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Abstract
The relative contribution of soft bottoms. to the community metabolism (primary production,
respiration and net calcification) of a barrier reef flat has been investigated at Moorea (French
Polynesia). Community metabolism of the sedimentary area was estimated using in situ
incubations in perspex chambers, and compared with estimates of community metabolism of the
whole reef flat obtained using a Lagrangian technique (Gattuso et al., 1996. Carbon flux in coral
reefs. 1. Lagrangian measurement of community metabolism and resulting &-sea CO, disequilibrium. Mar. Ecol. Prog. Ser. 145, 109-121). Net organic carbon production (E), respiration
(R) and net calcification (G) of sediments were measured by seven incubations performed in
triplicate at different irradiance. Respiration and environmental parameters were also measured at
four randomly selected additional stations. A model of Photosynthesis-irradiance allowed to
calculate oxygen (O2),organic carbon (CO,) and calcium carbonate (Caco,) evolution from
surface irradiance during a diel cycle. As chlorophyll a content of the sediment was not
significantly different between stations, primary production of the sediment was considered as
homogeneous for the whole lagoon. Thus, carbon production at the test station can be modelled
from surface light irradiance. The modelled respiration was two times higher at the test station
than the mean respiration of the barrier reef, and thus underestimated sediment contribution to
excess production. Sediments cover 40-60% of the surface and accounted for 2.8-4.1% of organic
carbon excess production estimated with the modelled R and 21-32% when mean R value was
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considered. The sedimentary CaCO, budget was a very minor component of the whole reef
budget. O 1998 Elsevier Science BY
Keywords: Coral reef; Community metabolism; O, and CO, budgets; Calcification; Sediment

1. Introduction
High gross primary production (P,) of coral reefs is generally attributed to coral and
algal structures and little attention has been paid to the contribution of sediment patches
around coral heads (Sorokin, 1993). However, coral cover seldom exceeds 70% in most
barrier reefs and soft-bottoms constitute large areas in most lagoons, sometimes covered
by seagrass beds. Sediments could have a significant contribution to reef biogeochemistry as sinks of carbon (Buddemeier, 1996), as they are sites of organic matter storage,
active bacterial activity and diagenesis. Carbonate sands result from the mechanical
degradation of reef structures, and bioerosion of coral heads and calcareous algae
(Harmelin-Vivien et al., 1992; Le Campion-Alsumard et al., 1993; Peyrot-Clausade et
al., 1995). However, coral debris never constitutes a dominant element of lagoonal
sediments and most sands are, characterized by molluscs, foraminifers and Halimeda
biofacies (Chevillon, 1996). Sediments are also subjected to passive (Tribble et al.,
1990; Walter et al., 1993) or active dissolution of CaCO, via microbiota activity
(Peyré-Venec, 1987). However, they can also display significant CaCO, deposition as
sand grains are sometimes covered with a dense coating of calcareous microalgae and
harbour large populations of foraminiferans (Le Calvez and Salvat, 1980).
Studies on community metabolism typically rely on measurements of changes of
dissolved inorganic carbon, total alkalinity and dissolved oxygen of a water mass as it
flows above the system of interest (Lagrangian method) or in isolated bodies of water
(incubation method). The first method enables the measurement of community metabolism of shallow-water reef systems (reviewed by Kinsey, 1985a,b; Smith, 1995). The
reef flat is characterized by different physiographic zones and represents a combination
of habitats for corals, plants and for organisms inhabiting sand and rubble. The second
method allows measurement in situ of the community metabolism of the various
components of a reef system (corals, algae, rubble, sediment: Payri, 1987; Gattuso and
Jaubert, 1990; Boucher et al., 1994; Clavier et al., 1994; Yap et al., 1994). The reef
metabolic budget is sometimes reconstructed from the sum of the different components
weighted by their areal surface cover (Nakamori et al., 1992). Both methods seek to
measure net or excess community production (E), and respiration (R) in order to
calculate gross production (P, = E i-R ) as well as the inorganic carbon production also
termed net calcification (G).
The aim of this study is to estimate the relative contribution of soft bottoms to global
production of organic carbon and calcium carbonate of the Tiahura barrier reef flat
(Moorea, French Polynesia). Data related to the community metabolism of the whole
barrier reef were published in a companion paper (Gattuso et al., 1996).
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2. Methods
2.1. Study site

