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Summary. Microbial mats arising in the sand flats of the Ebro Delta (Tarragona,
Spain) were investigated during the summer season, when the community was
highly developed. These mats are composed of three pigmented layers of pho-
totrophic organisms, an upper brown layer mainly composed of Lyngbya aestuarii
and diatoms, an intermediate green layer of the cyanobacterium Microcoleus
chthonoplastes, and an underlying pink layer of a so-far unidentified purple sulfur
bacterium. In the photic zone, oxygenic phototrophs constitute about 58% of total
photosynthetic biomass, measured as biovolume, and anoxygenic phototrophs
represent 42%. Diatoms constitute 11.8% of the oxygenic biomass, M. chthono-
plastes 61.2%, and L. aestuarii and coccoid cyanobacteria 20.6 and 6.4%, respec-
tively. In this laminated community, organic matter has an autochthonous origin,
and photosynthesis is the most important source of organic carbon. Oxygen pro-
duction reaches up to 27.2 mmol O2 m–2 h–1, measured at 1000 µE m–2 s–1 light
intensity, whereas oxidation of sulfide in the light has been calculated to be 18.6
mmol S m–2 h–1. This amount represents 26% of the total photosynthetic production
in terms of photoassimilated carbon, demonstrating the important role of anoxy-
genic phototrophs as primary producers in the pink layer of Ebro Delta microbial
mats. [Int Microbiol 2004; 7(1):19–25] 
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Introduction

Phototrophic microorganisms (i.e., diatoms, cyanobacteria,
purple and green sulfur bacteria) are widely distributed in
laminated microbial mat ecosystems [1,4,19,21]. Their verti-
cal zonation is due to the established steep physicochemical
gradients and to their own physiology, which results in the
arrangement of multicolored layers typical of this kind of
ecosystem. Together with the photoautotrophic organisms,
chemoautotrophic and heterotrophic bacteria coexist.

Microbial mats are highly productive ecosystems [9].
Cyanobacteria, developed in the upper layers, are usually the
most important primary producers in this kind of environ-

ment. Due to their photosynthetic metabolism, cyanobacteria
generate oxygen, which can diffuse a few millimeters into the
mat, and synthesize organic carbon compounds that are avail-
able to the rest of the microbial populations by active excre-
tion or cell lysis [20,27]. In the presence of suitable electron
donors, anoxygenic photosynthesis and chemosynthesis play
an important metabolic role. Anoxygenic phototrophic bacte-
ria (purple and green sulfur bacteria), found below the oxic
layers in a narrow zone that contains sulfide and is reached
by light, can fix inorganic carbon as a consequence of their
photosynthetic metabolism, using sulfide as an electron
donor. Chemolithoautotrophic organisms, usually found
between oxygenic and anoxygenic phototrophs, where oxy-
gen and sulfide coexist, are able to fix inorganic carbon inde-
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pendently from the light using different electron donors, such
as hydrogen or reduced sulfur compounds, and oxygen as
electron acceptor [12].

The study of photosynthetic generation of organic matter
in these few-millimeter thick ecosystems has become easier
with the aid of microsensors [8,23]. In addition to measuring
the vertical distribution of several physicochemical variables,
such as oxygen or sulfide, these sensors record the vertical
distribution of photosynthetic activity with a high spatial res-
olution [8,24]. A description of the Ebro Delta microbial
mats, including qualitative observations of different mat pop-
ulations, has already been published [18]. In the present
study, we report on the vertical biomass distribution of major
phototrophic organisms and the primary production of micro-
bial mats widely distributed in the southern spit of the Ebro
Delta.

Materials and methods

Sampling site description and sample collection. The stud-
ied microbial mat (site P3) is located in the Alfacs Peninsula, at the southern
spit of the Ebro Delta (Spain), in a temporarily inundated sand flat close to
the inner coast of the Alfacs bay described earlier [18]. Samples were col-
lected during the summer season, when microbial mats were highly devel-
oped, using a 4.5-mm-diameter core sampler. The corer was inserted into the
mat, and uniform cylindrical cores were removed. The cores were stoppered
at both ends immediately after sampling and stored at 4°C until further use.
Alternatively, samples for pigment determination were frozen with liquid
nitrogen in the field. In the laboratory, the different laminations were manu-
ally separated and subsampled for bacterial counts and pigment determina-
tions. For electrode analysis, the mat core was submerged in water from the
sampling site. During these measurements, the cores were incubated at 30°C
and illuminated by a halogen lamp that provided a light intensity of 1000 µE
m–2 s–1 measured at the mat surface.

