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INTRODUCTION

The circulation in the eastern South Atlantic Ocean
is dominated by the Benguela Current system, which is
part of the anticyclonic Subtropical Gyre. At about
30° S the Benguela Current separates into the
Benguela Oceanic Current and the Benguela Coastal
Current, which is influenced by the coastal upwelling
regime. With flow velocities of 10 to 20 cm s–1, the cold
Benguela Oceanic Current crosses the Walvis Ridge
and feeds the South Equatorial Current, whereas the
Benguela Coastal Current meets the warm Angola
Current at about 16° S, forming the Angola–Benguela
Front in coastal regions. The South Equatorial Counter

Current results in a cyclonic gyre in the surface waters
of the Angola Basin, which meets the cold Benguela
Oceanic Current and extends the Angola–Benguela
Front towards the open Angola Basin (Reid 1989,
Petersen & Stramma 1991, Speer et al. 1995, Jansen et
al. 1996, Wefer et al. 1996, Larqué et al. 1997).

The Angola Basin is situated off the Namibian and
Angolan coast north of the Walvis Ridge. Water depths
reach almost 5500 m. The water column in the basin is
strongly stratified due to different water masses enter-
ing the area. The surface waters down to 200 m depth
are characterised as the South Atlantic Subtropical
Surface Water. Between 200 and 1400 m water depth
the South Atlantic Central Water, the Antarctic Inter-
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mediate Water and the Upper Circumpolar Deep
Water occur. Below 1400 m the Angola Basin is filled
with North Atlantic Deep Water, which is modified by
injections of Antarctic Bottom Water through deep
gaps in the mid-Atlantic ridge system (Reid 1989,
Shannon & Chapman 1991, Larqué et al. 1997) as well
as by the Namib Col Current (Speer et al. 1995). In the
north of the basin the influence of the Zaire (Congo)
River plume can be detected in the water column up
to 800 km from the coast (van Bennekom & Berger
1984, Larqué et al. 1997).

Intensive research in oceanography, geochemistry,
microbiology, benthology and fisheries biology has
been carried out in the Benguela upwelling system
in coastal Namibian waters (Alva & Vadon 1989,
Macpherson 1991, Holmes et al. 1996, Bernard et al.
1999, Schmidt et al. 2000). But there is only little infor-
mation available for the deep Angola Basin. Foramini-
fera and meiofauna have been investigated only in
coastal regions (Mackensen et al. 1995, Soltwedel &
Thiel 1995, Schmiedl & Mackensen 1997, Schmiedl et
al. 1997, Soltwedel 1997); macro- and megafauna only
at 3 stations in the offshore SW Angola Basin by
Vinogradova et al. (1990). Studies on meiofauna and
megafauna at the Walvis Ridge, the southern border of
the Angola Basin, have been carried out by Dinet
(1973), Monniot & Monniot (1976) and Fedorov &
Karamyshev (1991).

To fill the gap, the ’Meteor’ Expedition Me 48/1—
‘DIVA I’ (July 6 to August 2, 2000) took place in the
Angola Basin to study the biodiversity and ecology of
the benthic communities in extreme water depths of
about 5500 m.

MATERIALS AND METHODS

Sampling and sample treatment. Megafauna: The
megafauna was collected in 6 areas with a modified
Agassiz-trawl of 3.5 m width (Fig. 1, Table 1). Depths
varied between 5162 and 5497 m. The trawl was run
twice in each area. The mesh size in the cod end mea-
sured 1 cm between stretched meshes. A fore-rope
was let out 200 m, at which point a 500 kg weight was
attached before the rope was lowered further. Based
on our earlier experience, we paid out a rope length of
1.8 times the water depth to reach the sea floor. The
sea bed was trawled for 2 to 3.5 h at 2 knots, which
equals a trawled area of at least 26 300 to 45 500 m2.
Taxa number (on class level) is given as mean per haul,
and abundance and biomass (g wet weight) are stan-
dardised per towed area of 10 000 m2.

