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Fig. 1. Sampling stations at Fukuyama bay in the Seto Inland Sea
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Table 1. The physico-chemical properties and bacterial counts in the surface sea water at station 1

wm‘g date 5 &* 7 8 9 * 10 11

heme TS 19 5 17 2 18 1 27 14 29 1 28 1

Water tempC") 24 252 230 204 26.3 26.3 265 26.5 248 26 18.2 16.7

pH 8.5 8.9 8.5 78 - 8.2 3.2 83 8.4 83 8.2 83

COD (ppmy 15.6 146 78 14 23 1.9 1.9 25 55 43 14 26

Total phosphate ), ¢ 144 3.4 68 23 23 22 28 52 5.5 2.0 36
(up-at/2)

Chlorophylla 00 w12 487 81 82 75 46 25 w2 8 47 284
{ugf®)

Viablc(cﬁ\;)!;;)s 28x10° 2.2x10° 23x10° 35x10° L3x10* 7.9x10° S54x10° >24x10° 23x10° 2.9%10° L7x10° 2.9% [0°

Nitrate reductive @ og 49%10°  LSx10°  7.9x10° 22x10° 2.2x10° 3Ix10° 3.3x10° 17x10° 28x10°  S.dx 10°

bacteria {(MPN)
Proteolytic

f A S2Ax100 T9XI0 35X 107 »24X10° 49X P 46XI0' 7.9x16°  1.BXI0* 49%10° 2.8x10° L1 Lix1o®
bacteria (MPN)

* Red tide was observed.
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Table 2. The physico-chemical properties and bacterial counts in the bottom sea water at station 1

Sampling date § 6 7 8 9 10 1
Jtems 19 5 17 2 18 1 14 29 1 28 1
Water tempdC™) 16,5 213 217 217 24.2 25,8 25.0 24.1 2.3 17.8 15.8
pH 8.1 8.6 8.2 8.1 - 8.3 8.2 8.2 8.1 8.2 8.3
COD(ppm) 32 39 5.4 1.6 1.6 14 1.2 2.6 3.0 13 0.9
Total phosphate 18 24 2.0 28 1.5 25 2.4 25 2.2 L6 24

{ug-at/2)
Clilorophyll a 2.8 5.7 129 6.0 8.3 40 12.6 14.4 218 5.6 13.2

(ug/®)

V"“’“’Ufi‘;,‘;:,‘)‘*" 16X 100 13x10° 7.0x10° 23x10° 28x10° 23x10° 23x10° 7.0x10° 23x10° 49%10° 3.4y 10°

Nitrate reduetive , 4o jgs LIXI0P  22X100 33x10°  3.5X10°  S4x10°  7.9%10° 1IX10° 49x10°  5.4x 10°
bacteria(MPN)

Proteolytic

A >24X10°  7.9%10°  24X10° 7.9%10°  7.0X10°  7.0%X10°  LIXI00  2.2X10°  LIXIOY 13X10° 54X 100
bacteria{ MPN)

Table 3. The physico-chemical properties and bacterial counts in the surface sea water at station 2

Sampling date 5 6 7 8 9 10 11
Items 19 5 ] 2 18 1 27 14 29 1 28 1
Water temp.(C®) 205 200 20.5 20.4 26.0 25.8 %0 265 232 22.6 17.9 163
pH 8.3 8.4 8.3 8.3 - 8.3 8.3 83 8.3 83 8.2 8.4
CoD(ppm) 6.6 2.1 44 22 18 1.5 1.9 34 1.7 44 1.4 24
Total phosphate 2.2 1.2 15 6.1 19 2.0 1.5 34 2.0 46 2.0 22

(ug-at/t)

Chloraphylta 1.9 90.9 8.7 331 7.1 7.8 6.1 2.1 11.8 345 3. 19.9
(up/2)

Vile oy 9.Sx10' L7x10° 33x10° 49x10° 23x10° 46x10% 46x10° 33xI0° Lax10 49x10° 49x10* 3Sx10°

Nitrate reductive " " 5 s o s 9
bacteria(MPN) 43X 10 LIX 1 35X 100 L7XI0* LIXIO  1.3x 10 54x10°  335x10° 3.3x 10 79X 100 LIX 1O

Protealytic 3SX10°0 TOKI00  LIX10'  L6XI0P 7.9X10° 33X10° 45X10°  16X10° 7.8X10°  49X10° 7.9X10°  1L7X16°
bacteria( MPN)

