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RELATIVE CONTRIBUTIONS OF PROCHLOROCOCCUS AND SYNECHOCOCCUS TO PICOPHYTOPLANKTON BIOMASS AND PRODUCTION OF ELEVEN
TUAMOTU ATOLL LAGOONS (FRENCH POLYNESIA)

L. Charpy' J. Blanchot?

! ORSTOM, COM, Traverse de la Batterie des Lions, F-13007, Marseille, France
2 ORSTOM, BP A5 Nouméa New Caledonia.

ABSTRACT

The contributions of Prochlorococcus and Synechococcus
to phytoplankton blomuss und production were measured
in eleven atoll lagoons of the Tuamotu archipelago.
Both taxa were present in all lagoons. Their average
abundances ranged from 1x10* to 280x10° Prochlorococcus
ml™ in Reka-Reka and Hiti respectively and 7x10° to
278x10° Synechococcus ml™! in Reka-Reka and Tepoto Sud
respectively. The shallow atoll lagoons showed a
predominant influence of eukaryotes probably due to the
suspension of micophytobenthic cells. Synechococcus was
the major contribution to primary production in nine of
the eleven atolls, contributing up to 70% of the
primary production in six of them. The observed
phytoplankton community structure was the same as in
Tikehau atoll but differed from the open ocean where
Prochlorococcus were dominant in term of biomass and
production.

INTRODUCTION

By using different techniques the great abundance of
prokaryotic phytoplankton was reported in the open and
coastal waters of temperate and intertropical areas.
Epifluorescence microscope was found to be an efficient
tool to study the abundance and the extent of
Synechococcus {Murphy and Haughen 1985; Blanchot et al.
1992). Later shipboard application of flowcytometry led
to the discovery of & new free-living Prochlorophytes,
Prochlorococcus (Chisholm et al. 1988).

We have applied the same techniqgues in the Tuamotu
atolls of French Polynesia to study the abundance and
the extent of prokaryotic phytoplankton. Using
epifluorescence microscopy, our laboratory first
recognized the great abundance of Synechococcus in
closed (Takapoto Charpy et al. 1992) and open
{Tikehau Blanchot et al. 1989) atoll lagoons. We
found that the <lpm fraction was responsible for more
than 60% of the phytoplanktonic biomass and production
(Charpy et al. 1992).

The first descriptions of Prochlorococcus in coral reef
environments were done in the Pacific ocean,
specifically © in Fijians waters and the Tuamotu
archipelago (Blanchot 1996; Charpy and Blanchot 1996).

Our aims in this study are :

1) To determine the relationship between the
geomorphology of atolls and the phytoplankton biomass
and community structure

2} To quantify the relative contributions of

Prochlorococcus anc Synechococcus to total
phytoplankton production

MATERIAL AND METHODS

Samples of phytoplankton from eleven Tuamotu atoll
lagoons (Fig. 1) waere counted and identified in
November 1994 (Takapcto) and November 1995 {Kauehi,
Tairao, Tepoto, Hiti, Haraiki, Tekokota, Hikueru,
Marokau, Reka-Reka anc Nihiru). Characteristics of the

atolls appear in Table 1.

Sampling were collected from 6 stations in the Takapoto
lagoon at 5 m depth intervals and at 5 stations in
other atolls (surface and near the bottom). One oceanic
station was sampled in 1994 (5, 20, 30, 50, 60, 80, 90,
100, 110, 120 and 150 m) and surface samples were
collected at five oceanic stations in 1995,

Water samples were taken with a 5 1 Niskin bottle
fitted with a Teflon spring.

WA

Table 1: Characteristics of the eleven prospected
atolls. S = lagoon surface ({(km?), NP = number of
passage, BAD -~ Estlmated average depth (m).

