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ABSTRACT: The nematode community structure of several shelf break and deep-sea stations in the 
North Atlantic and the Mediterranean is compared using data from the literature. Samples from 2 
Mediterranean deep-sea canyons have a unique fauna of predatory and scavenging nematodes (e.g. 
Synonchiella, Halichoanolairnus, Gammanerna) which comprise some 20 to 30% of the community, 
while some of the typical deep-sea genera (Therjstus, Acantholaimus) are only marginally present. The 
nematode generic composition of the other sites reveals a gentle transition from the shelf break (Bay of 
Biscay; Mediterranean) over the slope (Me&terranean) towards the continental rise, abyssal plain and 
hadal depths (Bay of Biscay, Puerto Rico Trench, HEBBLE site, Hatteras Abyssal Plain). At all these sites 
predators and omnivores are less abundant (<l0 %), while bacterial feeders (deposit and epistrate feed- 
ers) predominate. With increasing water depth, the genus SabaD'eria becomes less dominant, while the 
genera Theristus, Acantholaimus and Halalaimus gain in importance. We suggest that this is caused by 
the growing importance of the oxic mineralization pathway at greater depth. As such the relative 
amount of organic matter that enters the suboxic and anoxic regions of the sedment diminishes with 
depth. These anoxic or suboxic regions are typically inhabited by Sabatieria. It is argued that larger 
fluxes of organic matter to the bottom in the Mediterranean canyon, compared to the other sites, allow 
for a higher trophic complexity of the nematode communities and a higher mean nematode biomass. 
Trends in nematode biomass, mean individual weight and nematode density are discussed. 
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INTRODUCTION 

In deep-sea sediments, the meiobenthos (40 to 1000 
pm) has a biomass equivalent to that of the larger in- 
fauna1 animals (Tietjen 1992). The general patterns of 
abundance and biomass of the metazoan meiobenthos 
as a whole are well documented (see Thiel 1983, Tiet- 
jen 1992, Vincx et al. 1994 for a review), but its func- 
tional role in deep-sea food chains remains uncertain. 

Nematodes are generally the most abundant meta- 
zoan component of the deep-sea meiobenthos and, 
compared to larger size classes, their numerical domi- 
nance frequently increases with water depth (Thiel 
1975, Vincx et al. 1994). As their feeding ecology can 
be inferred from the morphology of their mouth cavity 
(Wieser 1953, Jensen 1987), nematodes offer unique 
opportunities to examine the trophic status of the 
deep-sea meiobenthos. However, studies that encom- 

pass a description of the deep-sea nematode taxo- 
nomic composition are rare and limited to a few sites, 
i.e. the Mediterranean (Vitiello 1976, Vivier 1978, Soe- 
taert et al. in press a),  the Bay of Biscay (Dinet & Vivier 
1979), the deep-sea area from off North Carolina to the 
Venezuela Basin (Tietjen 1971, 1976, 1984, 1989), the 
Scotian Rise (Thistle & Sherman 1985) and the Norwe- 
gian deep sea (Jensen 1988, Jensen et al. 1992). Rut- 
gers van der Loeff & Lavaleye (1986) described the 
nematode fauna of a northeast Atlantic site in terms of 
their trophic composition. Vanreusel et al. (1992) pro- 
vided information on the nematode assemblages of the 
shelf break area in the Bay of Biscay. 

Several authors have demonstrated that there is little 
overlap of nematode species composition, even be- 
tween adjacent sites (Jensen 1988, Tietjen 1989), but 
that nematode generic distribution across different 
deep-sea environments is more uniform (Thistle & 
Sherman 1985). Up until now the nematode assem- 
blages of the investigated deep-sea sites have not been 
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Table 1. List of sampling sites, measured variables, and literature references of the different stations used in this study. F: carbon 
flux; S: sediment characteristics; C: sediment carbon content; N: nematode density; NC: nematode carbon content; NS: nematode 

species composition; NF: nematode feeding types 

Site Variable Reference Area No. of Location Depth 
stations range (m) 

Mediterranean - canyon 
S, NS Vitiello (1976) Canyon du Planier/ 

Cassidaigne 10 43.0-43.l0N, 5.0-5.3"E 310-650 
C ,  S, N deBovee et al. (1990) Gulf of Lions canyons 16 42.3-42.6"N, 3.3-5.l0E 672-1720 
NC deBovee & Labat (1993)d 
F Buscail et  al. (1990) Lacaze-Duthiers 1 42.3"N, 3.3E 650 
N. S Soetaert et  al. (1991a) Off Corsica 4 42.4"N, 8.4"E 142-370 
NC Soetaert et al. (unpubl.) Off Corsica 4 42.4"N, 8.4"E 370 