The Tiahura barrier reef (Fig. 1). located on the NW coast of the Island of Moorea
(17"29'S, 149"54'W), has been intensively studied during the past 25 years. Descriptions
of the spatial variability of benthic assemblages can be found in Richard (1982) and
Galzin (1985). The barrier reef flat is separated from the fringing reef by a narrow
drainage channel (about 6 m deep and 100 m wide) exhibiting rather strong currents. The
barrier reef at Tiahura is ca. 490 m wide and 1.3 m deep (0-3 m) and the fringing reef is
ca. 250 m wide and less than 1 m deep. The tidal range is lower than 0.4 m. Oceanic
water crosses the front reef and drains the barrier reef up to the drainage channel where a
strong current flushes the lagoon through the Taotoi Pass.

U

e

Fig. 1. Location of the investigated stations and logger deployment on the Tiahura transect (Moorea Island,
French Polynesia). St 1-4, DCMU-inhibited incubations at light; St 5,test diel cycle station at ambient light.
Arrows indicate the transit of oceanic water through the banier reef.
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2.2. Sediment production and respiration

2.2.1. Experimental set up
One test station was selected on the barrier reef in an area of bare medium sand called
'La patte d'Oie' representative of the average depth of the lagoon (1.4 m). The
estimation of sediment metabolism was obtained by the incubation procedure previously
described by Boucher et al. (1994) and Clavier et al. (1994). A known volume of bottom
water was incubated in three enclosures deployed on the bottom at ca. 2 m apart. The
surface area was 0.2 m2 and the enclosed volume of sea water varied between 57 and 59
1. Seven successive runs of triplicated incubations, lasting between 77 and 100 min, were
performed during a diel cycle (07:30 to 19:42) in order to get the whole range of
irradiance. Between each incubation series, the domes were opened for 10 min in order
to flush the water trapped in the enclosure.
The concentration of dissolved oxygen, pH and sea water temperature were measured
in the chambers as described earlier. The oxygen sensor (YSI) and the pH electrode
(Radiometer, GK 2401C) were calibrated daily. The oxygen sensor was calibrated
against air-saturated seawater. The pH electrode was fitted in a pressure-compensating
device similar to the one described by Chisholm et al. (1990). It was calibrated against
N.B.S. buffers (pH 6.865 and 7.413 at 37°C; Radiometer). Replicate sea water samples
were collected at the beginning and at the end of each incubation inside the chambers,
filtered on Whatman GF/C membranes and stored in BOD bottles in darkness at 4-10°C
pending subsequent potentiometric determination of total alkalinity (Gattuso et al.,
1993). The difference in temperature between the enclosed and external seawater never
exceeded 1°C.
Incident irradiance was measured continuously ashore and on some occasions
underwater during all field experiments using an LI-192SA quantum sensor, averaged
and logged every minute on an LI-1000 data-logger.
2.2.2. Community productivity and calc@cation
Calcification and partitioning of organic and inorganic carbon metabolism were
computed using the alkalinity anomaly technique (Smith and Key, 1975). Net primary
production and calcification during each incubation Were calculated as follows:

ATAv

g=zsat

(3)

where: pnet=community net primary production (mm01 m-' h-'); g =community
calcification (mm01 CaCO, me2 h-I); A[O,] =change in the concentration of dissolved
oxygen during the incubation (pmol 1-') estimated by regressing [O,] versus time;
v =chamber volume (1); s =sediment surface area (m-2); At =incubation time (h);

i
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ADIC=change in total inorganic carbon ( m o l 1-'); ATA=change in total alkalinity
(TA, meq I-').
Dissolved inorganic carbon was calculated from measurements of pH and total
alkalinity. The distribution of ionic species was computed using the CO, acidity
constants (Mehrbach et al., 1973), the CO, solubility coefficient (Weiss, 1974), the
borate acidity constant (Hansson and Jagner, 1973) and the water dissociation constant
(Lyman, 1957). The total borate molarity was calculated using the Culkin (1965) ratio to
salinity. Rates of productivity (expressed both in terms of O, and CO,) and calcification
were plotted as a function of the average atmospheric irradiance measured during the
incubation. Several functions (exponential, Michaelis-Menten and hyperbolic tangent)
were fitted to the community productivity (PI) and calcification (GI) data. An
exponential function was chosen as it provided high r2 and low asymptotic standard
errors. It was fitted to the data using the shareware package MacCurveFit 1.1:
p = p,,,(

