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ABSTRACT: Nothing is known about the structure of free-living manne nematode coinmunities in the 
high Antarctic. Our attempt at  surveying this n~unerically most abundant meiobenthic taxon along the 
continental shelf and slope (200 to 2000 m) furmshed information on generic, trophic and age composi- 
tion in 2 regions in the Weddell Sea (Kapp Norvegia, 6 stations, 71-72"S, 12-13" W; Halley Bay, 11 sta- 
tions, 74-75"S, 25-29" W). A total of 7300 nematode identifications to generic level were analyzed by 
means of a variety of statistical techniques. The spatial structure indicated the existence of 4 major 
nematode genus associations colonizing the upper slope, downslope, Halley shelf and a muted habitat 
consisting of shelf break and Kapp Norvegia shelf. Dominated by genera like Sabatiena,  Molgolaimus, 
A4icrolalmus, Monhystera, Daptonema, Leptolaimus, Acantholaimus and Dichromadora, these habitats 
often contained distinct associations of less abundant genera. The trophically diverse communities 
exhibited an equal shanng of epistrate, nonselective and selective deposit feeders, with a slight domi- 
nance of the flrst feedlng category. Each feeding guild was considered in light of the correlations with 
microbial food and fresh versus decomposing organic matter, leading to the conclusion that the applied 
classification does not adequately explain the trophic status of the deep-water communities. Global- 
scale compaiisons with literature data indicated the broad geographical distnbution of predominant 
nematode taxa and a lack of Antarctic endermsm. Only a weak separation of the entire nematode com- 
munities on a geographical basis was suggested by multivariate techniques. Although ocean-wide 
comparison was hampered by limited comparable literature data,  diversity indices scored high and sur- 
passed the Arctic bathyal assemblage The major agents behind the observed patterns involved sedi- 
ment grain size and food content, operating over different scales. Depth per se had no major effect. 
Underlying mechanisms included water-column productivity, hydrodynamics, iceberg activity and 
macrofaunal presence. 
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INTRODUCTION 

Meiobenthic assays in the soft-bottom marine sedi- 
ments of the Weddell Sea indicate that thls fauna 
shares many characteristics with counterparts on other 
deeper seafloors (Herman & Dahms 1992, Vanhove 
et al. 1995). However, these publications treated only 
gross taxonon~ic groups. The current study focusses on 
the generic level of the nematodes, the numerically 

most abundant phylum within the meiofauna. It pro- 
vides a geographically extensive nematode database 
from one of the largest shelf areas around the Antarc- 
tic continent. The purpose is 4-fold. 

(1) Despite many reports on nematode assemblages 
in deep water (Tietjen 1971, 1976, 1984, 1989, Vivier 
1978a,b, Dinet & Vivier 1979, Thistle & Sherman 1985, 
Rutgers van der Loeff & Lavaleye 1986, d e  Bovee 1987, 
Jensen 1988, 1992, Renaud-Mornant & Gourbault 1990, 
Vanreusel et al. 1992, 1997), only 4 studies addressed 
full transects crossing the shelf and slope (Soetaert 
et  al. 1991, Soetaert & Heip 1995, Vanaverbeke et al. 
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1997a,b). Nevertheless, this transition zone between 
coast and deep sea is often denoted as being the most 
heterogeneous (Wilson & Hessler 1987), More investi- 
gations are essential for understanding the complexity 
of deep-water communities. By comparing the nema- 
tode community structure in the Weddell Sea with 
other ocean-margin assemblages on the globe, this 
study will also improve our knowledge on the structure 
of the Antarctic marine ecosystem, which is likely the 
most sensitive to global environmental change. 

(2) Studies on the macrobenthic level largely sepa- 
rated the Weddell Sea into an eastern shelf cornmu- 
nity, typified by sessile, suspension-feeding bryozoans 
and hexactinellids, and a southern shelf community, 
described as being an association of holothurians, 
asteroids, polychaetes, echinoids and decapod shrimps 
fVoB 1988, Hain 1990, Gutt 1991, Galeron et al. 1992, 
Gerdes et al. 1992, Hempel 1992). The current investi- 
gation will check whether the nematode fauna in the 
southeastern Weddell Sea has affinities with these 2 
macrobenthic communities. 

(3) Meiofauna is organized into aggregations at dif- 
ferent scales (Li et al. 1997). The spatial variability is 
related to physical (Montagna 1991), chemical (Wetzel 
et al. 1995) and biological factors (Blanchard 1990, Hall 
et al. 1994). This survey will describe how environ- 
mental agents interact and control meiofauna distnbu- 
tion at various scales (station, subregion, region). 

(4) Today's challenge to many researchers of the 
marine environment is to find answers to the questions 
dealing with diversity clines along depth gradients 
(Gray et al. 1997) or latitudinal gradients (Arntz & Gal- 
lardo 1994). The general opinion is that, e.g., the deep 
sea and Antarctica contain highly diverse communi- 
ties, though this view is far from straightforward and 
certainly requires confirmation from further sampling. 
Very few biodiversity measures deal with free-living 
nematode communities in the deep sea, and no infor- 
mation at all is available from the Antarctic. This paper 
will present the first measures of genus diversity of 
Antarctic nematode communities to compare with 
other deep-water assemblages. 

MATERIALS AND METHODS 

Study area, meiofauna and nematode treatment. 
The samples were taken in the Weddell Sea at Kapp 
Norvegia (71-72OS, l2-13O W, station numbers start- 
ing with K) and HaUey Bay (74-75O S, 25-29O W, station 
numbers starting with H) at depths varying between 
21 1 and 2080 m, that is, on the continental shelf and 
slope sensu Grobe (1986) (Fig, 1). Along the transects, 
variation in grain size was sometimes high, with 
the medium sand fraction (0.5 to 0.25 mm) ranging 

between 1 and 25%. A significant presence of pellite 
(sometimes over 90%) and gravel (sometimes over 
40%) indicated differing sedimentation and hydrody- 
namic processes. All sediments were very poorly to 
extremely poorly sorted. Information on the sampling 
of the environmental variables as listed in Table 1 was 
provided elsewhere (Arntz et al. 1990, Vanhove et al. 
1995). 

Meiofauna sampling was performed by multibox 
corer (MG) and multicorer (MUC); each meiofauna 
replicate originated from a 10 cm2 subsample (mini- 
mum sediment depth of 10 cm) of a separate box (MG) 
or core (MUC) from the same cast. The procedure for 
organism processing followed Higgins & Thiel (1988); 
a 38 pm sieve was used to extract the meiofaunal size 
class. The nematode numbers and their relative contri- 
bution to total meiofauna counts were discussed in 
Vanhove et al. 1995 and are summarized in Table 1. 
A random set of 200 nematodes from 2 to 3 cores were 
mounted on glycerin slides (Seinhorst 1959). Identifi- 
cation to genus level was done using the pictorial keys 
of Platt & Warwick (1988) and relevant taxonomic liter- 
ature (Gourbault & Boucher 1981, Platt 1985, Soetaert 
& Vincx 1988, Bussau 1993). The nematodes were clas- 
sified according to Lorenzen (1994). The 4 feeding 
groups suggested by Wieser (1953), distinguishing 
selective (1A) and nonselective (1B) deposit feeders, 
epistratum feeders (2A) and predators/omnivores (2B), 
linked to buccal morphology, were used to investigate 
the trophic structure of the assemblages. 

Data analysis. Replicabiliiy and small-scale patchi- 
ness: The variance to mean ratio of the nematode 
genus numbers per station was used to detect depar- 
ture from randomness. The ?-test of sampling accu- 
racy (Heip et al. 1988) indicated that differences 
between replicates at each station were minimal (e.g. 
with exception of K4, the median r2 per station varied 
between 0.1 and 7.4 with 1 or 2 degrees of freedom, 
giving a nonaggregated dispersion at the 2.5 % signifi- 
cance level). K4c appeared an erratic replicate, and 
was therefore eliminated before averaging the data for 
further statistical analyses. A test for the small-scale 
distribution of trophic and age composition within a 
station was done on the pooled genera per replicate. 