Atoll Latitude Longitude S NP EAD
Kauehi 15°5078 145°09'w  320.0 1 50
Taiaro 15°45'S 144°38’ 9.2 0 15
Tepoto Sud 16°44’s 144°17'W 2.0 1 5
Hiti 16°43's 144°17'W 24.0 0 10
Haraiki 17°28'Ss 143°26'W 11.0 1 10
Tekokota 17°19's 142°34'W 3.0 1 3
Hikueru 17°35'8 142°38'W 79.1 0 25
Marokau 18°03’8 142°16'Ww  219.7 1 30
Reka-Reka 16°50’S 141°55'W 3.3 0 1
Nihiru 16°41’8 142°50'W 88.0 0 20
Takapoto 14°30'S 145°20'W 77.8 Q 23
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Fig. 1: Location of prospected atolls
Samples for population enumerations and for

chlorophyll-a analyses (Chl) were stored in an ice box
and kept in the dark. Filtrations and size separations
({total, >3um, >lum) were completed within an hour after
sampling. Nuclepore (3pm and 1pm) and GF/F filters were
used. Chl was estimated by fluorimetry (Yentsch and
Menzel 1963).

The methods used for enumeration of populations has
been described by Partensky et al. (in press) and
Blanchot and Rodier (in press). Briefly, samples were
counted with a Becton-Dickinson FACScan flow cytometer.
Takapoto samples were counted when live (November 1994}
and the other samples were fixed with paraformaldehyde
to give a final concentration of 1%, then were kept for
10 minutes in the dark, frozen in liquid nitrogen and
stored at -20°C until analysed. The analysis of the
fixed material was done within a month after sampling.
The excitation source was a blue laser beam (15 mV, 488

nm), the red fluorescence (RF) of the chlorophyll was
analyzed with wave lengths >650nm. In order to
callbrate the fluorescence and estimate the voluwe
counted, known quantities of fluorescent beads

{Polyscience, 2pm) were added to each sample.
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Sub-samples used for measuring primary production were .
incubated between 10:00 hr and 14:00 hr in 200 ml Differences in phytoplankton community composition can
polycarbonate bottles with 2 nCi of Mc. In Takapoto, be observed between atoll lagoons : Prochlorococcus
samples were incubated in situ at 0, 5, 10, 15, 20, 25 were particularly abundant in Hiti lagoon (280 10° % 19
m depth. In the other atolls, all incubations were made 10 cells ml™'),and Synechococcus in Tepoto Sud and
in a deck incubator with tlowing water and natural Haralki, (280 10"  and 1950 107 cells ml™).
light, wusing the clean technique (Fitzwater et al. Picoeukaryotes were considerably less abundant, with
(1982). Filtrations and size fractionations used the maxima in Takapoto, Tairao and Tepoto (2.4, 2.5 and 1.8
same filters and filtering protocoles as for 10° cells ml™') (Fig. 3).
chlorophyll. Radioactive counts were made using a
liquid scintillation spectrometer (Packard). The sizes of the two dominant photoautotrophic

prokaryotes, Prochlorococcus and Synechococcus was less
than 1lpm (Charpy et al. 1992; Charpy and Blanchot 1996)

RESULTS AND DISCUSSIOM and their summed abundances were correlated (R = 0.67,
n = 144) with the Chl<lpm concentration (Fig. 4)

The eleven atolls may be separated into 4 groups

according to phytoplankton biomass as estimated by

chlorophyll (Table 2, Fig. 2} : Reka-Reka (0.566 ug 1° 00
Y), Takapoto, Taiaro, Hiti, Haraiki (0.234 - 0.268 pg 1° 300000 -
!y, Kauehi, Tepoto Sud, Hikueru, Marokau, Nihiru (0.156 h
-0.193 pg 1°') and Tekokota (0.018 ng 17%). -
]
i
0.4 §I | 90 , ;L ‘a
2 Sl 5 $ % p 150000
H T T N 3
] O IV il o)
d0.2 1 60 Ta 7 9 -
o b ) . L 0 T
o 1 (3]
g it e

