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ABSTRACT: Four sites were investigated along the salinity gradient in the estuary of the River Colne,
UK. Sulphate reduction rates at all sites decreased with depth in the sediment, but the annual rate of
sulphate reduction over the 0 to 20 cm profile did not decrease significantly, even at a low salinity site
up the estuary where sulphate concentrations were much lower than at the estuary mouth. Methane
was formed at all of the sites, at rates 2 orders of magnitude lower than sulphate reduction, and was
greatest at a site on the marsh top site where organic matter was high. Methane emissions to the
atmosphere were substantially lower than sedimentary methanogenesis, suggesting methane oxidation occurred in the sediments before emission, with the proportion oxidized before emission increasing down the estuary. Nucleic acids were extracted from the sediments at each site, slot-blotted onto
nylon membranes, and 16S rRNA quantified with radiolabelled oligonucleotide probes against different groups of sulphate reducing bacteria (SRB). Autoradiographs were quantified by laser densitometry compared to known standards of RNA, and expressed as a percentage of the signal from a total
bacterial probe. The 4 SRB genera analysed (Desulfovibrio, Desulfobacter, Desulfobulbus and Desulfobacterium) were all detected at all 4 sites. Desulfovibrio was the largest group of SRB at the 3 lower
estuary sites, while Desulfobacter, which appeared to be the major acetate utiliser present along the
estuary, and Desulfobulbus were detected at lower levels. Signal from the physiologically diverse
Desulfobacterium occurred at significantly higher levels in the upper estuary at the Hythe, and it was
possible that this was associated with its use of electron acceptors other than sulphate, such as nitrate.
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Sulphate reducing bacteria · Methanogenic archaea · 16S rRNA
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Sulphate reduction and methanogenesis are important terminal oxidation processes in the anaerobic
mineralisation of organic matter and can be seen as
ecological equivalents, mineralising organic matter to
CO2, or CO2 and CH4 in, respectively, high and low
sulphate environments (Winfrey & Zeikus 1977). Sulphate reduction is thought to outcompete methano-

genesis when sulphate is freely available (e.g. in
marine sediments) as cultured strains of sulphate reducing bacteria (SRB) have higher specific affinities
than methanogenic archaea (MA) for the main substrates (acetate and H2) used by both groups (Balba &
Nedwell 1982, Kristjansson et al. 1982, Lovley et al.
1982). However, even in marine sediments methanogenesis still occurs, primarily via C1-compounds, such
as methylamines, that SRB cannot use (Winfrey &
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Ward 1983). In freshwater environments, where available sulphate is usually limited, sulphate reduction still
occurs but methanogenesis usually dominates (Lovley
& Klug 1983, Takii & Fukui 1991). Sulphate reduction
accounts for up to 50% of organic matter degradation
in coastal marine sediments and similar proportions
have been shown for methanogenesis in freshwater
systems (Jørgensen 1982, Lovley et al. 1982). However,
little work has been done that links process measurements and the identities of the key players in these
processes in situ.
Little is known about the identities of the important
SRB in situ. Molecular methods provide a means of
estimating, through in situ probing, the relative abundance of different SRB genotypes. Oligonucleotide
probes specific to the 16S rRNA of different SRB genera (Devereux et al. 1992) have already been used to
investigate the identities of SRB in a number of anaerobic sediments. Thus, it has been suggested that the
genera Desulfovibrio and Desulfobulbus may be
important in both freshwater and marine sediments
(Devereux et al. 1996, Trimmer et al. 1997, Li et al.
1999, Minz et al. 1999, Sahm et al. 1999b). In contrast,
our previous work using probes and fatty-acidamended sediment slurries has suggested that Desulfobacter are active in marine sediments, Desulfobulbus
are active in freshwater and marine sediments and that
Desulfovibrio appeared to play only a minor role in
sediments from the River Tama in Japan (Purdy et al.
1997). Sediment slurry experiments from the Colne
estuary, Essex, UK, have supported the results of similar slurry experiments from the River Tama, indicating
that Desulfobacter are the primary acetate-utilising
SRB in sediments where sulphate is freely available
(Purdy et al. 2003a). Studies on sediments from both
the Arctic and Antarctic suggest that there are differences between the SRB communities found in permanently low-temperature sediments compared to
temperate sediments (Sahm et al. 1999a, Purdy et al.
2003b). Here we extend this previous work on temperate and polar sediments to investigate the in situ rates
of sulphate reduction and methanogenesis as well as
the relative activity of different SRB genotypes along
the River Colne estuary.

