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‘ Abstract
Numerical fluctuations of bacteria, heterotrophic microflagellates (HMF) and
autotrophic nanoplankton (ANP) were investigated at a station in Hiroshima Bay at
two days intervals during the period from 18 July to 17 August, 1990. The average den-.
sity of bacteria and HMF within the water column was highest at the beginning of the
investigation, decreased to the end of July, and then was relatively constant. The cyclic
oscillation pattern of the population abundance of bacteria and HMF was not found in
the present study. The ranges of density observed were 1.16-4.30 X 10° cells'ml ™" for
bacteria (mean: 2.40X10°cells* ml1~"), and 3.27-9.09 X 10° cells ' m1 ™' for HMF (mean:
5.07%10% cells- ml~'). The average numerical and biomass ratios of bacteria to HMF
were 481 and 1.08, respectively, which were smaller than the ratios previously reported.
This means that HMF occurred more abundantly relative to bacteria in the present
study area comparing to other areas. The density of ANP was more fluctuated than

that of HMF, ranging from 2.41X10° to 59.00X 10° cells* ml™"' (mean: 12.9X10°cells-
ml™"').

Keywords: bacteria (#i%), heterotrophic microflagellates (% )5 3¢ 4% #: /N E S KD,
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Fig. 1. Location of the sampling station (@) in Hiroshima Bay, the Inland Sea of Japan.

B2 b-THHT, MERFECEEWY TS v b Vitk - THIREINBEELONE, F05 5
PEBREFRAE R NEE S5 (Heterotrophic microflagellates: HMF) A b MEAE TH
3 EpHEENTWS (FENCHEL 1982a, 1986). LA L, AMBnEHcHS T 2MEEHMEF D
SO - BRI 28D, bEp N (53 1984, S5 - DHE 1984)
PEEEE (LA - 4010 1985) THHRTWIDHTH 5,

HHEE & HMF 38 YisH (microbial food chain) O ICHIfET 2L TcH 2D T,
MEROYTINERICE J 3 NMEMROBIET S hIc T2 ewicid, TOHBIMOEH &MHERN
HREMAT 24080155, I TRAEMEHOKSBARLTRCE VT, ME, HMF &L UMz
$ifE+ 2 79 » 7 b~ (Autotrophic nanoplankton: ANP) o @R DI, SAMEET%
EEBTHELDOT, Z0EER~NS, i

4 BES L UF®

AP GIE BRI B IERIFETIC & 2 PR OKEETF A O FEHS OKZE : 6.0-8.5m) iIcBWT
(Figure 1), 199047 H18H» 5 8 AITHE TiT~» 7o, MilE Y I OB &, K& L THHI
9 1515530 & 9 4545y £ TORNSIT» 7. G (0m), hfg (3 m), BIUE (HE,S1m
Lo © 3EoKEEES% YEO—KALH O£~ 7S — T2 (Model 602) i< & b fllE L,
NaEYHBOEEXF VKRB ENOTERES SR L o, MKEFRECSD, HHITED
#100ml % 2 AD100ml AR Y = F L VLD, Sy -7 F KEE: 1%) %
MATEYMEEREL, WINCBRE Lz, /27 007 4L a AR HEZKS00ml 275 2 7 7
A N—7 4 & — (Whatman GF/C) T U, B —20°CIc b {ReF L 1=,
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®BE, 7907 4L aflEHOMIKIZ0% 7 € v THEL, 2 090BE £ A6 (Turner
Designs) THIE L 7. MK, HMF 88X ANP &, ZHHE0EEREI %[ - o EEREIERIc L - T
HHMAET -7, HMF, ANPHRABE, #hooMRAETH % %4 3 Fluorescein
isothiocyanate (FITC) &, DNA Z4:FMANIC {094 34°6-diamidino-2-phenylindole (DAPI) % JH
Wiz TERE GRS « FITC 1 ug-mi™', DAPI 0.1ug-ml™") %1T - 7= (SHERR & SHERR 1983
a, b). £/, HEHBERNIDAPHC & B3 (HIME @ 0.5ug - ml™") £fT - 72 (PorTER & FEIG
1980). T 50 EHETF ¥ Sudan Black B T4fa L 72 ALE20.2um GHIEM) 3 L T1.0um (HMF,
ANPH) DX vE 77 4 M —THBLIHE, Hbhic7 s by —%2X54 FF52LICiHE,
HOEA = —Ra VA A WEAN=HF S I THAL K, BRI BN (=2 » EFD?,
EFDA2, X100 v X, MDA = — Y a v 4 4 VI T L 7o, MOz UV
e % R LTV, FTHVADEER T 2 —E ST oA £ 10115 L BT L 7z, HMF &
ANP D3 UV it S G gt 2001 L TiTy, 2T h2sfidFLl it L T &50#uka
Pllic/sa koic L. UVEHELT 73 HMF, ANP O HVEERRTEIEM D, T
SHEMITH B C LR SN, FAHEHEE T TR HMEF 3REOIEETL, TEREEZ b
ANP @b 204 L vy YEDINEERT 20T, MHRALCKEITE. 16, TFiiHk
BV TRBAHGRIC BT 2 HMF 3 FEEE2-10um OFHHICH » 72D T, KBTI
HMF & ANP 3 HBEE25%92-10um OHEHO b0 AR & Uik,

