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Vertical Distribution of Bacterial Cell Size and Biomass
in Lake Vanda, an Antarctic Lake

Toshifumi KonpAl, Susumu Takn?, Manabu Fukui?, Yasushi Kusuoxa?,
Genki I. MaTsumoTto3, Shyu NakAva* and Tetsuya Toru®

Abstract: Vertical distribution of bacteria in Lake Vanda in the Dry Valleys
region of the Antarctic was examined by the acridine orange direct count (AODC)
method in December 1984 and the results were compared with those of January
1984 (S. Takm et al.: Hydrobiologia, 135, 15, 1986). Bacterial numbers, cell sizes,
and biomass in the water showed an almost identical pattern of vertical distribution
at the two sampling times. Total bacteria by the AODC method were in the order
of 104 cells/m/ in the water at the depth of 55m and above, and increased markedly
to 5.0 10° cells/m/ in the bottom water (69 m depth). Bacteria from the water
between 5 and 60 m depths were dominated by rods of 1.0-2.0 um length, and,
particularly, filamentous bacteria more than 10 #m long occurred a relatively high
frequency in the water above the depth of 55m. On the other hand, most bacteria
from the water at depths below 65 m were coccoidal or short rods less than
1.0 ym long. Bacterial biomass estimated from cell volumes ranged from 0.0026 to
0.079 mgC/L.

BS: NS4S v oS v s S B o FEE Mo T, 1984
SFERACT 2y 2 vd vy P X BEET (AODC) % i TR
A, 1984 4E 1 H oo F# #5B (S. Taku ef al.: Hydrobiologia, 135, 15, 1986) & H#% L
fr. WKBOMEL - a1 X - BEROBE M4 — 13, WAANTX
CEIIL Tz, by, £2EH(AODC) 2, KiE S5Sm LI T 164 cells/m/
DF—F—Thotehy, FRAUETLEICHM LT, KK (69m) T 5.0x108
celissm/ jz5 Lic. fIEOHIV A Xz onT&hb L, Sm fEhE 60m f&F Tt
& 1.0-2.0m OREAKEL S, $HoKE S5m LERTiiiiE 10pm L Lo
SRORMEE b RS IBEL LY, KIE 65m LIETIREE L O0pm LUF O KREE
REBEN R EAETH I MEFEELE O RBE R Ul AR E,
0. 0026-0. 079 mgC/l DHFRTH - 7-.

109

1 B ST R PRI A M 5. Department of Biology, Faculty of Science, Tokyo Metropolitan
University, 1-1, Fukazawa 2-chome, Setagaya-ku, Tokyo 158 (B4 : [EA7 T /L UF 2 AT 405 A A0 Bd
Present address: Laboratory of Bacteriology 11I, Department of Bacteriology, National
Institute of Health, 10-35, Kamiosaki 2-chome, Shinagawa-ku, Tokyo 141).
2 SRS R PRSE I M2 %% . Department of Biology, Faculty of Science, Tokyo Metropolitan
University, 1-1, Fukazawa 2-chome, Setagaya-ku, Tokyo 158.
3T BT B Lo #05. Department of Chemistry, the College of Arts and Sciences, The Uni-
versity of Tokyo, 8-1, Komaba 3-chome, Meguro-ku, Tokyo 153.

E=H.

BLATRSE FLE A b A

Bunkyo-cho, Hirosaki 036.
S T-#E T ¥k, Chiba Institute of Technology, 17-1, Tsudanuma 2-chome, Narashino 275.

