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Ecological Studies on Heterotrophic Bacteria in Mikawa Bay - II.
Population Densities of Heterotrophic Bacteria in Bottom Sediments
and Environmental Conditions
By
Masatada MURAKAMI and Hiroaki FUJISAWA

The present report aimed at clarifying the mechanism of causing the oxygen-deficient
water mass during summer in Mikawa Bay, basing on the records of the following items
collected from the three surveys in 1975 to ’76 : the population densities of heterotrophic
bacteria and the sulfate-reducing ones, and temperature, COD, water conient, ignition loss,
total-C, total-N, sulfide content, and 6-hour oxygen consumption of sediment in oxygen
bottle, as the environmental conditions. A gquasi-in situ oxygen consumption of sediment was
estimated with the enclose core method at 2-hour intervals, as a collateral attempt to examine
the mechanism.

The results obtained were summarized as follows :

1. The population of aerobic heterotrophic bacteria per g of bottom sediments sampled from
Mikawa Bay in summer was in the order of 104 to 105, which was lower than that in winter or
that from Hiuchi-Nada reported by other workers.

2. With assistance of the regression line and rejection zone of environmental conditions in
summer on the distance from the mouth of the Toyo Kawa River projected on the chain line
in Fig. 1, it was found out that the ignition loss and the total carbon in summer were lower
than those in winter.

3. The oxygen consumption of bottom sediments in core in guasi-in sifu condition was 0.006
to 0.023 O, g/m?/hr,

4. The populations of anaerobic heterotrophic and sulfate-reducing bacteria per g of bottom
sediments in summer, were in the order of 105 to 106, 104 to 106 respectively, and the sulfate-
reducing bacteria was denser in this bay than in Hiroshima Bay. And the sulfide content
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in summer was comparatively high, being 0.35 t0 1.14 S mg/g.

Based on the results of the present report and those of other workers, the following
mechanism of oxygen deficiency in bottom water was deduced. In summer, abundant sulfides
were produced by sulfate-reducing bacteria in sediment. A part of the sulfides thus produced,
mainly free hydrogen sulfides and colloidal metallic ones, difused (or scattered) into the water
near the bottom, and consumed the dissolved oxygen to a very low level.
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Table 1.  Compositions of media

Medium A (for anaerobic heterotrophs)

Poly peptone 5.0g, Yeast extract 1.0g, Glucose 5.0g,
FePO, 0.01g, L—Ascorbic acid 0.1g, Filtered sea water 1,000 m/,
pH 7.5

Medium B (for sulfate reducers)

Calcium lactate 3.5g, Poly peptone 2.0g, Yeast extract 1.0g,
K:HPO, 0.2¢g, MgSO,-7TH,0 0.2g, Fe(NH,),-(50,).-6H.0 0.2¢g,
L—Ascorbic acid 0.1g, Agar 3.0g Filtered sea water 1,000 m/,
pH 7.5
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Fig. 1.  Sketch chart of the sampling stations in Mikawa Bay

Mote :  Solid circle, St. 10—13 and St. C ..... August of 1975
Open circle, St. 14—19 ..... January of 1976
Solid triangle, St. 20—24 ..... August of 1976
Chain line shows the projected line defined in the note

of Fig. 2.
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Table 2. The population density of aerobic heterotrophic bacteria and the environmental conditions
in the bottom sedimenis sampled from Mikawa Bay

Dept}} of Aerobic . |Temp. of Water Ignition R Oxyger?
Date  St. overlying | heterotrophic . Total-C  Total-N C/N  consumption
water bacteria sediment content  loss of sediment*
(m) | (cells/gwet) | (C) (mglgdyy (%) (%) (mglgdry) (mgfgdry) (0, mg/hr/g wet)
10 8.5 9.5x10* 22.5 — 67.2 13.1  26.5 1.1 24.1 0.037
Aug.5 11 12.0 8.7x10* 225 14.4 66.5 12.9 25.0 1.8 13.9 0.025
1975' T 12 12.5 9.5Xx10* 21.2 20.8 68.8 12.6 21.9 3.1 7.1 0.028
13 18.0 1.2x10° 21.0 35.0 79.7 13.0 23.0 1.3 17.7 0.023
C 17.0 1.1x10° — 37.6 77.0 12.8 25.2 1.4 18.0 0.016
14 8.5 2.7%X10° 55 35.7 77.0 14.9 31.2 3.1 10.3
Jan.28, 15 11.0 1.5x10° 6.0 38.4 78.3 156 22.5 2.1 10.7
1976 16 10.5 2.5x10° 4.5 19.8 56.9 16.7 38.1 2.2 17.3
17 9.0 2.1x10° 6.2 35.5 77.0 15.0 345 3.1 11.0
Jan.27, 18 16.0 7.0%x10° 8.0 38.0 76.4 15.8 34.4 3.1 10.9
1976 19 21.0 3.4%X10° 9.2 26.7 64.6 11.0 35.2 3.2 10.9
Note : * Calculated from the 6-hour consumption measured by DO-meters for lg sediment

