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Ecological Studies on Heterotrophic Bacteria in Mikawa Bay - 1.
Population Density of Heterotrophic Bacteria in Seawater

and Environmental Conditions
By
Masatada MURAKAMI and Hiroaki FUJISAWA.

In Mikawa Bay, a highly eutrophicated bay locatd at central part of the Pacific coast in
Japan, low oxygen in bottom layer, especially in summer, has been reported by many workers.
However, littie has been investigated bacteriologically as yet on eutrophication and decline of
dissolved oxygen in these areas, in spite of the fact that these phenomena are observed from
various points of view such as biology, chemistry, hydrography and fishery. Therefore, a
series of studies has been conducted with an intention of pursuing the function of bacteria on
these phenomena there.

The statistical examinations on the data collected in the four surveys in 1974-76 revealed
the following facts :

1. The population of heterotrophic becteria per m/ of seawater in Mikawa Bay was 102 to 104,
which was less than that in Hiuchi-Nada reported by other workers.

2. On the basis of the significance of partial regression coefficients in the multiple linear
regression equation, it was found out that the population density of heterotrophic bacteria in
the 2m layer increased with /19— CI and with the dissolved oxygen content at 2m above the
bottom.

3. The rate of oxygen consumption by bacteria in seawater was similar regardless of the depth
sampled and of the water temperature, being 4.03 x 10—1! to0 1.98 X 10—10 O, mg/cell/hr.

4. The amount of oxygen consumption by bacteria was 0.05 to 0.23 O, mg///day, which
corresponded to less than 10 % in the 2m layer and to about 50% of daily total of oxygen
consumption in the bottom layer.
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Fig. 1.  Skeich chart of the sampling stations in Mikawa Bay in 1974

Note: St.1--5andSt. A ..... June
St. 69 and St. B ..... August
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Fig. 2.  Sketch chart of the sampling stations in Mikawa Bay in
August of 1975 and January of 1976

Note : St. 10—13 ..... August
St. 14—19 ... January
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1974 %6 B 5 1976 £ 1 A CoMIc4 HFEEL, Bon R 2B L R/RBIUE 2 RIOR L1, iKF
DREBEEBEMEEIL 1P —10* cells/mi, CODI30.7—3.5ppm Th - 12, 72, FknBEERIEE = (Oxygen
consumption) {3 0.03—0.700: mg/l THH, HABOEEHIKRE {, FHICERH D2 mE TH W2
HENz, ERCBITLERBAK (ExEk2m) oD0OIR0—-50.mi/l Ta&Y), 8AMMICIRIUTELSE
EhHN, EERBHICB T AERESRRICOBAEIW LB L,

Table 1.  The population density of heterotrophic bacteria and the environmental conditions of the
seawater sampled from Mikawa Bay in 1974
. .| Temp. DOat DO at 2m Oxygeniy ;
[
Date St. oaérelpi;ng of  Chlorinity sampling  above COD  consumption H?:’Zgé:?fhlc
P water depth  the bottom of water -
(m) () (%o) (Q.mi/l) (O,ml/l) (ppm) (O;mg/l) {cells/ml)
1 2 21.3 17.55 (5.71)71 39 2.4 0.34 6.0x10°
8 19.5 18.38 2.84 ’ 2.1 0.33 1.7X10%
9 2 21.3 17.73 6.07 3.0 2.3 0.28 4.4X10%
12 19.8 18.44 2.85 ' 1.4 0.10 2.6X10%
, 2 20.8 17.94 5.85 1.9 0.26 1.8X10°
June 13 3 3.3 —a
12 20.0 18.36 (3.8)F 1.6 0.03 4.5X10
1 2 21.3 18.07 5.64 41 2.1 0.36 9.6x10°
12 20.3 18.75 (4.9)7 ' 1.0 0.13 1.5X10*
5 2 21.9 17.87 5.78 43 1.7 0.42 8.4x10°
12 20.4  18.49 4.47 ' 1.5 0.36 5.4X10°
6 2 29.1 12.51 4.88 0.1 2.5 0.70 6.0x10°
8 22.0 16.97 0.13 ' 2.3 0.28 1.1x10%
7 2 29.0 13.03 5.11 1.0 2. 0.51 9.9x10°
10 21.8 17.55 0.86 ' 1. 0.31 5.0xX10°
Aug. 7
8 2 28.2 13.26 5.52 2.6 2.4 0.04 8.1x10°
10 21.9 17.50 2.60 ' 2.2 0.03 2.1X10°
9 2 27.3 14.53 5.42 2.8 3.5 0.43 4.2X10°
10 21.9 17.59 2.54 ' 2.6 0.11 2.4X10°
Note : T The values in the parenthesis were estimated through the interpolation from the vertical