Physical and chemical analyses. Temperature, conductivity, and
salinity were measured in the overlying water by means of a Yellow Springs
Instrument S-C-T meter model 33. A micropH 2001 Crison pH-meter was
used to measure pH. Light intensity was measured with a Delta Ohm HD
8366 lux meter.

Microscopy. Vertical sections of the mat were observed under an
Olympus SZ40 dissecting microscope in order to determine the number and
characteristics of the different layers. To better understand the distribution of
microorganisms within the mat, small pieces of each pigmented lamination
were placed on a glass slide in one drop of water and observed by phase-con-
trast microscopy with an Olympus BH-2 microscope.

Microbial counts. Total counts of photosynthetic organisms were made
using the method of García-Pichel et al. [6], which involves repeated coring
of studied mats with glass capillary tubes. Phototrophic bacteria were clas-
sified morphologically and each type was counted separately from phase-
contrast microscopy images. From each layer, a total of 16 replicates were
analyzed. From each single microorganism, total area, diameter and length
were measured with a digital planimeter. These final values were converted
into biovolume units by approximation to the nearest geometrical figure.

Pigment analysis. Chlorophyll a and bacteriochlorophyll a were meas-
ured in the different layers using methanol extracts according to the method

of Mir et al. [18]. Degradation forms of these photosynthetic pigments were
calculated after acidification of methanolic extracts [Martínez-Alonso M
(1997) Ph.D. Thesis, Autonomous University of Barcelona, Spain].
Absorption spectra of the extracts were obtained from 320 to 900 nm using
a DU-70 Beckman spectrophotometer.

Microprofiles of needle electrodes. Microprofiles of oxygen and
sulfide were determined using needle mini-electrodes according to the
method of Van Gemerden et al. [29]. Profiles were recorded in the sediment
cores during stepwise lowering of the electrodes using a micromanipulator.
The outputs from the electrodes were read on a picoamperometer (Keithley
480) and a millivoltmeter (Bioblock 93313), respectively. Oxygen produc-
tion and sulfide oxidation were calculated from the oxygen and sulfide pro-
files after dark and light exposition of the cores according to the method of
Revsbech et al. [26].

Results

Description of the mat layers and vertical dis-
tribution of bacterial populations. Prior to meas-
uring biomass, the chemical characteristics of the mat were
determined in the overlying water. In the studied period, the
temperature was 30–33°C. Salinity, conductivity, and pH
ranged from 60 to 70 g l–1, 85–115 ms cm–1, and 8.3–8.8,
respectively. At noon, the light intensity (PAR flux) at the
mat surface reached values from 1000 to 1200 µE m–2 s–1.

The distribution of dominant phototrophic organisms was
studied in the photic zone of the mat. Lyngbya aestuarii and
diatoms, together with different coccoid cyanobacteria and
some filaments of Microcoleus chthonoplastes, coated the
surface of the mat as a 0.72-mm thick layer. M. chthonoplas-
tes formed a dense and compact green layer 0.72–2.67-mm
deep, where coccoid cyanobacteria and L. aestuarii could be
seen. Below, a deep pink lamination 1.64-mm thick could be
observed. This bottom layer was dominated by a new purple
sulfur bacterium with morphological and ultrastructural char-
acteristics that do not coincide with those of previously iden-
tified anoxygenic phototrophic bacteria. Below these pig-
mented layers, there was a black horizon, in which the upper
10 mm were composed of compacted clay and the bottom
28 mm were, in contrast, sandy. Different brown sandy lam-
inations underlay the black layer.

Table 1 shows the vertical biomass distribution, ex-
pressed as biovolume, corresponding to major phototrophic
organisms that inhabit the microbial mat studied. Diatoms,
predominantly belonging to the genera Amphora, Navicula,
and Nitzschia, were more abundant in the upper brown layer,
where they reached values of 1.27×1010 µm3 cm–3. Three
groups of coccoid cyanobacteria could be distinguished, the
Gloeocapsa group, the Cyanothece group, and the Gompho-
sphaerioideae subfamily. All of them were distributed along
the entire photic zone; nevertheless, their concentrations
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were slightly increased in the green layer, with values of
1.97×109 µm3 cm–3, 2.47×108 µm3 cm–3, and 2.49×109 µm3

