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ABSTRACT

Phytoplanktonic and microphytobenthic production

of Tikehau lagoon were studied from 1983 to 1287

Phytoplanktonlc production estlmats X the
method is relativey high (O 44pCom ) in spite
of a low biomass (g 19T )y espec1ally at the
surface (4+lmgCem >»h™"). It is correlated with the
percentage of organisms of a size of less than Spm
which is of 61% on the average.

Microphytobenthic production of sands, estimated
by 0, budget, is strongly related to light energy
and goes not show any photo-inhibition. The mean
production of_the lagoon was calculated to
O.ZSgC-m_z-d_ , i1.e. lower than phytoplanktonic
production with a factor of 1.8. The microphytoben-
thic biomass presents an important micro-
heterogenity; the efficiency of the benthic photo-
sysynthetic system is not as good (2.6mgCemgChloro-
phyll™eh™) as that of thtoplankton
(9. 6mgC-mgChlorophyll

INTRODUCTION

The atolls of French Polynesia are located in one
of the least productive ocean of the world; in
fact, they are situated in a large anticyclonic
gyre (BLACKBURN, 1981), the waters of which are low
in nutrients. The load of organic particles of
atoll lagoons is three to five times higher than
that of the neighboring ocean waters (CHARPY,
1985); the origin of this organic matter may be to
the primary production.of the lagoon (phytoplankton
and phytobenthos) or the production of detritus by
the reef.

The goal of this work is to make an estimate of
phytoplankton and sand microphyte production; it
has been carried out within the framework of the
ATOLL program by the ORSTOM Center of Tahiti.

MATERTAL. AND METHODS

Sampling stations

We have chosen the atoll of Tikehau as a study site
since it can be considered. , due to its geomorpho-
logy, as being representative of the "open" atolls
of the Tuamotu Archipelago. Its lagoon has_an_ave-
rage depth of 25 metres and a volume of 10 O3
(LENHARDT, 1987); its bottom is mainly composed of
fine to very fine sand (INTES & ARNAUDIN, 1987) and
has an important bioturbation.

The investigated stations are mainly in the sou-—
thern part of the lagoon, in the immediate neigh-
borhood of the laboratory (Fig.l). Measurements of
phytoplanktonic production covered the 1983-1987
period and microphytobenthic production the 1985-
1987 period.
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Figure 1. Locations of in _situ productivity measu-
rements.

Methods

Phytoplanktonic production

Carbon 1nco£poration rates were estimated by mea-
suring the 14C incorporated after in situ incuba-
tion in transparent and dark vials of borosilicate
of 300ml in capacity. The tuval content of the
vials was filtered on GF/F filters and the filter
rinsed with 10ml of HC1 (0.1N). Radioactivity was
measured by liquid scintillation with quenching
correction. The total concentration of CO, was cal-
culated from alkalinity (STRICKLAND & PARSONS,
1972); we used the reading 24gC.m -, a mean of 12
measures. Incubations were duplicated and results,
in general, showed a difference of no more than 107%
between duplicates.

