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Wy, A ERREHEAN Y HIRE R REY,; O F AT 5h 4 3 38 B B A HL
Y. ERBHHMAEARE RN F U AT R R A A LA % R
B WERN, MERTNRERE MU T UMD N LA EREAEY W,
KR A, A BB F A, BER; R

FESES P735 doi: 10.12036/hykxjk20160725002

*BEHIH: ER ARERA A (41576164, 41306161); FEIK SR & SR RGBT (2014CB441504);
rh R B R 2 BB T (XD A11030202.2),

O© WIREH: KRS, B, i+, OFRh, TENFBFEREYWMAE%0F5T . E-mail: wuchangzhang@
qdio.ac.cn

WeHR H E: 2016-07-25, WEERR H : 2016-07-29

181



[RCE S S

1983 4F, &Y ¥F (microbial loop)HE &1
WA H (Azam et al., 1983), MEFEEHIER =
KA DK Z —, X LA LA K EB 45 DL i
A MLk (dissolved organic carbon, DOC)AYIE
A7 1€, g 1 5 3% 41 14 (heterotrophic bacteria,
HB)iE g “ A4 F=”(Fuhrman and Azam, 1980)
¥ DOC # 4k B B i LUE R RS GE, A
JEAAE Y CIn#EE B 4B IR B R IR A,
A TR 1] 05 D itk 4 R A 3o AR [l 2 £ ) i
MY L B3R (Azam et al., 1983; Pomeroy
and Wiebe, 1988),

T VETCE Y M (microbial food web) & il &
P BB A A SEE A G ) P e W A T i
BEULA R N B R R, B R LWl
WA KRR SMERARAHIE R A S,
FE S BRI & 15 40 1 (Synechococcus) (Waterbury
et al., 1979; Murphy and Haugen, 1985)#ll 5 4%
Bk 85 J& W 41 B (Prochlorococcus)(Chisholm et
al., 1988, 1992), LA K I B A% 7 i A
¥ (picoeukaryotes)(Fenchel 1982; Johnson and
Sieburth, 1982), IX4E [ %ALYyl e A1
AT A B A, Bl S RV 4 AR Bl A
TRV TR &, ik A 2 W) 4% . Sherr
(198N T E WA I SR AR AT T B4, A
Rk SE TR/ NA ) 22 T 5RO RO R — AR
2, MR LU — AR, RS2 e R
YIRS o TR IR WS BEAE S A0 Al 5, LA
2 R 2 TR 1) K RS S A A LY (dissolved
organic matter, DOM), TMIiX#47 DOM X F-4
TR A, T8 T TR0 B A 5 5 18] i (viral
shunt)(Wilhelm and Suttle, 1999), 3% 75 [ f B
FE— L 5EE T R Y S

K ALK, ATEEA R B & Py X 45 14 a]
VIR A S R GE - AR B0 0, 0 )™ 5
(fish yield)(Ryther, 1969) . ki & (carbon
flux)(Azam et al., 1983; Michaels and Silver,
1988) . H % £ F /E (nutrient regeneration)

(Caron, 1991)35% & XV i 8 A= Wy it 52 1)
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BT, BhoE Z TG mALE R Y N
1Y 45 ¥4 (microbial food web structure) M F 3+ %
SEMR KR ST, DAIBEE— 20 T fig R I T
WHAEBRG A E Y R a2
TR VE T ) I 25 4 X — M A B B2
Garrison 7£ 2000 4FE42HH Y, (HRMIFRA %
B2 Y S, TR DU E TR ) AN ] A
EWEFEMAY R, @RIk,
FI Ve AN ) 9 A B TR A G W 2 A A TR
(Garrison et al., 2000), IT43k, FEHENIMNAF
A RE IR FE LB Y M M 250 iR AT T IR AT .
A SR UL JUAS I A 28 T B W N 45 44 -
TR W I 118 = J32 R 2 W 254 G ) I
GEEA R I 25 4 1 A2 A RS e PR 2%