Community structure: To define communities spa- 
tially, the mean percentages per station at the genus 
level of organization were used as input for the Two- 
Way Indicator Species Analysis-TWINSPAN (Hill 
1979). First, as rare genera can be informative on the 
state of the community, the nonreduced, nontrans- 
formed percentage data matrix (158 genera) with cut- 
levels 0.00, 0.29, 0.59, 1.41 and 8.20 was used for total 
analysis (the intermediate cutlevels were chosen so 
that an equivalent number of observations were pre- 
sent at each cutlevel, the highest cutlevel was chosen 
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so that the highest scores were reduced in 
weight compared to the rest of the dataset). 

Second, 2 reduced datasets for assessing the 
impact of the dominant genera were applied. 
To this end, the median (0.11%) and mean 
(0,61%) genus percentage of the entire data 
matrix were defined. Hence, genera with a rel- 
ative abundance in the full station set (percent 
of total) of less than 0.61 % (reduction of 4 7 % )  
and 0.11 % (reduction of 78 %) were subjected 
to classification. 

To assess the consistency of these TWINSPAN 
results, the clustering statistic group-average 
sorting (GAS) with Bray-Curtis similarities 
(Bray & Curtis 1957) on the same datasets and 
an exploratory Correspondence Analysis (CA- 
option from the program package CANOCO, 
Ter Braak 1988) on the arcsin-transformed data 
matrix were done. 

A Kruskal-Wallis H-test was performed to look 
for significant differences in nematode composi- 
tion between Kapp Norvegia and Halley Bay. 

Genus diversity: The diversity measures 
employed were calculated on all nematodes 
identified per station, i.e. in subsamples of 
about 300 to 600 specimens. They included No 
(number of genera) and the Shannon diversity 
index of species-richness H' = -1 (pi  log; pi) 
(Pielou 1975). Hurlbert's modification of 
Sanders' rarefaction curves (Hurlbert 1971; 
BioDiversity-ecological analysis program, copy- 
right Natural History Museum, London, and 
Scotish Association for Marine Science, Oban) 
were used to determine E(G100), the expected 
number of genera present in a population of 
100 individuals. This diversity measurement 
(based on a lognormal distribution of the gen- 
era) is independent of sample size (i.e. the num- 
ber of genera identified), allowing comparison 
of the different stations and regions in the Wed- 
dell Sea (alpha and beta diversity sensu Whit- 
taker 1960) and of geographical areas on a 
global scale (gamma diversity sensu Cody 
1986). Trophic diversity was calculated to de- 
scribe the diversity in feeding types as T = 2 #, 
with -6 the proportion of each feeding type in 
the assemblage (Heip et al. 1984). Trophic 
diversity is highest when all feeding types are 
equally present (e.g. T =  0.25) and lowest when 
only one trophic type is present (e.g. T= 1). 

A Kruskal-Wallis H-test and subsequent 
Mann-Whitney (7-tests (Siege1 1956) were per- 
formed to look for significant differences in 
diversity between Kapp Norvegia and Halley 
Bay and between the TWINSPAN-clusters. 
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Environmental effect: The relationship between com- 
munity structure and environmental variables was ex- 
amined using the ordinatory Canonical Correspondence 
Analysis (CCA, also from the CANOCO package). The 
environmental variables included water depth; porosity; 
sediment texture: percentage of gravel, medium sand, 
very coarse sand, sand, silt, clay; potential food: organic 
nitrogen, organic carbon, chlorophyll a, phaeopigments, 
adenosine triphosphate (ATP), respiratory electron 
transport system (ETS), numbers and biomass of bacte- 
ria, numbers and biomass of heterotrophic nanoflagel- 
lates in different size classes; interstitial nutrients: S O 2 ,  
PO,, NO2, NO3; redox potential (Eh) at each sediment 
slice of 1 cm to a depth of 5 cm. As many variables 
proved to be redundant only 10 were retained: depth, 
percentage gravel, medium sand, pellite (silt + clay), or- 
ganic matter (carbon + nitrogen), chloroplastic equiva- 
lents (chlorophyll a + phaeopigments), biomass of bac- 
teria and flagellates, concentration of silicate, and Eh. 
The method to choose the best variables was to run 
CANOCO with the subsequent addition of environ- 
mental variables (without forward selection) and test the 
additional effect of the variable with a Monte Carlo 
permutation test (Ter Braak 1990). 

The missing values were calculated by interpolating 
from data of neighbourhood stations (e.g. the missing 
value of chloroplastic equivalents (CPE) at Stn H3 was 
calculated as the mean of data from H2 and H4; the 
value at Stn K6 was an average of all other stations off 
Kapp Norvegia). As the environmental variables for K1 
were not available, this station could not be used in the 
CCA. The approximate position was estimated from 
several CA outputs. 

Additionally Spearman rank correlations were com- 
puted between the biotic percentage data and the 
reduced set of environmental variables (augmented 
with ATP and U N ) .  Only the significant relations 
below the 5 % level were retained in the output. 

Scales of nematode distribution: The spatial variability 
in the nematode populations was tested using variance to 
mean ratios (i.e. index of dispersion) at different scales 
(e.g. station, subregon, regon). Multiplied by the degrees 
of freedom (= number of samples - 1) a good esbmate of the 
pooled x2-statistic is given. A probability of ~ 2 . 5  % indi- 
cates significant aggregation (Lambshead & Hodda 1994). 
A high proportion of the genera proved to exhibit very low 
abundances, often with many zero values. In a first series 
the zero-mean and zero-variance for absent genera in a set 
of stations were eliminated; in a second set the nematodes 
with abundances lower than 0.11 % throughout a set of 
stations were discarded. This data reduction was needed 
as rare genera drop below the resolving power of the test 
(Type I1 error, the power of the test becomes so low that 
nonrandom distribution cannot be distinguished from 
random, Lambshead & Hodda 1994). 

RESULTS 

Description of the populations 

About 7300 specimens were identified; of these 97 % 
belonged to 158 genera. The remaining 3 % could not 
be classified to genus level because of small size or bad 
mounting. Taxonomically doubtful specimens were 
pooled with related genera. Examples were Desmos- 
colex (Pareudesmoscolex and Desmoscolex), Greef- 
fiella (Greeffiella and Prototricoma), Paramonhystera 
(Paramonhystera and Promonhystera), Monhystera (all 
monhysterids except for Diplolaimella), Gammarinema 
(Gammarinema, Geomonhystera, Thalassomonhystera), 
Araeolaimus (Araeolaimus and Pararaeolairnus) and 
Desmodora (Desmodora and Pseudochromadora camp- 
belli). 

Among the 40 families (Table 2), Chromadoridae 
were most dominant (15%). They were followed by 
Comesomatidae (12%), Desmodoridae (11 %) and Mi- 
crolaimidae (10%). Of the remaining families 14 were 
represented by 1 % or more of the nematode commu- 
nity, whereas more than half of the families had 
relative abundances lower than 1 %. Xyalidae, Chro- 
madondae and Linhomoeidae were most diversified in 
terms of genus numbers, with respectively 16, 14 and 
12 genera. On the level of genera, Sabatieria, with a 
relative (low) dominance of 8% ranked first, whereas 
Molgolaimus, Microlaimus, h4onhystera and Dichro- 
madora had abundances of more than 5 % of the entire 
nematode populations (e.g. respectively 8,  7, 7 and 6 % 
in Table 3). CO-dominant genera were Daptonema 
(4 %), Leptolaimus (4 %), Acantholaimus (3 %) and Cer- 
vonema (3 %). Overall, 75 % of the genera were pre- 
sent with abundances lower than 1 %. 

Classification of the genera of the entire nematode 
population in the Weddell Sea into feeding guilds 
(Table 3) suggested a predominance of epistratum (2A: 
34 %, 44 genera), selective deposit (1A: 30%, 54 gen- 
era) and nonselective deposit feeders (1B: 28%, 34 
genera). The predators/omnivores were much less 
abundant (2B: 5 %, 26 genera) (the remaining 3 % was 
not identified). Differences among stations were con- 
siderable, revealing extreme ranges of feeding types: 
18 to 49% (1A). 22 to 40% (lB),  24 to 55% (2A) and 2 
to 13 % (2B) (Table 4). 