1 - exp(-Z/Zk))

+r

where: p =rate of net productivity (or calcification); p,,, =rate of maximal gross
productivity (or calcification); Z=irradiance; Zk =irradiance at which the initial slope
intercepts the horizontal asymptote; and r = respiration rate (or net night-time calcification).
Night-time, day-time and daily (24-11) rates of gross production, respiration and net
calcification were estimated by numerically integrating (1-min intervals) the data for the
fitted lines against irradiance in air (pmol m-' s-') measured during the experiment as
well as during several subsequent days. By convention, small letters refer to instantaneous and hourly fluxes (g, p , r) while capital letters (G, P, R ) refer to fluxes integrated
over the day, night or 24 h. In accordance with earlier procedures (Gattuso et al., 1993),
the sign of the daily metabolic parameters is shown in the figures and tables, but
absolute values are reported in the text and when using weight units. All parameters
related to the organic carbon metabolism were computed using net primary productivity
measured according to the CO, technique.
Total production of the reef (P,), simultaneously measured by Gattuso et al. (1996),
was estimated as the sum of hard bottom production (PHB)
and soft bottom production
(Ps),i.e. PT= (xPHB+yP,) where x =hard bottom surface and y = soft bottom surface.
2.2.3. Spatial variability of respiration, alkalinity juxes and eizvirorimental
parameters
Four additional stations (St 1-4) were randomly selected between the coral heads of
the barrier reef (Fig. 1) in order to obtain an estimate of spatial variability of
environmental parameters, community respiration and net calcification. Runs of triplicate
incubations were performed at the water-sediment interface as described above.
Respiration (O, and CO, techniques) was measured during morning hours by inhibiting
photosynthesis with DCMU (Garrigue et al., 1992). Sediment cores (5.31 cm') were
collected by scuba divers inside each of the three enclosures for measurements of silt
content (%) and median (pm) of the sediment, organic matter content (weight loss at
45OoC), chlorophyll a and phaeophytin (mg m-'). The first centimeter of the core was

..
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deep-frozen and later lyophilised pending analysis. Pigments were extracted using 90%
(v/v) acetone and measured spectrophotometrically at 665 and 750 nm before and after
acidification. Biomass was calculated using the equations of Lorenzen (1967).
2.3. Statistics

Statistical testing was carried out using the Statgraphics package. Data are reported as
meanrfistandard error of the mean; N = sample size. Significant differences between
parameters or processes measured at the different stations were tested using the
Kruskal-Wallis test (Ho=no difference among the stations; significance at P<O.O5).
Significant differences between parameters or processes measured at test station 5 and at
the other stations were tested using the Mann-Whitney test. Howas that the medians of
the samples are equal. If the P value for any of the alternative hypothesis (mean 1
greater or lower than mean 2) was less than 0.05 for a 95% confidence level, the null
hypothesis was rejected.
The community respiratory quotient (CRQ) was estimated by regressing the CO,
fluxes against the O, fluxes. Since both fluxes were subjected to natural variability and
measurement errors, geometric mean regression was used to calculate the slope of the
regression line.
3. Results

The mean values of the different environmental parameters and processes measured at
the five stations investigated on the barrier reef are given in Table 1. Sediments were
fine (St 1,2, 5) to medium sand (St 3 and 4), with a quite similar silt fraction and a high
organic content (4.1-5.5%). Sediment chlorophyll a and phaeophytin content were not
significantly different between the five stations (Kruskal-Wallis test: P = 0.06 and 0.26,
respectively). The median biomass at the diel cycle station was not significantly different
from the median biomass measured at the other stations (Mann-Whitney test, P =0.20).

