
discharge, a tributary to the Teshio (SEKI and
EBaArRA, 1980), and plasmolytic release from
freshwater halophobic phytoplankton at the
freshwater-seawater interphase (‘‘osmotic hypo-
thesis’’, MORRIS et al., 1978). The plasmolytic
release, however, was minor since it was only
90 pgC-17* at the surface, based on the relation-
ship between carbon and chlorophyll @ concen-
tration (C:Chl.a=60:1, VOLLENWEIDER, 1974;
soluble cell contents=50%). The December
Station 2 highs may also have resulted from:
1) increased nutrient quality and quantity, 2)
greater light availability at the edge of the ice,
3) increased residence time of water, and 4)
population interactions (CHRISTIAN ef al., 1984).

The particulate organic carbon (POC) increased
with depth (Fig. 2), but this increase was not

necessarily caused by either the bottom liquid
mud flow (BARNES, 1984) or sedimentation,
since the difference in the POC level between
surface and bottom layers was, at most, 0.4
mgC-.171,

The chlorophyll @ concentration was the high-
est in the bottom layer (Fig. 2), as also noted
by SEKI and EBARA (1980), probably from
concentrations of marine diatoms such as Chae-
toceros or allied species. The highest chlorophyll
a levels (pg-171) for each layer reached in Oc-
tober, a time when both temperature and in-
organic-P were high-—surface 3.1, intermediate
4.5 and bottom 8.1. Based on the 8.1 bottom
chlorophyll @ level, diatom biomass was esti-
mated to a maximum of 0.24 mgC-1™! (diatom-
C:Chl. @=31:1, RIEMANN e a/., 1982), com-
prising 22 % of the POC there.
Bacterioplankton Standing Stock Density and
In Situ Growth Rate

Our bacterioplankton densities, made by the
acridine orange direct count (AODC) method,
were similar to those using phase contrast micro-
scopy for the same river in October 1979 (SEKI
and EBARA, 1980). Minor differences between
the two methods can be expected in rivers with
low turbidity, like the Teshio. Bacterioplankton
standing stock varied by sampling times rather
than by layers (Fig. 3) and was the highest in
October and lowest in March. This temporal
variation suggests that winter decrease of bac-
terioplankton standing stock is due to a high
bacteriovory : bacterial propagation ratio.

The in situ growth rate (GR, hr™!) was highly
correlated with DOC concentration (C, mgC-17),
despite the small sample size (n=4), as follows:

surface layer, GR= 0.023xC+0.024
(r=0.998)
intermediate layer, GR= 0.995xC-0.017
(r=0.954)
bottom layer, GR=—0.043xC+0.159
(r=—0.894)

where r is the correlation coefficient. The high
correlation coefficient suggests a close relation-
ship between bacterial growth and DOC of
terrestrial origin discharged into this subarctic
estuary in winter. In situ growth rate was not
correlated with iz situ temperature when analyzed
with the Arrhenius equation, suggesting thermal
selection or acclimatization of bacterioplankton.
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Table 1. Estimation of bacterioplankton
production in the Teshio River estuary
(#gCel"teday™).

October December January March

Surface 8.5 4.5 5.2 0.6
Intermediate 1.9 2.5 0.9 0.6
Bottom 4.7 1.8 0.1 0.1

Bacterioplankton production can be estimated
from standing stock and in situ growth rate
(assuming cell volume=0.1 #m?, specific gravity
=1, water content=809;, and carbon content
in dry weight=209;), and is summarized in
Table 1. Although this bacterioplankton pro-
duction is low (e.g., MURRAY and HODSON,
1985), it undoubtedly is an important component
of overall estuarine productivity during frozen
conditions when the primary phytoplankton
production declines.

Bacterioplankton Growth in Variable Salinity
Conditions

Surface layer growth of bacteria from all
sample times occurred only in media with a
salinity below 10-20 %c, except in January when
the upper limit was 50 %, perhaps because of
river-sea water mixing prior to sampling (Figs.
4 and 5). Growth below 10-20 %o is character-
istic for non-halophilic bacteria (LARSEN, 1962),
if one accounts for some variation in nutritional
conditions (JONES, 1964). Other than in Janu-
ary, surface layer growth showed the widest
salinity range in December when the surface
DOC levels peaked (8.14 mgCs1~!)—maybe or-
ganic matter can extend saline tolerance ranges
of surface layer bacteria. The organic nutrient,
for example, trypon has been shown to make
an estuarine bacterium more salt-tolerant (SIN-
GLETON et al., 1982a). In the presence of
optimal quantity and quality of organic matter
estuarine bacteria may be more resistant to
salinity change than expected.

