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ABSTRACT

Characteristics of suspended particulate matter in the benthic boundary layer of
the continental margin of the western Barents Sea were studied during three
cruises in July 1990, Winter and Summer 1991 by collecting water samples 10,
15, 25, 40 and 500 cm above the sea-floor. At all stations gradients of oxygen
and particulate matter within the benthic boundary layer were evident. Oxygen
varied between 266 and 376 pmol I-! and did not correlate with height above the
sea-floor. Total particulate matter concentrations ranged from 0.75 to 11.3 mg 1-1.
Particulate organic carbon concentrations ranged from 16 to 107 pg I"! and chlo-
rophyll equivalent concentrations ranged from 0.0 to 0.18 pg 1-!. Bacterial bio-
mass measured at 5 stations varied between 0.05 and 2.07 pg bacterial organic
carbon 1! with highest values at 25 and 40 cm height above sea-floor. From 10
to 40 cm above the sea-floor the distribution of individual bacterial volume shifts
to higher size classes. 10 to 40 cm above the bed 35 to 65 % of the bacteria were
particle-associated, while more than 85 % of the bacteria were free-living
500 cm above the sea-floor.

Data from the Barents Sea site indicate that, within the suspended matter in the
near-bottom water layers, particle stratification due to hydrodynamic sorting
occurred. Generally, particulate organic carbon increased from the sea bed into
the water column with decreasing values between 40 and 500 cm above the sea-
floor. Chlorophyll equivalents decrease above the sea bed into the water column.
Chlorophyll equivalent / particulate organic carbon ratio in the near-bottom
water did not exeed 0.5 %.

RESUME

Caractéristiques du néphéloide benthique sur la marge continentale
dans I’ouest de la mer Barents.

Les caractéristiques du néphéloide benthique sur la marge continentale de la partie
ouest de la mer Barents firent 1’objet de trois échantillonnages successifs en juillet
1990, en hiver et en été 1991. Les échantillons d'eau récoltés a 10, 15, 25, 40 et
500 cm du substrat benthique permettent de mettre en évidence les gradients
d’oxygene dissous et de matériel particulaire dans le néphéloide benthique.

Les concentrations d’oxygene dissous varient entre 266 et 376 pmol -1 et ne pré-
sentent aucune corrélation avec 1I’élévation au-dessus du sédiment. Les concen-
trations en matériel particulaire total se situent entre 0,75 et 11,3 mg I-!. Le car-
bone organique particulaire atteint des concentrations variant entre 16 et
107 pg 1-! et les concentrations en équivalent-chlorophylle varient de 0,0 2
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0,18 pg I-1, La biomasse bactérienne mesurée a cing stations varie entre 0,05 et
2,07 pg de carbone organique bactérien par litre et est maximale a 25 et 40 cm
au-dessus du substrat benthique. De 10 4 40 cm au-dessus du sédiment, la distri-
bution du volume des bactéries prélevées se décale vers des tailles plus grandes;
35 a4 65 % des bactéries retrouvées entre 10 et 40 cm au-dessus du sédiment sont
associées 4 des particules, alors que plus de 85% des bactéries sont libres a
500 cm au-dessus du sédiment.

Les données récoltées dans la mer de Barents indiquent qu’une stratification des
particules en suspension survient dans le néphéloide benthique suite 4 une action
hydrodynamique. De fagon générale, les concentrations en carbone organique
particulaire augmentent & partir du fond puis diminuent de 40 a 500 cm du fond.
Les concentrations en équivalent-chlorophylle décroissent en s’éloignant du
fond. Le rapport équivalent-chlorophylle/carbone organique particulaire ne

dépasse pas 0,5% dans I’eau voisine du fond.

Oceanologica Acta, 1994. 17, 6, 597-607.

INTRODUCTION

Particulate matter reaching the sea floor primarily origi-
nates in the ocean's surface layers. As the particles sink,
their concentration and composition are altered by aggre-
gation, disaggregation, zooplankton grazing, decomposi-
tion, and dissolution. Understanding these processes is
complicated by horizontal advection and by the existence
of nepheloid layers caused by resuspension of already-
deposited particles from the bottom.