Regional communities: Halley Bay versus Kapp 
Norvegia 

The dispersion patterns (given by the x2-statistic, 
Table 5) indicated a high aggregation at the regional 
scale (34 % of the total nematode population and 61 % 
of the common genera were aggregated at 1 of the 
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Subregional communities and distribution variability 

Table 2. Overall relative abundance of the nematode famllies 74 ind. 10cm-~;  KN: 2nd with 143 ind. 10cm-*). The 
collected in the Weddell Sea listed in descendmg order of genera Prochromadorella, Halichoanolaimus, Paranti- 
importance, and with indication of the number of genera coma and Calomicrolaimus in the Halley Bay as- 

Family % of total No. of genera 

Chromadoridae 14.90 13 + l undefined 
Comesomatidae 11.98 7 + l undefined 
Desmodondae 10.66 4 
Microlairnidae 10.16 6 
Monhysteridae 8.91 4 + l undefined 
Xyalidae 8.89 15 + ' l  undefined 
Leptolaimidae 5.75 6 
Diplopelhdae 3.78 6 
Oxystomin~dae 3.15 7 
Cyatholaimidae 3.01 10 
Aegialoalaimidae 2.58 3 
Desmoscolecidae 2.16 5 + l undefined 
Selachinernatidae 1.97 5 
Linhornoeidae 1.69 l l + l undefined 
Monoposthiidae 1.58 1 
Anticomidae 1.48 3 
Ceramonematidae 1.46 3 
Meyliidae 1.16 3 
Ironidae 0.82 1 
Trefusiidae 0.79 3 
Pandolaimidae 0.64 1 
Thoracostomopsidae 0.44 5 + l undefined 
Oncholaimldae 0.43 2 
Phanodermatidae 0.35 4 
Anoplostomatldae 0.20 2 
Epsilonematidae 0.16 1 
Sphaerolaimidae 0.11 3 
Coninckiidae 0.11 1 
Neotonchidae 0.10 1 
Axonolaimidae 0.10 3 
Rhabdodemaniidae 0.10 1 
Draconernatidae 0.09 3 
Enchelidiidae 0.07 6 
Haliplectidae 0.04 1 
Leptosomatidae 0.04 2 
Simpliconematidae 0.04 1 
Tubolaimoididae 0.03 2 
Siphonolaimidae 0.03 1 
Ethmolaimidae 0.01 1 
Tarvaiidae 0.01 1 
Total 100.00 158 + 7 undefined 

found 

2 regions). The within-group variation was higher in 
Halley Bay (49 to 69%) compared to Kapp Norvegia 
(37 to 56 %). 

Fig. 2 demonstrates that the 2 regions had, among 
the 5 most dominant genera (with a total of 40% of the 
entire nematode population), Sabatieria, Microlaimus, 
Monhystera and Dichromadora in common. The occur- 
rence of Daptonema of Kapp Norvegia (with an  aver- 
age of 31 ind. 1 0 ~ m - ~ ,  the 11th most abundant) was, 
however, low compared to Halley Bay (with an aver- 
age of 120 ~ n d .  10cm-*, the 3rd most abundant), and 
the opposite was true for Molgolaimus (HB: 8th with 

semblage were substituted by populations of Nudora, 
Southerniella, Camacolaim us, Gammarinema and 
Actinonema at Kapp Norvegia. TWINSPAN indicator 
families (classification outputs not depicted) for Kapp 
Norvegia were Monoposthiidae, Diplopeltidae, Cera- 
monematidae, Pandolaimidae and Sphaerolaimidae; 
and for Halley Bay, Selachinematidae, Anticomidae 
and Linhomoeidae. Deposit and epistratum feeders 
dominated at both sites, being roughly equally repre- 
sented (about 30% each). Except for the number of 
genera per 200 ind. (No), indices of structural and 
trophic diversity were identical (Kruskal-Wallis, 
p = 0.03 and p > 0.05 respectively). 

The TWINSPAN on the nonreduced genus dataset 
(Fig. 3A) divided the total nematode community into 
4 major groups (in the following discussion termed 
subregions): the upper slope stations H?, 8 ,9  off Halley 
Bay (plus the midslope station K5 off Kapp Norvegia); 
the downslope stations K6, H11; the stations on the 
Halley sheLf HI,  2 ,3 ,4 ,5;  and a heterogeneous group 
consisting of a mixture (MIX) of the shelf break 
stations K4, H6 at both transects (plus the rnidslope 
station H10) and Kapp Norvegia sheLf stations K1,2,3. 
The results were consistent between TWINSPAN and 
GAS for the full and reduced datasets, within a wide 
range of chosen cutlevels for TWINSPAN analysis, and 
for genus and family level of organization (not shown). 
Changes occurred in the positions of K1, K5 and H10; 
these stations are not used for the characterisation of 
the nematode communities in the subregions (next 
paragraph). The CCA-ordination diagram (Fig. 3B) 
closely matched the TWINSPAN classification; only 
the shelf break cluster could not easily be identified. 
Centered genera (53 % of the total number) were indi- 
cated with an asterisk in Table 3, and belonged to all 
feeding types. Other axis combinations (e.g. Axis 1/3, 
Axis 2/3, etc.) gave more or less the same results. 

Although Monhystera and Dichrornadora were 
amongst the most dominant genera along the 
transects (Fig. 4), some clear community changes 
became manifest in the various subregions. The shal- 
low-water nematodes, of which Monhystera, Micro- 
lairnus, Sabatiena, Dichromadora and Leptolaimus 
were the most prominent representatives, varied in 
their dominance on both shelves (Fig. 4A,B). Addi- 
tonal TWINSPAN preferentials for the Halley shelf 
were Daptonema, Leptolaimus, ProchromadoreLla, Cer- 
vonema, Halichoanolaimus, Paracanthonchus, Calomi- 
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Table 3. Overall relative abundance of the nematode genera collected in the Weddell Sea and sorted b y  feeding type; 3.4 % of  
the total set was not identified. Genera in the center of the C C A  species plot (Fig. 3B) are indicated with an asterisk 

Selective deposit Nonselective deposit Epistratum Predators/omnivores 
feeders feeders feeders 

(% total population) (% total population) (% total population) (% total population) 

