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Distribution and ecology of bacterivorous flagellates
in the marine ecosystem

Hiroyuki YAMAMOTO** and Yoshio EZURA***

Abstract: Bacterivorous flagellates were detected in the samples from costal to oceanic sea

by the cultural MPN method.

According to statistical analysis with in situ results, their

distribution was affected by a quantity of prey bacteria, and thresholds for growth response
or continuance of flagellates were found at 10°-10°/ml as total viable bacteria by plate count-
ing. The thresholds coincided with a result of the mixed culture with an isolated flagellate

and the prey bacterium (Alteromonas sp.) in autoclaved natural seawater.

The flagellate

feeds many species of prey bacteria, and selective function on there feeding could not be
determined. The role of bacterivorous flagellates in the marine ecosystem seems to be very
important as the control agent for bacterial population and the facilitator in decomposition of
organic materials through the food chain or food web.

1. 3UsIc

FAEEEBEC RN T, MERC L FBUEDHEA
CREAAEN BB, Fl2 1 FAMBER TR bdello-
vibrio ®° myxobacteria 7z & (ROPER and MARSHALL,
1977; VARON and SHILO, 1980; SANGKHOBOL and
SKERMAN, 1981; 7ER{, 1981; YAMAMOTO et al.,
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5o HITHEHAMFEABSYOL < 100m LT TH
D, TREEENKIMOJI I, AT 507 4 VE
~C X B FBENE, B OB & Doy ERNE, BRI X
DHE ENRERNLEEERTHD, ZhHDDH, F
BRELSEER ETIR, BENLY s v L DRAEE
PHEROBBECEE LTI B0,

SOROKIN (1977) 1%, 7 ¢+ v&—ETHKEY HEK
BHEL, ThEH o 2BF o v— B LI EFRRE
OHMEHR B EH Y EENCHEIL 0D, IbiItx Y
75 7 4 vz — (Nucleopore®) 1T X % FEigHE=IE
HALEFELEAT DI LICID, 74 vE—LICETE
ST BAEDLO BEE BXABEBE T CESICEHAILD
B, WAKTORBREEREZRD D DL EAIRLTY
5 DHEE, WEROBREREOFHICEHVWBRT
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Table 1. Temperature and microbial densities
in the surface seawater collected at Nanae-
hama in 1981.

- temp. bacteria bacterivorous

station oy (/ml)  flagellates(/100mZ)
19 April

St. A 8.4 4.7x10% 0

St. B 11.0 6.8x10* 4.6x10%
27 July

St. A 21.5 2.2x10* 9.5X10

St. B 23.5 1.0%X10° 3.9%X10
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Table 2. Temperature and microbial densities
in the samples collected in Otsuchi Bay at
1 July, 1981.

. depth temp. bacteria bacterivorous
station: ()" (°C)  (/ml) flagellates(/100m2)

St. 1
surface 0 14.9 1.1X10°  2.4x10?
mud 5 — 1.5%10t 4.6%x10%
St. 3
surface 0 15.9  4.0x10° 1.5%10?
bottom 15 11.6  2.6%10° 2.3X%X10
mud 5 — 7.2X10* 0
St. 5
surface 0 14.8 3.8x10° 2.9x10?
middle 10 — 6.1x10? 4.3X10
bottom 35 — 9.5%X10 1.5X10

Table 3. Temperature and microbial densities
in the sample of seawater collected in North
Pacific Ocean in summer, 1980.

. depth temp. bacteria  bacterivorous
station (m) (°C) (/ml) flagellates(/100mi)
oS 7 0 12.8 1.3x10° 2.3%X10
179°59,9E 15 12.3 0 0
40°00,0N 95 9.3 0 0
495 5.4 0 0
995 3.5 3.5X10 0
0S 22 5.9 2.2x10°  2.4x10?
179°59. 9W 15 5.8 0 0
50°00, 0N 100 2.7 2.5 0
200 3.5 1 0
500 3.4 2 0
OS 56 0 10.3 2.0x10° 1.5%x10?
144°54,2W 40 8.5 4 0
54°35, 8N
0OS 59 0 11.4 3.1x10° 2.4%X10%
145°08, 8W 40 9.6 3 0
49°49,0N 95 5.6 4.8%X10 0
995 3.0 1.7X10 0