Bottom layer growth showed multiple peaks,
with gaps (no growth) between peaks in Oc-
tober, but little or no growth around 0%
salinity (Figs. 4 and 5). These multiple peaks
probably reflect various levels of halophilism
within the category of ‘‘slight halophiles” (best
growth at 20-50 %, LARSEN, 1962) in this
estuary.

Intermediate layer growth also showed mul-
tiple peaks, probably reflecting both river bac-
teria, which grow best at about 0% salinity,
and marine bacteria, approximately 35 %.. Peaks
which were not observed in both surface and
bottom layers, however, did occur in October
and January. Hence the intermediate layer was
not simply a river-sea water mixture but in-
cluded a unique habitat for bacteria found only
in estuaries. That indigenous estuarine bacteria,
neither strictly nonhalophilic nor marine, do
exist. COLWELL ef al. (1981) found an estua-
rine-indigenous bacterium, confirmed as such by
its physiological features (SINGLETON et al.,
1982a; 1982b). Accordingly it is no wonder
that similar or other indigenous bacteria may
occur in various estuaries such as at the Teshio
River mouth, despite differences in climate,
topography, water quality, etc.

Temperature affected halophilism (growth in
salt environment) in two ways (Fig. 4). First,
for surface bacteria, the higher the temperature
(25°C), the higher the growth peak, whereas
for intermediate and bottom bacteria, the lower
the temperature (15°C), the higher the growth
peaks. Second, for surface and lower inter-
mediate (below a gap) bacteria, the higher the
temperature (25°C), the wider the range of salt
tolerance, while for bottom and upper inter-
mediate (above a gap) bacteria, the ranges were
narrower. Reciprocal experiments gave reverse
These eflects of temperature-salinity
interactions were similar to those associated with
growth of a marine bacterium (STANLEY and
MORITA, 1986; MORITA, 1975). Temperature-
salinity-growth relationships can be seen in an
idealized diagram that shows both halophilic-
psychrophilic marine bacteria and nonhalophilic-
psychrotrophic river bacteria (psychrephilic=able
to grow at 0°C; psychrotrophic=able to grow
at both 0°C and 25-30°C; BROCK et al., 1984).

Estuarine bacterioplankton, such those in the
Teshio River estuary, may be more active and
contribute more to estuarine productivity than
expected. This is because: 1) bacterioplankton
salt-tolerance increases in the presence of organic
matter, 2) ‘‘slight halophiles” (i.e., grow best
at 20-50 %o salinity), an important component
of the estuarine bacterioplankton community, are
more responsible for various salinity, 3) indige-

results.
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nous estuarine bacteria may be more important
than previously recognized, and 4) bacterio-
plankton are more resistant to salinity shift at
optimal temperatures.
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Population ecology of the spiny turban shell Batillus cornutus
II. Habitat of juvenile shell*

Akihito YAMAZAKI** T and Naonori ISHIWATA**

Abstract: The habitat of the spiny turban shell juveniles Batillus cornutus (LIGHTFOOT) is
investigated 7 times during the period of November 1981 to January 1985 in both intertidal
and subtidal zones of marine preserves on the Pacific coast of Chiba Pref., Japan. Juvenile
shells of less than 10 mm in shell height are {requently recognized to live with a related
species small turban shell Marmarostoma stenogyrum (FISCHER) together in a symbiotic con-
nection especially with association of articulated coralline algae (Corallinoideae) in the subtidal

zone.

MR QL - A, 1987) TRETHICRT 29T
Batillus cornutus (LIGHTFOOT) O 4 EHFrOAERER
B ONW TRz, BIRTIRZDL S % EL 2
WTFH AW, v EOE RS
BT o v & YT Marmarostoma stenogyrum
(FISCHER) & OAEREMBIEMICHEL TR, Z =0
HMAAEBLOT, TOBMELRET L,
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WAE 1 PlE®s) vy ofHOE BRI L#E~5 T
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BE 10mm U TOV P IHEEAERNEEDa 27
BT E NIRRT CW A A THED, £ T, 1l
BARBANT LD, ERKEAFNEERERILOM T
# (Fig. 1) C, ¥ ¥xfHEa v PP I EREL,
ATHEHEICL 2B ELE HBHEL T, KRtk
FAMEDBRE IO B EMETEHERE L DY 50
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Tokyo University of Fisheries, Konan-4, Minato-
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Experimental Station, Chikura, Chiba, 295 Japan
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Fig. 1. Sampling stations (1-58, solid circle) for
investigations of spiny turban shell juveniles in
intertidal and subtidal zones (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, jsopleth in meter.