cm–3, respectively.
With respect to the vertical biomass distribution of fila-

mentous cyanobacteria, L. aestuarii abounded at the surface
of the mat (4.73×1010 µm3 cm–3) while the majority of M.
chthonoplastes (4.88×1010 µm3 cm–3) was found deeper, in
the green layer, with the number decreasing with depth
(Table 1). The vertical biomass profile of the dominant pur-
ple sulfur bacterium showed that this new organism had a
narrow distribution. It was observed at the bottom of the
green layer and in the pink lamination, although about 85%
of its total biomass was found in the latter, reaching a concen-
tration of 6.89×1010 µm3 cm–3.

Pigment concentration. Figure 1A shows depth dis-
tribution of chlorophyll a, phaeophytin a and the ratios chl a:
(chl a + phaeo a). The maximum of chlorophyll a was found
in the green layer (0.814 µg mm–3) rather than in the brown
layer (0.391 µg mm–3) or in the pink layer (0.375 µg mm–3).
In relation to degradation forms, phaeophytin a maximum
was located in the pink layer (0.849 µg mm–3). As shown in
Fig. 1B, bacteriochlorophyll a amounted to a maximum of
0.212 µg mm–3, in the pink layer. The ratio bchl a: (bchl a +
bphaeo a) remained constant from 0.7 to 4.3 mm depth. In
the surface and below 4 mm depth the ratio decreased.

Photosynthetic activity. Figure 2 shows the profiles
of oxygen and sulfide as a function of depth at a light inten-
sity of 1000 µE m–2 s–1 after 2 h in the light. The maximum
oxygen concentration (1154 µM) was measured at 1.4 mm,
in the middle of the green layer. Below this depth, the amount
of oxygen decreased, falling to zero at 3.2 mm. The sulfide
concentration increased with depth, reaching values of
3 mM at 5 mm in the black layer.

Oxygenic photosynthetic activity was detected from the
surface down to 3 mm (Fig. 2). The maximum oxygen pro-
duction (314.02 µmol dm–3 min–1) was detected at 1.6 mm.
From 3 mm, just below oxygen-sulfide interface, to 4.2
mm, at a zone where the purple layer occurred, there was a
high level of sulfide oxidation mediated by phototrophic
processes (Fig. 2). The mean value of sulfide oxidation was
188.8 µmol dm–3 min–1.

The effect of light vs. time on oxygenic photosynthetic
activity can be observed in Fig. 3. During the first 2 h of
illumination, oxygen production greatly increased. The high
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Fig. 1. Depth distributions of: A,
chlorophyll a (Chl a) (open circles),
phaeophytin a (Phaeo a) (closed cir-
cles); and B, bacteriochlorophyll a
(Bchl a) (open squares), bacteriophaeo-
phytin a (Bphaeo a) (closed squares) in
the studied microbial mat of the Ebro
Delta. Crosses:  ratios Chl a:(Phaeo a +
Chl a) and Bchl a:(Bphaeo a + Bchl a).

Table 1. Biovolume (µm–3 cm–3 sediment) of predominant phototrophic
organisms from Ebro Delta microbial mats

Group/organism Pigmented layer

Brown Green Pink

Diatoms 1.27×1010 6.33×109 7.35×107

Cyanobacteria
Lyngbya aestuarii 4.73×1010 1.94×109 ND
Microcoleus chthonoplastes 1.10×1010 4.88×1010 5.49×109

Gloeocapsa group 4.98×108 1.97×109 5.34×108

Cyanothece group 4.89×107 2.47×108 5.02×107

Gomphosphaerioideae
subfamily 1.15×109 2.49×109 2.65×108

Anoxygenic phototrophic bacteria
The novel purple sulfur

bacterium ND 9.92×109 6.89×1010

ND,  not detected.
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slope indicates a very efficient photosynthetic process. From
2–10 h of continuous light, no change in the oxygen produc-
tion rate was detected. Finally, after 10 h of light, there was
a clear decrease in oxygen production.

