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The abundance and diversity of nanoplankton in Arcitic Ocean
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Abstract: Asthe most abundant and the most taxonomically and genetically diverse organisms in the marine ceosystem,
nanoplankton predominate in the marine system concerning their bioactivity, biomass, and production. They play an
important role in the carbon fixation process in the Arctic Ocean, and are an important component to regulate the biosphere.
Furtherly, nanoplankton can be an important indicator of the changing environment, since the changes in the community,
structure and biomass of nanoplankton reflect the changes in the pathways of nutrient and energy transferring in the food web
and the changes in the biogeochemical cycle. Recently, ecology study of the Arctic nanoplankton has been paid more
attention due to the increasing impacts of climate change on the Arctic marine ecosystems. Substantial progress has been
achieved.

The Arctic heterotrophic bacteria were reported to resemble those in the seas of lower altitudes in their high abundance
and biomass with seasonal successions. Particle-associated bacteria often show a higher specific metabolic activity than the
free-living communities. So far, there are few reports on the proteorhodopsin ( PR) -containing bacteria. High diversity has
been reported for this group in the Chukchi Sea, which can be attribute to yariable bacteria communities. A large number of
aerobic anoxygenic phototrophic (AAP) bacteria have been found in the Chukchi Sea with a distinctly seasonal succession.
The photosynthetic group in the Arctic Ocean was found to be mostly composed with the nanoplankton ( <20pm),
described as a polar ecotype of the small prasinophyte Micromonas. The high correlation between the abundance of coccoid
cynaobacteria and temperature results their low abundance at the high latitudes There are only a few studies of Synechococcus
in the coastal Arctic Ocean. The Micromonas is proved to be ubiquitous throughout the Arctic Ocean, especially at the
chlorophyll-maximum layer, and may be a major contributor to the primary production in the Arctic Ocean. Until now little
is known about the distribution of heterotrophic nanoflagellates in the Arctic Ocean, compared with phytoplankton and
prokaryotes.

Many scientific questions, which deserve special attention, remain unsolved due to lack of continuous sampling and the
complexity of the nanoplankton characteristics. Some of them have been highlighted here in the Arctic nanoplankton

ecology. (1) More attention should be paid to the effect of the climate change on the nanoplankton community in the Arctic
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Ocean, considering its major and often dominant contribution to the total ecosystem. (2) Most of the investigations of
nanoplankton community are focused on the Atlantic Arctic Ocean of the Arctic Ocean. It is necessary to investigate the
community structure of the nanoplankton in the entire Arctic Ocean. (3) As a photoheterotrophic microbe, AAP bacteria
may play a special role in the ecology in the Arctic Ocean. However, little is known about the distribution, abundance, and
diversity of the AAP bacteria in Arctic Ocean. (4) Archaea seems to be of special significance in the Arctic waters with
large population existing in the surface water. More work need to be done on their diversity and their functions in the energy

flow.
Key Words: Arctic Ocean; nanoplankton; heterotrophic bacteria; archaea; abundance; diversity

20 4R 70 AR I (OB P A ) A AR A T R e TR TR T A0 0 I S B TR AR T AR A Y 7
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TR A P TE LUK A 25 R G MR P S L AR R i 3 S I B AR (0 DUARA  JL vk 222
FILAE " T35/ NS (20—200 um ) 5 {H 2T AF R BOR B2 RO BIFSE R B, SR PR AL ) S L DK K AR rh 2R )
A S BT o I YK AR 0 D AR A AR A R G E A R LR TR ZN W AR AL A Ry v
JETFIF A S RGP RO eSS I Z — RO PRI E ) T BEEE 25 B s B ity o RLEG I PN MR AL KPR T S B X
TR E ) 0 B N 25 AR A LA R 2R B R Rl 22 T IE 5 O F I — e g i | (H AR ULt 20 AP 1Y
HHER PR B K AR RE LT
1 EFEERFHEGE

EA TR, AR S IR 40T S AR 4 B T e ), TR HAT AR o ) 2 B2 M AR Wi A A W] A 2= 3
B BEEREERNERIGAREIR S BRI E N 0.3x10°—0. 4x 10°4/mL 4 INE FHLF19 0.9
x 10°4/mL!* ARG FEE AR BRI 7 o JCUKPES NI IR0 52 IR A0 T o A s TR 1 A
A PRI AR B A A W 2R Bl BRAC TR LR B AR, 1 AE R 1 B R PR S SR AN T Y
FRE e, AT A T DX I RV A TR SR 1 B B SRR A TR R M g R R B Y A DOME Y A G

