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ABSTRACT- Macrofauna density and biomass were estimated in 4 sediment layers (0-1, 1-5, 5-10 and 
10-15 cm) from 12 stations ranging from 185 to 4460 m water depth in the Goban Spur area (NE 
Atlantic). At the same statlons profiles of median grain slze, % organic carbon and ' K  total n~trogen 
were measured to a sediment depth of 15 cm. Macrofauna densltles decreased exponentially from 
-8000 m' at 208 m to -550 m ' at the deepest stations (3673 and 4460 m). Most of the macrofauna was 
concentrated In the upper 1 cm of the sediment. The hlghest proportion (70 to 8OUi1) was in the upper 
1 cm found at lntermedlate depths (670 to 1425 m) ,  whereas at the deeper stations the fauna was more 
evenly distributed Polychaeta were the most abundant taxon, with a high proportion of subsurface 
deposit-fccders at  the deep statlons and a high proportion of f~lter-feeders plus surface deposit-feeders 
at  ~ntermediate depth. Biomass values showed a very variable pattern, mainly due to a few extremely 
large individuals at  some of the stations. Excluding these large individuals, a maximum biomass value 
was observed around 1000 m water depth. At most stations the biomass was concentrated below the 
upper 1 cm, which was also reflected in the vertical distribution pattern of the mean individual weight, 
showing small individuals in the upper 1 cm and larger individuals In the deeper sediment layers. Both 
density and biomass fell within the range of values usually observed at  these depths. Only the biomass 
value at 1034 m was extremely high and concentrated in the upper 1 cm of the sediment. This may be 
due to pulsed inputs of fresh material at  this station, whereas at  the deepest stations (3673 and 4460 m) 
a constant low input of refractory material supports the fauna of mainly deep-living subsurface deposit- 
feeders. Median gram size decreased with increasing water depth from -90 pm at 208 m to -8 pm 
below 2000 m. The vert~cal profiles showed very homogeneous sedlments to a depth of 15 cm at all sta- 
tions, probably due to bioturbation by the relat~vely abundant depos~t-feeders. In general, the % of total 
N and organlc C in the upper 1 cm of the sediment Increased with Increasing water depth,  but showed 
a peak at -1000 m The C% C and especially N were Ioxver In the deeper sediment layers at the deeper 
stations, resulting In C-N ratlos of -12 to 15 in contrast to -7 to 8 In the upper 1 cm of the sediment The 
C:N ratio at  the midslope stations (-1000 to 1500 m) d ~ d  not decrease with depth in the sediment, ~ n d i -  
cating a rapid burial of organic matter by the hlgh numbers of surface deposit-feeders at these stations. 
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INTRODUCTION 

This study is part of the Ocean Margin Exchange 
(OMEX) programme of the EU.  The general aim of 
OMEX is to study the physical, chemical and biological 
processes at  ocean margins - the shelf break and the 
continental slope - that determine the transport of 

material from the shelf to the deep sea.  The aim of the 
subproject Benthic Biology within OMEX is to evaluate 
the role of biological processes in the cycllng of partic- 
ulate organic material in the benthic boundary layer 
and in sediments. As part of this subproject the vertical 
distribution of the macrozoobenthic community within 
the sediment was examined. 

Benthic infauna play an important direct and indi- 
rect role in determining the fate of organic material 
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arriving at the sediment-water interface. The fauna 
physically transports particles through the benthic 
boundary layer. Organic material is stored tempo- 
rarily as biomass, and by feeding and excretion the 
burial and regeneration rates of carbon in the sedi- 
ment are altered (Grehan et al. 1994). Bioturbation 
due to moving animals substantially modifies the 
physical, chemical and biological properties of sedi- 
ments (Boudreau 1994, Soetaert et al. 1996). The 
majority (usually 80% or more by numbers of macro- 
fauna1 taxa) of animals captured in deep-sea cores are 
deposit-feeders (Jumars & Gallagher 1982). Bulk 
feeding by deposit-feeders in an environment of low 
sedimentation rates results in intense reworking of 
the sediment and has considerable importance when 
trying to understand geochemlcal cycles and interpret 
the geological record represented by the sediment 
(Gage & Tyler 1991). 

Structural characteristics of benllliic communities can 
give important indirect but time integrated information 
about the quantity and quality of organic material 
arriving at the sea floor and about the burial of organic 
material in the sediments. The relationship between 
expected vertical distributions of macrofauna and 
organic food supply has been discussed by Jumars et 
al. (1990). If the majority of usable food for deposit- 
feeders arrives as pulses of labile matter, a selectively 
advantageous feeding strategy IS to sequester as much 
as possible of thls material as soon as it is available. 

Most heterotrophs are concentrated near the sediment 
surface and one possible strategy of sequestering may 
therefore be to bury the catch deep below the sedi- 
ment-water interface. 