Mediterranean - slope/shelf break 
C Soetaert et al. (unpubl.) Off Corsica 10 42.4ON, 8.3-8 4"E 160-1220 
NS Soetaert et al. (in press a )  
N, S Soetaert et al. (1991a) 
NC Soetaert & Heip (1989) 
N, S, C deBovee et al. (1990) 1750-2367 

Bay of Biscay - shelf break 
N, NS, S Vanreusel et al. (1992) 190-325 
N Vincx et al. (1994) 123-300 

Bay of Biscay - continental rise/abyssal 
NS, C,  S Dinet & Vivier (1979) 44.1-47.4"N, 4.1-10.2"W 2090-4725 
S Auffret (1985) 
N Dinet & Vivier (1977) 
NC Dinet et  al. (1985) 
F Khripounoff et  al. (1985) 

NE Atlantic dumpsite - abyssal plain 
NF, N, NC R. v d Loeff h Lavaleye (1986) Iberian deep sea 15 41.0-47.0°N, 14.6-17.2"W 3958-4800 

NE Atlantic slope - abyssal 
N Vincx et al. (1994) BIOtrans area 2 48.6"N, 16.4"W 4560 
N Vincx et al. (1994) Eumeli - off Mauretania 23 18.4-21.4"N, 9.5-31.l0W 1543-4652 
N Vincx et al. (1994) Madelra Abyssal Plain 2 32.7"N, 15.I0W 4856-5120 
N Vincx et al. (1994 Porcupine Seabight/ 

Porcupine Abyssal Plain 6 50.0-52.6ON, 8.2-10.8"W 398-4850 
N Pfannkuche (1985) Porcupine Seabight 11 49.3-52.2"N, 13.0-14.2"W 500-4850 
N Thiel (1972) Iberic Sea 6 42.1-42.6"N, 14.0-14.6"W 5272-5340 

Norwegian sea -Voring Plateau 
N, NC, C Jensen et al. (1992) 1245-1424 

HEBBLE - continental rise 
NS, S Thistle & Sherman (1985) 
N, C Thistle et  al. (1985) 
F Gardner & Richardson (1992) 

Hatteras Abyssal Plain 
NS, S, C Tietjen (1989) 
N, F Tietjen et al. (1989 

Puerto Rico Trench 
NS, S, C Tietjen (1989) 2217-8380 
N, F Tietjen et al. (1989) 

"Using proposed regression equations for nematode biomass and density 
bMean of 2 stations 

Gulf of Lions 
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BIOGAS area 
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consistently compared and it has not been examined 
how they relate to assemblages at the shelf break. 

In this paper we use published data on nematode 
density, biomass and generic composition and examine 
whether patterns in nematode assemblage composi- 
tion can be discerned across several deep-sea and 
shelf break sites. Trends in nematode diversity at dif- 
ferent deep-sea sites were already investigated by 
Soetaert et al. (1991b). 

MATERIAL AND METHODS 

A list of sampling sites and abiotic and biotic vari- 
ables used in this study is given in Table 1. A conver- 
sion of nematode dry weight to carbon was performed 
using a conversion of 0.5 g C (g DW)-l, nematode dry 
weight was assumed to be 25% of nematode wet 
weight. 

The analysis of the nematode taxonomic composition 
was based on relative abundances of the most abun- 
dant genera (defined as having a dominance higher 
than 1%).  A maximum of 20% of all individuals was 
thus excluded from the analysis. As there can be some 
confusion between the related genera Spiliphera and 
Acantholaimus (Gerlach et  al. 1979, Thistle & Sherman 
1985, Vivier 1985), they were combined for the present 
study. Similarly, the genera Monhystera, Monhystrella, 

'Monhysteridae gen.', 'Monhysterina gen.' or 'Mon- 
hysterida' were combined as 'Monhysteridae'. 

Nematode community composition was analyzed by 
means of the classification technique TWINSPAN 
(Two-way INdicator Species ANalysis; Hill 1979a). 
This technique provides clusters of stations with simi- 
lar generic composition. For the current analysis, no 
'pseudospecies cut levels' were defined, i.e. stations 
were discriminated by generic dominances larger or 
smaller than 1 %. Ordination of the nematode generic 
data was done using detrended correspondence analy- 
sis (DCA; Hill 1979b). By means of this technique the 
complex multivariate structure of the data can be rep- 
resented in 2-dimensional graphs in which related 
entities are close, whereas dissimilar entities are far 
away from one another. Both stations and species can 
be represented in ordination graphs and the position of 
the station is a weighted average of the species posi- 
tions. In the resulting DCA plot only the most abundant 
genera (total abundance) are represented. 