Once deposited in deep-sea environments, sedimented
detritus decays rapidly (Lampitt, 1985; Thiel et al., 1989;
Rice et ul., 1986). For Norwegian Continental Margin
environments, benthic-pelagic coupling is tight and the
benthic community responds rapidly to a pulse of natural
organic matter (Graf, 1989; Altenbach, 1992; Meyer-Reil
and Koster, 1992).

The near seabed region or benthic boundary layer is one of
strong vertical gradients of flow velocity and particle
concentration (Nowell and Jumars, 1984; Sternberg, 1986).
The processes that laterally distribute and sort the material
falling out of the water column are as important as vertical
settling in determining the availability of this material as
food. Benthic organisms often rely on advection to supply
food (LaBarbara, 1984; Miller et al., 1984; Graf, 1992).
They are dependent on the fluid medium for transport of
this material and, in return, can influence these transport
processes (Grant, 1983; Eckmann and Nowell, 1984;
Jumars and Nowell, 1984; Miller et al., 1984). Apart from
in situ measurements of suspended particle concentrations
and particle settling velocities (Kineke and Sternberg,
1989) and grain-size analyses of suspended particles within
distinct water layers close to the sea-floor (Cacchione and
Drake, 1979; Sternberg et ul., 1986; Townsend et al.,
1992), there is little information about the organic content
and composition of particles within the benthic boundary
layer [BBL]. Moreover, detailed studies of vertical struc-
tures in the BBL in the deep sea have been few. Many of
the previous studies have generally been carried out at
depths of several tens of metres above the sea floor, and

not, as in the case of the present study, from depths of only
a few centimetres above the bottom.

Based on flume experiments, a hydrodynamic sorting of
particles in a 10-cm water layer above the sediment was
reported by Muschenheim (1987); effects of benthos on
sediment transport were described by Nowell ef al. (1980);
and stimulated bacterial growth was reported by Wain-
wright (1987, 1990). Based on in situ measurements,
increased microbial biomass in the benthic turbidity zone
after resuspension and vertical gradients of particulate mat-
ter in shallow waters were demonstrated by Ritzrau and
Graf (1992).

The aims of this study of the Barents Sea Continental Mar-
gin were: (1) to characterize and quantify the particulate
matter in a gradient very close to the sea-floor; (2) to deter-

~ mine whether similar patterns of particle distributions are

to be found at different sites on the continental margin; and
(3) to inquire whether hydrodynamic sorting can explain
particle stratification.

METHODS

During Meteor cruise 13 in July 1990, Poseidon cruise 181
in February 1991 and Meteor cruise 17 in July 1991, bot-
tom-water samples were taken from 10 stations at 5 loca-
tions on a 170 km long transect across the continental
slope of the western Barents Sea. This transect extended in
a line between 74°50'N, 16°E and 75°20'N, 10°E and cove-
red water depths between 370 and 2500 m (Fig.1).

Sampling

An in situ bottom water sampler (Thomsen et al., 1994),
modified for deep-sea deployments, was used to collect
8-15 1 of water at each of four distinct heights above the
sea-floor. The sampling system consisted of four cylindri-
cal polyethylene bottles. Below each bottle, a tube was
mounted which enlarges to a cone (diameter 8 cm) with a
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Figure 1

Location of stations on the Barents Sea Continental Margin.

