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Abstract Our study focuses on the impact of the biosedly means a reduced efficiency in utilizing a particular
imentary system mussel beldtilus eduli3 on the spa- resource.

tial variability of benthic microbial biomass and activity

in relation to organic deposits. We sampled a transectkaly words Benthic microbial biomass and activity -

six stations from the muddy mussel bed towards a refBiedeposition Mytilus edulis- r-/K-strategy - Wadden

ence station in the sandflat in monthly intervals f@ea

1 year. The sediment grain size fraction <63 pm and the

total organic carbon (TOC) concentration decreased sig-

nificantly towards the sandflat. Bacterial numbers abntroduction

total microbial biomass (total adenylates) showed a high

spatial variability and were not correlated to increasimgussel beds oMytilus edulisare known to build up a
distance from the mussel bed. However, a significant special ecological niche in intertidal Wadden Sea areas
lationship with the TOC concentration was found. l@@anke and Kremer 1990). Mussels function as a filter,
contrast, the energetic status (adenylate energy chafgedling on plankton organisms in the water column.
of the microbial community in the mussel bed was siffhey cause the deposition of a great amount of suspend-
nificantly lower than in the sandflat. A principal compoed matter as faeces and pseudofaeces, and form a thick
nent analysis of the substrate-utilization pattern revealager of mud underneath and around the mussel bed
clear differences between the microbial communities ([Dankers and Zuidema 1995). This layer is rich in organ-
the mussel bed and in the sandflat. Our results indicatenaterial which is mainly decomposed by bacteria and
that the sandflat may be dominated by a relativatyeiofauna (Dankers et al. 1989). Microorganisms, espe-
specialized benthic microbial community with an irgially bacteria, are the first colonizers of the biodeposits
creased efficiency in utilizing organic carbon sources. MBrieur et al. 1990) and allow rapid mineralization of the
a disadvantage, however, such r-strategists are only dhéal material (Stuart et al. 1982). Thus, mussel beds of
to meet environmental changes within a comparativé¥y. eduliscouple the pelagic and benthic systems (Asmus
narrow range. Benthic microbial communities in the vand Ruth 1994).

cinity of anM. edulismussel bed, in contrast, are domi- In contrast to the role of biodeposition bl edulisin
nated by relative generalists with a greater physiologithé circulation of organic matter and nutrients (Kautsky
capacity to buffer discrete environmental changes. Sunid Evans 1987; Grenz et al. 1990), little is known about
K-strategists show a lack of specialization which genehe in situ influence of suspended material on biotic
components in intertidal ecosystems. Information about
the relationship between the organic deposits and micro-
bial communities in the vicinity of a mussel bed is
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microbial communities. The study focuses mainly ofetal organic carbon
sediment properties, total organic carbon (TOC) co e total organic matter was determined by ashing the samples
tent, bacterial biomass, microbial biomass, microbial 4z ight at 550°C. This was converted to TOC using a conver-

tivity, and the substrate utilization pattern as a measudjsh factor of 2.1, which was calculated from a subset of the sam-
of the functional diversity of a microbial communityles (=20) measured with an Heraeus C/N analyzer. To remove
(Zak et al. 1994). carbonates the sediment was acidified with HCI.

Dry bulk densities

Materials and methods
Dry bulk densities were determined using subsamples of 10 ml,
Area of investigation dried overnight at 110°C.

We sampled a transect on the back barrier tidal flat “Swinnplate”

in the extensive tidal system south of the island of Spiekeroiicrobial parameters

in the German Wadden Sea. A mussel bed built up by the blue

musselMytilus edulishad established in the middle of this tidalfotal adenylates and adenylate energy charge
flat.

