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Abstract - Measurements of oxygen fluxes at the water-sediment interface (transparent and opaque enclosures) were 
made on bare sediments inhabited by microphytes on the one hand, and on sediments diversely colonized by macrophytes 
(macroalgae and seagrasses) on the other hand. Five stations, typical of different biotopes of a Mediterranean shallow 
lagoon were studied from May to July 1993 in order to observe an anoxic event which usually occurs at that time of the 
year. Average diurnal respiration of benthic communities ranged from 40 mg (or 1.25 mmol) 0, m-’ h-’ in bare sediments 
(3 1 % of the lagoon area) to 76 mg (or 2.37 mmol) O2 n-’ he’ in sediments with a medium coverage of macroalgae (37 % 
of the total area) and, finally, to 100 mg (or 3.12 mmol) OZ m-’ h-’ in the denser macrophytic area (32 % of the total area). 
The highest diurnal gross production was observed in the zone colonized by macroalgae and seagrasses, and especially in 
corridors between shellfish-cultivation tables (300 mg O2 m-’ h-‘. or 9.37 mmol O*rn-’ h-l, equivalent to 113 mg C m-’ h-l). 
Overall, during this period, net bottom oxygen production was close to nil in ca. 30 %I, and positive in 70 % of the lagoon 
area. The average net oxygen production for the whole lagoon in summer is thus in the order of 100 mg O2 mm2 h-‘. In 
1993, at the end of July, an anoxic event was avoided due to a period of strong wind. 0 Elsevier, Paris 
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R&&e - Flux d’oxygene impliquant les compartiments micro et macrophytobenthiques dans l’etang de Thau en 
conditions prBanoxiques. Les flux d’oxygene ont CtC mesures a l’interface eau-sediment (enceintes transparentes et opa- 
ques) d’une part, sur des sediments apparemment nus (mais peuples de microphytes), et d’autre part sur des sediments plus 
ou moins couverts de macrophytes (macroalgues et phantrogames). 
Cinq stations, caracteristiques des differents biotopes d’une lagune mediterraneenne peu profonde. ont CtC CtudiCes de mai 
a juillet 1993, dans le but de saisir un des episodes d’anoxie habituels a cette tpoque. La respiration diurne d’oxygene des 
communautes benthiques (clothes noires) augmente en moyenne de 40 mg (ou 1,25 mmol) 0, mm2 h-’ sur les sediments 
nus, representant 31 % de la surface totale de la lagune, a 76 mg (ou 2,37 mmol) O2 m-’ h-’ vers les sediments moyen- 
nement peuples en macroalgues (37 % de la surface totale) et jusqu’a 100 mg (ou 3,12 mmol) 0, m-z h-’ dans les zones 
densement peuplees de macrophytes (32 % de la surface totale). La production brute diume est maximale dans les zones B 
macrophytes avec phanerogames et en particulier dans les corridors entre les tables ostreicoles (300 mg 0, m-* h-’ ou 
9,37 mmol O? m-’ h-‘, ou encore equivalente a 113 mg C m-’ h-l). A cette periode pre-estivale et estivale de l’annee. la 
production nette d’oxygene a la surface des sediments est nulle pour environ 30 % de la surface de la lagune et positive pour 
environ 70 % de cette surface. En moyenne pour I’ensemble de la lagune, la production nette due aux vegetaux benthiques 
est d’environ 100 mg O2 mm’ h-.‘. A la fin de juillet 1993, une crise anoxique a CtC CvitCe grace a un fort coup de vent, 
0 Elsevier. Paris 
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1. INTRODUCTION 

Within the balance of oxygen production and consump- 
tion at the sediment-water interface in shallow marine 
coastal lagoons, the phytobenthic compartment (includ- 
ing micro- and macrophytes) is principally an oxygen 
producer. However the interface between sediment and 
the water column is the site of numerous processes which 
bear heavily on the oxygen balance in nearshore waters. 
The benthic system consumes oxygen for various oxyda- 
tive processes and the living communities (bacterial, 
vegetal and invertebrate communities) are oxygen con- 
sumers. 

Measurements of interface f-luxes must take into account 
the diversity of plant communities which live on such 
shallow sediments [21. 221. Apparently bare fine-grain 
sediments may be inhabited by populations of 
autotrophic benthic microphytes such as diatoms, 
dinoflagellates, microscopic chlorophytes and cyanobac- 
teria. In other cases, macrophytes belonging to many 
families will also be dominant: phaeophytes. chloro- 
phytes, rhodophytes and marine phanerogams. 

