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Influences of Oxygen-poor Water on Megabenthos
Communities in Ise Bay, Central Japan

Moazzem Hossain* and Hideo SexkicucHr”

Abstract

Oxygen-poor water (0,=2ppm) develops and prevails at the bottom of Ise Bay during summer to
autumn every year mainly due to the progress of eutrophication. Two cruises were made to quantify
influences of oxygen-poor water on megabenthos communities in the bay. First, in June 1992 when
oxygen-poor water began to develop, and secondly, in October 1992 when the event was in a perishing
phase. During June 1992, higher biomasses (wet weight/stn.) of megabenthos were found in the cen-
tral and southern parts of the bay where oxygen-poor water had already developed. The reason why
a strong impact of oxygen-poor water was not yet detected in June 1992 is probably due to its absence
in May 1992. Contrastingly, in October 1992, megabenthos biomass found in the bay was extremely
low, indicating mass mortality of megabenthos due to the presence of oxygen-poor water at the bot-

tom for a long periods (4-5months).

Introduction

Development and prevalence of oxygen-poor
water have frequently been observed in eutro-
phicated inlet and coastal waters all over the world
during warm seasons (JORGENSEN, 1980; DETHLEFSEN
and WESTERNHAGEN, 1982; WEIGELT and RUMOHR,
1986; PHL et al., 1991; ROSENBERG et al., 1992). Also in
Japanese waters (e.g., Tokyo, Ise, and Osaka Bays,
and the Inland Sea of Seto), events of oxygen-poor
water are well documented (Oceanographic Soci-
ety of Japan, 1985).

Commercially important demersal fishes, shell-
fishes and so on are included in megabenthos. The
events of oxygen-poor water have caused strong
damage to fisheries of these organisms in
eutrophicated inlet and coastal waters, so that this
situation has promoted studies concerning the in-
fluences of the events on those fisheries (see,
HIRANO, 1992). Shimizu and his colleagues have in-
vestigated the effects of the events on commer-
cially important animals in Tokyo Bay, central
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Japan (TOKIMURA, 1985; SHimizu, 1988; OHTOMI ef al.,
1988, 1989; IKESHIMA, 1995).

However, as far as we know, very little is known
about influences of oxygen-poor water on
megabenthos communities as a whole. Of previous
work done on megabenthos, there are studies by
SexicucH! and his colleagues on megabenthos com-
munities in Ise Bay (HosSAIN et al., 1996; AMAKAWA
et al., 1996). These works showed drastic changes in
megabenthos biomass, spatial distribution of
megabenthos  density, and  structure of
megabenthos populations and communities in rela-
tion to the events of oxygen-poor water in the bay.

In the present study, we show another example
of the oxygen-poor water event and its influence
on megabenthos communities in Ise Bay in 1992
when the event was particularly more severe than

in other years.

Materials and Methods
Study area

Ise Bay is a semi-closed bay located along the Pa-
cific coast of central Japan and covers a surface
area of 1,738km? with a mean depth of 195 m (Fig.
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1). The depth is slightly more than 30 m in the
main basin and is separated from the Pacific Ocean
through the Irago passage, which is 13km wide and
73 m deep. The Kiso River (Kiso, NaGAwA, InD),
some of the biggest rivers in Japan, flow into the in-
nermost part of the bay. The northern and central
parts of the bay have silt-clay bottom, while the
southern and southwestern parts have sand, rock
and gravel bottoms (Fig. 2).

The water in the bay is rich in nutrients and
highly turbid due to the freshwater discharge and
sewage effluent from the cities on the western and
northern coasts. With the recent progress of
eutrophication in the bay, red tides are observed
during summer every year followed by oxygen-
poor water prevailing mainly and widely in the
central part of the bay (Oceanographic Society of
Japan, 1985).

Seasonal and spatial distributions of the
dissoloved oxygen content in the bay from Janu-
ary to December 1992, according to the Prompt Re-
port of Mie Prefectural Institute of Fisheries
Technology, are shown in Fig. 3. Oxygen-poor
water (i.e, 2 ppm or less) occurred and prevéiled
widely in the bottom layer (1 m above the bottom)
of the central part of the bay mainly during June to
October, 1992. The most severe condition was found
to occur, however, during July to September when
oxygen-poor water prevailed in the greater part of
the bay.