distribution of DO.

it These are the values examined 12 hours after keeping in dark bottle at 23—24°C in June,

or at 27.5°C in August.
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Table 2. The population density of heterotrophic bacteria and the environmental conditions of the
seawater sampled from Mikawa Bay in 1975 and 1976

. . DO at DO at 2m ) .

Date St. Sampling | Temp. of Chlorinity ~ sampling ahove COD Heterotrophic

depth water depth the bottom bacteria
(m) (T) (%0) (O,ml/l) (O.ml/l) (ppm) (cells/ml)
0 2 30.5 16.95 6.09 51 1.2 1.3%x10
8 24.9 17.80 2.31 : 2.4 2.5X 104
Aug.5, 2 29.9 16.97 5.55 30 1.2 4.8X10°
1975 10 22.9 17.88 0 ’ 1.2 6.0x10°
29.8 16.90 4.99 — 4.4X10°
12 2.3 R
10 23.2 17.98 3.83 — 1.0X10

. 2 30.1 16.82 5.16 0.8 2.3 1.3X10°
N 10 22.1 18.01 1.64 ’ 1.5 1.1X10°
" 2 4.4 17.40 1.1 1.1X10°%
7 4.5 17.40 1.4 1.7X10°
" 2 4.4 17.39 1.4 5.0X10*
Jan. 28 7 4.5 17.39 1.1 3.0X10*
1976 y 2 3.3 16.50 1.3 5.1% 10"
’ 7 3.9 16.80 1.7 9.3X10°
. 4.8 17.37 0.7 9.6X10%
! 7 4.7 17.41 1.2 2.9%10%
" 2 — — 1.1 1.6X10%
Jan27, 10 — — 1.1 1.4X10*
1976 . 2 — — 1.0 3.2X10°
) 10 — — 1 1.0X10%
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Fig.3.  The observed and estimated frequency distributions, of population density of
heterotrophic bacteria and the environmental conditidns in summer

Note : The solid histogram shows the observed distribution, the hatched one shows
the estimated normal distribution, and that of cross stripes shows the

estimated /19~ Cl normal distribution.
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Fig. 4. The relations between population density of
heterotrophic bacteria (in logarithmic value
of cells per mfjy and COD in summer
(solid circle) and in winter (open circle)

4. HELEEEH, CODLrn2mBE -2mBiisisER

MEBEEMEE, CODBIUFRNBENEEL YRABMTRE(RL Tz, £IT 2mig &
712 mBORIEE E OB T, HEEE R R A LB LT b Y I 25 20, 2 mBOMIE (x) 1
W 12 mBORIE (v) OERER RS, 2 5B H2HAII, BLELOERERL T
BEALELD Y P EMB DI LOERRER y=x LB L, CNLOREZHEERB LB E
R L7. COD S UEANBEN BB 2MBENIZS »7-12MB & ) S VERAE L5 Th - 2bs, §E
BEEE TR I EErE s nh o, Tok i, BEOMBEKICEr v T, MBI
L AEENEEETERE & LITITELwETRIE, 2 migs 7-12mfg & DEKOEEZE B ENEZMOHER,
FEbETTI I PR VEBENLLDEEL LD,