Untll now relatively few efforts have been made to 
quantify the vertical distribution of macrofauna in the 
sediment along depth gradients and these studies are 
restricted to small depth ranges [e.g. from 115 to 472 m 
water depth, Shirayama & Horikoshi (1982); from 30 to 
620 m, Josefson (1989); and from 240 to 815 m, Grehan 
et al. (1994)l. In our study we compared the vertical 
distribution of macrofauna to a depth of 15 cm along a 
transect from 208 to 4460 m water depth. At the same 
stations vertical profiles of median grain sizes and per- 
centages of organic carbon and total nitrogen were 
also measured to a depth of 15 cm. 

MATERIAL AND METHODS 

Sampling sites. Samples were taken along the 
OMEX transect with the RV 'Charles Darwin' from 
May 15 to June 11, 1994. The OMEX transect is situ- 
ated at the Goban Spur area in the NE Atlantic (Fig. 1) 
and runs from the continental shelf of the Celtic Sea, 
along the continental slope, down to the Porcupine 
Abyssal Plain at water depths ranging from 208 to 
4460 m. Besides the designated OMEX stations (A, I, B, 
11, F, 111, E)  5 extra statlons (8 to 12) were sampled dur- 

Goban Spur 

Fig. 1. Location of the sampling sta- 
tions of the original OMEX transect 
( A ,  I ,  B, 11, F, 111, E)  and the extra sta- 
tions (8 to 12).  Copied a n d  modified 
with permission from van Weering 

& de  Stigter (1995) 
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lng the Charles Darwin cruise (Fig. 1) .  The characteris- 
tics of the sampling stations are given in Table 1. Bot- 
tom water temperature decreases from -11°C at the 
shallowest stations (-200 m) to -2S°C at the deepest 
stations (-4 km).  Salinity also decreases with increas- 
lng water depths from -35.5 psu at the shallowest sta- 
tions to -34.9 psu at the deepest stations. 

Macrofauna. Macrofauna samples were taken with 
the circular boxcorer of the Netherlands Institute of 
Sea Research (NIOZ). Because of logistic reasons dif- 
ferent numbers of boxes of different sizes were taken 
at  different stations. Boxcores with diameters of 30 cm 
(mainly used at  the shallow stations) and 50 cm were 
used (Table 1). Some subsamples were taken out of 
some of the boxes for other purposes, resulting in dif- 
ferent sample sizes at  the different stations (Table 1). 
For this reason only mean densities and biomass m-2 
are  given (see Fig. 10 for sample variability in density 
and biomass). 

Boxcore samples were sliced in sediment layers of 
0-1, 1-5, 5-10 and 10-15 cm and sieved on a 0.5 mm 
sieve. Samples were stored in 4 % formaldehyde, 
stained and sorted under a stereo microscope. Biomass 
was estimated in wet weight per major taxon after dry- 
ing the individuals for a few seconds on absorbent 
paper. Because of the small size of most individuals no 
attempt was made to puncture the shells of bivalves to 
drain them of water. Weight was measured to within 
0.1 mg accuracy. Biomass values were converted into 
organic C content per major taxon using the conver- 
sion factors given by Rowe (1983). Meiofaunal taxa 
(e.g.  Nematoda, Harpacticoida) were excluded from all 
analyses. Feeding types of the Polychaeta were based 
on taxonomic affiliation of families (determined by M. 
Lavaleye) after Fauchald & Jumars (1979). 

The data were analysed with ANOVA on log(x+l)  
transformed density and biomass data per replicate 
box and per sediment layer. 

Abiotic factors. Small subcores of 10 cm diameter 
were taken out of the boxcores for sediment analysis. 
Samples were sliced in layers of 5 mm (from 0 to 20), 
10 mm (from 20 to 100) and 50 mm (from 100 to 150) 
for grain size analysis. Particle size of the sediments 
was est~mated with and without CaCO, using a 
Malvern Particle Sizer 3600 EC. C a C 0 3  was deter- 
mined by gas volumetry (Scheibler method). For C:N 
ratio analysis, small subcores were sliced in similar 
layers as for grain size, except for the layer 10 to 
15 cm, which was also sliced into 1 cm layers. These 
samples were immediately frozen at  -25OC on board. 
The total N and the organic C content of the 
sediments were analysed with a Carlo Erba type 
NA-1500 elemental analyzer according to Nieuwen- 
huize et  al. (1994). C was partitioned into inorganic 
and organic fractions by acidification with 25% HCI 
in situ within silver sample cups. The data were 
pooled for the following layers: 0-1, 1-5, 5-10 and  
10-15 cm. 

