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ABSTRACT: Recent information on activity, abundance, and size of bacteria as well as concentration
and composition of particles in the benthic boundary layer (BBL, range of water depths 191 to 479 m)
was compared to the distribution of these parameters in 2 layers of the water column, the chlorophyll
maximum layer {range of water depths 13 to 25 m) and the intermediate water depth (IWC, range of
water depths 136 to 486 m). Microbial activities and concentrations of various biochemical parameters
displayed distinct variation patterns in the BBL, exhibiting higher values compared to their variations
in the chlorophyll maximum layer and the IWC. In the BBL the microbial utilisation of "*C-amino acids
revealed no correlation with concentrations of particulate organic carbon (POC), but was related to
chlorophyll a (chl a) equivalents and the ratio of POC and chl a equivalents. The distribution of dis-
solved free amino acids (DFAA) suggests that not necessarily the concentration but alternatively the
accessibility (concentration and transport rate) of DFAA to bacteria determines heterotrophic activity.
Results indicate that the BBL represents a distinct environment with rapid modification of organic mat-
ter prior to its final incorporation into the sediment.
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INTRODUCTION

Microorganisms play a key role in modifying and
decomposing dissolved (Kirchman et al. 1991, Amon &
Benner 1994), suspended and sinking particulate
organic material (Karl et al. 1984, Smith et al. 1992, All-
dredge et al. 1993, Karl & Tilbrook 1994) in marine
ecosystems. Extensive information on the distribution
of microorganisms and microbial processes in the
upper water column (e.g. Cho & Azam 1990), the
ocean's interior (e.g. Cho & Azam 1988, Karl et al.
1988) and in the sediments (e.g. Deming & Yager 1992)
is available. However, little is known about the modifi-
cation of particles and organic matter within the layers
close to the sediment-water interface, so far due to
sampling problems.
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In particle-rich environments, like the benthic
boundary layer (BBL) (Thomsen et al. 1994), the impor-
tance of particle attached bacteria for the transforma-
tion of dissolved organic nutrients is highly increased
(Palumbo et al. 1984, Iriberri et al. 1987). Flume exper-
iments (Wainright 1987) and field data (Ritzrau & Graf
1992) revealed that resuspension of surface sediments
increases bacterial abundances and biomass in the
near-bed water mass. Whether this increase is due to
resuspension of larger benthic bacteria or to stimula-
tion of bacterial growth is not known. The latter is sup-
ported by recent laboratory and field experiments in
which fluid motion or the hydrodynamic regime has
been shown to stimulate microbial activity (Confer &
Logan 1991, Logan & Kirchman 1991, Ritzrau 1996).

We hypothesise that the modification of organic mat-
ter close to the seafloor can be as rapid as in the
euphotic zone, the prnimary source area of labile
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marine organic carbon. Samples for the investigation
of various particle parameters and rate measurements
throughout the water column were collected in the
Northeast Water Polynya (NEWP). a polar region of
various primary production and hence sedimentation
regimes (combining pelagic production in oligotrophic
open water, ice edge blooms and low productivity
under permanent ice cover). We show that in the
NEWP, the BBL represents a distinct environment,
with smali-scale variations in the vertical distribution
of particle composition and enhanced microbial activ-
ity which indicate rapid modification and turnover of
organic matter prior to its final burial in the sediment.

MATERIALS AND METHODS

The NEWP is the largest and northernmost summer
polynya in the Arctic (77° to 82°N, 10° to 15°W,
NEWATER-Investigators 1993). Heterotrophic micro-
bial activity and related chemical parameters were
studied in the NEWP in 1992 and 1993 during USCGC
‘Polar Sea’ and RV 'Polarstern’ cruises. A total of 27
stations were sampled (Ritzrau 1997, Ritzrau & Thom-
sen 1997), including 15 deployments of a bottom water
sampler in 1993 (BWS; Thomsen et al. 1994). For
detailed station list see Table 1. Parameters included
total suspended matter, particulate organic carbon
(POC), chlorophyll a (chl a) equivalents as tracer for
phytogenic material, bacterial abundance and size dis-
tribution and microbial activity, and were determined
in various water depths including the chlorophyll max-
imum layer and the intermediate water column (IWC)
down to 2 m above the bottom, and the BBL. Samples
from the chlorophyll maximum layer were taken from
the polar influenced, sub-zero surface water layer that
covered the entire polynya area from the surface to a
depth of 150 to 220 m. Most of the deep water samples
(IWC and BBL; maximal water depth 486 m} were
recovered from stations influenced by warmer Atlantic
waters that fill a circular trough system on the north
east Greenland shelf (NEWATER-Investigators 1993).

