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Carbon transfer from dissolved organic matter to higher order organisms
via microbial loop

HirosHI KOSHIKAWA, SHIGEKI HARADA AND MASATAKA WATANABE

National Institute for Environmental Studies
Onogawa 16-2, Tsukuba, Ibaraki, 305-0053 Japan

Abstract: Since the concept of microbial loop was presented, it has been widely discussed about the fate of
bacterial production. One of the issues is whether or not bacterial production can be transferred to metazoo-
plankton as food source; i.e. sink or link issue. Several studies using tracer technique reported that the amount
of carbon transfer from bacteria to metazooplankton was very small because many trophic steps are included
in microbial loop, and then concluded that microbial loop plays a role of respiratory energy sink rather than
that of food pathway for metazooplankton in aquatic ecosystems. However, recent studies have revealed that
photosynthetic production is carried along not only direct food chain from phytoplankton to metazooplankton
but also complex food webs; i.e. microbial food web, similar to pathways of bacterial production. Here, we will
review the issue of “sink or link?” and discuss the possibility of carbon transfer from bacteria to metazoo-
plankton according to our 'C tracer experiments using iz situ batch incubation technique within a coastal
mesocosm. Our experiments showed that percentages of *C label transfer from bacteria and autotrophs to
metazooplankton during 4 hours were of a similar magnitude. This result suggests that metazooplankton are
potentially supported by not only autotrophs but also bacteria according to their production.

Key words: microbial loop, sink or link, bacterial production, metazooplankton

1. L ®IC AR RE D 20~30% TR IS L (Cole et al. 1988) ,

L7228 THAEM BRESHANTIGAARG S RER D,

F. Azam 5 731983 S R A RER DO A M R P 8
(microbial loop) D7 4 77 (Fig.1) &Mz £ T,
TR N2 T ) T ORENSB T E RO - B
ftoATHY, SH245HL, o7 T3ENT S
Yo ERERETET IV v RYEEO RS
ThHHEEZON T, F Azam 6 DX R LM,
IO TN THA X (02~2um) DT T oy EH
il T 5EBRICERE BRSO
ML LUTHENL L, MBI THRTE S,

REETIZWHEMZEATVREZ EIE, (1) N2
TVTOEERED, FTHWHT 77 D%

TV by ERHEGANOZhE KL THRETE
KWEDTHAZL, 2 NoFVTENITIT
EDE—HHKELI NI T THAETH 2HEBER
M i £ Bt (HNF; heterotrophic nanoflagellate,
2~4um ) OMXMBIF A, WE - B ERD
FIZIT 1:1000 OFIBERIZH D (Sanders et al. 1992) ,
N 7)) 7 —HNF OHRBEHSKRERRIZBE VT
WD WEAISTFEL TVAZ & (BlA1E, Nagata
1988, Weisse 1989) , (3) HNFIZ/MA CTfed+ 7 # 4
X (2~20pum) KESY (RIEREMEEECHMTE
Wal) Ao 7F ) TOMBETHLZE (FIAK,

19984E:5 10 H32{}, 19984F-6 A 3 HA2H
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Fig. 1. A simple food web model including the classi-
cal food chain and the microbial loop from bacteria and
pico-planktonic algae through protozoa to crustacean zoo-
plankton. The latter was first presented by Azam et al.
(1983).

Sherr et al. 1986a, Sanders & Porter 1988), (4) <4 &
T4 X (20~20um) OFLEESAF 4 XD
f?i%‘ﬂ%’a’:?ﬁﬁ LTWadZk (fFlzi, Sherr et al
1989), (6) MM R L EOMMT 7Y 7 F i
#Dfu&<%$®%%¥<ﬁﬁbfwéyt#@
52k (AL, Kleppel 1991, Gifford & Dagg 1991)
BETHS.