The transect with six sample stations was arranged in the Afilenylate measurements were performed according to Albers and
rection of the ebb-tide stream extending over 2.3 km (Fig. 1). Thtoeck (1998) who modified the original protocol of Albers et al.
first station (A) was located in the mussel bed. The blue musdgi896) for marine sediments. Fifteen grams of fresh sediment was
which characterized this station were aged 5-6 years. The secdritacted with dimethylsulfoxide, NAO, (0.01 M) and NRB (nu-
station (B) was situated in a mussel bed with aggregated yourgleptide releasing reagent for microbial ATP, Lumac, The Nether-
mussels (about 3 years old). Stations C, D and E were followiagds). After conversion of the adenosine compounds with chloro-
the ebb-tide stream in a western direction. Sample station F repgstaldehyde yielding ethano-adenosine phosphates, the adenyla-
sented the reference site in the sandflat. tes were determined by HPLC with a fluorescence detector using

an excitation of 290 nm and an emission of 410 nm. The measure-
ments were repeated at least three times.
Sampling design The total adenylate concentration (At), expressed in micro-
grams per milliliter, was calculated as the sum of the adenylates
To record spatial and temporal variability of the system, each tré&yMP, ADP and ATP. The adenylate energy charge (AEC) was cal-
sect station was sampled monthly from March to December 19¢8lated by the equation AEC=ATP + (8ADP)/(AMP + ADP +
Due to bad weather conditions we were not able to sample #&), given in molar concentrations (Atkinson and Walton 1976).
transect in November. Samples were taken using a corer 6 cnihie recovery rates (89%+6%) were obtained after addition of 4 ng
diameter. We sliced the core into subsamples from the sedim@ineach of the three adenylates to the sample. The recovery of
surface (0—2 cm) and from a depth of 7-9 cm. adenosinephosphates in the muddy sediment did not differ signifi-
cantly from that of coarser sediments and thus values were not
corrected for recovery.
Physical parameters

Grain size distribution Bacterial numbers

The grain size distribution at each station was analyzed using The bacterial numbers were quantified using a combination of dif-
Laser Particle Sizer ‘Analysette 22 Economy’ (Fritsch, Germanygrent methods (Dale 1974; Dye 1983; Epstein and Rossel 1995).
Therefore, fresh sediment was homogenized, frozen at —20°C &resh sediment (0.15 g) was stirred with 5 ml of sterile seawater
freeze dried. Samples were sieved with a 1000 pm sieve to remavetaining EDTA and formol in a final concentration of 5 mM and
shell particles and macroalgae, then homogenized and divided B, respectively, for at least 1 min. After incubation of the mix-
three subsamples. An aliquot of the samples was placed in thetuge for 30 min at room temperature, the sample was ultrasonica-
ser Particle Sizer, and automatically homogenized by a stirrer &dl Sonification was performed with an ultrasonic processor (Soni-
by ultrasonification. In this study we measured the percentagepogp 150, MSE, Germany) at 18 microns feB@ s in a 1-min in-
different grain size fractions, and we considered the grain steeval. Afterwards the sample was stirred again as described above.
fraction <63 um as the mud content (%) of the sediment. This procedure was repeated three times. Subsequently, the mixture
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was centrifuged at 50§ for 5 min. A 5-ml aliquot of the homoge- Sis the number of substrates used ahithe sum of activities (ab-

nized supernatant was stained with the fluorescent dye Hoedusption units).

33342 (Sigma) for 90 min at 37°C, and filtered on a black polycar-

bonate membrane filter (0.2 um, 25 mm, Costar). Three replicates

of each sample were counted with an epifluorescent microsc&tatistical analyses

(Zeiss Axiophot) using an excitation of 395 nm and an emission of

420 nm. Recovery was determined by incubating a sediment sadfedian values as well as their 95% confidence intervals were cal-

ple for 24 h with the added bacteria originating from a stock ofilated according to Sachs (1992). Significant interrelations be-

non-determined marine benthic organisms. With recovery rateswéen the transect stations and the measured variables were calcu-

98% for sand samples and 95% for mud samples, the applied fated using the non-parametric Spearman’s rank test. The correla-

tocol turned out to be more efficient for the investigated sedimetits between different variables was ascertained using the Pearson

than standard protocols in the present literature. moment correlation, differences in mean values between horizon-

tal and vertical distributions, respectively, were tested by Student’s
t-test. If the data set was not normally distributed (Kolmogorov-

o ] Smirnov test), values were standardized using log-transformation.

Substrate utilization profiles All statistical evaluations were carried out with STATISTICA re-

. . ) ) lease 5.1. (StatSoft Inc. USA).

