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Abstract : To elucidate the trophic role of heterotrophic nano- and microplankton (HNMP), we investigated
their biomass, community structure, and herbivory in three different water masses, namely, south of Polar
Front (SPF), Polar Front Zone (PFZ), the Sub-Antarcitc Front (SAF) in the Drake Passage in the Southern
Ocean, during the austral summer in 2002. We observed a spatial difference in the relative importance of the
dominant HNMP community in these water masses. Ciliates accounted for 34.7% of the total biomass on an
average in the SPF where the concentration of chlorophyll-a was low with the dominance of pico- and
nanophytoplankton. Moreover, the importance of ciliates declined from the SPF to the SAF. In contrast,
heterotrophic dinoflagellates (HDFs) were the most dominant grazers in the PFZ where the concentration of
chlorophyll-a was high with the dominance of net phytoplankton. HNMP biomass ranged from 321.9 to
751.4 mgCm™ and was highest in the PFZ and lowest in the SPF. This result implies that the spatial
dynamic of HNMP biomass and community was significantly influenced by the composition and
concentration of phytoplankton as a food source. On an average, 75.6%, 94.5%, and 78.9% of the phyto-
plankton production were consumed by HNMP in the SPF, PFZ, and SAF, respectively. The proportion of
phytoplankton grazed by HNMP was largely determined by the composition and biomass of HNMP, as well
as the composition of phytoplankton. However, the herbivory of HNMP was one of the most important loss
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processes affecting the biomass and composition of phytoplankton, particularly in the PFZ. Our results
suggest that the bulk of the photosynthetically fixed carbon was likely reprocessed by HNMP rather than
contributing to the vertical flux in Drake Passage during the austral summer in 2002.
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Fig. 1. Location of hydrographic stations along the 65°W transect in Drake Passage. Water mass and location of fronts
are according to Orsi et al. (1995) based on the physical properties of fronts: Polar Front (PF), Sub-Antarctic

Front (SAF), and Polar Front Zone (PFZ)
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Table 1. Factors and formulae with their reference used
to convert the biovolume of each type of plank-
ton to the carbon mass of that type

Conversion factor

Plakton Reference
or formulae
Heterotrophic - Bersheim and
nanoflagellate 0.22 pgC cell Bratbak (1987)
Heterotrophic C(pg) = Menden-Deuer and
dinoflagellate 0.216 (V)" Lessard (2000)
L _1  Putt and stoecker
Oligotrichs 0.19 pgC cell (1989)
o C (pg)=44.5+ Verity and Langdon
Tintinnids 0.053 LV (1984)
.. log;oC=-4.188+ Kang and Kang
Copepod nauplii 51 100 BL) (1997)

V: Biovolume (in },Lm3), LV: lorica volume, BL: body length.
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Fig. 2. Vertical section of temperature (°C) and salinity (psu) within the upper 500 m of water along the 65°W transect
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size structure, (c) shows the relative percentage of heterotrophic nano- and microplankton community. HNF:
Heterotrophic nanoflagellate; HDF: Heterotrophic dinoflagellate; CH: Choanoflagellate
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A EE FHoME Hd 27.8%
S AT W] AN FoAelA FE5IY R
Fe o2 - vsted 2 F8A4e] & 2o R vehkt
ok ZAPIZE B 2AS 27 R gAge P
164.8 mgC m22 w2y SPARFol vlslo] 3u) o] &
AUTh F FEHIY ARFO| &8 HARFIT A 5=
Hl &S SHM FoAelA] Hit 83.6%, obd= HAg el
% oolA 482%F AA|te] ¥

o7 FH @& S @ 75.5 mgC m )l wlste] 34

=
A o @#H 1022 mgC m2)} o= A9 (114.5 mgC
m2)elA =T 23y FE5EY LAY 2 AFEEA
£ 7193t FEZSHEIAE FAY A T4
S A opd =T AAFA(FH T 14.6%) HIste] =
AR G2 FFHT 1922%)004 tha =4 et
TEHEIYY VAR R, v2Y AR B VAY T59
S JHRFE Xl TEHIY ALY THIAER20
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2 0.16d7-037d7'e] WS 23 HF 0264719 g
HATH(Table 2). S8 F93} opd= AAGdeA] 2
EZYAE 452 Fd 03342 FHA FE )
A Z78E e 0.17 d7'o) Bt 2w o) =T FE
A w2y 2 AFEHIAEY] 482 0.12d1-0.29d!