MATERIALS AND METHODS
Study sites and sampling. Four sites were sampled in
the estuary of the River Colne, Essex, UK. Two were on
the Colne Point salt marsh at the mouth of the estuary;
one in the soft open mud near the tip of a salt marsh
creek (Open Mud); and one on the flat vegetated surface of the marsh (the Marsh Top) in an area adjacent
to the creek site. A further 2 saltmarsh sites were at

Alresford Creek (Alresford), in the middle of the estuary, and the Hythe at Colchester near the top of the
estuary (see Ogilvie et al. 1997 for description of sites).
The Colne Point saltmarsh sites are subjected to twice
daily inundation by coastal seawater, and have fully
marine intertidal conditions (salinity 32 to 34 ‰). Midestuary Alresford Creek has reduced salinity in the
range of 20 to 30 ‰, while salinity at the Hythe is
typically in the range of 0 to 10 ‰.
Triplicate sediment cores of approximately 30 cm
long were taken with a perspex core tube (8 cm internal diameter by 50 cm length) at approximately
monthly intervals from all 4 sites; from September 1994
to August 1995 at Colne Point, and from May 1995 to
May 1996 at Alresford and the Hythe. Cores were
maintained at the measured in situ temperature and
returned to the laboratory within 1 h. Each large core
was then placed in an anaerobic glove bag under
N2:CO2 (80:20% v:v) and subsampled over the 0–5,
5–10, 10–15 and 15–20 cm depth horizons with cut-off
5 ml sterile plastic hypodermic syringes. Replicate
small cores of sediment from each site and horizon
were used to measure sediment bulk density and
porosity .
Analysis of methane and sulphate. Concentrations
of sulphate in sediments were measured by centrifuging replicate small cores of sediment (1000 × g for
20 min) to recover porewater samples. These samples
were acidified with 50 µl hydrochloric acid (50% v:v) to
remove sulphide and then analysed for sulphate by ion
exchange chromatography (series 2000i, Dionex).
Methane was analysed by gas-liquid chromatography with a flame ionization detector using oxygenfree N2 as the carrier gas (Nedwell & Banat 1981).
Emission of methane from sediment. Triplicate
perspex boxes (0.25 m2 by 10 cm depth), with a rubber
septum in the upper surface to permit withdrawal of
head space gas samples, were placed randomly on the
surface of the sediment at each site. The wet sediment
gave a good gas seal for the boxes. Head space gas
samples were taken at 0.5 h intervals for 4 h. After return to the laboratory, methane in the head space was
measured and the rate of methane emission in each box
was determined by fitting a linear regression to the
head space methane concentrations, and calculating
the emission rate allowing for the head space volume
and the area of sediment covered by the box. The mean
rate of methane emission and standard error of the
mean (SEM) were then calculated from the triplicates.
Rates of methane emissions were integrated with
respect to time between sampling dates by linear interpolation. As there was not a complete year’s sampling
at Alresford, the integrated total over the sampling
period was multiplied proportionately up to an annual
value.
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Methane formation in the sediment.
Table 1. 16S rRNA-targeted oligonucleotide probes and pure culture controls
used in probing experiments on RNA extracted from River Colne estuary sediMethanogenesis was determined by
ments. Sulphate reducing bacteria (SRB) cultures were grown according to
head space accumulation of methane
Widdel & Bak (1992). Bacillus subtilis was grown in nutrient broth
from triplicate sub-cores from 5 cm
depth slices extruded, in an OFN
Probe
Target group
Pure culture controls
(oxygen-free nitrogen)-flushed gas
bag, into previously gassed 50 ml
p338a
Most bacteria
SRB,
serum bottles, crimp sealed with butyl
(S-D-Bact-0338-a-A-18)
B. subtilis NCMB 3610
septa and incubated at in situ temperp129b
Desulfobacter
Desulfobacter latus
(S-G-Dsb-0129-a-A-18)
ATCC 43918
atures for up to 4 d. Samples (50 µl) of
p221b
Desulfobacterium
Desulfobacterium
the head space gas were taken from
(S-G-Dsbm-0221-a-A-20)
autotrophicum DSM 3382
each bottle via the septum each day
Desulfobulbus
Desulfobulbus propionicus
p660b
and the methane concentration in the
(S-G-Dsbb-0660-a-A-20)