RESULTS 

Abiotic characteristics 

Positions and abiotic characteristics of the sampling 
stations are represented in Fig. 1. 

. . . . .  . . . . .  
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Fig. 1. (a) Position and (b to d) abiotic 
characterist~cs versus depth of the dif- 
ferent stations. For a list of references, 

see Table 1 
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Stations are located either at the east side of the 
North Atlantic (Bay of Biscay, NE Atlantic dumpsite, 
Norwegian deep sea, NE Atlantic slope abyssal), in 
the Mediterranean or in the western North Atlantic 
(Puerto Rico Trench, Hatteras Abyssal Plain, HEBBLE 
site). 

The organic carbon flux was measured with sedi- 
ment traps for a Mediterranean canyon (Buscail et al. 
1990, 45 m above the bottom (rnab)], for 3 stations 
in the deep Bay of Biscay (Khripounoff et al. 1985; 
200 mab), for the Hatteras Abyssal Plain and Puerto 
Rico Trench (Tietjen et al. 1989; 10 mab) and for the 
HEBBLE site (Gardner & Richardson 1992; 100/ 
500 mab). Estimates of organic flux at the HEBBLE site 
varied from 0.004 to 0.06 g C m-2 d-l, depending on 
whether the trap was situated in the benthic boundary 
layer (and hence also registered resuspension flux) or 
not. Similarly at Hatteras Abyssal Plain, flux estimates 
using traps 780 mab (Gardner & Richardson 1992) 
were much lower than the ones reported in Tietjen et 
al. (1989). For consistency, only fluxes in the benthic 
boundary layer were used in this study. 

The organic flux in the Mediterranean canyon was 
highest and, the HEBBLE site excluded, was at least 3- 
fold the flux of the other sites. The organic flux at the 
HEBBLE site was about twice as high as at Hatteras 
Abyssal Plain, where organic fluxes were 4 to 10 times 
higher than in the Bay of Biscay Abyssal Plain and the 
Puerto Rico Trench. 

Sediment types varied from coarse sands to pure 
muds. On average the stations located on the shelf 
break were more sandy than those on the slope which 
in turn had coarser sediments than deeper stations. 

200 500 2 000 5000 
Depth (m) 

Biscay shelf break 

0 Biscay abyssal/rise 

' Haneras abyssal 

Mediterranean shelflslope 
- . . .  . . . . .  . 

Some of the deep stations (Bay of Biscay, Puerto Rico 
Trench) were very sandy. Particulate organic carbon 
content generally was between 0.2 and 1 % of the total 
sediment weight. There was no relationship between 
%C and depth. 

Nematode density and weight characteristics 

Nematode density, individual C weight and total bio- 
mass are represented in Fig. 2. Some of the studies 
only provide nematode densities, others also give 
mean nematode weights or total nematode biomasses. 
Nematode densities were highest (up to 2.5 X 106 ind. 
m-') along the North East Atlantic slope, less than 
1000 m deep (Pfannkuche 1985) and in a Mediter- 
ranean canyon at depths less than 400 m (Soetaert et 
al. 1991a). At the deeper sites, the number of nema- 
todes generally did not exceed 106 ind. m-2. 

Mean nematode carbon content varied from less 
than 0.01 pg C ind.-' at some North Atlantic sites 
(Rutgers van der Loeff & Lavaleye 1986) to about 
0.4 pg C ind.-' at one Norwegian deep-sea site 
(Jensen et al. 1992). Mean nematode weight on the 
Mediterranean slope and shelf (Soetaert & Heip 1989) 
was lower than at comparable depths along the shelf 
break in the Bay of Biscay (Vanreusel et al. 1992), in a 
Mediterranean canyon (deBovee & Labat 1993, K. 
Soetaert unpubl.) or in the Norwegian Sea (Jensen et 
al. 1992). 