THRBEOR®RE, I 2

L7

2. BEER

PHIREL AV Y AT IOFEEBHER Sl
HeavazrrvFzoprmilolE (Fig 2) LonT
H5l, 5 25mm OV FIHERBE T 1EA
ARHD, PROEBSETO 2 RKICETHL, A
D EGEDIEBICERRERNR D 5 (Fig. 2, A), Thick

NT, AVEAFFIREPEETHEOEHM I B T
$, S3AQEMAELHAT, RIFAUAIT, Eihck
Ry A7 (Fig. 2, D), B 5mm O ¥ i Hid
BETEEA8HD, 3AQEBNZIERUAIT
b3 (Fig. 2, B), THICHLT, I ¥ & A4 i3l
BT EAHRHEE TR, TOMEANSEH T,
3ARDIEI MBI HEL Lisd 5 (Fig. 2, E),
B 10mm O i HIZEE THMEAARD, B
Iha3is <, BOAECI/NHAHBALBD TS (Fig.
2, Q) IYAAYFZZWME FHBALEHRL, B
NERL, BOMMONENEE AL Bk (Fig.
2, F),

YHFIHBOERER SHACRST LV HOR
HFTH (Appendix Table 1) #0F 5 T, 7 10 mm K
DY FIHEE 2 v 2 HFFTOBME B THOZK
BB AHENCERY v T L FOMOEE) D HHL
&% (Table 1) 8L OVBE 10mm Y EOHHF O
MEIC KT A EEN O HMBLEEE (Table 2) #Rd i,

BEI0mm KFOHFIRBERM TEON =/ TR
NV VYU H=/FE, Advan, yUYTEREREDE
Hiv o o2 BEN DMK, F M, T wERE
153K, ¥4, BEEOy vI=BE%,~D 1EE
HELE, 35 10mm U FoYFzR#THo L=/
FE, ~Y M) H=/ FREREDOFMY Y TERHEND
6k, FY &, TETTE, T4, /Y, /2
FYEs, TAEXT T, vVTREEENL2OMEKE
Wik, o8, a2 FoREl T, MEFOTE
v TEHENDSEREIN TN D,

3. # bl

KT BN TIIEE 10 mm RO 5 = fe B
THICESLTERL TN AEHY v T HERNCER
ETHEBLT WS, SO LhbITHiY v I TRENT
WEOBESPEEROMBOARICE - TH#EAEF
AL TNDHDEEZDND, COBE/RIR, N
5 (1984) BMEERIEAMTESHLTENT, F¥ T
FEAMTH A4 TR 2, BEHY v T E0FEERCBEICE
HLTWA T EHREZELTNWETEE—H LTV,
il (1980) wr i, v HHR A B EY X
SEAL, BRABREEYTBENVWS, LT, &
HEnEETHDLLEDNAFEY v TERENTR
ZEBEOREDEBRENBENI ENEZDOND, T,
By v TEREREOT Mk, BRLTERL
TWBDT, KEOIFEARNEFE/RD, EREMIC



186 La mer 25, 1987

>
3
3

B C
| S— [
Tmm Tmm

Fig. 2. Morphological comparison in shell form between spiny turban shell juveniles (A-C)

and small turban shell (D-F) collected in the subtidal zone.
height; B and E, 5mm; C and F, 10 mm.

Table 1.

A and D, 2.5mm in shell

Distribution (total number of individuals) of spiny turban shell juveniles (left column)

and small turban shell (right column) collected at stations (Fig. 1) by seven surveys (on
Nov. ’81 to Jan. ’85), in relation to the depth of habitat classified by the intertidal zone (IT)
and three layers (in m) of the subtidal zone (ST), and to algal associations (CA, OA) with
symbiotic relationships to them. CA, articulated coralline algae; OA, other algae. —, no

investigation in concerned place.

