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Overview	of	data	on		

•  Microbial	abundance	and	biomass	
•  Microbial	respira.on	
•  Net	and	gross	community	produc.on	
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Table 1: Plankton groups considered in this study and their associated characteristics. 790 

Plankton 
group Contains Method Volume (μm3) Carbon content 

(pgC) 
Bact Heterotrophic bacteria 

Cytometry 

0.25a 0.015a 

Pico 
Prochlorococcus 0.68b 0.029b 
Synechococcus 0.86b 0.080b 
Picoeukaryotes 2.76b 0.73b 

Nano Nanoplankton 284c 15c 

Micro 

Diatom (55 groups) 

Optical 
microscopy 

Shape-specific ܥ ൌ ͲǤͳͳ͹ܸ଴Ǥ଼଼ଵd 
Dinoflagellate (14 groups) Shape-specific ܥ ൌ ͲǤ͹͸Ͳܸ଴Ǥ଼ଵଽd 

Ciliate (4 groups) Shape-specific ܥ ൌ ͲǤʹͳ͸ܸ଴Ǥଽଷଽd 
Silicoflagellate (1 group) 3288 ܥ ൌ ͲǤʹ͸ͳܸ଴Ǥ଼଺଴d 

a Bratbak [1985] 791 
b Grob et al. [2007] 792 
c Verity et al. [1992] 793 
d Menden-Deuer and Lessard [2000] 794 
 795 

 796 

Table 2: Results from the bootstrapping technique used to estimate the quality of prediction of the 797 

PLSR. Coefficient of determination (R²) and root mean square error (RMSE) of the observed versus 798 

predicted %Cgroup for each plankton group and for the pooled plankton groups. The mean ± standard 799 

deviation resulting from 10 000 calculations is given. 800 

Plankton group R² RMSE 
(%) 

Bact 0.71 ± 0.11 14 ± 4 
Pico 0.61 ± 0.15 26 ± 12 
Nano 0.65 ± 0.13 19 ± 6 
Micro 0.59 ± 0.14 17 ± 5 
Global 0.84 ± 0.06 6 ± 1 

Rembauville	et	al.	(in	revision)	

Composi.on	of	plankton	carbon	biomass	

Pico:	0.2-2	µm	
Nano:	2-20	µm	
Micro:	20-200	µm	
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Figure 1. Location of the eight sampling stations (a) and MODIS-Aqua satellite (CLS-CNES) images of surface chlorophyll a concentration (Chl a) representative of
phytoplankton bloom stages at the sampling time of each station (b–f). R-2 is the HNLC reference station. F-L is located in the eastern bloom within the Polar Front
zone. The stations A3-2 and E-4W are respectively the reference southeastern Kerguelen Plateau bloom and the reference eastern flank of the Kerguelen Island. The
stations E-1, E-3, and E-5 correspond to a time series of the recirculation system in the meander of the Polar Front. E-4E is located further east compared with the three
latter stations and was associated to a distinct physical feature (Park et al. 2014b). The dotted line represents the approximate location of the southern branch of the
Polar Front and the white arrow corresponds to the Antarctic Circumpolar Current core (ACC Core) (from Park et al. 2014b).

in a Sedgwick–Rafter 1 mm × 1 mm gridded cell and observed
under a Nikon TS100 inverted microscope. Qualitative assess-
ment of phytoplankton community composition was made
using four abundance categories: (i) dominant, when a given
species was observed in all fields of view; (ii) common, when
a species was observed in most fields of view (∼50–80%);
(iii) minor, when a species was observed less than 15 times in
a sample; and (iv) rare, when a species was observed once or
twice in a sample.

CTD rosette cast sampling
Seawater samples were collected from a 12 L bottle CTD rosette
equipped with a Seabird SBE 911-plus CTD unit. Samples were
taken at four to six depths relative to varying photosynthetically
active radiation (PAR; 75–0%; Table 1). Aliquots of 250 mL were
preserved with 0.8 mL acidified Lugol’s solution in amber glass
bottles. Bottles were then stored in the dark at 4◦C until analysis.

