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Ecological roles of protists in the microbial loop of
planktonic food webs in marine and freshwater
systems
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SUMMARY

The aquatic food linkage between heterotrophic bacteria and protists is so-called “microbial loop”,
functioning as important matter cycling in pelagic food webs of marine and freshwater systems. Organic
matter transfer from heterotrophic bacteria to protists has been intensively studied by numerous
researchers all over the world. The ecological roles of planktonic protists, such as heterotrophic
nanoflagellates and ciliates, in microbial loop are to consume bacteria that are too small to serve directly
as major prey items for most zooplankters, and to be consumed by the zooplankton. There is the
consensus that food linkages between bacteria and protists are substantial in many lakes and oceans. The
present review provides the overview on the trend and future stage of microbial loop research. A review
on unique microbial loop developed in the hypolimnion of Lake Biwa is also provided.
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1970 £ D#& I W LH, DNA IZHA LA ERET S
OFEEZHNTHEZYED, 862 B LTV AMEE
$5 %2 D HEDBIS & 72 (Hobbie et al., 1977; Porter
and Feig, 1980) . 2D Z &2k Y, Fxid L H>=<
HARROME O MR EMD Z ENTED LI
Rolz., ZOFHEICE-- TEESERERRDME
BE RN, T E CRREM A > THRT
WISHITE U, EOMEED 1% ICbizen. &
BHLNERoT. ZORERIE, SBEREOMAENFEE
72T, HMEROWMEER 258 L T\ S s B
ORZFEICOGRERERE G2 5L Lotz D
FV, FRETEREZ T EMEOR (B) 1%
BED 1% I 2WETH Y, MELE Y EFIC
EBLTWADTHD. ZOZLiE, ThETEZ
LTV HIER o RWsids % i3 2 WEEERIC S
WTC, BTEZEIRTNERLNVWI EEERKL
TWiz, BETHE, RO FSERMBOT —4
ERETHE, MEIZ 1 VY Y bAOHIKPYZ
V10 SRS 10 EMia S AL L TWD 2 &2
LN TH Y (Berninger et al., 1991) , B X (FEEEH
T 2V Yy hB720 100 THIAEAS 1,000 J7
MIBOMBENERE LTS, $72bb, MEE, =
NEEETIEMCL > TTBEREZRRZ2OND
L7pu.

1980 FFARIZAY, TUAEMMN L& O BYEEE A F 72
WCIESRZ. Zhig, WAEmL—F) LR
, W8 - EOMFICRET LIRS T b
2B S D B CTIRMED LV — 7 BN
BICEHERMAEEZH TSI LR, SAHLNE
72> TW5% (Pomeroy, 1974; Azam et al., 1983; H1%f,
2000; Nakano, 2014) .

AFaTlE, AARRABY TS 201344 11 A 11 H
WCHARBAEMZER ELAHRERL, TOREKREZD
VURT AN E LTEENBE SN LIS E
5T, BHOMEMN— TR IO I EET
LWREERNTD. B, ZOLIRVEEOMN
L, A TH AT CMIZERICL D bDERLE
LTWBR, EFICITZDME L DYeIT - BEWSE
DEETDI L%, &ODH LT TERL.

WEPL—TEHLFIVITHD

WM —T L0, W7 T b BRERD
HFRIREDSCB COSfEM L LTI 2 B
B MBS R EEE (BF) & LCRIHL, Mz
iR Ok e EOJRAE AR T D B
DL THs (Fig. 1) (Pomeroy, 1974; Azam et al.,
1983; HEf, 2000; Nakano, 2014) . Z O&MpBfH 3%