1T ST IT ST
Date
0-2 2-5 5-10 Sum 0-2 2-5 5-10 Sum

Nov. 1981 1 7 — — 7 6 40 — — 40
Feb, 1982 0 — — — — 10 — — — —
Nov. 1982 ¢ — — — — 18 — — — —
Feb. 1983 0 6 9 — 15 9 31 7 — 38
Dec. 1983 — 1 0 1 2 — 7 ¢ 0 7
Dec. 1984 0 0 1 — 1 14 9 3 — 12
Jan. 1985 — 1 12 — 13 — 11 5 — 16

Sum 1 15 22 1 38 57 98 15 0 113

CA 1 14 21 — 35 57 82 12 — 94

OA 0 1 1 1 3 0 16 3 0 19

LBAREXENL, HADERRYBEDTWLIELE
ZBND, TOHRADNT, WL (1984) 234+ THE
Ao&EFke v FEALOEREYIC L 2 8EL OBG
REBLTWDERBEILING, ¥, FHirv I
REANEL, BELTERLTWEDT, WRALII
LBKOREEIREL, Filt s & OBERENL, 2

D, MENEANOHE, RHTH20EHEL, #ED
ERERPEDTNDLZEREZ D5,
CCTHRELTEVDIR, BE 0mm Y Loy
RETHOEEHY v T ERERL DL LAZOMOEE
BERICERERLTWABETH I, TNRIFEY Y
TEREACERL TWBE 10mm RiOHENE
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Table 2. Distribution (total number of individuals)
by size class (in shell height, mm) of spiny
turban shell youngs collected at stations (Fig. 1)
by seven surveys (on Nov. 81 to Jan. ’85), in
relation to algal associations (CA, OA) with
symbiotic relationships to them. CA, articulated

coralline algae; OA, other algae.

Shell height

Date Sum
10-20  20-30 30-40 40-50
Nov. 1981 0 0 0 0 0
Feb. 1982 0 0 0 0 0
Nov. 1982 0 0 0 0 0
Feb. 1983 2 0 0 0 2
Dec. 1983 5 4 0 0 9
Dec. 1984 4 9 0 3 16
Jan. 1985 1 2 1 0 4
Sum 12 15 1 3 31
CA 3 2 1 0 6
OA 9 13 0 3 25

RICHEWZ OHENCERBTYEL5HDEE2 bR
5, ZORBHRMTHFRCBRIMETES,

b’ ik

WEER, ZBED, [LARTH, BAREXR (1984): +
FrOEEARBICETAME-L i B R
DIRRERIC DWW TORE. BSTEEBRKRME
#, 157~165.

EILEIR (1980) 1 ¥4 = DREFAEMIE. Ocean Age,
2, 59-66.

IIRERA, GEEHA (1987): ¥4 = QERRFAITE
1. £EBFT QLB 5%, 25, 124-136.
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Appendix Table 1.

La mer 25, 1987

Sampling records (number of individuals) at 58 stations in the

intertidal (IT) and subtidal (in depth in meter below S.S.L.) zones.

Spiny turban shell Small
Date Stn. D(ep)th Shell height (mm) turban ass?cliiililon
no. 0-10 10-20 20-30 30-40 40-50 shell
5 Nov. 1981 12 0.1 1 0 0 0 0 14 Marginisporum spp.
(NU MY H=FE)
15 IT 1 0 0 0 0 6 Corallina spp.
(rv==Rg)
27 1.9 0 0 0 0 0 3 Marginisporum spp.
38 0.7 1 8 >
44 1.5 3 0 0 0 0 15 Marginisporum spp.
Corallina spp.
47 1.4 1 0 0 0 0 0 Serraticardia mazima
(AAvan)
54 1.7 1 0 0 0 0 0 ’s
4 Feb. 1982 17 T 0 0 0 0 0 10 Corallina spp.
4 Nov. 1982 11 1T 0 0 0 0 0 11 '
19 IT 0 0 0 0 0 7 '
27 Feb. 1983 9 0.5 2 0 0 0 0 14 Corallinoideae
(BHiy v a=)
17 IT 0 0 0 0 0 Corallina spp.
20 IT 0 0 0 0 0 2 '
26 IT 0 0 0 0 0 1 's
32 1.7 4 0 0 0 0 17 Corallinoideae
33 1T 0 0 0 0 0 5 Corallina spp.
52 2.9 7 0 0 0 0 4 Corallinoideae
55 4.8 2 2 0 0 0 3 '
15 Dec. 1983 1 0 0 1 1 0 0 1 Gelidium amansii
(=274)
3 0 0 0 0 0 0 0 s
5 0.4 0 0 1 0 0 0 Sargassum patens
(vo~=z2x2)
6 0.5 0 0 0 0 0 0 S. tortile
(av=er)
8 0.5 0 0 0 0 0 0 S. horneri
(THEZ)
25 1.1 0 0 0 0 0 1 Eisenia bicyclis
(77 2)
28 1.1 0 0 0 0 Cladophora wrightiana
(Frox79)
29 1.9 1 1 1 0 0 5 Phyllospadizx japonica
(Ze7=<=E)
34 2.6 0 1 1 0 0 0 S. serratifolium
(/ax¥y=Er)
35 2.6 0 0 0 0 0 0 vy
37 1.1 0 1 0 0 0 0 E. bicyclis
40 3.2 0 0 0 0 0 0 S. serratifolium
42 3.2 0 0 0 0 0 0 '
43 3.2 0 0 0 0 0 0 ’s
56 6.6 0 0 0 0 0 0 Carpopeltis angusta
(FVr#)
57 9.6 1 1 0 0 0 0 '
58 9.6 0 0 0 0 0 0

