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Distribution of Heterotrophic Microflagellates in Sug-Nada,

Western Seto Inland Sea, in May 1983.

Ichiro Imar and Katsuhiko Iton

Ditribution of heterotrophic microflagellates (HMF,<104m) and bacteria were investigated in
Sud-Nada, western Seto Inland Sea, in May 1983. Measurements of number of cells and size
were made using epifluorescence microscopy with the DAPI-FITC double stained samples.
HMF can easily be distinguished from autotrophic nanoplankton by this method.

The majority of HMF cells (59%) was smaller than 4¢m in diameter, with the mean cell
volume of 57ym?,

The number of HMF ranged from 0.5 to 3.5x10%cells-ml-l. They occurred in higher
concentrations in the bottom layer of inshore areas. The proportion of HMF to the total
nanoplankton in number increased below 20-30m in the offshore areas, although the number
was not so abundant there. The greater part of HMF (average 85%) appeared to be free-
living.

The number of bacteria ranged from 0.4 to 2.2 x 105ells-ml~2, and the amount of carbon from
32 to 17.4mgC-m=3. A correlation (r=0.57, P<0.001) was obtained between the number of
bacteria and HMF. The mean number of bacteria was three orders of magnitude larger than
HMF. The carbon amounts of HMF were found in the range between 1.9 and 139
mgC-m=3, Thus, the carbon of HMF occupied about 50% of bacterial carbon, which indicate

the quantitative importance of them as a constituent of plankton population.
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AT LRFEH W TR AR B X 5 (A B R OA ERD iRl T 2
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Fig. 1. Location of sampling stations in Sud-Nada, western Seto Inland Sea.
East-West and North-South sections are shown by solid lines.
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EBOBNEREL, BrFiia IR T & ORJINEE TH B, ¥, Choanoflagellate D
Malciy, MBS BER LK EIOFCONTASE A LD LR, fllicd, HMF Offgs R
bhaMEROSORC, PN FERTIEE - TV 2008 LIE LIERESh, T, BH
o Cryptophyceae DRIFIMNIC HAIRAME O BN RBEE R4 & D B,

(i)HMF ¥ T2 REH979MINI > HMF o TEH % Fig. 2 R Lic. RPBEOE
BT2-3pm ORTREHOLOMNLEDIZY EFEIKLEHFEL, 4pm LUT QBRI
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Fig. 2. Frequency of size distribution of heterotrophic microfiagellates. Open
column means percentage of the total cell number (n=9%79), and
closed column indicates percentage of the total volume.
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: in Sud-Nada, western Seto Inland Sea,
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ot 4pem P ETREESE B0
—20%Thh, HBEH—E LEE: No. (x10°ml-1) 0.4 - 2.2 1.4
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Fig. 3. Distribution of heterotrophic microflagellates in number and
carbon along the East-West and North-South sections.
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Fig. 4. Distribution of total nanoplankton (heterotrophic microflagellates
+ autotrophic nanoplankton) in number along the East-West and
North-South sections.
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Fig. 5. Vertical profiles of heterotrophic microflagellates (open circle) and
total nanoplankton (closed circle) in number at Sts. 3, 10 and 17
in Sud-Nada, western Seto Inland Sea.
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Fig. 6. Distribution of bacterial cell number and the amount of carbon
along the East-West and North-South sections.
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nanoplankton: TNP) !, #4{4&T1.1-9.5x103cellseml™! O®E 404 L, HE X ORI
DT 1T HHE A ik, HMF S8 L% 5 Li: (Fig. 4), EFERE CRETRDE
B e g oRBICE <, FRE (Sts. 10, 15) LHH (St 3) DEBEA I -1z, BHILEE
kLT, defics <, Fdtis LOEEEPREOERICE C R 3 h s, di &L /il
KBTI o1,

ko, BEEHO St. 3, difo St. 105 X OTEHFRFEHK D St. 17 wkiF 3 HMF L TNP
DHIBB OHRE S #i% Fig. 5 1R Lice KEOKE - St. 3 Tk, BB fEv TNP &
HMF i33tici@d Lz, La L, HMF o TNP i 554 (H/T) 11, 0—20mC28—31%,
30m—B-1mTi335—48% &, EBiC/c53E HMF DEIEFEkot, FRIEH L, Sts.
106 X O17TiL, St. 3 DXk 5 7B T -z RHer o, R FEH LA H/T 118
RUBTHB,
2. WHFMIE L HMF o454