Sampling and Data processing

Sampling was done in order to quantify the im-
pact of oxygen-poor water on megabenthos com-
munities in Ise Bay by a comparison between
biomasses of megabenthos collected at the
begining and ending of development of oxygen-
poor water. Two cruises were made on board the
T/V Seisui Maru of Mie University for collecting
megabenthos in the bay. First, on the 16-19 June,
1992, when oxygen-poor water started to develop at
bottoms of the bay, and second, on the 29-30 Octo-
ber, 1992, when oxygen-poor water was in a perish-
ing phase.

In each cruise, 16-17 sampling stations were cov-
ered during the daytime. A small beam trawl was
towed horizontally for 15 minutes on the bottom
with a ship speed of 2 knots (1m/sec) at each sam-
pling station, covering a bottom surface area of
ca.1500m® This equipment has an iron frame fixed
to the net, 4.4m in length, with a stretch mesh size
of 2Tmm (Fig. 4). We define here the term
‘megabenthos’ as organisms collected using this
equipment.

Catches, that were frozen immediately after sam-
pling, were sorted out according to major taxo-
nomic groups. The weights of specimens of each
taxon were measured in the laboratory.

Results

Weights of total megabenthos and major taxa
which were collected in June 1992, when oxygen-
poor water began to develop at the bottom in the
bay, are shown in Table 1 and Fig. 5. Total
megabenthos weight collected from all sampling
stations was 88kg. Three groups, viz., crustaceans,
echinoderms and fishes were dominant among
megabenthos amounting to 42.0kg, 164kg and
12.9kg of biomass, respectively. Of these three taxa,
and also of the total megabenthos, five species were
absolutely dominant in biomass; Stomatopoda:
Oratosquilla oratoria, Brachyura: Carcinoplax vestita
and Charybdis bimaculata, Asteroidea: Luidia
quinaria, and Pisces: Repomucenus valenciennei.

Spatial distributions of biomasses (wet weight
/stn.) of the total megabenthos and seven major
taxa (mantis shrimps, shrimps, crabs, fishes, star-
fishes, sea-urchins and gastropods) are shown in
Fig. 6. Higher biomasses of the total megabenthos
were found in central and mouth parts of the bay,
with the highest being 10kg/stn and 15kg/stn, re-
spectively. Crustaceans and fishes contributed to
form higher biomasses at sampling stations in the
central parts where silt-clay bottom sediment pre-
vails (Figs. 2, 6). On the contrary, echinoderms con-
tributed to form higher biomasses at sampling
stations in the areas where several types of bottom
sediment are found (Figs. 2, 6). Interestingly, as
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Fig. 1. Ise Bay and location of sampling stations.
Solid circles and dotted lines indicate sampling
stations and depth isopleths in meters, respec-
tively.

indicated in Figs. 3 and 6, most of the sampling sta-
tions with higher biomasses of total megabenthos
and also major taxa in June 1992 were located
within the prevalent area of oxygen-poor water.

On the other hand, weights of the total
megabenthos and major taxa which were collected
in October 1992 when oxygen-poor water appeared
to enter a perishing phase are both shown in Table
2 and Fig. 5. Total weight of megabenthos collected
in the whole bay was remarkably low amounting
to only 1,980g, decreasing drastically as compared
to those (88kg) collected in June (Fig. 5). Biomass
of megabenthos at each sampling station was also
extremely low in October 1992 (Table 1). In fact, it
was difficult to draw figures indicating spatial dis-
tribution of megabenthos biomass (wet weight/
stn.) in the bay, because the megabenthos biomass
occurring at each station was very negligible. How-
ever, species composition of megabenthos was al-
most the same as that found in June 1992.

Dead organisms, including crustaceans, echino-
derms molluscans and fishes, were frequently

Eiclay
[MTsilt
Eizd sand
Ede-f sand
EXgravel
I rock

Fig. 2. Bottom sediment types in Ise Bay (from Kitamori et al., 1970 and partly revised).
Sand indicates fine sand only and c-f sand indicates coarse to fine sands.
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Fig. 3. Seasonal and spatial distributions of the dis-
solved oxygen content (ppm) in the water 1 m
above the bottom in Ise Bay in 1992 (from the
Prompt Report of Mie Prefectural Institute of
Fisheries Technology).