Total nematode biomass spanned 2 orders of magni- 
tude and varied from 0.002 g C m-' at a station in the 
Puerto Rico Trench (>7000 m deep; Tietjen et al. 1989) 
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to more than 0.15 g C m-2 at shelf-break stations in Mediterranean 

the Bay of Biscay (Vanreusel et al. 1992). Nematode 
biomass at deeper stations (>l500 m) was less than 
0.02 g C m-2. Mediterranean shelf 

break t slope 

Nematode generic composition B~scay shelf 
break 

The analysis of nematode generic composition was 
based on data from the Mediterranean (Vitiello 1976, Biscay continental 

Soetaert et al. in press a) ,  the Bay of Biscay (Dinet & 

Vivier 1979, Vanreusel et al. 1992), the HEBBLE site 
(Thistle & Sherman 1985), the Hatteras Abyssal Plain Hebble, 
and the Puerto Rico Trench (Tietjen 1989). rise 

A total of 163 genera belonging to 35 families were 
included in the analysis. The resulting dendrogram of 
the TWINSPAN analysis is represented in Fig. 3. All Ha"erasabYssalPlainv 

the stations located in the Mediterranean canyon were Puerlo RIM) trench 

separated first by this method. From the remaining 
Fig. 3. TWINSPAN dendrogram indicating the main TWIN- 

group, the stations located at the Mediterranean conti- S P A N  divisions 
nental slope and shelf break and stations at the shelf 
break of the Bay of Biscay formed one cluster, the 
continental rise, abyssal and hadal stations formed 
another cluster. The plot resulting from the DCA ordi- 
nation (first 2 axes) is represented in Fig. 4 .  The species 
and stations in the DCA graph are situated along 2 
main axes, one discriminates species or stations from 
the Mediterranean canyon from the other sites, while 
the second axis relates to station depth: stations are 
ordered from the shelf break, over the slope to the con- 

tinental rise, abyssal and hadal depths. The mean 
dominance of the 20 most abundant genera in the 
canyons, the shelf-break stations, the slope stations 
and the continental rise to hadal stations are also listed 
in Table 2.  

The genus Sabatieria is most dominant in the Medi- 
terranean canyon, on the slope and in the shelf sta- 
tions. It is much less prominent in the deeper stations. 

Table 2. List of the most abundant genera at the different sites. Indicated are the mean O/o abundances at all stations. Numbers 
in parentheses refer to groups delineated on the DCA graph (Fig. 4a) 

Rise, abyssal, hadal (1) Slope (2) Shelf break (3) Canyon (4) 

Theristus 21.6 Sa ba tierja 15.8 Sa batieria 9.3 Sa ba tjeria 18.4 
Acantholaimusa 14.3 Monhysteridae 11.2 Daptonema 6.5 Sphaerolaimus 4.1 
Halalaimus 8.0 Acantholaimus" 5.9 Comesa 6 4 Synonchiella 2.9 
Monhysteridae 6.2 Amphimonhystrella 4.1 kchtersia 5 8 Cervonema 2.6 
Microlaim us 5.4 Halalaln~us 3.7 Halalaimus 4 . 5  Siphonolaimus 1.9 
Desmoscolex 3.3 Rich tersla 3.6 Pselionema 2.7 Halalaimus 1.8 
Syringolaimus 2.3 Tricoma 3.1 Desmodora 2 6 Longicyatholaimus 1 .8 
Sphaerolaimus 1.7 Dichromadora 3.0 Prochromadorella 2.5 Halichoanolaimus 1.6 
Quadricoma 1.6 Desmoscolex 3.0 Actinonema 2.4 Thalassoalaimus 1.4 
Leptolairnus 1.5 Leptolaimus 2.7 Desmoscolecidae 2.4 Hopperia 1.2 
Cervonen~a 1.4 Molgolalm us 2.6 Minolairn us 2.2 Microlaim us 1 .O 
Diplopeltula 1.4 Aegialoalaimus 2 . 2  Trichotheristus 2.2 Odontophora 0.9 
Campylaimus 1.2 Daptonema 1.9 Monhysteridae 4.3 Oxystomina 0.9 
Thalassoalaimus 1.1 Calomicrolaimus 1.7 Diplopeltula 2.2 Terschelhngia 0.9 
Sa batieria 1 .O Oxystomina 1.6 Setosa batieria 2.1 Syringolaimus 0.8 
Actinonema 0.9 Syringolaimus l .S Calomicrolaimus 1 .? Gammanema 0.7 
Tricoma 0.9 Microlaim us 1.4 Bol bolaim us 1 .? Rich tersia 0.6 
Amphimonhystera 0.8 Diplopeltoides 1.1 Tricoma 1.5 Mononcholaimus 0.6 
Oxystomina 0.7 Diplopeltula 1.0 Viscosia 1.5 Paramesacanthion 0.6 
Longicyatholaimus 0.7 Sphaerolaimus 1 .O Microlaimus 1.3 ParaLinhomoeus 0.6 