WAEMBHERHOTA F TR RENS T
BT b v EDEBRFEFEERIE 5T ol
M7 500 ERBERELTERLTHWEEEZ
ENTEZH, BEIOKFIIREENTELIAS
DHIRAAODETER B &, WHEAEWI NN 7Y
TilkoTHRENERM L L THOWM T 7 v o
FUZRIFH ENBIED D TlEE L, BIEAE)— N
7N T BB T T o b e n ) A
C7/p k7 put - I ;ofﬁ%éﬁmkzw 1Y SIHEE
(EREFED) TR SR 557 ZEAREICH
S S>TEEZDTHD. LrLaNs, MEW
BYEHEICE SN SHABEGRSIERCEE (VT
VTEEMT TV o by EBRSFAEBMRILH O
IZEBHEERR) A, TOERNSIEEIS
DHATOEVDOMNBIRTH 5.

AR, WU MRSk > Ty
FUTHRENE TS o b ICEE LTS E R
TW302?, TOMERIINMT 72 b0
REREEOEHMT 72 7 b v AOfHGRIZILEL
TENZEDKREE (EH) 0,2 &0 E/IC
LT, SETIirbh TEMEEEIL, 72
FEAWITNBIZ B ORERERNMEK (BC) % b
L—H & LTRRIL T » 2 BEEERIZ DOV TR
7z,

BAEE O A B YRS A RS 5 SRR BRSO (2 79

2. Sink or Link?

NG T THREOEM T T v o by ANO B
EiE, 804 F1Z D “sink or link issue (Banse 1982,
Ducklow et al. 1986, Sherr et al. 1987)" & W25 #Eimd
TEHEMbN TS, 272 U HIOERIZ, MAYAR
YEHE DL DAEEL D B 0L, DD NI F
)7 APEDFAEBL OB EClink LTV S,
BBV T T OB L FEBWEL Lo
MBFIER SN FITsinkiZ & > T B 2RO
EHhnr,

{51 % 13 Ducklow et al. (1986) IZ K RAHERIZEB T B
N F) THEDII T ABHTAHNTAT Y F S
Y FOADITIZ300m® D FEEEAKR % 1o 72, PRElEA
BRIZ MCglucose 2R L, {ATFEE R OVRi 1% 77 i L 7=
MR AR OYCHEML 72, HBREZ, S 1umb]
FoRi Uo7 0 7) IZVCHEHDAEhr.
L Lans lumbl FOK - (5279 7RS0T
Ty o bhv) ANOERKT, 1~3umORFIZEDED
ENBLEDDENTHY . >100umDR T (BT
TGy o b)) NOERIBIID B o7, BHEREYC
B3RP B BOF RT3, DOCL D 6 DICT
Bl o7, ThEDREREZ TDucklow etal. 13,
NS F ) THFEE Lum AL EOEMIEFIIR EE LIS
<, AR (sink) OBEEAT-> T3 &
Hidm L7z,

—77, Sherr SIE[ L 1986 42, (& A & DIBHIR
BECIE<SumDOMUNEEE S 2 7 ) TIZ X BEEN
KEB#AGEGD, FEBHMAIALOMEMD T
KMBEETHBIE (lnkLTWbZE), Tho &k
DEARELNHT S Vo by EEESMARLT
WBZEhEAZLYD (Sherretal 1986b), WAEME
P34 (microbial loop) DHEAHET 5 & 41T,
FIFIEICHMLMARRA S5 LA RN L TR
%8 (microbial food web; Fig. 2) W53 & 4%
$¥£& L C\v% (Sherr and Sherr 1988). ZHhLl#%, M
ERMIRIREh M T T o v EBET S
MRWEAEY (R EMREEE, MERsL)
IZB83 2% (1A 1F, Verity et al. 1993, Nakamura et
al. 1996) LREBHRBIE N7 7Y 7 EIFITRIC K% X
DR RFMEE (27 /327 ) T%) ICET 3
fff%2 (1% 1¥. Magazzu & Decembrini 1995) 73 A
IZfrhbh, BETEIRMEEELS LTRYTER
WFEIZE > T 5,
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Fig. 2. A model of the microbial food web proposed by
Sherr and Sherr (1988), which emphasized the diversity of
connection between members of the microbial community.