DSM 2056
head space measured as above.
p687b
Desulfovibrionaceae Desulfovibrio vulgaris
Methane formation rates per ml of
(S-G-Dsv-0687-a-A-16)
DSM 644
sediment in each bottle were deterDesulfobacteriaceae Desulfobacter latus
p804b
mined by fitting a linear regression to
(S-*-Dsb-0804-a-A-18)
Desulfobacterium autotrophicum
each plot of head space methane conDesulfococcus multivorans
centration against time, and allowing
p814b
Desulfococcus cluster Desulfococcus multivorans
(S-*-Dscoc-0814-a-A-18)
DSM 2059
for the head space volume and the
a
known volume of sediment. Rates of
Probes originally published by Amann et al. (1992)
b
formation of methane were tested for
Probes originally published by Devereux et al. (1992)
significant (p < 0.05) difference from
zero with a modified Student’s t-test.
before extracting DNA and RNA separately (Purdy et
The mean rates (± SEM) were calculated for each
al. 1996). SRB (see Table 1) were grown as described
depth horizon. Methane formation was integrated with
by Widdel & Bak (1992). A non-SRB control (Bacillus
respect to depth over the 0 to 20 cm horizon, and with
subtilis NCMB 3610) was grown in nutrient broth.
respect to time by linear interpolation.
Total RNA was extracted from pure cultures as
In situ rates of sulphate reduction. To measure suldescribed previously (Purdy et al. 1997).
phate reduction rates, triplicate small cores of sediImmobilisation of extracted nucleic acids onto
ment from each depth horizon were injected along
nylon membranes and hybridisation conditions:
their length with 50 µl of an anaerobic solution of
Nucleic acids (either 50 or 500 ng total RNA per slot)
sodium 35S-sulphate solution (containing 1 µCi
[37 KBq] of carrier-free 35S-sulphate [specific activity
were slot-blotted onto nylon membrane (Hybond-N,
3.7 GBq mmol–1]) and incubated for 24 h at the meaDupont) after denaturation using 2% w:v glutaraldesured in situ temperature. At the end of this period,
hyde (Purdy et al. 1997) along with known amounts of
each small core was extruded into 5 ml of zinc acetate
rRNA from pure culture controls. Oligonucleotide
solution (20 mM) to fix sulphides. The sediment cores
probes (Table 1) were synthesised commercially and
were subsequently digested with tin and hydrochloric
end-labeled with γ-32P-ATP (Amersham Biosciences)
acid and radioactivity in both acid-volatile sulphides
(Sambrook et al. 1989). Hybridisations were performed
and pyrite was determined (Nedwell & Takii 1988).
and membranes processed as described previously
(Purdy et al. 1997).
Subsamples of the residual 35S-sulphate left in solution
after the digestion were also taken for each sediment
Scanning densitometry of autoradiographs and
determination of signal levels: Autoradiographs were
core so that the radioactivity added to each core could
be accurately determined. The depth-integrated rate
quantified using laser densitometry (300A Computing
of sulphate reduction over the 0 to 20 cm horizon was
Densitometer, Molecular Dynamics). Densitometrically
also calculated for each site and occasion, and intemeasured signals were converted to an amount of
grated with respect to time between sampling dates by
rRNA for each sample by comparison to pure culture
linear interpolation.
control standard curves (Purdy 1997, Purdy et al.
Extraction of nucleic acids from sediment samples
1997). The standardised results are expressed as a perand pure culture controls. Sediment samples were
centage of the general bacterial probe (p338) signal.
taken from the 2 Colne Point sites over 7 mo from
This is a composite measure of both the population size
March until September, at Alresford from May until
(number of cells) and the activity of individual cells as
September and at the Hythe from June until August
expressed by intracellular 16S rRNA (Rosset et al.
and washed with 120 mM sodium phosphate, pH 8.0,
1966). Means and standard deviations were deter-
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mined after arcsine transformation of the percentage
data and then back transformed to give the quoted
results (Zar 1996). Differences between samples were
tested for statistical significance by a 1-way ANOVA
with a post-hoc Tukey test for uneven n (Zar 1996).
Data are presented as the mean for all sampling times
from each site.