Microbial substrate response was measured using the microplates

BIOLOG GN (BIOLOG Inc., Hayward, USA) as described by

Albers and Knauth-Kéhler (1998).

Measurement of the carbon source fingerprints was perfornﬁGSllltS

with samples originating from mussel bed stations A and B, as

well as from the station E 1500 m from the mussel bed and fr&sgadiment mud content

the reference station F in the sandflat. Surface samples were taken

in May, July and October 1995. Two replicates of the sediment . . .

sample were diluted 1:100 (v/v) with artificial seawater (contaierf:-‘he mud content in the surface sediment (Fig. 2, above

ing 16 g t1 NaCl, 7 g 1 MgSO,x7 H,0, 0.075 g1 NaHCO,, left) and at a depth of 7—9 cm (Fig. 2, above right) is giv-

0.01% Tween 80). They were carefully mixed and sonicated {9 for each station. The mud content decreases signifi-

30 s in a water bath and 100 pl of the continuously mixed SusD%?ntly with increasing distance from the mussel bed to-

sion were inoculated in each well of the microplates. Immediat
after inoculation, the absorption of the samples was measuredVafds the sandflat (Spearmarrs-0.5978,P<0.01). The

a wavelength of 590 nm. For microplate readings we used tidationship between the distancém) and the mud con-
Microstation (BIOLOG, Inc.). All plates were incubated for 48 bent (wt %) can be exponentially fitted in the superficial

at 28°C in the dark. The optical density (OD) development w; i ; — 000X
measured after 15 h, 24 h, 30 h and 48 h. To control the absorp .%n‘f'éngegé;?}/ thde _qu[Jr?tIO;I gmUd (i’omen;[) 447?93@
measurement, the plates were also analyzed visually after 24 h'\&nd": )" and in the 7-9 cm layer by mud con-
48 h. tent=34.65e-000x (r2=0.8293). Significant differences
The OD at the beginning of the measurements as well as were found between the mean values of the mussel bed
absorption of the control well were subtracted from absorption igyerall mean 47%) and the sandflat (mean 14%). Al-

each sample well. The principal component analysis (PCA) :
performed using log-transformed data from the 48-h measure% ugh the mud content in deeper layers was generally

for each carbon source as a variable. The functional diversity w@wer than in surface sediments, no statistical signifi-
calculated using a modified Margalef indg,,~(S-1)/In N, where cance could be detected.
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Total organic carbon The numbers of bacteria at the stations in the mussel bed
and the sandflat differ significantly?€0.05) as revealed
The TOC concentration significantly differeB<0.001) by t-test analyses. Additionally, in the mussel bed the
between the stations in the mussel bed (mean vatwenbers varied annually within a wide range (from
3.57 mg mtl) and the sandflat (1.67 mgtHL However, 4.8x1(° to 3.8x1(® counts mtl), whereas in the sandflat
no significant differencesP&0.05) were detected bethe annual variation was only from 3BX¥ to 2.7
tween the superficial sediments and the deeper layelGf counts mtl. Only in the 7-9 cm layer did the values
data were expressed on a volume basis (Fig. 2, belod@cline with increasing distance from the mussel bed
An exponential fit describes the decline of the TOC co(Bpearman’s=-0.3463,P<0.05). An exponential fit by
centration (in milligrams per milliliter) as a function othe equation TBC=2L07 €0-0009x (r2=0.4848) describes
the distance from the mussel bed. The curves for the ghe interrelation between the number of bacteria (counts
face sediment TOC=3.718000% (r2=0.9170) and for the mI-1) and the distance (m) from the mussel bed. Bacte-
7-9 cm layer TOC=3.72&-000% (r2=0.8653) can be fit- rial numbers were positively correlated to mud content
ted by nearly the same equation, withepresenting the (Pearson’s=0.3106,P<0.001;n=104).
distance in meters. TOC concentration was significantly Assuming that the cell volume did not vary signifi-
correlated with mud content=0.2882;n=64; P<0.05).  cantly with time and space, the bacterial biomass carbon
can be calculated according to Cammen (1991). The bac-
terial biomass carbon was determined using a per-cell
Number of bacteria carbon of 20 fg (Lee and Fuhrman 1987). In the mussel
bed a bacterial biomass carbon of 8 ug Clnm the
The total bacterial counts (TBC) in superficial sedimeris2 cm layer and 4 ug C mhlin the deeper layer was
and in the 7-9 cm layer are shown in Fig. 3 (abov&und. The corresponding values for the sandflat sedi-
At the surface the annual average bacterial numioeents were 2 ug C nind 0.4 pg C mi, respectively.
ranged from 1.%¥108 counts mil at station A in the mus- In the muddy sediment about 0.50% of the total TOC
sel bed to 8.810° counts mi! at the sandflat station F.was identified as bacterial biomass, whereas in the sand-
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flat on average only 0.13% of the TOC originated fro oy
bacterial biomass. 06
0.4 ﬁ%
~ 0.2 g
Microbial biomass g , roq
o W 2
The microbial biomass, expressed as the total adeny Zj 8 g
concentration (in micrograms per milliliter) varied with 0'6