(IEEHER L RER  Sts. 3, 10, 11K L 1T0RE» HEEMITC L » TRDE-MEOTF
AR 20.089m3 TH - fo. HIBER S LURFERIL, 4 40.4-22 x 10%ells-ml*, 3.2-17.4mgC-
m P OEHEICH - 2o (Table 1), HPk L OFEILOMBIEZ i3 5 B & REEONE S %
Fig. 6 TR L7z, WEKTEIC R\ CIAHBRRCE <, HHHhao St 3 BT ir-
Foo WALBTHNZ 5\ TR RO KRB L ERIc 7 <, AR REROERBIC S oM L,
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Fig. 7. Vertical profiles of heterotrophic microflagellates (open circle) and
bacteria (closed circle) in carbon at Sts. 3, 10 and 17 in Sud-Nada,
western Seto Inland Sea.
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fehvote, REETED LHEEHECHT S HMF o4k, 2308 ©23—102% D#iF T,
SEEIRI50% TH - Fo
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n=75
r=0.57 (P<C0.001)
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Fig. 8. Relationship between the number of bacteria and heterotrophic microflagellates
in Sud-Nada, western Seto Inland Sea, in May 1983.
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BERDEARHC OV TIE LRI : HMF B oBHs X O E ORI BRE S 4% T
RBIRER [y=0.77x + 0.30 {y: HMF # (x10%cellssml™), x : #HE§# (x 105cells+ml~)}
% Fig. 8 \Z/R Ui, MHBARE r 130.57 (P<C0.001) T, i H ORIDOHENI T D BV = & Ao
Do ET, BRI KITZHEOFHMRKIL1.4x100cells-ml™ THh, Fhixt LT HMF
(21.4x10%cellsmI' Dfi & /R L, RiHEREEFEDOHI® 5TH - 7

% =

DAPI-FITC @3efn L BEHE KBNS X 2 HMF oBlZ: 150 B8, OFITC
& =T HMF Ollg£ o a0 e R LRBYHRTE 5, QANP BERKI F—BE
Rz %7 HMF L DRFINESTHS, @DAPI i X » T HMF OSHENS S HS 20
THRHROEI AT & DRJIDELHTHD, DF b 74 % A5 T EARRRET cl -1
¥y 775U AR, BORICRA 5B%ET L1k » T HMF ofiiniigic o s, &
Tdh %, CARON (1983) 12 k% &, FITC ®EEE CRGLEBE, FEAk O R T 2 — KEXH
FITC iz L 28N FH Ih T ANP BB LTLE S 2 & nh 0, MCIEEE A7
%62, HMF ORE2 §5< 70> T HMF OB 5 & & M5 IhTV 5, F 7o,
FITC 3H5MOF+ 54 2 AR FE LAROBLTLESDT, FL54 2 A LSBT FDOET
fBET5 HMF OfRHARETHS & LIRHIh T3, Linl, EES0MGHEI,
&/ L7z FITC $FEEAS SHERR and SHERR (1983a) ©#0.4 mg-ml™' X » ${E\~ 5 2.1z, DAPI
Lo TEBEDTU 20T, RADBRRICERT2 HMF 2 ANP o/ 3HioRE Lz
EAYRMTERLEZ NS, %72, FITC 12X 5%, BEEDF + 54 2 20REORIE L@
DHRIC L > THRINR TV %, X 5ic, Plate I (C) kL7 X 912, DAPI i© X - T HMF
DRFIPNCH D A E iR 2R ¥ 2 ATRERE 4R S hu e,

Fipi#i 5105 HMF Ol JUCRFERIZFhFh, 05-3.5x10° (F#1.4x10° cells-
ml™) £1.9-139 (F#H55mgC-m™) T, HEBICKVTEL, HhhfLomRohBLUET
{5772, HMF fIRBCE LTz, KB 3 = v 7HOM nBofk 4.0 x 103 cells ml! #15
A KT DBM0.3x 103 cells-ml~! (SHERR and SHERR 1983a) DR, Fv~=—r D7 , 51
FZ B2 HEFED02x10° LIF -3.0x10° (SE#51.0 x 103 cells-ml~!) (FENCHEL 1982¢) DfE, F
TCRFRT R TEKRE S 2 — 2 7 M A TORAME6 5 B iE D B A fiE9.5 mgC-m= (SHERR
er al. 1984) R, < —MEOEFHHRKED50.4 mgCom LA BHHROZ R EABTD
R/]MiE0.35 mgC-m™ (SoROKIN 1979) EDfEAH UHh Tk Y, XELOWRELSHT, T
BEOBREWIE UT HMF OfIFaR & RERBAEINT S 2 L850 Th B,

&F/ 773V v (INP) L Thds HMF 0El4 (H/T) 13, SBEECIILBIE
euphotic zone LIRDBEETHE { 7 2MHAH S H, Z+i POMEROY and JOHANNES (1968)
ZIZbARCA DR T %, —J, KFRZ2 SHERR and SHERR (1983a) @ X 51, H/T
MR T8.5% LEL WA TI1239% LB < 7 b & 5 AlERIL, EHL0EM k15 BIEk
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RCIBEFCRD bR s, HEDKEOHEDFEITRHTH S,