Table 2. Phytoplankton growth (k) and heterotrophic nano-
and microplankton grazing coefficients (g) de-
rived from dilution experiments. PP (%) denotes
the potential phytoplankton production grazed
by heterotrophic nano- and microplankton

Initial
Chl-a
(ug 1
DPI 0.12 0.16 0.12 73.4 0.88
DP2 0.14 0.17 0.13 77.9 0.91
DP3 0.27 0.30 0.29 97.1 0.93
DP4 0.33 0.32 0.29 91.9 0.88
DP5 0.24 0.37 0.28 78.9 0.85

Station k (day™) g(day™) PP (%) 2

RSy =
S M= FHt 0.13d7, FHAA F 3} obd=F HA
Ao M= Hit 028d7'E A EZ YT HAE

sHAl 28 o] ztolE HATHTable 2). E5FY P14
9 APEHFAES AESFIAES] AL Hat
83.8%5 A A= A o=E Uetdth S A=
Hit 94.5%, obd= AAFGAAM = 78.9%, 1 HE
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Table 3. Comparison of the reported abundance of heterotrophic nano- and microplankton in the Southern Ocean

Narzlg(-);lr; itr::lcm AEEZSS?I‘IC)G Study periods Reference

Eastern altantic sector

Ciliates 525-950 1997.12-1998.1 Froneman (2004)

Heterotrophic dinoflagellates 350-750

Heterotrophic nanoflagellates 2,050-3,350
Atlantic sector

Ciliates 75-1,840 1993.1-2 Froneman and Perissinotto (1996)

Heterotrophic dinoflagellates 27-669

Heterotrophic nanoflagellates 981-2,310
Western weddell sea

Ciliates ~1,000 1988.10-11 Kivi and Kuosa (1994)

Heterotrophic dinoflagellates ~12,000

Heterotrophic nanoflagellates ~1,500,000

Choanoflagellates ~700,000
Weddell sea (Ice-edge zone)

Ciliates 10-1,900 1983.11 & 1986.3 Garrison and Buck (1989)

Heterotrophic dinoflagellates 6-6,400

Heterotrophic nanoflagellates 11,000-370,000

Choanoflagellates 1,500-270,000
Drake passage

Ciliates 53-3,404 2001.12-2002.1 This study

Heterotrophic dinoflagellates 1,640-26,350

Heterotrophic nanoflagellates 60,000-651,000

Choanoflagellates 3,000-89,000
osl, FAA i3t obgF AAFAoIME BHYF & AT obdF TN HRFFE) @Yol Erhy nY
HEF o)) 7 -t T ZARFG A dakd A ol e ArA el & I XSt} (Pearce et al. 2011). &
HEFE AEFS oldol FSelollA Bad gt fAF H9Y SRR FHEIY AT B AFETAE
S el oy obd= AAdede] 25 F2ol F dadol Bt 39.5%5 AA St ARSI 7
ARFFY & FEFE FF o F9 A T8 2FoE UeHth $59Y R RE 59
| gholl vlste] v E3UTH(Table 3). obd = AAdeol] & rlay B 2YEIFAE0] 3 FAAAEA HHEY,
A ARSF dAEe] 7P =UARE FEIG vlad 56 B2 E5ale] rAlAdE ol HeEdEEl]
4 AYEHIE FoM AESF A Fee 5 7P F83 ARAE 7559 htk(Garrison and Buck
uA 2 n)A AEZHEgEe] £A3 AN YE Y 1989; Archer et al. 1996; Sherr et al. 1997; Yang et al.
A =A YeERdTh FFalolA 3 ojde] A Ak 2004; Safi et al. 2007). 49 HRFE v go},
of olstd HEFF YEFE Fol Ak F9old v UER, R ARSR, 2832 $AATEA A

53k £ o8 S AR Fks, ol 23 Hol  Asi, ARFRe tEA A] EAEY 5 & dAE

o] Bxo} FHo] 28 B tHGarrison and Buck
1989; Kopczynska et al. 2007; Safi et al. 2007). & A7
N AREF 27 A DP4E ALslre xphe

5 ool mER B folow 248 AAH0E B
FHsIsiTh 53] obaT ANFe] BE FaolM thE 5
ool ulsle] 20} ol & HEERY WEFLS FAA

ool ulste] -20] E AL ABEFIAE 8 -

qag 4 e 71
theFst s o

qLs k=

1999). T4 <

2} 728 FAF AN =
o F5YY FHRF
I P E Holn

oM AEEAES] HAAEA
Ao 2 83 A th(Strom 1996; Levinsen et al
?iEw‘ETE EHZFoi W ooz} -