Shaded areas indicate the areas with a dis-
solved oxygen content of 2 ppm or less.

Fig. 4. Schematic illustration of the sampling gear
for megabenthos

found in megabenthos samples collected at most
sampling stations in October 1992 and also the pe-
culiar smell of hydrogen sulphide was strongly de-
tectable among megabenthos samples and
sediments collected there. This indicates that hy-
drogen sulphide developed in most of the bottom
sediment of the bay except the southern parts
where oxygen-poor water was not found due
probably to active exchange of the bay water with
the open coastal water (Oceanographic Society of
Japan, 1985).

Thus, according to the above-mentioned results,
it is clear that development and prevalence of
oxXygen-poor water promote mass mortality of
megabenthos, resulting in defaunation in the bay.

Tolal wet welgnt (kg}

Tolal A B c o E F [ H

. Taxenomie groups
Fig. 5. Wet weights of major megabenthos taxa col-
lected during the beginning and ending of
oxygen-poor water events in Ise Bay in 1992.
The letter codes are as follows- A: fishes, B:
mantis shrimps, C: crabs, D: shrimps, E: sea-stars,
F: sea-urchins, G: gastropods, H: bivalves.

Fig. 6. Seasonal and spatial distributions of biomass
(kg/stn.) of major megabenthos taxa in Ise Bay
during June 1992 when oxygen-poor water just
began to develop.

Discussion

Development of oxygen-poor water during warm
periods has already been reported in Ise Bay
(Oceanographic Society of Japan, 1985). Usually
oxygen-poor water starts to develop in the central
part of the bay from June and lasts until October
over the wider parts of the bay. Oxygen-poor water
is believed to occur in the bay with the progress of
eutrophication. In Ise Bay, the prevalence of
oxygen-poor water is detectable for a long period
(usually 4-5 months), and results in defaunation of
megabenthos in the bay every year (HoSSAIN ef al.,
1996).

Missing weights of megabenthos can be an
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Table 1. Biomass of megabenthos collected in Ise Bay during June 1992

Biomass of major magabenthos taxs(kg)

Sampling stations Total (kg)
A B C D E F G

2' 0.2 0.2 0.5 0.1 0.0 0.0 0.7 1.9

5 1.3 1.7 43 0.9 0.3 0.4 0.5 9.3

6 0.5 14 2.4 0.5 ? 0.0 0.8 5.5

7 0.0 1.2 2.2 0.3 0.0 0.0 0.3 4.6

8 2.3 1.7 4.1 1.1 0.1 0.0 04 10.7

9 0.2 0.3 0.9 0.1 1.0 2.6 0.1 5.2

10 0.8 1.8 2.7 0.4 2.7 0.0 0.1 9.3

11 2.3 1.6 4.6 0.9 0.0 0.0 0.3 10.6

12 0.2 0.1 0.1 0.1 0.2 0.0 0.1 0.7

13 0.4 0.1 0.2 0.1 0.1 0.1 0.1 1.0

14 2.7 0.2 0.0 0.0 0.0 0.0 0.5 3.9

15 04 0.4 0.8 0.1 0.0 0.0 0.1 1.6

16 0.1 0.2 0.2 0.1 0.0 0.0 0.1 0.5

17 0.4 0.1 0.1 0.1 0.3 0.0 0.0 0.8

30 0.8 0.1 2.4 0.0 11.5 0.3 0.0 16.2

33 0.2 0.1 0.1 0.1 0.1 0.4 0.0 1.1

34 0.1 0.1 0.1 0.1 0.1 4.2 0.1 5.1
Total (kg) 12.9 113 25.7 5.0 16.4 8.0 4.2 * 88.0

% : Total megabenthos biomass including major and minor groups, A : fishes, B: mantis shrimps, C: crabs,
D: shrimps, E: sea-stars, F: sea-urchins and G: gastropods

Table 2. Biomass of megabenthos collected in Ise Bay during October 1992

Biomass of major magabenthos taxa(g)

