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ABSTRACT: Rates of actual nitrification through acetylene blockage of NH,* oxidation and potential
nitrification were measured in 2 intertidal geomorphological structures, ‘ridges and runnels’, at
Marennes-Oléron Bay, France. Nitrification rates were 6 times higher in runnels as compared to ridges
and their O, gradients with depth were different. Calculated N mineralization rates averaged
1.66 mmol m™ d™' in runnels versus 0.29 mmol m 2 d"' in ridges: Over 70% of this produced NH,* was
nitrified and thus became potentially available for denitrification. In neither ridges nor runnels was
there a significant correlation between potential nitrification and pH, Ey, or pore water NH,* (p > 0.05),
but the correlation between potential nitrification and pore water NO;~ was significant in runnels (p <
0.05). The presence of nitrifying bacteria below the depth of O, penetration in sediment suggests that
mixing processes have a role in controlling nitrification in this mudflat.
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INTRODUCTION

Nitrification, the microbial transformation of NH,* to
NO,;” and NOj7, is a key process in the nitrogen cycle of
coastal waters because it is considered as the main
source of NOj;™ available for denitrification in sedi-
ments (Seitzinger 1988). In the coupled process of nitri-
fication-denitrification, NO;™ originating from organic
matter mineralization in the oxic layer of sediments is
used as a terminal electron acceptor by denitrifying
bacteria, producing gaseous forms of nitrogen (N,
N,0O) which are essentially unavailable to most coastal
phytoplankton (Howarth et al. 1988). This loss of nitro-
gen for the system can have a positive effect on the
global nitrogen budget of estuarine and coastal areas
by lowering eutrophication, but it can also affect nega-
tively planktonic primary production (Nixon 1981).
Nitrification has other important ecological implica-
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tions, both positive in the form of detoxification of high
NH,* concentrations and lowering of pH, and negative
in that its consumption of O, may contribute to anoxia
in bottom waters (Murray & Grundmanis 1980, Hall
1986).

The factors generally pointed out as influencing ni-
trification in sediments are temperature, O, and NH,”
availability, and the abundance of nitrifying bacteria
(Henriksen et al. 1981, Fenchel et al. 1998). In many
sediments nitrification is limited by O, concentration
(Kaplan 1983) since O, penetration can be limited to a
few millimeters only.

There are several methods for measuring the process
in intact sediment cores: (1) >N methods (2) incorpora-
tion of *CO, (3) use of nitrification inhibitors and mea-
surement of the rate of NH,* accumulation. In "N
methods, where ""NH,* is added to sediment micro-
cosms, the measurement of the '"NH,* content at the
actual nitrification site is difficult (Nishio et al. 1983).
Estimation of the in situ nitrification rate through incor-
poration of CO, is also difficult, because it depends
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on the nature of the organic matter and NH,* oxidizer
populations, the C:N ratio assimilated by these bacte-
ria being quite variable (Billen 1976). When using nitri-
fication inhibitors, the actual nitrification rate is given
by the difference between the NH,* build-up in inhib-
ited and non-inhibited cores (Henriksen 1981). N-
serve has often been used as nitrification inhibitor, but
the long incubation time that it requires leads to an
accumulation of variable NH,* pools in the sediment
from which extraction is difficult (Laima unpubl. data).
Methyl fluoride has also been used as nitrification
inhibitor, but its efficiency is comparable to that of
acetylene (Caffrey & Miller 1995). It is known that
acetylene quickly inhibits the oxidation of NH,* at con-
centrations >10 Pa in pure culture by reacting with the
NH,* monooxygenase (Bédard & Knowles 1989). Since
using acetylene as a nitrification inhibitor only re-
quires a short incubation period, it is possible to detect
short-term changes in the content of dissolved NH,*
(Sloth et al. 1992). Further, it is assumed that the appli-
cation has no influence on nitrate reduction (Binnerup
et al. 1992).