2 mm wide horizontal slit as a water inlet (Fig. 2). A ball
valve was located between each water inlet and tube. The
water inlets were located 10, 15, 25 and 40 cm above the
sea-floor. The water inlets were omnidirectional pointed
into the approaching flow. The bottles and the electronic
system were located well above the boundary-layer sam-
pling section, at least 30 cm above the highest water inlet.
The bottles were connected to a centrifugal pump in the
upper part of the instrument. During the sampling procedu-
re, fresh water in the four bottles was replaced by near-bot-
tom water from the station. Pumping time was long enough
for a total exchange of water and the pump-timer was cali-
brated by adding fluorescent dye into the fresh water befo-

water pump

accu-housing
electronic control unit r

-

water sampler -

bottom contact trigger—]

re a test-deployment. Once the bottles were filled, the ball
valves closed. A normal launch involved lowering the ins-
trument system to the sea floor using a simple wire cable
(10 mm diameter, 200 g/m in water). Two buoys (Benthos,
25 kg net buoyancy each) were tied to the wire cable 30
and 80 m above the instrument. The approach and position
on the sea-floor of the water sampler were monitored by
means of a pinger attached to the wire 30 m above the ins-
trument system. Immediately after touching down, 50 m
more of the wire cable were paid out so that the wire was
slack enough to prevent disturbance by ship movements.
The penetration depth of the instrument was determined by
means of a lead, filled with fat or by photographs of a ver-

to the pump

80cm

+-—8cm—*

ball valve

cone

- 100 cm

Figure 2

(1) The bottom water sampler containing water sumplers, pump, accu-housing with electronic control unit, bottom contact trigger. (1) Schematic
drawing of one water sampler with multidirectional water inlet (Eversberg 1991) A = inner tubing; B = cone; C = water inlet.
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tical rod, which penetrates the sea bed. The pinger and the
additional cable were suspended by the two buoys.

During Meteor cruise 17, replicate sampling over 24 hours
around station 431 was carried out and flow velocity was
measured by two thermistor flow meters mounted on the
vertical rod within the instrument cage of the bottom water
sampler. The sensors were located at distances of 20 and
65 cm to the sea-floor (assuming 2 cm penetration depth of
the device). Flow direction was obtained through photo-
graphs of a Benthos deep-sea compass with a vane. During
Meteor cruise 13, a waiting period of 12 min. was kept
before sampling to allow material resuspended during
deployment to drift away with the current.

Flow velocity data from the literature (Pfirman and Sol-
heim, 1989; Blaume, 1992), as well as our own measu-
rements of bottom currents in later deployments in the same
area, suggest that the waiting period of 12 minutes was ade-
quate. Transmissiometer readings in later years revealed that
after 5 minutes (flow velocity 5 cm s~1 at z,,) the sampling
errors due to artificial resuspension can be excluded.

During deployments the navigation systems of the resear-
ch vessel and the pinger control display unit helped to
maintain a position directly above the instrument system.
Detailed description of the sampling procedures and the
instrument are given by Thomsen et al. (in press). Water
samples from 500 cm and 50 m above the sea-floor were
taken with 15 1 Niskin bottles on a CTD cast.

Analysis

Water samples were deep-frozen and after 1-2 month ana-
lyzed for the following parameters: particulate organic car-
bon [POC] and particulate organic nitrogen [PON] of
water were measured with a Heraecus CHN-Analyzer.
Chlorophyll a [Chl a.] and chlorophyll equivalents [Chl.]
were analyzed spectralfluorometrically with a Turner
Fluorometer and calculated using the equations of Loren-
zen (1967). Total particulate matter [TPM], was determi-
ned using the method of Bodungen et al. (1991). Oxygen
was measured according to Grasshoff (1976). Water
samples (100 ml) for bacterioplankton were preserved
with 2 % buffered, particle-free formalin. Bacterial num-
bers and bacterial organic carbon [BOC] were determined
by the Acridine Orange epifluorescence direct counting
technique of Hobbie et al. (1977) using a Zeiss Standard
fluorescence microscope. Cell volumes of 100 to 150 bac-
teria of each sample were determined from photographs
using methods described by Thomsen (1991) and carbon
was estimated from biovolumes using a conversion factor
of 0.11 pg C ym -3 (Meyer-Reil, 1983), using the image
analysis program “Image 1.37” for Macintosh computers.
A correlation matrix and a dependent t.-test with pairing of
all variables were computed with P. £0.01, P. £0.05 and
P. = 0.01. Statistics were evaluated using the statistical
software “Stat View 11" for Macintosh computers.