EC, NOTVTHEEOEYMT 70 L YADIR
HICEARZ . MAMERYEHEE NS NI T YT
POEEMT IV UANDIEREATTETAEL
TELLGE, TOREETLTHMT I 00y
ZEEL 2HEBMRIEIEOREDEDEDESS
. HEEVMBOEHRYZTIELOKRESAID S
HELZERO DI, TOEERKIZEGENINE
EXBE (trophic step) O TH 5. B2 13 RFERRE TG
DI 3N F—{EEDHHE (Lindeman 1942) %Rzt
0% T 5561, REBRM 2 —DOHIBIZERD
HEENZESNE MBI SIS LTLES.
il 2 A S A B YRS A T LT o T T
AT 5 —DDIEEKLIKE LT/ 2 7)) 7—HNF
SR REIERMEERECHER SR O L S 5
ONELOND, EHHAOEMER (HEEA, fil
ter feeding) Tl, HEORETHIT S Z DT
VUM T OB HEABRIZLL, N2 T T

EHEMBTAZENTELZVL 2L TH S, Hlaid
Nival & Nival (1976) &, Acartia clausi 7SR TIZ 7 um
UTFOKTEBERBETE RN & 2 ZRBTHH
BHTWD, KEBRER A 4B (BRI~
#20% &AL, BHHICZETE3DEN T Y
THERELZED (100%) DI BEL£08% L ix 5.
NG T ) TR RCEPED 20~30% (21 L T
., BHMAN T SV o b AR TES S
EEREIDE, N T TAFEOBEBBEANDE 512
MAMIEEIZNE B D EE->TLES. 20k
L ANF—ZEDEOME,rSE, NI T )7
EPEIRE DOKVDIEEBIMIREIC & o T - BRI

Haek F1E (1999)

SN, MAEYRYESEI THRYIEOKM] &L
THREL CEII 7 5 v 2 b YL EO&EXREWIZIIE
EAEIEFEShAVWEELLNR D, BT LE
Ducklow et al. (1986) D A ' A XL THEBETE , /N
250 T BHOAALECOBH T 5 v 2t v D&
Mt T n < (A2 1E1H %0 >100 um 7~
DUCHERUI R T D 0.03% BIE) . ZOBEIIHY
Ty by s T ) THEMGET BRI ME
VEYEHOEROREREOH TIZITER LS h
TLEIZELEZRLTVDLEERADZIENTES,

“sink or link” AYi#dm S XU 2 YIFIL, “sink”
ElNy T THBYSEAEYIC X A {EEEI T
ICERLENDZEAEBL Tk, ZEIZHh kL
EREEEBME CIIEEINLZ IO~ L LD
“sink or link” DEKLLAR > Th-72k 512l bh
5, -MONEHIZEBEONE LAKVA, “sink”
SN T THENFABYIREC & o TR - 4
BiLXhEmm 75 Y o+ v DLEOEREREMH
By EZ S G &, WIS “link” & 3REY
BWEH AT L CE BRI ED A R X
NBEZEELTERSNBD 2. Bl ILEAERNC
Sanders & Wickham 2352 L 7-#3 (1993) 213, 2
SFYUTEEMT IV o by OBIZE < OFEERE
MIEIET 5 % 513 “microbial loop is a respiratory en-
ergy sink” TH b &b, ZORMPUEL LTI T
TEREETIEMT IV v ANOGEDIZED
INE & %R L 72 Ducklow et al DFEERAERAGIH L €
w5,

Ducklow et al. (1986) 13 f8/E¥ fetn i & @t 7 5
Yo bV OBBRIZOWNTIEE A fMid L Tk
VL, MEMBYEME A link L T E L~
Sherr et al. (1987) 13 Ducklow et al. (1986) ~~ Technical
Comments DT/ F ) 7T @75 2 b OB
FRIZDOVTROD &S LBERFRNT L& HRL T 5,
51 2 1% (1) Parsons et al. (1980) {3, FadfAKFIZ glu-
cose #IRMULTL TN T ) Tl A S 5 &, gl
cose BIRML BVRIZIWR LT, @772+
DRSS BB Z L, F£7- (2) Davies (1984) if,
Ducklow et al. & [R] U357 12 3% U 7= B A Aic 1iC
NaHCO, & R L THRARAEDIT 7 & B L 722 25
ik, 8770 0 UAEEIRALICOE
A%, Ducklow et al. #3 “C-glucose THT - 72 128k & 54
ERILAKEETHEILAETHD. 2D, ©7
U & UE B S 0D A P respiratory sink & U T H#
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BEL TV AIRTIE AL, EhnoT ) 787
Ty o b YNOEENDROCRETIE, M7 5 v
b EDEES BRI DAL LS HEDTIE
BOMNEFS.