Intertidal mudflats, which occupy large areas in
estuarine zones, are areas of intensive production and
mineralization of organic matter. Although they have
been recognized as playing an important role in ben-
thic regeneration (Nedwell 1984, Feuillet-Girard et al.
1997) and in the primary productivity of overlying
waters (Billen 1978), the nitrogen turnover in these
coastal areas is still poorly understood, particularly in
relation to their geomorphological features. Such mud-
flats are frequently characterized by major sedimen-
tary structures known as ‘ridges and runnels' i.e. a par-
allel succession of crests and troughs normal to shores
(Dyer 1998). Ridges and runnels are quite different
with respect to the NH,* adsorption onto the sediment
matrix (Laima et al. 1999). Because these differences
can affect many of the factors involved in the control of
nitrification, such as O, penetration and NH,* concen-
tration, these structures should be considered when
assessing nutrient regeneration in intertidal mudflats.

The present study investigates (1) the acetylene
technique for measuring nitrification in waterlogged
'ridges and runnels’ in Marennes-Oléron Bay, France,
(2) the relative importance of geomorphological char-
acteristics of this mudflat on nitrification rates, and
(3) whether nitrification rates could be correlated with
sediment variables such as NH,*, NO;~ O; pH, E,, C
and N contents.

MATERIALS AND METHODS

Study area. Marennes-Oléron Bay is located in the
middle of the western coast of France and extends over

about 170 km? between Oléron Island and the main-
land (Fig. 1). It includes large intertidal mudflats which
cover about 110 km? (Germaneau & Sauriau 1996). The
studied mudflat is the largest eastern mudflat where
the ‘ridge and runnel’ area represents about half of the
total surface area. These structures seem to be perma-
nent with ridges occupying about 60% and runnels
30% of the surface area (Sauriau et al. 1996). A de-
scription of the hydrobiological characteristics of the
bay can be found in Héral et al. (1983). The study area
receives heavy inputs of detrital organic matter ori-
ginating from land and ocean, and supports a high
microphytobenthic biomass (Blanchard et al. 1998,
Guarini et al. 1998).

Sampling and major analyses. Sampling took place
in the upper part of the mudflat where the ridge-and-
runnel system spreads over a 30 km? area (see Fig. 1
and Germaneau & Sauriau 1996). Twenty-two sedi-
ment cores (5.4 cm 1.d., 20 cm long) were taken by
hand at low tide (tidal range of 5.5 m} on May 6, 1997,
11 covering about 6 m? of surface area on a ridge and
similarly a further 11 in an adjacent runnel. Collecting
sites were chosen at random. Sediment cores were
kept at low temperature and quickly transported to the
laboratory. Six cores (3 ridges + 3 runnels) were used
for pore water extraction in the following way: surface
water from each core was discarded, the sediment col-
umn was cut into 1 c¢m slices down to a depth of 5 cm.
A portion of sediment from each stratum (Series A) was
purged in N, and centrifuged (3000 x g, 10 min at 0°C)
in gas-tight containers. Pore water extracts were fil-
tered through GF/F filters (0.7 um of pore size) and
frozen at —20°C until analysis of NH,* and NO;™. The
remaining portion (Series B) was used in the assay of
potential nitrification (see below). Four additional
cores (2 ridges + 2 runnels) were used for measure-
ments of E,, pH, water content (24 h at 60°C), bulk
density, and C and N contents. The pH was measured
using a pH meter (Knick Portamess 651-2, USA) and
potentials using a saturated calomel electrode (Ingold
406 M6-S7) as reference and a Pt-electrode {4800 M5).
The pH meter was calibrated before each new mea-
surement. The C-N composition of sediment organic
matter was determined using a CHN Carlo Erba 1500
analyser using acetanilide (N = 10.39% and C =
71.09 %) as standard. Prior to the C-N analysis, the sed-
iment sample was acidified with 1IN HCI to remove
carbonates. This decarbonation was increased by soni-
fication. The samples were then dried under vacuum to
eliminate HCI vapours, after which 1 ml of Milli-Q H,O
was added. The samples were then homogenized by
sonification and freeze-dried. Runnels are essentially
draining structures covered by fluff containing an eas-
ily degradable fraction of organic matter and micro-
phytobenthos. Ridges and runnels are similar with
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Fig. 1. Location of the sampling site in the middle of an intertidal mudflat in