RESULTS 

Macrofauna 

Density 

Macrofauna densities showed an exponential 
decrease with increasing water depth from -8000 m-' 
at Stn A (208 m) to -550 m-2 at the deepest Stns I11 
(3673 m) and E (4460 m) along the OMEX transect 
(Fig 2a).  At the extra stations a similar profile was 
found (Fig. 2b), except for the relatively low densities 
at Stn 12 (185 m, only 1 small boxcore) and Stn 8 
(1 140 m).  The 3 stations at a depth of -2200 m (Stns F, 
9 and 10) showed a remarkable similarity in density 
(1434, 1472 and 1379 m-2 respectively). 

Table 1. Sampling of macrofauna at the different stations. 0: diameter of boxcore; 0: total area sampled. Position, depth, temper- 
ature and salinity data copied, with permission, from van Weering (1994) 

Stn Position N Position W Depth (m) Temperature ("C) Salinity (psu) No. of boxcores 0 (cm) 0 (cm2) 

A 49" 29.7' 11" 08.4' 208 10.51 35.48 3 30 2060.6 
1 49" 24.9' 11" 31.4' 670 9.97 35.48 2 30 1413.7 
B 49" 22.4' 1 l" 45.1' 1034 8.69 35.53 2 50 3927.0 
I I 49" 11.3' 12" 49.7' 1425 7.00 35.38 2 50 3927.0 
F 49" 09.5' 13" 05.3' 2182 3.20 34.96 2 50 3769.9 
111 49" 05.2' 13" 25.9' 3673 2.50 34.91 2 + 1 50 + 30 4633.8 
E 49" 02.3' 13'42.2' 4460 2.53 34.90 2 + 1  50 + 30 4633.8 

8 49" 14.0' 12" 30.0' 1140 8.23 35.53 3 50 5890.5 
9 48' 50.5' 12" 45.0' 2190 3.36 34.96 3 50 5654.9 
10 48" 51.9' 12" 38.8' 2290 3.27 34.97 2 50 3927.0 
11 49' 04.5' 11" 44.5' 1120 7.54 35.45 3 50 5890.5 
12 49" 22.0' 11" 00.0' 185 10.58 35.49 1 30 706.9 
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Fig. 2. Macrofauna densities (n  m-2) (a) along the OMEX tran- 
sect and (b)  along the total depth range sampled. Relative (%) 
importance of the d~fferent sediment layers (0-1, 1-5, 5-10 
and 10-15 cm sediment depth] (c) along the OMEX transect 

and (d) along the total depth range 

Based on ANOVA, density of all macrofaunal groups 
showed significant interaction between station and 
layer, except for the Mollusca and Echinodermata 
where separate, highly significant effects of station 
and layer were found (Table 2) . Most of the macro- 
fauna (40 to 80%) was found in the upper 1 cm of the 
sediment (Fig. 2c, d) .  Along the OMEX transect an  
interesting pattern in the vertical distribution was 
observed, with a relatively lower proportion of animals 
in the upper sediment layer of both the shallow and 
deep stations and a relatively higher proportion a t  
intermediate depths (Fig. 2c). At Stn B (1034 m) more 

than 80% of the macrofauna was concentrated in the 
upper 1 cm of the sediment. A very small fraction of the 
macrofauna was found below 10 cm depth, from -1 
at Stns I and B to - 7 %  at Stn E. The extra stations 
showed a similar pattern (Fig. 2d), although at the 
2 stations at -1100 m depth relatively low numbers 
were found in the upper 1 cm (Fig 2b, d). 

Echinodermata were an important taxon on the 
upper slope to a depth of -1500 m (Fig. 3a).  Below this 
depth only very few Echinodermata were found, 
accounting for only -1 to 5% of the total macrofauna. 
At mid-slope depths Echinodermata made up -25 % of 
the macrofauna (Stns B, 8 and 11), except at Stn 11 
(1120 m),  where only -9% of the macrofauna were 
Echinodermata. At the shallow Stns 12, A and I -12% 
of the macrofauna were Echinodermata. The vertical 
distribution of the Echinodermata in the sedlrnent was 
similar to that of total macrofauna, but with an  even 
more pronounced concentration in the upper 1 cm. At 
Stns I and B -90 % of the Echinodermata (mainly juve- 
nile Ophiuroidea) were found in the upper 1 cm, 
whereas at Stn E only -28% lived in the upper 1 cm 
(Fig. 3b). 

The number of Crustacea was low at both the shal- 
lowest (Stns 12 & A) and the deepest stations (111 & E) 
(Fig. 3c). The relative share of Crustacea within the 
total macrofauna, however, increased with increasing 
water depth from only -1.4% at Stn 12 and -2% at 
Stn A to -33 5% at Stn 111. The vertical distribution again 
showed a similar pattern, with the highest proportion 
of Crustacea found in the upper 1 cm at intermediate 
depths (Fig. 3d), although at the stations at -1100 m 
high numbers of relatively large Isopoda were found in 
the layer between 1 and 5 cm sediment depth. At the 
shallowest stations deep burrowing Callianassa sp. 
were found, accounting for the high percentage below 
5 cm sediment depth. 