RESULTS
The rates of methane efflux from the sediments
along the Colne River estuary are shown in Fig. 1.
There was a strong seasonal signal at all sites, with
peaks of methane emission during July and August
1994 at the 2 sites on Colne Point (Fig. 1A,B), decreas-
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Fig. 1. Sediment surface methane emission rates from 4 sites
along the River Colne estuary in Essex, UK (1994 to 1996).
Data represent means of triplicate samples, error bars =
±1 SEM

ing strongly during winter. There were broader peaks
during the summer in May and June in the upper
estuary at Alresford and the Hythe.
Methane formation within the sediments displayed
similar seasonal changes, with peaks during the summer at all sites (Fig. 2A). The mean annual rates of
methane formation decreased with increasing depth at
all sites (Fig. 2B), reflecting the decrease in available
organic matter with increased depth in such intertidal
sediments (Nedwell & Gray 1987).
Sulphate reduction rates (Fig. 3) similarly showed
strong summer peaks, with rates of sulphate reduction
decreasing with increased depth in the sediment. It
was apparent from the data that there was neither
spatial nor temporal separation between sulphate
reduction and methanogenesis.
Table 2 shows the total annual amounts of methane
emissions, methane formation and sulphate reduction
(in carbon equivalents) at each site over the 0 to 20 cm
horizon. Methane efflux to the atmosphere was relatively constant at all 4 sites, but was always less than
the methane formation measured at the same site. At
the Colne Point sites, > 75% of the methane formed
was apparently not emitted from the surface, while
57% of the methane formed at the Hythe, and 20% at
Alresford were lost before emission.
Sulphate reduction accounted for between 70- and
560-fold more carbon flow than did methane formation
at all sites. There was no apparent trend between sites,
with annual amounts similar along the estuary.
Signal from the 4 genus-targeted probes, p129 (Desulfobacter), p221 (Desulfobacterium), p660 (Desulfobulbus) and p687 (Desulfovibrio), as well as the general
Desulfobacteriaceae probe (p804) were detected at all 4
sites. Signal from p814 (Desulfococcaceae) was not
detected at these sites. The total SRB community, as
determined by the combined signal for the 4 genustargeted probes, was larger at the Open Mud and Hythe
sites (20.8%, SEM = 1.6, n = 7, and 24.2%, SEM = 5.5, n =
3, respectively) compared to that detected at the Marsh
Top or Alresford sites (8.8%, SEM = 1.2, n = 7, and 8.5%,
SEM = 0.7, n = 5, respectively), but the only statistically
significant difference was between the Open Mud site
and the Marsh Top site (F1, 3, p < 0.05).
There were few significant differences in the proportions of the detected SRB genera across the 4 sites.
Signal from the Desulfobacter and Desulfovibrio
probes were not significantly different across all 4
sites. Signal from the Desulfobacterium probe (p221)
was not significantly different between the 3 sites
nearest the mouth of the estuary but was significantly
higher at the Hythe (F1, 3, p < 0.001). Signal from the
Desulfobulbus-targeted probe (p660) was significantly
higher in the Open Mud samples than in the Marsh
Top samples (F1, 3, p < 0.05).
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Nedwell 1978), and it might be predicted that in the low salinity upper
50
estuary bottom sediments, sulphate