(wet weight) in 100-m/ oxygen bottle
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Fig. 2.  Seasonal change of the population density of acrobic hetero-
trophic bacteria in bottom sediment with the projected
distance from the mouth of the Toyo Kawa

Note: To show the disiribution with the distance from the mouth
of the Toyo Kawa, the following method was adopted :

1) Measured the distance of respective stations from the
mouth in the east-west direction and in the north-south
one,

2) Estimated the regression line of the latter on the former,

3) Drew perpendiculars from respective stations to this line,

4) Measured the distance from the foot of the mouth to the
fect of them (this distance was called the projected
distance, for convenience),

5) And estimated the regression line and rejection zone of
the population density of bacteria on this distance in
August of 1975.

Solid circle ..... August of 1975

Open circle ..... January of 1976

Solid triangle ..... August of 1976

Solid line ..... Regression line estimated from the records
in August of 1975

Broken curve ..... Estimated rejection zone at 0.05 level

Thick line ..... Significant linear regression equation

B AEEAEELZA2 L, BEOEZERTORGELEMI SV WANEMETAH ), £R{LHEIEZ 0.05
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Fig. 3.  Seasonal change of the population density of heterotrophic bacteria
in seawater with the projected distance from the mouth of the Toyo Kawa

Note : The note is the same to that of Fig. 2.

BEETNS L, BRENCODBLIVAGEE CHREER L 0BRFFLNCRLL, s, £FRC
B3I, DERESOENEIERICITITN - TH ), EHERBO LN -2, —FH, KGEE
OEZHHTIE, FORBERIBEL LY, Lird, 1976 E0EEN3 AL ZOBIHE - THHLTwiz,
INbiE, BEECRRTGEDSVIREREIINEDRAEZIAPLBEWZINETL, WO SEENHA
CEETHIEERL T, 27, CODORHIIRFEENFAHITELL Tz, LA L& DHER
BUZEZRTO0.96, £ZT0.8 &4, WINLFBELALTIENTE, MBARFA-HEETHEL L2 L),
Thbb, ERORFEINECICEMEELL)ORKEIKEL, ZORKEDKRE VK TIZEHEY
L EDEMEN LW EERLTEY, TALOEEIERCIEHEIRD LT W,

HMEE, SRZBBIVLEZBORELRLAESEL L, IALOFBRHOIEEERVTLLES
PEELVEHTH Y, EEOEHNSHCLBENEIWET 2580572, LarL, KOEETALN



COD
@ 40% —6’ -7 0 OXO/
5 / o
=~ 20k /:/ ®
7 -7 -
Water content
80F -7 . e~
-0
O - o [
//A/
o T70f
B @ @ .- ——
g //./ I
60F Lo
16 30
Projected distance (km)
4 /| " P B4 i PR
% 10 11 12 c 13
17 15 18 19
21 22 23

The mouth of

the Toyo Kawa

Fig. 4.

Note :

Station number

Seasonal change of the distributions
of COD and water content in
bottom sediment with the projected
distance from the mouth of the
Toyo Kawa

The note is the same to that of
Fig. 2.

319

Ignition loss

161 o o
(o]
s M e A
- e % Y )
® 2
12} e e L
o]
Total-C
.° o ©
3 000 T TTemeeee e eoaaes
® -2 © o
2 o e
E o0or
Total-N
. 3t o LN ©
QD o]
w2k
g/ e -] @
1k ®
10 20
Projected distance (km)
2 . s R
%%i 10 11 12 C 13
17 15 18 19

The mouth of
the Toyo Kawa

Fig. 5.

Note :

21 22 23

Station number

Seasonal change of the distributions
of ignition loss, total-C and total-N
in bottom sediment with the
projected  distance from the
mouth of the Toyo Kawa

The note is the same to that of
Fig. 2.