1 MEYNEFEEMENESN

1.1 BEBNFEELSEN

JE TR A JERERY 2 BETE A [ i
TR A A AR A, (H R X SE R AL R A T
—EMEEIZ N, — iRk, BTkt
A IR 1074~ 0P 10°4> HE4H I 10°~10°
A EHAZEZE 10° 4~ ( Azam and Malfatti, 2007),
VT U 3l 2 o B T 10° A
(Fenchel, 2008), i % X )47 & UL
2T 10 I(Leakey et al., 1992), Miki F
Jacqnet(2008)45 1, 7ESLAYAHE K, 557
EH, A RREER R LAY 12107 0 10%

e W M 25 2K/, S5 oR T
(heterotrophic nanoflagellates, HNF)5 4 i#
JER KRBT R TR ZE . AR, =
FrHEE U5 AN TE R 22 )R B R R ARG
:(McManus and Fuhrman, 1990; Van Duyl et
al., 1990; Weinbauer and Peduzzi, 1995), 7 4h
— BN E T HZ AR R R
Sanders %(1992)84 1 ZHi £ 5 SCHR Y £,
WFFE T AEA MK AE IR (A& T . 10 H 2L
WA IR E A EENRE LR,
gh IR EH, —H R R FIEMKE(log HNF



SRR A R TR I ) I A S R D 3%

abundance=0.90 x log bacteria abundance—2.4,
R*=0.5, P<0.001, n=600) [[& 1(a)], FF:HFiE
HURNAN T B R R BRI 1 10°,

Gasol il Vaque(1993)% HIRIFERY ik, 193] T
AN [F) 7K AR A5 T S 7 R R A TR R ) AR
i X % (log HNF abundance=0.79 x log bacteria
abundance—1.67, R*=0.31, P<0.001, n=41) [
1(b)], XDEREES T EN AN, HibE—
-1 {H (mean realized abundance, MRA), LA
SR AR B S R B S RN T R 2 ()
FEAE R E YA OCHE, (HRAH G R . 12 b

WHFFE I EERE |, Gasol(1994) H T He KAl ik
#| £ Ff (maximum attainable abundance, MAA)
L, BIXTF— e E R, e
HUrREA BN R R . ST IEE S, XA
B RAEH T log HNF o =—2.47+1.07 x log HB,
{ERAE A SR DX AT A B AR ME S 21 MAA
2o BLAL, Gasol(1994)id 42 H F— > i P AR 7Y
KA BT AT R A7 4 a0 O Y
o (& 2), BIYHEE RSB B e T
MRA i, EATESIN FERER, RZ T8
il FE R

106 6.0
" ?ﬁ‘“:l 55F
A BV :

10° b o Wk 50}

+ W

45 F

—_
(=]
S

40}
35}
30}
25

ST LA (cells L)
2 =

20F
15}¢

FIRHEE HUE BE (L fHlogfh) (cells/mL)

10 , : ' 1.0 . '
1ot 10010 10 10 50 55 6.0 65 7.0 75
N (cells/mL) A F B (B logAk) (cells/mL)
(@) (b)
Fl 1 FidiAEAS RS PR35 E B (HNF)E R R

Fig.1 Relationship between abundance of bacterial and heterotrophic nanoflagellates (HNF) from a variety of
planktonic ecosystems
(a) 25 PFUF A 25 AR G0 40 T A S5 R 8 T i A ) = 1 9 800k 5€ R (Sandeers et al., 1992); (b) 20 b A0 57 7 HE =6 1L = L A 5L
% & (Gasol and Vaque, 1993)
(a) PERELLA LT ANMCERAHEEE - RHEMWMEBE=10": 1,10°: 1, 10" : 1;(b) TRAILIRFREE R I
0 RV B AL, A 30 T HRUT A TR A i 5 14cells/L A T 4 K 73 24— IR B R B

FRE, ¢ T RCE Yy 9 v HAtb A ) S 1
JE K ZRAYRIE B AR H />, Chen 45(2016) 18 T
TR LRI E R RN b 5 AN EYRRECR
BREEEANE . MR EAAY) . SRR
A FRHEE AL B 5 R R R,
TERAFEXRR PG T MAA £, JFE
e T /] 5 3 F JF (minimum  attainable
abundance, MAA)ZE (¥ 3).