ER]
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Appendix Table 1. (Continued)

23-24 Dec. 1984 2 0.3 0 0 0 0 0 1 G.: amansii
0.5 0 0 1 0 0 5 o
0.8 0 0 0 0 0 0 S. patens
10 IT 0 0 0 0 0 0 Hizikia fusiformis
(e o)
11 1T 0 0 0 0 0 3 Corallina spp.
13 0.5 0 0 0 0 0 0 S. piluliferum
(=x42v35)
14 0.9 0 1 0 0 0 1 "
16 IT 0 0 0 0 0 0 H. fusiformis
17 IT 0 0 0 0 0 1 Corallina spp.
18 IT 0 0 0 0 0 0 H. fusiformis
19 IT 0 0 0 0 0 4 Corallina spp.
20 IT 0 0 0 0 0 6 '
21 IT 0 0 0 0 0 0 H. fusiformis
22 1.0 0 0 1 0 0 0 S. piluliferum
23 0.9 0 0 0 0 0 0 S. patens
24 1.8 0 0 1 0 0 1 P. japonica
30 2.0 0 2 1 0 0 2 "
31 2.0 0 0 0 0 0 0 C. wrightiana
36 1.5 0 0 0 0 0 1 E. bicyclis
39 2.0 0 0 0 0 0 0 '
41 2.6 0 0 0 0 0 0 C. wrightiana
45 3.4 0 0 0 0 0 0 "
46 2.0 0 0 1 0 0 0 E. bicyclis
48 3.0 0 0 0 0 2 0 '
49 3.5 0 1 3 0 1 0 C. angusta
50 3.5 0 0 0 0 0 0 S. serratifolium
51 4.0 0 0 0 0 0 0 '
53 4.0 1 0 1 0 0 1 C. angusta
15 Jan. 1985 9 0.7 0 0 1 0 0 3 Amphiroa spp.
(h=75&)
Marginisporum spp.
32 1.7 1 0 1 0 0 8 Amphiroa spp.
Marginisporum spp.
52 2.7 2 1 0 0 0 2 Marginisporum spp.

Amphiroa spp.
55 4.7 10 0 0 1 0 3 Amphiroa spp.
Marginisporum spp.

Total 39 12 15 1 3 170
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A note on local tsunamis along the Inami coast (Wakayama Pref., Japan)
facing the western North Pacific*

Shigehisa NAKAMURA**

Abstract :
the western North Pacific.

This note concerns with the past tsunami hazards along the Inami coast facing
One of the appreciable remarks is the ancient descriptions of
acoustic tsunami precursors after the earthquake in 1854.
conditions were considered for evaluating the tsunami hazards.

Geometrical and topographical
Based upon these consider-

ations, a tsunami hazard map is prepared for the local tsunami protection planning and for
the effective public installations to be constructed.
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Fig. 1. A tsunami hazard map of Inami district (Wakayama Pref.) facing the western North

Pacific.

(1) The black patches in encre de chine show the areas of the repeated tsunami inun-
dation when the tsunamis hit in 1707, 1854, 1944, 1946 and 1960.

(2) This map includes the recent man-made coastal lands around ‘“‘H’’. These areas had
been covered by offshore sea surface by the last event. The construction of these
areas has been done in these twenty or thirty years by the time of 1987.

(3) The River Kirimegawa has been blocked by longshore sand transport for a long time
at the place of the mark ‘P, so that the river flow is around the north of the mark
“S» to get to the sea at the mark “R”. The area of the mark “P” has been
utilized for shoreline fishing.