LW fE & & EIEAL (Caron and Finlay, 1994) , &
DIZRAEEY P RBIHEEORBEMM T Z 7 b Ui
HAEIND ZLICL o TARHE~LORND. O
£V, ThETHICOME L LTHEST AT
AR AAI, RIIMEM L — T 2N LTH)
W77 o7 b OEERE LTHEBNT 2.
WAEMN— T Ot ETe &, LSO EE
WMAEMOAERFENHRENCHLEANEE 7. Hlx
i, MEEIZERCKREIOMYW T 707 P Th
reafiymr Ty hURENICYS S, ki
T hrbiE, REIDN 0.5~2 um ONEHE
FrEFOHMBOT T 7 R ORBTHY, T
IR T ) TR LEAEM O T Z v s
MoBREEND. 2B, MEOHICIZTT ) I T
U7 bEFENDN, RETITZ 2L, M6
BRBHEOZ E2ET. BHENRE YT T
7 k%, WIVB TIX Synechococcus J&, MWEEDOINFEIR
Tl Prochlorococcus J& & 31T & 7= (Stockner and
Antia, 1986; Partensky et al., 1999) . ITEDUEEDHF
T, Caflim T 77 b A Ao MR
HEERREEE THDL LMESNLTVD (Liu et
al,, 2009) . HeAHIZ, WESLWIEOMEOKRE S
1, @HEH T 0.5~1 um THDH. vammr 7
7 RN, WEEPWIEOK 1 RV Yy A%
e 1,000 FHIEAER LTS, 72721, 100 5
Mlaziz s Z X, T EL X (Hirose et
al., 2003) . Ym0 bk, 1AL DS
HEREARBME CIIRbEER - REFEETH Y
BT T 7 MDA ED DV E R ED
90% U Lzvatlmro 7 FrnEHTND
(Stockner and Antia, 1986; Partensky et al., 1999) . 72
B, IR, kO - MR OWR T, B
FENEE— WML TH D (Liuetal, 2009) .
WD 77 > 7 b v ORWESH T, W
T NN T T v bR ND [E
P (Grazing food chain) | HHREL T2 (Fig
1: X H @ [Phytoplankton] 7>& [Zooplankton] D%
Wig) . SF Y, KoRWESHTIE, EREL
HONTWDAERESEE, MAEML— T EICE
BRLAEWRNLEKROERREHREIT 5. EHIT,
ZDZEIZHOWTORBRENZ, A A O
TV L BRI S B FRMEOME L TR
H U7z, A VO TR BRSBTS 3
TOUBITE, SNV T P UNBRTEAT D, STV
VIO KT, W77 7 b TR EERES
DRBOLONES L, MERTIHEREREO
Strombidium J& & Strobilidium J& /N %, Prorodon J&
X0 Spathidiosus J& 7% £ O RKAUHANEOHEE b AME 55
% (Katano et al., 2005b, 2008a, b; Kihira et al., 2008;
Ueno et al., 2005) . ZAIZK LT/ 7 O iy



Jpn. J. Protozool. Vol. 48, No. 1,2. (2015) 23

Crustacean zooplankton

Grazing food chai

C Protists > z

Phytoplankton ;1 o

e

C| Mixotrophic protists:>< T &

Z

. >— L

Picophytoplankton \ BaCteT é
DOM | Microparticles

Fig. 1. The “microbial loop” revised by using the literature so far published after Azam et al. (1983).
Mixotrophic protists are included in phytoplankton, but serve as grazers depending on environmental
conditions. The food chain from phytoplankton to zooplankton is called as “grazing food chain”. The
arrows within the “protists” box indicate food webs within protists. Generally, the food linkage be-
tween microparticles and protists is not included in microbial loop.