The overall balance of oxygen production by benthic 
plants, which is normally positive. may be considerably 
altered by dystrophic crises which induce bacterial 
decomposition of macrophytes 12, 3 11. These crises may 
occur during the summer in the Mediterranean coastal 
lagoons [ 191, with serious ecological and economical 
consequences (321. The situation is even more complex 
in areas intensively used for aquiculture, as nutrient 
dynamics and oxygen consumption can be greatly modi- 
fied due to excretion of various products [6, 16, 181. Mea- 
surements of oxygen fluxes performed all along the 
seasonal cycle in enclosed water bodies, under different 
temperature and wind conditions, should allow for the 
time for oxic desequilibrium to begin to be observed. 

As a continuation of previous surveys in an important 
Mediterranean lagoon which includes a shell cultivation 
site, the Thau Lagoon or e’tang & 7’hau [ 1, 10, 20, 23. 
321, we decided to follow the trends of oxygen flux fluc- 
tuations at the water-sediment interface. in different 
biotopes, in late spring and summer. During this period, 
primary production is high, but macrophyte decomposi- 
tion tends to increase with higher water temperature, 
Anoxic events are known to occur. 

Bottom areas with or without a dense macrophytic cover 
can be observed in the Thau Lagoon 14, 1 11; a situation 
which should allow estimation of the parts played by both 

benthic micro- and macrophytic communities in the 
oxygen balance, in the hope of finding some indicators of 
dystrophic crisis mechanisms. 

The Thau Lagoon or @‘tang c-le Thau was selected for the 
study of trends of oxygen flux fluctuations at the water- 
sediment interface in spring and summer. During these 
seasons, primary production is high but macrophyte 
decomposition increases with water temperature and con- 
siderable background information is also available on the 
system which enhances our chances of understanding the 
processes leading to such anoxic events. 

2. MATERIAL AND METHODS 

2.1. Study site: Thau Lagoon 

The Thau Lagoon (43” 24’ N, 03” 36’ E), located on the 
French Mediterranean coast (SW of Montpellier), has an 
average depth of 4 m (locally up to 10 m) and covers an 
area of about 7000 ha. There are two seawater inlets and 
several freshwater inputs from small streams. The eco- 
logical and hydrological conditions have been described 
by Amanieu et al. [l 1 and macrophyte populations have 
been characterised by Gerbal and Verlaque [ 121. The 
main water body is the Grund Etung and a smaller diver- 
title in the northeastern part is the Etung des Eru~x 
Blanches (figure I). The former has been a site of exten- 
sive oyster production (Crussostreu sinus) for nearly 
thirty years: ca. 20 5% of the lagoon’s surface is devoted to 
oyster farming and, to a lesser extent, to mussel farming 
in three dictinct zones (zones A and B are shown in 
figure I). The latter is separated from the former by a sill 
which partially isolates water masses: open sea water 
only penetrates into the Eturlg des Euux Blanchrs; the 
Grund Etang is influenced by incoming seawater only 
when SE winds happen to blow 13, 291. 

Five stations, described later, were located on different 
benthic biotopes of the lagoon: stations 1 and 2 in the 
central part of the Gmrzd Emng outside the shellfish farm 
area, stations 3 and 5 respectively in the northwest and 
west parts in “corridors” inside the shellfish farming 
areas, and station 4 in the NE part of the lagoon (figure I, 
Etung des Ems Blanches). 

Measurements of bottom dissolved oxygen production 
and consumption were taken during four surveys in the 
period between 10 May and 30 July 1993. 
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Figure 1. Study site: Thau Lagoon (NW Mediterranean coast), Ehi: Water-sediment interface redox potential CmV). FF: Fine grain proportion 

of the superficial sediment. 
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2.2. Hydrological conditions during the surveys 

Surface water temperature oscillated between 18.5 and 
20 “C in May (10-14, table I) and increased to 22.5- 
24.3 “C in early July, decreasing to 21-22.9 “C at the end 
of July, due to windy weather conditions on 26-27 July. In 
the same period, salinity increased steadily from ca. 34 in 
May to 37.6 at the end of July. 

At the bottom level, dissolved oxygen concentrations 
(mid-morning measurements, table f) were higher 

than 6 mg L-’ (max. 7.15 mg L-t) in May, whereas 
they decreased down to 6 or 5 mg L-’ in June and at 
the beginning of July (min. 4.95). Oxygen saturation 
values (expressed as percentages) were more than 
80 % (max = 96 % in May), dropped down to 68 % 
in May (station 5) and ca. 72 % at the beginning of 
July (station I). The general conditions of an oxic 
desequilibrium were setting in when a strong 
wind (force 4 to 5) occurred on the evening of the 
26 July. 