1.2 BEBRAVEMENTH

AR H ETXT R M 45 IS RE AR AR I A 5
W, ARZXF A A 5 AR AR i ik 5 R
ZU o XoF T QAT ) O AN ] 9 DX S [ ) i £ 0 Y
A, Garrison 45 (2000)f F 2R 250 Hr 1)
kg AR, A TR N () 2 XU T
W) W 28 K A7 A6 22 5, ARAUH R A3HT 1  i
ToikAE th B AR 22 02 T4 o Chen 55 (2016)42
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. Py TRl ok Sk Bk 22 R, W R %
T ) " . PR AR AR 1, oA T A Ay 5 Hofo]
= | ] ApAk, A5 A AR R i L ISR O i
= | AL R 2 5 T U 0 00 2
52 1, T 5 AR R DX AR [ 2B 1
% 25 [ MRA - 1 W 2 [6] AT LAEAT He3sE . Chen 45(2016) FHIX Ff 75
T )

B R VEBTIE T 5 18V W IX S 0 T 1 2 A 2

S % B (Bfflog k) (cells/mL) ' W TR, RIS Y M4

B2 4748 (bottom-up) Al F 47451 (top-down) FAIAFAE ZR 0 AR AL RS N A 0 M sk v 22 55,
S 53 3% G L (HNF) 3 BE (B log ) A i PEAE A AT — AL B O i R B, RS M

#)(Gasol, 1994) SRR ZE AR AL E R T R ER B A I L L
Fig.2 Framework for the analysis of the mechanisms TR A% A ) T T ol R A B A K

of control (bottom-up and top-down) of the abundance

of heterotrophic nanoflagellates (HNF) with the MAA EFbE, AT RN A YR AT
and MRA lines, Note that the scale is logarithmic

(Gasol, 1994) TSN AMECE Y S R ) 25 S 32 R i R R
6r SYN 5 pRWK ’ 61 PpNF
— L ]
sk MAA _— o £ oy N
~ — 5r hd —~5F
T — &0 1 ‘1‘5‘ = Méé"/‘:o ‘.‘H‘/‘““ E el
z 4 »” -7 & — 2 MAA _—F aLtath
3 _ @ 4F s . } E/4 /““//‘f'!'gd
5 3 . /,/ < . iﬂ,"+ ++ s o - %
3 A 2 3 e & _— g 3r " k J b A
o 2+ £ + 4 < ks = L0 T A
g - ++_ﬁ "g / g /*,-* +
s 1+ e é 2r f/l\/[' -g 2r /
%0 * — on .// IAA %‘D -
= - 1= - = -
— = 1t 1+ MiAA
0F _—MiAA : —
-1 ] I L L N 1 10 I L ' , 0 L L ! |
5 55 6 6.5 75 55 6 65 7 5 55 6 65 7
log HP abundance (cells/mL) log HP abundance (cells/mL) log HP abundance (cells/mL)
6r (a) 6 . (b) (©
HNF Ciliates
5k
= 5k Py
E w E4
2 4 MAA - =« 4. =
B — tu g 3
T3l T, g *e 82 MAA e
r * _ * — [ -
g i — § T ek + BE
= Friia ] T 21k * e ALt e
= L — 5 = _ .4 r'y E@,‘E
% 2 “MiAA < £5 g0 £, X3
%0 - 1 %D O L ‘._f Aa J}./f ® ﬂ(§
= 1 =4l o *x B
e MiaA — MAAKMIAA%
0 ' | ' L L I L R T 1 . 1 . 1 L | _ | .
5 5.5 6 6.5 7 s 55 6 65 7 F1Y3%% on Tines
log HP abundance (cells/mL) log HP abundance (cells/mL)
() (e)