Molgola~mus ' 7.84 Sabatieria 8 44 Microlaimus 7.39 Hahchoanolaimus 1.22 
Leptolaimus ' 4.16 bionhystera 6.63 Dichromadora ' 6.07 Syringolaimus 0.79 
Cervonema ' 2.71 Daptonema 4.43 Acantholaimus 3.34 Gammanema 0.63 
Aegialoalaimus ' 2.19 Paramonhystera ' 1.37 Desmodora 2.22 Viscosia ' 0.38 
Halalaimus 2.02 Gammarinema ' 1.08 Prochromadorella ' 2.19 Metasphaerolaimus ' 0.33 
SouthernieUa ' 1.74 DiplolaimeUa 0.83 Nudora 1.52 Pomponema 0.25 
Desmoscolex ' 1.11 Campylaimus 0.79 Actinonema 1.30 Paramesacanth~on ' 0.22 
Metadasynemella 0.75 Theristus 0.78 Calomicrolaimus ' 1.26 Sphaerolain~us 0.11 
Dip1 opelt ula 0.63 Ammotheristus ' 0.63 Camacolaimus ' 1.20 Bolbolaimus 0.10 
Oxystomina ' 0.57 Pandolaimus 0.62 Paracanthonchus ' 1.15 Phanoderma 0.10 
Pareudesmoscolex ' 0.56 Paralinhomoeus ' 0.47 Paranticoma 1.00 Rhabdodemania 0.10 
Pseljonema 0.53 Amphimonhystrella ' 0.36 Lvonema 0.63 Mesacanthion 0.07 
Quadricoma 0.51 Gnomoxyala 0.22 Chromadorita 0.59 Enoplolaimus 0.05 
Rhabdocoma ' 0.51 Rhynchonema 0.19 Nannolaimoides 0.55 Oxyonchus 0.05 
Araeolaimus 0.40 Chaetonema 0.14 Linhomoeus ' 0.38 Batheurystomina 0.05 
Greeffiella ' 0.37 Elzalia 0.12 Chromadora 0.31 DoLiolaimus 0.04 
Tricoma ' 0.34 Halanonchus 0.12 Metacyatholaunus ' 0.27 Siphonolaimus 0.03 
Diplopeltoides ' 0.29 Metadesmolaim us 0.1 1 Cephalanticoma ' 0.25 Pontonema 0.03 
Prototricoma 0.27 Metalinhomoeus ' 0.08 Marylynnia 0.22 Simplocostomella 0.03 
Aponema 0.26 Anticyathus 0.07 Neochromadora 0 16 Cheironchus 0.01 
Thalassoalaimus ' 0.26 Megadesmolaimus 0.07 Longicyatholaimus ' 0.16 La tronema 0.01 
TerscheLlingia ' 0.25 Axonolaimus 0.07 Pseudodesmodora ' 0.16 Fenestrolaimus 0.01 
Anticoma ' 0.18 Pierrickia 0.07 Spirobolbolaunus 0.16 Cylicolaimus 0.01 
Epsilonema ' 0.15 Amphimonhystera ' 0.05 Paramesonchium 0.16 BelboUa 0.01 
Min olaim us ' 0.14 Anoplostoma 0.05 Cobbia 0.14 Calyptronema 0.01 
Disconema ' 0.14 Eleutherolaimus ' 0.04 Trochamus l l Eurystomina 0.01 
Tref usia ' 0.14 Setosabatieria 0.04 Neotonchus 0.10 
Pterygonema 0.12 Richtersia 0.03 Crenopharynx ' 0.08 
Nannolaimus 0.1 1 Desmolairnus 0.03 Chromadorella 0 07 
Micoletzkyia l Eumorpholairnus 0.03 Rhips 0.07 
Litinium ' 0 l l DiplolaimeUoides 0.01 Vasostoma 0.07 
Conincha 0.11 Ammotheristus a f f .  ' 0.01 Echinodesmodora 0.05 
AlaimeUa 0.08 Ascolaimus 0.01 Chromadorina 0.04 
Draconema 0.05 Odontophora 0.01 Paralongicyatholaimus 0.04 
Linhystera 0.05 Dagda af f .  0.04 
Diplopeltis a f f .  ' 0.05 Valvaelaimus 0.04 
Phanodermopsis ' 0.05 Platycoma a f f .  0.03 
Leptolaimoides ' 0.04 Enchehdium 0.03 
Setoplectus 0.04 Spiliph era 0.01 
Manganonema ' 0.04 PtycholaimeLlus 0.01 
Simphconema ' 0.04 Ethmolaim us 0.01 
Diplopeltis 0.03 Paracyatholaimoides 0.01 
Nemanema 0.03 Prochaetosoma 0.01 
Wieseria 0.03 Hoppena 0.01 
Dracograllus 0.01 
Hapalom us ' 0.01 
Protn'comoides ' 0.01 
Stephanolaimus 0.01 
Tarvaia 0.01 
Cyartonema 0.01 
Tubolaimoides ' 0.01 
Disconema a f f .  ' 0.01 
Cricohalalaimus 0.01 
Chtwooda 0.01 
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Table 4. Percentage of selective deposit feeders (1A). nonse- 
lective deposit feeders ( lB) ,  epistratum feeders (2A) and 

predators/omnivores (2B) by station 

Stn 

crolaimus, Paranticoma, Gammarinema, Desmoscolex, 
Paramonhystera, Diplolaimella, Quadncoma, Paralin- 
homoeus, Metasphaerolaimus, Aponema and Aegia- 
loalaimus (mainly members of the Xyalidae, Mon- 
hysteridae, Comesomatidae, Leptolaimidae, Desmo- 
scolecidae and Microlaimidae). For the Kapp Norvegia 
shelf Molgolairnus, Leptolaimus, Pandolaimus, Gnomo- 
xyala, Metadesrnolaimus, Vasostoma, Mesacanthion, 
Paralongicyatholaimus and Nemanema (mainly Pan- 
dolaimidae and Monoposthiidae) were recorded as 
TWINSPAN preferentials. Where trophic composition 
was highly similar between the 2 shelf communities, 
the number of genera per 200 ind. (No) and expected 
genus numbers with a sample size of 100 specimens 
(E(G100)j were higher on the Kapp Norvegia shelf. 

The shelf break, showing some fauna1 affinities with 
the Kapp Norvegia shelf by a common presence of the 
less dominant Nudora, Chromadonta, Draconema, 
Metadesmolaimus and Pandolaimus and having 
highly similar dominant genera with the upper slope 
(Fig. 4C), was composed of 2 stations (K4, H6) with 
very different generic composition (widely separated 
in CCA). Shared genera in these 2 sediments were the 
dominants in Fig. 4C (Sabatieria, Monhystera, Dichro- 
madora, Acantholaimus, Molgolairnus) and the less 
common Paracanthonchus, Daptonema, Leptolaimus, 
Desmodora, Camacolaimus, and the indicator Cepha- 
lanticoma. Specific assemblages of Draconerna, 
Eumorpholaimus, Chromadorina, Belbolla, Fenestro- 
laimus, Phanoderma and Richtersia typified only 

Stn H6. Relatively more predators were recorded at 
the shelf break. 

The preferential upper slope genera (from TWIN- 
SPAN) included the dominant ones in Fig. 4D, and 
the less abundant Ixonema, Dichromadora, Meta- 
dasynemella, Acantholaimus, Rhynchonema, Para- 
mesonchjum, Sp~robolbolaimus, Chaetonema, Hala- 
nonchus, Coninckia, Trochamus, Rhips, Setosabatieria, 
Valvaelaimus and Pontonema (mainly Monopost- 
hiidae, Siphonolaimidae, Pandolaimidae and Enche- 
lididae). Chaetonema was spatially restricted to the 
upper slope, whereas Halichoanolaimus was com- 
pletely absent. 

Finally, the downslope nematodes belonged to the 
dominant epistrate feeders Microlaimus, Dichroma- 
dora and Acantholaimus, and to the CO-dominant Mon- 
hystera, Theristus, Leptolairnus, Daptonema and the 
rare Batheurystornina (mainly Chromadoridae, Micro- 
laimidae and Xyalidae) . 

Genus richness measures [No, H' and especially 
E(G100), Fig. 4 bottom] described the upper slope and 
shelf break as the most diverse sites and contrasted 
with the Halley shelf and downslope assemblages. The 
differences were significant (U-tests on indices: Halley 
shelf/shelf break, Halley shelf/upper slope, downs- 
lope/shelf break, downslope/upper slope, p < 0.05). All 
other subregion combinations had a comparable struc- 
tural diversity (U-test, p > 0.05), making the overall 
difference not significant (Kruskal-Wallis, p > 0.05). 