Colne Point Marsh Top
5
reduction would be inhibited and
40
methane formation elevated. However,
30
10
our measurements showed no reduc20
tion in sulphate reduction rates even at
15
10
the Hythe, despite the low salinity at
this site, and the generally much lower
0
50
Colne Point
benthic sulphate concentrations than in
Open Mud
5
the fully marine sediments. This sug40
gested that, although depleted, there
30
10
was sufficient sulphate present in the
20
porewaters of these upper estuary sedi15
10
ments to maintain high sulphate reduction rates. Porewater sulphate concen0
50
trations were always greater than the
Alresford
5
concentration that starts to limit sul40
phate reduction (<1 mM; Boudreau &
30
10
Westrich 1984). The annual totals of
20
sulphate reduction measured here at
15
10
Colne Point (18.3 and 7.4 mol C m–2 yr–1
in Marsh Top and Creek Open Mud,
0
50
respectively) can be compared with the
Hythe
5
40
values reported by Senior et al. (1982),
averaging 4.6 and 3.2 mol C m–2 yr–1 for
30
10
creek and pan, respectively, which sug20
gests broad interannual stability in the
15
10
amounts of sulphate reduction proceeding in these sediments.
S O N D J F MAM J J A S O N D J F MAM
20 40 60 80
Correspondingly, the annual totals of
Methane formation
1994
1995
1996
methane emission to the atmosphere
(mmol m–2 yr –1)
(Table 2) at the 4 sites showed that
Sample date
there was no trend of increase in
Fig. 2. Sediment methane production rates from 4 sites along the River Colne
methane emissions in the upper estuary
–2
–1
estuary in Essex, UK (1994 to 1996). (A) Monthly rates (mmol m mo ) inteat the Hythe, where benthic methane
grated over 0 to 20 cm for each site. (B) Mean annual methane formation rates
–2
–1
formation rates were actually less than
(mmol m yr ) at 5 cm depth horizons over the top 20 cm. Error bars = ±1 SEM
(A, n = 3; B, n = 36 [Open Mud, Marsh Top and Hythe], n = 27 [Alresford])
at Colne Point. It has been suggested
that denitrification can inhibit methanogenesis (Scholten et al. 2002), which
DISCUSSION
may explain the decreased methane production in the
nitrate-rich upper parts of the estuary. The emission of
Our original intention in this work had been to select
methane from the open mud creek site at Colne Point
stations which would give a complete range of sedi(25 mmol C m–2 yr–1 ) again can be compared with an
ments from fully marine high sulphate to essentially
annual rate of emission in 1980 of 6.6 mmol C m–2 yr–1
low sulphate freshwater sediments. The site at the
reported by Senior et al. (1982). However, the rates of
Hythe rarely exhibited salinity elevated above freshmethane emissions (e.g. maximum about 130 µmol m–2
water but it became clear subsequently that there was,
d–1 at Colne Point in summer) were very small at all
sites compared to truly freshwater sites (e.g. 2400 µmol
nevertheless, significant sulphate and benthic sulphate reduction present, presumably from periodic
m–2 d–1 from a peat bog in summer; Nedwell & Watson
penetration of tidal water providing sufficient sul1995), and again suggested that although depleted,
phate.
there was sufficient porewater sulphate to avoid sulphate limitation of sulphate reduction and correspondThe competition between SRB and methanogenic
archaea for the limited substrates available in sediingly to competitively inhibit the activity of methanoments is well known (Winfrey & Zeikus 1977, Abram &
genic archaea.
Sediment depth (cm)