(4) The map shows cliffs and points and detached small islands, for example, Hatanozaki,
Kirimezaki and Maruyama. No tsunami hit has been recorded or observed by 1987.
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Information océanographiques de France N° 5

I. —#% Informations générales

1. DATAR [CF—#%/3 4 (La DATA crée sa

banque de donées)

DATAR (E Lt 24 Délégation 2 I'aménage-
ment du territoire) 1%, JMNEAEZHOLDDF—4
NV RIOEEN Ui, RILETORBRA®EIDT
— 413, BERZIZUDIET 22810 DATAR FHEHIC
IFXEEEN D, T—28E LT, 50T HA—F
2008 (D F D) 200 AFAML) 7248, 8TAHERICI 2, 6004
BOIL TS, 1KROH— FiKiz, BBRoRE CGUE
O, N, FEIOE LF4, K¥ - FRIOEFE ),
2 A (B0, #&EEY, BT —-ex), Bk
CAFARE /g - B EDERN, 30T B
NTREIN TS,

2. A—L AFEOHFO#EE (37 nouveaux projects

de recherches dans le cadre d’Euréka)

FDA Ly 7R A TORESRE (1986 4 12H17H)
IR WT, M9 EOAERIC X 23705 AW A7A
HEN, 2L A0 OREWLD -T2, 5 b
MET 2FERBFELFETD L,

« N A 2 Halios (I11 2 £H8)

2—u 73— EUROFOR— ik FRREEHT D 4 —

A=Yz vk

« R —s¥—4 7 v — SUPER SUBSEA—#KHE % F|
R UL 7 A B & 2 7 2 OBZ

e 2—11 7 EUROP—/KE 80m TOIFEF L7 5%
BEFELFaR .y ORIz

< TV R~ 20,000 ARCHIPOSE—dL#icE & 2
TtDT 5y b7 ax—bBHEBETLDOFEROEE
YT, FRTHI~EHTTE B

II. ZkEHBER Agro-alimentaire
1. \BELCDOOTHD—E (Encore les algues)
BEAR N— AR L AROMEMRABARZ L1
BHIBELAR, TOETAY b=y 7 HE (&
2%, WwWK2%) 5Ty /T (Carantec) OEE

Jacques GUICHOUX KIC & » THEFE N/, TOHREY
EEAICOERNT, £4 Ty A, 8Ly —7
—FLrAR S VvABON I TNEBEERZTLEE VI,

o, YE ORI THEM O GOEMER # (ft B 1654
HEWHAEZILTED (SRRTEERDI%E ED D),
:@%E¢®t§7w~7&~%utoA1§Wb,E
obEns, HWERAR, A4 = PARRORTY
T AT EH, 1988~8UFITIL 3 H F )/@&é ¢t
B TR A EET HONLERT, GOEMER e
& A REY ORI TEAT (ERIRERE L EEE) 8
%, FHOIEEE~OED, LJPBEIE:TQ%%EPT% 5o

2. b=y U HHEETS (Une conserverie de

thon aux Seychelles)

CTOFIEIL, BEFE 77 AD 24 (Armement
coopératif finistérien #t& Pécheurs de Mer #1) O&

XD s b ) TEHRRICEERT T, RERIZITER
BREEh & Fr B, EEEREIR 8T 248, 277 t ETHA
BN 2o

3. TSUATH “MEEI” ELEE (Débu de pro-

duction de Kamaboko en France)

IFREMER & Péche et Froid #: (Boulogne-sur-Mer)
%, MET 908 oA EBECMELIREERTHS
25, CT0ET BoAEND b LOMRMELRD D
nRLBTS, Flzid, RTFOREEFR Y —7 — FRE
£:%4 CUISIMER #t (Carentan 7)) Tid, ZDH 4w
786~"8TFKAB) 1T “pEIRT” RBHEIE, K
Ko “+h B IR, ILORPLOMARILE - TnD
P, 8T HAn B v T (Trisopterus lucus) 7> 5B D
EESRELARTTH S,

4. BEEEUNSFEHHEEZHM

arbmes marins)

B O MAKSBERSYICESACAEL TN
LYRAZ %3, WELEY 5O EMLAERY O BRI
CHFEEYEDTNS, A (TYF &, ¥ox, ¥, <
suy, B (7%, s—, w27), B (1=, =
2 BSEMELLRR—2 MET, ThEeBRL, &

(Hydrolisats et
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N —, A=, V—AOHISTRILIGALLS
L3 DT, TC—HERALIR TN, “T0H”
OREEHOMINOHEABRITINTND