in about 4 orders of magnitude (Fig. 3, middle). The m To3 04 05 06 07 08 09

dI?_T .Vatlﬁes n é?letsturfak():e fezd:lgmen:[ﬁ:?n?hed frogf]I q[thlgq 4 Principal component analysis (PCA) showing variation in
mi~=in the sandflat 1o about <.5 pgin the muatiat. g pstrate utilization pattern of different statio0$. May 1995;

Differences were not significant on a 95% level. The Ay July 1995;10 October 1995. Scores for the different stations:
values of the 7-9 cm layer were generally lower thalack squarestation A;black trianglesstation B;circles station
those of the surface sediment, but the difference was Eggwhite squaresstation F. Dotted lineindicates the cluster of
tistically not significant P>0.05). The variability of the MuSSe! bed stations

values was higher in the mussel bed (coefficient of vari-

?nc% (CV|:7.20/;’)) thaSn in the ,sandfil(a;[ ((t:V; 62%d). Theysorption after 24 h ran to 98% (+ 28%) of the values
rend analysis by a spearman s rank test showed no yldasred after 48 h of inoculation. The ability of the

nificant correlation between At concentration and d'§éndﬂat community to grow on the different carbon
tance from the mussel bed. However, using log-trans:

formed data we found a significant correlation betwe%gurceS was measured as only 52% ( 9%) after 24 h,
At concentration and mud content=0.2437: n=87; mpared to the maximum after 48 h. While the micro-

P<0.05). organisms of the mussel bed metabolized only 69 of 95

. . ffered C sources after an incubation time of 48 h, the
_Assuming an ATP/C ratio of 171 (Karl 1980), the totallicohia| sandflat community showed a turnover of 85
microbial biomass C was calculated as 0.13 mg € méf

for the surface sediment, and 0.07 mgfar the deeper the 95 offered C sources. The Margalef index as a
layer of the mudflat, compared to 0.08 mg-ibr the measure of the functional diversity of microbial commu-

. . . . nities was higher in the sandflat (7.3+1.3) than in the
sandflat. Surprisingly, the proportion of the m'CrOb'%ediment of the mussel bed (6.2+1.4). Comparing the

biomass C related to the TOC concentration was foun . : . . X :

. eral capacity of the investigated microbial communi-
— 0 f e 4

the narrow range of 2.9-3.1%, independent of the type“%t to utilize different substrate groups, we could not

sediment. prove any differences for carbohydrates, carboxylic ac-
ids, amides, amino acids and miscellaneous substances
(see Zak et al. 1994). In contrast, the capability to de-
grade polymers such as glycogen or cyclodextrin was
ificantly lower for the microbial community of the
sel bed.
he PCA for the samples taken from the mussel bed
ons (A and B), the station E at a distance of 1500 m
from the mussel bed, and the sandflat (F) after 48 h of
[Hcubation is shown in Fig. 4. The substrate utilization