The highest densities of Mollusca were found a t  Stn I 
(Fig 3e), where they made up -12% of the macro- 
fauna. This percentage was slmilar at most of the sta- 
tions, except at the 2 deepest and 2 shallowest stations, 
where only -65 % and -3 %, respectively, of the macro- 
fauna were Mollusca. The vertical distribution was 

Table 2. ANOVA results of the OMEX transect. Number m-2 of total macrofauna (Total), Echinodermata (Echi.), Crustacea 
(Crus.),  Mollusca (Mol 1 ,  Polychaeta (Pol ) per station, per box and per sed~ment  layer. Biomass and mean individual weight of 
total macrofauna in mg org. C my2 per station, per box and per sediment layer. Significance: " 'p < 0.001, "p < 0.01, ' p  < 0.05, 

ns = not significant 

Source df Number (m-') Biomass Mean individual weight 
Total Echi. Crus. Mol. Pol. (mg org. C m-2) (mg org. C m-') 

... a.. a.. Station 6 . m .  . m  . . m  

... S.. ..m Layer 3 . . m  . m .  m , .  . . m  

... Stat~on X Layer 18 . . ns m m ns . . . . 
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Fig. 3. Densities (n  m " )  and relative ("..) vertical distributions 
of the 4 major taxa within the sediment along the total water 

depth range 

similar along the whole OMEX transect (Fig. 3f) with 
-75% of the Mollusca living m the upper 1 cm. The 
proportion of Mollusca found in the deepest sediment 
layers showed an increase with increasing water 
depth. The pattern became somewhat different when 
adding the extra stations, because at  most of these sta- 

Polychaeta a 

Polychaeta feeding types b 

depth (rn) 

Fig. 4 .  ( a )  Relative [ % )  vertical distribution of the Polychaeta 
within the sediment and (b) the relative (%) frequency of their 

feeding types along the OMEX transect 

lions lower proportions (-60%) were found in the 
upper 1 cm. 

Polychaeta were the most abundant taxon a t  all sta- 
tions, although their relative share decreased with 
increasing water depth from -75% at the shallowest 
station (185 m) to -40 to 50 % at  mid-slope depths (only 
-36% at Stn B) and increased again at the deepest sta- 
tions to -60% The highest density of Polychaeta was 
found at  Stn A (-6000 m 2 ) ,  and density decreased with 
increasing water depth to -350 m 2  at the 2 deepest 
stations [Fig. 39).  Their vertical distribution in the sed- 
iment (Fig. 3h) can be explained by their feeding types. 
At the deepest stations the high proportion of subsur- 
face deposit-feeding Polychaeta coincided with the 
highest relative abundance found in the deeper sedi- 
ment layers (Fig. 4 ) ,  At Stns B and I1 a high proportion 
of filter-feeders and surface deposit-feeders coincided 
with a high relative density (-75%) in the upper 1 cm 
of the sediment (Fig. 4 ) .  

Biomass 

Along the OMEX transect biomass of the macro- 
fauna, expressed in organic C content (Fig. 5a), did not 
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Fig. 5. Macrofauna biomass (mg org. C m-2) ( a )  along the OMEX transect 
and ( b ]  along the total depth range sampled. B~omass w t h  exclusion of a 
few extremely large animals (c) along the OMEX transect and (d) along 
the total depth range sampled. Relative (%) importance in biomass 
(without large individuals) of the different sediment layers (e) along the 

OMEX transect and (f)  along the total depth range 

show the same exponential decrease with increasing 
water depth as density, but instead showed a maxi- 
mum at Stn B (-2000 mg C m-'). This relatively high 
biomass was mainly due to a few large animals [ l  Pen- 
natulacea (156 mg C) in the upper sediment layer and 
1 Sipuncula (291 mg C) in the 5 to 10 cm layer] but also 
to high mean individual weights of the Crustacea and 
Polychaeta (Fig. 6d, f ) .  The relatively high biomass at 

the deepest station (Stn E) was due to a large 
Holothuroidea (161 mg C, in the sediment 
layer between I and 5 cm); all other animals 
were small (Fig. 6). With the addition of the 
extra stations along the depth gradient (Fig. 
5b) an even more variable pattern emerged. 
An extremely high biomass value was found 
at Stn 10 (-2200 mg C m-'), which was due to 
2 large Sipuncula (one of 1060 mg C in the 
sediment layer between 1 and 5 cm and one 
of 180 mg C between 5 and 10 cm). Exclusion 
of the few extremely large individuals pro- 
duced a pattern with increasing biomass val- 
ues up to Stn B and a strong decrease below 
this depth (Fig. 5c, d). Relatively low biomass 
was found at the shallowest station, Stn 12 
(-239 mg C m-2), and at Stn I1  (-147 mg C 
m-'); at these stations only small animals 
were found (Fig. 6a). Omitting the few very 
large individuals from the mean individual 
weight produced a pattern with high individ- 
ual weights at depths around 1000 to l l00 m, 
with a second peak at a depth of -3600 m 
(Fig. 6b). This pattern is mainly due to the 
Polychaeta (Fig. 6f). 