Department of Chemistry, Faculty of Science, Hirosaki University, 3,



110 FTH - FES - fRIE - MR - AR - S BIE (A

. XUk

HBAEOY YA VI TSV EFDFNIA SV —HEOSA VRRMET S v 2
(77°32'S, 161°34'E) 11, RAKEHNH 69m OFEVHT, FOWEIELTEV K TEDLR
TWAHD, HEOKELH 25°CiedET5. B, TOWMKIRETIXRKTH S,
FETRE A >y 2R ERS & LIEBEDEKRTH b, BIKEREIIER - [LEine
W R 7 E A% 753 (ANGINO and ARMITAGE, 1963; Tor1 ef al., 1975). -~ v X0 {15
AR O T L, MEYER ef al. (1962), BENOIT et al. (1971) 35 X U° VINCENT ef al. (1981) @
REREL D D2, FREBEWEI Do, Kb oMER Y EfEcHET A &0 TEL T
7YY vA Ly oREE I (Acridine Orange Direct Count; AODC) iz L 5 4D
P, EEofhoME R A EfTbR T\, Tak et al. (1986) 13, 19844E1 H
DAY B CTHIEAHROMWELIT, 727V 2 vt vy SRAEF NPT X - TE
BIhce @in, ERTskifediony, HETRaiucEmTs s, i, FHM
BRI ERE TR ERECRRME 2 /e D BL L dic K&V 23, R IR
FREDME S Licledic/hInwz b BbE L.

KRETIL, v AEORESCBI LT, 19844F 12 BicfT - &SRR L, B
Bl SR (TAKN ef al., 1986) L LT, ZodlickiT MK - filav4 X - BEREORE
B AR LI, T, SV EHAOHATINTSH S+ = 7 2 0OF#E L Rk
o, WK oA o M & OBRRICOVWTHEER Nz

2. B XU
2.1. |k A&

Bl iy, 198447 12 § 22 HIiT Mo ESH Trvs, Bl ki SIPRE ice auger TIX
G, TS LR KRB A TR B Uiz, F1o, 19844212 B 25
HizAk = 7 2 OF A TERFREZIRAK Uiz, FRIRLCRKL, H52 UdEMREEKT
T L2 ) =5 L v (S0ml) imAh, BETHBIC /A ZAT AT v N iR EE
2 1.0% (volfvol) iw7e % X5 EE L, MED =T 5°C T L.

2.2. HEMEHEFROBE

£ BHE (AODC) DRIGE R, FAKZILE 0.2 #m o Nuclepore 7 4 1L & — THEH, H¥MH
RT7 7V v vy oTREL, HEHUELEMECHEI AT, REOHKL, R
% (HoBBIE et al., 1977) % % T2 E L T4 - 7= (TANAKA and TEzZUKA, 1982; KoNDA, 1984).
B, K7 42— OWTHEF 300 Mgl E2EH L, FEOLERIERFhoR Kz
DWT 2[R DR L TR,

MBEEFNL, 2EROH B H L Nuclepore 7 4 4 % — O ME» EMEEERY

Ea )i
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(NEC, PC-9801F) iz fizfi Ltc % 7 Ly » 7 &4 + — (Graphtec ¢, KD4030 &) 2 {EH L
TEHE L, MEOTERY AR X O MIBEOm M EERAD Wb D EHEE LTEHREZTVR
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5, RITRBEOMEAE SN, #IEOEHSMEER, # 50 Mlas HE L TRD .
2.3. HEORTROKEH

MEOBE R, WEERERE (O BT o it X » TRk, ZOERERI,
WATSON ef al. (1977) o4 (129. 7 fgClum3) (S L.

3. % R

3.1. HkO¥IERY - LR IRE
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Fig. 1. Vertical profile of physicochemical environmental factors in
Lake Vanda on 16 December 1983.
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EOBREER O R/ AL,

ALH - IR - I - R -

W O DR

WA -y - BE

LI3ITREET H - 7= (ANGINO and ARMITAGE,

1963; Toru et al., 1975; MATSUMOTO et al., 1982).

3.2. EEHYOEESH
A & il
e
25, LR T AT L
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B RO T,
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- 1.