Table 4. The physico-chemical properties and bacterial counts in the surface sea water at station 3

Sampling date 5 6 7 8 9 10 194
Items 19 5 17 2 18 i 27 14 29 1 28 11
Water temp(C*) 20.0 23.9 26.5 21.6 25.0 24.6 26.2 25.8 24.1 227 17.2 17.3
pH 8.2 8.0 9.1 7.4 - 7.1 7.9 8.3 8.4 8.4 8.4 8.2
COD (ppm) 44 19 78 2.1 15 2.0 25 1.9 21 32 1.7 11
Total phosphate 25 33 53 7.5 2.9 36 3.1 32 3.3 32 31 29

(ug-at/2)

Chilarophyll a 24 456 7.4 138 5. 24 1.6 16.0 25.0 2.7 6.8 8.0
(/o)
Viable counts

(MPN) 16X 10°  28X10°  4.9x10°  1LIxX10°  7.9x10° 46x10°  23x10° 23X 10°  1L4x10° 46x10°  7.9x10°  54x10°

Nirate reductive 4oy s ~ T0X10° 24X10° LAXI0F  49X10° 49100 LIx100 3S5X10°  LIX10P  35x10° 1.6 10°
bacteria (MPN)
Proteolytic

N S24X 100 L7X1I0° L3X100 16X 108 LIXIOY LAXI0P  7.9% 100 LIxI0Y  7.8X100 LIXID®  24x10*  2.2x10°
bacteria(MPN}

FOER, youd q—a RHSEVENEE A~TBO0H0 2.4~ 124 us /4 & 9 AP S 10
I TD 11.8~81.5 u8 /4 ThH-1, s o B ORENS ERT 2R S0,
BB KRN T BT, LIRS 20 C~ 26 COMTEH LT BITH S, ORI COD,
) VIR S HEE S, 7T vy b vicE - THIR LR T OIITH B T L PHERTE Do

AEOHEET, WIBTHRIAEEETSE 220 Station 1 @ 3[ELYT, COMD I wo T 4 —alild
47 208 /LU, HRMOBERESNTOS 50 ue /LR LY EE—EL TV,

e e 4 B i\ T, e n 7 g —valikHLLD iE L (Table 1~4),
pany g —a WAL - TELLDIRIL, i B R R U T 10° ~ 10° MPN O v
NUAMER L, WS BEHS SR b o T, Fk, MREETTREE & Uy v B REOERLE
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BROMEPER Ufcds, — BB 1308 100 MRt E &5, Lbb€ 3 F vilifbed w5 b
g vy PSMBREE b T Ch »tee Thudilizkeic B8 539 L COBHIBR , Vibrio, Pseudo-
monas, Morazella—Acinetobacter TdH 0 ,"™® Ch o0 < PHEMTEE L, ¥ 55 viglblss
b EP o bHETE S,

Vo &S5RI H 2T, S0k WMENESENEAHLTHEDN, 2L, TASOME
WHUKIE, COD, &) Vi, soov 4 —rvaBRoBEihe &L 5 HMRICH 20 haRE LT

(Table 5~8),

T DR, 2HEBRNT, 77 BURESHBHTEIMEO 60 LI EE K, tebilkduciic
DL, L GEBETHS, Pseudomonas 3550 Vibrio ' hs Station 1 T 24, Station 2T 1 4,
Station 3 T5WERNT, 50 BLIEELHD TV, Chd 7 A BHERRO S5, SRR E NG
BIIHRICE SRS N A E, I0RIER ETHROBA LB E {RBEN 3 D LIty TAK
Do

Table 5. The ratio of the detected bacterial flora in the surface sea water at station 1(%)

Sampling date 5 6% 7 8 9 #® 11 11
Organisms 19 5 17 2 18 1 27 14 29 11 28 11
Pseudomonas 53.0 299 489 399 17.5 14.8 6.6 286 517 407 4.3 18.7
Vibrio 17.9 26 234 129 175 10.9 11.2 167 24,1 241 ~ 223
Flavobacterium 1.0 18.2 4.3 - - 2.7 - 9.5 13.8 9.3 43 22
Alealigenes 3.0 3.9 14.9 3.7 — 3.9 9.7 4.8 - 3.7 - 6.5
Moraxelia-

Acinetobacter 7.9 - - - - 4,7 258 - - 11.1 6.4 345
Enterobacteriaceae 9.4 3.9 4.3 3.7 - 7.0 - - 6.9 - - -
Bacillus - - - - - - - - e - 4.3 -
Gram-positive _ _ _ 26.9 8.8 _ _ _ _ _ 19.1 _
asporogenous rod ' ’ '