LI AT, WRPOERYEEEME (Macroaggregates) Eicit, M HMF, fERENE L
FEETHESHR T % (CARON et al. 1982), FENCHEL (1982¢c) i3, #K %20 pym OFF <58
LcBEE HBLVBE0 HMF B & L, A% T 3.6x102cells-ml™, #%ET 8.5x10°
cellseml™ OFERE 18T, HMF OXHAPBERN TR LTV 5 ERNT5, LiLigas
b, BAP#ED Sts. 3, 10, UK I C1TD 4 EHOBKIGEAHZBSVT, BAV20pm OF L Y
WA - LTHRAE T TAB Ltgkdo HMF Ko, B kb0 HMF ook
REhbE, 59.8-129.6% (CFE84.5%) L&, ThbDffik FENCHEL (1982c) DR + %
LS Bieote, ZORRIBRETRR. REHMEOHE, BENTREOE VKR CRTAE
M OEIGAE{7ed &V 5% (GOULDER 1977) %% x A5 &, FENCHEL (1982¢) o
AT AREEHIIRC 7 4 24 P BB 0TH D, BB TRENEFEOBE I D EN-
TeDhd Lhtou,

wic, AP oE2FMC BT oM - HMF RoH#EBBMFiL r =0.57 (P<0.001) Th 1,
SHERR et al. (1984) DFE (r =0.83) 1 X HBIRE < Iah» 228, HFBRLBRC ST A8E
EHMfREC T 5 HMF #ifafi o 24138010 CH b, FENCHEL (1982¢) X SHERR ef al.
(1984) DHERLBUL BB TH >0 RERT HMF EHIBEOBFEY AR5 E, i21F1 ¢ 2T
Bb, YT 77+ vEHTIMEOREROEE IS THBZ & (431984) mHEL
T, HMF Q77 v 7 b vORTHEE BATRHCER B X S 2 W chb,
FENCHEL (1982a, b, ¢) < AzaM er al. (1983) DF 5 X5k, AMEROHTHE LB~ 5
VI YERESHNEL L TEELBRERBE U T30 LEEINS, &, MEOEERE
% HMF & X 2HEHREEEONESYE U T, WEOHMRY X S HMicifsets = L pluE
ThHhH

L] =

19834 5 Hic B M 7> HERFM 28 C, HEXRBHM/NEERE (HMF, 10 xm LTF) 3 X
DBHEMBEOS ML, FTROMAEE I,

1. DAPI-FITC B3 L EHBREBBE LAV 2 Hkic X - T, HMF LiEgtr ./ 75
v b VOBAREEIC), HMF OFREELE « SHEATEIC fo o 7

2. HMF i3, REBREOERE T4 pm LLTO L OMRLHD59% & KBS % EH-i, BT
it 4pm PEDLDORLED0LL LSS, FHERKITS7.0md (BER48pm) THoto,
3. HMF o#ifaix 05-3.5x103cells'ml™! O H), BNERERBTCS O/ L
R OFBLUR T d ot £F 7 75V 7 + vieiT 5 HMF 04, Fi532.4
%BTH -t HEOKEOK X VEETIZ20—30mUE T DEENE L R AMEE AR L
4. ¥@AKD2 ym LITDESIZ HMF O k#S (F3584.5%) HETE L,

5. WBHFMBEOFHEEIL0.089 pm® Thot, MEES IVRERRL, 0.4-—2.2x10%ells-
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ml™! 32—17.4 mgC-m & T & & D7 Ui,

6. ME L HMF ofigforiciza/ch oMB (r =0.57, P<0.001) 2&xLDbht,
MEERUL HMF HOFHI10° f£Th - 1,

7. HMF o #EE111.9-139megC-m 0 &H O L, HAEREREDOFHE0L X EDTE D,
BEFS5V 7+ vORTENCHYESEREYHECHD - EARE IR,
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Explanation of Plate I.

Plate 1. Epifluorescence microphotographs of heterotrophic microflagellates
in the samples collected in Sua-Nada. The samples were stained with

DAPI and FITC.

(A) A heterotrophic microflagellate and an autotrophic nanoplankton ob-
served under blue light excitation. A heterotrophic microflagellate
(green fluorescence) can easily be distinguished from an autotrophic

nanoplankton, which has two chloroplasts with orange fluorescence.

(B) Heterotrophic microflagellates observed under blue light excitation.

A choanoflagellate cell is indicated by an arrow.

(C) An identical picture to (B) when observed under ultra violet ex-
citation. Nuclei of heterotrophic microflagellates were clearly visible
by blue fluorescence. Many blue spots of bacterial size are observed

inside the cell of choanoflagellate.
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