Water samples from the chlorophyll maximum layer
and the [WC were collected using 10 | GOFLO® water
samplers mounted to a CTD rosette. The BBL was sam-
pled with the BWS, which collects water samples at 4
distinct heights, in this case 40, 20, 12, and 7 cm above
the seafloor. Additionally the BWS included 3 thermis-
tor probes, a transmissometer, and a compass with cur-
rent vane observed by a video system. Based on video
recordings, the water sampling was triggered from the
deck unit of the BWS about 5 min after touch down,
allowing resuspended surface sediments to be flushed
away by bottom currents. The ability of the BWS to
sample 4 distinct horizons above the seafloor was veri-

fied in flume experiments and from measurements of
oxygen gradients in shallow water environments (for
details see Thomsen et al. 1994). The near bottom cur-
rent velocities at the sampled stations ranged between
1.0 and 26.0 cm s at 39 cm above the seafloor.

To analyse total suspended matter (seston), POC and
particulate organic nitrogen (PON), 1.0 to 2.0 1 samples
were filtered on board ship onto precombusted pre-
weighed Whatman GF/F glass fibre filters and frozen
for later analysis. Prior to analysis (Perkin Elmer 240 C
CHN-elemental analyser), inorganic carbon was elim-
inated by HCl-vapour treatment for 24 h.

Concentrations of phytoplankton derived pigments,
i.e. the sum of chl a and phaeopigments, hereafter
defined as chl a equivalents, were determined fluoro-
metrically and calculated according to Lorenzen
(1967). For the determination of bacterial abundance,
100 ml samples were preserved with formaldehyde at
a final concentration of 2%. Bacteria were enumer-
ated and sized by epifluorescence microscopy (Porter
& Feig 1980, Thomsen 1991). The imaging system was
calibrated with 1 and 2 um latex beads. Heterotrophic
microbial activity was assessed by measuring utilisa-
tion rate (sum of incorporation and respiration) of *C-
labelled amino acids. 0.1 uCi of a mixture of 15 natu-
rally occurring amino acids (L[*C(U)] amino acids,
DuPont NEN Research, NEC 445e, specific activity
263 mCi mmol™' amino acids) was added to replicate
20 ml water samples. Final substrate concentration in
the serum bottles was 2.4 ng '*C-amino acids ml!
sample. Samples were incubated in time course
experiments for 16 to 24 h in constant temperature
baths (1.0, 0.0 or —-1.3°C) close to in situ temperature.
Respiration was measured by trapping *CO, in wicks
soaked with phenylethylamine. After incubation,
whole samples were filtered sequentially through 3.0
and 0.2 um pore size cellulose acetate filters. The
activity in wicks and on filters was assayed by scintil-
lation counting (Hobbie & Crawford 1969). The total
incorporation rate is the sum of activity retained on
the 3.0 and 0.2 um filters. Cell-specific activity was
calculated by dividing the measured “C-amino acid
utilisation rate by the bacterial abundance of the sam-
ple, assuming various active fractions of the microbial
community (see text below). The technique for analy-
sis of dissolved free amino acids (DFAA} is based,
with minor meodification, on the OPA method (o-
phthaldialdehyde derivatisation) according to Lin-
droth & Mopper (1979). The relative error for the
determination of total DFAA at the reported concen-
trations was about £5%.

For analyses of the various data sets, non-parametric
statistics were used according to Sokal & Rohlf (1981).
The Mann-Whitney U-test was used to test the similar-
ity of the data sets between 2 layers, e.g. IWC and the
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BBL. Kendall's 1 test was applied for various correla-
tion analyses. No significant differences between IWC
samples from 1992 and 1993 were detected for concen-
trations of POC, utilisation of **C-amino acids and bac-
terial abundances (Mann-Whitney U-test, p = 0.05).
Thus these samples were pooled for statistical analyses
between the BBL and the IWC. In cases with signifi-
cant differences between 1992 and 1993 only IWC and
BBL samples from 1993 were included in the statistical
analyses.

