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Abstract

The in vitro effect of Nereis diversicolor on denitrification has been studied in PVC tubes filled with a coastal
marine sediment defaunated by sieving. The first aim of the experiment was to determine the effect of sediment
defaunation on denitrification (denitrifying population and Denitrifying Enzyme Assays). Sieving induced a loss
of 70% of the initial DEA. The number of denitrifying bacteria was 10 times lower than in in situ sediment. In the
top two centimetres, the DEA rose by 75% of its initial value, after 82 days. Polychaetes were only added after a
return to near pre-disturbance levels to ensure that our data on the effects of their addition would not be disturbed
by changes in the sediment.

Introduction of Polychaetes increased the denitrifying population and DEA in the first layer (0-2 cm) of the
sediment after 15 days. After 45 days, the surface of the polychaete burrows in sediment was 1.3 to 1.5 times higher
than after 15 days, resulting in an increase in solute exchange between seawater and the top layer of sediment. An

inhibitory effect of oxygen on denitrification was detected in the uppermost layer only.

Introduction

Infaunal structures, such as worm burrows at the top of
coastal sediments, are significant sites of exchange of
solutes such as nitrate and oxygen across the water-
sediment interface (Jgrgensen & Revsbech, 1985;
Kristensen, 1988).

The presence of burrows increases the area of oxic-
anoxic interface and the transport of ions through the
sediment and thus influences the microbial processes in
the sediment column (Kristensen et al., 1991; Binnerup
etal., 1992).

Under anaerobic conditions, NO3 and NO; func-
tion as oxidants during mineralization of organic mat-
ter, but it is now accepted that denitrification can occur
in the presence of O, (Robertson & Kuenen, 1984
Bonin et al., 1989; Bonin & Raymond, 1990). Gen-
erally, denitrification takes place at aerobic-anaerobic
interfaces so that nitrate can be produced by nitrifica-
tion, an aerobic process, and is removed by denitrifica-

tion in an adjacent O, limited zone. In sediment, near
the surface, bioturbation can influence the alternance
of aerobic-anaerobic conditions, hence, the denitrifi-
cation processes.

Ecological studies are increasingly based on the
use of microcosms to control factors that are uncontro-
lable in the natural environment. To study the influence
of bioturbation on sediment conditions, defaunation
procedures such as freezing (Kristensen & Blackburn,
1987), anoxic condition in the overlying water (Ander-
sen & Kristensen, 1988) or sieving (Koerting-Walker
& Buck, 1989), followed by the addition of selected
macro-organisms, have often been used.

Defaunation by sieving and mixing destroys the
original chemical and faunal profiles. Moreover, siev-
ing influences the microbial biomass and metabolic
activity in sediment (Findlay et al., 1990). While the
authors cited reported that microbial biomass returned
to pre-disturbance levels 8 h after sieving, the influence
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of sieving on microbial activities such as denitrifica-
tion, has not been studied.

The objective of this study was first to determine
the influence of sieving on microbial denitrification,
and to assess the impact of nereid burrows and animal
activity on denitrifying processes.

Materials and methods
Site and sampling

Sediment and worms were collected in the Saint-
Antoine Canal during May and July 1991, respectively.
This canal links the Rhone River and the Carteau Cove
(Gulf of Fos) near Marseille, France (Fig. 1). Mean
depth is 0.8 m. In May and July 1991, water temper-
ature and salinity at the site were 13.2 °C and 35%c
S, and 20.5 °C and 30.7%e. S, respectively. Sediment
and worms were sampled by digging at ~ 0.5 m water
depth. In May. undisturbed sediment cores were also
taken using a30cm PVC corer (i.d. 7.3 cm) to examine
sediment characteristics before the start of the experi-
ment.