tterns of mussel bed samples were similar among each
er but were clearly distinct from the microbial sand-
community. The substrate utilization patterns of sta-
E were characterized by a surprisingly high tempo-
X . ; ral variation. In spring it was quite similar to the patterns
“Of!gh;jp t%etween AEC an?_ ldlsft_?meréné)_g%rQS%%Dg&e- of the mussel bed stations A and B; in summer it was in-
Sczr—loegglly :EC exponen Iat' II Iatod with mylgrmediate between the patterns of the microbial mussel
go;tént ();_0 288:'1\'613”:86?_61 “|ge<)(/) gf)”e aW?th Wl'ro(r?u ed community and the microbial sandflat community,

i y ’ o and in autumn the pattern of the microbial community on

(r=-0.2670,1=56; P<0.05), and with the number of bacg.ion E resembled more those of the microbial sandflat
teria (=—0.2221n=87; P<0.01). community.

Energy metabolism

In the present study, the AEC in the surface sedimeﬁ'{%n
varied between 0.35 at the mussel bed stations, 0.7 a-?
the sandflat, and 0.36 and 0.57 in the deeper layer, dEiii
spectively (Fig. 3, below). Atest revealed that this dif-
ference between the mudflat and the sandflat is sign
cant P<0.001). Again, the variability of the AEC wa
higher in the mussel bed (CV=33%) than at the sand
station (CV=17%). In the surface sediment AEC ir?l'at
creased significantly with increasing distance from '[|’[l|%n
mussel bed (Spearmarr0.4324; P<0.01). The rela-

