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The main source of organic matter to estuarine and
shelf sediments is the deposition of detrital material
from plankton in the water column (Suess 1980). The
release of nutrients from the sediments is considered to
be regulated (feedback mechanism) by the rate at
which organic detritus reaches the bottom, the rate at
which this detritus is decomposed (mainly by hetero-
trophic bacteria), and the rate at which nutrients
released to pore waters are transported to overlying
waters by diffusion and bioturbation. Furthermore, the
regeneration of nutrients from the sediments of shal-
low, near-shore marine environments could be supply-
ing more than half of the required nitrogen for primary
production (Rowe et al. 1975).

However, recent observations (Fossing et al. 1995)
suggest that prokaryotic metabolic processes associ-
ated with benthic microbial mats of the genus Thio-
ploca could be responsible for converting the most
abundant form of new nitrogen (NOj3") into biologically
(intracellular) available substrate. This would be an
important mechanism for introducing dissolved N into
the seabed of the eastern Pacific shelf, representing
about a third of the total N input into the sediments,
when compared to the input via the rain of detritus and
assuming that 10% of the primary production of 9.6 g
C m~? d°! reaches the bottom. These and other obser-
vations (e.g. hydrothermal vents) demand a reassess-
ment of the classic view of the benthic-pelagic cou-
pling in marine systems.

Mats of giant filamentous bacteria were first ob-
served off northern Chile under the Peru-Chile Under-
current {(Gallardo 1963). They were later identified
from central Chile as being made up of dense popula-
tions of Thioploca spp. (Beggiatoaceae) with biomasses
of between 10 and 1000 g m™2, potentially covering
more than 40000 km? of the sea bottom off southern
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Peru to central Chile (Gallardo 1977). The undercur-
rent is associated with the Equatorial Subsurface
Water (ESSW) and is characterised by high salinity,
low oxygen and nutrient-rich waters, which are source
waters for wind-driven coastal upwelling that fertilises
the Chilean and Peruvian coasts (Wooster & Gilmartin
1961). The ESSW impinges on the seabed between
depths of 50 and 280 m, creating a benthic environ-
ment with extended periods of suboxic and anoxic con-
ditions that fluctuate intra-annually and interannually
(e.g. with El Nino) and have a strong influence on the
mats’ distribution and biomass.

The metabolism of these marine bacteria has re-
mained a mystery long after their discovery. An inten-
sive field study of biogeochemical processes in sedi-
ments of the continental shelf in central Chile (36° S)
was carried out in 1994 through a joint effort between
German (Max Planck Institute for Marine Microbiol-
ogy) and Chilean (University of Concepcion) re-
searchers with the goal of understanding the metabolic
pathways of Thioploca spp. Fossing et al. (1995) re-
ported that Thioploca cells are able to concentrate
nitrate up to 500 mM in a liquid vacuole that occupies
>80% of the cell volume. This vacuole is surrounded
by numerous sulphur globules embedded in the cyto-
plasm. They observed NO;™ uptake rates by Thioploca
of ca 2.1 mmol m™? d-!, suggesting that they oxidise
hydrogen sulphide using nitrate and behave as sul-
phide-oxidising denitrifiers. These observations were
accompanied by flume studies that show chemotactic
response towards nitrate-rich overlying waters with
low oxygen conditions (Huettel et al. 1996).

The fate of the large NOj;™ pool inside the vacuoles of
Thioploca spp. in this area has remained unclear.
Thamdrup & Canfield (1996) found that sediment NO3~
consumption during incubations was not directly cou-
pled to carbon oxidation (i.e. dissimilatory nitrate
reduction), suggesting that the NO;™ consumed may be
reduced to NH,* rather than to N, which would
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increase the oxidative capacity of the NO;™ pool by
60% (i.e. not NO3~ + 5™ — 1/2 N, but NO;™ + 8¢™ —
NH,*). Furthermore, Ferdelman et al. (1997) estimated
that Thioploca were only responsible for 16 to 34 % of
the total sulphide removal in the shelf sediments.

Independently, a field study in Concepcién Bay (36°
40' S, 73° 02" W) and adjacent continental shelf sedi-
ments was carried out to determine the fate of organic
nitrogen using a mass balance approach between
nitrogen input (detritus input obtained with sediment
trap) and output (i.e. ammonium and nitrate fluxes
across the sediment-water interface and nitrogen bur-
ial in deeper layers of the sediment column) for a
period that included seasonal variations in the hydro-
graphic process (Farias et al. 1996, Farias 1998). Within
the bay, an estimate of 85 to 93 % nitrogen regenera-
tion was obtained. However, at the offshore location
where Thioploca is present, the input was estimated to
be lower than the output, even without considering
other possible outputs such as N,O, N, and DON. In
addition, an important and unexpected source of
ammonium from the sediments to the water column
was recorded, being on average 10 mmol m™? d7},
although fluxes of up to 25 mmol m™2 d°! were mea-
sured during summer, when Thioploca reaches a max-
imum biomass.

I proposed that Thioploca could be catalysing reac-
tions like nitrite ammonification, a metabolic pathway
that has not been considered for Thioploca yet, but
which has been reported for other organisms (Schlen-
gel 1981). The proposed mechanism for Thioploca spp.
could explain the high fluxes of ammonium observed
across the sediment-water interface off Concepcién,
Chile (Farias et al. 1996, Farias 1998) and would con-
tribute to the low CO,:NH,* accumulation ratios found
near the surface in the bay and on shelf sediments
(Thamdrup & Canfield 1996).

Many facultative anaerobic or fermenting bacteria
are able to produce nitrate reductase and to couple
nitrite formation to electron transport phosphorylation
but, unlike the denitrifiers, they are not able to reduce
nitrite to dinitrogen. They either excrete nitrite or
reduce ammonium via the assimilatory nitrite reduc-
tase systems. The reduction of nitrate to ammonium
was hypothesised early by Fewson & Nicholas (1961}
and afterwards measured in marine sediment by
Serensen (1978). This process was clearly dissimilative
and may have an energetic rather than a nutritional
value; however, the ecological and physiological sig-
nificance of this process is still unknown.

The results discussed above suggest that inputs
(NO;™ uptake) and outputs (NH,* release) associated
with Thioploca spp. have quantitative importance and
indicate that there are other significant inputs and out-
puts of nitrogen compounds to and from the benthic

system, i.e. an active uptake of NO;~ and release of
NO;/NH," or N,;. This alternative nitrogen pathway
should be evaluated against the conventional view of
nutrient elements coming mainly from the reminerali-
sation and recycling of planktonic detrital particles.
Also, marine sediments represent a nitrogen sink for
marine ecosystems via denitrification and permanent
burial of organic matter. Bacterial mats could also con-
tribute significantly to the nitrogen loss, not only
through their metabolic activities but also through
their biomass preservation and burial in the sediments.
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