Table I. Hydrological conditions during the four surveys: temperature, salinity, dissolved 0; concentrations (mg L-’ and, between brackets, 
% of saturation) in surface and bottom waters, outside enclosures, at the start and the end of m situ experiments. 

lo-14 May 21-25 June 

Start End Start End 

5-9 July 26-30 July 

Start End Start End 

St 1 (- 5 m) I2 May 24 June 5 July 28 July 
T 18.9 “C 2?.7 ‘. “(.’ 24.3 “C 22.2 “C 

Surface s 34.1 35.5 36.0 31.4 
02 7.00 (100.4) 

T 18.3 ‘Y 18.1 “C 22.7 “C 22.7 “C 23.5 “C 23.3 “C 22.2 “C 22.1 “C 
Bottom s 34.4 35.5 36.1 31.4 

02 6.19 (80.59) 6.02 (78.24) 5.96 (X5.55) 6.76 (97.36) 4.05 (71.70) 5.23 (75.76) 5.72 (80.88) 7.21 (100.5) 

St 2 (- 8.5 m) 10 May 23 June 9 July 30 Ju!y 
T 19.0 “C 22.9 “C 22.3 “C 22.9 “C 22.9 “C 

Surface s 34.2 35.6 36.4 37.5 
02 8.30 (I 17) 6.58 (95.40) 
T 16.7 “C 16.2 “C 19.7 “C 19.6 “C 22.0 “C 22.0 “C 21.2 “C 21.4 “C 

Bottom S 35. I 36.6 36.6 37.5 
02 6.82 (84.70) 6.59 (82.34) 5.13 (69.15) 6.42 (87.32) 5.42 (77.15) 5.52 (78. I I) 5.70 (80.47) 6.29 (90.07) 

St 3 (- 9 m) 

Surface 

Bottom 

St 4 (- 5.4 m) 

Surface 

Bottom 

St 5 (- 4.5 m) 

Surface 

Bottom 

T 
S 

0, 
T 
S 

02 

T 
S 

02 
T 
S 

02 

T 
S 

02 
T 
S 

02 

II May 22 June 6 July 27 July 
18.5 “C 23.5 “C 23.3 “C 2 I .o “C 2 I .o “C 

34.0 35.5 36.0 37.0 

17.0 “C 16.5 “C 19.6 “C 19.4 “C 2 I .7 “C 21.8 “C 21.0 “C 21.0 “C 
35.5 35.0 37.5 

6.53 (83.55) 6.62 (85.1 1) 6.13 (85.57) 4.37 (58.78) 5.29 (74.61) 5.98 (84.10) 5.92 (82.60) 6.79 (96.80) 

14 May 25 June 8 July 29 July 
18.9 “C 22.2 “C 22.7 “C 22.5 ‘C 22.3 “C 

34.5 35.9 36.5 37.6 

8.06 (113.8j 6.95 (98.67) 7.10 (99.00) 
18.7 “C 18.8 “C 18.6 “C 19.1 “C 17.9 “C 18.2 “C 19.1 “C 18.7 “C 

34.5 35.9 37.2 37.7 
7.15 (95.91) 10.19 (138) 6.05 (80.01) 8.53 (I 13.8) 6.03 (79.70) 7.15 (95.30) 4.83 (64.54) 4.53 (60.24) 

I3 May 21 June 7 July 26 July 
20.0 “C 23.6 “C 22.9 “C 22.1 “C 

33.7 35.6 36.2 37.1 

18.8 “C 18.6 “C 22.5 “C 22.6 “C 22.7 “C 22.8 “C 21.8 “C 22.0 “C 
34.3 35.5 36.2 37.1 

6.06 (80?20) 6.05 (80.48) 5.37 (68) 6.50 (87.11) 5.78 (82.13) 6.60 (94.96) 6.1 I (86.22) 6.17 (88.07) 
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2.3. Geological and biogeocbemical 
features of superficial sediments 

At all stations, percentage of the fine grain fraction in 
sediments (FF = % of grain < 63 urn), redox potential 
(Ehi in mV) at the water-sediment interface ([25] for 
methods), and chlorophyllous pigment concentrations in 
the top 10 mm layer of the sediment surface (spectropho- 
tometry measurements before and after acidification, [24, 
27)) were measured during each survey (Chl u = chloro- 
phyll a: Pheo = pheopigments a; Chl a / Chl a + Pheo; 
table II). Chlorophyll a mainly originates from benthic 
microphytes: live microphytic populations, mostly com- 
posed of diatoms and, to a lesser extent, of cyanobacteria. 
were observed under the microscope, ascertaining their 
autochthonous benthic origin (10’ to 10” cells per m’. 
unpublished data). Sedimented planktonic algae were 
always in negligible proportions. Pheopigments u, were 
chlorophyll a degradation products, mainly pheophorbid 
forms [27] of various origin (e.g. macrophyte debris, nat- 
ural microphytic degradation and grazing processes). 