grey zone on the Brouage mudiflat

respect to their density and C and N contents, but dif-
fer considerably in some functional characteristics
such as H,O content, pH and Eh (Table 1). Further-
more, primary fluxes estimated by ’Be analysis in the
shallow sediment horizons are around 20 cm yr! in
runnels and only 7 cm yr ! in ridges (Gouleau et al. in
press).

Actual nitrification assays. The NO;™ concentration
in the water above sediments varied between 50 to
70 uM. Incubations under such high NO;™ concentra-
tions often result in variable NH,* pools in sediment
from which their displacement is also variable (Laima
unpubl.). To avoid these effects and to best assess the
effect of acetylene on the NH,* efflux, incubations
were carried out in the absence of NO;™ in the overly-
ing water. The water of 12 cores (6 runnels + 6 ridges)
was carefully replaced by NO; -free artificial seawater
of the same salinity, the water height was adjusted to
8 cm and cores were fitted with magnet stirrers and
removeable gas-tight rubber membranes leaving no
air phase (Fig. 2). Steady-state was obtained after 10 h

Marennes-Oléron Bay. The ridge and runnel area is indicated by the light .Marennes

of preincubation in the dark at the in sifu temperature
(16°C). Sediment O, consumption was then measured
with a microelectrode (see below). The flux was calcu-
lated from the linear gradient above the sediment:

J = Dd[O,)/dz (1)

where J is the flux of O, into the sediment, z is the
depth and D is the diffusion coefficient for O, in water
at ambient salinity and temperature. Rate values were
0.05 mmol O, m~2 d™! for ridges and 0.14 mmol O, m™?
d-! for runnels (Table 2). Overlying water, which was
stirred continuously, was sampled (2.5 ml) after 0, 3.3,
6.2, and 17.1 h and replaced by equal volumes of O,-
enriched water, to compensate for this consumption of
O,. The concentration of NH,* was measured on each
subsample. At Hour 22, acetylene-saturated water was
added to the water phase of 8 cores (4 ridges + 4 run-
nels) in a proportion of 1% (vol:vol). This relatively
high concentration is sufficient to ensure complete
inhibition and rapid diffusion to nitrification sites in the
sediment (Sloth et al. 1992). Prior to use, acetylene was
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Table 1. Measurements of H,O content, bulk density, pH, E;, C and N contents in 4 ridge and runnel cores sampled at Marennes-

Oléron mudflat on May 6, 1997. Means and SDs are shown (n = 2). C and N data are shown for 2 cores (1 ridge + 1 runnel). Results

of a t-test for dependent samples at 95% confidence interval are shown at the bottom of the table. ns: not significant;
s: significant

Layer H,O Bulk density pH E, C N C/N
(cm) (%) {gem™) (ng mg™") (ug mg™") ratio
Ridges

0-1 119.4+8.3 1.65+£0.1 7.01£0.0 25453 11.54 1.67 6.9
1-2 108.3+2.1 1.49+0.1 6.92+0.1 186+26 10.85 1.58 6.9
2-3 112624 1.41+£0.1 6.90+0.0 189+26 10.59 1.56 6.8
3-4 91.9+7.1 1.58x0.0 7.02+0.1 169+ 30 12.56 1.99 6.3
4-5 96.9+6.2 1.5220.0 7.07+£0.0 192+23 10.72 1.56 6.9
Runnels