Zka1 917] wjiZof (Hansen 1992),

zo8

iy oq:rhg ZH3aE 3 qu
T2E oldlsle Fd Anz
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A AsE 4= JokBurkill et al. 1995; Sherr et al. 1997).
AP B9 283 TE5FY JHER g2 Gym-
nodinium spp., Gyrodinium spp., Amphidinium spp., Proto-
peridinium spp. 522 TAE] AUom, o]} T2
F 2L ool FFele] afelM =AM Aot
AFal9THKivi and Kuosa 1994; Safi et al. 2007). L&t
F59Y JHEF AEFL 1,600-26,500 cells T2 ©]
Mol F=3e] Qs oA Bard kol vlste] 2-38) 4

T =S kS HAtK(Table 3). o9 2 Axe o3t
-2 Aol ot AEold 5 k. F, o] AT
E2 1Ay JHEF(<20 um)2] E2 JfAFNE B
slal FFERAS T8 BAFe ofEw o= Qlste] F
gndos HA7best A% HEFTS e &
23819171 Wizl B A Axrt o)z A Afel] Hste]
=2 g Hel Ao AztHEn $459Y SRR
A FAM oA Eokom, AEZHIE AETO
7 w3 A AEEYEaE o8 $-d5 FH DP4
A 7P A R 22 A EEYAE o ¢4
3 FAA G S0 vAEH &Y e g
AFFo] fARSE Bl R B o, vEA Ao R
2 AEEFAEY 77t 52 FHM F9dA =
n) Ay SRR H|ste] AF R FO] vhAwko] 3|
o) =AUATHFig. 7). 019t 22 A= TEHIY JHEF
o] AE Fx EXo] AEZHIAES] 7 2 A/|4%
o] Faxel wHg Aol A AAett 53] A
FANM FRFE TAH de &% HESTIAES
A2 HER A9 =2 A (r=0.66, p<0.001,
n=40) & Afole] gt 92z 9] AAL A
AAIBLE, 2AMFH A FESHIE FA AEHS
100 indiv. I'' ©]3t& o] 59| ©AFL FHIY v4F ¢
2P EHAE T Bt 16.7%E A S =
o oldel A 2f FEEFAE A7l T=EF
FE fAo] X A9 vl¢ ZEA T ZAREY A

TEEHIAE AL o] Bad A Aot fAFS
A THSafi et al. 2007; Pearce et al. 2011). FEZ=
Y FExe AL FE T BEOR 2+
Aoz FTtsi o, AeEdaE YEF H X9
ARE FEFES BTt o] & Ade sEEEEAE
Aol Bx= 259 Holdo| He AEEEAES] &3
oF AAZE Ao AAIS} THFYY PAUEFRY 5
HEF= F=alle] HNLC s 9o A dte|g]ole} =
AEZHAES] T8 RN Sr)a FHAES] 5
At s Aol|A] Fagt 9T FHh(Kivi and Kuosa 1994;
Safi et al. 2007). Z&} A O|A] F5H9% ] AHR
7ot 54 HERFO dEF2 7] Hard ghel vlste]

WOtO ™ (Table 3), & THJY M4 2 2FEHIAE

& 3A] Tt

S Hay 2 AYEFAE H) SRS 3
3¢ 30-50 m ZololA HlwA E=A JERte™, vt
2-q®] HAsE= B3 DPIE Al&staL 50-
m ZololA vlwA w9tk 28y 25 EF5 Ul
T 2w AEES ol met & zolE HolA] &
ow, 53] ZoH AEe] xlol= AE AETF 2
o]Ht} =LA LAUTHANOVA, p>0.05). o1 A7 Ao
m2H, 35 HollA TEIIT SHISF VEF
o] Hujgto] ZlolH R oFke] BUAE Hole= 21 Bt
71283} 5o dgle] AS F Ao, T3
2po) 7} A Aol Bt A b 3
HsE Awshedl lojx A 88k o
A THKivi and Kuosa 1994). 55E 100 m Zel7FA] &
Agaket T4 A 9 AYESHIAEY F @A
< He 543.8 mgC m22, B FAR} FAKE Al7]e) ¢4
oA ZAFE 427.6 mgC m3} Gl 2] A7 6° F-29]
FHA FelA] AL HF @2 392.1 mgC mo
H]ste] ¥ =A Yelsth(Garrison and Buck 1989;
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microplanakton carbon biomass and chlorophyll-a
concentration
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Table 4. Regional comparison of reported heterotrophic nano- and microplankton herbivory in the Southern Ocean. PP
(%) denotes the potential phytoplankton production grazed. The numbers in the parentheses refer to the aver-

age values
Sudy area Study periods Chl-a (ug 1™ PP (%) Reference
Eastern Altantic sector 1997.12-1998.1 1.52-2.09 11.1-34.5 (19.3) Froneman (2004)
Atlantic sector ..
(35°S-70°S, 0-20°W) 1993.1-2 0.09-2.07 0-59 (24.1) Froneman and Perissinotto (1996)