X 5z Sherr 5 DR L =2 E RIHEO K S
(Fig. 2) 12k 2 &, KRAEERIIFEBYE ML
BoTT I oy BPEHE e »E
MEZZRER L, AMARES /Sy 7 ) 7ARE L kI
BERORERE LR THWT 7 v o b VIRESH
00, RIS EYESH sink & U THREL
IWNIFVTHEMT IV o b VICHEN A (RETX
OO THIUL, SCAREREIZ DV T E AT sink
ELUTHEET RS S D, WIS AREED
link LTV, eEmamdigie xo 79 7/
DIEEREEE L TClink LTWAAENNEZ 5N 3.
Sherr 513 Z DB ZIZE &%, “the link or sink con-
troversy becomes a nonissue” &ad LT 5,

RO Y FRBET TV by alghs g
LT, $HEREAYMESHOHEAHRE TS
BAEIZB W TESherr 5D JRIZ L TH D, BT
TN UNOEEMMEENCEZCENIT YT
HREENARAFERIsnkkTEHDHDInkTEH S
DTHAI. T VTHEEDIT HIZEREBW
“sink or link” &, ST AED B REHE T
KODTHAI D T EFHFIIZOLHIIZIEF LA,
il 6, MEDEDMIZE I NS & ICHMELR
BATFHELE IS, HIALE»MON TV B
WoEHM A EDT Iy o by AWML -
AT EL, KRELTHMT SV 2 P v NOEE
BEBYMRGEZA S5 Llbha L, N FY T
BE R OMAE MRS O sink D K X & ROERERE
AN link DK ¥ X ORI 2 0IBIE AL HEA T
W, RN T ) TR FAM AT LTk
ERICAEMAE AT AREA->TED, Th
5 O W 25 R I3 RER SR D AW ERE - AT
BERAEMEPIZTHETRSIEDTELEVEDT
HENLTHD,

3. AN —HERVWEEMT ST R AD
link ODEEEA

AKRAELDUEDAYRCEB NS L) 4k
MERc bRk e LCHIELTWB I E A Mz ENT
d, wo 7N TREOEM TSV s by ANDEY

AT ERE OB EY SR A B 5 SR BERREAO(R3E 81

OFfEEICH LS o2k 52 KD, kA EH
AL EFATHEL TR LTE (BlA
£, Kleppel 1991), Z QL&A 7 7Y 72k
S>THAZ 6N TWEDD, WUNEFL S OMRE
Nk 5 THA LN T 0 H 4w BRI
BT EEME T A,

HRAEERICTHET 2T EOEMB O R E K
(7592 2) &, FlAEHENIEEYE (Landry & Has-
set 1982) AL AMAVTHEEH, vaTI7r 5 by
(N FTRLTINIFYTEE), KHEE,
BT 5o by OMERRIZOVTERR & HE
Eiro72fld 5 (218, Nagata et al. 1996, Car-
rick et al. 1991). LA LETOMARBIZDHTNNY
T TEREE AR AR T TENEDT 7
v U A kB IZAHET 5 2 LEFNEETH D,
FHORIBIRY RO T 5 9 o A &L =#E
FEE T,

W FVTREMT TV b v ADOHEWEE
BEMMT 2 FEDH 5, BiERLBANLEHE
HZT< 20, WhikiHEs L —4& L TH
A3 25%ETHAS. DR T L 72 thymidine X
glucose B ¥ 2 RIZHZ B h, THIThE TEHRL
NIFVTERIZGATEHW TS o b VIlnE &
NBEN AR AR & MBS 2 HETH S, Z
DHETEINITVT - BT 7 v o b VIENCIEE
FTAEABIBHOMBHEBFRE [77 97 AKAD B
DT 7y Ry s 2] ELTHRVERS, /N
FUTHALEMT IV N AFIn S ARYR AR
AR e U CEBENICEMIT 2 2 LA TES.