Defaunated sediment and worms

In the laboratory, sediment collected in May was forced
(by adding seawater) through a | mm sieve to remove
macrofauna and thoroughly homogenized by gloved
hands. In July, Nereis diversicolor was separated from
sediment by gentle elution in sea water. The worms
were acclimatized to experimental conditions, 17 °C
and 30%e S for 6 d in arecirculating seawater aquarium
partially filled with natural sediment.

Seawater flow system

Experiments were carried out in flow-through cores
(Fig. 2). Individual cores consisted of 7.3 cm-diameter
PVC pipe (30 cm height) with closed bottom.

Six cores were filled to a depth of 20 cm with
macrofauna-free sediment and placed in two aquaria
thermostated at 17 °C under a LD 12:12 cycle.

Four multiple-head peristaltic pumps (Cole-
Parmer, Chicago, IL) controled aerated and filtered
(Millipak™ 200 GLCL 0.22 pm Disposable Filter
Unit) seawater flow to the cores from two 50-litre ther-
mostated tanks.

Individual feed lines (Tygon tubing) were suspend-
ed approximately 3 cm above the water surface of the
cores.

Overlying the sediment of each core was approxi-
matively 0.3 litre of seawater which was kept aerated
by a small aquarium pump attached to an airstone.
Seawater flow was ajusted to 0.6 ml min~™!' resulting
in three complete turnovers of water each day in each
core. Water was evacuated through a | mm perforation
bored 3 ¢cm from the core top.

Introduction of macrofauna

After the first part of the experiment, in July, six select-
ed V. diversicolor (0.64t0 0.81 g ind. wet weight) were
added to 4 cores; two cores without nereids were used
as controls. The density and biomass of N. diversi-
color in the cores correspond to those observed at the
sampling site (~ 1433 ind. m™%; ~ | wtkg m™?).

Animals that did not burrow within 12 hours were
removed and replaced with fresh ones of the same
weight.

Biological activity

Bacteria
Sediment cores were sectioned in 2 cm segments from
the top to 10 cm.

For enumeration of denitrifying bacteria, 5 ml of
sediment in 45 ml of sterile seawater were subjected to
60 min vigorous reciprocal agitation (96 rpm) at 4 °C.
The suspension was used for enumeration by the most
probable number method (MPN).

The cultures were prepared with medium contain-
ing lactate (1 g 1™"), acetate (1 g I7"), succinate (1 g
17"y and nitrate (3 g17').

Anaerobic conditions were obtained by Hushing
nitrogen through the sealed flask tor 20 min. After
blockage with acetylene (20%) and incubation at 32 °©
C for 96 or 120 h, the production of nitrous oxide was
measured.

For NO; and NO; concentrations measured
in situ, in the range of 4 to 5 uM and 3.5 to 6 uM
respectively, natural denitrifying activity was very low
(0.9 pmol. N,O 17! d="). It is well known that the
acetylene used to block N»>O reduction during deni-
trification also inhibits the nitrification that produces
nitrate for denitrifying bacteria (Oremland & Capone,
1987). In view of this, we chose to study a potential
activity. The denitrifying enzyme activity (DEA) was
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Fig. 1. Sampling site (A) in the Northwestern Mediterranean basin.

measured by the procedure of Raymond et al. (1992).
Four millilitres of each segment were distributed into
13 ml tubes containing 4 ml of sterilized seawater
supplemented with glucose (1 mM), KNOs5 (1 mM),
and chloramphenicol (1 g 17') according to Tiedje
(1989). The tubes were sealed with rubber stoppers
and rendered anaerobic by flushing N, through the
tubes. Acetylene (15 kPa), which inhibits the reaction
from N>O to N,, was distributed into the tubes. Two
were sacrificed for analysis after 0, 0.5, 1 and 3 hours
of incubation at 20 ° C. The linear initial rate of N,O
accumulation is considered as a measure of denitrifi-
cation activity. After incubation, each tube was vigor-

ously shaken by hand for 2 minutes and harvested at
2000 x g for 3 min. Three millilitres of gas phase were
injected into a pre-evacuated venoject tube for later
N,O analysis. The extraction of N,O from the liquid
phase was carried out using the procedure of Chan &
Knowles (1979) modified by the technique of multiple
equilibrium (Mac Aulife, 1971).