306

COD
£ 31 / / . |
& / Heterotrophic bacteria
= 2r e < /
g e E @ .
=3 /' ® & /
< . . = o
/ b= By~
p 5 S i
5 32 I
L 1 N "é‘ § 3t ///
1 2 3 (ppm) S g] ’,,z/:
2m layer = PR
Oxygen consumption ol /S e
X W %
LE A o . . _ ‘
i . et 5 3 f
ég 0.2 / ,."‘. (log value of cells/m/)
o /,/': ® e 2m layer
"’ i @ s, 3
0.2 0.4 06 (0, mg/
2m layer

Fig. 5.  The comparisons between 2m layer (x) and 7—12m layer (y) in COD, oxygen
consumption and population density of heterotrophic bacteria

Note : Solid line shows the significant linear regression equation.
Broken line shows the insignificant one.
Thick line shows the y = x line when no significance difference was found
between this line and the estimated linear regession equation, otherwise shows
the estimated one.

Table 3. The comparisons between 2m layer (x) and 7—12m layer (), in respect to COD, oxygen
consumption and heterotrophic bacteria, through estimating linear regression equation and
comparison to the equation y = x

Factors a b Fo %2 ta to F.
COD 0.06 0.75 8.87* 7 —4.35%* —0.99 9.94*
Oxygen consumption 0.01 0.47 5.13 7 | —5.14** —2.52% 16.37**
Heterotrophic bacteria 1.50 0.55 0.74 7 —0.51 -0.71 0.37

Note : The estimated linear regression equation .... y = a+bx

The expectant equation ..... y=x

F, ... The Snedecor’s F for b with 1 and n, degrees of freedom

tg. ... The Student’s ¢ of the comparison between @ and 0 with n, degrees of freedom

tp. ... The Student’s ¢ of the comparison between b and 1 with n> degrees of freedom

F, ... The Snedecor’s. F of the comparison between the estimated linear regression equation
and the expectant one, with 2 and n, degrees of freedom

* significant at 0.05 level  ** significant at 0.01 level
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) 1ooRFeRETUE LI EIcR 2, Zn2H5 20RERE TR OHE LR, FRICHERLZ,
2oz, BEOBEBRTPEICED RiIFa 726, 20U ENORFEEHRE L 2EBFEMERICOVWTD
REBRZHKH 7, 20T, BEBEE (g1-as) DEEE (Fi-Fs) #BEL, KEREEMERICVET S
HF*BELL, TNLORREESRIIRHL 2,

Table 4. Correlation coefficients between population density of heterotrophic bacteria (v, in
logarithmic value of cells per m/) and environmental conditions
Temp. JI9=CT DOs DOs COD
Factors Water Transformation DO at sampl- DO at 2m
temperature, of Chlorinity ing depth, above bottom,

in °C {Cl, in %) in Q,mlf! in O,ml/! in ppm
Layers pooled 0.23 0.20 0.07 0.34 -0.07
Log y 2m layer 0.26 0.30 —0.15 0.42 —0.19
7-12 m layer 0.30 0.10 —0.00 0.30 —0.04
Temp. 0.75%* 0.37 —0.18 0.22

yI9=CI 0.26 —0.45% 0.58%*
DO 0.33 0.12
DO: —-0.15

Note : *significant at 0.05 level  ** significant at 0.01 level

moETE, 2T2mBE7-12mBOEES ZAIC LT, 200BERFEERE L THAGbE &R
Bt ko, 2 ba b, KE(Temp) L EEODO (D Og) 0l LIEHEEEHME (VI9-CL) D0
M 0B, FEMLOBA LI LNTEL -2 (—EI3EE). E6iz, a2 OV)%‘E/“\:&”J%LCJ: %
EEREX B LIoRO L, oL Y 2mEHE, /TO-CLEDQenMaomEE» & bIcEB L %Y, REE
RIEFE -0, 8610, IHICinEHz 1 >me 723 *ﬁfﬁ/\b%mf”\m#ﬁm%ﬁ&o7_75*‘ 2%
NOEIERLEE L Y o, FELE A b7, 22 TV/I9—Cl £D Op LD 2 POETIZ L 2 1R
BUERAE ) T, N bNETHEEEENERICHEL Thb 2 szt -2, —F, TI2miE
T3, RENMNLEEELSbYICEBENBD LN LT, FIC 3EHICL2elabRIZOW
THRELZH, FREE LT, MBI %é?é@%%&mt%&#otoit.ﬁg% Az Lz &—
WAEHEEE >0k, 2MBOERICEEIN D EELNS,