W, IBRERIC 10~10/10m DEE L RAER L, 4t
WA B IChE » THEBR & BERRBAL T2 LT3,

—75, SOROKIN (1977) 12 ¥B¥EIEIC & % EBEHE0T 105/
DHEEHENKE 100m THHEEL, F0O ©—7 1k KE
0m ITH-7zl MEL T 5B, #gmEBIck 5 HEE
FHECHHIERR, BELDINENEBIEAR R LE
R, ZOEE 10°~10°/ml &k - = (CARON, 1983;

SHERR and SHERR, 1983-a),

WENORERRE L BHERIBEICL A LT
BT EERLTND, LnLAERD BEEEL BEET
i, ZOHEMC 10~10° fEOERRBh, —#iczo
ZIVNEERICEOTARE L2 AR EHIA TS
(CARON, 1983), T O 2\WTid, HEHELED /S
HbH5%, WERHOAN»BEBCHANILELH
5EEZ D,

BB XD MEMAMEESR : U CHREI B
12, Protomastigida ICJE4 % Bodo, Monas, Oikomonas
RERS - LBE L, bFATIRD 52 Rhizomastigida
CET2303FD BN, HEBIZ3~5um O/NE
BHERBRZL, 10pm FT2HONREERTHNICE
BDOEND, e, HEBERIMEERTRS T HER
BH D, Ll, EERFEOREME, HcHBRAFEN D
W, SE¥ EORMBRABCERTLLERLD,
SHDOHFECONERESEHFING,
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Fig. 1. Relation between flagellates and Altero-
monas sp. 1055-1 as prey bacteria in the sea-
water samples.

(O); coastal surface seawater

(®); ocean surface seawater

(+); seawater of seaweed culture
r=0. 620 Y =2.659+0. 528X
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Fig. 2.  Growths of protozoa with the different
densities of bacterial cells in the autoclaved
seawater added with antibiotic drugs (strepto-
mycine, 250¢g/ml; peniciline G, 250IU/ml).
bacterial density: 10°(0O) 10*(®) 10°(A)

10°(A) (/ml)

ARED biz, Elo—RERBERERER L CETE
WERDTHD &, YOS —BERELCL T10°~10°
/ml TH -7, ZORERIZ, BAKTCKT 5 HERA
HHEHD AERAEYRT DL WL D (YAMAMOTO
et al., 1984),

D& S mERR Y R ERATOMER, LIGHT-
HART (1969) 2% 5.8X10%/ml ® AEA #E LTn
Do FREHEFHECL2BRETIE, HEREREES
ORI L, BEEEIRZON 10° FIcEL 52
ERRENTH S (53 - FHE, 1984),

ERERBOREEIII, BL ORE B X EYEN
BRAEANCRBEIN2D T, ThE @i+ 5iz%k
DHEMLE ETVERNNE LR D, T TIOHEESR
DEBRFICONWT, WELVSBLEELRLHEED
& 1 BET O BRERXRECERE L B SR
XD EFNVEREYT- 0, 7, AL ERMNL TH
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Fig. 3. Growths of bacterivorous flagellate on
Alteromonas sp. 1055~1 in the autoclaved
natural seawater filtered with 0.22¢m filter
(Millipore GS filter).

(A); flagellate per 100m/.
(O); Alteromonas sp. 1055-1 per ml.