[w]
+
i
(8,15
—+=
| S
+ 1
-
8 &3
-
e &
K > I
[2]
=
L=
=
—
i
i
=)
=

o
, 300000;

% Chl 3-1 pm
= W
n o
H—
Hikueru —————;E"————
% Chl >3um
3,1 oo
—Et
Mol |
[R=p |
[}
7

+ 7
s il Tm% r "T lg i
o o il LIl 1500001
2e30T8RA4R85  ZTUIBEILRsd g
e AHA00M8O-400 QINUJH-AOOMOEOO pany
9.4 med3oma o 3.4 MaMdioma A0 145}
gmo HO HlsA©O QNO HOM I-A @O Q;
B M N gmzx B0 8 A4« [
2 mg=EG 84 5 FAEEG SE Mg | E
g LI ) @ "8 f“ T4
8 g 0 & - I
© © 3000

Fig. 2: Average * SE of chlorophyll concentrations
(Chl) and percentages of Chl in the 3 size fractions in =
the eleven atoll lagoons. m
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The high chlorophyll concentration observed in the
Reka-Reka lagoon can be explained through the 1500- J_
resuspension of benthic microphytes due to the O
shallowness of the lagoon {1 m}. 3 -
The second group of atolls is heterogeneous, composed (a1} ﬂ']' M
of one medium-sized lagoon with average depth > 20 m = EE
{Takapoto) and two small lagoons with an average depth g, I L
= 10 m (Tairao and Haraiki), all with one (Haraiki) or J ?% ? % “
no passage. 0 -
T T 1 1 T T T T T T T 1
The third group of atolls is also heterogeneous, A 0TV A @33 83 0 G
comprised of large (Kauehi and Marokau), medium S 43P P Ut MNP O
{Hikueru and Nihiru) and small (Tepoto Sud) lagoons Odnn-Ad-A 0 QOMOA OO
with one passage. 3 A T oM DJoOoOMg 040
M @S O H oM HI A @O
The low chlorophyll content of the Tekokota lagoon can MEe P @ A el g ] ':‘é ~
be readily explained by its open exchange with the & o g o ':; = o
ocean. Previously, Delesalle and Sournia (1992) Q [ P
observed a linear relationship between residence time 2 [/}
and phytoplankton chlorophyll concentrations. 1]
o]
With two exceptions (Tairao 38% and Tekokota 38%), the O
percentage of Chl passing through the lpm filter was Fig. 3: Average * SE of abundances of Prochlorococcus
between 58% (Nihiru) ard 82 % (Hiti) in all the lagoons (Proc), Synechococcus {Syn) and picoeukaryotes (Pico)
(Fig. 2). Similar higher percentages were previously in eleven atoll lagoons and coastal ocean.

observed in Tikehau (Blanchot et al. 1989) and in
Takapoto atolls (Charpy et al. 1992; Charpy and
Blanchot 1996).



Prochlorococcus and Synechococcus in Atoll Lagoons

817

Table 2: Average t SE of chlorophyll concentration, percentages of Chl in different size fractions,
phytoplankton abundance and percentage of in vivo red fluorescence (RF) in 11 Tuamotu atoll lagoons

and surrounding surface oceanic waters.