Substrate utilization patterns

Discussion
The benthic microbial communities of the mussel bed
and the sandflat are characterized by different substrateording to our results, the selective filtration by the
utilization patterns. The microbial community of thélue musseMytilus edulisand the production of faeces
mussel bed reached maximal absorption after 24 h. Hml pseudofaeces have a decisive effect on TOC concen-
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tration and sediment grain size distribution in surroundemmunity in the mussel bed was lower compared to the
ing sandflats. The consequences of biodeposition are gxadflat system. This paradoxical phenomenon has also
pected to be of great importance not only for the circulaeen described by other authors. For instance, Boucher
tion of organic matter and nutrients (Kautsky and Evaaad Clavier (1990), investigating mangrove ecosystems
1987; Grenz et al. 1990) but also for benthic organisnits Caledonia, showed that ATP values were significantly
To calculate the adenylate concentration which is consiower in muddy sediments than in white-sand and gray
ered as a global measure of microbial biomass (bactesend bottoms. The carbon/ATP ratio, as a measure of bi-
micro-meiofauna/-flora), we applied the sum of AMRlogical microbial activity, also decreased significantly
ADP and ATP according to Davis and White (1980) imwith increasing mud and interstitial water content. Ap-
stead of the commonly used ATP content (e.g. Vosjanparently, microbial organisms in the muddy sediment
al. 1987). ATP is assumed to reflect only microbial omay be under greater physico-chemical stress than in the
ganisms in an active state and to neglect all organissasdflat (Chocair and Albright 1981). In the sediments
that are a part of the dormant population amountingdbthe mussel bed the scale and intensity of disturbances
60%—-90% of a microbial community (Paul and Voronegre additionally influenced by frequently changing con-
1983). ditions, e.g. the pulse of fresh inorganic and organic ma-
In our study the microbial biomass did not differ sigerial deposited by the mussels. This relatively ephemer-
nificantly between the sample stations, due to the varg-habitat favors a microbial population which is able to
tion in the values. Microbial C values of about 2.9-3.1%apt permanently to a changing microscale environment
relating to the sediment carbon concentration indicg#endrews and Harris 1986). The carbon-source utiliza-
approximately the same biomass/nutrient ratio for &ibn profiles confirm that the microbial population in the
sampling sites, independent of the organic matter qualityussel bed is adapted to this unstable conditions. The
This relationship between microbial biomass, microbiab-called r-strategists grow rapidly under uncrowded,
production and organic matter in sediments has bewaririent-rich conditions as could be proven for the mus-
described by several authors (e.g. Cole et al. 1988] bed. The substrate-utilization pattern (faster growth,
Cammen 1991). lower functional diversity) gives some evidence that
The observed positive relationship between TBC andtrategists are dominating in the mussel bed. The meta-
organic C has also been described by different authbddically active part of the microbial population is cov-
(e.g. Dale 1974; DeFlaun and Mayer 1983; Findlay et ated by dormant or dying biomass, which does not con-
1990). In addition to the different explanations of thesgbute to any decomposition process (e.g. Paul and
authors, we argue that the higher bacterial numbersvoroney 1983). However, the AEC does not reflect any
the mussel bed might also be due to an accumulatiorbmimass in a dormant or dying state. Furthermore, the
bacteria by the mussels from the water column. Pelagitergetical outcome of microbial metabolism in an anox-
microorganisms contribute to the nutrition of the mug environment as it occurs in the mussel bed is supposed
sels, but a large amount of the infiltrated material is be several times lower than the energetical outcome of
rejected by the mussels via faeces and pseudofagn&sobial metabolism in an oxic environment. Our result
(Birkbeck and McHenery 1982). The rejected detritus supported by Jewson and Dokulil (1982) who also
mainly consists of fine sediments and organic materfalind a decreasing AEC in sediments despite increasing
associated with microorganisms (Dankers and Zuidelmamass during and beyond an algal bloom in a Northern
1995). In the mussel bed 0.5% of the mean bacterialr€and lake.
accounted for the total sediment C, whereas in the sandin contrast, the microbial community in the sandflat is
flat the part of bacterial C on total sediment C amountsinly dominated by K-strategists, adapted to a lower
to 0.13% on average. Meyer-Reil (1983) and Cammiaput of nutrients (Andrews and Harris 1986). Despite
(1982) also reported values of less than 2% for coadtafe-scale effects, K-communities are characterized by a
marine sediments. Cammen (1991) confirms our resulisher stable dominating metabolically active part con-
by proving higher values in the mudflat than in sanaerning time and space (Pianka 1970). Consequently,
sediments. AEC increases despite a decreasing biomass. The higher
The bacterial C accounted for 8% of the total micréunctional diversity (Margalef index of carbon utilization
bial biomass C in the surface sediment of the sandflatofile) of the sandflat community supports these results.
and for 24% in the muddy mussel bed. An increasing ihke carbon utilization profile indicates a retarded growth
put of organic matter and an accumulation of fine ma@scompanied by a higher potential to metabolize more
rial by the mussels create an environment that is charmabstrates than the mudflat community.
terized by anaerobic conditions. In this environment bac- The temporal response of the microbial community at
teria are favoured compared to meiofauna and other thie sampling station E to the input of organic material re-
ganisms in the microbial community. Similar resulfifects the impact of mussel beds on the physiological
were reported by Meyer-Reil (1983), who also found gmofile of the microbial community. The deviating tem-
increasing bacterial biomass related to total microbj@bral physiological response of the microbial community
biomass when hypoxic or anoxic situations occurred. at the sampling station E is due to a younger mussel bed
Despite a higher microbial biomass in the mussel betlich had established near the sampling station E in
sediments, the energy status (AEC) of the microb&dring 1995. At that time the microbial substrate utiliza-
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tion profile is quite similar to the pattern of the commuvbers BP, Stoeck T (1998) Extraktion und Bestimmung von
nity at mussel bed stations A and B. In summer 1995 AMP, ADP und ATP. In: Vereinigung fur Allgemeine und

. Angewandte Mikrobiologie (VAAM) (ed) Mikrobiologische
these young mussels were predated by herring guIISCharakterisierung aquatischer Sedimente. Oldenbourg, Mu-

(Larus argentatusand oyster catchersi@ematopus ost-  nich, pp 36-46
rategug, which caused a decisive decrease in the av@lbers BP, Rackwitz R, Raubuch M, Zelles L (1996) Adenylates
age mussel biomass (Hilgerloh et al. 1997). A decreasingand adenylate energy charge. In: Schinner F, Ohlinger R,

: ; oAt 1o Kandeler E, Margesin R (eds) Methods in soil biology.
mussel biomass resulted in a substrate utilization profile Springer, Berlin Heidelberg New York, pp 246—252

that was an intermediate between the mussel bed statiQfews JH, Harris RF (1986) r- and K-selection and microbial
and the reference F in the sandflat. Due to predation, theecology. Adv Microb Ecol 9:99-147 _ '
new mussel bed had more or less disappeared in autédwsius H, Ruth M (1994) Muscheln: Biologie, Béanke, Fischerei