TR L A ERNoE®RE (Fig. 3) T2, &
B3 10°~10%/ml KB\ T 10°/100ml OFFEFRHFE
BInikc, CofRR, BERBOHEEERECRENL
WERD ABERR 100~10°/ml % BT 5 & 2 i,
HWEROAERICIRBFE 2 5 HEMINO FEESMW
WCHEEFTL, MR A EEI N LEEZRTHO
THHD, /o, HMBALWEROAREELZZE LD
AR BVA, BMICHBELHA, 1ml OERTT
HED 1EAL0EEMR 10°~10° @ 23 a3 hTn
N, HEROEBEREDICHEINS L EZ b5,
IOLDORBERAD ERRML, MEHLD1/10~1/10°
UTOBWETHS, SHOBEL LT, BrOHEE
BECRT IEWMEVORENBEHRYHEN, Fhtox
FF—EPYERALREL, BHROMEYEED
RTHREL LT ILERD D,
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EERBAYBEOTET DI RO TN 5, Flz
¥ FENCHEL (1970) X, ¥ VIO F+ 544X 1g
WCHIEEAS 10°, B3 107, BBHAR 10 R &L DS
OWMEIHBFEEL, LOWEROTRTEBERLDO—
HAMEARAMETH - EBEL TS, ¥/ CARON
(1982) 12, ATEEFTICB TR LE 77 Y 2E8
(=) v 2/ —) OWMEHAKEASYO MPN 23 EH
DOHKD 10~10* fEICE L, TORRMEHOWEHRD
BN EEREL TS, CEEPKEETHBEYOD
ZVEB TREIBEREL, TWEH, BEHR, T4
— NI X EL OREABIR AN, ¥, BEXKOF b
FTAZALBNTCHEEEYOEHFEL TN DT EBHE
INTED (SILVER, 1984), Zh O5OEBEK T3 B
BT REEBYO ABBHE L TEETHLIE VWAL
b, XD, WARCIBNTT Y 2 298EKC LD
ERINDWMAEYO RS-k, HEiT ks
¥3E MPN %0 HEMICAL 220 FROV EDE D
HoTWBTHA5,

7 2 APEBIC KT D REEOBRE R L AR
RIEFICEL, CORBERRENE IN TS (SEKI,
1972; WIEBEE and POMEROY, 1972), Fhik, 3%
FTHIMBEHBRATICHEIND T Y 2 APHEH
13, MEFHAMEERC L » TREFOERBITTH %,
F 7B K R B L OV B HER O K AT R
EHRIRECHEET 2 L oWsg (FukaMmr, 1983) &

HERTHE, HREBKPCRWTHERRF ) 24X
RPERCHZVEEFEL TR L EZ N, ZO/A
DNV, R TRNEERAOHEL & btk
Mz 50ERH5,

6. WMEREERICDONT

WHEIVSB LU CEERRIROME &4 B8R L
&R (Table 4) TIZ, WERO HARKEY MEDOBRS
RIIMERC LD ZERRA N2, WTFROMEEE
He L THERCHAINTWS, SHERR ef al. (1983)
1k B Monas sp. OMERAEROBR T, MEE
L DEEROMARIEGH L T D, FTLLOMAE
HHEEORERIZLALEZTAWE, MERECLD
KRELEBTHZLEE RLTNWS, WHDFRICLN
W, WERIZ—END 10~75/8 OMELERL, *
OEIREERMIED 30~200%DERICIEHKT S & LT
W5, HMEEABRR S ONW TSRO MER AR
EBY L EBRETI0ERS D, £k, MERAORK
R EECLVES (NISBET, 1984) Z &4 ZEE L
FHriudis b,

WEBAERACEN TR, BED MEEL &R
HETHIHELREEELLEH, TRETORETHE
Flid, KBEBERIC Abh3 k57 BRNHAKE
(CURDS, 1977) RZED BTV, T/, ¥3#E MPN
Bk 2HERE (Fig. 49 R TCIHERC L 25K

Table 4. Decrease rate of prey bacteria, and the maximum growth and generation

time of bacterivorous flagellate.