The vertical distribution of biomass (ex- 
cluding the few extremely large individuals) 
in the sediment was not identical to the den- 
sity pattern either (Fig. 5e), but, as for den- 
sity, with ANOVA significant interaction be- 
tween station and layer was found (Table 2). 
Most remarkable were the relatively low 
biomass values in the upper 1 cm at most of 
the stations (all except Stn B), contrary to the 
density pattern which had the highest values 
in the upper 1 cm. Relatively high biomass 
values were found in the deepest sediment 
layer (10 to 15 cm) at shallow Stn A, whereas 
at the deeper statlons the biomass in this 
deep sediment layer was relatively low. This 
is reflected in the vertical distribution pat- 
tern of the mean individual weights (Fig. 7a). 
Mean individual weight with exclusion of 
the extremely large animals showed signifi- 
cant differences (Table 2). Thus, very few 
but large animals live in the deeper sediment 
layers at the shallow stations and high num- 

bers of small animals in the upper 1 cm, especially at 
Stn I. At the deeper stations the individuals in the 
upper sediment layers became relatively larger. From 
among the extra stations, the relatively low density of 
very small individuals in the upper 1 cm at Stn 8 is es- 
pecially remarkable (Figs. 5f, & 7a). Apart from some 
extremes, the overall trend of a decrease in relative 
biomass values in the upper 1 cm of the sediment with 
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increasing water depth is still valid, as is the 
high value in the upper 1 cm at Stn B. 

The vertical distribution of the mean individ- 
ual weight of the Polychaeta (Fig. 7b) showed 
that at all stations small individuals were found 
in the upper 1 cm and large individuals in the 
deeper sediment layers. Comparison with their 
feeding types showed that it was mainly filter- 
feeders and surface deposit-feeders that could 
be found in the upper 1 cm, whereas it was 
mainly subsurface deposit-feeders in the 
deeper layers. 

Abiotic factors 

Grain size 

Median grain size along the OMEX transect 
decreased with increasing water depth from 
-90 urn at Stn A to -8 pm at Stn F, after which 
it was constant (Fig. 8). The percentage of 
CaC03  increased with increasing water depth 
from -20% at Stn A to -70% at the deepest 
stations (Fig. 8).  The % CaCO:{ at the extra sta- 
tions was comparable to those along the 
OMEX transect as were the median grain sizes 
at Stns 8, 9 and 10. The median grain size at 
Stn 11 was extremely high; however, it was 
comparable when CaC03  was omitted (Fig. 8). 
This was due to the presence of well sorted 
foraminifera1 sands at this station, probably 
caused by current focusing at  the head of King 
Arthur canyon (van Weering & de Stigter 
1995). At most of the stations the median grain 
size was not different with or without CaC03, 
except as already mentioned at Stns 11 and I .  

The vertical distribution of median grain size 
and % CaC03  showed a very homogeneous 
sediment to a depth of 15 cm at all OMEX sta- 
tions. Only Stn I showed fluctuations in sedi- 
ment composition with a layer of relatively 
larger median grain size at  8 cm and a rela- 
tively smaller median grain size between 10 
and 15 cm depth. 

C:N ratio 

a b 
Mean ind. weight macrofauna Mean ind. weight macrofauna 

rngcllnd. rngclind. 

1 I6 
'Â£ 
12  - 

C ?  DIM - 
0 

c d 
Mean ind. weight Mean ind. weight Crustacea 
Echinodermata mgclind. 

007 - 

e f 
Mean ind. weight Mollusca Mean ind. weight Polychaeta 

mgclind. mgclind 

depth (m) depth (m) 

Fig. 6. Mean individual weight (mg org. C) of (a)  total macrofauna a t  
the OMEX (A to E)  and the extra (8 to 12) stations. Mean individual 
weight (mg org. C) omitting a few extremely large individuals of (b)  
total macrofauna and of (c to f )  the 4 major taxa separately along the 

total depth range sampled 

the highest values in all sediment layers are found at  
the mid-slope Stns B and I1 and lower values occur 
both in shallower and deeper water, except for the top 
sediment layer, which has higher values at  greater 
water depths. In contrast to C ,  the total N slightly 

