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Abstract Antarctic meiofauna is still strongly understud
ied, and so is its trophic position in the food web. Primary 
producers, such as phytoplankton, and bacteria may repre
sent important food sources for shallow water metazoans, 
and the role of meiobenthos in the benthic-pelagic coupling 
represents an important brick for food web understanding. 
In a laboratory, feeding experiment 13C-labeled freeze- 
dried diatoms ( Thalassiosira weissflogii) and bacteria were 
added to retrieved cores from Potter Cove (15-m depth, 
November 2007) in order to investigate the uptake of 3 
main meiofauna taxa: nematodes, copepods and cuma- 
ceans. In the surface sediment layers, nematodes showed no 
real difference in uptake of both food sources. This outcome 
was supported by the natural ¿ 13C values and the commu
nity genus composition. In the first centimeter layer, the 
dominant genus was Daptonema which is known to be 
opportunistic, feeding on both bacteria and diatoms. Cope
pods and cumaceans on the other hand appeared to feed 
more on diatoms than on bacteria. This may point at a bet
ter adaptation to input of primary production from the water 
column. On the other hand, the overall carbon uptake of the 
given food sources was quite low for all taxa, indicating 
that likely other food sources might be of relevance for 
these meiobenthic organisms. Further studies are needed in 
order to better quantify the carbon requirements of these 
organisms.
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Introduction

The recent global warming has increased the concern for 
the Southern Ocean since Antarctic ecosystems are experi
encing strong changes (Turner et al. 2005; Vaughan et al. 
2003; Schofield et al. 2010). In light of the relatively fast 
rate of these changes, it became of fundamental importance 
to investigate and quantify the biodiversity of Antarctica 
whose biota is still relatively poorly studied. Nevertheless, 
to understand an ecosystem and its resilience against 
changes, also a more functional approach is needed. Under
standing the interactions between species and between the 
different functional components of an ecosystem is there
fore of fundamental importance. In this context, tracer 
experiments (Middelburg et al. 2000; Moens et al. 2007; 
Maria et al. 2011) and natural stable isotope studies (Moens 
et al. 2007; Mincks et al. 2008; Nomaki et al. 2008) con
tribute to identify and/or to quantify the interactions 
between different trophic levels. In Potter Cove, and more 
specifically in Antarctic shallow waters ecosystems, this 
was the first time that such experimental approach was 
applied.

In this study, meiofauna (or meiobenthos) refers to the 
group of small-sized metazoan organisms that inhabit 
marine sediments and pass through a 1-mm mesh size sieve 
and are retained on a 32-pm sieve (Heip et al. 1985; Vincx 
1996). Meiobenthos is often numerous and diverse. Past 
studies suggested that these metazoans are involved in the 
sediment organic matter remineralization (Coull 1999) and 
contribute to the overall benthic carbon flux (Szymelfenig 
et al. 1995), and they have been considered as an important 
link in marine food webs. More recent tracer experiments 
indicate microalgae and bacteria as possible meiofauna 
food sources (Urban-Malinga and Moens 2006; Evrard 
et al. 2010; Ingels et al. 2010). Nevertheless, the measured
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Fig. 1 Maps showing the location of the study site: a the map shows 
the area of the tip South America and the Antarctic Peninsula indicat
ing in the circle King Gerge Island as part o f the South Shetland 
Islands. Northern tip o f the West Antarctic Peninsula: b the map shows

King George Island (62°14'S, 58°40'W ) indicating with the arrow . the 
location o f Potter Cove: c the map shows Potter Cove and the black dot 
represents the study site

13C uptakes often showed not to be enough to cover the 
expected carbon requirements of certain meiofauna taxa 
(e.g. for nematodes in Urban-Malinga and Moens 2006; 
Franco et al. 2008; Guilini et al. 2010; Ingels et al. 2010 
and for copepods in De Troch et al. 2005), suggesting the 
importance of preference for food sources other than those 
provided in the experiments. On the other hand, other 
authors (Coull 1999; Nyssen et al. 2002) stated that meiofa
una may play an important role in transferring carbon to the 
higher trophic levels being prey for many other organisms, 
mainly juvenile fishes. These conflicting results underline 
the numerous uncertainties in meiofauna feeding habits and 
their role in trophic food webs. Moreover, in extreme envi
ronments, such as Antarctica, there is an even bigger lack 
of relevant information to unravel the trophic position of 
meiofauna, which is one of the reasons this study was 
undertaken.