Methane formation (mmol m –2 mo–1)

0

214

Aquat Microb Ecol 37: 209–217, 2004

A. Sulfate reduction rate
0-20 cm

B. Sulfate reduction rate
Depth profile

Sediment depth (cm)

Sulfate reduction rate (mol m –2 mo –1)

represented only a proportion of the
methane formed within the 0 to 20 cm
0
horizon of sediment (within which most
Colne Point Marsh Top
benthic activity is located), and the pro5
4
portion released to the atmosphere
10
increased up the estuary, from 25% at
2
Colne Point to 80% at Alresford. It has
15
been shown previously that higher
plants pump oxygen out through their
0
0
roots to maintain an oxic rhizosphere
Colne Point Open Mud
(Schutz et al. 1991, Watson et al. 1997),
5
4
which contributes greatly to the subsur10
face oxidation of methane. Therefore, it
2
is likely that the presence of higher
15
plant cover at Colne Point contributed to
the high benthic methane oxidation at
0
0
this site.
Alresford
The relative sizes of the SRB commu5
4
nity detected at the Open Mud and
10
Hythe sites (Fig. 4) were larger than
2
those detected at Marsh Top and Alres15
ford, but the only statistically significant
difference was between the 2 Colne
0
0
Point sites (Open Mud > Marsh Top; p <
Hythe
5
0.05). The Marsh Top site had annual
4
rates of sulphate reduction more that
10
twice as high as those in the Open Mud
2
site and it may be that the SRB commu15
nity at the Marsh Top site represented a
smaller proportion of a larger, more
0
active total bacterial community. AlterS O N D J F MAM J J A S O N D J F MAM 0
5
10
15
natively, the Marsh Top site is inter1994
1995
1996 Sulfate reduction rate
–2
–1
tidally exposed to the air for longer than
(mol
m
yr
)
Sample date
the Open Mud site would be and thereFig. 3. Sediment sulphate reduction rates from 4 sites along the River Colne
fore a smaller proportion of the availestuary in Essex, UK (1994 to 1996). (A) Monthly rates (mol m–2 mo–1) integrated
able organic carbon may be mineralised
over 0 to 20 cm for each site. (B) Mean annual methane formation rates (mol m–2
by sulphate reduction. The relative
yr–1) at 5 cm depth horizons over the top 20 cm. Error bars = ±1 SEM (A, n = 3;
activity of the SRB communities at these
B, n = 36 [Open Mud, Marsh Top and Hythe], n = 27 [Alresford])
4 sites compares well with that detected
in a Japanese estuary, where 2 predominately marine sites had a total SRB
community of 10 to 11.4% (SEM = 0.8 to 1.4, n = 3 or 4;
The higher rates of both sulphate reduction and
Purdy et al. 2001). However, it should be noted that the
methanogenesis in the saltmarsh sites at Colne Point
probes were designed from the sequences of SRB
are probably associated with a greater availability of
strains in culture and, as such, may not represent the
organic substrates than at the sites higher up the estuextent of genetic diversity within each genus. Conary. Both above- and below-ground primary producversely, they may cross-react with strains from outside
tion is high in saltmarshes (Hussey & Long 1982, Long
their target genus that are, as yet, uncharacterised.
& Mason 1983), and roots of higher plants may also
About 60% of the sulphate reduction in these Colne
excrete soluble organic matter into the rhizosphere to
Point sediments is driven by acetate (Ogilvie et al.
dispose of excess reducing power (Skyring et al. 1979,
1997). The relative activity of the acetate-utilising
Nedwell et al. 1994). The Marsh Top site is heavily
Desulfobacter was similar across all 4 sites (2.0 to
vegetated and the sediment has more total organic car5.0%). We have previously linked Desulfobacter
bon (as a % of dry weight) than the Open Mud site
to acetate-utilisation in marine-dominated estuarine
(Munson et al. 1997). The amounts of methane resediments (Purdy et al. 1997, 2003a) and have shown
leased from the sediment surface at all sites, though,

Nedwell et al.: Sulphate reduction, methanogenesis and SRB communities along an estuary