Macrofauna: Macrofauna samples were taken in
5 areas with a 0.25 m2 USNEL box corer (Fig. 1,
Table 2). Depths varied between 5433 and 5494 m. It
being winter in the southern hemisphere, very stormy
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Fig. 1. Map of areas for ‘Meteor’ Expedition Me 48/1—‘DIVA I’
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weather and a strong swell made sampling in Areas 1
and 4 extremely difficult. Unfortunately, we could
obtain no box core sample in Area 1 and only 1 box
core in Area 4. In the other areas, 4 to 5 box cores were
taken for quantitative analysis.

The uppermost 20 cm of all samples were washed
over a 0.5 mm mesh and fixed in 4% formaldehyde sea
water solution.

Biomass and taxonomy. Biomass is given as wet
weight in order to save the unique organisms for taxo-
nomy.

The organisms collected were identified to family
or genus level, and, where possible, preliminarily to
species level. Identification and description of species
is still in progress.

Feeding modes. The feeding modes of taxa were de-
termined according to information in the literature for
families or genera (e.g. Fauchald & Jumars 1979, Lincoln
1979, Gage & Tyler 1991, Hartmann-Schröder 1996).

Oceanography. Water temperature and salinity were
obtained by using a self-registrating CTD probe (Fal-
mouth Instruments), which was fixed at the USNEL
box corer while sampling.

Sediments. Sediment data are available for Areas 2,
3, 5 and 6 only. Samples were taken from the box core
using plastic tubes. Out of 1 box core, 2 Plexiglas tubes
(5 cm diameter) were taken for sediment analyses

(% <63 µm fraction) and for analyses of the contents
of total carbon (TC), total organic carbon (TOC) and
pigments.

The core was sliced into different layers. For the
present study, only data for the surface sediment
(5 mm) were used. The samples for mud, sand and
TOC contents were dried on board at 50°C and the
samples for analysis of pigments were frozen at –20°C.

Sediment fractions. In the lab the mud fraction was
separated by wet sieving over a 63 µm mesh.

TOC and TC contents. The dried samples were
homogenised. An aliquot of 10 mg of the sediment
was combusted at 1010° C in a C/N analyser (Heraeus
vario EL). For TC content, total sediment was analysed.
Prior to TOC analysis, the samples were kept for 24 h
in a desiccator with concentrated HCl to eliminate
carbonate (Hedges & Stern 1984).

Eh profiles. A second tube taken from the same box
core was used to measure the Eh profiles in the differ-
ent sediment depths (2 cm steps) using a Portamess
651-2 Microprocessor (Knick).

Phytopigments. In addition to the box core samples,
samples for the analysis of phytopigments were taken
from parallel-run multicorers. If available, 1 tube each
from 2 multicorers (10 cm diameter) was used for
analysis of phytopigment as well as TOC content, the
latter for comparison with box core data.

Surface sediments (upper 5 mm) for pigment analy-
sis were kept at –20°C, those designated for TOC
analysis were dried on board at 50°C.

Phytopigments (e.g. chlorophyll a and derivates)
were extracted from 5 g sediment with 5 ml 90% ace-
tone. After incubation of the suspension for 1 h at 4°C in
darkness, it was mixed for 1 min, followed by ultra-
sonication in a water bath for 3 min at medium power.
To remove particles the suspension was centrifuged for
25 min at 1745 × g at 0°C. Pigments were analysed in
the supernatant by high performance liquid chro-
matography (HPLC) as described by Wallerstein &
Liebezeit (1999). Standards (Sigma) were used for the
quantification of chlorophyll a and pheophorbides.

Statistics. For correlations between faunal and envi-
ronmental parameters the Pearson Product Moment
correlation was used.
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Area No. of Latitude Longitude Depth
trawls (S) (E) (m)

1 2 22° 22.644’ 003° 20.156’ 5162
22° 20.640’ 003° 23.567’ 5162

2 1 20° 00.733’ 003° 02.230’ 5497
3 2 19° 12.897’ 003° 48.569’ 5469

19° 13.484’ 003° 50.063’ 5468
4 2 18° 18.979’ 004° 42.728’ 5439

18° 19.430’ 004° 42.059’ 5443
5 1 17° 07.514’ 004° 42.882’ 5460
6 3 16° 14.991’ 005° 27.000’ 5430