In this study, we focus on the feeding ecology of Potter 
Cove meiofauna. Potter Cove (62°14'S, 58°40'W , King 
George Island, West Antarctic Peninsula) is an Antarctic 
fjord-like small embayment (3 km2) with a maximum depth 
of 50 m and influenced by the Fourcade Glacier (Fig. 1). 
Since the 1950s, the glacier has been actively retreating

(Moll et al. 2006) in response to the air warming trends of 
the W est Antarctic region (Schofield et al. 2010; Vaughan 
et al. 2003). So far, the meiobenthic community of this 
cove has been studied mainly in terms of densities, major 
taxonomic composition (Mayer 2000; Veit-Köhler et al.
2008), and abundances of copepods and their biovolumes in 
relation to environmental conditions (Veit-Köhler 2005). 
Flowever, despite its high abundance, a more functional 
approach to unravel the trophic position and its possible 
contribution to the benthic food web is lacking so far. The 
present work would be the first such investigation in this 
remote environment.

With the present study, we wanted to investigate the 
uptake of 3 chosen meiofauna taxa when provided with 
phytoplanktonic algae or benthic bacteria as potential food 
sources. Phytoplankton has been highly studied in Potter 
Cove. In fact, the cove is characterized by frequent high 
turbulence and high water column turbidity which lead to 
relatively low primary production (PP) in the water column 
(Schloss and Ferreyra 2002; Schloss et al. 2002). Anyhow, 
in light of the strong warming of the average air tempera
tures occurring in Potter Cove during the last 50 years, the 
cove ecosystem is facing visible changes. Melt water flow
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is a constant phenomenon during summer months (Eraso 
and Dominguez 2007), and the Fourcade glacier is actively 
retreating (Dominguez and Eraso 2007). On the local scale, 
water column stabilization and more intense phytoplankton 
blooms are expected to represent part of the effects that are 
likely to occur because of these climate-related changes 
(Smith and Nelson 1985; Dierssen et al. 2001; Schloss et al. 
2002; Turner et al. 2005), leading to an increasing impor
tance of the phytoplankton contribution to these sediments’ 
food input.

In addition to sinking phytoplankton cells, also micro- 
phytobenthic diatoms, sea-ice algae and macroalgal frag
ments are potential constituents of the sediment’s organic 
matter pool on which the detritus pathway is based. Bacte
ria can play an important role in the detritus pathway, espe
cially in the winter months when the summer production is 
accumulated in the sediments and is likely to be transferred 
to higher trophic levels (e.g. meiofauna organisms and 
other detritivores) via microbial reworking (Nedwell et al. 
1993). In this study, we therefore focused on both phyto- 
planktonic diatoms and benthic bacteria as possible food 
sources for the meiobenthos.

The main questions of this tracer study can be resumed 
as follows: (1) is there a different uptake of bacteria and 
phytoplanktonic diatoms by meiofauna over time? and (2) 
do the main taxa differ in terms of uptake of the given food 
sources?

Materials and methods

Sampling site and experimental design

The sampling site was located in Potter Cove in front of the 
Fourcade Glacier (see black dot in Fig. 1), at a depth of 
about 15 m, where fine sand soft bottoms were suitable for 
scuba diving sampling. A total of 18 sediment push cores 
(5.6 cm inner diameter, 24.62 cm2 surface) were retrieved 
at the beginning of the austral summer (November 2007) in 
the same day over an area of about 5 m2. As control (natural 
carbon isotopic signature of metazoans), 3 replicate cores 
were sliced (0-1, 1-2 cm) and stored frozen ( -8 0  °C); 3 
extra replicates were sliced (0-1, 1-2, 2-3, 3^1, 4-5  cm) 
and stored in 4 % formaldehyde for meiofauna community 
analysis. In addition, 12 cores were collected to serve as 
experimental units in the laboratory experiment.