2mBic BT AEBREBHEEICHEET ARFN I B, mm5£&ﬁ , BIRo & S icEEKSIRAEICE
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Table 5. The multiple linear regression equations of population -density of heterotrophic bacteria
(in logarithmic value of cells per m/ ) on environmental factors

Factors Temp ) /I9=Clizs) DOs(zs) - DOp(z.) CODLz:) F £ F F F | m | F
ao a1 az as vy as
2.810  0.029 0.058 0.41  0.03 23 10.68
2.731 0.03%6 —0.005 1.20 0.00 23 10.67
2.180  0.040 0.166 1.7 3.96 2 12.42
2.873  0.042 ~0.131 [1.56 0.36 | 21 |0.83
Layers 3.288 0.210 0.007 0.83 0.02 23 10.48
pooled 2.411 0.441 0.221 3.62 6.29" 23 353
3.680 0.363 -(.272 1.72 1.08 21 10.92
3.227 —0.017  0.154 0.06 2.93 23 11.52
3.674 0.024 0.081 0.14 0.13| 21 |0.12
3.186 0.139 0.025 2.57 0.01) 23 1.30
1.942  0.044 0.183 1.71 3.72 10 12.06
1.759 0.654 0.302 8.27" 10.92** 10 16.05*
2m
layer 1.712 0.003 0.629 0.302 0.01  5.09 9.81 9 13.63
3.192 0.604 —0.265 0.344 5.85° 0.36 8.48" 9 13.89"
2.309 0.771 0.298 --0.307 10.35* 12,02 2.06| 9 14.76°
0.189  0.137 0.145 1.03 1.00 10 11.05
1.851 1.032 0.250 1.14 2.10 10 ]1.1%
—0.443  0.173 0.010 0.085 0.84 0.00 011 9 10.39
©0.866  0.067 0.668 0.212 0.106  0.19 0.96 9 (0.71
7-19m —1.246 0.261 —0.342 —0.248 |1.76  0.06 0.15] 8 [0.71
layer 0.817  0.110 —0.065 0.189 0.41 0.07  0.72 9 10.66
—3.376  0.324 0.192 —0.265 |3.43 1.15 0.32] 8 |1.17
—0.99% 0.222 0.121  -0.295 1.9 0.63 0.38 8 10.9%
1.995 0.934 —0.027 0.258 0.43 0.01 1.66 9 10.67
1.643 1.200 0.232 0.090 0.38  0.50 0.111 8 [0.33
1.671 2.599 0.367 —0.906 3.1 3.68 1941 § 11.37
3.546 —0.147 0.238 —0.140 0.3 1.05 0,07 8 (0.37
Note: logy = ay+ax;+awx; or logy = ay+ap;+ax;+apxy
Fiooo.. The Snedecor’s F for a; with 1 and n, degrees or freedom
Fo..... That for the regression with 2 and 7, or with 3 and n, degrees of frecdom
* significant at 0.05 level ** significant at 0.01 level