K2R3 X 5, 1984 48
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Vertical distribution of total bacteria by the AODC method and their average

bacterial cell volumes in Lake Vanda on 2 January and 22 December [984.
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Fig. 3. Size frequency distribution of bacterial cells in the water of Lake Vanda.
A: 2 January 1984, B: 22 December 1984.
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Average bacterial
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Ny A =y 7 ZNNT 31T 2 VIR BT & # S A
Table 1. Average bacterial cell volume and bacterial biomass in Lake Vanda and the Onyx River.
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Bacterial biomass  Total organic

carbon**

Jan. 1984 Dec. 1984 (mgC/D)

Water depth (pmB3/cell) (mgC/D
(m) Jan. 1984 Dec. 1984
Onyx River
surface — 0.210+0. 332 (40) — 0.0034
Lake Vanda
5 — 0. 650+0. 846 (63) — 0. 0037
10 0. 82841, 391 (59) — 0.012 —_
30 0.797+1.317(53) 0. 864+ 1. 038 (50) 0. 0044 0. 0027
40 0.56540. 851(54) 0. 8764-0. 853 (40) 0. 0034 0. 0031
50 0.899+1.686(51) 0.708+0. 625(42) 0. 0049 0. 0026
55 0. 651+0. 844 (56) 1.209+1.213(61) 0. 0052 0. 0081
60 0. 49440. 485(62) 0. 45740. 369 (63) 0.023 0.024
65 0. 164+0. 203 (53) 0.0944-0. 147 (45) 0. 056 0.018
68.5 0.239+0.284(55) —_ 0.27 —_—
69 — 0. 1224-0. 135(50) — 0.079

0, 724k

0.41
0, 32k
0.54
0.30
0.54
1.07
6.6
15.6
3D, (ke
47.6

* Values are means-standard deviation. The figures in parentheses are the number of cells

measured.

** Unpublished data by MaTtsumoTo et al. for samples collected on 18 December 1985.
*#% Samples collected on 13 December 1976 (MaTsumMoro et al., 1979).

%% 67,5 m depth.
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B AN E LB LAlTHhh, mEMICIE 60m JGa e k& < Big- T 7§
e, 60m LT 0.5-1.2pm3 Lok & <, 65m FLAETIx 0.1-0. 2 um® L /N X 7l
Th-7c.

F =y 7 AN BT 5 MEOANE O FEED) ik L OSFEMEERL, Thth-s v 2l
DERBEFRLHERTH -7 (M3, 1.
3.4. HEBRBFEEOEEIH

MR R DR FE S Lic -~ v 2l o B R, £ LR+ X912, 0.0026
mgC/l (S0m J&) 7>% 0.079 mgC// (69m J&) OWIATH » o, Fie, £ MR & o
i, EE Gm, 10m @) 35X OEFE 65-69m ) Tt 1 A0 35D 1 Th -1,
30-60m fETix 1 A & 12 Aotz & A B, ToEESMmML R UHma s L.
* =y 7 AN OMEBAE R, 0.0034mgCll & [FFIA R0 -~ v 2o ks S L T

4. = 2%

SNV ZHORAT BT S WU, B OJE AR R (TAKL ez al., 1986) & L < —3 L, i
B - Pl EERTESCHE L TR D, £DRKE /DT 200 54 DD %)
Bz, s 55m jEF ToL T 100 cells/ml D 4 — 2 — & ERED SETGK
(KOGURE et al., 1979) <o £y 4¢ 7K (A1ZAKI ef al., 1981) 12 fb~F5 A 7o s » 7278, [EJF K
DO LEEEUTE S (CoveNey et al., 1977; Alzaki et al., 1981) B+ A 1HTH - 1-.
Ny EREoEFEROEERT, o iE BTG (MIKELL et al., 1984; HAND and BURTON, 1982)
HARET L, I, FEELAME L7 U 7 gl 10°-107 cells/m/ G 5, 1986)
EHRTE 7ot ULas L, KEAKOEEHL, A =—lolEAKo 104-105 cells/m/
(Taku et al., 1986) L H~dichhote. —1, v EHOLEEHEENCOWGTIE, 302
Kriss et al. (1976) DWENH 50, S F + ©F U — & v 2 BB T o il 15

HEHL T, TAK et al. (1986) 3 L UAWG OB L v 10m 7T 1/20, 30m J§ Ty
4-7 %, 60m J4THY 1/5-1/6 DA 45 LicAs, ZOHEEHEENKE VO TRBREDH T
R T2 LRETH D bR .