Discussion

The vertical distribution of colored layers and major pho-
totrophic populations found in the microbial mat samples ana-
lyzed in this study are similar to those observed in well devel-
oped mats reported earlier [18]. Depth profiles of photosyn-
thetic biomass (see Table 1) correlated with profiles of
chlorophyll a and bacteriochlorophyll a, the predominant pig-
ments found in these mats. In the photic zone of the Ebro
Delta microbial mats, oxygenic phototrophs constituted about
58% of total photosynthetic biomass, measured as biovolume,

whereas anoxygenic phototrophic biomass represented only
42%. Diatoms made up 11.8% of total oxygenic phototrophic
biovolume. Among all cyanobacteria evaluated, M. chthono-
plastes was the most abundant, reaching 61.2% of total pho-
tosynthetic biomass, whereas L. aestuarii and coccoid cyano-
bacteria represented only 20.6% and 6.4%, respectively.

Oxygen production measured in the laboratory at 1000
µE m–2 s–1, after 2 h of light, was about 27.2 mmol O2 m–2 h–1.
Assuming a C/O2 ratio of 1 [5], it can be considered that,
under these conditions, 326.4 mg C m–2 h–1 were photoas-
similated by oxygenic phototrophic organisms inhabiting the
mat. These values are higher than those reported in other
microbial mats located in marine environments, such as
Mellum Island, and slightly higher than those found in Solar
Lake or Spencer Gulf (Table 2). In all of these mats, M.
chthonoplastes is the predominant oxygenic phototrophic
organism.

The study of evolution of oxygenic photosynthetic activ-
ity along a simulated diel cycle was carried out under con-
stant light intensity. Maximum activity occurred after 2 h of
light at 1000 µE m–2 s–1, whereas oxygenic photosynthesis
decreased only after 10 h of light (see Fig. 3). Photosyn-
thetic activity depends on proportion of sunlight that falls on
the organism, the efficiency with which that light is harvest-
ed, and nutrient accessibility. Several stress factors can con-
tribute to limit the process, such as irradiance excess or car-
bon dioxide depletion. Nevertheless, the results obtained
show that the system functions with high efficiency over a
long period of time. These data support observations on the
lack of photoinhibition in the field [2,25]. Under natural con-

MARTÍNEZ-ALONSO ET AL.

Fig. 2. Vertical distribution of oxygen (open circles), sulfide (black circles),
oxygen production (striped bars) and sulfide oxidation (white bars) in the
Ebro delta microbial mat studied. Measurements were made with needle
electrodes under an illumination of 1000 µE m-2 s-1.

Fig. 3. Effect of hours of light on oxygenic photosynthetic activity in the
Ebro Delta microbial mat studied. Measurements were made with needle
electrodes under an illumination of 1000 µE m-2 s-1 at 30°C.
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ditions, however, changes in light intensity during a diel
cycle also contribute to prevent photoinhibition.

There are many microbial mats in which anoxygenic pho-
tosynthesis does not play a relevant role in primary produc-
tion [13]. In those cases, oxygen production is high enough
to supersaturate pore water and to move the oxygen-sulfide
interface down to layers not reached by light. Under these
conditions, sulfide will be oxidized mainly by chemotrophic
bacteria [12]. In Ebro Delta mats, sulfide oxidation in the
light was estimated by the disappearance of sulfide in the
illuminated mat. In summer, when the pink layer reached its
maximal development, sulfide consumption was calculated
to be 188.8 µmol S dm–3 min–1. This value is very similar to
that found in mats from salterns of Salins-de-Giraud [4].
Considering that the pink layer is 1.64 mm thick and assum-
ing a S/C ratio of 2 [5], carbon assimilation in this layer has
been estimated to be 111.5 mg C m–2 h–1.

As carbon assimilation from oxygenic photosynthesis,
calculated under the same conditions, was about 326 mg C
m–2 h–1, anoxygenic photosynthesis represents about 26% of
total organic carbon production in our samples. Several stud-
ies have reported the contribution of anoxygenic phototroph-
ic bacteria to the carbon cycle in such ecosystems. For exam-
ple, in Guerrero Negro mats, 22–46% of primary production
is due to anoxygenic phototrophic bacteria [10], whereas in
Salins-de-Giraud salterns the contribution of these pho-
totrophs is about 85% [4]. Thus, our study, as well as the
other examples discussed, addresses the relevant role of
anoxygenic phototrophic bacteria as primary producers in the
illuminated layer of coastal microbial mats.