Phytobenthic production

Primary production has ben estimated by O, bud-
gets, measured within clear and dark plexiglass do-
mes. For depths less than 12m, we used a YSI probe
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equipped with a high sensitivity membrane; for lar-
ger depths, 120ml of water was taken by a syringe . .
in the domes and dissolved O, measured using the Table 2 hmmryofp?dwtwnam chiorophyll data fron
WINKLER method. Reproductibility of results had Pacitic Lagoons. R&Y= RYTHER and YENTH (1957).
been tested in a previous work (CHARPY-ROUBAUD, ) )
1986a). Loration  tethod Froduction Chlorophyll Reterence
nglen=eh™* pgen3
Phytoplankton biomass Mr@au
Eniuatok 02 1.67 0,35 SBARGENT & AUSTIN (49)
Chlorophyll and phaeophytin were measured by fluo- Enivetok e 0.73 DOTY & CAPURRD (510
rescence after filtering i00 to 300 ml of water on Rangelap ?f 0.42 0.17 SARGENT & AUSTIN (49)
GF/F filters (YENTSCH & MENZEL, 1963). P:tlv:ﬁelap C 0,44 DOTY & CAPURRD. (61}
Inayama Bay RAY n = HOTODA {&9)
Microphytobenthic biomass ﬁzgg“ge Rk @ - '
The preliminary measurements made to define the ﬁamom Bay *4C 3.39 0.9 DOTY & CAPURRD (61)
strategy for sampling and analysis are set out in a ?915“"“ " .
previous work (CHARPY-ROUBAUD, 1986b). Sampling anning ¢ 7.29 0,35
were done by divers using a core (2.7cm diameter); Tuanotu re
the extractions were performed on fresh sediment Tﬂapto MC 0.4-3.1 0.46 SOURNIA & RICARD (76)
with 907 acetone. Measurements were made by fluori- Hataiva “C 2.3-%.0 0.7  DELESALLE & al. (83)
metry for functional chlorophyll and by spectropho- TWemu MC nn 0.18 This pager )
tometry for Eotal'chlorophyll. Results are expres— Rangiraa ”Q 3.4 0,20 CHARPY W“Wh”SJ
sed in mg.m™“ for each 0.5cm thick layer of sedi- Toau “C 0.64 0,14 CHARRY (unpublis. ]
ment. Hoorea (¥ §-22 0.05 GOURNIA & RICARD (82)
Tahiti 1ag 9-17 0,08 ¢
RESULTS AND DISCUSSION
Phytoplanktonic production O8] ™ enetay ™
Table 1 gives an account of the averages of mean 0.36] ™, '”MF
Carbon Assimilation rates (AC) by depth; we observe g D
that AC is clearly higher at the surface than other ] -
depths. o 03 -
e ] £
Table 1 : Averages of carbon assimilation o r vég
(AC) and assimilation number (AN) in %oﬂst ,,,,,, e E
relation with depth. z y L Te
g A - g2
80,22+ g
depth n A AN 5 A s
(m) (mgC°m"g-h“1) (mgC-mgChl'l'h“l) 1 Chlocophit ;7
.18~ "
0-2 52 3.92 +1.02 21.1 + 7.5 j r
%
2 _5 22 2'27i0‘67 13‘0i5‘1 0.14 r—rnlz”“i”“l”“;““é“l‘!/”“la“”é““.lg““|l1““1lg‘-"
Month
5-10 42 2.68 +1.33 13.5 + 4.9 Figure 2. Integrated phytoplankton production AC
10 -15 21 2.00 +0.72  11.2 £ 5.6 (depth 15m)
Phytoplankton biomass is low: 0.19+0.0lmgem™ but
15-20 7 1.17 + 1.15 4.7£3.5 this average is typical of coral reef waters (JEF-
20 - 2% 2 0.54 4.2 FREY, 1968); contrary to production, biomass is

This lack of photoinhibition has already been ob-
served in other atolls of Tuamotu: SOURNIA & RICARD
(1976) in Takapoto and DELESALLE et al (1985) in
Mataiva. The AC readin% (average of the first 15
metres): 2.7mgC.m“3.h“ , can be compared to other
lagoon production data in the Pacific in Table 2
(extract in part from GORDON et al, 1971).

In Figure 2 we have shown phytoplankton production
integrated up to 15 metres, according to the month
of the year. We note that production drops sharply
during May, June and August. This decrease is cor-
related with the reduction of light energy.
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higher in May, June and July; LE BORGNE et al, (in
press) have shown that zooplankton can ingest all
daily phytoplanktonic production, especially when
the salpa Thalia democratica is abundant as obser-
ved in summer. The increase of phytoplankton in
coldest months could therefore be due to a decrease
in the activity of zooplankton.

Phytoplaktonic Erod ction is correlated with light
energy (Eh: Eem % h™") with a correlation coeffi-
cient equal to 0.38 where n=43; we can estimate AC
using the multiplicative model (Fig.3):

AC=0.39-En0-23 (1)

Daily production in the lagoon (PPKJ) is obtained
by using the bathymetric edges provided by LENHARDT
(1987) by the equation®




PPKJ=PO_5 . So_5+P5_10 . 85—10+' . +P35__40-535_40

where P=mgC'm_?‘-d_1 for the intermediary depth of
bathymetric edges (2.5m, 7.5m, 12.5m, 17.5m, 22.5m,
27.5m, 32.5m, 37.5m) and S= surface of bathymetric
edges.

Deeper than 24m, AC values.were calculated using
equation 1 and annual means of light energy at dif-
ferent depths. )

Therefore, for the gntire lagoon, phytoplankton
production ii 17?-10 gC-d_14 i.e. a mean production
of 0.44gCem “ed™".
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Figure 3. Multiplicative model AC versus Eh (hourly
light energy at incubation depth level).