Gram positive cocci - 36.4 - ~ - - - 2.4 - - - -
Unidentified 7.9 5.2 43 129 561 56.0 46.6  38.1 34 111 345 15.8

* Red tide was observed. —: Not detected

Table 6. The ratio of the detected bacterial flora in the bottom sea water at station 1(%)

Sampling date 5 6 7 8 9 10 11
2
Organisms 19 5 17 2 18 1 14 29 11 28 11
Pseudomonas 10.4 5.8 217 12.8 7.5 14.3 37.0 302 284 6.9 16.9
Vibrio 76.1 474  50.0 68.1 7.5 429 283 256 40.0 69 333
Flavobacterium - 9.7 3.3 - 17.0 - 4,3 349 3.2 1.7 294
Alcaligenes - 13.0 117 -~ 15.1 - - 9.3 126 - 2.0
Moraxella- _ 5 _
Acinetobacter 3.0 162 8.3 6.4 - 4.8 4.3 - 25.9

Enterobacteriaceae - - 5.0 4.3 — - 4.3 - 3.2 1.7 -
Bacillus - - - - - - - - - 3.4 -
Gram-positive _ _ - - 35.8 N = _ — - —
asporogenous rod '
Gram positive cocci - - - - B 14.3 -~ - - 1.7 .
Unidentified 10.4 8.0 0 8.5 17.0 238 217 0 12.6 517 18.4

—: Not detected
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Table 7. The ratio of the detected bacterial flora in the surface sea water at station 2(%)

Sampling date 5 6 7 8 9 10 11
Organisms 19 5 17 2 18 1 27 14 29 11 28 11
Pseudomonas 648 513 548 237 349 183 7.8 175 6.8 146 464 529
Vibrio 7.8 5.1 2379 3.9 8.7 297 293 288 593 729 286 4.3
Flavobacterium 15.1 7.7 9.7 - - - 4.8 - 5.1 - 7.1 209
Alecaligenes - 5.1 - 6.6 26.2 - - 10.0 1.7 4.2 7.1 134
Moraxelia-

Acinetobacter - 15.4 - 22.4 - - 168 150 102 - - -
Enterobacterinceae 5.6 2.6 - 5.3 11.6 - - - - 8.3 2.4 -
Bacillus - - - - - - - - 10.2 - - -
Gram-positive 34 103 65 211 - - - 88 - - - -
asporogenous rod : ’ :

Gram positive cocei - 2.6 3.2 - 29 - - - 1.7 - - -
Unidentified 3.4 0 22 171 157 521 413 200 5.1 0 8.3 8.6

—~: Not detected

Table 8. The ratio of the detected bacterial flora in the surface sea water at station 3(%)

Sampling date 5 6 7 8 9 10 11
Organisms 19 5 17 2 18 1 27 14 29 11 28 11
Pseudomonas 64.1 11.8 420 200 262 172 4.2 42 310 4.2 - 6.5
Vibrio 1.5 355 - 14.3 7.1 106 - 354  15.0 1.9 - 2.1
Flavobacterium - 5.3 24.0 - 4.8 5.3 - 4.2 2.0 1.5 23 2.0
Alcaligenes - 9.2 - - - - - - 7.0 1.1 - 0.9
Moraxella- 149 53 - 67 381 - 394 - 7.0 162 521 46

Acinetobacter
Enterobacteriaceae - - 8.0 15.2 - 43.0 11.3 - - 3.8 - -
Bacillus - 13,2 — - - - - - — - 0.4 -
Gram-positive 1729 171 - 371 - - 28 -~ - - 04 -
asporogenous rod
Gram positive - 26 - 61 24 19 - 250 - - - -
cocci
Unidentified 1.5 0 26.0 0 214 159 423 312 380 713 449 840

-: Not detected.