OESWY T T s N AN YT T s
FoThy, #HERITEFROMEBERFIIIMZ T
Lohmaniella J&=<° Mesodinium J&72 £ DO ¥ ag¥h > 7
V7 bR B ARE R HRES /N O M E 5
% (Katano et al., 2005b; Ueno et al., 2005) . Z D XK H
12, BUAALTAHNITEBNTS, 2L 72 )
A CIEARESEN AL, i CiEfEm L —7 )
HE3 2 L0 X oI, T OIS EZEEILE
ATz X 0 24{k+ 5 (Nakano et al., 2003; Katano et al.,
2005b) .
FIRROFIBINFE T, MEL—7 L AR
SH ORI EEANE DS, WPEOWBLBIRIZ L » TEL
T 5. K TlE, 2# (pucho) B XAV #
(bottom intrusion) &\ o7z HARIZ K D K& 7pifEkaL
BB TEY, 20 ENFEMELE KRB
BLLTHIIEETWS (Fig. 2) (P EIED,
2001 ; B, 2014) . 20 & I3 B R KGE PRI A
IR & T DKM MER EEZIL T 5% ER T,
JEN D W ENZB AN BRI O KIR MK < KB O
BERARBBRNIIREALTL 2HLTHD (Fig 2)
(FEFIE Dy, 2001 ; HEF, 2014) . JEA D #ENE,
ESAZANSL 9 AZAET, 2 BEMIC—ERED
BEECRZ D, EAYFENREEREEMGEEITO L5
WO RWEN LY, ZORIIH T T2 b

R & T OERMEEN TS (Fig. 3) (MR -
TTEF 1994 ; /NRIEDY, 1997; Hashimoto and Nakano,
2003; Nakano et al., 2004) . ZHUTK LT, 2AWNE
5 EKIFEKEBNT HIETTRL, AKED EFT
5. ZOHEE, MENERICHEEL, MEmL—
THREET 5 (Fig. 4 (Katano et al., 2005a, 2007;
Katano and Nakano, 2006; Ichinotsuka et al., 2006, 2010;
Hirose et al., 2008a, b) . >F 0, FHETIX, wBHS
Amb 9 ADM, 2@ EEAD A 2 I &gk
TBHEIL, ENENMEYN — T R A e
A Y D (Nakano et al., 2004; H8F, 2014) .
IEF LB E, —ODERERIZBWNT, MAEW
No—T" L RSO E B IXRTIC R D
TR, Wl FEIC L > THET 5.

BERELLTOREEY

AN — T DRI T, FAEAMITE IT
MEERE & L ComEEMENER S, MEOERE
FRFFEDORE L & b ICRAEY O ARG b
RKESEBLTCE ., FAEEHOPRTY, Mtk L
MEERDOAERIZONWTIE, HRHE < OIFENH
L. INETOE A, BAKITIE, #FEREK 1
UV L0 100 205 100 FHAIE ENAR
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Fig. 2. Two major physical events in the Uwa Sea: kyucho and bottom intrusion. The former is an
intrusion of surface, warm and oligotrophic water from the south of the Bungo Channel to the west
coast of Shikoku Island, which occurs mainly in summer (Takeoka and Yoshimura, 1988; Takeoka et
al., 1993). Bottom intrusion consists of deep, cold and nutrient-rich water that flows just over the
continental shelf (Takeoka et al., 2000; Kaneda et al., 2002a, b), serving as the major nutrient source
to the coastal areas (Koizumi, 1991; Koizumi and Kohno, 1994; Koizumi et al., 1997; Takeoka et al.,
2000; Kaneda et al., 2002a, b). While the effect of kyucho on phytoplankton growth is negligible,
diatom blooms promoted by nutrient inputs from bottom intrusion have been observed in a bay of the
Uwa Sea (Koizumi and Kohno, 1994; Koizumi et al., 1997). Thus, the trophic status of the area is

temporarily changed during such bottom intrusions.

LTW5a & =i (Berninger et al., 1991) , HEFED H
ERLBEL INEAEOBFREL NV TERL
TWa B35 (Sanders et al., 1992) . —J7, #k
FEHROMBEEIZZEEE IR, —RmicK
12UV y 4720 10 5 100 MIREEETH D
(Beaber and Crisman, 1982, 1989) . LZ»L, Fiig
AT, WEROMBEENK 1 IV > L
L2 1,000 # Z 2L HHESNTEY, F£EN
POTHR L T BERE(LLE ilmod
) TIE1 IV YU v Y0 3,500 MilE S OHEE
mARHINZZ EMRH D (Nakano et al., 1998a) .
—0, FAEY MY OMBEEEEE LS
R bBERO FREL, REEICE 2T, '
UL —MIE Y 72 0 — I B O ME 2 B8
L, MEBERETEE»G -~ TOoMEMELERLT S
(Nakano et al., 1998a) . L22L, fERHEEDENE
LEIZIFEWE TR ER LY SBEFEEDE (D