16° 15.771’ 005° 27.170’ 5432
16° 25.238’ 005° 27.170’ 5430

Table 1. Station coordinates for sampling of megafauna (start 
positions)

Area No. of box Latitude Longitude Depth Temp. TOC TC Chl a <63 µm >63 µm Eh
cores taken (S) (E) (m) (°C) (%) (%) (µg g–1) (%) (%) (mV)

2 4 19° 58.291’ 002° 59.682’ 5494 2.50 0.41 8.7 1.72 98.94 1.06 111
3 5 19° 07.123’ 003° 51.885’ 5468 2.49 0.41 8.86 1.77 98.2 1.8 117
4 1 18° 16.677’ 004° 44.361’ 5437 – – – – – – –
5 4 17° 07.969’ 004° 41.997’ 5465 2.48 0.51 8.6 1.91 95.45 4.55 94
6 5 16° 17.024’ 005° 27.021’ 5433 2.48 0.62 8.01 1.67 95.23 4.77 171

Table 2. Station coordinates for sampling of macrofauna, and sediment data (–: no sediment samples available)
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For multidimensional scaling (MDS) the PRIMER v5
package was used (Clarke & Warwick 1994). The
abundance data similarities between stations were
calculated using the Bray-Curtis coefficient. No trans-
formation was used.

Canonical correspondence analysis (CCA) was per-
formed with CANOCO 4 software (Microcomputer
Power). CCA was applied to evaluate correlation be-
tween environmental variables, species and variance in
site pattern. The Monte Carlo permutation test was used
to check the statistical validity of these associations.

RESULTS

Oceanography. The water temperature in the upper
100 m water column at all stations varied between 19
and 20°C and dropped continuously down to 4°C at
900 m and 2.5°C at 3000 m depth. A constant tempera-
ture of 2.48°C was measured between 3000 m water
depth and the sea floor (Fig. 2).

The salinity in the upper 100 m water column was
around 35.8 and dropped constantly down to 34.4 at
about 780 m depth. Then it increased again up to 34.8
at about 1700 m depth and remained constant towards
the sea floor.

Sediments. The sediment of all stations was white to
light beige. In Areas 2 and 3 mud contents in the sur-
face layer reached almost 99%, in deeper layers up to
99.95%. At Areas 5 and 6 about 95% mud was found;
contents decreased towards 12 cm sediment depth down
to about 90%, and increased again towards deeper
layers up to 98 or 99% (Table 2). The sediment, es-
pecially in Areas 2 and 3, contained high amounts of
globularian foraminiferans. Therefore, the TC contents
of sediment were higher (8.7 and 8.86%) in the southern
than in the northern areas (8.6 and 8.01%) (Table 2).

Eh profiles. All sediment layers were well oxy-
genated down to the studied sediment depth of 20 cm.

The values were lowest at the sediment surface and
increased towards deeper sediment layers. In Areas 2
and 3, 111 to 117 mV were measured in surface sedi-
ment, in Areas 5 and 6, 94 and 171 mV, respectively
(Table 2).

TOC and TC content. The TOC content in Areas 2
and 3 was lowest, at 0.41%, and increased towards
Areas 5 and 6 up to 0.51 and 0.62%, respectively
(Table 2). TOC contents were used for box core
samples, as values for sediments taken from box cores
and multicorers were identical.

The TC content was higher in Areas 2 and 3 (8.7 and
8.86%) than in Areas 5 and 6 (8.6 and 8.01%) (Table 2).

Chlorophyll a and derivates. 1.72 and 1.77 µg
chlorophyll a per g sediment were measured in surface
sediment in Areas 2 and 3 (Table 2), 1.91 µg chloro-
phyll a per g sediment at Area 5 and 1.67 µg chloro-
phyll a per g sediment in Area 6. Chlorophyll a con-
tents were used for box core samples because values
for sediment taken from box cores and multicorers
were almost identical.

Megafauna. Taxa and abundance: A total of 25 taxa
on class level were found in the 6 areas. The mean
taxa number per haul varied between 9 and 11 in
Areas 1 to 3, and increased up to 13 or 14 in Areas 4
to 6 (Fig. 3).