K3 SRR A Y S AL A W 2 1 B (BUE log 16) Y $iiE 5C &R (Chen et al., 2016)
Fig.3 Scatter graphs between HP abundance (cells/ml) and abundance (cells/ml or ind./ml) of the other five biological groups
(SYN, PEUK, PNF, HNF, ciliates) with MAA and MiAA lines, Note that the scale is logarithmic (Chen et al., 2016)
SYN(Synechococcus): T EK % 411 ; PEUK (picoeukaryotes): {74 B 4% 4= ¥); PNF(pigmented nanoflagellates): R4 5
¥ °E 1 ; HP(heterotrophic prokaryotes): 537 A% 4= %); HNF(heterotrophic nanoflagellates): 537 ¥ & Hi; ciliates: &
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SRR A R TR I ) I A S R D 3%

. MAA(maximum attainable abundance): K75 F| 3% ; MiAA(minimum attainable abundance): #/NAl ik % =F &

BN . RO B A A SRR RS
Y

2 MEYMNBIRIREN

2.1 WBRYMEFRBNKRREN

Azam % (1983)H §i& Sheldon %5 (1972) Ay ifF
TR AE YRR AR, SO I T ) B
H R AR YR R N B LU R 10 ¢ 1,
R AR L 107 1 1, 8 R G IR BR A9 i
LR A 10%(Sheldon et al., 1972; Azam et al.,
1983). FEWFFERITR A, 20 E KK, e
Wy I rp o AR AR ks 9 L ] g B
/N(Goldman and Caron, 1985; Hansen et al.,
1994), Goldman HI Caron(1985)F 5256 iEHA,
5 % #f & (Paraphysomonas imperforata) i
PR 9 AR AL A A, DA TR A £ 7 428 L 431
7, VAFRUEAE ) S TR, R L A5 DU R AT
2% 2, Hansen % (1994) 845 7 #EA i 5 vh R
BB RS, 45t T o 5 DR Y f £
KA 101, HARHE R O & )N
3:1, £FEH N 8 1(Hansen et al., 1994), 7E
JERBIWEFE T, A AN dU S R
FIRIAE LEAE A 3 ¢ 1(Guillou et al., 2001).

TR VE T U ) E RN AR Y 1~
20um, FEHE 3 01 AYHETE RS EDRDRIAS L,
TE [ AR X HE B RN A E 2 D E R R,
X —BRAE A AR XK Z 90 83 R h g
#I| jIF 5% (Rassoulzadegan and Sheldon, 1986;
Wikner and Hagstrom, 1988; Chen et al., 2009),
A [528GR 77 i 50 00 ) 3R K o s AT
AE, W Wikner 1 Hagstrom(1988 )7 i & Ht
434 1~5um, 5~8um, 8~10um FI>10pum A7
FE 4%, Chen 45(2009) W B 77 0 sh 3l 73
5N EFEH<2um, 2~5pm., 5~10pum. 10~60pum
1 60~200um .,