RiEicid, Pseudomonas, Vibrio, Flavobacterium™, — #%#iCi, Vibrio, Alcaligenes, Morazella-
Acinetobacter """ % it Enterobacteriaceac iRt % bOHEZL BN B, CABD B, LWFhD
e & AT B Vibrio £ &, AP L 728 LIBIRREEIE Pseudomonas & Flavobacterium s 36
Birh 26 BIT 50 BLILLEEDTHB L Ll 5, ~7, HROMALZIHRTHBRNA RBENTH S
Alcaligenes, Morazxella-Acinetobacter %1IC, Enterobacteriaceae ({CJH$ % O LI, Th
SEBHETH BEMALDE, Station 1 TC8HE 11 Akkehh 1 [H, Station 2 THTHE 8H
iEhEn 16, Station 3TRHTH, 8HZhK 10 ARENEFN2ZETH » 1,

AT Station 1 KX ORERTH 548, REREEERELLLCAHBE (Table 5, 6), D&
Mg - F QBbRTHIDE, REKOBEED Pseudomonas TH - 1=Diest L, BEKTIE Vibrio
CH -1 &TH 5B,

PAED & SIS RMic & 5 HE#E, /Kill, COD, £ villE, voa7 g —na fiéibs ¢l
$hE, 7087 g —a BB CASEEERICHRICEIG L, BIEILABRIKS - 1, ChiciiL, B
HENHERE, 2o e bic, ChooBRE BB EEL, HBENBEROBATHS &
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&N % Pseudomonas, Flavobacterium H350 BLL L% DB 6%, SABEROEHORE, Zhuctk
o375 vy b vlEGEA LD -7,
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Bie 20T~ Fhicks s, ke H L oI 7 oo 7 4« —wvadit, b b, ik
75 vy b yORInE RGIBBEL, 79 v o b RAREICE L, 3~ 4 BRI — BB
Wi Utze CHEBHBEDY S v 2 b vERRM LT 50 TH5, LhL, &3 HOREIIRK
cEb Lic & LT 5,

choobl, SHEOKLOWEMRESEC AL TS, CORRELTEALNDTEE, BAD
PREAS 2 ~ 3B S ICiT - foDiexd L, VAKTANEN K, OFOBRET~NLHici, & bEH
Y 5 MBS B EME LT Bo T AWDIT - FBBIHRE SRR 2 OFT - 7o Ll & D Rfic i3 JE b1
OEHREE L OETR- TS EDHENS NS, 1, REEIRLEL 20 'C~ 30 CLEh ~1DiC
WML, 74 vV FCREH 12 CEEL T,

3 #
AT IR FRIEIC B 1 B REBREM M O WA TN, ThoAREEL T 7 vy b v Ol ED

L UEBRICH HhERF U, TOBBERTRELD S,

L. 75vs b vOREFRTY oo 7 - atikidskifias 20 °C~ 26 COWECE C, LinbCOD P2
v BREE & HBIBAGRIC B - T2

0. MHBENENICE, T oW — LR & @B C, R BRI AR UC 10% ~ 10° MPN
LAV R R L, & O IRIE 100 BOSTEERE ST L O 5 7 IlLEEE H LT i
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Flavobacterium #5, BL~VE CHFT 5 T &MTERY T ABEREOS LORE 50 BLLEEED T
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T2, Station 3 TCTEMEITH 7,
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Hflad, /275 v o b v ROBEE & B LB LR E Tk - 1o,
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SUMMARY

For the evaluation of the sea water in the Seto Inland Sea, the total of heterotrophic
bacteria in the coastal sea water of the Fukuyama bay were investigated and discussed
from the standpoint of the relation of these bacterial flora with the amount of chloro-
phyll a.

Results were summarized :

1. A big amount of chlorophyll a were detected at the time of water temperatures of
20°C to 26°C. They were in correlation with the concentration of COD and of total
phosphate.

2. Bacteriological investigations of that sea water were made. The viable counts
remained in 10* to 10° MPN levels, and these bacteria showed to be reduced nitrate
and liquefied gelatin in about 100%.

There was little correlation between the number of bacteria and the amount of

chlorophyll a.

3. In the case of without-vibrio, which occured frequently in clean sea water as well as
in contaminated sea water, Pseudomonas and Flavobacterium which had been
frequently observed in clean sea water were found in the gram negative rods of all
the sea water samples in a rate of more than 50%. On the other hand, Alcaligenes
and Moraxella-Acinetobacter and the bacteria belonging to the family Enterobacteria-
ceae which were observed frequently in contaminated sea water were few at the
time when the concentration of COD and the amount of chlorophyll a were high.

4. From these results, it was concluded that the phytoplankton biomass was in pro-
portion to the physico-chemical properties of concentration of COD, total phosphate
and water temperature, but that the number and the flora of heterotrophic bacteria
were few in proportion to these physico-chemical properties and in proportion of the
phytoplankton biomass in the coastal sea water of the Fukuyama bay in the Seto
Inland Sea.