Flagellate
Decrease rate of bacteria Maximum growth. Generation time
Prey Bacteria 5th. (days) (cells/ml)
Achromobacter aquamarinus 56.3 61.2(%) 4.7X10° 8.3
Pseudomonas perfectomarinus 53.5 71.6 1.3x10° 6.6
Pseudomonas nigrifaciens 12.0 14.0 5.7X10° 3.8
Pseudomonas piscicida 46.4 54.9 1.1x10° 4.4
Vibrio haloplanktis 44.4 48.0 6.2%10° 8.0
Vibrio adoptatus 53.0 63.9 1.0%10° 6.0
Vibrio parahaemolyticus 44.0 49.3 1.6x10° 4.0
Alteromonas comunis 43.2 67.5 1.1x10° 7.7
Alteromonas macleodii 4.5 49.8 1.2%10° 8.3
Beneckea campbelli 38.3 49.8 1.5%10° 8.7
Photobacterium mandapamensis ~ 40.7 54.0 6.3x10° 6.4
Lucibacterium harveyi 49.8 55.4 9.6x10° 8.0
Aeromonas proteolytica 36.4 66. 8 8.5%x10° 6.2
Flavobacterium uliginosum 45.0 58.0 1.1x10° 4.4
Escherichia coli 64.5 78.4 1.1x10° 4.8
Staphylococcus aureus 29.4 41.2 2.3%X10° 10.7
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Fig. 4. Growth of a flagellate on two bacteria,
Alteromonas sp. 1055-1 and E. coli.
r=0.909 Y =0.288+0. 906X

EDRVBRDBERACT L bd, WEHICEIREA
HERIEWENZ D, L5, FBRNKEL OMEEY
WARTIZLRELNTH S,

LU BENICIE BERDO FETIRRSNT, BED
MEHA BN 50 R BP T2 R BEIRTNS
(ENZINGER and COOPER, 1976; GUDE, 1979; YAMA-
MOTO et al., 1982-a, ~b, 1983; MALLORY et al.,
1983), T, HEHO HEBAC L - T BEENcE
CiedD TRV, L5, MEROBEYEALED
MHEEAPHERAERCI D EES R, MEO MR
EHAREDONG VY ARBETHZ ek, HHEON
ICHEBEOEENEL L D TEL D, +ihbh, WE
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HTHL eI, ZOMBENLIR: LTHEEOEIC
PHEEHZHBDTH D,
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BELL, KBl ahk ks, —BicZoBRRiZ
WKOMBEIEA & ITN TV B, OB MEH &
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Do LadilKiie s\ Cid, B S Eeme
TR CONBFEAOHELZ T TS (YAMAMOTO
et al., 1982-a, -b), X BT Z OHBEVERD KL,
FEBYOMBERAERCEKET I EnH LA h
T % (MCCAMBRIDE and MCMEEKIN, 1980), Ll L
DT enb, MEBAMRAERYR, BRPOBREYR
BB THERLENCI Y o — T 2B RAE
ThBLUESTBZ &R TES,

Ibic, RARWKICHERL MBS 888cES T
BRICDONTH, HETERZL S, FESBYOWE
HAERCEKET DEARIE Y, Lrd, KhEKkD
FET5EEOMBERIC L MEELLCIEELRL
T3 (YAMAMOTO et al., 1983), §E- T, MEmMA
HEABYRIMER BN fo—1vT 322
hz <, MEHAERCL VAL 2RIk - CHEEM
ZE, TbbMEROENT L bEET 5,

MEFEAEAR, MRy tn—n
T BT TR, Fl2E, ¥ MY 2 208 EEECE
WTHSFERAZ XL LCHTORMER CTH 2435, M
HEMERAMRAEYEOEARICLY, FONMEME
FOREIND Z ERH BN TWS (FENCHEL, 1974;
SHERR et al., 1982), Ziuz, MEHO KB 3R
X o THEU 2REGEHEORIFLTH 5, MBERD A TH
JEL e B AILRE OB &0 bRBHERIMET LT
W s, MEHRERLZ0 B4 CRBEER—FL
NUVEHH SN THARE L DHERREBEIND, &
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MIR—ERELHEF LTI B2 N5, bbb
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BRI REET S,

MEMAEEEEYL, REFHECERET 54
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b, MEHAZE LCOREPBEREE CHS, £L
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WA DR DAY BRT S —B L LTEE
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HETEMD MEYO £BE KR T52 &0k
0, COWTRDERLEITHT B ARG E IR
PR DD LB THES S,



WP BT DM ERANEERON T s L AR 87

X %

‘CARON, D. A., P. G. Davis, L. P. MADIN and J. M.
SIEBURTH (1982): Heterotrophic bacteria and
bacterivorous protozoa in oceanic macroaggre-
gates. Science, 218, 795-797.