A AZHI L 7z Ducklow et al. (1986), Parsons et al.
(1980) % i3 U % , Pernie et al. (1990), Wylie & Currie
Q99 5EN TNV THh 8T I b ANDHE
BmEC DO TRMNR L — AR OTRE L
TW5, LA LADS Wylie & Currie R OV E S D#i
& (Koshikawa et al. 1996, #3b) ZFiHiE, FE AL
DRI T ) TEREORBEOAENZ L LT,
HARAEE» LRGSR L OIKRET -
TWEWADIZ, 875y s VRIRRIIHY
B30 7)) THEEOFGRIIOOLTEER ST
A,

Wylie & Currie (1991) &, #lZd%iE L 7= SO FREE
KA *H-thymidine & % t¥i3 ""C-glucose, & 7z C-
NaHCO, WA, Z®D#%%91 » HiZH - TDIC, DOC &
UREER 23 i L 72 POCTEI OO [l i (A D FE 8 & Bl %5 L 72,
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X o IZkaE K RGP O EE A ABRIZONWTa VY
- b AV PEFALEREL, FNAKOKE 2 BT
— 2L THAVIS= P AV VDRET T v 7 X
AR B LICL TNy T T EEES OB
T 0 b ANDIRFIEEFRISHET 228 %
Rtz HWoOMHBERIZKZE, AR (IVY
a) BEETEEETE, BTV L A BiEE
ENFIRFDI6~21% LW TV T7TH#IEL® L
FAREaTI o N VRETHD, —J, BEHER
BET2LMTCRY IS IV I P yOFEIZAE N
LI, FRBIOMBFICE LN T 7 ROER
POEBMT T Vo b ABARR S DIREE R
HRFEOHAGRIFACEETHEEVWIBRERLT
Wi, W5k, IOZEh @I LUk
B U F ) TR S E 2T BEIAR,
INTFNOINA v ZARGROBAIKGFT L%
2L 7=,

ZD & S1Z, Wylie & Currie (1991) i3 b L — 4 % i
WBZ LTS T/ 7Y 74 AR N
ERFTEMT SV o b UADORERBEL REE
S, FHOOMRIZEODTEENREER LD,
BRET2BMT I v Ck->THIT T o b
VANONT T ) TOFRGN RSB L, AR
a0 T TV o by \DRELEEH N
27 TREERAKEETHEE, 220855
P H ORI B D TOANERNEEENIELT 5T
WARRTIHAWEESIZETHS., FPFRIHZIZOL
TiZ, EMEHE 32y a0BEBEOEV,SHS
DRRIBIEBIZHIIh B ->TWE, EHEEIY2 S
Ty b EEBERTAILIITERVA,
vagFr oIy ohvkRizarsry s vk
EEHETA2ENTE, ¥aT 500 by —E
TI N ANDRRERESERENTY 2T 7y
TR VONRL AT AEBROIHBETES L0
(Bl %13, Paceetal 1991), #HIZD>WTIZ, WEW
BYRTTPRUA LD ITRARE SN 7)) T4
LISk TEHD, Ik TEHHI L%
ALTWBE LS bh B,

SIZUTEZE, 1991 #12 Wylie 5 0 ko Wi &
ot LTHIZZORNGDOMESELR, NoF
TR REBEROE T T o b v ANDEY
Z2o0WT, 2FFEAFERICBLTERILE N,
DL BFERR TSI T THESHAKEND,
PRI DT L L =& LTEHF LT

IV

a6k W1m (1999

WTEEN L AP 573 TTHSB. LrL, FE
DOHIBIRY | Wylie 5 DFRILAEIH - FEwmEh 82
HIEFL AL R, E-BEMEYESIET S ZO
BOBBAERTE, HED S $ Ducklow et al. (1986)
AL L TN T THEREM T o b iz
BIZLAERBLEVWEBITENZZ EHNE 0 (i
%1%, Sanders & Wickham 1993). Wylie 5 Dam X 23
HVEREFEEIZRDIEH S a s o B0 —DIE,
RN RO B & & RBFR AV D TET LT
EFATO ETRBRORERERAZ I U &L THRAY L
RE#HATWAIENFETFLAZLES, bil
EEBHMETABHIICAS S BOEHIZE T,
HODRIIIMHT L HBLPLTVEDTE L,
7L, ZBTOPREBRZITANRRTNEDO T A» -
7.