RESULTS

For a closer view of the benthic boundary layer characte-
ristics, detailed observations of concentration profiles and

bacterial-volume size spectra of 5 stations of the Meteor 13
transect in summer 1990 are presented in Figures 3 and 4.

At station 405 (373 m, shelf edge) chlorophyll equivalent
content, POC and TPM of the bottom water decreased
from 10 to 15 ¢cm with increasing values beween 15 cm
and 40 cm and lower values at 500 cm above the sea-floor
(Fig. 3A).

Compared to the other stations, the concentration profile
of bacterial abundance showed a strong increase from
25 to 40 cm a.b (Tab. 1). Median cell volumes of bacteria
shifted to higher values from 0.08 pm3 to 0.15 um3 from
10 to 40 cm above the sea-floor, where highest bacterial
organic carbon was found. (Tab. 1, Fig. 4).

At station 431 (1 340 m, upper slope), chlorophyll equiva-
lent content of the bottom water decreased into the water
column while POC and TPM increased into the near-bot-
tom water column (Fig. 3B). At this station median cell
volumes and carbon content of bacteria showed an extre-
me shift to higher values between 10 and 25 cm above bot-
tom (a.b.) (Tab. 1, Fig. 4).

At station 413 (1750 m, mid slope), chlorophyll equivalent
content of the bottom water decreased into the water
column up to 25 ¢cm a.b. while POC increased from the
sea-floor up to 40 cm a.b., whereas TPM did not show any
particular gradient (Fig. 3C). At this station, again median
cell volumes of bacteria and bacterial organic carbon sho-
wed a shift to higher values between 10 and 40 cm above
the sea-floor (Tab. 1, Fig. 4).

At station 499 (1970 m, mid slope) again chlorophyll equi-
valent content and TPM of the bottom water decreased-
into the water column while POC showed increasing
values (Fig. 3D). At this station median cell volumes of
bacteria showed no distinct shift to higher values while
bacterial organic carbon was highest at 40 cm a.b. (Tab. 1,
Fig. 4).

At station 425 (2537 m, lower slope), profiles of chloro-
phyll and POC appear to be inversely correlated, and again
TPM showed no obvious trend (Fig. 3E). Median cell
volumes of bacteria shifted to higher values between 10
and 25 c¢cm above the sea-floor, where highest bacterial
organic carbon was found (Tab. I, Fig. 4).

Compared to values higher in the water column (50 m
a.b.), chlorophyll, POC and TPM concentrations within
the 10 - 40 cm water layers were always higher (Fig. 3).

For a general view of the benthic boundary layer characte-
ristics across the transect, measured values and ratios are
presented in Table 1. The table also shows results from
Poseidon cruise 181 in February 1991 and Meteor cruise
17 in July 1991.

Oxygen varied between 266 and 376 umol 1! and did not
correlate with height above the sea-floor (P. > 0.1). Chlo-
rophyll equivalent concentrations ranged from 0.0 to 0.13
pg I-1 with a median value of 0.05 pg I-!. Chlorophyll
equivalent was negatively correlated with height up to 40
c¢m above the sea-floor (P. < 0.01). Chlorophyll a [median
value 0.02 pg I'1], which was associated with intact phyto-
plankton cells, accounted for a high proportion (32 %
mean value) of the chlorophyll equivalents in the water
samples. Particulate organic carbon [POC] concentrations
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Figure 3

Concentration profiles of chlorophyll equivalents, particulate organic carbon and total particulate matter in the near-bottom water of stations of
Meteor cruise 13 in July 1990. Boxes represent the 95 % confidence limits for vertical TPM profiles for stations 413, 499 and 425. Small boxes [_]
represent concentration values at 50 m height above sea floor.

601



L. THOMSEN, G. GRAF

Table 1

Oxygen and particle concentrations in near-bottom water samples taken during Meteor cruise 13 in July 1990, Poseidon cruise 181 in February
1991 and Meteor cruise 17 in July 1991 from 10 stations across the continental margin of the western Barents Sea.