Table 1
Mean values (SE) of the environmental parameters measured at five stations of the Tiahura barrier reef
Station

Date

Md

Silt

OM

Chloro

Pheo

RO,

RCO,"

TA

STl
ST2
ST3
ST4
ST5

23/08/1992
11/08/1992
21/08/1992
20/08/1992
14-15/08/1992

250
250
500
500
250
1

1.65
2.14
1.94
1.85
0.74
1

4.09 (0.16)
4.20 (0.02)
5.54 (0.67)
5.03 (0.40)
4.31 (0.04)
3

14.05 (1.90)
22.53 (4.62)
14.12 (1.72)
15.30 (2.54)
18.66 (2.05)
9

9.89 (1.5)
14.68 (2.34)
12.18 (1.36)
11.95 (2.09)
9.16 (2.21)
9

1.73
2.47
2.05 (0.16)
2.16 (0.25)
2.97 (0.15)
1-3

1.29
2.36
1.89 (0.24)
1.61 (0.24)
4.04 (0.21)
1-3

1.72 (0.74)
1.02 (0.06)
1.16 (0.08)
1.01 (0.06)
1.48 (0.24)
9

N

Md, median (pmj; silt, silt content (%I;
OM, organic matter content (%j; Chloro and Pheo, chlorophyll a and
phaeophytin content (mg Chl m-'); R and Reo;, respiration estimated by the oxygen and carbon dioxide
technique, respectively (mm01 m-' h-';; TA, total alkalinity flux (mEq m-* h-'). N, number of replicates.

v
Y
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The pigment content of the test station (St 5) was thus considered as representative of
the sediment of the whole barrier reef.
The average community respiratory quotient (CRQ) was 1.35 for the four barrier reef
stations. When the respiration of the diel cycle station was taken into account, CRQ
increased to 2.2. Respiration rate at St. 5 (4.0450.21 nlmol CO, m-, h-', N=3) was
significantly higher (Mann-Whitney, P =O.OOl), than respiration rate measured at St.
1-4 (1.77k0.16 mmol CO, m-, h-', N=8). Thus respiration at the test station cannot
be considered as representative of the whole barrier reef. CaCO, dissolution in darkness
was not significantly different between the stations (Kruskal-Wallis test; P=0.29) and
St. 5 was not significantly different from the mean dissolution of St. 1-4 (0.74k0.12 vs.
0.60-CO.07 mm01 CaCO, m-' h-' (Mann-Whitney test, P=0.35).
The results of the diel cycle experiment at St. 5 are shown in Table 2. The duration of
night and day were, respectively, 713 and 727 min. Irradiance in air varied from O to
1853 kmol photons mu' s-l and irradiance at the water-sediment interface was
estimated to be 78% of surface irradiance. The rate of oxygen production and of
photosynthetic CO, fixation in the chambers increased as a function of increasing
irradiance and then decreased until dawn. Photosynthetic processes prevailed during the
whole day on sediment respiration. Changes in TA indicate a net precipitation of CaCO,
during the day and a net dissolution at night.
The PI and GI curves calculated from sediment incubations are shown in Fig. 2. The
associated curve-fitting parameters are given in Table 3. The coefficients of determination were always higher than 0.8. The daily metabolic parameters are shown in
Table 4 and compared to the results obtained for the whole reef flat. The O, and CO,
techniques provided quite different results. The gross and excess production (P, and E )
and the daily respiration (R) estimated using the O, technique were lower than the
estimates derived from the CO, technique. However, the P,IR ratios obtained with the

Table 2
Oxygen, carbon dioxide and total alkalinity fluxes measured during seven runs of triplicated incubations at
station 5
Runs

Initial
time

Final
time

Surface

had.