The organic C and N contents of different sediment increases at the deepest station, 
layers as a function of water depth are shown in Fig. 9. The C:N ratio (molar) in the upper 1 cm of the sedi- 
In general organic C increases with depth, but this ment is around 8 to 9 at  the shallow stations, decreases 
trend is interrupted by a peak at Stn B (-1000 m) and to a minimum at mid-slope Stn I1 and continues to be 
values are somewhat lower at the deepest station low at the deeper stations, slightly increasing to a value 
(Stn E) .  The picture is more complex for total N, where of -10 at  the abyssal station (Stn E). The C:N ratio in the 
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F I ~  7 Vert~cal d~stnbution of mean lndlvldual weight (rng org C) of ( a )  total 
macrofauna (without large ~ n d ~ b ~ d u a l s )  and of (b) the Polychaeta at  all sta- 

t ~ o n s  separately 

deeper sediment layers decreases from 
around 10 to 12 at  the shallo~vest stations 
to between 6 and 7.5 at mid-slope Stn I1 
and then increases again to values of 
around 12 to 15 at the deeper stations. At 
the abyssal station the values decrease 
again. At mid-slope Stns B and I1 the 
C :N ratio is approximately constant to a 
depth of 15 cm (Fig. 9).  

DISCUSSION 

The macrofauna densities along the 
OMEX transect follow the usual trend of 
exponential decrease with increasing 
water depth. The 5 extra stations fit well 
within the trend of the transect, indi- 
cating that the OMEX transect is repre- 
sentative of the Goban Spur area. The 
observed trend also fits well with the 
known values from the literature, al- 
though comparison 1s often difficult 
because of methodological problems, 
man ly  differences in mesh size of the 
sieve used (Rowe 1983). Most of our sta- 
tlons fit well on the line for the north- 
west Atlantic (Fig. 10a) given by Jumars 
& Gallagher (1982, Fig. 10-3), except the 
2 deepest stations (3673 and 4460 m),  
which are closer to the line for the Bay 
of Biscay. This resulted in a less steep 
decline along the OMEX transect com- 
pared to the line given for the northwest 
Atlantic. For the data points of the 
OMEX transect and the 5 extra stations 
the equation y = 3.83544 - 0 . 0 0 0 2 8 ~  Cy = 
log,, no, of ind m-2 and X = depth in m, 
R = -0.94, p < 0.001, n = 28) was fitted 
(Fig. 10a) Fig. 10a also shows the small 
differences in numbers between the 
boxcores per station. Gage (1979) also 
found low variance between repl~cate 
box cores taken at one 2875 m deep spot 
in the Rockall Trough and concluded 
that single core samples could there- 
fore be regarded as representative of 
their respective areas. The only station 
that did not fit this equation well was 
Stn 8 (1140 m),  which was situated on 
the OMEX transect, but which had rela- 
tively low densities. These low values 
were mainly due to relatively low num- 
bers in the upper 1 cm of the sediment 
(Fig. 2b, d ) .  
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Fig. 8 Percentage CaC03 and the median grain size (pm) with 
and without CaCOn In the upper 5 cm of the sediment along 
the total depth range. Closed symbols are  the OMEX stations 
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The importance of the upper sediment layer for the 
macrofauna is stressed In all literature dealing with 
vertical distribution. The trend found along the OMEX 
transect with an  increase in importance of the upper 
1 cm from -200 n1 to -1000 m water depth was also 
found by Josefson (1989) from l00  m to 620 m, whereas 
Shirayama & Horikoshi (1982) found the opposite trend 
along their transect from 115 m to 472 m water depth. 
Grehan et al. (1994) found an increase of importance of 
the upper 3 cm from 240 m to 325 m and a decrease a t  
deeper stations with a relatively more even distribu- 
tion at  their deepest station (815 m).  This shows that, 
although trends in vertical distribution along depth 
gradients have been found at most places, no general 
depth-related pattern could be observed, and other 
factors besides depth must be responsible for the verti- 
cal distribution patterns. This is illustrated in Schaff & 
Levin (1994), who, for 2 stations at 850 m water depth 
situated -130 km apart, found 2 different vertical dis- 
tribution patterns. 

The decrease of relative densities in the upper 1 cm 
with water depth from 1034 m to 4460 m as found 
along the OMEX transect has not been reported 
before. The vertical distribution observed by Blake 
(1994) along the continental slope of Cape Lookout 
(NC, USA) was based on pooled samples over a depth 
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Fig. 9. Percentage in the sediment of total nitrogen (N) and 
organic carbon (org. C) and the C :N ratio (molar) in the dif- 
ferent layers of the s e d ~ m e n t  (0-1, 1-5,5-10, 10-15 cm) along 