R R I e S AR e 2 B SR, T
DUTES W 0 A 8t 2 AR 7R B SR R

Calbet 55(2001)FEAF 5% 4 B 5 # 6 o 22 [B] 97
FEHIRAE I, AR 2~3pum LKA 75+
MR R BR, DT 2um R S FRHEE R
4 =F BE DU S8, S O O R AR, A
AR A e R 2k ) i (8~14pgC/L) I, X F s 3%
PRI G 23 TN 025 40 b AR R G 5% S 9 11
SRR T E R RPIING, KBR>10um
A>3um WBIRIF SIS, OO R A )
(picoplankton, F7ff<<2um)f) N BLHE KR FIHE
T AR B B n, BB AR B N Tl RE 2
IR Ay TR 3 i 2l ) AR HE B R IR, 8K
KA O 0 Sh B U8 2B e, B/
AR IR W S W IR Dy O 25 T R E AR
o, T TG I T G R D A ) ) R
(Reckermann and Veldhuis, 1997), Chen #1 Liu
(2010)fft HIZr Br B AR R X SRt e R, K BRbiiz
>20um UL EEYPRIESh YIS, IR IR i AR )
AR R o
2.2 TIER A YRR B R A R L )
T TR U A W AN B R TR AR W
(nanoplankton, 2~20um A% ¥ 4R ) 2 AR FE kL
ok 47543 1Y (Sieburth et al., 1978), f#i
77 A8 9 (picophytoplankton) A1 {3 A4 17 i 45
¥ (nanophytoplankton) 1 =F £ [t (pico : nano)
MR EY M8z —, ZiEEA
AAZ o R e, Al T X
B BR B Y G5 H (L et al., 2013;
Lopez-Urrutia, 2013), ¥VEIREEH pico © nano
FEARFE R 1~1000, 763 2K KRR H(E
TR, AR X T &2 X
pico : nano HUAECHE W H TS MR TH](space-
for-time substitution studies)fJHF5E )71,
AT LA OF T30 0 7 A 0 I ) A8 e (Lopez-
Urrutia, 2013),

185



[RCE S S

3 WRYMEHNTAImESE

3.1 ZEMEFTEIFM

25 [0 25740 0 T ) 0 A 25 ) S s Ak
RO, K SR e BT 22 A Y L AR
A5 PR IR X R 0 T 5 AN TR 2 7 A 5 T
MISEELY .

FEXF AN [) 25 [B] G Wy W iF e e, AT
FEAT B 52 AS [m] B S5 1) /K A v & 2R A= )
FRERAE, LU R R AR Y 454 1) A
[f . Jacquet %% (2010)HF 5% T Hu o ifg VY pg &8
Alboran ¥ 1 iRL I e A W 1 ~F 3 B =3 ] 4
A3, AR TR 3 3 AN K AT EHR A b
HtE K AL BRI R PE VKL, DL =35 2 (]
AT . A R I, AR IR = A b v g K AT i
SR PR P A TR R AR, IR AR i RV v
7K AT 5 R 9 A TR F R R, A A T IX X
A IS 0 A T Y R AR, AR LA
T U A ) R S A R A R G K AT R T [
3 =F 4 5 (Jacquet et al., 2010), Christaki 55
(ROIDBFFE 1 4y rrifg v R 3 A~ N SR 4 K4
M, RRERNBREREDFEERT
AR o FE FL T A9 Urdaibai 0] H, 5211747 5%
M 258 R 1) i 57 FC AR 7T L e 5 B SR 4T B L I
32 W7 S e /N B sl 67 AE ) 5 K (Iriarte et al.,
2003).

(7] — i DX A £ 0 X 235 A 1 24 28 A Ao
FHAA SR F A AE Wy i 0 AR R 3RR . R
Py I e GTORD I e A ) 1) 22 AR A A2 K
SCHAEE R R S, AR I i A A 2Ry
PEAS Bl o 2K R K. A& Z /D
(Agawin et al., 1998; Li, 1998; Liu et al.,
2002). FEHCETTFE, 58 IR 5 Ak bR 0 40
PR ETE L R (G 0, oAt 5 2 Y
AR A9 15 #(Calvo-Diaz and Moran,
2006). 7EFK[E R, JGiagekiE 4 BT E 2 A
F, I HAESAS 21 34 L R BR P Al i 7
BRI FE R 1~2 MR, RBEREM
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TN A% PR U AR 0 0 o B AR AR, (H AR
IR BEAR K, R4 2 AR B 4 B i KMH,
il Re 5t R A IR G R IRE N A LA X
(Liu et al., 2007). AP BEGEER . £F
B ) FEMAY A2 B B SR A YR
FEMAY R, Dupuy % (2007)058 T
RVE VI 5 0 e A W v 454, e B A Bl
VIR HE R A= ) B A B 2RI | ARG (AN
WA AZETy, MR AR R BT 7 LR =
(53%~66%). HLAh, 20548 b2 5 e i £ ) I
IR N, . 4%, HZER IR (micro-2%)
MY ZEHE G DL, R R ) LUK 93N ) 2
(pico-H1 nano-2%)°& & (Savenkoff et al., 2000;
Shinada et al., 2005),
32 BREXNMEYNEHNEIT