1. @ s 135 Péches et aquaculture

1. EC BZEEDFERE (L' Europe fixe son pro-

gramme d’aides a la péche)

BEOEERELED LD ORHAER, 19865F12H
A HERING, 207 a s T AEEIZIARLIEICD
245 FHESMATERSFH CRE420E 7 7 v, &
#Zrh3ESTHT I VAP0, ERBEIE, 1) iz
%(33m PO 65%*’) b D% MEEO EIE
—DIEE)) (2) #FEZE (70 %—F 30 %—) (8) WEAE
() e R ThDH, BB, EW LS
NAEXRICEL, ¥V Vs, HIVVT(ARLY), AF
) FEE, FEAI L FFVF, TVE~= o, R
H, TANG Y FEREMATH D,

2. 1990 L (C T THFHE M (Un navire des

péches pour 1990)

C2—1H” DIBTL e AL VI NIEED—DL
LT, 75 v A5z IFREMER & Manch SA #7235
L T\W5ZOERIE, YA R (Halios) &FFIER,
K%EQH%&I% BLTEZARUARO =TV
b, MROERLLAHDI, HEY
27 b, WOET - K LFOHE oK ME, 42 B
DEEHLED, BORE - W F LRSS IRNMZ DS
&,

3. MAREHY AT L (Un nouveau systéme de

stockage du poissons a bord)

avFF—REMULI P m—oviass, $7r e K
v R ¥ Sable d’Olonne THFHE I Nz, TOHEKED
EFUMIIZ, EX24.8m, 1B 7.20m, ¥ K 3.8 m
62087, A7) i —OFROAEE 2
Yha—LT&ED, AL, 300~350kg D&%
TEHT VIO YT I~ 102 ENRBERTERD,
EWHE LRI LB LEMLTCWD, 2 VT —23 51T .
SETEDZDB I VKD, BEEERTLFICAFER
F R OMNERTH D (Seamen Ingénierie #AFEF),

4. PO—JUEETEAIYE 21—V 7 b (Un logi-

ciel pour chaluts)

IFREMER & EHir## &~ %4 — (Boulogne-sur-Mer)
i, RO EFCHBRATE v —2 Y T
FEBERELE, [P — VOB EER] A5z 0Y
7 MR, E#RELT,

T, TV

< e (28
EIH
s P VBOREIROT 1« AT LA
- M - VRO X )
CHARER SR EORA
- R m Ok
FRLTED, MBRNLIT7 7 Thb,
£ C. LIACOPOULOS

4, KER) ot

Mission du Centre National de la Mer
Hotel de Ville BP729
62321 Boulogne-sur-Mer
5. SEFEKEXR: BHEFAZE 80t (MULTITRANS-
PECHE: 80 tonnes de thon en boite par jour)

198243k, 77 v R&A v F iy T OERMECL S
KEESAA, Biak & (Irian-Joya ) Z##E & U CHA
KRB L TR, BETRAE 1,000~1,500t Oz
FELTWD, 198FEDRIELHIZLIT2EAN VT, ¥
NIRRT ETRETHIN, vy 7 ERHBT
54 (65%) & HA (35%) ~MSh T 528, 1989
TP EE D R LENEMICFER T hIE, 800 Aok
%#i%~Eﬁgu@%%%%£“C§Ou&Kﬁ5io

BOHRHOLE bHLRTETA- TnD,

6. 752 ADHRKEGHEEEE (Production de

I'aquaculture frangaise en eau douce)

FETEE AR
33,000 Bordeaux) 1%, koK, KK TOEERN
RS TEIRER L, Thitdbs, 570 0RE
EE@'@S%t&ﬂmBhnhéo1TLyAT@E
MOLEBEWIN TS,