The representative assimilation number (AN) for
the entire lagoon can be estimated by gsin§ the
average of hourly production (44mgCem % h™') and
the averags of integrated chlorophyll over 25m
(4.86mgem™ “): it is equal to 9mgC-mgChlorophyll_4
wh™ . This value is of the same order as that gi-
ven by TAKAHASHI & BIENFANG (1983) for picoplankton
in Hawaiian waters, but lower than that given by
GRIFFITHS (1976) for the Great Barrior Reef (14.4);
it is characteristic of small-sized phytoplankton.
The works by CHARPY (1985) and BLANCHOT et al (in
press) has peviously shown that an important part
of the phytoplankton of Tikehau lagoon is made up
of cells, the size of which is less than 5im, with
cyanobacteria dominating. FURNAS & MITCHELL (1986)
observed that picoplankton frequently made up more
than 50% of the chlorophyll standing crop.

Table 3 alows one to compare the phytoplanktonic
production of waters pre-filtered on NUCLEPORE Spm
(AC<5) with that of non pre-filtered waters (ACt).
We observe that the percentage of total production
due to phytoplankton of a size of less than 5Sym va-
ries between 137 to 90% with a mean of 38+10% whe-
reas the percentage of chlorophyllian organisms of
a size of less than Spm is of 61+12% on the average
in non pre-filtered waters. One oberves a signifi-
cant correlationbétween ACt and the percentage of
chlorophyl passing through a filter with a pore
size of 5pm (7ZChlo¢5): R=0.51; the equation of the
regression line of ACt versus ZChlo{5 is (TFig.4) :

ACt=0.024%1073(4+4+1073)+ ZChlof 5+1.1(+0.2)
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Table 3: Poytoplankton Carbon assimilation
(mgCom-2-h-1) in samples filtred on 5pm (AKX5)
and without filtration (ACt); AN=assimilation
number (mgC meChlorophyll-1 h-1);ZAC=AC(5-100/ACt;
Zhlo=percent of chlorophyll passing Sym.

date st . depth ACt ACGS ZC ANt AN«s Zanlo
07/24/83 2 0 4.9 23 4 133 7.3 &
5 2.8 2.3 8 7.4 64 9%
10 32 1.8 % 90 49 9
07/26/83 ° 9 0 4.0 2.6 65 147 140 68
5 3.1 28 9 100 124 73
10 3.7 20 53 11.8 8.6 T4
11/23/84 6 0 5.6 2.5 4 18,7 12.4 67
1/24/86 6 0 2.6 1.5 58 11.7 83 8
2 25 1.3 5 124 7.2 9
10 3.6 1.5 4 17.2 83 8
15 2.5 1.1 4 13.2 61 95
4 05 0.2 45 31 1.4 &
10 2.4 03 13 195 2.6 %
0L/27/85 6 0 2.2 0.4 18 100 3.9 47
07/12/85 6 0 4.5 0.6 14 154 3.8 54
08/13/85 6 0 2.1 0.3 1% 102 49
2 1.4 02 14 55 45 17
4 1503 20 7.9 57 28
6 1.4 02 15 82 45 2%
8 1.1 0.2 18 7.0 4.1 31
10 09 0.2 B 47 57 18
15 0.7 0.1 18 3.3 2.6 18
08/14/85 6 0 1.2 0.3 25 5.5 3.1 &
average 38 61
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Figure 4. Regression line of carbon assimilation
(ACt) versus percentage of chlorophyll pasing

through 5 m filter (% Chi{5).

It seems to be that the smallest cclls are being
differentially ruptured to a greater degree than
the larger cells, thus leading to an underestimate
of C uptake (but not chlorophyll content) of the
smallest cells. This fact was yet described by FUR-
NAS (1987). The rupture of larger cells containing



more chlorophyll per cell can increase the chloro-
phyll concentration in the filtered sample, however

microscopic examinations in april 1986 (BLANCHOT et

al., in press) confirm the dominance of smallest
cells.

Microphytobenthic Production

In order to observe the influence of light energy
on the net oxygen production in transparent tanks,
measurements of 0, budgets were realized in a con-
tinuous manner at depth. One observes when one
groups the experiences together a very high signi-
ficant correlation (R = 0.7, n = 91) between the
energy and net production. This very high linear
correlation allows one to make use of the equation
by LEACH (1970) and RIZNYCK (1978) in order to es—
timate daily production (PBJ) using incubations of
short duration.

-1
PBJ (mg0y.m™ 2)= ity B -Beogo )
where :
P = Net productlon during the incubation period

(t—
w to)(mgO em %),
= Incidental daily energy (Eem~ 'J—l)

Et— = Inﬁldental energy during the incubation pe-
(g
riod (Eem

Fifty incubations of short duration (2 to 4 hours)
were made at different stations and times ; the
factor explaining the most variance is the depth of
the station with 15 7, followed by light energy
with 11 Z. PBJ and depth are linked by'the rela-
tion.