aAcantholaimus + Spiliphera 
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Dominant deep-sea genera are Theristus, 
Acantholaimus + Spiliphera, Halalaimus and 
genera belonging to the Monhystendae. 
Mediterranean canyon sites are distinguished 
from the other stations by a number of large 
predatory nematodes, such as Synonchiella, 
Halichoanolaimus, Gamn~anerna and Parame- 
sacanthion or scavengers such as Mononcho- 
lalmus. The genus Sphaerolaimus, a predatory 
nematode which is abundant in the rise to 
hadal stations, ranks second in the Mediter- 
ranean canyon. Many nematodes that are typ- 
ical for the Mediterranean slope (Acantho- 
laimus + Spiliphera, Monhystendae genera, 
Amphimonh ystrella, Tricoma, Richtersia, Des- 
moscolex) are much less abundant or absent in 
the canyon, although the depth ranges over- 
lap. The 3 shelf-break stations have high 
abundances of Sabatiena, Daptonema and 
Richtersia in common. The genus Comesa was 
very abundant on the Mediterranean shelf 
break exclusivelv. 

Bacter~a, fung~, un~cellular algae Other nematodes, nanobenthos 

l - 
A t 

Non-selective D ,"$%&eeders deposit feeders 
Ep~strate m Predators1 
feeders Scavengers 

?'o 

" 1 
' B~scay A correspondence analysis (i.e. without de- Mediterranean can:ons N E  Atlanr~c Hatteras 

sheM break abyssal trending; not depicted) produced a similar abyssa 
Med~terranean B~~~~~ HEBBLE Puerlo RICO 

result but, due to the presence of the genus sheMi slope abyssal 1 r~se  abyssal hadal 

Comesa in the Mediterranean, the station on 
the ~ ~ d i ~ ~ ~ ~ ~ ~ ~ ~ ~  shelf was further separated Fig. 5 Nematode feeding group composition of the different sites. 

(1) Based on data of Vitiello (1976), (2)  data obtained from deBovee & 
from the shelf stations of the Bay of Biscay. Labat (1993) 

Nematode feeding strategies 

According to Wieser (1953) nematode feeding be- 
haviour can be inferred from buccal morphology. He 
distinguished between 'selective deposit feeders' (the 
so-called group l A ) ,  charactellzed by small buccal 
cavities without teeth, the 'non-selective deposit feed- 
ers' (IB),  having larger buccal cavities without teeth, 
the 'epistrate feeders' (2A) with small teeth and the 
'omnivore predators' (2B) with large teeth. According 
to Jensen (1987) groups lA ,  1B and 2A all feed on bac- 
teria, fungi and unicellular algae, either by direct 
ingestion (the deposit feeders) or by sucking out the 
contents (epistrate feeders). Group 2B either catches 
living prey or has a scavenging life style. 

At all sites the deposit feeders (whether with small or 
large buccal cavities) were most abundant (Fig. 5) and 
together they comprised 54 to 79% of the nematode 
community. In the non-canyon sites the 'epistrate' 
feeders (mainly Acantholaimus + Spiliphera in the 
deep sea) were the second most important group, 
while the predators + scavengers were relatively unim- 
portant (usually less than 10%). In the canyon, epi- 
strate feeders and the non-selective deposit feeders 
were much less abundant, but the predatory or scav- 

enging nematodes comprised more than 20% of all 
nematodes, i.e. they were significantly more abundant 
than at  the other sites (Fig. 6). deBovee & Labat (1993) 
reported the presence of a mouthless species in the 
Mediterranean canyon which comprised 7.1 % of the 
entire nematode assemblage. 

60 

Mediterrranean canyon 

1 2 3  5 10 20 30 50 100 

Sand (%) 

Fig 6. Percent dominance of the predatory/omnivorous nem- 
atodes versus 'Yo sand 
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DISCUSSION 

Examining data obtained from different researchers 
is not without risk, as methodological bias can interfere 
with real patterns. For instance, a multitude of sam- 
pling gear was used in the various studies, from small 
box corers (Soetaert et  al. 1991a), larger box corers 
(Jensen 1988, Vanreusel et al. 1992) to multicorers (e.g. 
some of the data in Vincx et al. 1994) and their sam- 
pling efficiency is known to vary widely and unpre- 
dictably (Bett et al. 1994). Add to this the discrepancies 
inherent in further processing of the samples, the nat- 
ural small-scale and temporal variability and it will be 
clear that a large degree of uncertainty is associated 
with the data. 