the OMEX treatment 

range of 583 to 3000 m. He  found for most taxa that 
more than 50'X of the individuals were concentrated 
in the upper 2 cm of the sediment, e.g Polychaeta 
55.5'%, Mollusca 70.1 X, Echinodermata 69.6% and 
Crustacea (Amphipoda + Isopoda + Tanaidacea) 
64.7%. The OMEX data pooled over a comparable 
depth range (670 to 2182 m,  4 stat~ons) gave Echino- 
dermata 82.7 %, Crustacea 72.9 %, Mollusca 77.2 % 
and Polychaeta 68.9% in the upper 1 cm of the sedi- 
ment. Thus, a higher proportion of the 4 major taxa 
was found in the upper 1 cm of the sediment along 
the continental slope of the Goban Spur area than in 
the upper 2 cm along the continental slope of Cape 
Lookout. 
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Fig. 10. (a) Macrofauna densities (loglo n per boxcore 
along the depth gradient in the Goban Spur area [regression 
line ( -  - - -), y = 3.83544 - 0.00028x, R = - 0.94, SD = 0.14286, 
p < 0.001, n = 281 compared to the solid line given for the 
northwest Atlantic by Jumars & Gallagher (1982). (b and c) 
Macrofauna biomass along the depth gradient in the Goban 
Spur area, compared to published values (P), y = 1.25 - 
0 .00039~ given by Rowe (1983). (b) Total biomass, regression 
line ( -  - - -1, p. = 1 07073 - 0.00018x, R = -0.41, SD = 0.54662, 
p = 0.03, n = 28. (c) Blomdss with some extremely large indi- 
viduals excluded (ment~oned in text), regression llne ( -  - - - 1 ,  
y=1 . . 01 .841 -0 .00027x ,R=-0 .81 ,SD=0 .2702 ,p<0 .001 ,n=28  

Jumars (1978) found 58.2% of the macrofauna and 
56.2% of the Polychaeta in the upper 1 cm of the sedi- 
ment at a station at 1220 m water depth in the San 
Diego Trough. However, assuming that all filter-feed- 
ers and surface deposit-feeders live in the upper 1 cm 
of the sediment, this value should be much higher 
(81.6%). The lower value found was attributed to with- 
drawal of the animals into tubes and burrows, caused 

by disturbance during coring. Our values are much 
higher, 75 % of the Polychaeta were found in the upper 
1 cm of the sediment at the stations at 1034 and 1425 
m, including all filter-feeders and -95 % of the surface 
deposit-feeders. Therefore we feel that our vertical dis- 
tribution pa.ttern is representative of the field situation. 

Macrofaunal biomass along the Goban Spur transect 
does not follow the classical pattern of a monotonous 
decrease with depth. A regression line of y = 1.07073 - 
0 . 0 0 0 1 8 ~  (y = loglo biomass In g wet wt m-', X = depth 
in m, R = -0.41, p = 0.03, n = 28) was found (Fig. lob),  
which was not comparable to the line given by Rotve 
(1983), y = 1.25 - 0.00039~.  The difference is caused by 
a few stations with relatively high biomass values. At 
these stations 1 or 2 extremely large individuals were 
found. Exclusion of these large individuals (i.e. 1 Echi- 
noidea at Stn A, 1 Polychaeta at Stn I,  1 Pennatulacea 
+ 1 Sipuncula at Stn B, 1 Ophiuroidea at Stn 111, 
I Holothuroidea at Stn E and 2 Sipuncula at Stn 10) 
resulted in a regression line (Fig. 10c: y = 1.01841 - 
0.00027x, R = -0.81, p i 0.001, n = 28) which is closer 
to, but still less steep than, the line found by Rowe 
(1983). Thus, both in density and in biomass the deep- 
est OMEX stations have relatively high values. Fig 10 
also shows that biomass values were also more vari- 
able between the samples at any one station than were 
the density values, even when large individuals were 
excluded. 

Stn B at 1034 m had by far the highest biomass value 
even with exclusion of the 2 extremely large individu- 
als (-858 mg C m-2). Biomass was mainly (-80%) con- 
centrated in the upper 1 cm at this station. At Stn I11 
(3673 m) also, most of the blomass (-60 %) was concen- 
trated in the upper 1 cm of the sediment, and this sta- 
tion also had a relatively high biomass value. These 
high biomass values were mainly due to high mean 
individual weights (without large individuals), which 
showed a clear maximum at 1034 m and a second peak 
at 3673 m (Fig. 6b). High biomass values and high 
mean individual weights imply good feeding condi- 
tions. However, no direct correlation with either % 
POC nor % N nor with C:N ratio could be found. 
Sibuet et al. (1989) conclude that, because about -85% 
of the sedimenting organic C is utilized before bunal, 
the organic carbon within the surface sediments 
mainly represents what the biomass did not consume 
and not what is available for consumption. They also 
conclude that the flux of organic C settling at the sedi- 
ment-water interface controls the biomass distribution 
in the deep Atlantic Ocean. Biomass values can there- 
fore give an indication of the C flux. However, not only 
the quantity but also the quality and the pattern of food 
input are important for the fauna (Rex 1983). 