F1 KFEBEHAREESH

Table 1 Bacteria abundance in the Arctic Ocean

S FE(x10°4/mL) VRIE/m i ] S i ik 2% ik
Location Abundance Depth Time Methods References
iRl 0.20—0.94 10 6—7 H EFM (4]
SRS Frel SRaR 2.1—21 <10 8—9 A TEM [5]
BRI R 2 e AR 0.87—11 <10 11—3 H EFM [14]
1.0—6.8 10—200 11—3 A EFM [14]
5.7—13.6 <3 6—7 A EFM [12]
BRI 1.9—18.1 <3 9—I11 A EFM [11]
I R & e A 1.23—6.56 <42 9 A EFM [13]
W 2.3—4.7 1—2 8—9 A EFM [15]
JevkEEO X 1.9—6.7 7., <40 6—9 H EFM [16]
1.3—2.9 <40 12/1—3 A EFM (6]
3—15° <30 7—8 A EFM [17]
EAE St 3.643.0 7., <50 7—8 H FCM [18]
Wb /R S IS 6.0—22.3 <200 77— H EFM [19]
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TRUR RN SR AN B e — 2 B PR e UR ) L AR IR 21 AR T AR S 00T 5, BT RES A &
R SIS 20 BF LRI AR S R G B I RE AL 4, BEAEZUAT 300 U7t UKL A LR E i
W IR KT A DL KB e 100 o LA T AR v 20 ORI = B B AR A | BT T 1 B B R
AT 25185 B B AR I T 0D | oA TR AT B y—738 T AT BT R 27 4 - e B8 AT 7T - 30U BT ( CFB ) 3 SRR 07
PRS2 R T R R B 2 0 R 2 T B35 g ek S T, A 7 T e o AR A 7
98% ') WL AER - (CF) 2BBE(1.23% 10°—6.56 x 10°4>/mL) i T HAR ik 1Y 5 2 WOk I8 Wy 4 i i
J7, BTN Ry 2 b VKPR 2R 2T K, R i T R KRR U AN T AR R 2R, B S R R U AN R
30% —41%

JCUKPERZAR MG 17 5 72 A0 TR R 5 & AR RS HA s 2, R DUT 7 KSR o y- 8- 628
FEFF  CFB JEf SO AR ™ . oA P 8 SARLL ZRBE) 12 404 TR ZW K b B ER R 2 Ak
AL T Yager! SEHGE TERR K AR BRI SARTT BB e HBIARLGS R R A I, 52 MR, CF
RBEAE BB ok 2 S ANS AR S AR UTE /N T 94% RO BCERAT I (RCA) 2 | 5 CF
FEBEAL, 7 BEAE I ] () = BB | Selje ™ 5 4E LR T &ML RCA RBFR N R —KE A
HH SRR M B0 A5 B BT e O BT DIVE R R TRIK B A 7R i AU KPR R TR W A A 2R 5 3R 2 AN ] A =R
JEAS T ZEBER SARIL (-8 IEATH ) (SAR406 SAR202 ( 43 B2 ) A SAR324 (3-8 TEAT 1 ) | 1M X L6 IR 7 20
BRI T& 20 A1 5 AN R K AR &, WA Rk B 2 5 ) — A SR AR 2

Oy T E AR IT B, U B 3 I Uit S 5 A0 TR Rl B TR U S IR AN BRI A A 2R A R 2 R
Jb vk TSR 1) TR B 25 1 Ui S SR A R AR BT B/ AT B, v AT T ) TR BT, S — LR )
ARSI BORAT B AR UL 490 1) e RIS A S A i A o 326 200 BT o s 2 B A = 0 ) i LA
SRR B 2 20 T RN B A R RS Z RIAR AR S S ) E R R Z—"" ) Rieman F Winding ™ A K Uk ) 1
S B AL Bl 7 i R B DR (A5 AR H UL SO B 1) PR S 1 i PR K AR A A | DT s B R i 5 3
W25 PR R SR AN AE R G A B T 25 5