The mean abundance was lower in Areas 1 to 3, with
14 to 46 ind. 10 000 m–2 than in Areas 4 and 5 with 72
to 96 ind. 10 000 m–2, respectively. In Area 6 abun-
dance decreased again down to 36 ind. 10 000 m–2

(Fig. 3).
Ophiurids dominated the megafaunal community

only in Area 1 (Table 3). In Area 2 decapods and
actinarians were the most abundant groups. In Areas 3
to 6 bivalves and actinarians dominated.

Biomass: The lowest mean biomass was found in
Areas 1 and 2 with 111 and 33 g wet weight 10 000 m–2

(Table 3). In Areas 3 and 6 biomass was rather similar,
with 176 and 179 g wet weight 10 000 m–2. Highest bio-
mass was found in Areas 4 and 5 with 259 and 246 g
wet weight 10 000 m–2, respectively.

In Areas 1 and 2 actinarians, decapods, ophiurids,
fish and ‘others’ made the largest contributions to bio-
mass. In Area 3 biomass was dominated by actinarians,
asteroids and fish. In Areas 4 to 6 biomass of bivalves,
asteroids and holothurians increased, while values for
actinarians and fish remained high.

Macrofauna. Taxa and abundance: A total of 58 taxa
on class and family level was found in the 5 areas. The
mean taxa number per 0.25 m2 varied between 25 in
Area 4 (1 box only) and 36 to 42 in Areas 2 and 6
(Fig. 4).

The mean abundance was low in Area 2 with 32 ind.
0.25 m–2 and increased towards Areas 4 to 6 up to 88
and 94 ind. 0.25 m–2 respectively (Fig. 4).
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Fig. 2. Temperature and salinity gradients
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Polychaetes dominated the communities in all areas
(Table 4). Nematoda and Peracarida were more
abundant in Areas 4 to 6. Porifera, Mollusca and
Sipunculida were less but homogeneously abundant
at all sites.

Biomass: The mean biomass was also lowest in
Areas 2 and 3 with 65.4 and 165 mg wet weight
0.25 m–2 and highest at Area 4 with 654.5 mg wet
weight 0.25 m–2 (Table 4). In Areas 5 and 6 biomass
decreased again down to 496 and 324.6 mg wet weight
0.25 m–2.

Bivalves dominated the biomass (Table 4), and
specimens of the families Arcidae and Glycymeridae
caused the increase in biomass in Areas 4 to 6.

Multivariate analyses. The MDS shows that the
macrofaunal communities of Areas 2 to 4 are dissimi-
lar, but Areas 5 and 6 are almost identical (Fig. 5A).
The pattern for the megafauna reflects that Areas 1
and 2 are dissimilar to each other as well as to the other
areas, which are rather similar (Fig. 5B).

Since environmental data are only available for
Areas 2, 3, 5 and 6, the CCA can only provide a
restricted picture. However, the plots for macro- and
megafauna reveal a similar picture and are therefore

combined in Fig. 6. The gradients are slight and thus
of minor importance. Nonetheless, the analysis reveals
that the arrows for environmental variables account, in
conjunction with the sites, for 76.2% (macrofauna) and
83% (megafauna) of the variance of the weighted
averages of the 4 areas with respect to the 7 environ-
mental variables. The first axis reveals gradients for
macro- and megafaunal community structure influ-
enced by mud content (r = 0.99), depth (r = 0.59), TOC
(r = –0.76), and TC (r = 0.56). The second axis reflects a
gradient influenced by Eh (r = 0.97) and chlorophyll a
(r = –0.85) for megafauna only. All these gradients
follow the latitudinal gradient of the 6 sample sites.