PBJ=-25.5 (+ 2.5)*Depth+1005 {+ 28.6) (2)

The standard estimation error in the estimation of
PBJ with equation (2) is 39Omg02-m_2'j"1, i.e. 106
% of the net production corresponding to an average
depth of 25 metres.

The production of 02 can be transformed into the
gross production of carbon (PBJC) by the equation
of McCLOSKEY et al. (1978) :

PBCJ (gCem™2+371) = (PBJ*0.375+PQ)+(R=0.375+RQ) (3)
where R = Respiration during daytime ; we have ta-
ken the mean of hourly resglra ion measured in the
dark tanks : 31 + 7mgOy*m , multiplied by 10
hours. PQ and RQ = photosynthetic and respiratory
coefficients chosen as being equal to 1 as RAVEN
(1976) & McCLOSKEY et al. (1978) advise.

We can therefore calculate the PBJ of the interme-
diary depths of the bathymetric edges (0-5, 5-10,
10-15, 15-20, 20-25, 30-35, 35-40) by equation (2)
and transform them into PBCJ by equation (3). The
production of bathymetric edges is obtained by mul-
tiplying the PBCJ by the bdthymetric surface areas
provided by LENHARDT (1987); the total represents
overall microghytobenthos production of the lagoon,
i.e. : 100:10° gCej7~, which gives a mean PBCJ of
0.25 gC'm—z-J This value is of the same order as
the production values for tropical marine sediments
(refer to table in CHARPY-ROUBAUD, 1986a).

The biomass of microphytobenthas was measured on
185 samples, at different stations and at different
times. No significant trend can be seen, probably
because of the high intra-station heterogeneity. In
fact, the coefficients of variation of total and
active chlorophyll were estimated on 34 samples at

same station at respectively 41 % and 73 % of the
biomass avera§e The general averages are :
19.7+1.6mg.m_“ for total chlorophyll and
9.6+1.4mg.m™“ for functional chlorophyll. The assi~
milation number calculated by using the latter mean
is equal to 2.6mgCemgChlorophyll "« h™

Comparison of phytoplankton — phytobenthos.

Figure 5 allows comparison of benthic (PBCJ) and
planktonic productions (PPKJ). PBCJ exeeds PPKJ in
the 0-10 metre bathymetric edge (2.7% of the surfa-
ce area of the lagoon), whilst both of these pro-
ductions are equivalent for depths of between 10 to
15 metres (5.7% of the lagonary surface area) and
PPKJ exeeds PBIC in the remaining 927 of the la-
goon). On the average, PPKJ therefore exeds PBJC by
a factor of 1.8. This fact is due to the relatively
importance of depth of the lagoon where 927 of the
bottom are over 15 metres in depth. However, this
comparison should be treated with caution since the
methodologies used to estimate PPKJ an PBJC are

totally different (assimilation of *“C and 02 bud-
get).
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Figure 5. Comparison between phytoplanktonic (PPKJ)
and Phytobenthic (PBCJ) production.
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Figure 6. Phytobenthic production (PBCH) versus
light energy (Eh).
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The efficiency of the plankton photosynthetic sys-
tem is better than that of the_ benthic system (9

against 2.6 mgC-mgChlorophyll'l-h_ , which indica-
tes a turnover three times faster.

One can compare the response of both of these pho-
tosynthetic systems to light by comparing the re-
gression AC versus Eh (Fig. 3) wi%h that of hourly

benthic production (PBCH : mgCem™ -h'l) in Eh (Fig.
6).

These curves have the same shape but the correla-
tion between energy and production is higher for
benthos (R = 0.66) than for plankton (R = 0.38).

CONCLUSTON

In the lagoon of the atoll of Tikehau, daily_phyto-
planktonic production (average of 0.44 gCem <) de-
creases during the southern summer whereas biomass
increases. Phytoplankton smaller than 5 pm repre-
sent an important part of the total phytoplanktonic
production (61%). Total phytoplanktonic production
is positively correlated with the ‘percentage of
small sized organisms. Mesurements of the incorpo-
ration rate of carbon by phytoplankton in waters
pre-filtered on 5 pm filters gives a mean produc-
tion for these organisms equal to 38% of the total
production ; therefore, a rupturirng of cells proba-
bly occurs during the pre~filtration and the con-
tribution of picoplamkton to phytoplanktonic pro-
duction may be at least of the same order as for
biomass (61%). The mean_daily production of micro-
phytobenthos (0.25gC.m™*) is less than that of
plankton by a factor of 1.8. It is strogly correla-
ted to light energy and its assimilation number is
3.5 times lower than that of phytoplankton.
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