THhbE b, 72, TORFOMEPFEE AL I ED 6, KEERIEE 2§ BKOZENG
BARIBIZ BT 2 ERBAKTOIEBEAENHEZERE L T3 B2 TI»bH 5, Kiz, 712mEnDOIREE
HTOEL» L NEHF—ETEL, EBOBTETMIRLCwEwEJicBbni, 220 EEE®R
FnBEIC A 2EFELT, EEE2mE®D DO 2R LTk, CORTORENBEE LT b
Wo T, DOZFNLOHNEFICKE L2 MBOMERICHEL 2L TR%L<, ZODOKTOREREE -7
WMBEHDEIEAEOKRECYE Y, EERBU O TETORIRREL N TV ZL bbb, ¢
Zp R b LR LT, REBRBEMEE RS CEEBER S TWw R EERZ TP 5, 0L I LHER
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ﬁﬁuﬁﬁé%%ﬁm@?ﬁ%%&@ﬂ%m,Mwmmgmu;ofﬁaﬁﬁﬁﬂfwéo%Eu:ﬂ%
OFBICED, BRBOABIUCBEATHERERICLVIELL. s DERPEEFIIRLE, &
6 Eh b, MEREOBENTRE (Q0y) 12 4.03X1071"—1.98x107" O, mg/cell/hr Ta& 1, BIE, Kif,
Bk MR e SIC E B BRI LA E R, FITI—E0HlELr k-7, $72 20 Q0. EIFEKIZEIT S
TEZUKA OB3EE? HITIE% Ui - 720%, Ml 08k Bz 5 MIYOSHL L D fERS L ) @ > 72, L
L., MBEEOBEEEEIN 2 BRI KELL T2,

Table 6.  Oxygen consumption rates (Qo,) by bacteria in guasi-in situ condition in the seawater of
Mikawa Bay in 1974

Date Depth Temp. at Oxygen Number of bacteria Bacterial !

S submerged . T i rinal Qo. value oxygen B/T
t. layer consunmptipon, in original water consumption, B

(m) (Cc) (0, mg/l/day) (cells/ml) (0, mg/cell/hr)|(0:. mg/l/day) (%)
June 12-13 | 1 22.5 0.45 3.6x10* 1.44x107%° 0.18 40.0
A 7 21 0.40 7.8x10* 1.27x107% 0.23 57.5

June 14-15

N 2 22 0.54 3.0x10° 1.03x10°% 0.05 9.3
Aug. 8-9 2 28.5 1.31 8.0%10° 4.03%x1074 0.10 7.6
B 7 22 0.36 1.2%x10* 1.98%x 1071 0.18 50.0

T OMBENAIC L ABRERTEOSN BRI T 2541, 2mBTI%RUT Thotz, Lidi-T, 2
DB TIRFEASDEBEENT T 7 P L IEBING LD LHETES, —F5. BB (7m) TIRLEER
BN 0% PERI L2 L0TH), BVICIKPIZHFAET BT S0 L 2FERRMELEIND
EEZI AL, WFIIC LT L, AR BT A MEENALIC L HEBEMBE R 0.05-0.23 0, mg/l/day &
Wi, BEEEKBOERICMBENIEESET L 3Z L oN 27, LirL, 7727 itk a8
FNBBIIMERED 103 LI2ET 2 % 2 o h, RSB AEL VI3 iy EREL~ORBEE
LobnEBbns, X517, SEOTI I v OREERSEB KB T B0 L2 T, MBI OTERE
BIAEA L. DA BRMEBORASLRE L LND, Lo T, MEEORRELADIR
BELERTHLENrH D LEbNS,

7 #

SEBI B A REREME O R R LT ARO—R L L, HICEEBRIRAIEY 2000,
ok O BT R A B L U B ORBNRIC DL TR Lz, 610, EBRFEMER & HE
BT & DBIR E RS BAT L, ROER R,



1. EFEERIVKBERICBIT 21K OB MERIL 10°-10 cells/ml TH ), XL H 0D
T, Fin, Mokigic BT 2MEE L VIR ER B L7,

2. WEVESITIC L D, KRERCODZ & TREER 2 NETHEEEEMRME (VI9—Cl) Y EENDO L
W2 MEORBHEMEBUCHET IRFTH S 2 8D LN, BIEIBIBRAIRIC BT 52—y 7 ks
HFLLT, BHIEBRHUCHEIBENTHAETE LT, BERICHETZINEEZ LN,

3. EZEAKtHCODIZ 1.0-3.5ppm, B 12 HEBRIEEE 0.03-0.70 0, mg/l TH 1), KiE2
mEn 7-12 mg & ) EmuviEmasio sz,
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