wEHET 3 PR HMEY AL
Yre A sgm . O RNERE iR, @AY
TR S W4 B ORI E sh ), 8 IR R
RN 5 AR FR G A B B TR I Sh )
RO A B B IR ER S e 4 TR RIS
TR W) o B0 B 8 NS 1) W 354 1 52 Wil F 5
th, WSR2 R R R KB
3.2.1 ARSI W I 2 AL 1 5 ikl

A 9 A0 JE 24 X6 T 2 ) ) 1 5% Wi 36 5 R
AR K S I R 2R S0 1) 5 12 o S R AR B
B E R /NVBE 2 Sum, RIS R 2R BERR &
MEYMh g TR WER, KrhgEiz
MR R EMERER R, JLTFIrAmEeE
HigR s h s B R A B AR A Y
IR S5, 2014), (A2 HAMEREATR
T 2 28 1 S iy (K4 hn S 20 ) I A — B
S5, US b B S ) R ) RS Y
H W52 AR /)N (Calbet and Landry, 1999).

MM EYANRE-F R ER-FER
M EFRE ), IWHLE FORE, I EREAR
SR B LW, S iZsT R R SRR R
B, B2 TEA BY 256 Houn I 2 S 5 e
BN, ARSI v S R R R R TR, B



SRR A R TR I ) I A S R D 3%

A TR - 5 % M B -2 B A B IR R N
B9 UL IR RS 3 T DR
FMERWBEEEMRLL, FERMEWE
TR ) =2 R A R AR B b Ak
BB XRANAL; @537 HEE A ¥ 6 H
FEIE BATEE S (RIZ R ), B &
FEABRGIE T, @RARELR TR E
MO REEREAR T, (2 IRk i X R 7R
M A R 3 A SR AR S I TE] N R B
i F(Samuelsson and Andersson, 2003; Sipura
et al., 2003),
3.2.2  JKBEXTIRCE W R S5 15

AR, sk BEZE % (Jellyfish Blooms)HH 4
P S R DO K, H Y ™ R A
A REARZEHE 0, DI K B G ) X ) S e
RBNFF 2R Z A E A . KGNS SRR, 7
IKEBEJG 7K BRI S AR 2 R it A5 A WL
JoT 23 MY Am T B oF R, O S HAR R R
(Condon et al., 2011), WX LK, & HE BN
IK B (Catostylus mosaicus) FIAS 75 HUBE 3 1Y 7K
+}:(Phyllorhiza punctata)#BGE % & A 77 iF
Y, I E RN T B e R
(Protoperidinium sp.)fHA/II(West et al., 2009).
TE—ARIE G300 L)#EF7 /KB (Mnemiopsis
leidyi) 7R ML FR Y24 vh, @it 168h AYEEFR,
R FKEEREAR T A B sh Y 0 A ) i
FEE g A= W e g n, /N B PR AR ) AN £ 6
FEEREAR, 407 AR, XAEE AL
WK B o 28 P 0 0 1 S il L S, T X
TR A5 AR IR G W 5 i AS B f2 (Dinasquet
etal., 2012),
3.2.3 DU 4y I S5 44 1) 5 i

X5 28 57 5H A ) 6 (0B ) T 1 52 i) 4 30
EVA T : — XY W& YRR
B, R REE R RS e G ) M 45 A )
KR ER,

D12 X6) T B 0 I 5 A ) 2 A T S ) 4 B
#F (retention efficiency) 257 I £ ) N 114 45

¥ (Dupuy et al., 2000a), HHi, 018 EHM
Y o W 9E 2 48 7 SL g & N BT B
A SES, R AR X SR R W ARGE . &
A0 W ZEBINSE IR, MEEAR (ARG 4
W5 A0 B D145 ) T LA B ol A B (retain) Ui TR 7
WAV (IR IR . U A SR . T
A EAZ A Y ) . HEE RRTAE B B (Kreeger

and Newell, 1996; Le Gall et al., 1997; Dupuy
et al., 1999, 2000a, 2000b; Fournier et al., 2012),