RESULTS AND DISCUSSION

The vertical distributions (Fig. 1) of the various para-
meters in the water column of the NEWP resembled
typical profiles from other oceanic areas, e.g. for
Pacific waters reported by Craven & Carlucci (1989):
high concentrations and activities in surface waters
and subsequently decreasing values in the intermedi-
ate water column (IWC) with a slight increase at 2 m
above the seafloor, with significantly different values
among the 3 water layers (Fig. 1). Concentrations of
POC and chl a equivalents decreased from the surface
waters (58.0 to 278.2 and 0.23 to 4.08 pg I'!, respec-
tively) down to the IWC (10.3 to 102.5 and <0.01 to
0.57 ug I'!, respectively) by factors of 4.1 and 32 to 95,
respectively (Table 1). The median value of microbial
community utilisation of *C-amino acids in the chloro-
phyll maximum layer was >10 times higher compared
to that in the IWC.

Considering all samples from below the euphotic
zone the particle composition in terms of absolute con-
centrations of POC and chl a equivalents as well as
microbial activities differed significantly between the
IWC and the BBL. Concentrations of POC were signif-
icantly higher (Mann-Whitney U-test; p < 0.0001, n =
104, including data from 1992 and 1993) in the BBL
compared to the IWC (Table 1). Although the concen-
trations of chl a equivalents in the IWC differed
between 1992 and 1993, the overall trend of higher
values in the BBL than in the IWC (Fig. 1) was statisti-
cally supported for 1993 (Mann-Whitney U-test;
p <0.0017, n = 89). However, the ratio of POC to chl a
equivalents, which is a qualitative tracer for the 'fresh-
ness’ of the organic matter, did not differ significantly
between the BBL and the IWC (Mann-Whitney U-test;
p > 0.53, n = 81). The utilisation of *C-amino acids by
the microbial community in the BBL was also signifi-
cantly higher than in the IWC (Mann-Whitney U-test;
p <€ 0.0001, n = 111). This pattern of high C-amino
acids utilisation in the BBL and lower rates in the IWC
was also observed in bacterial protein production
(BPP) based on *H-leucine incorporation and total bac-
terial production based on *H-thymidine incorporation
(P. K. Bjernsen pers. comm.).

The importance of the BBL for microbial processes
becomes obvious when one investigates the metabolic
activity of individual cells within a community, though
this is not well described by the applied approach of
measuring bulk amino acid utilisation. Although
microbial abundances were higher in the surface layer
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Fig. 1. Distribution of (a) '*C-amino acid (AA) utilisation, (b) chlorophyll a equivalents and (c) particulate organic carbon (POC)
in the water column in 1992 (0) and 1993 (@) during the NEWP 92 and ARK IX cruises. Data from the benthic boundary layer
(BBL) and the intermediate water column (IWC) are presented with reference to the seafloor (plotted as height above bottom).
Samples from the chlorophyll maximum layer are arranged according to water depth from the sea surface. For detailed descrip-
tion of the station list and sampling time see Table 1
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Table 1 Particle properties, microscopic analyses of microbial parameters and '*C-amino acid (*C-AA) utilisation rates in the Northeast Water Polynya. For each parame-

ter the range and the median are presented, the median is given in brackets
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Microbial parameters

Chl a POC/chl a

equivalents

oC
(g 1Y

Sampling

depth (m)

Sampling

Median
microbial
cell volume

Microbial
abundance
(nx 108 1Y)

UC-AA

utilisation rate

equivs.

year

{(ng 1Y)

(ng "“C-AA

(nm?)

l<l d—l)

1992 13-25 58.0-278.2 0.23-4.08 50-1209 37.5-294 .4 1.5-8.7 0.20-0.50
(3.6)

{n=56)

Surface water® (chlorophyll maximum layer)

(0.34)
0.18-0.55

(1.90) (58) (92.1)
172-5265

<0.01-0.16

(144.3)

140-486

1992
(n =22)

Intermediate water column®®

(0.06) (517) 2.1-46.3° 0.4-6.7° (0.28)

10.2-102.5¢

(IWC), 2 2 m above the sediment

(34.8) <0.01-0.57 80-14084 (8.23) (1.0) 0.04-0.48

136-474

1993
(n=30)

(0.24)
0.04-0.53

(1274)
19920970

(0.02)
<0.01-0.28

04-4.9
(3.9)

5.5-202.4

191-479 29.4-136.0

1993
(n =59)

Benthic boundary layer (BBL)®,

(0.23)

(0.05) {1220 (48.4)