N

0,
( m o l m-' h-lj

N

2.52(0.18)
4.15 (0.20)
4.42 (0.24)
4.39 (0.24)
2.0 (1.28)
0.06 (0.18)
-2.97 (0.15)

2
3
3
3
3
2

CO,"

(mm01 m-*

h-l)

TA (meS
m-* h-I)

(pmol m-' s-')

1
2
3
4

5
6
7

7.33
9.13
10.54
12.41
14.30
16.22
18.03

9.00
10.35
12.20
14.23
16.02
17.48
18.42

860

1516
1853
17%
895
126
O

3
3
3
3

3
3
3

3

-4.12
-7.23
-8.89
-6.93
-5.81
0.39
4.04

(0.05)
(0.17)
(0.48)
(0.36)
(0.32)
(0.44)

(0.21)

-1.15 (0.44)
-1.67 (0.08)
-2.86 (0.34)
-2.32 (0.26)
-2.57 (0.66)
0.90 (0.35)
1.49 (0.24)

N , number of replicates; initial and final time, beginning and end of each run of incubation in decimal hours;
surface irradiance, average surface irradiance during the series of incubation; O,, oxygen metabolism; CO,",
carbon dioxide metabolism; TA, total alkalinity flux.
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Fig. 2. Community photosynthesis (PI) and calcification (GI) irradiance curves. (A) Net primary productivity
in mm01 O, m-' h-' (O) or mmol CO, m-' h-' (a);(B) calcification in m o l CaCO, m-* h-I; incident
surface irradiance in pmol photons m-' s-'.

two methods were similar (0.99 and 1.07) and close to 1. CaCO, dissolution at night
exceeded CaCO, precipitation during the day and the, daily budget indicated a slight
dissolution (2.4 mm01 CaCO, m-' day-').
Table 3
Curve fitting parameters for the oxygen metabolism (O,), organic carbon metabolism (CO,") and calcification
(G) vs. surface irradiance
pmar
( m o l m-' h-')
o
2

CO,"
G (CaCO,)

6.820.5

- 12.320.9
-2.1L0.3

Ik ( m o l m-'
5482153
696k 149
5602242

The fitting eqnation is an exponential function [ p =p,,,(l
error; rz, coefficient of determination.

s-l)

r (mm01 md2 h-I)

r2

-2.320.4
3.520.5
cq.sto.2

0.92
0.96
0.82

-exp(-ZlI,)+r].

Meanrtl asymptotic standard

1

4
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Table 4
Comparison of the daily metabolic budget obtained by the oxygen and the carbon dioxide methods for
sediments and for the barrier reef flat
Method

Parameters O,
(mm01 m-* day-')

Sediment incubations" R
P
L
l

E
Drifting loggerb

IP,IRI
R
p
,

E

PJRI

-55.7
t54.9

-0.8
0.99
-816
$818
43
1.01

CO,"
( m o l m-' day-')
84.7
-91
-6.3
1 .O7
730
-821
-91
1.18

CaCO,
( m o l m-' day-')
Gn¡ght,

G d W

GZilh'

G,;,,,,,
Gdayr

G24h9

9.4
-7.0
2.4
-36
-150
-186

"This study.bGattuso et al., 1996; Gattuso, unpubl. data.