Station 1 (-5 m; fifigur~ I) was representative of bare 
bottoms inhabited by benthic microphytes. During our 
surveys, the sediment was a muddy sand with an average 
FF of 66 %, the average Ehi was +I0 mV and average 
concentrations of chlorophyllous pigments were 50 mg 
Chla mm7 and 460 mg Pheo m-‘, in the top lcm layer of 
the sediment surface (table If). 

Station 2 was deeper (-8.5 m), intermediate between bare 
sediments and bottoms sparsely covered with macroal- 

gae which were mainly Chuetomorpha and Graciluria. 
Average grain-size was finer (FF=75 %), Ehi was higher 
(+ 115 mV). Chlorophyllous pigments concentrations 
were generally slightly higher: 70 mg Chlu mm2 and 
600 mg Pheo m-’ on average. 

Stations 3 and 5 were located at different depths (res- 
pectively -9 and -4.5 m) but both were inside the shell- 
fish farm areas, in corridors between oyster-tables, 
densely populated with macroalgae (Chaetomorphu, 
Gigurtina, Cerumium. Grucilariu, Polysiphonia, 
Cladophoru, Enteromnrphu), together with phanerogams 
at station 5 (Zosteru). Because of biodeposition, sedi- 
ments were obviously muddy (FF between 80 and 90 %) 
and the average Ehi were strongly negative in both cases 
(Ehi: -2 10 mV). Pigment concentrations at the surface of 
sediments were high at both stations and fairly similar, 
pheopigment abundance being related to the high input of 
decaying macrophytic material (94 and 93 mg Chla m-’ 
respectively and 870 and 750 mg Pheo m-’ respectively). 

Station 4 (-5.4 m; Etang des Eaux Blanches) was covered 
with chlorophytes, (mainly Monostromu). The sediment 
was rather fine (FF: 70 %), also exhibiting a negative 
redox potential (Ehi: -100 mV). Average pigment con- 
centrations in the top 1 cm layer of the sediment surface 
were very high: 185 mg Chla rn-’ and 790 mg Pheo m-l, 
The high Chla concentration during the four surveys may 
be explained by numerous non-decaying chlorophyte 
debris, whereas the autochthonous microphytic popula- 
tion densities were not higher than in other stations, 

Table II. Contents of chlorophyll a and pheopigments (mg m ‘) and ratio Chl a/ Chl u + Pheo in the top 1 cm of sediment at the five stations 
studied during four surveys. Average values for three core-samples + confidence intervals (t 9s s/.& ), 

St 1 

St 2 

St 3 

St 4 

St 5 

10-14 May 21-25 June 5-9 July 26-30 July Mean 

Chl N 42.37 + 13.86 42.74 of: 10.32 62.83 + 23.17 57.62 2 20.17 51.39 + 16.88 
Pheo 455.29 + 98.72 407.58 c 109.00 438.94 zt 81.12 550.50 k 147.01 463.08 2 108.96 

Chl a / Chl a + Pheo 0.09 0.09 0.13 0.09 0. IO 

Chl u 83.36 + 29.37 42.59 2 26.47 83.66 74.73 zt 73.09 f. 38.3 I 70.67 zi 42.22 

Pheo 721.59 2 136.60 423.64 LV 131.69 572.85 -t 112.90 66 I .46 ? 120.40 594.88 rf 125.39 

Chl u / Chl a + Pheo 0.10 0.09 0.19 0.15 0.13 

Chl a 78.34 t 40.36 136.51 + 64.19 101.47 j: 39.69 58.52 of: 22.77 93.71 f 41.50 
Pheo 902.63 + 285.97 828.43 t 257.50 835.85 + 88.32 900.25 k 157.48 866.79 f 197.32 

Chl a / Chl CI + Pheo 0.08 0.14 0.12 0.06 0.10 

Chl a 209.54 * 104.33 162.59 + 73.67 221.62 + 98.32 146. I6 k 42.86 184.97 +- 79.79 
Pheo 749.66 t 397.40 655.37 + 256.96 894.16 + 257.67 869.44 2 239.29 792. IS it 287.83 

Chl a / Chl a + Pheo 0.22 0.20 0.20 0.14 0.19 

Chl a 96.47 f 3 I. 17 86.61 I 30.90 138.85 -1- 43.18 49.94 + 26.03 92.96 32.82 + 
Pheo 748.25 f 203.50 670.64 i: 122.91 790.27 r 132.49 793.91 + 21 1.96 750.77 + 167.7 I 

Chl u / Chl (I + Pheo 0.1 1 0.1 I 0.15 0.06 0.11 
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Thus, these five stations showed physical and biological 
conditions which could be considered as representative of 
different biotopes of the lagoon diversely exposed to oxy- 
gen depletion. 