57°S-61°S, 170°W 1997.12 0.17-1.5 40-69 (56) Selph et al. (2001)

57°S-61°S, 170°W 1997.11 0.2-0.9 60-80 (79.0) Landry et al. (2001)

Bellingshausen sea 1992.11-12 0.05-1.4 21-271 Burkill et al. (1995)

Indo Pacific and Atlantic sector  1994.12-1995.1 0.08-2.28 0-333 (104) Tsuba abd Kawaguchi (1997)

South of Tasmania

(46°S-67°S, 140°E-145°F) 2001.11-12 0.1-0.68 45-127 (91) Safi et al. (2007)

South of Tasmania

(sub-Antarctic zone) 2007.1-2 0.28-2.21 47-82 (64.2) Pearce et al. (2011)

Southern ocean (average) - 0.62 59.2 (3.3) Calbet and Landry (2004)
Drake Passage :

(57°S-61°S, 65°W) 2001.12-2002.1 0.12-0.33 71.1-97.1 (83.8) This study
SHIAEY F5IY &8 FHIEC] A9 FAKSE 7199 man and Perissinotto 1996; Froneman 2004). $]oll4] A
S5 BTt ol o] AEEFAES TEHIG vAa T AHH T g ag B AR A7) -3t
3 Y 2YEFIAEY AT Aol =2 A £+ UEhde $59Y S EF(Klaas 1997; Becquevort et
494 Ay @ AYZFIES AEZFAE Alold]  al. 2000; Pearce et al. 2011)= 2E59] 73 A2l3F 2
3% 9A-x 28] AATE ASS YAIETHFig. 8). o2t Fek o] H7|zte® st & A7) HERE F
FE2 AFIME S B8l TR AEEFAE dig 3] A2k 4= dti(Hansen and Calado 1999). whe}xr]
TEIY AT B AFEHAEY] AAE AT Al Y AEEYIAE 2 27 o8 s S F
M 2 SR E AL JItK(Table 2) AN AEEFIEN de =2 XSS THIY v

HaafolM HeSdace] LR F5HIY e 3 B AYEFIES 2 A= ¥ o AHYdE
3 % AFESHAE g de IS St A FEIY T =2 $HE] AHEA A
@o] ZAIEUTHTable 4). ¥ ZARFA M TGS 7] g 5 v}k =3 Y DPsE B4 DP3F HEha F
2% B AP EHAEL AHEZSTAEY A Ht o} w29 HEEdaEe] $AEe] fAksAl s
83.8%E A Aste] F=5ale] stAlol] BAE 3t AR E E7ohl TE5IY vad % A¥ETAEY A
Mo ESE| A vH(Table 3; Landry et al. 2001; Safi et er2 4 DP39l| vlsle] Wttt A4 DP5el AEZH
al. 2007), H=all AEE Wd Htptel s = wiS- E 2ol &F TEFFIAESC] A7) &olgt

ASE

= JERsTh vhA thA S B QIEke] HEslolA] B
JE FEIS AT B AFEIHAES] A& HlE)
AME thA W9ITH(Table 4). AEZHIE ek F4%
& HaY B AFSHIAE] 4SS UnbHo R Ho)
o] 24 & Ho gk} Aarte] e 22 2 7
828l oJste] AA = o] Xth(Calbet and Landry 2004).
TERE TS 48 A EZFIE o8 4% I
A FdAM FEHIY vAY 2 APELFIES HEE
FAE A 90% oS AAsIN M, A% DP3el
A 7P =S AAES B o] e Axe JEEe]
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Ne] 28 NEEFAEN 17 AHES

AT B gk o] o] Aol AwtE 2 3o]th(Frone
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o] o B B3] 423 SfHREFO o o
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Hgk o] e] A Aol oA 2 SRy
(Verity et al. 1996; Levinsen et al. 1999).
e I AH S o] &35 A& S AE
7178 Foll YT 5 JE =2 o3& (clearance rate)=
date] &2y FEEFAESY H2lE0] HErE & 3
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Ao w2, S hg TE7F S oM (<03 pg I
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