4. Discussion
Carbon production of soft bottoms at Tiahura reef can be related to sediment surface,
surface irradiance and microphyte biomass. Changes in the relative abundance of the
major epibiotic components on the barrier reef are gradual from the crest to the drainage
channel (Gattuso et al., 1993). At the back of the reef front, living and dead corals can
cover up to 31 and 20% of the substratum, respectively. Sedimentary deposits are mostly
represented by rubble (up to 20% of substratum cover) with less than 5% of coarse sand
or gravel. When moving landwards, the percentage of live coral decreases to below 2%
near the channel; some dead massive colonies are covered with Turbinaria and fine to
medium sand may build up into hydraulic dunes. This spatial heterogeneity explains why
estimates of sediment cover at the study site differ widely depending on authors: 61
(Richard, 1982) to 45% (estimation from measurements carried out on 10 replicated
transects, in 1992; Galzin, pers. CO".).
Planktonic and benthic primary production in tropical lagoons can be predicted from
the light energy received at the air-sea interface (Platt and Jassby, 1976; CharpyRoubaud, 1988; Charpy and Charpy-Roubaud, 1990). The Tiahura barrier reef displays a
very shallow reef flat where planktonic primary productivity was shown to be negligible
(Delesalle et al., 1993). Total production mostly results from benthic hard- and
soft-bottom activities (Sournia, 1976a,b, 1977; Sournia et al., 1981). No macroalgae or
seagrass develop on sedimentary areas and soft-bottom primary production therefore
derives exclusively from microphytobenthos activity. Primary production is known to be
approximately proportional to the biomass of photosynthetic pigments (Rasmussen et al.,
1983) as long as depth and turbidity are constant. The mean content of chlorophyll a in
the first centimeter of sediment was low (16.5 mg in-*) compared to results preGously
reported for the Tiahura reef system (70 mg m-' in the first 2 cm: Vaugelas, 1982) and
for other tropical sites (100-900 mg m-2 in the first 3 cm: Sorokin, 1993). This may be
due to the fact that only the pigments located within the first centimeter of the cores
were extracted.
The rate of net photosynthesis does not decline at high irradiance at our study site.
The lack of photoinhibition may be due to an acclimation of tropical microphytes to high
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irradiance (Sournia and Ricard, 1975; Delesalle, 1985). Blanchard (1994) suggested that
substrate bioturbation and active migration of the microphytes in the sediment enable the
microphytobenthos to avoid photoinhibition. This turn-over of the microphytes could
explain why the high level of primary production can be maintained even in shallow
waters subjected to high irradiance.
Previous studies on the different components of a reef flat have demonstrated that
sediment and rubble display a low excess production compared to coral- and algaldominated reef communities (Odum and Odum, 1955; Marsh, 1974; Sournia, 1976a).
Microbenthic diatoms, cyanobacteria and symbiotic foraminiferans are the major
primary producers in most reef flat sediments. Their gross primary production in bare
sands is generally 2-4 times lower than the production of symbionts on reef flats or
patch reefs (Sorokin, 1993). As a result, net heterotrophic sand community have been
reported when respiration related to organic matter degradation prevails on carbon
production (Yap et al., 1994).
The large differences in the metabolic activity derived by the O, and CO, techniques
suggest that the processes measured in enclosures may be different from those measured
using a Lagrangian method. The daily metabolic budget obtained in the enclosures
shows that respiration rate estimated by CO, production was 1.52 higher than the
respiration rate estimated by O, uptake, whereas this ratio was only 0.89 for the
Lagrangian method. Such a difference suggests the occurrence of a significant anaerobic
metabolism at the water-sediment interface which increases CO2 release relative to O,
uptake. As a resuIt, the estimates of excess production are one order of magnitude
greater with the CO, technique than with the O, technique. A better estimation of
carbon production can be anticipated from the carbon dioxide technique. Sediment gross
production corresponds to Pg= 1.O9 gC m-' day-' and excess production to E =0.08 gC
m-' day-'. These production estimates are within the range of the data (Pg=0.4-1.4;
E = -0.5-0.78 gC m-' day-') known for coral sand dominated by diatoms and
symbiotic foraminifera (Sorokin, 1993). With a P,lR= 1.07, the sedimentary areas of the
barrier reef flat at Tiahura are slightly autotrophic but less so than the whole barrier reef
where photosynthesis by coral symbionts, macroalgae and turf algae is higher compared
to the daily rate of respiration (P,lR=1.18).
The rate of respiration was twice as high at the test site than in the other stations. This
is a potential problem in interpreting the community metabolism data and deriving the
contribution of soft-bottoms to whole reef processes. Such a discrepancy may be due to
differences in the experimental design: respiration was measured at night at the main
station, whereas it was measured during the day using DCMU to inhibit photosynthetic
processes at the other stations. The two procedures were shown to provide similar values
in a previous study (Garrigue et al., 1992). However, the assumption that areal
respiration in darkness is equal to areal respiration in the light has been questioned
because an increase of oxygen penetration in the sediment during the day stimulates
organic matter oxidation (Revsbech et al., 1981; Hofman et al., 1991). Experiments
carried out on tropical hypersaline mats and temperate intertidal sediments have shown
that increased rates of areal gross photosynthesis are not only due to enhanced areal net
photosynthesis, but also to enhanced areal respiration (Epping and Jorgensen, 1996). By
assuming that areal respiration in darkness is equal to areal respiration in the light, bell