0-1 1849+ 7.9 1.28+0.1 7.45+0.08 218+20 12.05 1.73 6.9
1-2 174.1+ 2.0 1.42+0.0 7.43+0.06 126+22 14.25 1.94 7.3
2-3 190.4+ 4.6 1.44+0.1 7.39+0.03 119+22 15.17 2.20 6.9
3-4 192.6x14.6 1.34+0.0 7.39+0.02 96+ 7 12.81 2.08 6.2
4-5 148.9+10.7 1.38+0.1 7.40+0.01 110+ 8 12.14 1.76 6.9
p 0.0009 s 0.083 ns 0.0002 s 0.001 s 0.074 ns 0.064 ns 0.405 ns

trapped into 0.1 M phosphoric acid to remove any con-
tamination by NH,*. The water phase was further sam-
pled at times 22.0, 24.6, 28.4, 30.4 and 32.6 h and equal

MEMBRANE

E——"HOLDER volumes of O, enriched water and acetylene enriched
! \ RUBBER water were added as before. Samples were analysed
R | it for NH,” as before. Four cores (2 ridges + 2 runnels)
\g:;gg were incubated without acetylene to control the NH,*

efflux.
_ The acetylene blockage technique has a statistical
SEDIMENT AN advantage over other methods in that the same indi-
vidual core serves for measuring NH,* fluxes before
Ei: and after inhibition, so the flux variability among cores

does not interfere with the measured rates. Therefore
flux rates were calculated by linear regression using
the NH,* build-up in the overlying water from individ-
Fig. 2. Incubation cores: 54 mm acrylic tubes fitted with a ual cores before and after acetylene addition. The
tight, removable membrane on the top, a magnetic stirrer e . .

? - U ) . ) actual nitrification rates were calculated as the differ-
with adjustable position in the water phase, and a rubber . )
stopper in the bottom. Stirring of overlying water was con- ence between the NH,* fluxes before and after in-

trolled by a central rotating magnet (not shown) hibition in the same set of cores.

ﬂ

Table 2. Sediment O, consumption, depth of O, penetration, mineralization and nitrification rates in ‘ridges’ and ‘runnels’ from
Marennes-Oléron Bay, France. O, depth profiles before and after inhibition (1 ridge + 1 runnel) were measured at 2 positions
situated only 1 to 2 mm apart. Rates are given as mmol m™* d-!

Structure O, penetration O, consumption Nitrification Net % of NO;™ flux®
(mm) measured mineral- nitrified
-C,H, +C,H, -CH, +C,H, ization NH,*
Ridge 2.4 1.2 0.05 0.09 0.21+0.20 0.29 72 <0.005
Runnel 1.3 0.6 0.14 0.007 1.27£045 1.66 76 <0.005
°Measured in cores without NO;™ in the overlying water at t =0
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Fluxes (F) of NOj™ at the sediment-water interface
were calculated as:

FNO; = oVvA™! 2)

where a is the slope of the regression line obtained by
plotting the overlying water NOj™ concentration (nM)
as a function of the incubation time (h), Vis the volume
of the water column (cm?®), and A is the core surface
area (cm?). A positive flux means that the solute is lib-
erated from the sediment towards the overlying water.
In some cores small Hydrobia sp. (diam. around
0.2 cm) were present in the sub-layers below 0.5 cm of
the sieved runnel sediment at concentrations ranging
from 0.4 to 2.8 individuals cm™ of wet sediment. Data
obtained from these cores were not used in the flux
calculations.

Nitrification potential assays. NP was determined
using those pooled sediment samples (Series B, see
above) from which a portion was also used for pore
water removal. Samples {ca 1 cm?) in duplicate from
each layer were sieved through a 1.5 mm mesh to
remove large detritus and macrofauna, and the sieved
sediment was shaken in 100 ml incubation flasks with
50 ml of artificial sea water at the same salinity and
enriched with 1 mM NH,Cl. A control set was pre-
pared without NH,* enrichment. The slurries were
gently shaken aerobically (Henriksen et al. 1981, Joye
& Hollibaugh 1995, Mayer et al. 1995) at the in situ
temperature (16°C) and in the dark. Five water sam-
ples per core were taken during a 24 h period, filtered
through sterilized GF/F filters and stored at —-20°C until
analysis for NO;™. From a linear increase of NO;3™ con-
centration with time, the slope of the regression line
gives the potential nitrification rate. This rate is pre-
sumably proportional to the number of nitrifying bac-
teria (Henriksen 1981).