IR 1992 AR50 i 0 T AE Y2 E T B R IO PR TR I R AT E S R G T AAE I N R E EE S
AL, IEAE PRI R I i A 4 v T R E B b v T B T 3 T 552 R T A A T B (0. 34 x 10°—
20.6x10°4~/mL) 5 JFERZAEY BRI 0. 1% —6. 7% , HAE Pk 3 52 P E R, Wells 1 Deming ™! HfE
JEVKPEIN B IR 8 P RER 1 T AL DK PRV I T3, 4911200 25 B 28 ( Mackenzie ) A7, L b oK 3 1 b 1A 385 46 £ vy
PR3 A1 S LR 15t 37 B R AT 38 8 B ) 2 4 o R DLARGE o ALK K R R AA e ey R AR T Sl i 2
BEIL) o B )i BRSBTS R TR, e T T R
W BT  HA 5 M 16S BOBHA RNA S 1 20% 2 B3] T B ZK Mk ERE PR
PO IS B BT TR R 2R A0k Al R R 1T i S R (R SR A A BT A S, A S

TSRl B R A R B S BE S A A B T SR A R v A 0 SRR A R, T 2R T ol B o A LR TR R
F, 3l s AR AR 1 T AR G RE IR 3 o R A g e
2 RERFEZEY

YA SRR 0 A AE TR Y, 26 WEREE A3 R 3 35 A5 58 18 ST DUR R ER85E Hh A 1 e JC ML) I
(DOM) il & [ B B >R 7 i — R 8HE . LA S RMAEY AR S IE R E A (PR) IR 8 4
B SN (AAPB) |, DL K W 41T

PR VE M2 G0K S0 4 5 T2, I BT B A i ATP ., 3T B AN A 28 22 1 6 g A B ATP &A%
5 PR YT X 55 25 1 X PR RS ) - WS A oM i LA S 251 P oK i 03 308 17 5 2 ) 8 i A Ak A e
IR AIE NV (R AE KN PR 40P A DCHRIE A Z T IL, Cottrell A1 Kirchman ™ FLAE M T 2R} 4716
55 AV S A B R AT I PR LR 5 B, SR BB BT & PR BSE R AL BOR IR 170 oI AT B 1) — A
W7 A3, He M R VR AR B A, o S Bidl 2 W AL K 1Y) 7 48 T 2 I A ol LA AR s i 2R, B2 4%
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A TR AR, 735 PR A 0 N Z A I 1A 52 B30 0K e B 5 0 1 58 8 B ) Rk 2 5
DA K 251 P A R i 0 U 5 e JEL A ) PR AU R B AT e R I R A AL (DOM) . A
2, ALK PR AH PR A 35 5 3l AL AT B 5 B iR B KA IR KR TR,

AAPB 1ER—FOCAE R IR M TE, HoF BEAEIL R VE A (A v Je R I8 SIA% B 22 5 B0 ) Bl 265 B2 1 38 i o
AT {EAE 2009 4F, AAPB T KBRS 7R AE LA I K BARAE AR AR T R B T AR AL A B 2 R A
I LL A 5% —8% Z 18] BFFT R, v i HERE RE 40 o 48 1 48 3R ( BChla) 195 B (ERTERFEE
WAL VKV FE B AAPB {SAEPE TSR, DI LB EEVEFRHE RS AAPB. 5.2 A0 B0 5 40 A
RIS JLvKTE AAPB FG IR H 0 & A0 R B puy=M 13 A 56 DR 5]t R A A6 443 2 YA 38 ) e 51 77
FERER B 2252 ok R ACAR I i) AAPB 815 AR B fe i, (AL UA 83% . Yutin'™ Z5ARHRE puf-
M WHEFFSH AAPB 73 12 A (A—L) 258E, Lok P I E B MA B AAPB EEE T E,F,1 K3