Macrofauna

The reworking activity of N. diversicolor in micro-
cosms was quantified by the luminophore tracer tech-
nique (Gerino, 1990). Luminophores are colored inert
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Fig. 2. Schematic diagram of the core and fow-through seawater system used in the present study. Refer to text for full description.

particles, fluorescent under U.V. light (Mahaut & Graf,
1987).

Two size fractions of luminophores, 40-60 pm
diameter (red) and 150-200 pum diameter (yellow)
were used. A mixture of the two fractions (0.5 g per
fraction) was deposited at the sediment surface of four
cores: two control cores without nereids and two cores
with nereids.

Chemical analysis

Redox potential was recorded with a pH/mV (Metrohm
632) equipped with a combined Ag/AgCL reference
and platinum electrode.

All nitrogen compounds were measured in the
supernatant obtained after centrifugation at 2000 x g
for 10 min.

Nitrates were reduced on a Cu-Cd column adapt-
ed to Technicon II according to Treguer & Le Corre
(1975).

Nitrous oxide content was determined by a gas
chromatograph (Girdel series 30) equipped with an
electron capture detector. Chromatographic operating
conditions: 8 ft-length ‘Porapak Q’ column (mesh
50/80); oven temperature: 80 °C; injector tempera-
ture: 180 ° C; detector temperature: 250 °C. Nitrogen

was used as carrier gas at a flow rate of 20 ml min—".



Results

Influence of defaunation procedure on denitrifying
enzyme activity

The sieving procedure to remove macrofauna offers the
opportunity to homogenize the sediment and to com-
pare directly results obtained from each microcosm
sacrificed for analysis after incubation.

The denitrifying enzyme activity (Tiedje, 1988)
was used to characterize the denitrifying activity. The
potential N,O production rate was measured by mak-
ing all factors (electron donors and acceptors) non-
limiting.

After acetylene blockage, the rate of nitrous oxide
production is assumed to be proportional to DEA.

Before the start of the experiment, we determined
the initial profiles of denitrifying activity and denitri-
tying population in undisturbed cores. The results are
reported in Figs 3 and 4, respectively (dashed bars).
In the top two centimetres, denitrifying activity was
about 284 pmol. N,O 17! d~!. Peak activity was
found 4-6 cm below the sediment surface and reached
328.2 pmol. N,O 171 d='. The number of denitrifying
buacteria was maximum (40 x 10° bact. cm™?) in the
2-6 cm layer and was apparently associated with the
main zone of denitrification activity.

After sieving, patterns of variation in the depth
profiles of the number of denitritying bacteria and their
activities were monitored for 92 days (Figs 3 and 4) and
compared with the initial data on denitrifying bacteria
and DEA (dashed bars).

Analysis carried out after 15 days clearly showed
that after sieving, DEA declined sharply, the level of
N-O production remaining approximately 30% below
the initial activity whatever the depth. The same effect
was observed on the bacterial population.

After 35 days, DEA increased. At depth, the
amount of N2O produced rose to 100% of the initial
level, whereas at the surface it reached only 50% of
that measured in undisturbed cores.

After 35 days, the increase of DEA continued, to
rise at the top of the core, by 75% in about 82 days.
After 82 days, N> O production reached values close to
those before sieving. However, the activity was never
fully restored (Fig. 5). The increase of DEA between 82
and 92 days, in the first two centimeters, was weak. The
curve obtained can be described by the equation:

D = 49919 + 2.999¢ — 0.016¢2(> = 0.998),
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where D is the DEA value in the first two centimeters
of sieved sediment, and ¢ is time.

With regard to the density of denitrifying bacteria,
after 35 days of incubation, an increase of 25% in the
population was observed in the whole core.