CARON, D. A. (1983): Technique for enumeration
of heterotrophic and phototrophic nanoplankton,
using epifluorescence microscopy, and comparison
with other procedures. Appl. Environ. Micro-
biol., 46, 491-498.

‘CURDS, C.R. (1977): Microbial interaction involv-
ing protozoa. In F. A. SKINNER and J. M. SHE-
wAN (ed.), Aquatic Microbiology. Academic
Press, 69-105.

ENZINGER, R. M. and R. C. COOPER (1976): Role
of bacteria and protozoa in the removal of
Escherichia coli from estuarine waters. Appl.
Environ. Microbiol., 81, 758-763.

FENCHEL, T. (1970): Studies on the decomposition
of organic detritus derived from the turtle grass
Thalassia testudinum., Limnol. Oceanogr., 15,
14-20.

FENCHEL, T. (1974): The significance of bacteri”
vorous protozoa in the microbial community of
detrital particles. In J. CAIRNs, Jr. (ed.),
Aquatic Microbial Communities, Garland Pub-
lishing Inc., 529-544.

FENCHEL, T. (1980a): Suspension feeding in ciliated
protozoa: functional response and particle size
selection. Microb. Ecol., 6, 1-11.

FENCHEL, T. (1980b): Relation between particle size
selection and clearance in suspension-feeding
ciliates. Limnol. Oceanogr., 25, 733-738.

Fukawmi, K., U. Simidu and N. TAGA (1983): Dis-
tribution of heterotrophic bacteria in relation to
the concentration of particulate organic matter
in seawater. Can. J. Microbiol., 29, 570-575.

‘GUDE, H. (1979): Grazing by protozoa as selection
factor for activated sludge. Microb. Ecol., 5,
225-237.

HAMILTON, R. D. and J. E. PRESLAN (1970): Ob-
servations on the continuous culture of a plank-
tonic phagotrophic protozoan. J. exp. mar. Biol.
Ecol., 5, 94-104.

FEMEZE (1981): #EKLDAEELCBEE 7 ) 4 A
MEOAEYFRMER. RIFEE, 30, 209-246.
Hass, L. W. and K. L. WEBB (1979): Nutritional
mode of several nonpigmented microflagellates
from the York River Estuary, Virginia. J. exp.

mar. Biol. Ecol., 39, 125-134.

SH—H, FREEE (1984): 19834 5 B A D
SUEBRBMBINEE RO, FEAKIHER, 17,
219-233.

LIGHTHART, B. (1969): Planktonic and benthic

bacterivorous protozoa at eleven stations in Puget
Sound and adjacent Pacific Ocean. J. Fish. Res.
Bd. Canada, 26, 299-304.

MALLORY, L. M., C. YUK, L. LIANG and M. ALEX-
ANDER (1983): Alternative prey: A mechanism
for elimination of bacterial species by protozoa.
Appl. Environ. Microbiol., 46, 1073-1079.

MCCAMBRIDGE, J. and T. A. MCMEEKIN (1980):
Relative effects of bacterial and protozoan pre-
dators on survival of Escherichia coli in estuarine
water samples. Appl. Environ. Microbiol., 40,
907-119.

NISBET, B. (1984): Nutrition and feeding strategies
in protozoa. Croom Helm., 280.

PETERSON, B.J., J.E. HOBBIE and J.F. HANEY
(1978): Daphnia grazing on natural bacteria.
Limnol. Oceanogr., 23, 1039-1044.

PoMROY, A.J. (1984): Direct Counting of bacteria
preserved with Lugol iodine solution., Appl.
Environ. Microbiol., 47, 1191-1192.

PrICE, C. A., E. M. REARDON and R.R. L. GUIL-
LARD (1978): Collection of dinoflagellates and
other marine microalgae by centrifugation in
density gradients of a modified silica sol. Limnol.
Oceanogr., 23, 548-553.

RIEPER, M. (1978): Bacteria as food for marine
harpacticoid copepods. Mar. Biol., 45, 337-345.