(55.2)

sampling height 40, 20, 12 and 7 cm

above the seafloor

‘NEWP 1992 stations studied during the USCGC "Polar Sea’ cruise from 15 July to 15 August 1992; NEWP 1992 Stns 25-35, 25-36, 25-43, 42, 43-67, 43-73, 43-76, 55,

57,64,72,73

"ARK IX stations studied and during the 'Polarstern’ cruise ARK IX from 21 May to 4 August 1993, including 15 BWS deployments; ARK [X Stns 59, 60, 77, 85, 95, 115,

119, 138, 145, 155, 165, 179, 217, 230, 258
‘No significant difference between IWC data from 1992 and 1993, Mann-Whitney U-test p 2 0.05

(1.5%10%t0 8.7 x 108! compared to 0.4 x 10° to
4.9 x 10% I"! in the BBL) a similar range of *C-
amino acids utilisation rates was observed in
the chlorophyll maximum layer and the BBL
(Fig. 1). Using autoradiography, Meyer-Reil
(1978) reports that in average 31% (range
between 2.3 and 50.5%) of individual cells
within a microbial community are active. For
various active fractions of the microbial com-
munity (10, 20, 30 or 100%), the normalised
cell-specific utilisation rates of *C-amino acids
reached higher values in the BBL in 1993 com-
pared to those observed in the surface waters in
1992 (Fig. 2). The median cell-specific ™C-
amino acid utilisation rate of 0.1 '*C-amino
acids cell’! d-!, assuming all bacteria were
active, was similar to the range of 0.04 to
0.46 *H-glutamic acid cell”! d°! found in the
bottom waters of the Santa Monica Basin
(Craven & Carlucci 1989). Furthermore, if there
is a hypothetical constant cell-specific utilisa-
tion rate of 2 fg “C-amino acids cell’t d°!
(which amounts to about 2 % of the C-content of
a bacterial cell) we calculated the fraction of the
bacterial community which has to be active to
account for the community utilisation rate.
Accordingly ca 12 % of the bacteria would have

Cell-specific activity
[fg 14C_amino acids cell-1d-1]

0 1 2 3 4 5

Pt L 1 L

Chl. max.
layer n=6) |@ ¢ W A

wWC M A

(n =52}
BBL e * A
(n=159)

106 %

assumed fraction of 09

10 %

active cells

bmee N

Fig. 2. Distributions of median cell-specific utilisation
rate of "C-amino acid in the chlorophyll maximum
layer, the intermediate water column (IWC) and the
benthic boundary layer (BBL). *C-amino acid utilisa-
tion rates were normalized to bacterial abundances
assuming 10, 20, 30 and 100% active cells in the
microbial community. The number of samples for
each layer is given in parentheses
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been active (median, n = 6) in the chlorophyll maxi-
mum layer in 1992. Under the same assumption, in the
IWC only 5% (median, n = 52) would have been active,
whereas in the BBL 22% of the bacterial community
would have utilised the offered substrate to account for
the microbial activity measured there in 1993. How-
ever, it is most likely that the described significant dif-
ferences in the microbial activity reflect the combined
effects of the size of the active fraction and the stimula-
tion level of individual cells within the bacterial com-
munity of each water layer.

Higher concentrations of POC per se cannot explain
the stimulation of amino acid utilisation in the BBL
compared to the IWC (Fig. 1). No significant correla-
tion was observed between utilisation of 'YC-amino
acids by the microbial community and the concentra-
tion of POC (Kendall's 1; p > 0.2). And although the
organic material in the IWC contained relatively more
phytogenic material, indicated by lower ratios of POC
to chl a equivalents (80 to 14084), amino acid utilisa-
tion was significantly lower than in the BBL, where the
‘freshness’ of the particulate material appeared to be
lower (POC to chl a equivalents ratio 199 to 20970).
This may be an indication of the importance of dis-
solved organic matter for microbial nutrition. In a first
attempt to investigate this matter, DFAA were mea-
sured at 1 selected station (ARK IX; Stn 95). There the
concentrations of DFAA ranged between 12 and 55 nM
(1.7 to 9.3 pg I'") and displayed highest values in the
BBL at 20 and 40 cm above the seafloor (Fig. 3a). DFAA
concentrations at 5 m above the bottom and in the BBL
in the NEWP at Stn 95 were in the range (6.8 to
27.3 nM) reported for the bottom water 3 to 6 m above
the seafloor in the Santa Monica Basin (Craven & Car-
lucci 1989). Knowing the concentration of DFAA
allowed the calculation of absolute amino acid utilisa-
tion rates for the samples of Stn 95. Most rapid amino
acid utilisation rates were found 7 and 40 cm above the
seafloor: 1.3 and 2.2 nmol amino acids 1! d°!, respec-
tively. The slowest rate was observed at 12 cm above
the bottom (Fig. 3b). The median amino acid turnover
time of 45 d (n = 4) in the BBL was about 1.5 times
shorter than at 5 m above the bottom (66 d). However,
these turnover times were still significantly slower
than reported for shallow temperate waters of less than
1.5 h for alanine (Fuhrman & Ferguson 1986) or about
48 and 56 h for the bottom waters in the Santa Monica
Basin (Craven & Carlucci 1989). Fuhrman (1987)
describes close coupling between the release of DFAA
by primary producers and their microbial incorpora-
tion. Even if DFAA are assumed to be bioavailable,
their accessibility to the individual bacterium is
strongly dependent on the background concentration
and transport rate of DFAA to the cell surface. Thus if
the close coupling is extended to the accessibility of
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Fig. 3. Vertical distributions of (a) dissolved free amino acids