Prior to the sampling campaign, diatoms and bacteria 
were grown and 13C pre-labeled to be used as food sources 
in a tracer experiment. The planktonic diatom species Tha
lassiosira weissflogii (strain CCMP1587, 14-18 pm length, 
8-10 pm width) was selected for this experiment. The dia
toms were reared in 2L erlenmeyers with f/2 culture 
medium (Guillard 1975, 30 psu) where 5 ml of a NaH13C 0 3

solution (336 mg in 100 ml milliQ H20 )  was added per 
100 ml of the culture medium. After 3 weeks of growing at 
20 °C and on a 12-h:12-h light/dark light regime, the algae 
passed from an initial ¿ 13C signature of —15.9 %<r (Atm%
1.1) to an enriched value of 47491.9 %c (average Atm% 
35.3) for untreated and enriched cultures, respectively. Bac
teria from Schelde estuary’s sediments (at the Belgium,the 
Netherlands border) were initially grown on marine agar 
for 4 days at 15-16 °C. In order to maximize the bacterial 
diversity in the inoculum, a dilution series was setup. The 
liquid growth medium consisted of autoclaved artificial 
seawater (24.5 PSU, Instant Ocean synthetic salt), Beef 
extract (DIFCO, 3 g L_1) and Bactopeptone (DIFCO, 5 g 
L _1). Two erlenmeyers were inoculated with the bacterial 
mix scraped from the agar plates and placed on a shaking 
table at room temperature. After 3 days of growth, new 
growth medium was prepared as stated above but diluted by 
a factor 20, and 0.5 g IU 1 13C glucose (D-glucose, U-13C6, 
99 %, Cambridge Isotope Laboratories, Inc.) was added to 
label the bacteria. After 24 h of growth, this labeling tech
nique yielded an increase in c)13C from —15.2 %o (Atm%
1.1) to 70268.9 %c (average Atm% 44.5), for untreated and 
13C enriched cultures, respectively. After sufficient growth, 
both cultures were washed with autoclaved filtered natural 
seawater and freeze dried.

A total of 12 single-food source experimental units were 
incubated including triplicates of two treatments (food 
source) for two time intervals: Diatoms 5 days, Diatoms 
10 days, Bacteria 5 days and Bacteria 10 days. One aliquot 
of freeze-dried food source (diatoms or bacteria) was added 
to each core, and the water surface was gently stirred until 
all food settled on the sediment surface. Each core was pro
vided with 30 mg of freeze-dried material which corre
sponded to about 8-9 mg C per core. All cores were left 
open at the top and were oxygenated with an air pump. This 
experiment was carried out in the dark to avoid primary 
production. After the incubation period, the first two centi
meters (0-1, 1-2 cm) of the sediment were sliced, collected 
into Petri dishes and stored frozen ( -8 0  °C), pending fur
ther analysis. Here, we report only the uptake results for the 
first two centimeters for the nematodes since they contain 
the majority (>50 %) of the total meiofauna community and 
because in absence of sediment stirring the label may not 
have penetrated deeper than that. Moreover, harpacticoid 
copepods and cumaceans were only found in the upper 
layer in sufficient biomass to conduct reliable stable isotope 
analyses.