Pk S HEERED LA s 2. IOSREEBLVLEERORSIERETHL LENTEH,

B0 N5 OKEN RO, MEBEOERYIREHHIEE TSI 2RLTE, LAL, 0
12 o TC O D DEibh H b G- 120N, MBBEOEEN & - THE U 2ilbih 7t & OIRE BRI H
B OEIES S 2 2b B b D, 512, H2FNC/NIREETRHIIIF—EETH), EETRZN

E0EroTz, T EDL,

= GBI L 2B BRERY OSBRI R B TR LI NE L

Lhib b, OSSN, WEBCUELERESTEL, IAoTERKEMNE, BOERRER
KOBEY P N—T OBEORRE T b b EL LN, THIZRLT, &F2E, MEE-> THA
Lod WEE A ERI NS, I LOERMIEED LIz, MEBO—RIRBIRE 2D, ook
INLNEERD L A TERL S, BLETE

EREHEIRETIERICLL L VWD, ZORH,



320

MOETARD Y, FERETHE B & RORFAEHEOEERE & 2 RESELTTREYSH 2,

3. A7 —BEECISEREOBRFHES

BB 7T—BEEICL), EECRBWTRLNLHE
REEIRICRLELE, Thnrd, EROBREEENR
0.006—0.023 O, g/m?/hr(0.14—0.55 O, g/m*/day) T
&0, EDBERG 5° B K 27 —EBROERISEWET

Bholee LirL, Ky ZAERT VL ERVEBREERE
RIEFRET 1.04—1.44 O, g/m*/day LHEINTH
DY, AREREILZ O 1/10—1/2 DIETH- 72, 372,

Oz lem*h720 1 S DERY EEK DEERNRICE
BB LTk, BRI EHLNDOWEERIIN
0.00150.mg/hr -7 1), # 2 BIRL2EBEREICL 2

BREEEBOW 205D LIZHET S, bbb, BB
T —BREETRE L NSRBI, WD L & w
BENRBETH L &2 5, —HRICHERKIZEEL T8

), BHEKNBRHEERIEIREVDNT, BROEWE
AOEFICIIERE L OWBKDBEEE X, BECHDnY

Table 3. The oxygen consumption (O, g/m?
/hr) of the bottom sediment in the
enclosed core in  guasi-in situ
condition at St. C (17—18m deep
at 20—-21°C)

Submerged hours
Sample No.
2 4 6
0.023  0.006
1 0.020  0.009
0.016 0.014
0.006
2 0.014
0.008
0.017
3 0.015
0.016

5EEZ LN,

4, ERBLHH>HBETHES £ Ut H
1976 £ 8 Az BIF 2 ERT OHAME S & R EBRRME S, MERTHR T b SRR &
OBBETOUEERL$ 4 BIoRL 72, BREROERIERBREBMEEIL 10°—10° cells/g, HRAEEE
SBMEIUT 10°—10° cells/g T4 0, BMAEEIFIFRME L 0 2% h - 72, ISR L 72 & 51, 8t

Table 4. The population densities of bacteria and the environmental conditions in the bottom
sediments sampled from Mikawa Bay, and correlation coefficients to the sulfide content

at respective 3-cm core layers (Aug. 23, 1976)
Depth f’f Core Heterotrophic bacteria Sulfate Temp. of Water Ignition Sulfide
St. overlying - — -reducing .
water  depth aerobic anaerobic o .yeria | Sediment content  loss content
(m) (cm) (cells/g) (cells/g) (cells/g) (C) (mgfgdry) (%) (%) (S mgfg dry)
20 7 0-3 3.1x10° 10° 10° 22.2 34.0 77.9 15.4 1.06
21 9 0-3 1.2x10° 10° 10* 22.2 24.5 67.7 13.2 0.35
10-12 3.0x10¢ 16 10° 21.7 14.5 53.9 13.9 0.09
22 12 0-3 7.8%10* 10° 104 22.5 26.5 72.0 13.8 0.59
93 17 0-3 1.6x10° 10° 108 21.0 29.0 73.6 14.2 1.14
13-15 2.8x10% 10 10 20.0 19.1 63.3 11.1 0.22
24 14 0-3 3.8%10° 108 10° 21.5 25.0 69.3 12.4 0.58
Correlation coefficient
to the sulfide content 0.32 —0.27 0.83 —0.49 0.83 0.86 0.74 1.00
in sediment
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Fig. 6.  The relations between population density of sulfate-reducing bacteria
and sulfide content

Note :  Solid line shows the estimated linear regression equation of other
data'¥) in Hiroshima Bay.
Broken line shows the estimated linear regression equation of
solid circles at 0—3crmn layer of bottom sediment in Mikawa Bay.
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