s 2

1. BiBESER AT

AT R R D /KR & H S DR AT D ZET = Figure 210”3, /KL 1226.2-28.1°C O T,

BEF/kE320.1-24. 9°CoTHTE N F AT L, WHELIMAETL TRERERFBL TWic, KER
31324.1-30. 40T TR E S ZBH L 7228, RIS 1229.9-31.4 & LhIR W AT R T & - 7.
BTN (3B 7S AR 58 St ds, IREBICES < 30, BIUK TR sE sz
E—BRIC?E - 72,

7907 ¢ VaDBRESTE L O (3HOME b & ic/kKBEORITEE2RHL, FhEK
ETHRL 7o) OE T &Figure JISRT. 788 7 4 b a IR TR b <, KEDIGATIG
BlgmcEL, 20% 7 A P23 TaBicadb L, BilR FoZ B IS 5 - 12,

. HIEEIE AT

mlﬂﬁ‘xﬂﬂil 16-4.30 X 10° cells » ml 'O FPHTZEDI L (Table 1), 2{AMIITEBICBVW TR, -
fo. FOIKEESEEED MO 7 A20 i3l 03.55 X 10° cells s ml ™' Tdb » 7283, £ D&
WAL, 7 A26FILARI31.50-2.50 X 10° cells - ml ' WFIM TLAT) L 22 (Figure 4).

3. PEIEAERME S MEE D] (HMF) 04

HMF D #)%133.27-9.09 X 10° cells - m1 ' O HEIATZETD L (Table 1), SAETMHC IZHIM & [l kkic &
T - #2. HMTF Q7K FHIHI I I AEDHEA D 7 FI181112136.33 X 10° cells - ml ' & ik
R o s, THERKIESAF TR D L, 8JICAB EMUENT 2600, TORIBEEAL
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Fig. 2. Temporal variations in vertical distribution of temperature (top) and salinity
(bottom). The depth varied with a neap—spring tidal cycle.

L2 D - 7z (Figure 5).

4, MAIRIRMEF 2 75 v 2 b v (ANP) 04T

ANP D% 122.41-59.00 X 10 cells * ml "D EWEIHTZEI L 72 (Table 1). ANPOAINEZIE
LI TIE5. 67-59.00 X 10° cells * m1 '@ EWHIBHCATI L, KM Ti22.41-12.40 X 10° cells - ml ™' &
TR - 72, HREP HMF & FERCEINIRI O E T ANP o4 fiofiti sk E <, &
Whoa 2 &R/ E {13 5 72, ANP /KSR R BINDAGN 2 5 7 H22B i 0 T
ST EIN L TIRETISE Lk, Ak L 20o®%8 A3 Biclovhaiie— 2 &gkl
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Chlorophyll a (ugl™)

0737
Vid

\ \ Ay
N ALY
“\ AY \‘

4- N\

18 202224 262830 1 3 5 7 9 11 1315 17
July August

Fig. 3. Temporal variations in chlorophyll a. Top: vertical distribution, bottom: aver-
age in the water column.

b L, B TR Tin L 72 (Figure 6).

5. fid, HMF, ANP o#T)& BIEIRR & 0%

X5, b, IKEO&MIcoWT, BRUKEEKICoVLT, M, HMF, ANP O&ELE, K
M, Hi9y, 70074 0aDK5 4 =5 —HORIMIYEZ T~/ (Table 23 /K2 KDOE & D
HOMMEES E G ad2Rmd). &, s, kB EEBWT, K, HMF, ANPDO3IFHOFH



60 BAZ 7 v o b el H40% @15 (1993)

TABLE 1. RANGE AND MEAN DENSITY OF BACTERIA, HETEROTROPHIC
AND AUTOTROPHIC NANOPLANKTON
(ANP) DETERMINED AT A STATION IN HIROSHIMA BAY, IN SUMMER OF

MICRO-FLAGELLATES (HMF)

1990.