Table 5. Percentage aggregation (%AGD) of the nematode 
populations at different scales in the Weddell Sea calculated 
by the X2-statistic. The variability within the data of the indi- 
vidual nematode genera was tested for (n - 1) degrees of free- 
dom; aggregation was assigned when p < 0.025; Regional: 
between the pooled stations at Halley Bay and Kapp Nor- 
vegia; Subregional: between the pooled stations of the 
WINSPAN-groups; Station: between the individual stations. 
Tests were done on 2 types of reduced data matrices (I and 11, 
see 'Materials and methods') (N: number of genera con- 

sidered in the respective station sets) 

I I1 
N % AGD N % A G D  

Regional 158 34 83 61 
Halley Bay 130 49 87 69 
Kapp Norvegia 132 37 85 56 

Subregional 158 51 83 78 
Upper slope 109 24 91 27 
Downslope 77 20 76 20 
Halley shelf 83 30 57 42 
Mix 120 38 84 54 

Norvegia shelf 93 29 73 38 
Shelf break 92 27 73 33 

1 Station 158 58 83 88 1 
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Halley Bay Kapp Nowegia 

24 +/- 35.2 
Paranticoma 25 28.1 
Desmodora 29 26.3 
Paramonhystera 29 29.7 
Aegialoalaimus 30 17.9 
Halalaimus 30 14.4 
Halichoanolaimus 31 32.0 
Acantholaimus 57 39.1 
Cervonema 60 60.9 
Prochromadorella 65 73.3 

74 47.1 
75 73.0 

Dichromadora 104 77.4 
116 107.6 
120 119.7 
131 85.8 
131 103.4 

1 

2 B 

2A 

52 +I- 10.8 

E(G1OO) 34 +I- 6.6 
5 +I- 0.4 

0.30 +I- 0.035 

Gammarinema 
Camacolaimus 

Acantholaimus 

Cervonema 
Southemiella 
Desmodora 

Dichromadora 

Fig. 2. Comparison on a regional scale of the nematode assemblages in the Weddell Sea: relatlve composition (%) and counts 
(ind. 10 cm-') of the genera representing on average a minimum of 2 %  of the regional population; trophic and age con~position 
(X); number of genera No, Shannon diversity index H' (bits 1nd.-l) and expected number of genera in a sample of 100 indlvidu- 
als E(G100). Data are presented as averages (+SDI of the stations in each region. Pie diagrams represent proportions of each 

regional population according to trophic groups, for abbreviations see  Table 4 

Trophic diversity was lowest downslope (T  = 0.34 k 
0.057), which was mainly a consequence of the domi- 
nance of the epistratum feeders. Trophic diversity was 
only significantly different between the Halley shelf 
and shelf break (U-test, p < 0.05). 

x2-testing on variance to mean ratios of nematode 
genus percentages (Table 5) detected that 51 % of the 
total nematode community (and 78 % of the dominant 
genera) was significantly aggregated anlong the 
subregions. The aggregation was lowest downslope 
(20 %) and highest in the MIX-string (38 to 54 %).  The 
upper slope and mixed group showed the highest 
separation along the 2nd axis of the CCA, and 
confirmed greatest dissimilarity in the GAS-analysis 
(upper slope 45 % and shelf break 43 %). 

Station variability 

Total variability within the genus counts, given by the 
X2-value (65 018.6, 2685 df) of variance to mean ratios, in- 
dicated a highly significant contagious dispersion at the 
p = 0.001 level of the nematode populations of the Wed- 
dell Sea. Loolung at different spatial scales (Table 5), this 
aggregated pattern was most obvious at the station level 
(e.g. 58 % of the total nematode community and 88 % of 
the abundant genera aggregated at particular stations). 
This was mainly due to the distribution of common gen- 
era like Acantholaimus, Ixonema, Nudora, Theristus, 
Molgolaimus, Microlaimus and Sa ba tieria. 

Similarly, all feeding categories had on average a 
clumped distribution (e.g. mean and median vari- 
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ance:mean ratio in Table 6 is much higher than l ) ,  and 
were often patchlly distributed among the replicates 
within the stations (e.g. significant departure from ran- 
domness at the 0.025 probability level was indicated 
with asterisks). 

Halichoanolaimus (I-) 

Nudora (1 +) 
Chromadorita (2+) 

Relation with environment 

Batheuystomina (I-) Cephalanticoma (I-) 

On the one hand, the biplot diagrams (Fig. 3B) 
demonstrated that the environmental vectors did 
not coincide with any of the 4 flrst canonical axes, indi- 

K5 

Fig. 3.  Output of (A) classi- 
fication (TWINSPAN with in- 
&cation of indicator genera) 
and (B) ordination (CCA 
environmental biplots with 
indcatlon of the clusters as 
identified by TWINSPAN) on 
genus level of organization. 
The gradient length for the 
biplot of environmental vari- 
ables is 3.4 times greater 
than the species scores. Max- 
imum variance was 21 % 
(AXIS 1) (CPE: chloroplastic 

equivalents) 
-1 0 

cating low correlation of the environmental variables 
with the ordination plane (for example, the eigenval- 
ues of the first 4 canonical axes of the analysis on gen- 
era were respectively 0.20, 0.14, 0.13 and 0.12, and the 
separation of genus distribution was 3.7 times smaller 
than the environmental gradients). 

The results from the Spearman rank analysis 
between the preferentials of each subregion and the 
environmental variables are given in Table 7. The 
majority of the upper slope populations showed signif- 
icant positive correlations with median sand and oppo- 
site effects with pellite and organic matter. The Halley 

* 

Ammotheristus (1 +) 

H7 

* 
H8 

K6 * K 1 * 
K4 H9 

H11 K2 * I - H1 H3 H6 K3 * UPPER SLOPE 
DOWNSLOPE H2 H4 HA 0 NORVEGIA SHELF 

H5 * 
SHELF BREAK 

A HALLEY SHELF 
~ I X  
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A B C D E 
Halley Norvegia shelf upper down 
shelf shelf break slope slope 

Fig. 4.  Comparison on a subregional scale of the nematode assemblages in the Weddell Sea: relative composition (%) and counts 
(ind. 10cm2) of the genera representing on average at least 5% of the subregional population; trophic composition (%); number 
of genera No, Shannon diversity index H' (bits ind. ' )  and expected number of genera in a sample of 100 individuals E(G100). Data 
are presented as averages (Â±SD of the stations in each subregion, except for the relative abundances of the genera where each 
dot represents the value per station). K l ,  K5 and HI0 were not included due to their unstable position in multivariate outputs 

shelf genera preferentially lived under shallow, food- 
rich (high CPE, low C/N) circumstances, often avoid- 
ing the coarser sediment fractions, whereas downslope 
nematodes preferentially lived in finer sediments with 
low benthic biomass (p was significantly negative for 
ATP). Water depth was not explicitly responsible for 
their distribution (p > 0.05, except for Batheurystom- 
m a ) .  The MIX-string (shelf break and Kapp Norvegia 
shelf) showed combined properties, often typified by 
higher gravel concentrations and high C/N ratios. 

Forty of the remaining genera-no pronounced indi- 
cators of any of the 4 subgroups-also showed correla- 
tions with specific environmental features (not pre- 
sented). In total, 22 % of all 158 nematode genera were 
significantly correlated with sediment granulometry, 
28 % with a food related-factor and only 4 % with depth. 

The proportion of selective deposit feeders (1A) 
rose when the C/N ratios increased (p < 0.001), and 
decreased in importance with elevating CPE-levels 
(p < 0.05). A completely opposite relation was found 
with the nonselective deposit feeders (e.g. p-values 
of 1B vs C/N and 1B vs CPE were, respectively, 

-0.004 and +0.01). The epistratum feeders (2A) were 
related to the overall sedimentary biomass given by 
ATP (p < 0.05) and the biomass of heterotrophic 
nanoflagellates (p < 0.01). 

DISCUSSION 

Comparison with nematode communities worldwide 

There seems to be a consensus among many biogeog- 
raphers that the Antarctic benttuc macrofauna is very old 
and that most of the Southern Ocean shallow-water 
marine fauna has evolved in situ since its isolation during 
the Cretaceous. This view is supported by the high level 
of invertebrate endemism (e.g. species endemism typi- 
cally ranges between 57 and 95%; genus endemism 
varies from 5 to 70 %) (references in Dayton 1990, Arntz 
et al. 1994, Knox 1994). With this in mind a TWINSPAN 
analysis on the limited nematode genus data available 
from the ocean margin was done in order to test the 
affinity between the deep-water assemblages from the 
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Table 6. Variance: mean ratios on pooled percentage data of 
selective deposit feeders (M), nonselective deposit feeders 
(TB), epistratum feeders (2A) and predators/omnivores (2B). 
Values marked with an asterisk indicate significant aggrega- 
tion at the 0.025 significance level (df = degrees of freedom 

for X2-testing) 

Stn 

H4 
H5 
H6 
H? 
H8 
H9 
H10 
H1 1 

Mean 
Median 

Southern Ocean and other regions on the globe. The 
percentage data of the 20 first-ranked nematode genera 
from the Antarctic Weddell Sea (this study; 492 to 
2080 m), the Medterranean Ligurian Sea (Soetaert et al. 
1995; 280 to 1220 m), the Northeast Atlantic Goban Spur 
(Vanaverbeke et al. 1997a; 206 to 2760 m) and the Arctic 
Laptev Sea (Vanaverbeke et al. 199713; 230 to 3237 m) 
were used as input. A total of 101 genera and 26 stations 
from the shelf break and slopes were hence included. 
The shallower shelf stations were ignored, as no real 
inner shelf exists in Antarctica (it is replaced by the ice- 
shelf) and too few data were available from the transect 
studies. The resulting dendrogram in Fig. 5 shows a 
division into the 4 geographical areas. However this was 
based on 2 genera only, e .g .  Dichronladora and Amphl- 
monh ystrella. 