o
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jar incubations may significantly underestimate areal respiration in the light and areal
gross photosynthesis. Lastly, respiration at the beginning of the night tends to be higher
than mid-night respiration (Kinsey, 1985b), a trend which could have explained the
respiration overestimation obtained for the production experiment performed at the test
station. Thus, the estimates of community respiration and sediment surface cover are the
major sources of uncertainty for deriving the relative contributions of soft and hard
bottoms to the community metabolism of the Tiahura barrier reef flat (Table 5). Soft
bottoms contribute 2.8-32% of the barrier reef excess production, Uncertainties
concerning sediment surface cover are far less important to the estimates of soft bottom
contribution to global excess production than potential eirors in respiration estimates.
The low contribution of sediments derived from the modelled R appears to result from
the overestimation of respiration discussed above. We tentatively suggest sediments
contribute for 20-30% to the organic carbon metabolism of the Tiahura barrier reef flat.
Kinsey (1979) has previously demonstrated that reef sediment precipitates at least
four to five time less CaCO, than reef flats. Their contribution to community
calcification of the Tiahura barrier reef flat is negative due to net dissolution of CaCO,
(Table 5). Incubations during the day clearly show that there is a light-induced CaCO,
precipitation, similar to that occurring in calcareous algae and zooxanthellate scleractinian corals. As a result, the decrease in total alkalinity observed during incubation in the
light should be more related to the activity of calcifying organisms than to ,the anaerobic
chemical reactions occurring in the sediment. In normal oxygenated water, nonconservative TA changes above the sediment are considered as almost exclusively due to
CaCO, precipitation or dissolution (Stumm and Morgan, 1981). The increase in TA
observed in darkness could also result from the mineralization of organic matter and/or
anaerobic production. .Rapid reactions occurring in the interstitial water (aerobic
respiration with nitrification and ammonification as well as reduction of manganese, iron
and sulphate) are potential sources of alkalinity for the water column (Brewer and
Goldman, 1976). Previous incubations in carbonate sand have shown that nitrogen fluxes
at the water-sediment interface are very low in most tropical sediments (Boucher and
Clavier, 1990). Therefore, the associated changes in TA during short-term incubations
(90 min) are probably negligible. Sulphate reduction also produces a net flux of
alkalinity in the anaerobic interstitial which may well be transferred into the overlying
water, particularly for systems with lots of terrigeneous material with iron (Smith, pers.
c o m . ) . In the low-turbulence organic sink areas of some lagoons, sulphate reduction
,

Table 5
Relative contribution of sediments (%) to total excess production (E) and net calcification (G) according to
sediment cover and respiration estimates at Tiahura reef

J

Sediment cover (%)
40
50
60

G

E

R model

R mean

2.8
3.4
4.1

21.3
26.1
32

-0.52
-0.65
-0.11
~

~

R model, respiration calculated from the PI model; R mean, mean respiration at St 1-4).

280

G. Bouclier et al. I J. Exp. Mar. Biol. Ecol. 225 (1998) 269-283

,

can explain up to 15% of TA change (Kinsey, 1978). At Tiahura, sediments comprise
pure white coral sand on the barrier reef and there is no free iron available to bind any
H,S which could be released.
Metabolic CO, produced at night causes a significant pH decrease which could
dissolve CaCO,, but the enclosed sea water nevertheless remains supersaturated with
respect to aragonite (Aller, 1982). Using saturation indices, Charpy-Roubaud et al.
(1996) recently confirmed the hypothesis that the aerobic axidation of organic matter at
the water sediment interface leads to the dissolution of c o d sand, although this release
does not appear in the calcium profile. Supersaturation decreases in the anoxic zone but
the carbonate phase precipitates and inhibits any increase in pH.
The chemical dissolution of carbonates cannot be considered as the only source of
alkalinity at the water-sediment interface. Biological activity is also known to affect
total alkalinity as observed for organisms boring coral skeletons (Lazar, 1991; PeyrotClausade et al., 1995). The activity of microboring organisms attached to the sand grains
as well as the gut transit of sand grains in many benthic invertebrates are likely
contributors to the dissolution process. Lastly, dissolution of foraminiferan tests has been
identified as an important source of carbonate in many coastal environments (Green et
al., 1993). The sedimentary CaCO, budget does not contribute significantly to the
CaCO, budget of the Tiahura barrier reef flat.
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