Diatom counts were made following the Utermöhl method
(Hasle 1978). For the HNLC reference station (R-2) with low
chlorophyll concentrations (Lasbleiz et al. 2014), a 100mL seawa-
ter sample was settled for 48 h in a settling chamber, whereas
for the other stations presenting higher cell abundances only
10–25 mL samples were settled for 24 h. After settling, sam-
ples were analyzed with a Nikon Eclipse TE2000-E inverted mi-
croscope equipped with phase contrast, at ×100, ×200 or ×400
magnification. Each complete diatom cell was identified to the
lowest taxonomic level using taxonomic concepts detailed in
Hasle and Syvertsen (1997) while taxonomic listings (Supple-
mentary Table S1) follow accepted names listed in theWorld Reg-

ister of Marine Species (WoRMS: http://www.marinespecies.org/).
Several groupings at the genus level were made due to the dif-
ficulty of separating some species at ×400 magnification. All
small Chaetoceros (Hyalochaete) species were grouped together al-
though the dominant contributors were Chaetoceros debilis and
Chaetoceros curvisetus. Fragilariopsis rhombica and Fragilariopsis
separanda species could not be differentiated under inverted mi-
croscopy and were grouped under the term ‘Fragilariopsis rhom-
bica/separanda’. For the same reasons, the Tropidoneis group en-
compassesMembraneis and Plagiotropsis species as well as Haslea
trompii. Thalassionema nitzschioideswas represented by three vari-
eties: mainly T. nitzschioides var. nitzschioides, accompanied with
T. nitzschioides var. parva and T. nitzschioides var. lanceolata. The
term ‘centric spp. (<25 µm)’ corresponds to an assemblage of
small centric diatoms composed principally of several Thalas-
siosira species and Actinocyclus spp. Live cells and empty frus-
tules were identified from all preserved CTD samples. Frustules
with no chloroplasts visible to the eye during observation were
considered as empty. This category does not include broken cells
and fragments, neither of which were tallied.

Specific diatom C biomass was assessed following the
methodology of Cornet-Barthaux, Armand and Quéguiner
(2007). Cell dimensions were determined from at least 10 rep-
resentative images of each species from all samples using Nis-
Element AR 2.30 software (measurement precision <1.0 µm).
When not measurable due to the cell’s position on the slide (e.g.
the transapical axis of Fragilariopsis kerguelensis or the pervalvar
axis of numerous centrics), the missing dimensions were calcu-
lated alternatively from the visible to hidden dimensions ratio
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Figure 6. Relative contribution of each plankton group to carbon biomass (%) at the eight studied stations within the euphotic layer and the subeuphotic layer (defined
as the layer extending 100 m below the euphotic depth, Ze). The color code ensures easy identification of autotrophic and heterotrophic organisms: blue–green colors
are associated to autotrophic organisms while heterotrophic organisms are represented in red–orange.

The C biomass of autotrophs dominated the euphotic and
subeuphotic layers at all stations, accounting on average for
83 ± 6% of total C biomass. Nanoeukaryotes and diatoms were
the most important C contributors, but their contributions var-
ied from one site to another. At the highly productive stations
(A3-2, E-4W and F-L; Fig. 6a–c), diatoms largely dominated
total C biomass in the top 200 m, representing on average
70 ± 4 and 58 ± 1% in the euphotic and subeuphotic layers,
respectively. Nanoeukaryotes increased their C biomass contri-

butions in the subeuphotic layer (mean 22 ± 6%) in compari-
son with the euphotic zone (mean 15 ± 6%). In the euphotic
layer of the HNLC station (R-2; Fig. 6d) autotrophic nanoeukary-
otes dominated the C biomass (65%). Picoeukaryotes (9%), het-
erotrophic bacteria (8%) and diatoms (7%) provided relatively
equal proportions as the next dominant C biomass contribu-
tors in the euphotic zone. Below, in the subeuphotic layer at
R-2, the autotrophic nanoeukaryote contribution decreased to
40%, while silicoflagellates, diatoms and heterotrophic bacteria
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Composi.on	of	plankton	carbon	biomass	