Depth Bacteria
(m) (X10° cells* ml~")
Range  Mean
0 1.36-4.30 2.74
3 1.50-3.91 2.41
Bottom~—1 1.16-3.37 2.04
Overall mean 2.40

Bacteria (x 10°cells-mi™")

HMF ANP
- (X10%cells ml 1) (x10° cells*ml ")
Range Mean Range Mean
3.27-9.09  5.98 7.98-59.0 19.4
3.99-6.84  5.16 4.40-36.7 12.2
3.30-4.86 4.09 2.41-12.4 6.98
5.07 12.9

AN
L

!

Bacteria (x 108cells-ml™)
N

)

July

Fig. 4. Temporal variations in density of bacteria. Top: vertical distribution, bottom:

average in the water column.
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Fig. 5. Temporal variations in density of heterotrophic microflagellates (HMF). Top:
vertical distribution, bottom: average in.- the water column.

B zhThMEIAER (p<0.000) EAIMAR L 245, EFMTRITEAMMIREBS S, - 1.
B & HMF i3—#3icfll — S oG b 2 S Wb TW 30T (FENCHEL 1982a, 1986), % h
S DAIEMEER 2 Figure 7I[XIPR L7z, HMTF O HIBUERT IME/AEREIME R TRMDT 3 2 & A5
5NTWVADT (FENCHEL et al. 1990), KW TOMIMA L - 22BhE LT, FWEMMh o IEFH
BT BIEFRRARMIEDIET (RREKIERBRE 199D MHULE L TWhoTREWLEELI SIS,
KRG, KEAKOGIcBWT, MM, HMF, ANP © 3 #idHis & k4 (p<0.01) £
BERL, F2VThOBGLMEE 7 007 4 v a &I3([ER (p<<0.05) IEMHIEZRL f2.
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Fig. 6. Temporal variations in density of autotrophic nanoplankton (ANP). Top: ver-
tical distribution, bottom: average in the water column.

E =
—BNCHIE MO X SISk TUD» bEHED 2 W IGREORBERICB VT, HHEIZ10° cells:
ml™' DA -5 -TEET D EHREEINTH D (FENcHEL 1982b, 471 1984, 1989, SANDERS et
al. 1992), KOFROBIHIM (1.16-4.30X10° cells  ml ™) ZPEROMEM EF LRV TH - 2. &
fo, JEERERBIIC B 2 HMF O H B E1210° cells * ml ™' & — y—T HHERLEINTBY
(SHERR et al. 1984, &3 « {fE 1984, 5 HF 1990, McMANUS & FunrMaN 1990), S0 4#ER
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TABLE 2. CORRELATION COEFFICIENTS AMONG VARIOUS PARAMETERS.

HMF ANP Temperature Salinity Chlorophyll a
Bacteria  0.713"°"* 0.744~"" 0.353* —0.740*** 0.474=~*
HMF 0.721*"" 0.560**" —-0.683""* 0.278
ANP _ 0.523"** —0.764"** 0.271
Temperature —0.581*"* 0.0907
Salinity 0.0158
*: p<0.05
T+ p<0.001
10} 10
‘-é 4 l—‘E | /
’Zg 54 8 5.‘ - . R
o ] om i :
E 1=2.00+1.458 = Hin:po 8508
% r=0.734 LSI: § r=0.589
T I.O ' . ' . ,
% 1 2 3 4 5 0 1 2 3 4 5
Bacteria (x10°cells-ml”™") Bacteria (x10°cells-mi™)
101 10,
~ E ]
E 3
% 5 ) ,,25_
(8] - ]
© X
= B-1m w7 Total
o 120,414 Z 1=2.02+1.27B
= 1 r=0.713
T L
T v ; T - (055 r ; r v -
%1 & § & & o 1 &2 3 & &
Bacteria (x10°cells'ml™) Bacteria (x10°cells-mi™")

Fig. 7. Relationship between densities of bacteria and heterotrophic microflagellates
(HMP).