HJ2 XA [] A= ) S B 0 BR S80R AN TRD, O HL
A RCRBE AR YRR P BN RE AN . Kryger
A1 Riisgard(1988)iiid H 6 FiALFE IR EA
[ RE A% 9% (2~9 purm) VERSH (Z4H TR 10 540 95 ) ) 52 2
KB, A RBHMEFE Y D280 DL o8 4k o
4pm DL FAEERE, X 2pum B TERMER BA 250
TRER 35%~70%; A/NUFIMLF B aE A
F R0 LSE 2R B 5~6um [ 7HRL, XFF
2um B PR, R AR T B 50%
15%. Dupuy 55 (2000b) 4% B 5250 R B, 4L
A DA E>5um AUHEE | ORI IR . W
B, B ACRRANEESIY), X<Sum BYHEE
RO A AR ) B AR 45% 1
2%, IR (REBE AP ) . MG AT
B HUYREH DA RS R, (HBRTTHRFR /14T,
SFEBIR A TR )54 314 (hetero/mixotrophic
protists) i BT KRB (R BV HEE R . HIRCh
EF ), ek R P A GO 1 B DT R R ARAIE,
PRI S R R 55 7R 1 5 A= sh ] LI )
T A9 4055 42 7= 7 (bacterioplanktonic production)
[ B i IR R (W 5E 2 55 ) 1% 13 (Dupuy et al.,
2000a).

Br 7R RIAER, D28 n] DL A R ik
TEALE ST M Lu %(2015)7E R 1
5 IEAT I R RS R S5 R BT, M AL B D
(Chlamys farreri)¥& 10 1 7K th TCHLIE IR 5 19
e, TR T4 A 0 A K (Lu et al.,
2015).

3.2.4 R EERT IR Y S A 1 52 0w
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WL TE AR R, RMEm IR
WY Z— o T EAT e R, e
B MR S PEAR G N2, n] LA A5t 15 4
W SR Y I o 1 T B TR TR A A
BERVEIA 20%~40% 4 17 20 B SE T2 H i
BRI, 5 U S0 ) R T Y 5 e A 2
(Suttle, 2007), TEFBIRFFTUEIX, J5 25 B9 IR TT
VERITE Wl b, e 2 2 pg g VU A v, A7
26.44%~96.08% (V- ¥ MH  77.82%) 1 41 B A 7=
WK B 241 (Chen et al., 2011).

3.3 FIFEYII R Y W A R

AL HAE Y 2 AR BT, BT X
LAY SR Jo R AN R AR W A TR ], 3 26 3
TAEYI AR LB Y M B S A 237 5200 1]
an, FEEE I K (Alexandrium  tamarense)
SIRETIA B Jo, X T ) S5NS0TSO R
H 25 %) S SR W R RN F B ol = A S AR
i 5 FR M A2 Bl A R R, S
TR R A B BT, TR T K AR
Y 40 T A= ) & (Weissbach et al., 2011),