4. MPRBICHTIER

Sherr & & Ducklow & @ #&af (Sherr et al. 1987) {2
vy M EBT, EROHPETNBREES THEY
BYEHOMRE MDD 10FDOI L ThH S,
WoDOFHEROFIZNT T )T ERAREEDT F H
SEHMT T v o by AOIEEERIFZFHES 2 &0
STATFTHHD, TOREE THRAOHELIT -
T bREE KA (X V'3 X4, Watanabe et al. 1995)
FRHLTRLTARBZ &Iz L7 (48, 1991 47
DIZHE XN Wylie & Currie D& UIZIXR D & H
= 72) . RIS A PEDOREIZ I THREHE
IR RO A 1274 5 Z & A3 Hama et al. (1983) (2 &
o THER SN TO B IRFLERN K (PC) 2HW13
Z ez U7 BEO#E TIdRmEEKR2EIZFER A
ARMUEHRE (B+0) ICH- TZ0TH 5B
THERHERRONTE A, EHLIZ, TOFk
(BN AORERM) EHKRL 55/, 2
VaAZXLIIFIESm, B 18m TEMIZT 5 & 350m®
AN T 5. REMMETHR & e L TREORLECT
FABOREARATEIRHELS DAY AN 2
2 MOEH»S EARAETHD, i HOREEDIK
FEEAFM T 5 720120, Wk 3200k KIT
F (BEMMETIEHEMC A E) A6 »H#H L < I3HEE
DASIAXLERABTIVLESR S5 0ThHS.

ZZTEEHELN AV DXL EERCRENERT A
BRbDITIT > A S 4 B OBIEEE Ny F
KiiE) THAH A HIZAS P L —HREBRIIRL T,
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FH LRI OH LA HIFEEEEDL (shortterm in situ
incubation) &IEA T3, 19HMD XV 3 X 2 KM
MIAF XD, B XV 32X LEE» LRI -
KAEASLEVIZHG -9, MEEEICHOSNBE
{FEBKFE L L T5mg/LD ®Coglucose (6{HD CH %
THCHER I N3 D) 55 VIRARIZHV5h D
B & LT DICHRE D 10% D ®C-NaHCO, #
WL 221, RSB A FOKHIEIZH 0 T o002
51300 F T4IRHREAIT S . HER, ThEho
RO T % 4~5 1l 7y DOREF W AT, Fh
ZROE SN BCERM & RIEFN R IE R 3T
HE L7z,

2 a X LM, BRRIZOWTZAZ R
D73y FEBRET D, KEEKO &S POCO [H ALk
o b BRI O KREN R & R L 72, KRR &
e (1.009atom% Ri#%) 1Zxf L T, BC,glucoseiffiH
2613 BRI (atom%) 0.2 um~GF/C (¥
12um) % @ POCT 1.5~2atom%, GF/C~20 yum &
7 T15~3atom%, FIFEHW 77 7 by THB S
N5 >100 um i % T 1.15~1.2atom% DGR % 5 72
DF D EH 4 B TR glucose BB T F » 7 b
VIEELTWB ZEPBRINADTHS. —77,
BC-NaHCO, % RN L 72 A R FE#K T GF/F~20 um
/7T 3~4atom%, >100 um Tl 1.2~1.6atom% D EHFE
HHIE X iz,

EHOIL, TORRPET T TR L EAK
B ELRT 2 FEO—2L LT, FfikiZESR
(PLT; percentage of label transfer) #@&# L 72, &Hi
FHESANO ML —H13CIEER (UC,) # A1 TiHE
L, 875 v b yAORIKREER (PLT) %
K20 EHITkDB.