2.4. Methods for in situ measurement 
of benthic oxygen fluxes 

At the beginning of the measurement periods, enclosures 
made of polyacrylic hemispheres (13.8 L covering 
0.11 m’), were adapted onto embasements which had 
previously been driven gently into the bottom ensuring 
minimum disturbance [ 131. During incubation time, 
which lasted up to six hours, continuous stirring of the 
water inside the bell-Jar was ensured by a battery oper- 
ated magnetic stirrer, to avoid concentration gradients. 

Measurements of the dissolved oxygen concentrations 
were performed at regular intervals (ca. 1 h). from 9 am 
to 3 pm. universal time, by scuba divers operating two 
intercalibrated types of probes: an Orbisphere oxymeter 
(model 2609 equipped with a sensor, stirrer 21 12, and a 
polarographic cell 2120, with automatic correction for 
salinity and temperature) on one set of three transparent 
and three opaque identical enclosures, and also a YSI 
polarographic oxymeter (model 58 with a 5739 probe) on 
another set of six transparent enclosures (see below). 

Oxygen fluxes were calculated by pooling the data from 
replicates. calculating the slope of the regression of dis- 
solved 0, concentrations against time, and then convert- 
ing the results into mg O? m-‘h-’ [ 13, 171. Dividing by a 
factor of 32 would give mmol mm’ h-‘- The reason data 
were pooled for regression analysis rather than consid- 
ered separately is that, in this case, we are using the 
regression slopes to obtain fluxes; the standard deviations 
on such regression slopes would be meaningless in 
further statistical analysis [ 131. 

Three transparent and three opaque bell-jars were oper- 
ated on each experiment and installed on the entire com- 
munity (zoobenthos, micro- and macrophytes). The three 
transparent ones allowed a flux to be calculated, which is 
an estimate of the diurnal Net community Production of 
Oxygen (NOPj, which was generally positive. The three 
dark ones of the same size, but completely opaque. 
installed in the same conditions. gave a flux which repre- 
sented the oxygen Respiration of the whole Community 
(bacteria, plants and animals) plus the chemical demand 

of the sediment, under dark conditions (Community Res- 
piration = CR; [28]). 

The difference between these two values (NOP-CR), is 
an estimate of the Gross Oxygen Production by the plant 
community (GOP; [9, 211). As often encountered in the 
literature, this value can be converted into a rough esti- 
mate of the amount of absorbed CO, or assimilated car- 
bon by using a photosynthetic quotient of I. a value 
which appears reliable enough in benthic environments 
17. 8, 15, 261. Using a conversion factor of 0.375 between 
O? and C gives an estimate of Carbon Assimilation (CA) 
in mg C m-‘h-l. 

Six transparent bell-jars (15 L, 0.114 m’) were also 
installed on sediments previously hand-cleared of every 
macrophyte and, of course, partially cleared of micro- 
phytes. In this case flux measurements represent, as 
closely as possible, the sum of the Chemical and the Bio- 
logical heterotrophic Oxygen Demand under light condi- 
tions, of sediments prepared in this way (COD+BOD). 

3. RESULTS 

Oxygen fluxes showed moderate variations during the 
study (from May to July). Therefore values for the four 
types of fluxes at the five stations may be compared on 
the basis of mean values for the whole survey (ruble III, 
see confidence intervals for in situ measurements). 

3.1. Sediment demand of oxygen (COD+BOD) 

The total demand of oxygen (COD+BOD) of cleared sed- 
iments, was generally uniform at all five stations, except 
for a low average value observed at station 5 (* -19 mg 
O2 n-’ h- ‘, which includes an exceptional value of 
+ 146 mg 0, m-’ h-’ on 7 July) whereas the three other 
observations-at the same station gave an average value of 
-75 mg 0, m-’ h-’ (lower line, IC = rt 41). The sediments 
from the t&o stations which arc located in the corridors of 
shell-cultivation areas, and which were well covered with 
macrophytes before experiments (stations 3 and Sj, 
appear slightly less oxygen-demanding (-65 and -75 mg 
Oz me2 h-‘j than those of the two other stations of the 
“Grand Etang” (St.1 and 2: -97 and -104 mg 0, mm2 h~-l). 
Station 4 (-105), previously well covered with macro- 
phytes, is located in the Etang ties Eaux Blanches a typi- 
cal eutrophic area 1301. 
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Table III. Average oxygen tluxes at the sediment-water interface at the five stations during the May-July 1993 period. 