Fauna and environmental parameters. The correla-
tions between faunal and environmental parameters
are weak because of the low numbers of parameters.
Nevertheless, they confirm the results obtained with
CCA. Significant correlations (5 or 1% level) were
found between depth and macrofaunal abundance and
taxa number (r = –0.9), TOC (r = –0.92), TC (r = 0.8),
mud content (r = 0.83) as well as between macrofaunal
abundance and TOC (r = 0.88) or mud content (r =
–0.98). Chlorophyll a contents did not correlate with
any macrofaunal or sediment parameter, but did with
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Fig. 3. Megafaunal mean number of taxa per haul and 
abundance per 10 000 m2

Fig. 4. Macrofaunal mean number of taxa and abundance 
per 0.25 m2

Area 1 Area 2 Area 3 Area 4 Area 5 Area 6
Abund. Biomass Abund. Biomass Abund. Biomass Abund. Biomass Abund. Biomass Abund. Biomass

Actinaria 1.01 19.75 5.86 7.86 6.57 22.09 11.06 46.46 8.09 38.83 2.15 9.35
Bivalvia 0.5 0.65 0.23 0.07 7.54 6.02 59.34 47.4 31.18 26.02 8.83 6.66
Decapoda 1.68 14.18 2.93 10.73 0.97 0.61 1.81 19.3 3.85 19.2 2.98 3.14
Ophiuroida 36.67 31.38 1.13 1.16 5.99 5.94 5.23 7.94 3.08 11.94 2.77 2.96
Asteroida 1.18 2.6 0.68 2.95 1.74 17.74 2.42 40.77 1.92 36.18 1.84 28.94
Holothuroida 1.01 10.21 0 0 1.94 37 0.4 12.84 3.08 48.85 5.01 20.61
Fish 1.85 12.42 1.8 6.5 1.55 82.42 3.42 24.72 2.31 15.99 4.09 9.17
Others 2.53 19.5 1.35 3.32 3.09 4.28 12.27 59.12 18.48 48.59 7.9 97.72

Sum 46.43 110.69 13.98 32.59 29.39 176.1 95.95 258.55 71.99 245.6 35.57 178.55

Table 3. Mean megafaunal abundance (ind. 10 000 m–2) and biomass (g wet weight 10 000 m–2) in Areas 1 to 6
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megafaunal abundance (r = 0.85). TOC content (r =
–0.89), macrofauna abundance (r = 0.98) and biomass
(r = 0.84) were significantly correlated with the mud
content. Except for chlorophyll a, no further significant
correlations were found between megafauna and envi-
ronmental factors.

Feeding modes: macrofauna. Predatory polychaetes,
peracarids and facultative surface deposit feeders or
predatory sipunculids occurred in similar ratios in all
areas. Facultative subsurface deposit feeding or preda-
tory nematodes and oligochaetes increased towards

48

Area 2 Area 3 Area 4 Area 5 Area 6
Abund. Biomass Abund. Biomass Abund. Biomass Abund. Biomass Abund. Biomass

Porifera – – 2.2 6.94 5 29.13 6.75 19.15 3 100.94
Hydrozoa – – – – – – 0.25 0.51 – –
Anthozoa 0.25 43.40 0.4 35.81 – – 1 123.75 – –
Nemertini 0.25 0.01 – – – – – – – –
Nematoda 2.75 0.10 3.2 0.11 12 0.40 18 0.60 15.8 0.51
Oligochaeta 0.25 0.01 – – 2 18.92 – – 0.4 0.16
Polychaeta 20.5 3.17 37.6 5.70 36 8.66 43.5 7.62 50.6 23.45
Sipunculida 0.5 0.46 1.6 1.23 3 8.06 2.75 5.27 1 4.38
Harpacticoidea 0.75 0.05 1.2 0.17 2 0.07 3.5 0.55 1.8 0.47
Peracarida 2 0.29 3 0.83 20 4.10 10.5 2.15 9 1.99
Crustacea 0.25 0.06 0.2 0.01 – – – – – –
Caudofoveata 0.25 0.16 0.8 0.34 – – 0.75 0.43 – –
Scaphopoda 0.75 0.74 1 1.28 2 2.25 0.5 0.53 0.4 36.50
Tellinacea – – 0.2 1.38 – – – – 0.2 0.23
Glycymeridae 1.5 9.54 1.6 74.70 1 4.33 1 185.75 2.8 103.77
Nuculanidae 1.25 2.34 2 35.77 1 3.63 4.5 14.83 5.2 31.19
Arcidae – – 0.8 0.66 3 565.95 0.75 134.88 2.4 4.61
Bryozoa – – – – – – – – 0.4 0.25
Holothuria – – – – – – – – 0.2 2.07
Ophiuroida 0.25 5.04 – – 1 9.01 – – 0.8 14.09