AN E RO IF ALY 1 DOM 2
BN, W] RE23 5 ) 4 R VR 548, 3 1T 52 )
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FRELE R, 3 A BRI 230 b $E D BROE A 4 ke
(Phaeocystis globosa)FkEE(Chaetoceros decipiens
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AFEFAL Y RIS IR, DLWLSE K AR X
1) W (R 5 1 (Passow et al., 2007). FE3; 35T
TR, 3 A Bl b v A T AR ) A AN [ £
AL X IR A KRk AR, RN BB AR
S F PR o A TN K A, A
BT L vh A 2R T BRI R K A 5 SRR W
AN TR K A 5 i o AR R R A AR SR
B I A2 AR B AN TR] 5 A [) Ao 288 37 105 A 0 25 )
20 T 1 R 7 2EL R A S A I N R ) )
IR R X IR T, TR RN EROE
PR 1 Bl PR oRLAS R T 6um Y S 7R #E R 1R
FEEH K (Passow et al., 2007; Murray et al.,
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MR, SRR, PRI AR P
hn, B Z K DOC, MWA T EFFEHm
DOC, HA KSR, HEERHRAS
BN TR SRR AL R AR Y Tt
= ENA R R AN P o AN TS FR R 1
THOLR, Y R, FIRHE R
L A9 A ¥ &t T (Andersson et al., 2006);
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Bl 75 7 R AR VR B A REAIR, A = 8 DU 23 AR, (R
SR A B R TN (Soli¢ et al., 2010).
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Sy h, AR O A8k, (HOE AT Y
A, B 1Y =F BE 3 i (Pulido-Villena et al.,
2014). Romero 5 (2011)AY V04> ¥ 52 56
AN 1) 32 BE e TH i, 48 h o A0 B T B A,
£ 8 F T (Romero et al., 2011), 78 7 15
B AR XSRS, A ny F B I
WA B BG A0, {H SR A W] 20 TR 28 Y B A
[F], 3R BROSE R A TR 1) = BE AR, (HZ A % 2H
MIAEALAR /N (Guo et al., 2012),
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(Peters et al., 2002), 23 g FH 2 16 BRIl
MR S S a0 e B E R R, Ortmann 55
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TR AR N, £ A Az B
AR, SRR ZIRIENETEREZ—,
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W IE At 2 R A AR RS AL, it 80%MY
4 EHZEEME N Uronema spp.(Stauffer et
al., 2013).
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Abstract The microbial food web, which is comprised of phototrophic picoplankton, heterotrophic
bacteria, virus and protozoa, is ubiquitous in marine waters. Members of the microbial food web may play
important roles in the energy and nutrients cycle in the ocean. In microbial food webs, different types of
interactions occur between microorganisms themselves and with microzooplankton. The functioning of the
microbial food webs in different ecosystems has been well illustrated and explained. However, little has
been known about the structure of the microbial food web since the first study in 2000 by Garrison et al,
The abundances of different groups in the microbial food web are changing under different environments,
but they mostly fall into a certain range: Ciliate 10cell/mL, nanoflagellates 10°cell/mL, picoplankton
10%cell/mL, cyanobacteria 10°~10°cell/mL, heterotrophic bacteria 10°cell/mL, virus 107 particle/ml. The
optimum linear size ratio between predators and their optimal prey is 10 : 1, although this ratio is lower in
field studies. For example, the ratio is 3 : 1 for nanoflagellates and 8 : 1 for ciliates. The ratio of
picoplankton to nanoplankton abundance (pico : nano) is a scale-free index to study the microbial food
web structure. The structure of the microbial food web depends, on one hand, on the type of environments
and, on the other hand, on forcing factors exerting on these environments such as predation, phytoplankton
and nutrient supplement. When studying the spatial variation of microbial food web structure, researchers
usually use observation results of the abundance of microbial food web components from different water
masses as an alternative plan. Regarding to the seasonal variation, the abundances and biomasses of
microbial food web components are affected by the hydrological environment. Predation can affect the
microbial food web structure through the following pathways: (DMesozooplankton feeding; (2Mesozooplankton
consumes microzooplankton and affecting lower trophic level through cascading predation effects;
(3®Mesozooplankton could affect bacteria and other lower trophic level component by releasing dissolved
organic matter and nutrients. Phytoplankton could release allelochemical matter and dissolved organic
matter to change microbial food web dynamics. The concentration and variation of nutrients can have a
direct or indirect impact on microbial food web structure.

Key words microbial food web; structure; picoplankton; nanoflagellates; ciliates
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