There is little information available about the chemosyn-
thetic carbon fixation in microbial mats. Carbon fixation in
the dark has not been always taken into account in studies of
organic matter generation. In the Ebro Delta microbial mats,
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Table 2. Summary of integrated rates of oxygenic photosynthetic activity in microbial mats from marine environments

System Oxygen production Light intensity Temp. Salinity DPO(a) Ref.
(mmol O2 m–2 h–1) (µE m–2 s–1) (°C) (g l–1)

Guerrero Negro, Mexico 
Pond 5 12.8 600 21 87 M [12]
Pond 6 10.3 600 21 117 M, A, Sp, P [12]

Solar Lake, Sinai
Shallow flat mat 17.6 1000 25–30 80 M [13]
Deep flat mat 13.3 1000 25–30 80 M, P [13]
Blister mat 13.1-13.8 1000 25–30 80 P, M [13]
Gelatinous mat 1.2 1000 45 150 P, A, Sn, O [13]

Spencer Gulf, Australia(b)

Smooth mat 17.7 1800–2000 20–26 36–48 M [1]
Tufted mat 14.3 1800–2000 20–26 36–48 L [1]

Shark Bay, Australia(b)

Smooth mat 1.4 1800–2000 26–30 55–70 M [1]
Tufted mat 7.1 1800–2000 26–30 55–70 L [1]
Colloform mat 9.4 1800–2000 26–30 55–70 Mt [1]

Limfjorden, Denmark
Blister mat 14.3 55 16 23–29 O [15]

28.2 400 20 23–29 [15]
46.7 740 16 23–29 [15]

Mellum island, Holland
Station 1 1.0 1200 20–24 31 Ol [30]
Station 2 1.2 1200 20–24 30 M [30]

Salins-de-Giraud, France
Station A 3.3 2000 34 130–200 A, P [4]

Delta del Ebro, Spain
Site P3 9.9 500 30 40 M (c)

27.2 1000 31 69 M (c)

28.7 1500 31 69 M (c)

(a) Dominant photosynthetic organisms. Sn, Synechococcus sp.; P, Phormidium sp.; M, Microcoleus chthonoplastes; Mt, Microcoleus
tennerrimus; L, Lyngbya aestuarii; A, Aphanothece sp.; Sp, Spirulina sp.; O, Oscillatoria sp.; Ol, Oscillatoria limosa.
(b) Evaluated by the H14CO3

– method.
(c) Martínez-Alonso M (1997) Ph.D. Thesis, Autonomous University of Barcelona, Spain.
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carbon fixation in the dark has not been evaluated; however,
an indirect calculation can be made. In these communities,
sulfide production in the top 2 mm of the black layer was
7.56 µmol cm–3 day–1 [17]. Considering that the black layer
is 3.8 cm thick, integrated sulfide production will be about
287.3 mmol m–2 day–1. Thus, about 78% of sulfide produced
by sulfate-reducing bacteria will be consumed by anoxygenic
phototrophic bacteria. Moreover, considering that 10% of
sulfide produced precipitates with ionic metals [11], and
without taking into account the fraction of sulfide reoxidized
by means of chemical reaction with oxygen, 35.3 mmol S
m–2 day–1 could be oxidized chemolitotrophically by colorless
sulfur bacteria. Assuming a S/C ratio of 4 [14], carbon assim-
ilation by these organisms can be estimated to be 4.4 mg C
m–2 h–1; this means that about 1% of carbon fixation is carried
out by these organisms in the mat of Ebro Delta.

The values obtained are similar to those found in other
mats. For example, in mats from Eastern Passage, which con-
sist mainly of Beggiatoa sp., values for carbon fixation in the
dark are 1.6 mg C m–2 h–1 [7]. In mats from the Bahamas,
where oxygenic photosynthetic organisms are predominant
and anoxygenic photosynthesis is negligent, dark fixation
was about 2.4–7.0 mg C m–2 h–1 [22]. Nevertheless, in the
Ebro Delta mats, the percentage of dark fixation is lower than
that in the Bahamas mats, where it constitutes 8–20% of total
organic carbon production, or in the Guerrero Negro mats,
where it constitutes 2–12% [10].