TREE %) SRR3R i K e 4 Ay VAP T 00 R e S A AR MR 2R, B A B T 20 fiE4d 70 4FEAR, R
SRER i EERR, FERBR M b M ek (2 BRI, 3l H A 10°/mL) DA A HoAfh i B8, 3 B oA 10°—10° 4/
mL ' JEAREREE A S0 T B SR AR DGR A XU A A A, A R Lk SR AR R g B A S A T
B BRI eI 4 60° P A 6101 | F I HUIR P T IR B AD — N EUR G (10° 4/ mL) , R ER A A~
JEUKPER AL ) SRl 4Bk b EH 43 A 25 5 1 — J 11 1] RS2 T A6 vk PR AR T A B2 s A 9 A 2540 A BT
SR, I3 —J7 T AT S T 1 b 2R PR 25 SRk S8 A SRR A I b s iR A 22 7, SRR
JIZ 4y A TR K AR T ) AHAGHS T 7 B AR I v A A LR Bl 5% 10°—1. 5% 10°4/mL!™ . db
URPE R BRI T R FLIR AT ARG A0 A5 B, e L UK A Pl DO EE ZE 0 SRR B A7 e ™, Wb
VAT PR T3 P R ER U T (3. 503 % 10°—6. 713 x 10° 4/ mL" ) He HA AL vk i 1 X B 5, A4 R 23 ¥ (4—80
A/mL) ¥ AR 221 (0—1.079x10°4/mL) ) FUIN & K HF 4 (0—6. 0x 10°A4>/mL) 92 & THL vk B Bk e
ZHAE IR R AE R AR . ZEXTRIREENY 16S AME AT DRI PP AR 5% 2 B0, & R0 4 rh et % B A B I 2R Bk
WS IRIK I Fh—AE S G 3 ( Microcystic elabens) Tt AARML(98% —99% ) ™7 | i 8T f+ Wik dak ) SR Bk s | 5
TR (O AT RN o2 K A TR K AR ARLL , AT 0 A 2 AT ] LT Vg o SRR R SR RS I A7 A
3 ERFEHEMEEY

TR RE B AL VKPR PR A P ) B G o), PR B4k 1k CHGE T 400 F(S6 @) Y, ALk
FAOR PR AR ) A B D s i —25 . B RO PRI S5 AT AR TR B M - s R R
M HR AR L E AR T 5—S0um, 5 TEW2: B L &, Lovejoy 267 Fl Hamilton %5 AH4EIESE T b
VKEETORI TR IR E BE AOATAE . 20 o0 R T Uik 8 o A B =F B B 25 20 Ak i A A6 0 5 B AT e B AL 2 1
f = B AR X, FLA PO AR ESE R 3 (fA B MANEEESE 2 ) ) (AR LR D K AR5 A L

AC VKPR B SO i A% AR ) A | 5 BE SR B R T 2O B AR (EFM) AN U 40 M AR (FCM) 1Y A& J i
Wik S48 . Beatric F1 Booth ™ 38 7 b oK VR 48, v 25 U PR U35 ( Micromonas ) TR IR AR ) ( <2pm) 5
BOGAIBEFIEN 93% , P 7RI O 2 DX S 3 B B 3 (4. 96 x10° A4~/ mL) , ZEBLA1 1 1 2 FE e {1 (1. 3 x
10°—1.51x10°4~/mL) ;2—S5 wm K745 A8 FORY 77 Ui AT 40 =2 28 DR B 0K B 37 E A4S 4 388 ( Phaeocystis pouchetii ) 4
TR A BT IR AN AE R B AT U P R B 5—20um KL AR 19 2R BE 02 A R B (autotrophic
dinoflagellates ) , LABR HH 3 ( Gymnodinium ) J& 22, FEACIKIE o X, SR V7 AT ) 35 2502 F FR B (1. 0%
10°—2. 8x10*4>/mL) , H A fE M8 ( Micromonas ) METEARE [CAZHE B A SR T BEAIBEHE® . Schloss %5
NP R R s R A ARARGE 1 I 3R i R TR R A 0 T A 1. 38 10* AN/ miL, -2 o R B R P A 4 1)
71% , Trondsen % il d 55 3 5 R (R ) R3E T P M e 7e AR S0 A 2 B8R 10* 4/ mL, 1T S5 (i i
P[] & T SR NI Bathycoccus prasinos HBRMKEAFED ) B, O s e 5232 KR fAE T4
VKR, R R AE M S R K2 AR 3 4 B S SRR W 92% , BT LA AT BE A AL VKR 9 R
FER EETTERE Y AR, TR VR R A 45 R AR 4 A A W Y 2 TR 22 55 B 5 AE k i At A sk S

http ; //www. ecologica. cn



10 SRMA A JCUKTEERIR IR AR Y o A S e 2901

], 23 il I AT Y, <2 pum POTECRD IR WA = FE AR T 2—20 pum PRIV IFAE S (R 2) L iX W]
RES51Z R M s gt T (DOM)  FEFETCHLARFEE A LD L Jh4h, B A WOR A8 Bl 27 1 7 3 7K 14
TR, B EE B TR A 2K BREREAE A ANyl o) X 2 A W I LA B ) S
F38 X3 IR e R A R AT R B 22 AR B v B R (R AR S A A SRR A A (<2 ) PR
K