Similarly, differences in specific or generic lists 
obtained from various researchers could be caused by 
taxonomic conflicts rather than reflecting real differ- 
ences. For instance, the abundance of the genus 
Theristus in the deep sea, compared to the genus Dap- 
tonema on the shelf, may not be a real difference, as 
some authors consider the latter to be a subgenus of 
the former. Some nematode species are known to react 
to the seasonal deposition of phytodetritus in certain 
deep-sea areas (monhysterids and chromadorids in the 
BIOtrans area; Thiel et al. 1988/1989) and thus nema- 
tode assemblage structure may change during the 
course of the year. The samples used for our analysis 
were taken at  different times of the year and differ- 
ences observed could thus to some degree reflect sea- 
sonal changes. Nevertheless, the results we obtained 
seem robust and the different environments are dis- 
criminated by a multitude of genera. 

Taxonomic composition and trophic status 

There is a remarkable similarity in the generic com- 
position of the various deeper stations (Fig. 7; rise/ 
abyssal). Although situated thousands of kilometres 
apart, and with depths varying from 2000 to as much as 
8000 m, the same genera were consistently observed. 
The most abundant ones were Theristus, Acantho- 
laimus + Spiliphera and Halalaimus which on average 
comprised about 44 % of the entire nematode commu- 
nity (in terms of density). The stations on the shelf 
break were characterized by other genera, i.e. 
Sabatieria, Daptonema, Comesa (the latter on the 
Mediterranean shelf break exclusively) and Richtersia, 
while the genus Halalaimus was also reasonably abun- 
dant. However, this transition zone from shelf to conti- 
nental slope is not well studied, and only 3 stations 
were included in our analysis. It is likely that nematode 
generic composition is more variable in this region 
compared to the deeper sites. The taxonomic composi- 

tion of stations on the Mediterranean continental slope 
was somewhat in between the shelf break and the 
deeper (rise to hadal) stations, with Sabatieria, Acan- 
tholaimus + Spiliphera, Monhysteridae genera, Am- 
phimonhystrella, Halalaimus and Richtersia as the 
dominant genera. The majority of nematode individu- 
als (more than 90%) in these 3 environments (shelf 
break, slope, rise/abyssal) had only small or no teeth 
which suggests that they feed on bacteria, fungi or uni- 
cellular algae (Jensen 1987, 1988), either through 
direct swallowing (deposit feeders) or by sucking out 
the cell content (epistrate feeders). Many of these bac- 
terial-feeding nematodes are known to secrete mucus 
which acts as a trap for organic matter. This provides a 
unique substrate for microbial growth, and the bacte- 
ria are grazed upon (Riemann & Schrage 1978, Jensen 
1987). In the Mediterranean slope samples for instance 
(own observation), many nematodes were either com- 
pletely or partly covered with bacteria, which were 
trapped in some kind of (mucus?) sheet that apparently 
resisted the vanous elutriation techniques (e.g. see 
descriptions of Desmoscolex vanabilis in Soetaert 1989 
or of Tricoma vincxae in Soetaert & Decraemer 1989). 
Probably these bacterial envelopes are reminiscents of 
'microbial gardens'. Similarly, Renaud-Mornant & 
Gourbault (1990) reported gardening activities in some 
Monhysteridae from the Clarion-Clipperton fracture 
zone in the deep eastern central Pacific. Less than 10% 
of the nematode individuals in the non-canyon sites 
were predators, while scavenging nematodes were 
only marginally present. Similar observations on the 
nematode feeding status were reported from the 
Venezuela Basin by Tietjen (1984), from the deep Nor- 
wegian Sea by Jensen (1988) and from the central east- 
ern Pacific by Renaud-Mornant & Gourbault (1990). 
The low density of scavengers was attributed to a lack 
of freshly dead organisms (Jensen 1988): biomass in 
the deep sea is low and most species are long-lived. 
Moreover, the more mobile epibenthic scavengers 
(Isaacs & Schwartzlose 1975) are better adapted to 
forage on the occasional large food falls. 