1995 and the benthic microbial community at station E Und Kulturen. In- Lozan LJ, Rachor E, Reise K, Westernhagen

became more similar to a typical sandflat communit Hv, Lenz W (eds) Warnsignale aus dem Wattenmeer. Springer,
. " yp Y. Berlin Heidelberg New York, pp 127-132

Obviously the deposited faeces of these new musselsaifkinson DE, Walton GM (1976) Adenosine triphosphate conser-

fluenced the microbial community; however, the extent version in metabolic regulation. J Biol Chem 242:3239-3241

of the timescale of microbial reaction on such events Rikbeck TH, McHenery JG (1982) Degradation of bacteria by

. . Mytilus edulis Mar Ecol 72:7-15
mains unknown and should be studied in a further expgg;,cher G, Clavier J (1990) Contribution of benthic biomass to

iment. _ ' _ _ overall metabolism in New Caledonia lagoon sediments. Mar
In conclusion, the biodeposits of mussels influence Ecol Prog Ser 64:271-280

the concentration of particulate organic carbon as well@&nmen LM (1982) Effect of particle size on organic content and

i in i iotripiiti ; _ microbial abundance within four sediments. Mar Ecol Prog
the sediment grain size distribution, the bacterial num Ser 9273280

bers and the total microbial biomass and activity in tg@mmen LM (1991) Annual bacterial production in relation to
vicinity of a mussel bed. The decomposition of the de- benthic microalgal production and sediment oxygen uptake in

posited organic material in the mussel bed is dominatedan intertidal sandflat and an intertidal mudflat. Mar Ecol Prog

i i i iti Ser 71:13-15
b¥1 bacteria, eSpeC;]a”y Whiln anaeroblc C_ondltlons QCCEI!; cair JA, Albright LJ (1981) Heterotrophic activities of bacte-
whereas towards the sandflat an increasing proportion o rioplankton and bacteriobenthos. Can J Microbiol 27:2659—

benthic meiofauna takes part in mineralization processes.2666
The lower energy charges in the muddy sediments in@¢le JJ, Stuart F, Michael LP (1988) Bacterial production in fresh
cate a lower proportion of active cells. The microorgan- and sea water ecosystems, a cross system overview. Mar Ecol

; ; .. Prog Ser 43:1-10
isms in the mussel bed are under permanent phySIB e NG (1974) Bacteria in intertidal sediments: factors related to

c_hemical stress. Compared to the sandflat, we observed gheir distribution. Limnol Oceanogr 19:509-518
higher amplitude of all measured parameters in the mDankers N, Zuidema DR (1995) The role of the musitti{us
sel bed. This observation indicates an adaptation of theedulisL.) and mussel culture in the Dutch Wadden Sea. Estu-

microbial community to the pulses of organic mattey aries 18:71-80

A . nkers N, Dame R, Kersting K (1989) The oxygen consumption
availability, which favors the occurrence of r-selected” of mussel beds in the Dutgh V\(/adde)n Sea. S}(/:?Mar 53:4738476

communities. In the sandflat, large-scale effects suchmasis WM, White DC (1980) Fluorometric determination of aden-
hydrodynamic factors (e.g. storms, heavy waves, etc.)osine nucleotide derivates as measures of the microfouling,

i_detrital and sedimentary microbial biomass and physiological
permanently alter the mussel bed ecosystem from a mi status. Appl Environ Microbiol 40-539-548

croorganism’s point of view, requiring a great capacity {uriaun MF, Mayer LM (1983) Relationship between bacteria
meet physical environmental changes. The physiologicaland grain surfaces in intertidal sediments. Limnol Oceanogr
impact such as nutrition sources merely seems to beDoﬂ§:H87&5§§)lA hod for th o imation of b
minor importance. ye method for the quantitative estimation of bacte-
0 portance ria from mangrove sediments. Estuarine Coast Shelf Sci 17:
207-212
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