PR IR AL B )z o A TS R E YA T AR B EE R R AR R R
g AAT B ARt vk B R AR PRI gT 2 W, L I Ui B 2E sh W 7 L vk i I B W 3 vh B ¥
SR P EAE R R E EEAME Y, Paranjape ® BFST R, 47 B AR BAEAE TN K a0dh, Hxtig
TEAEYIAA R R AR B R, AR ZE BB A7V A A b S R B ORNZF B e LA R S R B B W3
TRER RN S 1) E B ST L TEREBR 22 I AT R I3, 3 2 O O T R RN AF B B A G A
G, B AT A R R T H 2w TR R PRI i B R Jb vk v X et A 1 R
SFRIFE YR BAEAE, LB AEA T H T E AR T 4.9x10*4/mL, HiP<5pm 1Y 5572 816 b AN om 555
B B 87 % 5 (FATTHIE T L A0 T XTI (0—1. 5x10°/mL) [ %)

AC KRR I Ui A% AR W A R S B 0 /0 T A AR W, B9 2R A <2pum P TIORY VR e L A%
AW, Lovejoy %5 il M HE 18S RWEIRIE IR 5 J SCIZE , 20 I 9 17 9 30 0 T | 0 52 RV 230 RIRS B2 2 Vi
W E RGP R IR 2RV WS AR K (0 L A Vs A AT 32t 78 45 T AT DG I 2 REVERIF S T AR 790 b
VKR EAR IR W R ) 2 R E & LT BT A I AR TE T R 9 T 8GR I AR ER o 7 S B SO Hh AR A5 11
42 % J7- 30 55 B 560 B4 H A 1 3l P Sl R VR i LA AR 0 e A AR DL PR I Y Herh — B R AR R B — 28
B (Picobiliphyte ) '), 537 M SR U HURIAG FLHUFE b vk P R 2 0 2 K 2 5L AR v (0 2 R Fn=F
FECY RO AL IR T S R IR AR R T G AN, TC 18 S B D SO 2 RO A (41 ( HPLC ) £
B BRS8N0 Mantoniella 8 2 3 ( Micromonas ) F1 Bathycoccus 2 7 AL vK ¥ i 4 1940 2, Hop
Bathycoccus 1)) 515 HABEES 1) 7 5 S R 5 — I S2 B9 R AL 8L 5 Bathycoceus AL, T 3 1Y 3R
GEEBMIEE R, B S ANST LT 3R LUK A fol o g DU DX 530 G Al 9 1 SR e ST 9 i —
DN EP o Lovejoy %[mﬁ\ﬂﬂfdﬁiﬂﬂﬁ(ﬂlicmmonas) XAPIES PR AR Ay H 3R R v A S R R R e
RS AR AL VKR B IR Z A S0, I E A AR R G e it i sh i BUg oA ol 2 Ve

®2 KkEFEREERESRENFEES S
Table 2 Nanophytoplankton abundance in the Arctic Ocean

Hh s 2 FFE/ (1034~/mL) ST 275 30k

Location Groups Abundance Methods References

FIBHT R ERE S APF 0.046—35.2 EFM [19]
ANF 0.036—4.6

LUK G X APF 0.003—28 EFM (6]

SRR APF 1.5—13.8 FCM [3]
ANF 0.003—2.90

TP A itE-gh AR APF 5.37+1.83* FCM [38]

HERar ity APF 0.001—7.5 EFM Kk
ANF 0.025—11.85

* FHIE; APFBORTFHFAIY) (<2pm) ; ANF : SBPFIFHAY) (2—20 um)
4 MEESEIY

SRS A RGP T AR W A RO W) B0 B0 B B 28 ) AT (A TR P T ok
Ui, F RS JE UK b A 120 T A (R R i AR ik A 2 L/ S5 A, il T A2 BIRAE i B RIAIE T 7 06 LA KBl
T W)AS B Sl A SR AN 240, A V22 (R P A R, AR BUAT SR, VR 35 I 9 7245 I 1A i £ AT 52 v LA
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(1) LUK A= P 22 Ge R S DRt AR Ak A i 17

JE VKA PH AR b B 2 Xz X AR A 25 R Ge = A T IR ZI 52, RE & Y b o A Rt o)y
BEHEAEEY PR EAERT  REMRATEEANES KRG Y AW 2R B R RS R EE R
Ht 2 ORI B e MR VR (2, SRS A R b UK B SR A W V% 1 5 Wi 3 T ) T 98 AR R B b, —
SEb v PR AE A 5 R G AT AV R | T 55— S UL AL R B RS XS T B M A R R
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