Sediment O, profiles. Oxygen was measured in the
water overlying the sediment and in pore water using
a microelectrode (Diamond 737GC). Prior to measure-
ments, the microelectrode was calibrated in O,-satu-
rated water (100%) and in anaerobic sediment (0 %).
The electrode was mounted on a micromanipulator
and placed into the water; the electrode output signal
was read through a picoammeter (Keithley 485) and
sent to a computer. The microelectrode was then care-
fully pressed down in 20 pm steps starting a few mm
above the sediment surface and stable output signals
were read at each depth interval. A second depth O,
profile was measured at the end of incubation at a
position situated only 1 to 2 mm away from the first
one.

A second expression used to calculate O, consump-
tion rate is (Cai & Sayles 1996):

F°0, = FOy(z=0) - D,d[0,}/dz = D, [Oslu/L (3)

where L is the O, penetration depth, D; is the O, diffu-
sivity in sediment pore water, [O;],, the bottom water
O, concentration, z is the depth and FO, the O, flux
into the sediment. The O, penetration depth can be
calculated as follows:

L = 24D [Oy]py/F°O, 4)

where ¢ is the sediment porosity. Egs. (3) & (4) are
intrinsically different: whereas Eq. (3) is based on a
linear O, concentration decrease, Eq. (4) implies O,
concentration follows a second order polynomial. An
extrapolation of the derivative (a tangent line) at the
sediment-water interface to [O,] = 0 intersects the
depth axis at Az, and, F°0, = -0D, 0-[O;],.,/Az. Sub-
stituting this relationship into Eq. (4) gives:

L = 2Az (5)

Eq. (3) assumes a linear gradient, but underestimates
true O, penetration by a factor of 2, and thus Eq. (4) is
best suited to benthic chamber measurements. When
calculating the flux from O, gradients measured by
microelectrodes, and in order to avoid the need to
specify ¢ and D, a slightly different form of Eq. (3} is
more appropriate.

Since F°0, = -¢D; (O, gradient), . 4, Eq. (4) may be
re-written as:

L= 2[02]bw/(o2gradientjz=0 (6J

Chemical analyses and calculations. Ammonium
was measured manually using the salicylate method
with minor modifications (Laima 1992). Nitrate and
nitrite were measured using a Skalar autoanalyser.
Concentration data were corrected for dilution effects.
Variance and correlation analyses at 95% confidence
interval were carried out using STATISTICA (StatSoft
Inc. 1993).

RESULTS AND DISCUSSION

Prior to acetylene addition, the NH,* efflux increased
with time in both cases and the differences in slope
between sample and controls were not significant {p >
0.05) (Fig. 3). As expected, the NH,* efflux increased
comparatively after addition of acetylene to the overly-
ing water. NH,* oxidation was effectively inhibited as
the overlying water NOj;™ concentration did not in-
crease after the moment of acetylene addition (not
shown). Nitrification rates were calculated for individ-
ual cores using the NH,* efflux data (Fig. 3) and rates
are shown as means + SDs among cores for both struc-
tures (Table 2). To test for statistical equality between
the means, a t-test of the difference between 2 means
was used (Sokal & Rohlf 1981). Differences in rate
between ridges (0.21 * 0.20 NO;~ mmol m™? d-!) and
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Fig. 3. Molar accumulation of NH,* in the water phase of incubated cores. The slopes of regression lines give the NH," accumu-