A closer look shows that 70 of the high Antarctic 
Weddell Sea genera with abundances over 1 % match 
nematode assemblages in the world's oceans. Among 
them the predominant genera Sabatieria, Microlaimus, 
Monh ystera, Daptonema, Leptolaimus, Molgolalrn~~s, 
Dichromadora and Acantholaimus belonging to the 
families Chromadoridae, Comesomatidae, Microlaimi- 
dae, Monhystendae and Xyalidae were dominant else- 
where too, albeit in different proportions. The remain- 
ing 30% were less common genera for deep water (e.g. 
Southerniella, Paramonh ystera, Gammarinema, Des- 
modora, Nudora, Paracanthonchus and Halichoano- 
laimus), but none of them were endemic or new to 
science. 

So, contrary to what was intuitively expected there 
was no sign of a relict autochthonous Antarctic nema- 
tode community, nor was there anything like a typical 
polar community. It is surprising that the cold Antarctic 
and warm Mediterranean sites were clustered 
together in the TWINSPAN, and even more so as the 
main driving forces for nematode distribution (e.g. sed- 
iment texture and food content) were not conspicu- 
ously similar to each other or different from the other 
sites. It remains unclear which cues other than sedi- 
ment properties are responsible for the affinities 
between these 2 ocean margin sites. 

Our comparison confirms to a certain extent earlier 
observations, namely, that many deep-water nematode 
communities are very alike irrespective of distance and 
only few stenotopic genera are represented (Heip et al. 
1985, Thstle & Sherman 1985, Vincx et al .  1994, Soetaert 
& Heip 1995). The question is how do nematodes with 
their limited swimming ability reach such broad geo- 
graphical and latitudinal distribution considering that 
they have no pelagic larval stages. A mechanism that 
was suggested as a possibility for meiofauna to reach 
suitable habitats in geographically distant areas of the 
deep sea is vertical transport of sedirnents down the shelf 
to greater depths and accompanying horizontal move- 
ments by near-bottom currents in the nepheloid bottom 
layer (Jensen 1988,1992, Tietjen 1989). As such a mech- 
anism acts irrespective of physiological barriers of sud- 
den temperature, oxygen and sah i ty  changes, deep-sea 
dispersion in whatever direction (north to south or 
opposite) combined with possible migration from deep to 
shallow waters might be at the origin of the widepread 
distribution of many meiofaunal taxa (Nematoda: Vincx 
et al. 1990, Copepoda: Hicks & Coull 1983, Gastrotricha: 
Todaro et al. 1996). This might also hold true for the 
Southern Ocean, where immigration can occur via the 
deep basins from the Atlantic, Indian or Pacific Oceans 
or via shallow-water connections such as the Scotia Arc 
(South America), Macquarie-Balleney Ridge (Australia 
and New Zealand) and the Kerguelen-Gausberg Ridge 
(Africa and India), which rise within 1800 and 200 m 
of the surface (Knox 1994). Additional Antarctic and 
Subantarctic data to species level are needed to support 
this hypothesis. 

World-wide comparison of nematode genus diversity 

In pioneer studies it was proposed that latitudinal gra- 
dients exist in fauna1 diversity, with a continuous decline 
in poleward direction (Fischer 1960, Pianka 1966). How- 
ever, today evidence suggests that this is not a general 
trend (Clarke 1992, Gage 1996). Furthermore, it is 
widely known that most macrobenthos in Antarctica 
express a high species richness (Amtz et al. 1994, Brey et 
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Table 7. Significant p-levels of the Spearman rank correlation between main nematode genera of each subregion in the Weddell 
Sea, the overall trophic and life history traits, and environmental vanables; no significant correlations were found for SiO, or Eh 

(+: positive correlation, -: negative correlation, abbreviations of vanables see Table 1 )  

DEPT GRAV MSAN PELL ORGM C/N CPE ATP CBAK CFLAG 

GENERA 
Upper slope 

Chaetonerna 
Coninckia 
Halanonchus 
Ixonema 
Metadasynemella 
Paramesonchum 
Rhynchonema 
Spuobolbolilimus 
Trocham us 

Halley shelf 
Calomicrolaimus 
Daptonerna 
Desrnoscolex 
Diplolaimella 
G a m m a ~ e r n a  
Leptolaimus 
A4etasphaerolaimus 
Monhystera 
Parahhomoeus 
Prochromadorella 

Downslope 
Acantholaim us 
Batheurystomina 
Gammanema 
Theristus 

Mix 
Draconerna 
Metadesrnolaimus 
Nudora 
Pandolaimus 

TROPHIC GROUP 
Selective deposit 

feeders (1A) 
Nonselective deposit 

feeders ( lB)  
Epistratum feeders (2A) 
Predatores/omnivores (2B) 

al. 1994). Comparing nematode diversity on ocean-wide 
scales is difficult, primarily because of the lack of species 
identifications in meiofaunal, deep-sea studies, and also 
because of the high sample size dependence of many 
diversity indices (Soetaert et al. 1991). Therefore we 
restricted to the same depth transect studies mentioned 
above (Fig. 5), which, except for the Atlantic, used the 
same subsample sizes (see N in lowermost columns). All 
diversity measures were based on genus data. Antarctic 
diversity was not remarkably different from Atlantic or 
Mediterranean diversity. However, a distinct contrast 
was obvious between the North (ARC) and South (ANT) 
Polar Seas. Although still a matter of debate (Stromberg 
1996), productivity might have been one of the many dri- 
ving forces contributing to this striking difference in di- 
versity between the polar seas. In contrast to the Antarc- 

tic (see later section), the area of the nematode study in 
the Arctic Ocean (Laptev Sea) experienced limited pri- 
mary production and a large reduction in the supply of 
degradable organic matter to the benthos (references in 
Vanaverbeke et al. 1997b). Other factors that might have 
shaped Antarctic diversity are for example higher age, 
greater environmental constancy and longer isolation 
(Brey et al. 1994). 

The factors depth, sediment and food in the 
environmental control of nematode distribution at 

the station scale 

The pooled x2-tests proved for a great sampling 
accuracy with a random distribution of the nematodes 
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l 
Dichromadora 

l 
ARC 230 
ARC 1935 
ARC 2621 
ARC 3237 

N- 200 
No: 30-56 
E(G 1 00) : na 
NI. 21-36 
NZ: 15-26 
Nmf: 6-1 0 

ARCTIC 

Flg 5 TWINSPAN analysis on the 20 f~rst-ranked genera (nontransformed percentage data) in 4 transects along the continental 
margin, together with Hill's diversity numbers and, if glven, the expected number of genera from Hurlbert's modification on 
Sanders' rarefaction curves (ranges along the transect) (ARC: Archc Laptev Sea [Vanaverbeke et al. 1993bI. ATL Northeast 
Atlantic Goban Spur [Vanaverbeke et al. 1997a], MED. Mediterranean Ligunan Sea [Soetaert et a1 19951, ANT. Antarctic Wed- 
dell Sea [thls study]) The numbers Indicate water depth along the transect, indicator species are added, cutlevels used. 0, 1.7; 
2.6; 4 8; 51 Hlll's diversity numbers (No: number of genera, N, the exponent of the Shannon-Wiener diversity index; N,: the 

reciprocal of Simpson's donunance mdex, N,,. the reciprocal of the relat~ve abundance of the most abundant genus) 

among the replicates. However, we found a hlgh 
degree of aggregation (58 to 88%) in the genus num- 
bers between the total set of stalons and a high natural 
between-core vanability for deposit and epistratum 
feeders. Patchiness in nematode communities 1s a com- 
mon phenomenon m all klnds of habitats (Help et al. 
1985, Li et al. 1997), and variability on a small scale is 
also apparent In deep-sea meiofauna (Thistle 1978, 
Thiel 1983, Eckman & Thlstle 1988) The complex of 
environmental properties such as sediment texture 
and food content might have created an  lntncate 
mosaic of local patches leadlng to the small-scale van- 
ability (within metres) in the Antarctic biogeochemical 
environment and thus in nematode distnbutlon. 