CONCENTRATIONS
METEQR 13 Heightabove Oxygen Chiorop.a POC/PON  Bacterial Bacterial
sea-floor organic carbon number
fem] M) kel (BOC) [ol  {x107n
; 500 376 0.008 16 0.44 4.00
Station 405 40 375 0.029 19 2.07 9.00
373m 25 320 0.016 26 0.57 3.00
15 317 0.025 17 0.55 2.60
10 318 0.033 13 0.29 2.60
Station 431 500 315 0.006 20 0.15 1.10
40 315 0.037 9 0.38 0.84
1340m 25 316 0.025 15 0.96 3.30
15 319 0.037 23 0.56 3.90
10 317 0.082 16 0.05 0.79
Station 413 500 316 0.003 35 0.31 3.60
40 316 0.012 14 0.68 2.10
1750m 25 315 0.008 7 0.59 290
15 315 0.008 9 0.24 1.90
10 315 0.016 9 0.34 1.80
i 500 316 0.000 35 0.12 12.00
Station 499 40 309 0.016 8 0.28 14,00
1993m 25 310 0.016 8 0.12 12.00
933 15 308 0.016 11 0.11 11.00
10 266 0.020 12 0.17 17.00
i 500 320 0.015 27 0.17 1.70
Station 425 40 320 0.016 23 0.17 2.40
2537m 25 324 0.000 8 0.33 2.40
53 15 322 0.016 31 0.33 2.30
10 325 0.024 32 0.22 2.70
Height above
sea-floor
METEOR 17 [em] Chlorophyll equivalents [pg/l) Particulate organic carbon (POC) [wg/]
i 40 0.10 0.07 0.06 61.00 78.00 85.00
géi%’gg 25 0.09 0.05 0.05 70.00 90.00 106.00
15 0.14 0.09 0.07 65.00 65.00 66.00
1370 m 10 0.18 0.13 0.09 46.00 52.00 63.00
replicate sampling over 24 h
Poseidon 181
¢ 40 0.05 0.01 52.37 48.96
Statlgzg 225, | 5 0.04 0.03 23.86 36.43
15 0.06 0.05 24.32 23.55
400, 1350m 10 0.06 0.04 17.35 20.19
s

ranged from 16 to 107 pg 1! with a median value of
52 pg 11, POC was positively correlated with height up to
40 c¢cm above the sea-floor (P. < 0.01).

Total particulate matter concentrations ranged from 1.2 to
11.3 mg I-L. There was a change from increasing concen-
trations of TPM at the shallower stations to uniform distri-
butions at the deeper stations.

POC/PON ratios ranged from 5 to 35 with a median value
of 15. There was no significant correlation between height
above the sea-floor and POC/PON values (P. > 0.1).
Chl./POC [%] ratio ranged from 0.01 to 0.5 % with a
median value of 0.12 %. It generally decreased from the sea
bed into the water column (P.< 0.01). POC/TPM [%] ratio
ranged from 0.2 to 3.2 % with a median value of 0.5 %.

Bacterial numbers in the benthic boundary layer measured
during Meteor cruise 13 ranged from 0.08 to 1.7x108
cells I-! with a median value of 0.28X 108 cells I=!. There
was no significant correlation between height above sea-