After 82 days, the number of denitrifying bacteria
in the top two centimetres was up to five times higher
than the corresponding value after 35 days.

Influence of Nereis diversicolor on denitrification

Figure 6 presents the number of denitrifying bacteria,
the DEA and the nitrate concentration measured in
cores with and without Nereis diversicolor, after 15
and 45 days.

After 15 days, the number of denitrifying bacte-
ria increased from 25 x 10* to 140 x 10* bact. cm™* -
in the first two centimetres of sediment, in the pres-
ence of V. diversicolor, without any effect in the lower
layers.

In the same period, DEA in the first layer (0-2 cm)
was enhanced to 14% compared to sediment without
N. diversicolor. No significant effect on denitrification
occurred as a result of the presence of the polychaetes
in deeper layers. The nitrate concentration fell by S0%
in the first layer, and nitrate concentrations from 2 to
10 cm depth were similar in presence or absence of
polychaetes.

After 45 days, in the surface layer (0-2 c¢cm) of
the sediment with N. diversicolor, both denitritying
bacteria and DEA decreased, and NO;™ concentration
was higher than in the control {without N. diversicolor).
Atdepth (>2 cm), bioturbation by polychaetes induced
no significant effect on the denitrifying population but
the denitrification was slightly enhanced.

Table 1 shows that the presence of polychaetes
induced no variation in the negative redox potential
profile of the sediment after 15 days. On the other
hand, after 45 days, the redox potential progressed to
+54 mV in the layer surface (0-2 cm), indicating oxic
conditions.

Table 2 presents the distribution of added
luminophores in the different sediments. In control
sediment (without added polychaetes) no burrowing
occurred. The absence of luminophores in the sedi-
mentary column demonstrated that juvenile macroben-
thos and meiofauna, which may have pass through the
sieve and survive after sediment homogenization, did
not have a major influence on sediment reworking.
In cores with N. diversicolor the number of buried
luminophores after 45 days was 1.3 to 1.5 times higher
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Fig. 4. Variation in the DEA in sediment after sieving (white bars) and in siru values before sieving (dashed bars).

than after 15 days over the whole depth of bioturbated

sediment.

Discussion

The effect of defaunation on the sediment system has
generally been neglected (Kristensen & Blackburn,

1987), or researchers have waited few days before
starting their experiments (Bauer er al., 1988). Our
results show that sieving to remove macrofauna dis-
turbs not only the original structure and chemical pro-
files (Kristensen & Blackburn, 1987) but also bacterial
activity. Thus, after this kind of treatment, it seems
essential to wait for the sediment parameters to return
to initial levels before undertaking further studies. If
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Fig. 5. Variation in the DEA in the first Jayer (0-2 cm) of the sediment after sieving. The curve obtained is described by

D=49919+2999 71— 0.016  (+* = 0.998). where D is the DEA value in the first two centimeters of sieved sediment, and r is time.

Tuble 1. Redox potential profile in control sediment without
polychaetes and in sediment with the polychactes population,
15 and 45 days after the introduction of 6 Nereis diversicolor.
Values are expressed in millivolts.

Depth 15 days

(cm)  Cores

45 days
Cores with  Cores

Cores with
without without

polychactes polychaetes  polychaetes polychaetes

0- 2 —-156 —~145 —121 +54
2- 4 —170 —165 —162 —151
4- 6 —177 —178 —i72 —152
6- 8 =208 -192 —181 —167
§-10 —198 —195 —178 —174

such changes are not taken into account, measurements
must be considered unreliable to provide evidence of
the effect of bioturbation on microbial activities. We
show that 82 days were necessary to return to initial
DEA values in sieved sediment (Fig. 5). Values after
92 days were of the same order as those measured 10
days before.

In systems where the initial values were reached,
studies on the influence of Nereis diversicolor on den-
itrification were undertaken.