Atoll Chlorophylle-a Prochlorococcus Synechococcus Picoeukaryotes
pg 170 % <lum $ 1-3um % >3pym  cell/ml % RF cell/ml % RF cell/ml % RF
Kauehi 0.156 63.2 21.8 15.0 g2756 11.3 32094  75.9 650 12.8
S.E. 0.012 1.3 1.1 0.8 6572 1.9 4819 4.7 130 2.9
Taiaro 0.268 38.3 19.8 41.8 12890 2.1 44180 52.8 2500 45.1
S.E. 0.022 4.6 4.8 5.1 1036 0.2 2297 2.3 35 2.2
Tepoto Sud 0.193 78.3 8.7 13.0 12297 0.4 271687 93.8 1835 5.8
S.E. 0.013 2.3 0.7 2.1 1130 0.1 16554 1.2 450 1.2
Hiti 0.234 82.3 7.2 10.5 280668 40.2 66288 53.5 378 6.4
S.E. 0.041 1.4 0.4 1.1 18967 1.6 4027 1.6 22 0.5
Haraiki 0.260 67.1 20.6 12.3 12630 2.2 190148 96.6 105 1.3
S.E. 0.037 1.7 3.5 2.0 3762 1.0 26768 1.1 22 a.4
Tokokata Q.01 34,2 19.9 41.9 2015 14.3 105 17.3 34 68,4
S.E. 0.004 5.9 3.9 5.1 1510 5.3 16 4.1 14 6.0
Hikueru 0.192 63.7 20.6 15.7 17888 3.6 43775 82.9 490 13.4
S.E. 0.052 1.6 1.7 2.9 5020 0.5 7579 3.3 125 3.7
Marokau 0.175 61.1 12.0 26.9 88272 16.4 39133  75.4 265 8.1
S.E. 0.043 2.5 1.0 1.8 8238 3.1 4778 5.9 23 3.1
Reka~Reka 0.566 67.3 18.4 14.3 1147 1.0 7140 26.3 423 72.1
S.E. 0.055 267 0.3 1049 4.3 52 4.5
Nihiru 0.158 58.2 15.3 26.4 55850 9.2 49708 86.8 237 4.0
S.E. 0.01¢6 4.3 3.7 1.6 7669 0.9 6219 1.5 23 0.7
Takapoto 0.250 69.5 16.2 14.2 25714 2.0 97116 56.7 2433 41.3
S.E, 0.010 0.8 0.5 0.5 1474 0.1 5091 1.8 72 1.9
Ocean 0.056 76.3 12.7 11.0 43560 36.1 7832 35.4 656 28.5
S.E. 0.007 2.9 2.7 1.6 13888 11.9 6812 12.9 389 7.9
500000 — if we use only data from Takapoto, where the RF was
measured in vivo.
J
Therefore, we have to cautiously use the % of RF to
— estimate the contribution of each taxa to phytoplankton
H N biomass.
~ In most of atells, prokaryotic phytoplankton dominated.
g The two notable exceptions were the atypical atolls,
) Tairao and Tekokota, where the contribution of RF by
o the plcoeukaryotes was high, 45% and 68% respectively.
a‘ 250000 — The shallow lagoon of Reka-Reka was also an exception
I haven 67% of Chl in the <lpm fraction, presumably
.sé prokaryotes, but with 73% of RF due to picoeukaryotes.
g‘ At this stage we cannot interpret this contradiction.
8 i In surrounding oceanic waters, Prochlorococcus and
& Synechococcus dominated the phytoplankton at the
surface with 36.1% and 35.4% of RF respectively. For
the 150 m water column close to Takapoto (Fig. 6},
Prochlorococcus, Synechococcus and picoeukaryotes had
effective dominances of 42.3%, 5.3% and 52.4%
0— # T I T I T [ Y ] respectively.
0.0 0.1 0.2 0.3 0.4 The percentage of primary production in the <lpm
Chl<l 1 fraction varied between 32% {Reka-Reka) and 72%
Lo m / (Kauehi) ({Table 3) and was correlated {R=0.60, n=86)
Fig. 4: Abundances of picoprokaryotes vs chlarophyll with the percentage of Chl in cells smaller than Ipm

{Chl) < lpm in Tuamotu atoll lagoons.

The percentage of cells with red autofluorescence (RF)
(Fig. 5) was poorly correlated with the percentage of
Chl<lpm (R=0.34). This poor correlation was probably
due to the fact that RF was measured in fixed samples
during the November 1995 expedition (Partensky et al.
in press). Indeed, the correlation was better (R=0.46)

(Flg. 7).