The most abundant genus in the Mediterranean 
canyons was Sabatieria, similar to the shelf break and 
slope stations, but there were some striking differ- 
ences. More than 20% of all nematodes in the canyons 
were predators, while, compared to the other sites, 
there were fewer epistrate and deposit (i.e. bacterial) 
feeders (Figs. 6 & 7). Thus the Mediterranean canyons 
support a trophically more complex nematode commu- 
nity (more abundant higher trophic levels) than the 
other sites. The Mediterranean canyons included in 
this study (Vitiello 1976, deBovee & Labat 1993) are 
sltuated in the Gulf of Lions, an area of relatively high 
primary production (Cruzado & Velasquez 1990) and 
act as natural traps (rather than conduits) of matter 
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I Nematode communities from the shelf break to the abyssal depths ( 
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derived from the continent (e.g. by means of the river 
Rhone) (Monaco et al. 1990). Hence relatively large 
amounts of organic matter settle in these environments 
and the organic carbon is much more labile compared 
to deeper sites (Buscail et al. 1990). This increased and 
high quality food supply could allow for a higher 
trophic complexity to develop within the nematode 
community. The distribution of feeding types has been 
correlated with changes in sediment composition (Tiet- 
jen 1971, 1984), but for the Mediterranean canyon, the 
predominance of predatory and scavenging nema- 
todes does not seem to relate to sediment granulo- 
metry (Fig. 6). 

Food availability is also enhanced at the HEBBLE 
site, at the base of the Scotian Rise (Thistle et al. 1985), 
but the environment here is hydrodynamically very 
unstable and benthic storms occur frequently. The 
macrobenthos was shown to be more abundant here 
(Thistle et al. 1985) while the meiobenthic copepod 
communities had relatively more burrowing individu- 
als compared to other more undisturbed deep-sea sites 
(Thistle 1983). Yet the nematode communities were not 
conspicuously different (Thistle & Sherman 1985, this 
study), which seems to suggest that nematodes are 
unable to profit from enrichment in such physically 
structured environments. 

Although the strong resemblance in generic compo- 
sition among widely spaced deep-sea sites has been 
noted before (Thistle & Sherman 1985, Vincx et al. 
1994), this is the first study to consistently compare dif- 
ferent areas from the shelf break to hadal depths. We 
have reiterated the fact that the deep areas are charac- 
terized by a complex of the genera Theristus, Acantho- 
laimus + Spiliphera and Halalaimus, but we have also 
shown that the transition towards this deep-sea assem- 
blage occurs gradually along the ocean margin. The 
question remains why these genera are so dominant in 
the deep sea. In fact, the transition from shallow 

towards the typical deep-sea fauna occurs through the 
gradual dissappearance of shallow-water nematodes, 
of which the genus Sabatieria is the most prominent 
representative (Fig. 8a). Hence an equally relevant 
question is why this genus, which is so abundant in 
shallow regions, is not equally dominant in the deeper 
sites? Many members of the genus Sabatiena are typi- 
cally found in muddy sediments which are anoxic a 
few millimeters below the surface (Vanreusel 1990, 
Vincx et al. 1990, Soetaert et al. in press b).  When pre- 
sent in more oxygenated bottoms, they frequently 
occur deeper down, in the vicinity of the redox-poten- 
tial-discontinuity layer (Jensen 1983). Along the Medi- 
terranean slope, members of the genus Sabatieria pen- 
etrated relatively deep into the sediment (Soetaert et 
al. in press a) ,  and the same was observed in some sta- 
tions in the Norwegian Sea (Jensen 1988, Jensen et al. 
1992). All this points to a preference for suboxic (or 
anoxic) environments and it can be assumed that these 
nematodes will be dominant only in those environ- 
ments where a substantial fraction of organic matter 
becomes incorporated below the oxic zone of the sedi- 
ment. Based on literature data from the Pacific and the 
Atlantic, we have calculated the amount of mineraliz- 
able carbon that is not oxidized by oxygen and plotted 
this against depth (Fig. 8c). All estimates were based 
on nutrient pore-water modelling, as nutrient profiles 
are sensitive indicators of organic matter rnineraliza- 
tion (Jahnke et al. 1982). Although these data are 
based on other regions than used in the nematode 
studies, it is clear that the importance of the oxic min- 
eralization pathway increases substantially with depth 
along the ocean margin. This is caused both by the 
decreasing flux of organic matter with water depth 
and the decreasing bioturbation activity (K. Soetaert, 
P. M. J. Herman & J .  J. Middelburg unpubl.). At great 
depths nearly all carbon is respired in the oxic zone 
and oxygen penetrates deep into the sediment; the 

m xa 2aY1 5003 

Depth (m) 

S sand 1 R g  8 Percent dominance of [a) the genus Sabatieria and (b)  the genera Theilstus, Acantholamlus 
and Halala~rnus versus water depth (c) % of carbon escaping oxlc rmneralizatlon versus depth, cal- 
culated from Bender & Heggie (19841, Heggie et a1 (1987), Canfield (1988), Helder (1989), Jsrgensen 

et a1 (19901, and Re~mers et dl  (1992) 
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small amount of organic matter that reaches the sub- 
oxic or anoxic zone (if it exists at all) is much older and 
more refractory than the carbon that settles on the 
deep-sea floor (Soetaert et  al. unpubl.), hence a nema- 
tode community typically associated with these micro- 
environments cannot develop. 