After 15 days, in agreement with the stimulatory
etfect of macrofaunal burrowing on microbial growth
{(Hines & Jones, 1985; Kikuchi, 1986; Reichardt,
1988), the number of denitrifying bacteria rose in pres-
ence of polychaetes. In the same period, the stimulation
of denitrification in sediment with N. diversicolor was
limited to the surface layer (Sayama & Kurihara, 1983)

Tuble 2. Repartition of the luminophores in control sediment
without polychaetes and in sediment with the polychaetes
population, [5 and 45 days after the introduction of 6 Nereis
diversicolor. Values are expressed in milligrammes.

Depth 15 days
(cm) Cores

45 days
Cores with  Cores

Cores with
without without

polychaetes polychaetes polychaetes polychaetes

0- 2 760.0 871.5 720.0 503.0
2- 4 0.0 62.5 0.0 834
4- 6 0.0 520 0.0 774
6- 8 0.0 55.6 0.0 83.0
8§-10 0.0 39.3 0.0 64.0

and contributed to the nitrate consumption of this layer
(Kristensen, 1985; Chatarpaul et al., 1980) because
solute diffusion into the anoxic part of the sediment is
increased by the presence of polychaetes (Henriksen
etal., 1983; Aller & Yingst, 1985; Koike, 1990). Nev-
ertheless, this stimulation was slight, compared with
other reports (Chatarpaul et al., 1980; Kristensen ez al.,
1991).

The decrease of DEA in the first sediment lay-
er, after 45 days, could be explained by the inhibito-
ry effect of oxygen on denitrification (Payne, 1976;
Firestone et al., 1980, Kapralek et al., 1982) not
observed after 15 days. Oxic conditions were in fact
only obtained in the first 2-cm layer of the sediment
and after 45 days.

The luminophore experiment was used to quanti-
fy the building of burrows by polychaetes. Gerino &
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Fig. 6. Denitrifying bacteria, DEA and nitrate concentration in sediment 1S and 45 days after the introduction of the polychaetes. Control
sediment without Nereis diversicolor () and sediment with N. diversicolor population (H).

Stora (1991) have shown that there is a significant cor-
relation between the surface of the burrow walls of
N. diversicolor and the quantity of luminophores at
each level, except in the first layer (0-2 cm) because
luminophoresare deposited in excess at the surface.
The increased surface of burrows resulted, after
15 to 45 days, in a better penetration of oxygen to
the sediment. Yet, the oxygen level only approached
that of the surface water during active ventilation peri-
ods, and was rapidly exhausted by consumption by the

polychaetes and wall microbes in the burrows during
the long resting periods (Kristensen, 1985).

The total oxygen concentration in the burrows can
be considered as low, and without significant effect
on denitrification in the bioturbated sediment in the
conditions of our experiments (~ 1433 N. diversicolor
m~2). On the other hand, after 45 days, the presence of
burrows in the first layer (0-2 cm), where the proximity
of seawater allowed a certain oxygenation, induced
an inhibitory effect of oxygen on denitrification by
increasing the water-sediment interface.



In conclusion, these investigations demonstrate the
complexity of the effects of Nereis diversicolor on den-
itrification. Two ranges of responses could be distin-
guished. After 15 days, denitrification rate exceeded
that in defaunated sediment; in contrast, after 45 days,
after the surface of the burrows had increased, the E},
value was positive and denitrification rate fell. This
probably reflects the antagonistic effect of the trans-
port of NO3y and O, from the overlying water to the
sediment, favoured by irrigation of the burrows by the
infauna. Animals can also have significant effects on
the overall rates of coupled nitrification/denitrification
within the sediment. Further work should elucidate the
in situ effect of macrofauna on denitrification. Results
obtained from our microcosms are not in fact directly
comparable to those obtained ir situ, but they should
be regarded as evidence of the etfect of bioturbation
by N. diversicolor on denitrifying activity.