ROPER, M. M. and K. C. MARSHALL (1977): Lysis
of Escherichia coli by a marine myxobacter.
Microb. Ecol., 3, 167-171.

SANGKHOBOL, V. and A. B. D. SKERMAN (1981):
Saprospira species — Natural predators. Current
Microbiology, 5, 169-174.

SEKI, H. (1972): The role of microorganisms in the
marine food chain with reference to organic
aggregate. Mem. Ist. Ital. Idrobiol., 29, 245-259.

SHERR, B. F., E. B. SHERR and T. BERMAN (1983):

A selective

Limnol.

Decomposition of organic detritus:
role for microflagellates protozoa.
Oceanogr., 27, 765-769.

SHERR, B. F., E. B. SHERR and T. BERMAN (1982):
Grazing, growth and ammonium excreation rates
of a heterotrophic microflagellate fed with four
species of bacteria. Appl. Environ. Microbiol.,
45, 1196-1201.

SHERR, B. F. and E. B. SHERR (19832): Enumera-
tion of heterotrophic microprotozoa by epifluores-
cence microscopy. Est. Coast. Shelf. Sci., 16,
1-7.

SHERR, E. B. and B. F. SHERR (1983b): Double-
staining epifluorescence technique to assess fre-
quency of dividing cells and bacteriovory in
natural populations of heterotrophic micropro-
tozoa. Appl. Environ. Microbiol., 46, 1388-1393.

SILVER, M. W., M. M. GOWING, D.C. BROWNLEE



88 La mer 23, 1985

and J. O. CorLiss (1984): Ciliated protozoa
associated with oceanic sinking detritus. Nature,
309, 246-248.

SOROKIN, YU. I. (1977): The heterotrophic phase
of plankton succession in the Japan Sea. Mar.
Biol., 41, 107-117.

SUEHIRO, S. and Y. TEzZUKA (1981): Seasonal
change in ciliate populations in the bottom sedi-
ment of a polluted river. Jap. J. Limnol., 42,
1-7.

TANIGUCHI, A. (1977): Distribution of microzoo-
plankton in the Philippine Sea and the Celebes
Sea in summer, 1972. J. Oceanogr. Soc. Japan,
33, 82-89.

Aan g 1978): #AEMT S s b vEKEHED
RORE AL WpvERbE, 10, 871-876.

VARON, M. and M. SHILO (1980): Ecology of
aquatic bdellovibrios, Iz M. R. DROOP and H. W.
JANNASCH (ed.), Advances in Aquatic Micro-
biology, vol. 2, Academic Press, 1-48.

WIEBE, W.J. and L. R. POMEROY (1972): Micro-
organisms and their association with aggregates
and detritus in the sea: A microscopic Study.
Mem. Ist. Ital. Idrobiol., 29, 325-352.

WRIGHT, R. T., R.B. CoFFIN, C.P. ERSING and
D. PEARSON (1982): Field and laboratory
measurements of bivalve filtration of natural
marine bacterioplankton.
27, 91-98.

YAMAMOTO, H., Y. EZURA and T. KIMURA (1982a):
Effects of antibacterial action of seawater on the
viability of some bacterial species. Bull. Jap.
Soc. Sci. Fish., 48, 1427-1431.

YAMAMOTO, H., Y. EZURA and T. KIMURA (1982b) :
Evaluation of biological agents affecting on the
survival of Vibrio parahaemolyticus in seawater.
Bull. Jap. Soc. Sci. Fish., 48, 1433-1439.

YAMAMOTO, H., Y. EZURA and T. KIMURA (1983):
Changes of bacterial flora in stored seawater and
in incubated seawater inoculated with Vibrio
parahaemolyticus. Bull. Jap. Soc. Seci. Fish.,
49, 295-300.

YAMAMOTO, H., Y. EZURA and T. KIMURA (1984):
Distribution of bacterial parasites and predators
in the coastal sea area. Bull. Jap. Soc. Sci.
Fish., 50, 1395-1406.

ZOBELL, C. E. (1946): Marine microbiology. Chro-
nica Botanica Co., 82-83.

Limnol. ‘Oceanogr.,