lation rates before inhibition (empty circles, n = 7) and after inhibition on the same cores (full circles). The arrow indicates the

time of addition of acetylene-enriched water to the overlying water. Control cores without acetylene addition (full triangles,
n = 4) were run for checking the NH,* flux

runnels (1.27 + 0.45 NO,;” mmol m~? d™!) was significant
(p < 0.05). Actual nitrification (AN) rates in the individ-
ual cores ranged from 0.1 to 0.3 mmol NOy; m 2 d !in
ridges and from 0.7 to 1.6 NO;~ mmol m™? d~' in run-
nels. These AN rates are in close agreement with those
given by the N-serve method at the same site in late
winter (0.50 to 0.84 mmol NO;" m 2 d™", Feuillet-Girard
unpubl. data} and comparable to those reported for
other shallow marine environments (Nishio et al. 1983,
Kemp et al. 1990).

Potential nitrification (PN) rates turned out to be
significantly higher in runnels than in ridges (p < 0.05)
(Fig. 4). PN rates decreased slightly with depth in
both structures and a peak was detected in the 2 to
3 cm layer of runnels. The rates did not significantly
correlate (p > 0.05) with any of the parameters listed
in Table 1. Nitrification potential has been shown to
reflect changes in bacterial number rather than
changes in specific activity (Hansen et al. 1981). This
may indicate that nitrifying bacteria are relatively
more abundant in runnels than in ridges despite the
stronger reducing conditions that prevail below the
top 1 cm in runnels (E,, data in Table 1). Once burried
in the reduced sediment, nitrifying bacteria are
known to survive for at least 1 mo {Hansen et al.
1981). Although the nitrifying bacteria are present
down to a depth of 5 cm (and hence there is a nitrifi-

cation potential), actual nitrification is only possible in
the top 1 cm where E, is higher than 200 mV (based
on Vanderborght & Billen's 1975 and Mortimer's 1942
criterium). The observed vertical PN pattern (essen-
tially in runnels) might be a result of intense mixing
processes occurring here.

Potential Nitrification

Mean depth, cm

20

10 15

NO,’, mmoles m2d’

Fig. 4. Nitrification potentials (mmol m™ d™!) in the surficial
{0 to 5 cm) horizons of ridges and runnels (n = 2). SD is also
indicated
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Fig. 5. Pore water O, profiles measured before and after (1 to 2 mm apart) acetylene addition to the overlying water. Az is the

x-coordinate intercept of the line extrapolated from the derivative of the O, profile at the interface. L; and L, are the O, penetra-

tion depths before and after inhibition, respectively. In runnel, the tangent line and therefore Az was determined from the fit of

an exponential equation to the top 10 data points. In ridge, Eq. (5) did not apply and the O, penetration depth was taken as the

depth where the O, electrode signal was around 1% of the bottom water value. This is because the electrode behaviour changes
at very low oxygen concentration in reduced sediments (Revsbech & Jargensen 1986)

The O, profiles before and after inhibition were
markedly different (Fig. 5). During emersion, ridges
are frequently exposed to air and the O, penetration
depth is thus likely to increase as a result of drying. In
such conditions, nitrifying bacteria must adapt or
prefentially inhabit micro environments where small
O, fluctuations are best suited to their metabolism. In
favour of this hypothesis is the presence of a NO;™ peak
at 2 to 3 cm depth in ridges in contrast to the profile in
runnels (Fig. 6). In runnels, a secondary O, maximum
at 0.3 mm depth was measured (Fig. 5). Since all incu-
bations were carried out in the absence of light, the
gradient above 0.3 mm depth is unlikely to be due to
photosynthesis, and was not used to calculate the O,-
flux. Also, given a high net O, uptake closer to the sur-
face, a photosynthetic maximum at this depth is
unlikely. It is more likely that the microelectrode
passed a worm burrow or something similar. Appar-
ently, acetylene enhanced the O, demand in the sub-
layers of both sediments.