F0, HBZV) OT, BEL L TUTWEROG R
WMERLVZ OMELEBREICIVIEET S, L
20X, EHEPPFE L TV ISR IRFRE T, e
HICHEAE SN MEOREL, #FERo 50 5Ll Eich
72 % (Ichinotsuka et al., 2006) . JEAIRIZNLE T 5
B D WILIRFIEFEICRW T, M OEEIC L H5E
BORKBATMERIZLD DO THD. KON
BN ER EBEROBFERE L, BERIC
XD MBE BRI HETE B OZIITILET 250 d 5 VI
EEZZEbHDLDOICKL, B - A TS
FEhROBRFEITHEE R L TEWZ EREL,

HEERICHAND EFEEAE & L ToREREMEITMEL
725 (Sanders et al., 1989; Nakano et al., 1998a) . 234
OWFFETIE, BIUTHOERKBILWE CTh 2 i Tk
BRP O THRERIC L 2 MEERIIEE
Bick sz ERZ%ND LR % (Nakano et al.,
1998a) . AUk L, HOREOEEH TIIMEER
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Fig. 3. The enhancement of large phytoplankton growth
by nutrients supplied through bottom intrusion (Koizumi
and Kohno, 1994; Koizumi et al., 1997; Nakano et al.,
2004). So, when we have the occurrence of bottom intru-
sion, the grazing food chain where large phytoplankton
such as diatoms and dinoflagellates are grazed by meso-
zooplankton dominates after massive growth of diatoms.
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Fig. 4. The enhancement of picoplankton (heterotrophic
bacteria and picocyanobacteria) growth by high water
temperature due to the occurrence of kyucho or summer
solar radiation (Nakano et al., 2004; Katano et al., 2005a,
2007; Katano and Nakano, 2006; Ichinotsuka et al., 2006,
2010; Hirose et al., 2008a, b). When water temperature
increases due to the occurrence of kyucho or summer solar
radiation, microbial loop dominates after massive growth
of those microorganisms.

T—F A2 B CTHERICEZEBENEEL ILTWY
7= (Nakano, 1994b; Nakano et al., 1998b) 7%, T4,
AN L DG MEOFETCER L L THEET
HDHZENBH LT/ o7~ (Takasu et al., 2014) .

b BERL, a7 7 FUbER
9% (Nakano et al., 1996; Hirose et al., 2003, 2008a) .
Va7 T s N ORBAEEDSME LD B
TR OMWMY THLIN, YammT T s b
ISR S LCRBIEA R L, TOMBEEENR 1 Y
Uy MVY720 100 SHifazz 2 &, £ (1K
FELES) LLTEMELY B RELI 2D, Hlx
1%, B ROEREBWHETH DEEMTIX, HFE
ZZ21 IV Yy bl 100 TRz z 5 Syn-
echococcus DTNV —LNEZ 5 (&, #ME) . =
DEHGEE, MELV bl m T 77 b
DOFBIFAEAEY O & L TEEE Th 5 nlheMEN &
W FE T, IEEEBENIEEMRICERE L, M
ERICH A RGP & DIEEMRL BB S LD
N, ZoORTFLEAEMOE L THEELES (Fig.
1) (Kerner et al., 2003) . Zi 5Ok 1%, EEL
U ORBILFEDEBRPUEEICZATND Z Lo
5L, FAEAYHOHE L L TOREMITEVS L/
VN (Kerner et al., 2003) . 7pds, —fREIZIE, BAEAE
W X2 MR ORI, MEML—T 1T E
W,