Fifty percent of the genera were significantly cor- 
related with sediment granulometry and/or food; 
although not explicitly distinguished by the results, 
thls seems the probable ongin of the surprisingly high 
abundances of epistrate feeders sensu Wleser (1953) 
Sim~lar observations were made in the Norwegian Sea 
(Jensen 1988), m heterogeneous sediments of the 

Venezuela Basin (Tietjen 1984) and on the Hatteras 
abyssal plain (Tietjen 1989). According to Wieser 
(1953) members from this trophic category pierce or 
swallow entire diatoms, and/or rasp off microbial coat- 
ings around foraminiferan tests, clumps of bacterla and 
other organic particles from sediment grains. But they 
were also related to planktonic foraminderal deposi- 
tion (Tietjen 1984, 1989, Jensen 1988). In the Weddell 
Sea epistrate feeders were positively correlated with 
microbial (ATP) and protozoan biomass (flagellates). 
Protozoa are a food source that has been underesti- 
mated up to now, but one that has been used to nour- 
ish a separate group of deposit feeders (ciliate feeders) 
on an lntertdal mudflat sensu Moens & Vincx (1997). 

Selective deposit feeding or mlcrovory was posl- 
tively correlated wlth decomposing matenal (e.g wlth 
C/N ratios between 7 and 9, Tyson 1995) and domi- 
nated the Kapp Norvegia shelf and Halley upper slope. 
Presumably, these substrates were stlll a good medium 
for the growth of many mlcroorganlsms (such as bac- 
tena and fungi) and therefore attractive to selective 
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microvores at  these sites. Nonselective deposit feed- 
ing, on the other hand, was related to the highly abun- 
dant fresh organic matter (CPE) on the Halley shelf. 
Hence, nonselectivity prevailed over selectivity in 
circumstances of excess fresh labile detritus, whereas 
the contrary held in sediments where selectivity was 
needed for distinguishing between particles in differ- 
ent stages of decomposition. 

All the pieces together raise questions concerning 
the ecological significance of the 4 feeding categories 
sensu Wieser (1953) for nematode assemblages in deep 
water. A new trophic classification based on natural 
history and dietary specialization of nematodes in this 
biotope might be considered. 

Features inducing variability in Antarctic nematode 
populations at the regional and subregional scales 

Macrobenthic zonation 

The benthos on the shelf of the eastern Weddell Sea, 
with respect to biomass and abundance, appears to be 
fairly rich in fauna, with a considerable variability in 
the small- and large-scale distributions (Gerdes et al. 
1992). Based on a comprehensive inventory of the 
macrobenthos of the area, VoD (1988) separated an 
eastern shelf, a southern shelf and a southern trench 
community. In addition, Galeron et al. (1992) charac- 
terized a 4th macrofaunal assemblage that points to 
the importance of ice-related processes as agents for 
structuring Antarctic benthos. It was defined as the 
near ice-shelf community. 

The eastern sheLf community, within the confines 
of the Antarctic Coastal Current in the east, on 
unsorted sediments at depths between 204 and 445 m, 
is highly diversified and dominated by suspension 
feeding sponges (Hexactinellida and Demospongia), 
bryozoans, echinoderms, crinoids and ophiuroids 
(Hain 1990, Gutt 1991, Galeron et al. 1992, Hempel 
1992). Many of these organisms produce thick mats of 
spicules and debris which may locally be over 1 m 
thick (Dayton 1990). The sponges and their biogenic 
sediments influence the distribution of smaller fauna in 
many ways: they (1) inhibit the feeding activities of 
predators; (2) trap phytodetrital material such that the 
food supply near the sediment-water interface is 
enhanced; (3) provide an excellent 3-dimensional sub- 
stratum for algal, bacterial and meiofaunal assem- 
blages as they are composed of many interstitial 
spaces; or (4) fulfil1 a rBle as habitat stabilizer by reduc- 
ing sediment agitation (Bett & Rice 1992, Tyler 1995, 
Witte et al. 1997). Stations inhabited by the eastern 
shelf community included most stations from Kapp 
Norvegia (K1 to K4) and the 3 upper slope stations off 

Halley Bay (H7, H8, H9) although the latter group was 
situated on the border between the southern and 
eastern shelf communities (Galeron et al. 1992, their 
Fig. 3). Many genera were found in high numbers, 
hence giving rise to diverse nematode assemblages. 
For example, K2-sediments were covered with thick 
spicule mats from hexactinellid sponges (Boldrin 
unpubl. results). Molgolaimus, Sabatieria, Lepto- 
laimus, Dichromadora, Desmodora and Cervonema 
typified the community and the 2nd highest genus and 
family numbers were found at this site. 

The southern shelf community, on sandy and soft 
bottoms strewn with stones at depths between 220 and 
531 m, supports a more diverse group of motile pycno- 
gonids, echinoids, asteroids, holothurians, peracarids, 
polychaetes and shrimps (Hain 1990, Gutt 1991, 
Galeron et al. 1992, Gerdes et al. 1992, Hempel 1992). 
Halley Bay provides a habitat for this community 
(Galkron et al. 1992, their Fig. 31, which includes conti- 
nental margin fauna with ubiquitous genera from the 
Monhysteridae (Monhystera), Microlairnidae (Micro- 
laimus), Xyalidae (Daptonema), Comesomatidae (Saba- 
tieria) and Chromadoridae (Dichromadora) (Soetaert 
& Heip 1995). Seemingly, this community consists of 
nematode genera that easily adapt to the patchy distri- 
bution of the motile macrofauna. 

The southern trench conlmunity is situated south of 
the current area of investigation and no characteristic 
near ice-shelf community could be recognized. 

Production 

Production in the pelagial and delivery of food to the 
seabed have been mentioned several times as main 
factors influencing the size and structure of the ben- 
thos (Pearson & Rosenberg 1987), and particularly the 
deep-sea benthos (Thiel 1975). The high standing 
stocks of meiofauna in a related study (Vanhove et al. 
1995) similarly supported the importance of overhead 
production; hlgh upwelling values were persistently 
recorded and immense quantities reached during cer- 
tain events in austral summer (to 2342 mg C m-* d-' in 
the coastal zone, Bathmann et al. 1991; with an aver- 
age summer production of 557 mg C m-2 d-', Jarre- 
Teichrnann et al. 1997). The settlement of large 
amounts of organic matter possibly led to an overall 
high trophic and structural diversity along the transect. 
The slight prominences of certain genera and trophic 
types in the various subregions (see earlier discussion) 
could be attributed to a different origin of available 
food (e.g. 1.5% of depositing matter in traps during 
austral summer in the SE Weddell Sea is chlorophyll a 
and 0.5% particulate organic carbon, of which 60 to 
90% originates from faecal pellets of diatoms and pro- 
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tozoan heterotrophic flagellates, ciliates, radiolarians 
and foraminifers, Nothig 1988). 