Acknowledgments

This work was carried out in the framework of the
‘Cycles biogéochimiques: évolution de la matiére
organique en milieu littoral” programme and supported
by the Centre National de la Recherche Scientifique,
the Programme Interdisciplinaire de Recherche sur
’Environnement (PIREN) and the Société Nationale
Elf Aquitaine.

References

Aller, R. C. & L. Y. Yingst, 1985. Effects of the marine deposit-
feeders Heteromastus filiformis (Polychaeta), Macoma balthica
(Bivalvia), and Tellina texana (Bivalvia) on averaged sedimenta-
ry solute transport, reaction rates, and microbial distributions. J.
mar. Res. 43: 615-645.

Andersen, F. @. & E. Kristensen, [988. The influence of macrofauna
on estuarine benthic community metabolism: a microcosm study.
Mar. Biol. 99: 591-603.

Bauer, J. E., R. P. Kerr, M. K. Bautista, C. J. Decker & D. G. Capone,
1988. Stimulation of microbial activities and polycyclic aromat-
ic hydrocarbon degradation in marine sediments inhabited by
Capitellu capitara. Mar, envir. Res. 25: 63-84,

Binnerup, S. J., K. Jensen, N. P. Revsbech, M. H. Jensen &
J. Sgrensen, 1992, Denitrification, dissimilatory reduction of
nitrate to ammonium, and nitrification in a bioturbated estuar-
ine sediment as measured with 1SN and microsensor techniques.
Appl. envir. Microbiol. 58: 303-313.

Bonin, P, M. Gilewicz & J.-C. Bertrand, 1989. Effect of oxygen
cencentration on each step of denitrification. Can. J. Microbiol.
35: 1061-1064.

Bonin, P. & N. Raymond, 1990. Effects of oxygen on denitrification
in marine sediments. Hydrobiologia 207: 115-122.

57

Chan, Y. K. & R. Knowles, 1979. Measurement of denitrification
in two freshwater sediments by an in sifu acetylene inhibition
method. Appl. envir. Microbiol. 37: 1067-1072.

Chatarpaul, L., J. B. Robinson & N. K. Kaushik, 1980. Effects
of tubificids worms on denitrification and nitrification in stream
sediment. Can. J. Fish. aquat. Sci. 37: 656-663.

Findlay, R. H., M. B. Trexler, J. B. Guckert & D. C. White, 1990.
Laboratory study of disturbance in marine sediments: response
of a microbial community. Mar. Ecol. Prog. Ser. 62: 121-133.

Firestone, M. K., R. B. Firestone & J. M. Tiedje, 1980. Nitrous
oxyde from soil denitrification: factors controlling its biological
production. Science 208: 749-751.

Gerino, M., 1990. The effects of bioturbation on particle redistri-
bution in Mediterranean coastal sediment. Preliminary results.
Hydrobiologia 207: 251-258.

Gerino, M. & G. Stora, 1991. Analysc quantitative in virro de la
bioturbation induite par la Polychete Nereis diversicolor. C. r.
Acad. Sci. 313: 489-494.

Henriksen, K., M. B. Rasmussen & A. Jensen, 1983. Effect of biotur-
bation on microbial nitrogen transport in the sediment and fluxes
of ammonium and nitrate to the overlying water. In R. Hallberg
(ed.), Environmental biogeochemistry. Ecol. Bull. 35; 193-205.

Hines, M. E. & G. E. Jones, 1985. Microbiological biogeochemistry
and bioturbation in the sediments of Great Bay, New Hampshire.
Estuar. coast. Shelf Sci. 20: 729-742.

Jgrgensen, B. B. & N. P. Revsbech, 1985. Diffusion boundary fay-
ers and the oxygen upiake of sediments and detritus. Limnol.
Oceanogr. 30: 111-122.