Data	KEOPS2	



Focus	on	sta.on	A3:	Temporal	variability	

Data:	SOCLIM,	KEOPS1&2	(D.	Lefèvre)	

Bacterial	respira.on	(<	0.8	µm	size	frac.on):	range	0.2-0.8	µmol	O2	L-1	d-1	
Community	respira.on	(<	50	µm	size	frac.on):	range	0.8-3.8	µmol	O2	L-1	d-1	

180m	

110m	

168m	

52m	 51m	 80m	

84m	

Microbial	Respira.on	



Winter-Spring	

Summer	

Spa.al	variability	–	PFZ	and	AAZ	

Data:	SOCLIM,	HEOBI,	KEOPS1&2	(D.	Lefèvre)	

BR:	range	0.2-1.7	/mean	0.6±0.5	µmol	O2	L-1	d-1	
CR:	range	0.3-4.0	/mean	1.6±1.1	µmol	O2	L-1	d-1	

BR:	range	0.2-1.1	/mean	0.7±0.6	µmol	O2	L-1	d-1	
CR:	range	0.3-3.4	/mean	1.4±1.5	µmol	O2	L-1	d-1	



Lefèvre	et	al.	(2008),	Data	KEOPS2,	D.	Lefèvre	

Community	respira.on	and	net	community	produc.on:	Sta.on	A3	

DCR:	Dark	community	respira.on	
NCP:	Net	community	produc.on	
GCP:	Gross	community	produc.on	

150m	



Sta.on	A3	
Spa.al	variability/spring		

HNLC	

Lefèvre	et	al.	(2008),	Data	KEOPS2,	D.	Lefèvre	



zooplankton grazing and export to the ocean interior.
Towards the final bloom stage, however, community
respiration markedly increased resulting in a shift to net
heterotrophic pelagic metabolism. This suggests that the
phasing of production and respiration is important for the
fate of at least a part of the organic carbon produced
during the Kerguelen bloom.

4.1. Primary production during phytoplankton blooms in the
Southern Ocean

The Southern Ocean is poorly characterized with respect
to planktonic metabolism. Exceptions are coastal regions
around Antarctica where several studies have investigated
temporal and spatial variability in the metabolic balance
(Blight, 1996 and references therein; Robinson et al., 1999;
Agustı́ et al., 2004 and references therein). Our aim to place
the rates of net and GCP determined above and off
the Kerguelen plateau into a larger context is therefore
limited to the comparison of production based on 14C and
13C incorporation. During the KEOPS-cruise, primary
production determined from 13C incorporation ranged
between 81 and 89mmolCm!2 d!1 and between 16 and
21mmolCm!2 d!1 at stations A3 and C11, respectively
(Table 3, Mosseri et al., 2008). Thus, 13C primary pro-
duction was similar to NCP during the first occupation of
station A3, but closer to GCP during the following three
visits (Table 3). By contrast, production estimated from
14C incorporation and P/I curves gave substantially higher
values within the Kerguelen bloom (72–198mmolCm!2 d!1,