(3.27-9.09%10° cells ml ") LEIL NV TdH -7, ANP OREII22.41-59.00 X 10° cells - m1 ™' D i
ATEBL, BIER—Y1 XTH5 HMF OB LDEEMIZ 1 £ -5 — b, LhbLh kS
AW ZR Le. APFETR, TERAOEMICL » THMF & ANP 2XBIL TV 3 DT,
ANP OHiz R IERRAZ S SR SHIE L E AR L T 2 IRAGREERAELY) (mixotrophic
protista) bRAENBEEZSNEH, TOEITHNAERYTH 3.

EiTHrs 07 4 va, Y, HMF, ANP D4 & & HKMN3TEBARMSS 12 Eh S,
TNSORBIILITFO X S i EBRan s, FAIKDFEA U IS5 Ol K 13 FiE o R4 Hihs
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SZENAEBTINESN, cOREIERBLTHM T S v 7 v 2oBUEL, Z o5, Mikass
DWE N BISEETEYOMHERMSINT 5. IAEERITEY R L T e hicliGinL, =
DR, MEEMAET 3 HMF 88T 2 & WO MBS VT WA Z EAfEE 1 3.

B C DMBNC B 3 & 7 o & R [NNC IIEERMENDTAEST 5 L £ X SN 5. FENCHEL (1982h)
i3, Fv=—27® Limfjorden 2B W\, FIHOEMZEED XS5 HNF LB L, MO L~
KHAHBRTHMF O E— 2 HBIL, LMD+ A 7 ViZBLZI6HTH o &ME LT
W3, R ElkE s [ I R E ANDERSON & FENCHEL (1985) itk - THEONTWS, Loy
SEOPATIE, MEE HMF oFREGOMHOTNIZED Shiddh -7z (Figures 4,5). Lim-
fjordeni3fli< AD S AL TH 2 D TRDOBEA/NE <, FencHEL (1982b) (& [E—7KBEHN O
REAEM L /o &b 208, KRARER TIROKBIO BT O 72 Hili O A% D R 3° 1L oS R
It b EBbN B, _

FHAATHE S N/-fE & HMF ORI I3294-T4TOHBHTH 0, EHIE481TH » 7=,
SH o (BIE (1984) ABHIc B 2iEOEEMI0EMEL TV, i, MHE BAkTom
B & HMF & o BB oEZE R ENI000THh 3 EMEanTH Y (FENCHEL 1986, SANDERS
et al. 1992), AFHARE < IHLHICHME OfElaEE 0= h - 12,

fHE & HMF oAt e it 2 5Et s U TR L7, A# T oMBE s K CHMF LY
AKEUEZ T N0.098um® (53 1984), 43um® (5 1989) LIS N TH YD, Bk — KRG
Z48420.12pgC - um T ERSE L T (WATSON et al. 1977, FENCHEL 1982b) & h & D/EHR = K
L7z, =O#R, WAMEIhoME, HMF OEREEIZEhEh28ugC 17", 26ugC-1"TH b,
D HMF i2xf 9 2 Hi31.08Tdh - 1z, T OfHISFB I (892.0, 53k « /1§ 1984), Fv<—7
@ Limfjorden (6.3-18, FENCHEL 1982b), 3E[Eifphk (3.8-25, LINLEY et al. 1983), 74 ) # A%
{E] Chesapeake Bay (4.0-33, McCMaNUs & FUHRMAN 1990) THSEEI N TWAHE L DKL, £
REMIEE L2EaTd, RIS TN HMF © 58 2S5 - 7.

HMF &, &L THIREOMMICERE 1 ¢mPEE O BHNRREZ (Cyanobacteria) © JAAHRR BT
(Prochlorophyta) 7 & Dk 2 75 v 7 b vy AL TW 5 (GoLbMAaN & CaroN 1985).
AKFATR IOV A4 ZITHMTIMY 7T v 7 b v OERETOED - 108, S GRER) 1K
A T B ER R O BRI AT 2 FAA L, SUKENNIZ B o A8 122.8 X 10* cells - ml ™
THBHIEERVELTOS, O SHI L 2 BEEYDRIGMIEOAEEY A & 0 131371 A -
F—{EV. Licti-T, KIFEHETIE HMF O OKEEME TS » 2 2 Lo HEES h, 20k
RARICHT 5 HMF OfiREMTL 89, MEE HMF L& B> TWRhOoTRIE W
EHERMIE N B,

KWL RITYS B ST - 7 IR EYLE IR Lh SR o ek L £ 7.
7o, KRG L OENNIC IR & R 1oL T ROKEE DR SET BRI, il Ik B o R
ERLET.
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