Kapralek, F., E. Jechova & M. Otavova, 1982. Two sites of oxygen
control in induced synthetis of respiratory nitrate reductase by
Escherichia coli. J. Bact. 149: 11421145,

Kikuchi, E., 1986. Contribution of the polychaete, Neanthes japon-
ica (Izuka), to the oxygen uptake and carbon dioxide production
of an intertidal mud-flat of the Nanakita estuary, Japan. J. exp.
mar. Biol. Ecol. 97: 81-93.

Koerting-Walker, C. & J. D. Buck, 1989. The effect of bacteria
and bioturbation by Clymenella torquara on oil removal from
sediment. Water Air Soil Pollut. 43: 413-424,

Koike, 1., 1990. Measurement of sediment denitrification using 15-N
tracer method. In N. P. Revsbech & J. Sgrensen (eds), Denitrifi-
cation in soil and sediment. Plenum Press, New-York: 291-300.

Kristensen, E., 1985. Oxygen and inorganic nitrogen exchange in a
Nereis virens (Polychaeta) bioturbated sediment-water system. J.
coast Res. 1: 109-116.

Kristensen, E. & T. H. Blackburn, 1987, The fate of organic carbon
and nitrogen in experimental marine sediment systems: influence
of bioturbation and anoxia. J. mar. Res. 45: 231-257.

Kristensen, E., 1988. Benthic fauna and biogeochemical processes in
marine sediment: microbial activities and fluxes. In T. H. Black-
burn & J. Sgrensen (eds), Nitrogen cycling in coastal marine
environments. John Wiley and Sons Press, New-York: 275-298.

Kristensen, E., M. H. Jensen & R. C. Aller, 1991. Direct measure-
ment of dissolved inorganic nitrogen exchange and denitrification
in individual polychaete (Nereis virens) burrows. J. mar. Res. 49:
355-377.

Mac Aulife, L., 1971. GC determination of solutes by multiple phase
equilibration. Chem. Technol. 1: 46-51.

Mahaut, M. L. & G. Graf, 1987. A luminophore tracer technique for
bioturbation studies. Oceanol. Acta 10: 323-328.

Oremland, R. S. & D. G. Capone, 1987. Use of specific inhibitors in
microbial ecology and biogeochemical studies. In K. C. Marshall
(ed.), Advances in microbial ecology. Plenum Press, New York
10: 285-383.



58

Payne, W. 1., 1976. Reduction of nitrogenous oxides by microorgan-
isms. Bact. Rev. 37: 409-452.

Raymond. N., P. Bonin & J. C. Bertrand, 1992, Comparison of
methods for measuring denitrifying activity in marine sediments
from the Western mediterrancan coast. Oceanol. Acta 15: 137~
143

Reichardt, W., 1988. Impact of bioturbation by Arenicola marina on
microbiological parameters in intertidial sediments. Mar. Ecol.
Prog. Ser. 44; 149-158.

Robertson, L. A, & J. G. Kuenen, 1984. Acrobic denitrification, old
wine in new bottles. Antonie Van Lecuwenhoek 50: 351-354.
Sayama, M. & Y. Kuribara, 1983. Relationship between burrowing
activity of the polychaetous annelid, Neanthes japonica (Isuka)
and nitrification-denitrification processes in the sediments. J. exp.

mar. Biol. Ecol. 72: 233-24],

Tiedje, J. M., 1988. Ecology of denitrification and dissimilatory
nitratc reduction to ammoniun. In A, J. B. Zehnder (ed.), Biology
of anacrobic microorganisms. Wilcy & Sons, New-York: 179
244.

Ticdje, J. M., S. Sinkins & P. M. Groffman. [989. Perspcctives
on measurement of denitrification in the ficlds including recom-
mended protocols for acetylene based methods. Plant Soil [15:
261-284.

Treguer. P. & P. Le Corre, 1975, Manuel d*analyse des sels nutritifs
dans I'eau de mer. Laboratoire d"Océanologie chimique, Univer-
sité de Bretagne Occidentale, Brest, France. 110 pp.