77 Yo vFE vy QO E(AODC) L, KA BB IEFECET BT % - T
XL HBEE LTHAHERLILS bR TR, v MK & 5140k I EEY
e CLMBE LY T e TER. LavL, 2D AODC HizEEL Lizv 1 XD
MEEEME (T 2~ T V)RR PILCAHETHENTE WD T, SHBITHRESE
4’, 6-diamidino-2-phenylindole (DAPI) (PorTER and FEIG, 1980) # Fi\~-CHiE & EE AR % [X
BLUTHBTALENRSAS 5. LirL, GOLDMAN ef al. (1967) i L5 &, v xFHloEE
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Ay 60m i 35\ T Phormidium <2 Synechocystis 0 X 5 7x i/ icBERIE o #1108 cells/m/
LT &R0 T, MBI THEIBETE LS.

Ay ZWO KRB O M 4 A oWTi, 60m fF A BN #ifao e & 0 JHE 5 it IO
SPHMBEERSKE SR -> Tk h, 60m FLULOFHMEAERL, I (FercusoN and
RUBLEE, 1976; WATSON et al., 1977; FUHRMAN, 1981; 4-3:, 1984) =i (JORDAN and
LIKeNs, 1980; PEDROs-ALIO and BROCK, 1982; NAGATA, 1986) o /K i+ #i g CHIE X 7-{E
(0.08-0. 3 pm?®) I JE~IEFIC K E 2 > fee Fhe, FRC SSm BLUL TRIZBN A Er s D
(stalk) % 7> Caulobacter J& <241 &%) (prosthecae) % §5> Hyphomicrobium |l & 5 &
e & h 2 M M 4 B ERE S e, fods, 198441 o 10m - 30m Jg2: 5
Caulobacter ¥ E 1 it ST\ % (TARI et al., 1986). —F, 65m BLIETIZ I bD
AEEEDONRT, F0RLAEREZ I mUTORBEPEBETS . LT,
SV NS IS A M, WKOWE - ALFRIBREOE L B EAY AL B, KR 60m
wHEIC L) OEEERT T, MEMCR R > CEEOMBESA DAL TW2 &b,

Ay ZHOMEBFREL, KB EEE TR 10055 DE D D EEMERL, FRCEK
JgTcoBfE 0.02-0. 3mgC/l LB DKLt (Azam et al.,, 1979; SULLIVAN and
PALMISANO, 1984) 1 b ~SGEFIC il R b e, FBIC BT 2 MED RFEL, MATSU-
MOTO et al. (1979, RFEH) w X 22 HBKFR (K1) e LT, 0.12% (65m Jg) »5H
3.8% (10m JF) OO EI &% Hode., LT, MERAROEHFBRFIRECKTLE G
FRETE K TED - 7o, ZOEHD—DIX, MATSUMOTO ef al. (1984) AUREE LT X
S ICKER TR BHED R A RRETHE LD EFE 2O 5.

AEE T, ATEOEEH O RERA~OZWAE E LT, Ai# (TAK ef al., 1986) & [F]
FRIC 4 JE—1R1c. WATSON et al. (1977) o 3R 45(8 (129. 7 fgC/pm?) % Fu 7253, NAGATA (1986)
PEEEHKTHRE LICMIEOARR S /o b O KFEOFHIA(L (39-188 fgCl/um?) = HET %
L, 1 oMEBFROMEMIT AT EBbhd. 4%, HARECET S MED
RFREDEHERER &, S HIBE Lig il bigy-.

R, MATINTHDA =y 7 AJOMED ML A XH3 -~ v KHORBC /1T 5
BEESRRDEVSRERE3) 20, A~ v ZEoRPIERECHK P TRIELIc L DL
Ebha. iz, 55m BLSTR SN Caulobacter 2 Hyphomicrobium L B> % #TE
E, BT DK ERERC IS LIcHIE T S (ScumipT, 1981; MooRg, 1981) = &6, =
HEIT-N v AWM OB AT HIEE (autochthonous bacteria) © —>TH 3 L Bbh b, —J, KB
KOMEEL, EE»SOREC X > THIE I DD s, 5D VIREBFELET THAK
D AREDEFRE L WO FREUETHEA LA DLW b T 5 iedicid, Bk
B HIEOREIATEYE I K2~ T T e b IsnWTh A 5.
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