Fluxes Station 1 Station 2 Station 3 Station 4 Station 5 
-5m -8Sm -9m -5.4m -4Sm 

COD+BOD -97 (12) - 104 (16) -65 (24) - I05 (27) - I9 (lo?)* 

-7s (411 

NOP - I2 (29) +7 (9) + I IS (73) +YY (3.5) + 199 (9) 

CR -36 (33) -51 (12) -73 (2) - 79 (37) - 101 (27) 

GOP 24(11) 58 (3) 188 (71) 17x (SO) 300 (371 

CA 9 22 71 67 II3 

Values in mg 0, me’ h-‘. Between brackets: interval of confidence + bs s l& 

COD + BOD: Chemical and Biological Oxygen Demand on sediments hand-cleared of macrophytes and partially of microphytes 

(six transparent bell jars) 
* mean including an exceptional value 

NOP: Net Oxygen Production (undisturbed community with benthic microphytes and eventually macrophytes; three transparent bell-jars) 

CR: Communitv Resoiration (Dlants. bacterial and animals resniration + COD: three opaque bell-jars) 
GOP: Gross Oxygen broduction (NOP-CR) 

CA: Carbon assimilation (mg C mm’ h- ‘) 

3.2. Net production of oxygen 

For the net production of oxygen (NOP), all stations 
more or less covered by macrophytes exhibited positive 
oxygen fluxes. The highest average fluxes during the sur- 
vey period were observed at stations 3, 4 and 5, with 
+115. +99 and + 199 mg O1 m-’ h-’ respectively. The 
shallowest station (station 5: -4.5 m) extensively colo- 
nized by Zostrru and macroalgae, was also the most 
oxygen-productive station. At station 2, a deep station 
with some macroalgae (-8.5 m), the average net produc- 
tion was low but positive (+7 mg Oz mm2 h-l). In contrast. 
at -5 m, on sediments only covered with microphytes 
(station 1). the average NOP was -12 mg O? n-’ h-‘. 
indicating that oxygen production of the microphytic 
community was not compensating for the respiration of 
the heterotrophic organisms. 

3.3. Community respiration and 
gross oxygen production 

Community respiration was lowest at station 1, the only 
microphyte-populated station (CR = -36 mg 0, mm7 h-l). 
Station 2 exhibited an intermediate respiration value 
(-51 mg Oz rn--’ h-‘). The highest consumption rates of 
oxygen (CR = -73. -79 and -101 mg O2 mm2 h-‘) were 
observed where macrophytes were dense. 

In approximate concordance with the above community 
respiration values. gross production results increased 
from station 1 (24 mg 0, or 9 mg C me2 h-l) to station 5 
(300mg020r 113mgCm-‘h-l). 

3.4. Temporal changes 

Temporal changes in fluxes may be analysed at station 4 
(Etmg des Eaux Blunches, figure I), in which a dense. 
homogeneous and permanent cover of chlorophytes 
~Monostromc~) was observed. As shown in figure 2, 
chemical and biological oxygen demand under light 
conditions, on sediments cleared of algae (COD+BOD) 
were particularly high in May and June (ca. -120 mg 0, 
me2 h--l) and tended to decrease in July. At all other sta- 
tions temporal changes of this oxygen demand were also 
moderate during the same period with the exception of 
station 5, as already mentioned. The NOP showed an 
increase between June and July at station 4 (from +73 to 
+140 mg Oz rn-’ h-‘). This was the case only for stations 
with macrophytes (stations 3 and S), probably due to bet- 
ter conditions for the macrophyte photosynthesis. In July, 
values of NOP were stable at all stations. Overall at sta- 
tion 4. the respiration of the community in the dark (CR) 
oscillated around -79 mg 0: tn? h-’ (+ 37) (t&e 11!) 
ranging between -40 mg 0, ‘n-’ h-’ in mid May and 
ca.-120 mg O2 mm2 h-’ at the end of June. The temporal 
changes of gross oxygen production (GOP) are linked to 
the net production values. The GOP tends to increase 
between May and July except for stations principally 
populated by microphytes (stations 1 and 2). 