The proportion of primary production associated with
cells <lpm was also correlated (R=0.77, n=30) with the
proportion of 1living RF of picophotoprokaryotes
{Prochlorococcus + Synechococcus) measured in Takapoto
(Fig. 8}.
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This correlation was lower with RF measured in fixed

samples (R=0.64, n=60), but was good enough to use as
an estimation of theé taxonomic contribution to primary % of RF % of RF
production. Using the % of RF from Table 2, 20 40 60 0 5 10
Synechococcus was the dominant taxon in the majority of 0" T —1 r T 1
the lagoons, contributing for more than 70% of the 1
primary production in Kauehi, Tepoto Sud, Haraiki, Proc s
Hikueru, Marokau and Nihiru. Picoceukaryotes were yn
dominant in Tekokota primary production (68%) and Reka- —
Reka (73%). Prochlorococcus were dominant in the I} 50 =~
primary production of coastal oceanic waters (36%) and
were also important in the Hiti lagoon (40%). ﬁ
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L m
o sof| B |F +
Iy (] Table 3: Average of percentages of primary
m EE production in different size fractions in 11
- - Tuamotu atoll lagoons and surrounding surface
oe Eu oceanic waters. S.E. = Standard error.
0. Atoll $ <ipm % 1-3pm % >3um % <3pm
100, Kauehi 72.2 13.3 9.2 50.8
lo) S.E. 2.5 2.3 7 0.7
[ @] Taiaro 34.7 16.5 47.6 52.4
'5: TE EE S.E. 5.2 1.4 6.1 6.1
7 Tepoto Sud 62.1 24.6 12.3 87.7
’43 504| o S.E. 0.9 0.8 5 0.5
I Hiti 65.1 9.3 22.6 77.4
Iy 5.E. 1.2 0.8 1.1 1.1
o p
L Haraiki 69.2 19.7 9.9 90.1
il
oe m By 5.E. 1.5 1.4 0.3 0.3
L - =
0 - Tekokota 32.3 9.2 33.6 66.5
L L 5.E. 3.7 1.9 5.3 5.3
. -
E 8 'g Ks) ._;4-' ,S g g 'S g _8 g Hikueru 45.8 30.0 21.7 78.3
o wn-d-d O QM OA OO
3 H Q2 5 0M.o 00 S.E. 3.7 5.3 2.5 2.5
h‘g g 3 3,3 -ﬁ g “62 's o Marokau 47.2 8.3 39.3 60.7
1] m oo m s A g ~ S.E. 1.4 2.3 2.2 2.2
Q. B (] B
@ [24 42 Reka-Reka 45.5 39.1 15.0 85.0
& g S.E. 1.1 2.0 1.7 1.1
8 Nihiru 50.8 13.4 33.1 66.9
Fig. 5: Average t SE contribution of Prochlorococcus 5.E. 1.8 0.8 2.1 2.1
(Proc), Synechococcus (Syn) and Picoeukaryotes (Pico) Takapoto 57.0 23.0 20.0 80.0
to the red autofluorescence (RF}. S.E. 2.0 1.0 2.0 2.0
Ocean 45.3 20.1 14.9 85.2
S.E. 0.2 1.5 2.6 2.6
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Fig. 7: Percentage of chlorophyll (Chl} vs percentage

of primary production {PP} in the < 1lpm fraction in
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Fig. B: Percentage of primary production (PP} < lpm vs
percentage aof living red fluorescence (RF) of
procaryotes in Takapota atoll lagoons

SUMMARY CONCLUSIONS

Prochlorococcus and Synechococcus dominated
phytoplankton biomass and primary production in 9 of 11
atolls sampled. Differences observed in the
phytoplankton biomass and taxonomic composition are not
yet explained, but they are likely to be related to the
residence time of lagoon waters and/or nutrient
contents.
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