floor and bacterial numbers (P. > 0.1). BOC estimated for
the 5 stations of Meteor cruise 13 ranged from 0.05 to
2.07 pg I°! with a median value of 0.3 pg I-! and highest
values at 25 and 40 cm above the sea-floor. BOC was cor-
related with POC (P £ 0.05). Size spectra of bacteria sho-
wed distinct differences with height above the seabed.
From 10 to 25 and 40 ¢cm above the sea-floor the distribu-
tion of individual bacterial volume shifted to larger bacte-
ria. Between 10 to 40 cm above the bed, 35 to 65 % of the
bacteria were particle-associated, while more than 85 % of
the bacteria were free-living 500 cm above the sea-floor .
BOC/POC {%] ratio ranged from 0.1 and 3.7 % with a
median value of 0.8 %. During replicate sampling over 24
hours at station 431 (Meteor 17, Tab.1) these distinct chlo-
rophyll and POC patterns of distribution were also recor-
ded . The shape of each particle component concentration
curve was similar at the three stations and similar to those
from the Meteor cruise 13 (Tab.1). The average values
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of 15 min measurements of flow velocity (sampling
rate 1 s=1) at the upper and lower flow meters were
28.3 cm s71, and 22.5 cm s~! respectively at distances of
65 and 20 c¢m to the sea-floor. Estimated bottom shear
velocity, assuming a logarithmic velocity profile, ranged
from 1.7 to 2.4 cm sL. The bottom current direction was
northwesterly, approximately parallel to the bathymetry.

DISCUSSION

Despite their different positions on the continental margin,
at all stations concentration profiles of chlorophyll, POC
and BOC were similar and showed significant correlations
(P < 0.05). Therefore the median concentration values of
chlorophyll equivalents (accounting for phytodetritus),
POC and BOC of all the 10 stations of the transect measu-
red on all cruises were computed from corresponding sam-

pling heights to show the characteristic particle concentra-
tion profiles in the near bottom waters (Fig. 5).

The following trends were apparent:

Chlorophyll equivalent decreased from the seabed into the
water column.

POC increased from the seabed into the water column with
decreasing concentrations between 40 and 500 cm above
the sea-floor.

The low ChlL./POC ratios (~ 0.1 %) in this POC maximum
suggests that the material was not enriched in high chloro-
phyll phytodetritus but of mainly organic debris with high
C/N ratios.

The general shape of the concentration curve of C/N ratios
showed no significant trend in the near-bottom waters.
This particulate organic matter in the near-bottom water
was either refractory material (= C/N 15) that had passed
many resuspension loops or mainly of terrestrial origin. Up
to 60 % of identifiable organic matter in sediments sam-
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Figure 5
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pled at the Barents Sea site were of terrestrial origin (Wag-
ner, 1993).

The low Chl./POC ratios at the Barents Sea site indicate
that the direct nutritional value of the organic material
found at this site was probably low, but that the bacterial
epiflora found on the suspended detritus could be impor-
tant for animals feeding on these particles.

BOC was correlated with POC. The bacterial biomass and
size class distribution data show that maximum biomass
and higher individual size classes occur within the upper
near-bottom boundary layer (25 to 40 c¢m), where high
POC concentrations were found.

The ratio of BOC to POC of 0.3 to 3.7 % suggests the
importance of the bacteria as a food source. Applying a
frequently used carbon-conversion factor of 0.4 pg C ym=3
cell volume (Bjeornsen, 1986) bacteria would contribute up
to 15 % to the POC pool. Patching (1991) showed that
there was evidence of a barophilic bacteria community
living within the benthic boundary layer (sediment-contact
water of multicorer samples), indicating a special adapted
bacteria flora not of benthic origin. To what degree this
additional carbon source is accessible to the benthic com-
munity depends on the hydrodynamic behaviour of the
bacteria-attached POC. No general trend in the distribution
pattern of TPM in the near-bottom waters was apparent.

Hydrodynamic sorting
of the particulate organic fraction

Vertical profiles produced by hydrodynamic sorting

The slopes of particle concentration profiles are determi-
ned by the settling velocity of the particles and the bottom
shear velocity, determining whether sediments are trans-
ported in suspension or as bedload (Rouse, 1937; McCave,
1972). Muschenheim (1987b) showed that there exists a
distinct hydrodynamic sorting of particles within the ben-
thic boundary layer, producing flux profiles, which were
simultaneously “top-heavy” for the lighter fraction (less
dense) with low settling velocities (organic detritus) and
“bottom-heavy” for the heavier (denser) fraction with
higher settling velocities. In most natural environments
hydrodynamic sorting is possible (Middleton and Southard,
1984). The Rouse number (z = w /  xu*) (w is the settling
velocity of the particle, B is a numerical constant, x is the
Kdrman constant and u* is the bottom shear velocity) is a
suitable criterion for suspension. Because both B (~ 1) and
K (~ 0.4) are supposed to be constants it is expected that
the main factor that determines the distribution of suspen-