215

are lactate and hydrogen (Widdel & Bak 1992).
However, there is little evidence to support a
major role for lactate in sulphate reduction in
situ (Laanbroek & Pfennig 1981, Parkes et al.
1989, Purdy et al. 1997), which would suggest
Site
CH4
CH4
Sulphate
that Desulfovibrio may primarily utilise hydroemission production reduction
gen in these sediments. In polar sediments,
organisms related to the psychrophilic DesulfoColne Point Marsh Top 25.3 ± 1.0
105 ± 8.8 18 300 ± 990
Open Mud 25.0 ± 1.2
105 ± 5.0
7440 ± 660
talea appear to fulfill the role of Desulfovibrio
Alresford
17.7 ± 0.5 22.1 ± 1.1 12 000 ± 1240
(Sahm et al. 1999b, Purdy et al. 2003b), suggestThe Hythe
22.3 ± 0.6 51.7 ± 5.1
9460 ± 520
ing a level of biogeographical complexity in the
distribution of this organism.
The significantly larger signal from the Desulfobacterium-targeted probe p221 at the Hythe (12.6%,
that this group is an important component of the SRB
SE = 3.3%, n = 3) is the largest reported proportion of
community in a Japanese estuary (Purdy et al. 2001).
a bacterial community detected by this probe in any
Our data indicate substantial activity from a Desulsediment (Devereux et al. 1996, Trimmer et al. 1997, Li
fobacter community in the Colne estuary sediments,
et al. 1999, Purdy et al. 2001). This suggests that the
suggesting that acetate degradation at these sites
dynamics of sulphate reduction at this lower-sulphate
occurs via Desulfobacter. Other reports, using stable
site are distinct from those at the other 3 sites. Howisotope-labeling of lipids, have linked acetate utilisaever, Desulfobacterium spp. are physiologically very
tion in marine sediments to Desulfotomaculum or
diverse, with many strains capable of utilising alternaDesulfofrigus (Boschker et al. 1998, 2001). Further
tive electron acceptors such as nitrate and nitrite
work is necessary to explore the basis for this apparent
(Szewzyk & Pfennig 1987, Widdel & Bak 1992) and this
incongruence and to determine if it is biological or
methodological. Studies on Arctic and Antarctic
coastal marine sediment indicate that Desulfobacter
may not represent a detectable component of the SRB
30
community in these permanently low-temperature
sediments (Sahm et al. 1999b, Purdy et al. 2003b).
25
These data suggest that Desulfobacter may not be a
globally ubiquitous acetate-utilising SRB.
20
The detection of Desulfobulbus at all sites supports
previous results which suggest that Desulfobulbus rep15
resent a small but significant component of all sedimentary bacterial communities whether marine or
10
freshwater (Krylova et al. 1997, Trimmer et al. 1997, Li
et al. 1999, Sahm et al. 1999a, Purdy et al. 2001, 2002).
5
We have hypothesised that Desulfobulbus may be
ubiquitous components of sedimentary communities
(Purdy et al. 2001) and the present data support this
Marsh Top Open Mud
Alresford
Hythe
hypothesis.
Colne Point
The detection of significant signal from Desulfovibrio (p687) at all 4 sites indicated that the SRB comp129 (Desulfobacter)
p687 (Desulfovibrio)
munity of the Colne estuary is different from that in a
p221
(Desulfobacterium)
p804 (Desulfobacteriaceae)
Japanese estuary (Purdy et al. 2001). In the Japanese
)
p660 (Desulfobulbus
estuary, Desulfovibrio was only intermittently detected
Total SRB
and Desulfobacter was the dominant SRB found at
Fig. 4. Hybridisation of sulphate reducing bacteria (SRB) tarmarine dominated sites. Desulfovibrio has been linked
geted oligonucleotide probes to rRNA extracted from sedito peaks in sulphate reduction activity in a high sulment from 4 sites along the River Colne estuary, Essex, UK.
phate freshwater region of the Great Ouse estuary,
Data expressed relative to signal from a general bacterial
probe (p338). Signal level means were determined after arcNorfolk, UK (Trimmer et al. 1997), and to mercury
sine transformation of the data. Data were statistically
methylation in a sandy sediment in the US (Devereux
analysed using a 1-way ANOVA with a post-hoc Tukey test
et al. 1996). It is still unclear exactly what substrates
for uneven n (Zar 1996). Results are means of 3 (the Hythe), 5
are utilised by Desulfovibrio in situ. The primary sub(Alresford) or 7 (Open Mud and Marsh Top) extractions, error
bars = +1 SEM
strates used to isolate and grow Desulfovibrio isolates

% of bacterial signal

Table 2. Annual totals (1994 to 1995) of methane emission, methane
production and sulphate reduction, on a carbon basis (mmol C m–2
yr–1; mean ± SE, n = 3). Rate of methane formation × 1, of sulphate
reduction × 2
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genus has been detected in low-sulphate environments (Li et al. 1999, Purdy et al. 2001). Therefore, it is
possible that this peak of Desulfobacterium activity
may not be associated with sulphate reduction but with
an alternative process such as denitrification. The
Hythe site is in a region of the estuary where sewage
effluent and terrestrial inputs lead to elevated levels of
nitrate and nitrite, making denitrification an important
terminal oxidation process.
The 4 sites studied had very similar SRB communities with the exception of the Desulfobacterium community at the Hythe. However, it is possible that this
group is not actively reducing sulphate at this site,
which could explain the unique predominance of this
group at this site. The detected SRB represent a very
different distribution of organisms to those found in a
Japanese estuary, where Desulfovibrio was only a
small, insignificant part of the community while in the
Colne estuary this genus is a ubiquitous member of the
SRB community. Desulfobulbus were a small but significant component of the bacterial community in these
sediments, giving further support for a ubiquitous role
for this genus in sedimentary degradation of organic
matter (Purdy et al. 2001). As in the Tama Estuary in
Japan, Desulfobacter were detected in these sediments (Purdy et al. 1997, 2001), suggesting that this
genus may be the primary acetoclastic sulphate
reducer in both Colne and Tama sediments.
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