DbEo X oz, FALEMITME, vamywro
7 ORI HT, FEMRFLEERE L TR
T5. RAEEMIZL2BREY A XX, KWz
EoTEY, MEICL--TIIELOHIELY R
WEWMEEBRET D, Zonb L, RAEMOEREY
MR BNOMEINCIY, FEZ & OEROMEIFANTEE & 72
LN, TNREIRGHN L TIEEN. FALEY
1, Z O A RITHN A TR FE 23— F0 [ 24
0 HHEOREOEMEN S FIZB LS ENL
IXLIE®H Y (Fenchel, 1987) , i 72 SHAIMER I L v
IROREPE % & oD CHEGEE 2% & S &, TR
TOBBRIINETHSH. £, HEHRIZOWVTL,
HFBEEE T TR OEBRFFENZ LWZTF T
7oL, BEEARITRET 5 LNk T 57 EERE
PIRFMER R D2 LR, TR, o TENTE
OEWHREANE L, JFAEEDIZOWTHEARTEEEE
FMECE A ARENAR LT, FlxiE, HHrHE
DA 2R B 72 BARFHLS % © > 7= DNA Wi
W OERENELEZLOEER LT, Tt d
TN 2 TR CELS & Ff o 7= iU AR A i ia v oo
DNA IZfE6 S, FERAAEMHEOMIKEEO R %
1T 5 Fik (Fluorescence in situ Hybridization, Mg L T
FISH) MBAF &I TW2% (Lim et al., 1999; Massana et
al., 2002; Mukherjee et al., in press) . & 5IZiE, o1
EWEOFEHER WS Z LTk, FRALWREC
] 550 1R AT bWV D. T,
KEZIN 2 um LLUFTh DD CONUOHIE B A EE
WAERBLTWA ZEAHLNERY, ZhOHiER
@ 18S-1IDNA % MW e oy F R fftr b AL TV D
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(Diez et al., 2001, Lopez-Garcia et al., 2001, Moon-van
der Staay et al., 2001) . JFAEHOEKRREARESENK
EILHETHHBLIENTHA .

BEELLTOREED

FAEEMOWEE L L TORENL, ENERTO
WRENEZ <A D23, BRKIBCTOMRERIIR SN
TW5. HiERCHMEROMEERIL, LV KEOR
Y, VAL, RBEEMT S 7 b ETH
% (Dolan and Gallegos, 1991; Pace et al.,1998; Adrian et
al., 2001; Burns and Schallenberg, 2001; Nakano et al.,
2001; Yoshida et al., 2001; Schnetzer and Caron, 2005;
Chang et al., 2010, 2014) . “EZOWIETIE, BHE
LWHIE Cd DR T+ I 3V THESE B3 3212k
FhuzHESh, ZoMEHEMRE REOWN
ELTRME L7z & 2 A, M HRIC X 2 M (34
FEROEFE () HELIZZTSYVE 9 (Nakano et
al,, 2001) . ZAUIxILC, #EROBFR N
BWEEB I, EROZRHRAETIIHATD
Daphnia (Wb 5, I Y 3) THDH (Nakano et
al., 1998b) . HARARIZ, IV alk, HThH
EBEWCTH bEVHELEZHAEAL T AL
(Nakano et al., 2001) . L2>L, Bumns and Shallen-
berg (2001) TlX, ==—Y—F > FOMB TILE
BB 213 Er IV il LR R - HBE
HOMERESEY, IVVIEHAeFE L LEEN
FEEEETEHARVWE LTS, 20k )i, Hithm
LHERIZE > TEDMEZEDFCEETH D
DANTOWTIE, &2 5 B ARKIE TOMFZERI A A
FIRoNTEY, H—RBRIIRIEE LN TV
V> (Dolan and Gallegos, 1991; Pace et al., 1998; Adrian
et al., 2001; Burns and Schallenberg, 2001; Nakano et al.,
2001; Yoshida et al., 2001; Schnetzer and Caron, 2005;
Chang et al., 2010, 2014)
JRAEAMEERRE LTHRD Z L1, AR zm e
T A HMICER K LR 5 L TEETHY, HY
T NS BWT T D b~ OBEREY O
NnNEL Y, MEMNV—TERBLTCEHY T o b
VICTENDERD OFHNO TR K E WFAE HIBE S
o, Pz, BRBBBIZEBW YT AT T
U7 Microcysits JBIZ L DT A apnRETHHE, 7
FaANYHAERRRICB W CEER—RAEET LD
W, THAAIKRUOHEETRT DT TR L&
ELTHRWEREZEET LD, 8777 b
VOEFRE LTHELR2NEBZBNE. ZO&
ST, BT T s R OERE LCRAE
WIMBFICEE L 720, Y% EER TIEMAEY
=TT T N ~DOFEWEERE LT
FITHRET 2 THA .