Meiofauna processing and statistical analyses

Extraction of meiofauna from the 4 % formaldehyde pre
served samples followed standard procedures of centrifuga- 
tion-flotation with LUDOX HS40, and sieving over 1,000
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and 32 pm sieves (Heip et al. 1985; Vincx 1996). Meiofa
una taxa identification was based on Higgins and Thiel 
(1988). We identified the nematodes at the genus level. The 
identification was carried out by collecting 100 individuals 
randomly from each replicate of each layer of sediment and 
then mounting them on glass slides. The online identifica
tion key for free-living marine nematodes (NeMysKey©) 
developed within Nemys (http://nemys.ugent.be/), and the 
identification key by Warwick et al. (1998) were used. For 
the nematode biomass determination, standard methods 
were used by the estimation of body volume using And
ra s sy i formula (Andrassy 1956): V = L x  W2/ 16x x  IO5, 
where V is the volume in nanoliters, L  is the length in pm 
(excluding filiform tails, if present) and Wis maximal 
width in pm. Body volume was converted to biomass (pg 
wet weight 10 cm-2) assuming a specific gravity of 1.13 
(Wieser 1960) and a dry/wet weight (DW/WW) ratio of 
0.25. Biomass was then converted to carbon assuming a dry 
weight/pg C ratio of 0.124 (Jensen 1984). In this way, nem
atode biomass could be measured for all depth layers. Bio
mass (pg C 10 c u r 2) of copepods and cumaceans was 
estimated based on the stable isotope pg C values (see fur
ther) by multiplying the individual average biomass with 
the total number of individuals per 10 cm2 of the 0-1 cm 
layer of natural community samples.

Possible dissimilarities in terms of meiofauna densities 
and nematode biomasses between sediment depth layers 
were investigated through ANalysis Of SIMilarities and the 
ANalysis of SIMilarities PERcentages (ANOSIM and SIM
PER, Primer-E, ltd, version 6.1.6).

Stable isotope analysis

The frozen sediment of both control and experimental cores 
was thawed, and meiofauna was elutriated via Ludox HS40 
and sieved as for the community analysis (Heip et al. 1985; 
Vincx 1996). The use of Ludox was not expected to have 
any effects on the stable isotopic signatures of the organ
isms as demonstrated in previous studies (Moens et al. 
2002). The extracted meiofauna was transferred into milliQ 
(MQ) water in sterile Petri dishes and directly processed in 
order to avoid potential leakage of label (see Mourelatos 
e ta l. 1992; Moens et al. 1999). About 150 nematodes, 15 
cumaceans and 30 harpacticoid copepods have been sepa
rately handpicked with a fine sterile needle, rinsed twice in 
MQ water to remove adhering particles and finally trans
ferred to a drop of MQ water in 2.5 x  6 mm AÍ cups. The 
cups had been preheated at 550 °C to remove any contami
nating organic carbon. The AÍ cups with the animals were 
then oven-dried overnight at 60 °C, pinched closed and 
stored in air-tight multi-well microtiter plates. The carbon 
isotopic composition of the samples was determined with a 
PDZ Europa ANCA-GSL elemental analyzer 230 inter

faced to a PDZ Europa 20-20 isotope ratio mass spectrom
eter (Sercon Ltd., Cheshire, UK; UC Davis Stable Isotope 
Facility, http://stableisotopefacility.ucdavis.edu/).

Uptake of 13C is reflected as excess (above natural abun
dance) 13C and is expressed as total uptake in the sample 
(ƒ) in pg C (quantitative) and as specific uptake Á¿13C 
(A(513C = ¿ 13Csample -  <513Ccontrol) in parts per thousands 
( %c) (qualitative), according to Middelburg et al. (2000).
^ ^sam ple is calculated as [(Rsampie — ^vpdb)^vpdb] x  10 
with RVPDB = 0.0112372 = the carbon isotope ratio of the 
Vienna Pee Dee Belemnite standard, and Rsampie = 
[((513Csample/1000) + 1] x  Rvpdb (Craig 1957; Middelburg 
et al. 2000). Fractional abundance of 13C (F) equals R/ 
(R + 1) and is used to calculate the excess 13C (E) in the 
samples, which is the difference between the 13C fraction 
of the sample (Esample) and the 13C fraction of the control 
(^control): E  = Sample -  i ’controi- 1 is here calculated as the 
product of E  and C weight (pg) of each sample (as mea
sured in the isotope analysis results). Since we added 2 
different food sources, uptake values (I) have been cor
rected according to their initial level of label incorporation. 
The uptake has been reported as (1) individual uptake ( Iper  
ind., pg 13 C indE1), which can show differences between the 
taxa due to their individual biomass, (2) a standardized 
uptake expressed per unit of biomass (I per unit C, pg 13C 
C_1) and the (3) I  per total number o f ind. c o r e which 
was calculated by multiplying I  per ind. values with the 
average total abundances in the corresponding first cm 
depth layer (Fig. 5).