(DFAA) and (b) absolute utilisation rates of DFAA at ARK IX

Stn 95. DFAA were measured after OPA derivatisation
according to Lindroth & Mopper {1979)

DFAA to microorganisms, i.e. particle-associated bac-
teria in the BBL benefit from enhanced turbulent trans-
port of DFAA towards the particle (see also next para-
graph), the pattern of C-amino acid utilisation rates
follows the distribution of DFAA in 3 out of 4 cases in
the BBL. In contrast, the lower turbulence level above
the BBL is not sufficient for the bacteria to access the
potentially bioavailable amino acids (see below).

In the Santa Catalina Basin, Smith et al. (1987) report
more than a doubling in concentrations of total dis-
solved amino acids from 50 to 1 m above the bottom. It
can be argued that an increase of the background con-
centration of amino acids in the BBL, due to the
enhanced activity of aminopeptidases produced by
particle-associated bacteria (Smith et al. 1992), may
lead to stronger isotope dilution closer to the seafloor
than in the intermediate water column. A higher dilu-
tion of the '*C substrates would result in underestima-
tion of '“C-amino acid utilisation rates close to the
seafloor. Thus, the significant difference in microbial
activity between the BBL and the IWC may be even
larger than measured such that a relative comparison
between samples from the [WC and BBL, without any
intention towards absolute amino acid utilisation rates,
seems valid. And although the data base is small, the
comparison of the absolute amino acid utilisation rates
between the BBL and the IWC at Stn 95 supports this
finding. Thus, the significantly higher microbial utili-
sation rates of *C-amino acids, together with distinctly
different particle properties, indicate that the BBL does
indeed represent a uniquely different environment
that favours bacterial activity.

However, the distribution and composition of parti-
cles and the concentration of labile organic matter as
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the possible food source for microorganisms cannot
necessarily explain elevated activities in the BBL;
alternative stimulatory processes have to be consid-
ered. In the following, the coupling of substrate con-
centration and microbial activity is discussed with
respect to the accessibility of DFAA to microorganisms.
"C-amino acid utilisation rate at 7 cm was more than
twice as high as at 5 m above the bottom (Fig. 3b),
although the DFAA concentrations were similar in
both cases (39.3 and 39.6 1'' d”' nM, respectively).
Therefore this distribution of utilisation rates could not
be influenced by the concentrations of DFAA alone.
The accessibility, l.e. a combination of DFAA concen-
tration and transport of substrate towards the microor-
ganisms, may be the key factor for the observed activ-
ity distribution pattern. Thus, detailed consideration of
the hydrodynamical regime is essential for the evalua-
tion of microbiological processes in the benthic bound-
ary layer (Ritzrau 1996). Without going into details we
will present how the theory of diffusive transport
towards a particle under fluid shear could explain the
distribution of microbial activities at Stn 95. Following
the equations of Ritzrau (1996) and his parameterisa-
tions of diffusivity and kinematic viscosity, it is possi-
ble, given some assumptions, to calculate the diffusive
transport rate of amino acids to a particle-associated
bacterium. At Stn 95 at 16 cm above the seafloor the
current velocity was 3.9 cm s™'. Using this value and
assuming a roughness height of 0.1 cm the hydrody-
namic regime can be defined. Subsequently shear
rates, Sherwood numbers and diffusive fluxes of amino
acids can be analysed. The Sherwood number is a
dimensionless coefficient which describes the theoret-
ical increase of diffusive transport due to fluid shear
compared to the flux in a stagnant fluid. In the BBL the
Sherwood numbers for a particle with a diameter of
200 pm ranged between 3.9 and 3.1 between 7 and
40 cm above the seafloor, respectively. At 5 m above
the seafloor this coefficient was only 2.4. Combining
these values with known concentrations of amino acids
of 39.3 and 39.6 nM (7 cm and 5 m above the seafloor;
Fig. 3a) and assuming that the particle-associated bac-
teria maintain a concentration gradient between the
background concentration and the particle surface, the
resulting diffusive flux would be 1.6 times higher at
7 cm than at 5 m above the seafloor, even though the
amino acid concentrations were similar. Although
based on very rough assumptions, these calculations
suggest that the accessibility of amino acids estimated
from transport rate rather than concentration alone
may be a new approach to explain the distribution of
microbial activities close to the seafloor. The particle
diameter is an essential parameter for the determina-
tion of diffusive fluxes (Ritzrau 1996) and it is unlikely
that the particle or aggregate size distribution in the