The sediment nitrification zone is oxic and in close
diffusional contact with the O, {and acetylene) from
the overlying water. Nitrifying bacteria are strictly aer-
obic and therefore the depth of O, penetration is a
good estimate for the nitrification zone in the sediment.
It was not possible to accurately measure the true O,
penetration depth because O, concentrations were

very low. Using Eq. (6) gave O, penetration depths
before/after inhibition of 2.4/1.2 mm for ridge and
1.3/0.6 mm for runnel (Table 2). Assuming that other
processes were not affected by the acetylene, the
blockage of nitrification predicts a decreased O,
demand and hence a deeper O, penetration in the

0
[ Ridge Runnel
1 [
£ 2}
3 b
£
& 3
&)
4
[ S
0 1 2 3 4 5

NH,” x 100 and NO,, uM

Fig. 6. Pore water concentrations of NH,* (squares) and NO;~

(circles) in ridges (empty symbols) and runnels (full symbols).

Results for NO;™ are shown as means and SDs (n = 3). Con-
centration units are pM
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sediment. However, this situation was not observed in
either of these structures. There is evidence (Fig. 6)
suggesting that acetylene was non-specific in the
blockage of nitrification because the O, demand was
enhanced differently in micro horizons below the sedi-
ment surface. To the authors' knowledge, such effects
have not been reported to date in the literature. This
‘non-specific’ behaviour of acetylene is nevertheless to
be expected because the sources for labile organic
matter in this mudflat are quite variable in both time
and space (Galois et al. in press). This substrate vari-
ability is likely to promote rapid changes in the mixed
microbial populations that will react differently to
acetylene. In any case, the decrease of the oxic zone
thickness had nowhere near the same relative impact
on the O, consumption (Eq. 1) in the ridge as it did in
the runnel (Table 2).

The specific role of O, on the nitrification is difficult
to assess: It was found earlier that the microbial oxida-
tion of NH,* stops at O, concentrations between 1.1
and 6.2 uM (Jorgensen et al. 1984) and that the process
is inhibited between 2 to 3 times air saturation in an
estuarine environment (Henriksen & Kemp 1988).
Kemp et al. (1990) found that nitrification was absent
when O, concentrations in the overlying water
declined below 125 pM and sediments were anoxic.
Focht & Verstraete (1977) found that the nitrification
actlvity in pure culture continued even at very low O,
concentrations. However, heterotrophic bacteria have
a much higher affinity for O, (K, < 1 pnM O,) at low O,
concentrations and are hence likely to outcompete
nitrifying bacteria. Heterotrophic bacteria are there-
fore likely to predominate in the suboxic sediment lay-
ers under these conditions (Fig. 6). Thus, the rate of
nitrification in these sediments was apparently not
related to the thickness of the oxic layer, and this is in
agreement with other reports (Lohse et al. 1993).

Considering the NH,' flux after inhibition (second
part of the slope Fig. 3 after the breakpoint) as an esti-
mate of the net N-mineralization, it turns out that the
actual nitrification rates represent about 72% of the
net N mineralization in ridges and 76% in runnels
(Table 2). This NO;™ is potentially available for NO;~
ammonification and denitrification and despite the dif-
ference in nifrification rate between the structures (a
factor of 6 in favour of runnels), their nitrification
potentials lie in the same range. These data therefore
suggest that NOj -reducing processes are important in
this mudflat and deserve attention in future reseach.
Further, the presence of nitrifying bacteria below
2.4 mm (ridge} and 1.3 mm (runnel) as indicated by
nitrification potentials down to a depth of 5 cm (Fig. 4),
suggests the importance of mixing processes in nitrifi-
cation in the Marennes-Oléron mudflat. Nitrification
was found to be significantly influenced by the ridge

and runnel structures in intertidal mudflats. Therefore,
such geomorphological structures at the scale of a
whole mudflat must be taken into account when
assessing the flux of dissolved matter at the ecosystem
level.
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