Primary producers inhabiting the studied microbial mat
generate organic matter that is further degraded via aerobic
or fermentative pathways, providing low-molecular-weight
organic compounds. In turn, these compounds can be used as
energy sources by sulfate-reducing bacteria, which are wide-
ly distributed in this kind of environment and are responsible
for producing sulfide for anoxygenic photosynthesis
[3,16,22,28]. Thus, photosynthetic metabolism, coupled with
catabolic pathways, contributes to the turnover of carbon and
sulfur cycles in these marine environments.
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DISTRIBUTION OF PHOTOTROPHS IN MATS

Distribución de poblaciones fotótrofas y producción 
primaria en un tapete microbiano del delta del Ebro
(España)
Resumen. Los tapetes microbianos que se establecen en los sedimentos
litorales del delta del Ebro (Tarragona, España) fueron investigados durante
el verano, cuando la comunidad estaba muy desarrollada. Dichos tapetes se
componen de tres capas pigmentadas, con diferentes organismos fotótrofos.
La capa superior es de color marrón y está compuesta principalmente por
Lyngbya aestuarii y diatomeas. Debajo de ésta, se observa una capa interme-
dia de color verde, donde predomina la cianobacteria Microcoleus chthono-
plastes. Finalmente, por debajo de las dos anteriores se ve una lámina rosa,
en la que el organismo fototrófico dominante es una nueva bacteria roja del
azufre no identificada hasta este momento. En la zona fótica, los organismos
fototróficos oxigénicos representan un 58% de la biomasa fotosintética total,
medida ésta como biovolumen; el 48% restante corresponde a los organis-
mos fotótrofos anoxigénicos. En relación a la biomasa oxigénica, las
diatomeas constituyen un 11,8% del total, mientras que M. chthonoplastes,
L. aestuarii y las cianobacterias cocoides representan un 61,2%, un 20,6% y
un 6,4%, respectivamente. En esta comunidad multilaminada, la materia
orgánica es de origen autóctono y la fotosíntesis es la principal fuente de car-
bono orgánico. La producción de oxígeno alcanza los 27,2 mmol O2 m–2 h–1

medida a una intensidad de luz de 1000 µE m–2 s–1. Mientras que la oxi-
dación de sulfuro a la luz es de 18,6 mmoles S m–2 h–1. Esta última cantidad
representa un 26% de la producción fotosintética total, expresada como C
fotoasimilado, lo cual pone de manifiesto el papel destacado de las bacterias
fototrofas anoxigénicas como productores primarios en la capa roja de los
ecosistemas estudiados. [Int Microbiol 2004; 7(1):19–25]
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Distribuição de populações fototróficas e produção
primária em um tapete microbiano do delta do Ebro
(Espanha)
Resumo. Os tapetes microbianos que se estabeleceram nos sedimentos
litorâneos do Delta do Ebro (Tarragona, Espanha) foram investigados
durante o verão, quando a comunidade estava altamente desenvolvida. Esses
tapetes são compostos por três laminas pigmentadas, caracterizadas pela pre-
sença de diferentes organismos fototróficos. A lamina superior tem col-
oração marrom e está composta principalmente por Lyngbya aestuarii e
diatomáceas. Na próxima camada, observa-se uma capa de coloração verde
onde predomina a cianobactéria Microcoleus chthonoplastes. Finalmente, na
camada inferior encontra-se uma lâmina rosa, na qual o organismo fototró-
fico dominante é uma nova bactéria púrpura sulfurosa, ainda não identifica-
da. Na zona fótica, os organismos fototróficos oxigênicos representan cêrca
de 58% da biomasa fotossintética total, medida em têrmos de biovolume, e
os restantes 48% correspondem aos organismos fototróficos anoxigênicos.
Com relação à biomasa oxigênica, as diatomáceas constituem cêrca de
11,8% do total, enquanto que M. chthonoplastes, L. aestuarii e as cianobac-
térias cocoides representam 61,2%, 20,6% e 6,4%. Nesta comunidade mul-
tilaminada, a matéria orgânica é de origem autóctone, sendo a fotossíntese a
principal fonte de carbono orgânico. A produção de oxigênio alcança 27,2
mmol O2 m–2 h–1 medida à 1000 µE m–2 s–1. Enquanto que a oxidação de
enxôfre na luz é de aproximadamente 18.6 mmoles S m–2 h–1. Esse último
valor representa cêrca de 26% da produção fotossintética total, expressa em
têrmos de C fotoassimilado, o que coloca em evidência o papel relevante das
bactérias fototróficas anoxigênicas como produtores primários na camada
roseada dos ecossistemas estudados. [Int Microbiol 2004; 7(1):19–25]

Palavras chave: fotossíntese oxigênica · fotossíntese anoxigênica · bac-
térias fototróficas · tapetes microbianos