Sum 31.5 65.37 55.8 164.93 88 654.50 93.75 496.02 94 324.61

Table 4. Mean macrofaunal abundance (ind. 0.25 m–2) and biomass (mg wet weight 0.25 m–2) in Areas 2 to 6

Fig. 5. MDS for (A) macrofauna and (B) megafauna 

Fig. 6. Triplot of the CCA ordination for macro- and
megafauna in Areas 2, 3, 5 and 6 (d); (s) macrofauna in
Area 2). Vector lines represent the relationship of significant
environmental variables to the ordination axes and their 

length is proportional to their relative significance
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Areas 4 to 6 (Fig. 7A). In Areas 2 and 3, the communi-
ties were dominated by surface deposit and interface
feeding organisms, such as polychaetes and ophiurids,
which feed at the sediment surface or in the benthic
boundary layer. Percentages of surface deposit/inter-
face feeders were lowest in Area 4, but also lower
in Areas 5 and 6 than in Areas 1 and 2. Organisms
which feed mainly in the sediment (subsurface deposit
feeders) were less abundant.

Feeding modes: megafauna. In Area 1, the ophiurids
foraging as surface deposit feeders as well as predators
dominated (Fig. 7B). In Areas 2 and 3, the proportion of
organisms feeding as suspension feeder or predator as
well as surface deposit feeder increased. In Areas 4 to

6, bivalves feeding as surface or subsurface deposit
feeder dominated, followed by surface deposit feeders
or predators.

DISCUSSION

The Angola Basin benthic environment reflects a
typical deep-sea feature with extremely muddy sedi-
ment, containing high amounts of foraminiferans. The
positive Eh values are typical for deep sea sediment
(Boetius et al. 1995, Sauter et al. 2001) and the North
Atlantic Deep Water is oxygen-rich and contains about
5.6 ml oxygen l–1 in 5500 m depth (in Schmiedl et al.
1997). Nevertheless, the Eh values were lower than
those measured by Boetius et al. (1995) in the extremely
oligotrophic eastern Mediterranean deep sea in sum-
mer, where seasonally varying pulses of food supply
are not detectable below 1500 m (Danovaro et al. 2000,
Kröncke et al. 2003). However, our data indicate higher
benthic metabolism in Angola Basin sediments even
in winter, especially in the northern areas.

Community structure

Macrofaunal abundance, as well as megafaunal
abundance and biomass in the southern Areas 1 and 2,
were similar to those found by Vinogradova et al.
(1990) in the SW Angola Basin. In general, macro- and
megafaunal abundance and biomass at the 6 study
sites in the deep Angola Basin were similar to those
known for depths >4000 m, such as the Venezuela
Basin, Demerara Abyssal Plain, Porcupine Sea Bight,
Coral and Salomons Seas, the Goban Spur area (Tiet-
jen 1992, Heip et al. 2001), the Porcupine Abyssal Plain
(Galéron et al. 2001) and the southern Arabian deep
sea (Witte 2000), but higher than in the NE Atlantic
Biotrans station (Pfannkuche 1993), depths >5000 m in
the Cape Verde Basin (Rowe & Deming 1985) or in
extremely oligotrophic areas >4000 m depth such
as the Arctic (Kröncke et al. 2000) and the eastern
Mediterranean deep sea (Kröncke et al. 2003). Despite
this higher general macrofaunal abundance and bio-
mass, the occurrence of huge numbers of foraminife-
rans, found especially in Areas 1 to 3 in the Angola
Basin, indicates an oligotrophic situation and season-
ally fluctuating organic matter supply (Linke et al.
1995, Schmiedl et al. 1997).