X =T FHTE Macrobrachium rosenbergii D L

. Aqua-Revue (55, cours G. Clémenceau,

B (ARELO ODHFLETHH
Dz TRKIEMEZERN AT

;coxfﬁ,tl5%

b5,
aA - v FLEDT - RO ONWTORT
WAL b DHR 270,
SR U THTREROAEI DEDEL DR

b DEDTHE, TX 28,000t, 3470 ¥ DB A
7,800t, 7FF 380t, A=FF LT 90t THB,
7. H*D4EEE (Elevage d’Huitres plates en
mer ouverte)
197040 %, EY9R (Martelia 33 X ¢f Bonamia)
MRETE — 0 /S0 OEBIZBIR L 223, 19814
BEOR/EEE L CRBETOREEFES I EY 1
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7 WETEIRAA BT 5 (Cancale #75), —7FH, Z0
EMHDHEE LT, KFRE GTEILTHD
(Céte du Nord 7 VT E), ZHbid, 2K 100m
DXAERY, WIWICOT /2 (2~3tDdD) L7 4
THKTH 2mICEEI S, ZBRED “SEH I
HkEATE A~5m D%, 100~150 A& R LUZHZIES,
Ti5 20 g O MEHPEIR, 6 7 AR HEREICR S
FTCRBRT %, 7 A P REER, LFERIBB%T
Hbo EoEDULIERENHZ DI 1987 FHIDITL
2, FROBIEELE L THEETH %,

i4&%:: Michel SouLas

Comité I’Expansion Economique des Cétes
du Nord

6, place du Général-de-Gable,

22000 Saint-Brieuc

8. HHOEFO DNA Z#HE (Extraction ’ADN

sur laitance de saumon)

JAVENEC #t (Bretagne) 1%, %7 D25 DNA
it 2B O EEHFE L 2, [AOTERIEKkD
Toa—iHEL D BRI ACEEONHOT
EHE OGRS S L MHTE 2, M O4EERE

i 5~10t ¢, & LSO TRENE L,

B b

9. HA /7 (La cueillette risquée du ‘‘pouce-
pied” Pollicipes cornupiae)

O ERBCEENT LI LTRET 5 SO HEE
O—F %, WOENTHAREER (A7 Y Er~3 72—
ATENRD) T, LA Y TBEIRTWD, TH
flifg &+ 0 50~800 7 7 VI B IEFESS, KD
B TORIRAG B E L EH Y, Belle-Ile-en-Mer (7 v
4 —= M) OBEZHMIZICEISH~11A15HTH S
A, MR R EDREREREZ DT, BEOEE
RLEEIN TV S,

0. BEFHREOREY: AXFE54 45t (45
tonnes de bars et de dorades produites a Grave-
lines)

2N g 5 ) — % (Graveline) & 713
BATCIE, ZOHK (BK) ZAE L 2%AT D 1983 4
LIk Tth D, IFREMER 1B OKERBRE & 135]
w, HEHESO T2 v s —v AQUANORD £& N DH
b, FILAXFEL 1 DFRIEZT-> T 5%, 19865FDE
FEEIZF45¢ T, 2B BB RBAXFRNHDTWS, &
FHIRRELFT, 1828 T 300g it TEFT B, mono
v AR BB OEECTENND) ROor#EAT,
TN X DEBFEELEFRL, LELUICHRD MG i

Rt BHooic, HMICIHMEE DRT 2FHENZTHRT
W5, fi5, IFREMER RERETHALORIZF —H v
b Psetta maxima OEJEFERIT E 4T, BA T OEKT
DEXFAEADOHFHEADERT &L AS,

11. #MPETIZVARKOK (A B (La plus
grande unité francaise de péche thoniére en
Méditerranée)

1986 E10H Ic 2 # %5 L 7= Provence Cote d’Azur
F134f 35.80m T, 150m® OB A ZOxHB, 50t
DEXNECED, &K 1.5km, FE 240m O3 2/
X AEFEHNL, WMEHD 350~400t & HRAAT
BO, ZOES M 13~28F/kg * FEL T\ 5,
BHin&IT, 19854ECI%, 77 Y Al 256~28m DR 2
22 IC X 5Ty mvsE 5,400t DEELTT- 72,

12 X Py H%EE: PNDR 7HS S L (Gestion des
stocks: le Programme National sur le Determi-
nisme du Recrutement des animaux marins)

COTmT T A, KEEYE RO MR E BRI
& EDFCERWMBONIFE T, IFREMER, CNRS, +
M K%, ORSTOM O¥ETETFHTH D, Thik, #
E HRIZDOWT b =2 Vil fEoRg oK
BT TI9BMHITIEE » b DT, £ Tk “ERH
I BIREEA VS0 P DA A= X A O REE
JLRREE L UTHLY BT Bz, Thal]banicichuid
35 —FD7 77 A —THDHEBHOEAS /%7 I Dj

&

COHENTHRETFHA, BE, T A Solea wulgaris
D 3T DWW TEBMTRATDN T2 2,

B OnEF B,

SEDHH

&

N Yes

¥

R

HETE D, Kk PNDR Informations (FET)) % 2
Iz,
WS : M. A. HERBLAND
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