heights of all the 10 stations of the
transect,

ded sediment with height above the bed is the ratio of the
settling velocity to the shear velocity (w/u*) (Rouse, 1937;
Middleton and Southard, 1984). Particles with low settling
velocities (small, light or low density particles) will have a
rather uniform distribution with height above the bottom
(this corresponds very roughly to w £ 0.1 u* and z < 0.25).
Particles with higher settling velocities are more concentra-
ted closer to the bottom (w = 0.4 u* and z > 1) or transpor-
ted as bedload (w 2 1 u*). Increase in shear velocity will
also result in a more uniform distribution of suspended
sediment in the vertical section (Eisma, 1993).

Thus for small Rouse numbers [<< 1] the particle concen-
tration will be uniform with depth. As Rouse number
increases [=1], concentration will increase towards the sea
floor.

Comparison of theory and data

Data on suspended particulate matter in the near- bottom waters
from the Barents Sea Continental Margin (1 to 10 g m=3)
suggest that hydrodynamic sorting within the particulate
organic fraction occured. Chlorophyll equivalents monoto-
nically decreased above the seabed. (Fig. 5). Aggregated
phytodetritus, which is associated with chlorophyll and is
formed in surface waters, has high settling velocities of
0.1-0.2 cm s~! (Aldrege and Silver, 1988). Once concentra-
ted and further aggregated on the sediment surface by cur-
rents, experimental-estimated settling rates of the resuspen-
ded fluff increased up to 0.35-1.2 cm s~! (Lampitt, 1985).
At the Barents Sea site, decreasing concentrations of chlo-
rophyll equivalents above the sea-floor were consistent
with these previous findings, suggesting packaging in rela-
tively large aggregates. Rouse numbers of the material
could not be determined because it is very difficult to mea-
sure settling velocities of natural samples. Flocs are fragile
and notoriously hard to sample without breaking (Krank
and Milligan, 1985). They will break up in the shear field
of the water-inlets of the sampling system and/or are modi-
fied within the sampling bottles during sampling proce-
dures. Taking Lampitt's (1985) data into account the chlo-
rophyll profiles during replicate sampling during Meteor
cruise 17 with u* of 1.7 to 2.4 cm s°! would result in
increasing chlorophyll concentrations towards the sea floor
with settling velocities (w = 0.4 u*) of the phythodetritus
of 0.7to 1 cms-l.

The POC data suggest that this organic fraction has at least
low settling velocities with low Rouse numbers. Contrary to
expectations the POC profiles were not uniform with height
above the sea floor. Concentrations increased off the bed. It
is very difficult to interpret this phenomena, which cannot
be explained with a simple hydrodynamic model. Sampling
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errors (oversampling of the finer fraction away from the
bottom) could result in increasing POC concentrations.
Sternberg et al. (1986) reported that a suspended sediment
size fraction of < 62 um can cause sampling errors of max.
1.6 % if the isokinetic flow into the water sampler is not
guaranteed. Average particle size on all stations of the
Meteor and Poseidon cruises was < 12 um, so this problem
is considered as minor and the oversampling could not
result in different size distributions of bacteria within the
different water bottles. Colby (1963) showed that particles
of the 63 to 125 um size range produced increasing concen-
tration profiles off the sediments of the Mississippi river.
Stolzenbach et al. (1992) discussed whether POC could be
scavanged during turbulent transport through the fluff layer.
At present, the best explanation for a POC sink near the sea
floor seems to be that the POC within the lower near-bot-
tom boundary layer (10 to 15 cm) was scavenged by the
fast-sinking phytodetritus either in the near-bottom waters
or in the course of transport through the fluff layer.