Significant differences in Á¿13C and the biomass specific 
uptake ( Iper  unit C) were investigated by means of a three- 
way analysis of variance (3-way ANOVA) on the rank val
ues with the Statistica [version 7.0] software (StatSoft Inc.,
2001). Results are reported indicating p  values and 
F  values. The values for each factor’s degrees of freedom 
are 1 for food, 2 for taxa and 1 for time. N  depends on the 
combination of factors. In case of the 3-way ANOVA, 
N  = (3 replicates x  3 taxa x  2 food sources x  2 incubation 
periods) = 36. A posteriori comparisons were carried out 
with the Tukey’s HSD test using 95 % of confidence limits. 
Prior to the ANOVA, the Levene’s test was used to check 
the assumptions on homogeneity of variances only in case 
raw data were used.

Results

Meiobenthic community

The meiobenthic community was characterized by total 
abundances ranging from 3,671 to 10,873 ind. 10 cnV 2. 
The dominant taxon was nematodes (91 %), followed by 
nauplii (and copepodites) (5.4 %) and harpacticoid
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Fig. 2 Vertical density profiles of meiofauna taxa (mean ±  standard 
error)

copepods (2.1 %). Nematode abundances (0-5 cm) showed 
a high variability between the three replicates ranging from 
3,339 to 10,409 ind. 10 cu T 2, with an average value of 
6,010 ind. 10 c u r 2. In the upper layers, nematodes were 
found in average densities of 2,643 and 5,186 ind. 10 c u r 2, 
in the 0-1 and 1-2 cm layer, respectively (Fig. 2).

The average abundance of copepods was 115 ±  16 ind. 
10 cu T 2 (mean ±  SD). Among the other metazoans, cuma
ceans were the most important (0.6 % of total abundance), 
showing relatively high abundances with an average value 
of 29 ±  11 ind. 10 cu T 2 (mean ±  SD). Up to 41 specimens 
per replica have been counted, and 90 % of them were con
fined in the upper centimeter. Polychaetes (0.3 % of total 
abundance) were important too and were present in almost 
all sediment layers analyzed. Other meiofauna groups pres
ent were Hydrozoa, Amphipoda, Isopoda, Ostracoda and 
Bivalvia, representing together on average 0.23 % of the 
total meiobenthic abundance over the 5-cm depths analyzed 
(but the taxa were present only in the 0-2  cm layer).

In general, the total nem atodes’ biomass in the top 
layers (0-5 cm) (Fig. 3) showed an average value of 
482.98 ±  350.84 pg C 10 cu T 2 (mean ±  SD). In the 0-1 
and 1-2 cm sediment layer, nematodes showed average 
biomass values of 74.45 ±  34.63 and 158.91 ±  102.79 pg 
C 10 cnD 2 (mean ±  SD), respectively. Increasing mean 
individual body sizes toward the deeper layers indicated the 
presence of higher relative abundances of large nematodes 
(i.e. Metasphaerolaimus, Sabatieria, Metalinhomoeus). 
Copepods’ biomass in the first layer of the sediment was 
93.37 ±  117.55 pg C 10 cu T 2 (mean ±  SD), and cuma
ceans accounted for 127.07 ±  50.50 pg C 10 cu T 2 
(mean ±  SD).