The relationship between organic food supply and 
expected vertical distnbution has been discussed by 
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Jumars et al. (1990). Along the OMEX transect we 
have 2 extremes, Stn B where most of the macrofauna 
(-80%) is concentrated in the upper 1 cm and Stn E 
where most of the macrofauna (-60%) is found below 
the surficial sediment layer At Stn B relatively high 
numbers of filter- and surface depos~t-feeding Poly- 
chaeta were found together with some large Pennatu- 
lacea and Sipuncula. To support this community, a 
high flow velocity with a relatively high suspended 
load (horizontal transport) is needed for the filter-feed- 
ers and surface deposit-feeders. Current velocities 
along the OMEX transect have been measured by Graf 
& Thomsen (1995), who found high average velocities 
of 30 cm- '  at Stn B in October 1993. Pulses of labile 
matter (vertical transport) a re  needed to support the 
high densities of small animals (e.g.  a high number of 
juvenile Ophiuroidea in May and  June) in the surface 
layer (Jumars & Gallagher 1982, Jumars et al. 1990). 
Soetaert et  al. (1995) calculated from their diagenetic 
model that the C arriving at this station must be very 
reactive, with a mean degradability of 0.037 d-l ,  there- 
fore consisting mainly of fresh material. High current 
velocities transporting reactive material explain the 
high biomass value found at this station. At Stn E, on 
the other hand, mainly deep-living subsurface deposit- 
feeders were found, which are  favoured by a steady, 
slow sedimentat~on of refractory organic material (Rice 
& Rhoads 1989). 

The amounts of organic C and total N (-2 to 5 mg 
org. C g - ' .  and -0.3 to 0.7 mg  N g - ' ,  respectively) 
found in the sediments are comparable to most pub- 
lished data for the Atlantic (Thistle et  al. 1985, Sibuet 
et al. 1989, Santos et al. 1994), although the organic C 
values found along the SEEP-I1 transects (Anderson et  
al. 1994) were somewhat higher. The decrease within 
the sediment that is often found ( Thistle et  al. 1985, 
Santos et al. 1994) was also found in our study. A 
decrease with depth was not found in the profiles of 
the SEEP-I1 study (Anderson et al. 1994). The mid- 
slope depocenter at  -1000 m water depth, found on the 
SEEP-I1 transect, was mirrored in the peaks of both C 
and N present at mid-slope depths of the OMEX tran- 
sect, and also the highest biomass value found at Stn B 
at 1034 m. The increase in ' X )  N with increasing water 
depth could suggest less food limitation (as N is often 
the limiting factor, Jumars et al. 1990) for the infauna, 
although it could also just mean that a smaller amount 
of the arriving N is used by the fauna (as the percent- 
age  of the organic matter used by the fauna decreases 
with increasing depth, Smith & Hinga 1983). 

Values of the C:N ratio for oceanic conditions have 
been summarized by Martin & Sayles (1994), who 
report a range of a factor of -2, from 5.4 to 12. At the 
Hatteras continental rise the ratio was 8.6 and 8.4, 
higher than in the Hatteras abyssal plain (5.4 to 7.0). 

Sediment trap measurements show that the C - N  ratio 
at  a site increases with depth and sediments have C:N 
ratios that are systematically higher than that in 
deeper sediment traps at the same location. This indi- 
cates that N is recycled more rapidly than C (Suess & 
Miiller 1980). These values are  similar to the ones 
found by us in the upper 1 cm, but very different from 
the deeper sediment layers, a pattern that suggests 
that at the deeper slope stations fresh material had 
been recently deposited. The C : N  ratio at the mid- 
slope Stns B and I1 were more or less similar through- 
out the whole sediment colurnn to a depth of 15 cm, 
suggesting a rapid burying of organic matter to deeper 
sediment layers by surface deposit-feeders. Indeed, 
high proportions of surface deposit-feeding Polychaeta 
(and at Stn B also some large Sipuncula) were found at  
these stations. 

The homogeneous vertical distribution pattern in 
grain size within the sediment suggests either a very 
constant accumulation or a continuous mixing by bio- 
turbation. Food and food intake are  the main factors 
which relate benthic biology to sedimentation and fea- 
tures of the benthlc boundary layer The bulk ingestion 
and subsequent egestion of particles, typically contain- 
ing less than 5 %  of metabolizable matter, by deposit 
feeders is the dominant particle-mixing activity in 
nearly all sediments (Aller 1982). Along the OMEX 
transect a high amount of deposit-feeders (-55 to 85%) 
were found to a depth of at least 15 cm in the sediment 
and larger animals occurred in these deeper layers (Fig. 
7b) .  Because the bioturbation coefficient D,, is related to 
body length L as D,, = L4.25 (Wheatcroft et  al. 1990) and 
deposit feeders process several times their own body 
weight in sediment each day (Lopez & Levinton 1987), 
bioturbation by these large deposit feeders is probably 
the cause of the homogeneous grain size distribution 
found to a depth of 15 cm along the OMEX transect. 
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