MAEDNL—T1IL L ORBEED AT v T 52 &S
(Fig. 1) 72912, RBEEDHENMELS 20, B~
T hACEL ORI RS TE RV E NS A
FbdHobH., L, THEIREFEOLEEICONTE X
HETHY, fhoRFELHE (BR UV rE O
FEIZOWTIEHYTTES RV, £ OWMBTIE, M
W7rT o N OEREIT) VICHIRERTWD 2k
NEL, WWTI7 o7 brofMBEE S U v RZR
RRTHDLEEDLNTVWS. BT T 7 DD
R#E BRI T hroERLY
HAR<S (FE, 2000) , YT T 7 bdEH T
T hUORBERELTND LU UHIRICHE 2 AT HE
MERH 5. Zhizxt LT, iR RCkE hiE, =5
BIOY B EREYWTHS (Nakano, 1994a) 7=
O, INGEHETIEM ST 7 il e - TR
LGOI EAY i AV

IR L EWMEYIL—THR

VR, EHEOWRT N— T, EEBMOEKEIC
T D ERE W EAEY L — 7 ORI & D T
5. —fRI, WM T T b NAERE LIRS ik
H U7=tE A8 (dissolved organic matter. DOM &
W) 1%, Ml L2 nEarsd 5. BEBTE, B
ZORKBIZBWNT, 777 FBEHON
AT AL BRI EER DOM ZAEL, # Dk,
INLEBYITHEICI YV REND. L, &
KETIEEFE - VBB LTV DICHIEIC &
LOfRITBREENT, BHE - U UM S s
SN D KEEEIZIRE X5 (Thottathil et al.,
2013) . Z K%, ZhbOFEEWITHIEIC X 550
TR THESY IR 7R MR DOM ~ LB S, T
ITHIE ~DOEHE - ) o ORBEIAMKB OHIRZ 321
BRL, ROKFBZNNT TEBIIhMEInsd
(Thottathil et al., 2013) . = OJFHikE DOM 1%, &=
OWMIKREEIEERICE bV, EEMOERKE~ L
MmEnsd. EHEOMEIN—T1L, BEOKBKE
LTWAEEMNILMAROEAKB T/ a7 L s 4
ZFIZJE T % CL500-11 M —FEOH3MEE T 52 &
ZfRB L7~ (Okazaki et al., 2013) . KB, X
DOM BENE L Wiz, Z OMIE LG DOM
ZRAE S 25720. Feld, SHICHIT, ME
RETHDHF R T T AF ML bR 28
F7'm—7 % i\ 7z Fluorescently in situ Hybridization
(FISH) 1T\, BEFEOEEMHEKE T, X 87
TAF REIERAR, 2HERO 4% b EHOTWDHZ
L Zfi# L7 (Mukherjee et al., in press) . ¥ b7
FAF R HRIL, WEORKTIZXFR T T A E
MEN D 2 b= B U7 DNA 2B 5 B ORI
KL% F50 2 & TRAMAT T A, W8 TR R O
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A T &R oy R NG S 72 THBIZA b
5. Thibb, EEOEBWTIX, FAKETHY T
Ty NATK D AEFE SN BB HIE I XV
R JERERE DOM ~ & i X, JEfERE DOM (X
WIKFEER T Lo TR~ Lk Eh, 2o DOM
DBIROFDOFEN B ZITHNT T CL500-11 72 & OHIEE I
FIF &, BEHE L7 CL500-11 72 K OFMEIX ¥R b7
FAF REERICBREIND L), RKETO—
WAEFEIT N & 36 D KB R OIE L — 7 3B
BLTWDONEL LA, L, CL500-11 #liE
X, ZORA OMITERE & K& MY A X0 5
EFRHICLI2BREZZ T WVWELEZOND