With an average particle size of < 12 um for the whole TPM
fraction, profiles of TPM should be uniform. The sinking
velocities of these particles (103-10-2 ¢cm s~!, McCave and
Gross, 1991), which only belong by less than 0.1% to the
“heavy” phytodetritus fraction, are expected to be very low.
Thus even under low flow velocities with u* of 0.1 to
0.01 cm 5! Rouse numbers are << 1. At the deeper stations
at the Barents Sea site, TPM profiles were more or less uni-
form (95 % confidence limits) but on the upper slope strong
gradients occurred. This could be a result of a shift from sus-
pension-feeding towards deposit-feeding macrofauna. Stu-
dies of biodeposition showed that macrofauna can have a
enormous influence on near-bottom particle transport
(Asmus and Asmus, 1990; Muschenheim and Newell, 1989;
Muschenheim, 1987). At the shelf edge station 405, macro-
fauna were very abundant and mainly dominated by seden-
tary polychaetes (1024 ind. m2, Juterzenka, pers. comm.)
and large epibenthic megafauna. The feeding height of sus-
pension-feeding macrofauna was 10 to 30 cm due to the pre-
sence of stones. Data suggest that TPM and bacterial abun-
dances were minimized and oxygen consumption was
enhanced within the near-bottom water due to the influence
of the interface feeders (Tab. 1). The abundant macrofauna
on the slope station 431 (1250 ind. m2, mainly polychaetes,
Juterzenka, pers. comm.) with an average tube height of
2-4 cm above sediment surface, intercepts suspended par-
ticles travelling past, influencing the near-bottom water up
to a height of 25 cm. The low concentrations of TPM 10 to
25 cm above the bed (Fig. 3) suggest this interaction. Stu-
dies of the depletion of TPM above a high abundant suspen-
sion-feeding macrofauna at mid-slope revealed the immense
influence of the animals on the near-bottom waters (Thom-
sen et al., subm.) So both the less abundant macrofauna and
the shift towards deposit feeding at deeper stations could
explain the differences of the TPM concentration profiles
from these shallower to the deeper stations.

Implication for benthic community structure and
cycling of organic matter within the benthic boundary
layer

Data suggest that particulate organic matter derived from
phytodetritus generally had higher settling velocities and
thus contributed little to the total organic carbon pool in
near-bottom waters (Chl./POC < 0.5 %, Tab.1). These par-
ticles remained suspended for short periods of time and
hence the state of the boundary layer becomes less impor-
tant in their dispersion. With high Rouse numbers, the
dense material will be transported in the near-bed region
either in contact with or a few centimetres above the bot-
tom, and thus often within reach of benthic organisms. In
case of resuspension due to increasing current velocities
the material will rapidly resettle under lower flow condi-
tions and can be deposited. This mechanism could explain
the fast downslope transport of phytodetritus described by
Walsh and Gardner (1992). The inclination of the conti-
nental slope results in rapid near-bed lateral transport of
this heavy material to the deep sea faster even than vertical
sedimentation. There is evidence that at the Barents Sea
site material from the shelf can reach deep water in rapid
pulses of cold and dense bottom water in cross-slope direc-
tion (Blaume, 1992).

The POC fraction with low Rouse numbers tends to follow
streamlines in flow, remains suspended for a longer time
and hence the “state of the boundary layer” becomes more
important in its dispersion. The bacterial biomass and size
class distribution data (Table 1) show that maximum bio-
mass and higher individual size classes occur within the
upper near-bottom boundary layer (25 to 40 cm), where the
high POC concentrations and high percentages of particle
associated bacteria were found.

Low settling velocities and high residence times within the
benthic boundary layer would result in long-term horizon-
tal fluxes of POC. Resuspension of sediments and turbu-
lence were shown to stimulate bacterial activity signifi-
cantly (Wainwright, 1987; Ritzrau and Deming, subm.) As
bacteria were bound to particles, carbon input of this mate-
rial to the benthos could occur via aggregate -and fecal pel-
let formation (Kranck, 1984; Gibbs, 1985; Biddanda, 19835;
Muschenheim er al., 1989; Kineke and Sternberg, 1989).
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