Nematode biomass and density 

Deep-sea meiobenthic animals depend on surface- 
derived material for their nutrition. The availability of 
food has important implications for both the standing 
crop (biomass) of the deep-sea fauna and for the body 
size of the individuals (Shirayama 1984, Tietjen et al. 
1989, Gage & Tyler 1991). Several variables have been 
used as indicators of the amount of food that is avail- 
able to the benthos, e.g. the organic content or chloro- 
plastic content of sediments (Pfannkuche 1985, 
deBovee et al. 1990, Soetaert et al. 1991a, Vincx et al. 
1994), but these parameters tell little about the avail- 
ability or supply rate of organic matter to the benthos 
(Tietjen et al. 1989, Rowe et al. 1991). The sedimentary 
organic carbon content at sampling sites included in 
this study is very variable, even among neighbouring 
sites (e.g. the Bay of Biscay), and there is no relation- 
ship with either nematode density, mean weight or 
total biomass. 

Organic matter fluxes measured with sediment traps 
are the best indicators of food input to the benthos that 
are as yet available for the sites under study, although 
sediment traps may either over- or underestimate real 
fluxes (Gardner & Richardson 1992, Michaels et al. 
1994). Tietjen et al. (1989) observed a highly signifi- 
cant relationship between organic flux rates (trap mea- 
surements) and total meiobenthic biomass at 4 stations. 
In this study, nematode biomass increased with 
increasing flux (r2 = 0.89; Fig. 9a), but this relationship 
was mainly due to the high values in the Mediter- 
ranean canyon, which contributed nearly all of the 
variance (Fig. 9a). In the Hatteras Abyssal Plain, the 
high meiobenthic stock was due to the presence of 
large meiobenthic harpacticoids (Tietjen et al. 1989) 
and this explains why nematode biomass was so low at 
this station (compared to the proposed regression). 
Mean individual nematode weight increased with 
increasing flux (r2 = 0.95; Fig. 9b), but whereas the 
relationship between meiobenthos or nematode bio- 
mass and organic flux was a linear one (Tietjen et  al. 
1989, this study), mean individual nematode weight 
seemed to respond logarithmically to increased 
organic input. 

The flux of organic matter to the bottom depends 
upon the surface primary production and, because the 
organic matter degrades while sinking, upon water 

0 0.02 0.04 0.06 0.08 0.1 
Organic carbon flux (g~.m-2.d ' l )  

Organic carbon flux (g~.m-2.d-1) 
. . . .  

0 B~scay abyssalhise + Puerto Rico Trench ; 

m Haneras abyssal 0 Mediterranean canyon 

Fig. 9. (a) Nematode biomass and (b) mean nematode carbon 
weight versus organlc flux. The line indicates the best 

regression 

depth (Suess 1980) and temperature (Thiel 1983). 
Although lateral transport by currents, increased 
fluxes by migrations of organisms and other processes 
may interfere with the sinking rate of the debris, 
water depth is frequently used as an  indication of car- 
bon flux (which is convenient as this parameter is 
always measured). Nematode biomass tended to 
decrease with depth (Fig. 2) suggesting that food 
influences the biomass of nematodes as a group. In 
the Mediterranean, nematode biomass was higher in 
canyons than in the adjacent deep-sea sites (deBovee 
et al. 1990, Soetaert et al. 1991a, this study) a phe- 
nomenon which was observed for megafaunal ani- 
mals as well (Sarda et al. 1994) and related to higher 
organic input in canyons. The oligotrophic nature of 
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the Mediterranean basin (Cruzado 1985) and the high 
temperature of overlying waters (>13"C), which 
increases the degradation of the sinking carbon and 
the maintenance cost of the nematodes (deBovee & 
Labat 1993), can then further explain why nematode 
biomass on the Mediterranean shelf break and slope 
is so much lower than at stations with comparable 
depth ranges in the Bay of Biscay. 

In conclusion, there exists a natural gradient of 
nematode community composition from the shelf 
break up to the greatest depths. In all these environ- 
ments, the trophic structure of the nematode communi- 
ties is simple, and nematodes probably compete for the 
same, bacterial-based food source. When the supply of 
organic matter to the bottom is high, as in the Mediter- 
ranean canyons, a size-based food chain can develop 
within the nematode communities and predatory 
nematodes can become an important part of the food 
web. 
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