4. DISCUSSION 

When trying to separate the part played by the sediment 
alone in the oxic interface balance, sediments deliber- 
ately “cleared” (i.e. with bacteria, animals, and residual 
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Figure 2. Changes in oxygen benthic fluxes at a station @znsely covered with mxrophytes between May and July (station 4; Erang des Eaus 
Blanches). Vertical bars: confidence intervals (+ tg5 .sl& ). 

microphytes, but without the macrobenthic plant commu- 
nity), must be considered in order to estimate the sedi- 
ment demand of oxygen (table III: COD+BOD). This 
then has to be compared to the respiration of the commu- 
nity with complete vegetation (CR). Overall fluctuations 
of the sediment oxygen demand among stations with dif- 
ferent sediment types were small (see IC in ruble III). 
Oxygen demand was of the order of 100 mg Oz mm2 h-’ 
with the exception of two stations (3 and 5) located in the 
shellfish farm corridors, where the demand was surpris- 
ingly less (-65 and -75 mg 0, me2 h-l). The bottom cur- 
rents in these corridors reach values of 20 cm s-’ and 
probably improve the oxygenation of superficial sedi- 
ments (C. Grenz, unpublished). Our results on cell 
microphytic counts indicate that there is less microphyto- 
benthos under the dense cover of chlorophytes in the 
eutrophicated Etang des Eaux Blanches, which explains 
the relatively high value of the total demand there, in 
spite of paradoxically high values of chlorophyll u con- 
tent in this station. These high values (table II) are 
explained by the minute debris of chlorophytes, intermin- 
gled with sediment and produced by the browsing behav- 
iour of dense Hydmbiu populations. 

The community respiration (opaque bells-jars: CR) repre- 
sents the “total demand” of the sediment. together with 
the demand of macrophytes and other enclosed organ- 
isms under non-photosynthetic conditions. The values of 

CR together with sediment demand (COD+BOD) indi- 
cate that macrophytic impact is measurable: CR varied 
between -51 and -101 mg 0, m-’ h-’ according to the 
abundance of macrophytes at stations 2, 3, 4 and 5. 
Community respiration values were apparently more 
related to the epibiontic communities on macrophytes 
(bacteria and epifauna) than to the macrophytes them- 
selves. This is especially obvious at station 5, where CR 
was higher than COD+BOD (cleared sediment, in which 
endofauna is still present). At stations where macrophytes 
were not present (station 1) or scarce (station 2), transpar- 
ent enclosures (NOP) and dark ones (CR) were deliber- 
ately placed over sediments without aggregates of benthic 
animals to avoid exageration or heterogeneous estimates 
of oxygen consumption. At other stations, such aggre- 
gates could not be observed: this difference in visibility 
of organisms may perhaps explain why CR was lower 
than COD+BOD at stations 1 and 2. 

Net fluxes were positive and higher at stations with mac- 
rophytes. They were also higher at the two stations with 
macrophytes in the shellfish-farming areas (stations 3 
and 5) than in the part with dense Monnstmna cover (sta- 
tion 4). The highest net primary production estimate 
(+ 199 mg 0, m* h-‘) was obtained for an assemblage of 
macroalgae and seagrass (station 5). At this location and 
during our surveys, the plant community was healthy, not 
submitted to bacterial degradation which occurs under 
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the confined and hyperthermal conditions liable to induce higher than diurnal, we may expect a positive circadian 
anoxic events (malaigue). balance in such zones. 

The plant communities of the Thau Lagoon were mapped 
in detail by Gerbal [ 1 l] and Gerbal and Verlaque 1121, 
and we therefore located our stations in the different 
zones identified by these colleagues (table IV). Stations 1 
and 2 are located in -and quite representative of- the 
“central part” (secteur central, ca. 3 1 % of the total area), 
which the authors describe as nearly devoid of vegetation 
(plant biomass = 0 to 25 g DW m-‘). 

Using our estimates for the spring and summer 
period, i.e. a rough hourly diurnal respiration of 40 mg 
O2 m-’ h-’ (-36, -51) and a rough hourly diurnal gross 
production of 40 mg O2 mm2 h-’ (24, 58), we obtain no 
diurnal net production. Should our budget include the 
night time values, then an overall deficit of benthic oxy- 
gen in this “central part” during the study period would 
be observed. 

Station 5 can be considered representative of Gerbal and 
Verlaque’s “west part” [ 121. This zone, which covers 
32 % of the total lagunal surface, has a plant cover rang- 
ing from 225 to 700 g DW nt-*. Calculation of average 
values of respiration and gross production lead to a diur- 
nal hourly net production of 200 mg O2 m-l he’. Thus, in 
this zone the circadian 0, balance, in summertime, is 
strongly positive. The zones with macrophytes, which 
represent about 70 % of the total bottom area of the 
lagoon thus contribute considerably to the input of oxy- 
gen in this ecosystem. 