(Pernthaler, 2005) . CL500-11 #H P Z & 2 J&Hl k%
DOM DOBUAZRC, HIEHIZ X% CL500-11 #iEDE
BRIZELT, SOLRDIMENRLETHD.

Fio, Tho HOMRE, EEWOREMED
—ODIZHEH L TW D nh L., EEW T,
T2 30 FRIEE TP ORISR TR E kP of
BEORECTHY, BREEBICHEEINATVS.
COD &) WNEX L LTRY, FRARKEREL
785 TW% (Hayakawa and Okamoto, 2012) . 4 D
FFFefE RClE, MRS & - CTAERE S - EHikk DOM
TSR TH D720, T DRI RE ORI 23 250
D, Z® DOM N4Ex£ /L LT >EFERT 5 alfetkn &
% (Thottathil et al., 2013) . ZPD I &A%, COD O Lk
FIZORMoTNBHEDONE L7,

WEE, XF XERAERERY—ERMED OB)E
NRESEDLSTWVDEZERHLNIR>TE T
7. Peralta et al. (2014) 1, W< DO0OF%E EiF i
5, WAEMOERE NEHLS & ARER OB ZITHK
ARINCRIAT L EIcL Y, MEHN L LI 4RE
FH—EREHRRKBIIEATESHE LTS, S
W& B L, BIZITIEKAELT T > MIBT A/
KDWY BB OFEMITIE, mEORMNT —7
VY=LK DBAE T I I T ARAZNT AT YT
b =22 X o THAEM O RN L BRI T2 KD
EfE7 e KEICHEDLIZ LITX Y, 57581
NG CTE S, Wit —r v —2HW5s 2
ETHONI RS T EMN— TSI & > CTEHE
T, MECRAERETOIFE A SO
REENMENZETHS. Z0LoIig, BFEREL
TiEdERE RO E HDRWVKSEOREZRER
L T [lrare biosphere] & FEA TU 5% (Sogin et al.,
2006; Caron and Countway, 2009) . Rare biosphere |Z
HENDIWMEWL, BEENMEVWEDICHAEE S
T AV AICTEE T AR R0 L, BFETE S
A LY b AT B ATHEMES VY (Sogin et al.,
2006; Caron and Countway, 2009) . ¥ 7=, rare bio-
sphere (25 £ 2 AW BR R IS SUEUC KOG T
2LEEZONTEY, BRESFMFODTRE(RICDH

HESEE LTHRAEENRTDH LI, BB TFOlF
S L THREL TWD D2 Lt (Sogin et
al., 2006; Caron and Countway, 2009) . I&VE/5TE% H
WOIEKMBL T Z > M, #EMNL— T % NARIIC
HILLIZRTHD. 20D, MEMNL—T DI
TH R B I IED — DT E S 2. B
IRAREZR TR MEVBIR O K 9 R ATAERBRIZE N T,
rare biosphere |25 F 1 2 A OB RER A HEF AV
BINEH I, MEMR B OTARERY—E X%
FEZ LoD, ANHEMAEYE DRI ELSDEDR
WA — 7 O ENHIRCE UL L BB T 5.

A

FADRFZEIE, KRELL OF 2 DY R— DB
TEDDLZLENTEE L. BIERFLEHERKFED
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