Sampling stations A B c D F G = Total(g)
2 13 32 10 0 0 12 59 130

5 0 57 3 0 0 11 56 171

6 0 0 0 0 0 0 80 80

7 11 0 0 0 0 0 61 72

8 23 4 8 4 0 58 74 169

9 0 3 0 0 0 0 0 3

10 4 13 0 0 0 0 208 245

11 9 20 0 0 0 0 79 108

12 21 72 2 0 0 41 136

13 27 49 39 2 0 22 71 223

14 103 27 10 2 0 0 70 212

15 71 18 0 14 0 0 0 103

16 21 56 0 0 0 0 0 80

17 10 0 1 13 71 3 0 121

30 61 19 0 30 0 0 0 110

33 13 0 0 1 1 0 0 15
Total(g) 387 370 73 66 72 106 799 * 1978

% : total megabenthos biomass including major and minor groups, A:fishes, B: mantis shrimps, C: crabs,
D: shrimps, F:sea-urchins and G: gastropods and H: bivales
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indicator to quantify the effect of oxygen-poor
water in the bay. The missing weight can roughly
be estimated as differences between weights of
megabenthos collected at the beginning and end-
ing of the oxygen-poor water event in the bay.
Note that some stations that were not sampled at
both the beginning and ending of the event have
been excluded from the estimation of missing
weight. In the present study, the missing weight
amounted to nearly 8lkg as compared to 1 kg in
1993 (HossAIN ef al, 1996) and 39 kg in 1994 (un-
published data). Hence, it is clear that the effect of
oxygen-poor water on megabenthos communities
in Ise Bay was most severe in 1992 (present study)
as compared to that in 1993 and 1994. Of these three
years, the influence of oxygen-poor water was least
severe in 1993. Spatial and seasonal distributions of
the dissolved oxygen content in 1993 also support
this finding (HossAIN et al., 1996). Due to a series of
typhoons that passed through the bay in Septem-
ber 1993, a good mixing of water occurred which
perhaps prevented the development of oxygen-
poor water at the bottom. So, apparently, the
greater the extent of oxygen-poor water, the more
the missing weight and vice versa.

The seasonal and spatial distributions of
remarkably influenced by
oxygen-poor water in Ise Bay. Megabenthos

megabenthos are

biomass (wet weight/stn.) start decreasing from
June and/or July as oxygen-poor water begins to
develop and reach a minimum at the end of the
event, and then megabenthos biomass start in-
creasing from November when the oxygen condi-
tion on the bay bottom almost recovers (HosSAIN et
al., 1996, unpublished data). As for present study,
oxygen-poor water began to develop in a wider
part of the bay from June and prevailed until No-
vember (Fig. 3). Meanwhile, the spatial distribu-
tion patterns of megabenthos biomasses vary year
to year depending on the magnitude of developing
oxygen-poor water in the bay. For example, in 1993,
when oxygen-poor water did not seem to be too se-
vere, higher biomasses of megabenthos were found
in the central part of the bay at the beginning of

the development of oxygen-poor water and at the
marginal stations of the same areas at the end of
the event (HossaIN et al. 1996). Contrastingly, in
1994, higher biomasses of megabenthos occurred in
the central part of the bay before oxygen-poor
water developed, while oxygen-poor water result-
ing in mass mortality developed and prevailed, and
higher biomasses rather shifted in the southern
part of the bay (ﬁnpublished data). In the present
study, during the onset of oxygen-poor water event
in the bay in June 1992, higher biomasses of
megabenthos occurred at the central part of the
bay where oxygen-poor water had already devel-
oped. A strong influence of oxygen-poor water on
megabenthos in June 1992 was not yet detected be-
cause oxygen-poor water did not appear in May
1992 and then just began to develop in the bay in
June 1992.

It is very difficult to exactly assess the ecological
significance of oxygen-poor water that develops
seasonally in neritic and coastal waters. In Ise Bay,
the oxygen-poor water event lasts for quite a long
period (about 4-5 months) every year, having a
catastrophic effect on megabenthos communities.
So, this particular phenomenon of developing
oxygen-poor water could be rather alarming. Thus,
we need further comprehensive studies to elucidate
in some detail how the bay is ecologically stressed.
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