Another major zone determined by Gerbal and Verlaque 
is the “east part” (3 1 % of the total area), which includes 
our stations 3 and 4. For discussion purposes we will 
include in this part another fraction of the lagoon with 
roughly the same features (the “south-east part”: 6 c/c). 
Thus, in 37 % of the surface of the lagoon, plant biomass 
ranges from 25 to 225 g DW m-‘. The average values of 
fluxes over this type of bottom were 76 mg 0, me2 h-’ for 
the respiration and 183 mg OZ rn? h-’ for the gross pro- 
duction, thus giving a daytime positive balance of 107 mg 
O2 me2 h-‘. Considering that nocturnal respiration is not 

About 20 % of the total surface of the lagoon is occupied 
by oyster cultivation structures. The sediment underneath 
oyster ropes is a fluid mud, generally richly colonized by 
benthic microphytes. In 1991-1992, we carried out sea- 
sonal measurements of the same parameters under the 
ropes, using the same methods and enclosures [S]. 
Springtime values of net production were slightly nega- 
tive, whereas summer ones were positive (+25 mg OZ m-’ 
h-0. The respiration was also maximum during summer 
(-74 mg O2 m-’ h-0, but it was compensated for by the 
oxygen production of an abundant microphytobenthos 
(with a consequent gross production of about 100 mg 
0, mm2 h-l). Th ere ore, f our measurements confirm that 
biodeposition areas below the oyster ropes in Thau 
Lagoon do not play a negative part in the oxygen balance, 
as already observed by Mazouni et al. [ 181 and Grenz et 
al. [ 14) during experimental studies on mud-removal 

Table IV. General results on daily predictable benthic oxygen fluxes in summer, in the three main parts of the Thau Lagoon, according to the 
macrophytic biomasaes (g DW rn-‘). Data on the surfaces and biomasses from Gerbal and Verlaque [ 121. 

Diurnal Oxygen 
Respiration 

(mg0, m-* h-l) 

Gross Oxygen Production 
(mg0, m-* h-l) 

Diurnal Net Oxygen 
Production 

(mg0, mm2 h-‘) 

Circadian Oxygen 
Balance in summer 

Central part (3 1%) 
0-25g DW m-’ 

(Stations I and 2) 

East and southeast part 
(37%) 

25-225g DW mm’ 
(Stations 3 and 4) 

West and southwest part 
(32%) 

225700g DW mm’ 
(Station 5) 

Average value for the 
whole lagoon 

40 40 0 <O 

76 183 I 07 >O 

100 300 200 >> 0 

72.5 172 103.5 >o 
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effects in the same area. Furthermore we observed that 
the corridors between oyster-tables were densely popu- 
lated with highly productive macrophytes. 

As ruble III shows. a rough estimate of the oxygen bal- 
ance at the surface of sediment as a whole gives positive 
values between May and July. To better understand the 
processes at the beginning of a dystrophic crisis, we need 
to examine O2 benthic balances during other periods of 
the year. 

In 199 I-1992. two stations of the seasonally study 
already mentioned (S] were located in shellfish farm area 
B of the lagoon (figllre I). One of those stations was 
located in a bare sediment zone. only populated with 
microphytes. at a depth of 5 m, off the oyster structures. It 
can therefore be compared with our station 1. Barranguet 
et al. 151 observed that respiration was more intense in 
spring (-38 mg O2 n-l hh’) and in summer (-40 mg O2 
mu-? h--l ). values quite comparable to those obtained in 
this study (-36 mg 0, rn~’ h-’ in 1993). Respiration was 
much lower during winter (-12 mg O2 rn-’ h--l). which 
resulted in a positive net production (+S mg O2 no’ h ‘). 
Afterwards, the production was negative in spring 
(-35 mg O2 m’ hh’) and slightly negative in summet 
(-5 mg 0, mm2 h--’ ). 

In 1991-1992. one of the four stations (station MC in 
141). densely populated with macrophytes, was located at 
a depth and location corresponding approximately to sta- 
tion 5. Diurnal hourly net fluxes were always positive 
except in summer where the respiration was remarkably 
high in early July. The respiration value on this occasion 
(-I IS mg 0, m -’ h-’ ) was higher than at the three other 
stations (-74 under the ropes, -40 and -92 mg 0, rn--‘h--’ 
outside) and much higher than our results in summer 
1993. During summer 1992 [ 181 an anoxic event 
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