The macrofaunal communities were dominated by
polychaetes, peracarids (especially isopods) and
bivalves, as in other deep sea areas of similar depth
(Kröncke 1998, Galéron et al. 2001). Dominant mega-
faunal groups were ophiurids, bivalves, actinarians
and sponges as also described by Vinogradova et al.
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Fig. 7. Relative percentage of different feeding modes for 
(A) macro- and (B) megafauna. gr: grazer, p: predator, sdf:
surface-deposit feeder, if: interface feeder, ssdf: subsurface 

deposit feeder, sus: suspension feeder
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(1990) for the SW Angola Basin. The high number of
isopods at the study sites is typical for deep sea areas
(Kröncke 1998, Galéron et al. 2001) and is probably
due to high proportions of agglutinated foraminiferans
in the sediments (Schmiedl et al. 1997), which are a
favourite prey item for isopods (Svavarsson et al. 1993,
Gudmundsson et al. 2000).

Feeding types and food availability

The feeding modes reveal that most of the macro-
fauna as well as the megafauna in the Angola Basin
forage as (facultative) predators or feed on organic
material deposited at the sediment surface as also
found in the deep Arctic Ocean or the eastern Medi-
terranean deep sea (Kröncke 1994, 1998, Tselepides
et al. 2000, Kröncke et al. 2003). Predation is common
in oligotrophic seas or in the case of limited food
supply (Rosenberg et al. 1996, Riemann-Zürneck 2000,
Wieking & Kröncke 2003).

TOC contents in Angola Basin sediments were simi-
lar to data from other deep sea regions (Sibuet et al.
1989, Stein et al. 1994, Boetius et al. 1995), but contents
from the southern Areas 2 and 3 were 0.2% lower than
at the northernmost Area 6. TOC was used only as
general background information on sedimentation of
organic matter, since Rowe et al. (1990, 1991), Ander-
son et al. (1994) and Sauter et al. (2001) showed that
organic matter in deep sea sediments is highly refrac-
tory and turns over on scales of years and centuries.
Micro-organisms are needed to remobilise detrital
organic matter for higher trophic levels (Rowe &
Deming 1985, Rowe et al. 1991, Kröncke et al. 2000).
Also, nematodes living in extreme depths and fre-
quently found in our samples are mainly detrivorous-
bacterivorous species which provides evidence for the
importance of the microbial loop in the deep benthic
system (Boetius & Lochte 1996, Vanreusel et al. 2000).

Food availability is better reflected by phytopigment,
and especially chlorophyll a contents in sediment, than
by TOC content. Phytopigments are an indicator of the
quality of settled organic matter (Boon & Duineveld
1996). High contents of chlorophyll a indicate fresh
organic material. Chlorophyll a contents found in off-
shore Angola Basin sediment are higher than concen-
trations, if converted, in the coastal deep Angola Basin
(Soltwedel 1997), but similar to the deep Arabian Sea
(Pfannkuche et al. 2000) and offshore North Sea sedi-
ment (Stoeck & Kröncke 2001).

Our pigment analyses gave peaks for chlorophyll a
and its derivates in all areas, which indicates freshly
settled organic material as found in many deep sea
areas (Billett et al. 1983, Gage & Tyler 1991, Pfann-
kuche 1993). However, a significant correlation be-

tween chlorophyll a and megafaunal abundance was
found, but not between chlorophyll a and macrofaunal
abundance. Bivalves, especially of the family Arcidae,
increased in Areas 4 to 6, which might be due to higher
food availability indicated by higher TOC and chloro-
phyll a contents in sediment. Furthermore, bivalves
can switch from suspension- to surface- as well as sub-
surface deposit feeding (Wikander 1980, Gage & Tyler
1991) and might be better competitors for food com-
pared with macrofauna or meiofauna. Unselective
surface feeding of other megafauna and macrofauna
might result in dilution of high quality food particles
and prevent significant correlation between fauna and
chlorophyll a contents. Jumars et al. (1990) mentioned
that meiofauna is favoured in the deep sea because of
particle selection, but Soltwedel (1997) found no cor-
relation between meiofauna and chlorophyll a content
in the coastal deep Angola Basin, and nor did Gooday
et al. (1996) in the north-eastern Atlantic. Gooday et al.
(1996) explained this as outcompetition of meiofauna
by foraminifera, which possess extremely efficient
food-gathering organelles and are able to raise their
levels of metabolic activity, as found by Gooday et al.
(1992), Linke (1992), Pfannkuche (1993), Linke et al.
(1995), Schmiedl et al. (1997) and Kröncke et al. (2000).