Hydrodynamic regime 

The Weddell Sea gyre primarily demarcates the study 
area (Hellmer & Bersch 1985, Fahrbach et al. 1992), and 
upwelling phenomena were reinforced by strong north- 
easterly wind gales predominating the environment 
prior to the sampling period (Rohardt et al. 1990). The in- 
fluence was most obvious on the upper continental slope, 
where current velocity could be as high as 50 cm S-' 

(Bathmann et al. 1991). This resulted in lateral advection 
and resuspension in which bedload transport prevented 
sedimentation of finer fractions (Rabitti et al. 1990) and 
fresh phytodetritus (e.g. in H9 C/N ratios were highest 
and CPE content was among the lowest). Sediment- 
dwelling macrofauna are particularly vulnerable to dis- 
turbance induced by the hydroregime (Gage 1996). The 
sediments were scarce in macro-infauna but supported 
discrete aggregations of porifers, holothurians and pyc- 
nogonids (Galeron et al. 1992, Gerdes et  al. 1992). How- 
ever, as the upper few millimetres of sediment may be 
completely stripped because of high currents, it is cer- 
tainly possible that currents have a high impact on the 
meiofauna too. Our results demonstrated a low affinity 
among the stations located in this high-energy biotope. 
Nematodes often belonged to rare genera like Ixonema, 
Rhynchonema, MetadasynemeUa, Paramesonchium, 
Spirobolbolaimus, Chaetonema, Halanonchus, Con- 
inckia, Trochamus, Rhips. Setosabatjena, Valvaelaimus 
and Pontonema. Many of these genera have morpho- 
logical adaptations such as long tails, large body sizes 
and long setae. Although such functional adaptations 
might be specific for rigorous current regimes (e.g. to 
feed toward the surface and to avoid resuspension, 
Tietjen 1976, Thistle & Sherman 1985), they can also be 
related to the substrate strictu senso (e.g. the hydro- 
dynamically active biotopes often have coarse-grained 
sediments). 

Icebergs 

A hummocky seabed morphology on the continental 
shelf indicated considerable impact of grounding ice- 
bergs in the eastern regon of the Weddell Sea (Lien et al. 
1989). The resulting plough marks (with average widths 
of 30 to 70 m and reliefs from 15 to 30 m) characterized 
the ice-rafted sediments as poorly sorted sands with 
varying content of gravel and pebbles and a depletion of 
the finest grain fractions (for example K3 and K4) .  In 
localit~es where the physical compaction was high, vari- 
ations in grain size distribution lead to a down-core trend 

of increasing sediment density with a deep black colour 
and decreasing water content (Vanhove pers. obs.). 
In situ surveys demonstrated that iceberg grounding 
caused considerable damage to macrobenthic commu- 
nities in Kapp Norvegia, affecting spatial scales from 
tens of metres to many kilometres (Gutt et al. 1996). 
However, there was no indication of a deleterious effect 
on meiobenthic communities. This is not surprising 
because during the sampling no fresh (i.e. of the prevl- 
ous few days) scour was hit. As nematodes are amongst 
the most resilient organisms, with relatively short gen- 
eration times which allow rapid response to environ- 
mental changes, a clear effect of iceberg activity is only 
expected within a very short period after scouring (Heip 
et al. 1985). Nevertheless, the grouping of the Kapp 
Norvegia shelf stations suggests that as a consequence of 
the more frequent disturbance by iceberg scouring in the 
area (e.g. once every 230 yr, Gutt et al. 1996), a specifi- 
cally adapted nematode assemblage evolved with Mol- 
golaimus as a dominant genus. Molgolaimus is also often 
common in reduced habitats such as hydrothermal vents 
and hypoxic muds (Vanreusel et al. 1997 and included 
references). 

The shelf break 

The results showed that the shelf break occupied an 
unstable positioning in the multivariate outputs 
(Fig. 3). Apart from the common genera Sabatieria, 
Monhystera, Dichromadora, Acantholaimus and Mol- 
golaimus, the sediments of the 2 shelf break stations 
expressed a very low affinity, and many rare genera 
like Draconema, Eumorpholaim us, Chromadorina, 
Belbolla, Fenestrolaimus, Phanoderma and Richtersia 
were present. Therefore we could not easily distin- 
guish a typical shelf break association. The most 
straightforward argument is probably the great differ- 
ence in sedimentological properties at the 2 stations 
representing this subregion (e.g. K4 and H6, Table 1 ,  
Fig. 3B). These are, in turn, a function of the distinct 
shape of the entire transition zone between the coast 
and the deep sea (e.g, shelf widths, slope declines and 
water regimes are completely different, Hellmer & 

Bersch 1985, Fahrbach et al. 1992). 
Of interest was also the greater proportion of pre- 

dators. The guts of Halichoanolaimus and Gamma- 
nema included undigested sclerotized elements of the 
copulatory apparatus of the nematode Desmodorella, 
substantiating their r6le as predators. A similar situa- 
tion has also been noted in Mediterranean canyons, 
and was attributed to the presence of labile organic 
matter (e.g.  more labile organic matter induces a more 
complex trophic food web with relatively more preda- 
tors, Soetaert et al. 1995). 
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The link between the Antarctic nematode con~munity 
structure and disturbance 

For a number of reasons nematode assemblages offer 
a potential means of assessing disturbance: nematodes 
are abundant; they are found in almost all environmen- 
tal conditions which can support metazoan organisms; 
as permanent members of the benthos, they are unable 
to escape from disturbance stimuli; they have a rela- 
tively rapid turnover compared to the macrofauna, so 
that the composition of the nematode fauna can react 
rapidly to disturbances (Heip et al. 1985). Therefore we 
selected the 2 following characteristics of the Antarctic 
nematode community to deduce the level of natural 
disturbance in the Weddell Sea. 

(1) Lambshead & Hodda (1994) suggested that the 
impact of disturbance on nematode populations can 
be measured by analyzing variance to mean ratios in 
the distribution patterns. One of their hypotheses was 
that more species in a deep-sea community are 
significantly aggregated in a more disturbed system. 
Our results (Table 5) gave in descending order of 
aggregation: Halley shelf (30 to 42 %), Kapp Norvegia 
shelf (29 to 38%),  shelf break (27 to 33%),  upper 
slope (24 to 2 7 % )  and downslope (20%). If spatial 
variability is indeed a measure of disturbance, this 
means that the shelf off Halley Bay is the locality of 
highest disturbance, whereas the downslope sedi- 
ments of the same region are the least impacted by 
disturbance activity. 

(2) Bongers et al. (1991) suggested that the nematode 
Maturity Index (MI) may be useful in assessing distur- 
bance of marine sediments. When nematodes are  cate- 
gorized according to their life strategy and are 
assigned a value ranging from colonizer (usually 
r-strategists with value 1) to persister (generally 
K-strategists with value 5),  the M1 is the weighted 
mean of the individual taxon scores. The lower the M1 
the more disturbed the region. When calculating the 
M1 on the genera presented in Fig. 4 ,  a disturbance 
gradient arises, in descending order. Halley shelf 
(M1 = 1.831, downslope (M1 = 1.89), shelf break 
(M1 = 1.93), Kapp Norvegia shelf (M1 = 2.18) and upper 
slope (M1 = 2.34). 

The disturbance gradient obtained from the aggre- 
gation theory is not always in agreement with the 
gradient from the Maturity Index. This demonstrates 
that each disturbance stimulus has a different effect 
on the distribution and composition of the nematode 
populations in the Weddell Sea. This effect can be 
dependent on the time-scale of nematode response. 
Perhaps a few hours to a couple of days are enough 
to change aggregation patterns, whereas the estab- 
lishment of a community becomes manifest only on a 
longer time scale. 

Concluding remarks 

In contrast to the high degree of macrofaunal 
endemism there is no sign of a n  autochthonous Antarc- 
tic nematode community. Instead the assemblages are 
composed of similar predominant genera as elsewhere 
along the world's continental margins, hence express- 
ing comparable high diversity. The communities in the 
eastern Weddell Sea are organized in 4 major groups 
(e .g .  Kapp Norvegia shelf, Halley Bay shelf, upper 
slope and downslope), and lack a gentle cline from the 
shallow to the deep. There was no typical shelf break 
association. Sediment texture and food content are put 
forth to explain variability in the nematode distribution 
at the station scale. Suggested features inducing van- 
ability at the regional and subregional scale are  pro- 
ductivity, hydrodynamic regime, ice-related processes 
and macrofaunal occurrence. 
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