BBL and in the IWC was similar. Thus, besides infor-
mation on the substrate concentrations and hydrody-
namic regime, the near bed particle size distribution
needs more consideration to validate the proposed
approach.

Hydrodynamical sorting in the BBL can produce dis-
tinct vertical distributions of particles with distinguish-
able properties (Muschenheim 1987, Thomsen & Graf
1995). Resuspension of marine sediments in laboratory
flumes as well as in the field has been shown to
increase bacterial abundance close to the seafloor
(Wainright 1987, Ritzrau & Graf 1992). Whether this
finding was due to resuspension of larger benthic bac-
teria or due to microbial growth in suspension was not
addressed in the 2 cases. Intensive hydrolytic activity
of particulate polysaccharides (Smith et al. 1992) and
exudation of low molecular weight compounds by par-
ticle-associated bacteria (Vandevivere & Kirchman
1993) may release labile organic material into the sur-
rounding water, propagating particle production by
physico-chemical aggregation of dissolved organic
and mineral compounds (Muschenheim et al. 1989).
Jumars et al. (1989) proposed that the release of labile
dissolved organic carbon (DOC), especially digestive
enzymes and un-assimilated gut content from het-
erotrophic metazoan egestion, could close the micro-
bial loop in the water column. These processes may
release labile dissolved organic matter in the BBL and
it is most likely that the turbulent hydrodynamic
regime (Gust 1989) distributes the compounds rapidly
within the BBL. Studies on the effects of fluid shear on
microbial activity in the water column have shown that
particle-attached bacteria benefit nutritionally over
free-living forms (Logan & Kirchman 1991) if the host
particle is large enough (>100 um) to overcome viscous
constraints of nutrient fluxes (Jumars et al. 1993,
Ritzrau 1996). Thus higher concentrations and turbu-
lent transfer of nutrients to particle-associated bacte-
ria, as calculated above, could explain the observed
distribution patterns of microbial activity in the BBL,
always assuming that the higher accessibility of labile
organic compounds translates into elevated '*C amino
acid utilisation rates close to the seafloor.

Although we have only limited information on con-
centrations of amino acids, the differences in microbial
activity between the water column and the BBL veri-
fies our hypothesis that the modification of organic
matter close to the seafloor can be as rapid as in the
euphotic zone. One possible explanation is that the
hydrodynamic regime of increasing turbulent stress
towards the sediment (Gust 1989) stimulates the modi-
fication of organic material by most likely particle-
attached microorganisms close to the seafloor (Ritzrau
1996). By this process, the fate of POC is not only influ-
enced by microbial modification, but bacterial produc-
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tion of POC serves as a supplementary food source for
suspension feeding benthos organisms. Moreover the
rate of modification of organic matter in the BBL can be
as rapid as in the euphotic zone. Our data suggest that
in contrast to the euphotic zone, where microorgan-
isms mainly mediate the demineralisation of organic
matter in the tightly coupled relationship between
autotrophic and heterotrophic organisms, microbial
processes in the BBL largely influence the modification
of particles and transformation of dissolved organic
matter. This not only has an impact on energy budgets
for benthic communities, but may also alter organic
substances in a way previously proposed only for
deeper sediment layers (Freeman et al. 1990).
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