B. Griffiths, unpublished data). These estimates of
primary production determined above the Kerguelen
bloom are in the range of those obtained during the spring
phytoplankton bloom in the Polar Front Zone of the
Indian Sector of the Southern Ocean (14C incorporation,
mean 100mmolCm!2 d!1) (Quéguiner et al., 1997). An
investigation of primary productivity across the Pacific
Sector of the Southern Ocean (1701W from 54 to 721S)
revealed a minor variability (mean 6775mmolCm!2 d!1)
in spring primary production (14C incorporation) despite
the different subsystems studied (Hiscock et al., 2003).
These authors suggest that the mixing with iron-rich upper
circumpolar deep water regulates the phytoplankton
blooms (Hiscock et al., 2003). Controlled mesoscale iron
additions to surface waters in the Southern Ocean yielded
rates of primary production (14C incorporation) varying
between 66 and 120mmolCm!2 d!1 inside the Fe-patch
during EisenEx (Gervais et al., 2002), SOIREE (Gall et al.,
2001) and SOFeX (Coale et al., 2004) 2–3 weeks after
bloom initiation. Thus, the rates of production during the
third month of the Kerguelen bloom are in the range of
those reported for other Southern Ocean open-ocean sites
that experience naturally occurring or deliberately induced
phytoplankton blooms. Whether these rates represent
phytoplankton net growth is difficult to evaluate, as con-
current rates of community respiration are not available.
Based on the dissolved inorganic carbon (DIC) budget,

Jouandet et al. (2008) determined the NCP of the
Kerguelen bloom on a seasonal time scale. At station A3,
the DIC budget yielded an NCP (99737mmolCm!2 d!1)
similar to that determined by in vitro measurements during
the first visit to station A3 (109744mmolCm!2 d!1,
Table 3). By contrast, estimates of NCP varied substan-
tially between the two approaches at station C11. NCP
determined by the seasonal DIC budget amounted to
2578mmolCm!2 d!1, while in vitro measurements revealed
negative estimates of NCP (!8713mmolCm!2 d!1). The
difference in NCP as derived by these approaches is clearly
due to the different time scales of the measurements.
In vitro rate measurements are representative of auto-
trophic and heterotrophic dynamics on the time scale of

ARTICLE IN PRESS

Table 2
Photosynthetic (PQ) and respiratory quotients (RQ)

Station PQ (n ¼ 6) RQ (n ¼ 6)

A3-1 0.8270.37 1.2970.85
A3-3 1.2870.31 0.8970.61
A3-4 1.2670.66 0.8370.42
A3-5 0.7770.28 1.0370.18

Mean values7SE are given.

Table 3
Comparison of mixed layer depth integrated primary production determined from TCO2 fluxes,

13C and 14C incorporation (P/I curves)

Station Zm (m) NCP (mmolCm!2 d!1) GCP (mmolCm!2 d!1) 13C-PP (mmolCm!2 d!1)b 14C-PP (mmolCm!2 d!1)c

A3-1 52712 109744 138729 88 198
A3-3 51714 28753 80734 85 156
A3-4 79720 29798 80753 89 137
A3-5 8475 !174786 101740 81 72
C11-1a 73713 2713 2578 21 32
C11-2a 73713 !1715 20710 16 18
C11-3a 5671 8712 2078 19 14

Production values were integrated to the mixed layer depth applying a linear model.
Zm—mixed layer depth.

aValues are based on O2 fluxes, converted to C-units applying an RQ of 1 and a PQ of 1.2 (see text).
bData are from Garcia in Mosseri et al. (2008).
cData are from Griffiths (unpublished data).

D. Lefèvre et al. / Deep-Sea Research II 55 (2008) 766–776772

Lefèvre	et	al.	(2008)	

Photosynthe.c	and	Respiratory	Quo.ents	

PQ=	GCP	(O2)/GCP(TCO2)	
RQ=DCR	(TCO2)/DCR(O2)	

January-February	

Sta.on	A3 	 	PQ=4.12±1.2 	 	RQ=1.01±0.67		

November	

Data	KEOPS2,	D.	Lefèvre	



Summary	

•  Autotrophic	and	heterotrophic	microbial	
abundance	and	biomass	(0.2-200	µm)	in	the	
study	region	in	spring	and	summer	

•  Community	composi.on	of	prokaryotes	and	
microplankton	(samples	for	pico-
naneukaryotes	available)	

•  Microbial	respira.on	and	produc.on	
measurements	in	the	study	region	in	spring	
and	summer	
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