In contrast to the megafauna, the macrofauna was
significantly correlated with the TOC content. This
correlation was also found by Sibuet et al. (1989) in
7 deep sea areas in the Atlantic Ocean. These authors
explained that the flux of particulate organic matter is
the first order parameter to control faunal distribution
in the deep sea. Carbon is mainly important for basic
metabolism (calorimetric needs) and even refractory
organic matter seems to be sufficient to fulfil energetic
requirements (Tenore 1983, Tenore & Chesney 1985).

Pelago-benthic coupling

In a deep basin like the Angola Basin, with differ-
ences in depth of only 60 m between Areas 2 and 6
over a distance of 360 nautical miles, one expects
rather stable environmental conditions. However, our
environmental data such as TOC, TC, chlorophyll a
and mud content reveal small but significant differ-
ences between the southern and the northern study
areas. The low TOC and chlorophyll a contents in the
southern areas (Areas 2 and 3) coincided with the low
macro- and megafauna abundance and biomass,
whereas higher nutritional values and faunal parame-
ters were found in the north (Areas 4 to 6). A similar
trend was also found for protozoans (K. Hausmann
pers. comm.), plathelminthes (A. Faubel pers. comm.),
amphipods (H.-G. Andres pers. comm.) and poly-
chaetes (D. Fiege pers. comm.).
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The differences in environmental and faunal parame-
ters seem to follow the latitudinal gradient along the
study sites, which was also confirmed by the CCA analy-
sis. These differences seem to make a good match with
the differences in water masses of the warm South Equa-
torial Counter Current and the cold Benguela Oceanic
Current, which meet in the Angola–Benguela front,
crossing the Angola Basin in a north-westerly direction
(Peterson & Stramma 1991, Jansen et al. 1996).

North of this front, the Angola Basin is a highly pro-
ductive region with carbon fixation rates of 90 to 180 g
m–2 yr–1 (van Bennekom & Berger 1984, Berger et al.
1987, Berger 1989), from which only 0.01 to 1% is
accumulated in the sea floor (Berger et al. 1989). The
high production is supported by the South Equatorial
Counter Current, which carries warm water from
the north at subsurface depths and which mixes with
water masses from the Zaire (Congo) River. This river
plume extends about 800 m far from the river mouth
and feeds the Angola Basin with nutrients and sus-
pended matter (Eisma & Kalf 1984, Jansen et al. 1984).
Bernard et al. (1999) found that the downward settling
of the suspended matter in the Angola Basin is much
faster than the horizontal transport by currents. Thus,
high primary production in the Angola basin due to
warm water masses, and nutrient supply from rivers,
might lead to higher sedimentation rates and food
supply for the benthos north of the frontal system. This
scenario seems to be confirmed by the higher TOC and
chlorophyll a contents and higher abundance and
biomass of macro- and megafauna north of the front.

South of the front, the cold Benguela Oceanic Cur-
rent flows in a north-westerly direction and separates
the benthos from the highly productive northern water
masses, thus reducing the supply of organic matter for
the benthos. This seems to be the reason for the low
macro- and megafauna abundance and biomass, as
well as TOC contents, at the southernmost areas. On
the other hand, the TC content was higher in these
areas than in the north, and it was obvious that the sed-
iments contained a higher amount of foraminiferans
than the northern sediments, which are indicators for
oligotrophic environments and sudden food supply
(Gooday et al. 1992, Linke 1992, Pfannkuche 1993,
Linke et al. 1995, Schmiedl et al. 1997). This confirms
the lower food availability in the southern areas com-
pared with the northern ones.

Although only descriptive, our data give evidence of
differences in food supply north and south of the front
even in extreme depths of about 5500 m, as found for
other deep sea areas of shallower depths of 1000 to
4000 m (Thiel et al. 1987, Sibuet et al. 1989, Witte
2000), since benthic fauna integrates environmental
conditions over longer time periods and is thus the
most sensitive probe available.
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