C=(a,~2,)xPOC M
13C
PLT=[13““””‘ X100 )
ex.all

I ZTa, a, i3 2 N2 nbEk ki & OREFERT D BRK
TOUCEIV R (atom%) , POC %85 # o BB K
FHRDBRIEE, ¥Co g BV ECoy crppum 1E T NE A
T OO BC, DKLU >100 um B3 D BC, TH 5.
BBEMOP T, BCHNTFY T HBOIIEE
) OHDIAA RO BYESIZ & - T LR EE
MNEEI NS L, A EREEEON
W0 Pttt 2 £12 & o THEMFREIZAL LT B IT N

A BT EROBEM RS A BT 5 XK EEREANORE 83

W, RS TPLTTE LR BTz h o RS L
72IEBROME (net) TH 3. L Lurs, 875
VoM VIEEE B BCOTHIZOWTE A, fl
AT KM TS IN O W RT3 1~ SRR
TH5ENIHE (Hl 21, Hayward 1980, Dagg &
Walser 1987) %1% & D8F & 7 2 MO BCIRIE A3 HF
MfEE B BRI 2B A DL, AREORE
HFUIZET 5 v 2 b v HELDAA P BCOFEE HHIL
TAIZIREB LAY y P LTt hTunkne
WETES, 724k LR UHEFHTERE
fToTn3DT, e ARAEREE NI T ) TH
ORI RERE (OEHRE) OBONFHELTE,
E5 5 Hh - OPLT 2B KM H 5 \ 138/l 12
ek VWEEL TS, - TPLTIdMAEE 2 h
FROBMT 5V 2 b U ANORRIEERT Vv L
DHEHIT O BIEL kDR 5.

191D XV aAXLid, IS TZ 2 by
ELUTHOHHES, 87502 b v & UTHEBME
MEEL, hEEEM T T o NV BEERM DN
REECHRMEEN AR A, BRI HERD Y
3 2L (doliolid) A% HyBR U TG E B A A3
TEEWIHHERBRTH -7 (Fig3, {HL day 0
243X LICREERMET > T 3). EIERES
FETHELUZPLTIE, BRLARREI 2T ) T
B A b 722, ZoOHEMIZ NNy 7Y TRET
0.22~15% (E105%) . KA KR T0.09~2.7%
(F191.0%) TERERCA -4 —Tho7, 224
RERIBRIZ(E S RIEEENT, v I 2 LAEBL 2%
HICREE & R ADPLT AR L, Z-EHE S
BLUARBICBO T, RARBERIEL Lo T
7= (Fig. 3). v 3 Z LRI R TRV PLT A
BEgIh-0l, BHELEZDY I AN S
Ty bR LRBOHEETHLTHET 54
F15H LT3 (Crocker et al. 1991) 720 TH 3.
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Fig. 3. Changes in Planktonic structure and PLT (per-
centage of label transfer) within the surface layer of meso-
cosm in 1991. a) Changes in phytoplankton cell density
for dominant categories within the surface layer. b, ¢)
Changes in PLT to metazooplankton in photosynthetic
and bacterial carbon pathway.
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Fig. 4. Changes in Planktonic structure and PLT
within the surface layer of mesocosm in 1994. Changes in
a) dominant metazooplankton (copepods and appendicu-
larians) numbers in the >100 um size fractions, b) phyto-
plankton cell density for dominant categories determined
by light microscopy, ¢) phytoplankton cell density deter-
mined by epifluorescence microscopy; APP and ANF are
autotrophic picoplankton (0.2~2 pm) and autotrophic and
mixotrophic nanoflagellates (2~8 um), respectively, d)
micro-size zooplankton numbers, with sizes of 20~100
m, comprising mainly large ciliates, €) nano-size protozoa
numbers, with sizes of 8~20um, comprising het-
erotrophic dinoflagellates and small ciliates, f) nano-size
protozoa numbers, with sizes of 2~8um, comprising
mainly HNF, g) bacterioplankton numbers, h) PLT (per-
centage label transfer) to metazooplankton in the bacter-
ial and photosynthetic carbon pathway.
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Fig. 5. (a) Comparison of net community productions
between the bacterial (BP) and photosynthetic (PP) car-
bon pathways with the BP: PP ratios. (b) Transfers from
dissolved organic (DOC) and inorganic carbon (DIC) to
metazooplankton during the 4hours in situ incubation
(DOChetanoo and DICy, 00 TeESPectively) and the relative
contribution ratio {CR) to metazooplankton between the
bacterial and photosynthetic carbon flows. The temporal
changes in the BP:PP and CR were estimated together
with interpolated values of each adjacent datum.
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