The nematode assemblage consisted of 44 genera in 
total. Table 1 shows the most abundant genera and their 
corresponding trophic guilds. The genera Daptonema, Apo
nema, Amphymonhystrella and Halalaimus were most 
abundant accounting together for >60 % of the total 
nematode community. Vertical distribution of the various
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Fig. 3 Vertical distribution of average nematode biomasses in pg C 
10 c n r ! (mean ±  standard deviation)

nematode genera illustrated a gradual depth gradient in 
terms of genus presence/absence and relative abundances, 
with the intermediate layers forming a transition zone in 
terms of community structure between the surface (0-2 cm) 
and the deeper layers (3-5 cm) (Table 2). The ANOSIM 
results confirm these findings (factor = cm depth; R = 1) 
with a significance level of p  < 0.002. The nematode genera 
Daptonema, Dichromadora and Anticoma were abundant 
in the upper layer (0-1 cm) and showed a clear drop in den
sities toward the deeper sediment layers. Amphimonhyst
rella, Retrotheristus and Aponema increased in importance 
in the intermediate sediment layers which coincides with 
peaks in total nematode abundances. Sabatieria and 
Metalinhomoeus were characteristic for the deeper layers 
(3-5 cm).

Stable isotope signatures

Background ¿ 13C average values (natural stable 13C ratios) 
for the studied meiobenthic taxa were as follows: nema
todes -19 .35  ±  1.37 %c, copepods -1 7 .8 9  ±  0.53 %c and 
cumaceans -1 4 .5 7  ±  0.32 %c. The natural stable isotopic 
signatures point at some trophic differentiation between the 
3 chosen taxa (1-way ANOVA p  < 0.05).

The results of a 3-way ANOVA analysis based on the 
A(513C ranked values for the experimental results are sum
marized in Table 3. All factors of interest (time, taxon and 
food) had a significant effect on the specific uptake values. 
Based on the A¿13C values (Fig. 4a), copepods and cuma
ceans showed at each time interval a higher uptake of dia
toms in comparison with bacteria (Fig. 4a, Tukey's HSD 
test: p  < 0.01). Nematodes, however, did not show any sig
nificant difference in Á¿13C values for both food sources 
(Tukey’s HSD test: p  > 0.05). Nematodes also showed a 
slower response to the enrichment with both food sources 
since only after 10 days of incubation their uptake was 
appreciable.
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Table 1 Relative abundances (%) of nematode genera in the first two centimeters layer (left part of the table) and in the total community (0-5 cm) 
(right part o f the table)

Genus 0-1 cm Genus 1-2 cm Genus 0-5  cm Trophic guild

Daptonema 45,09 Aponema 31,55 Aponema 31,06 2A

Halalaimus 13,03 Halalaimus 17,12 Daptonema 13,82 IB

Dichromadora 6,91 Daptonema 9,16 Amphimonhystrella 12,67 IB

Aponema 5,40 Desmolaimus 8,97 Halalaimus 12,02 1A

Anticoma 4,58 Amphimonhystrella 7,12 Desmolaimus 4,37 IB

Prochromadorella 3,56 Trichotheristus 4,53 Dichromadora 3,31 2A

Acantholaimus 2,66 Chromadorita 3,86 Metasphaerolaimus 2,68 2B

Metasphaerolaimus 2,66 Retrotheristus 3,32 Trichotheristus 2,66 IB

Desmolaimus 1,88 Dichromadora 3,15 Metal inhomoeus 2,66 IB

Paramonhystera 1,68 Acantholaimus 2,10 Chromadorita 1,79 2A

Amphimonhystrella 1.19 Metasphaerolaimus 1,37 Retrotheristus 1,76 IB

Trichotheristus 1.19 Aegialoalaimus 0,89 Acantholaimus 1,43 2A

Chromadorina 1,13 Wieseria 0,74 Anticoma 1,33 IB

Metalinhomoeus 1,04 Leptolaimus 0,71 Prochromadorella 1,01 2A

Chromadorita 0,97 Anticoma 0,56 Sabatieria 0,87 IB

Neochromadora 0,97 Linhomoeus 0,56 Linhomoeus 0,70 IB

Mesacanthion 0,85 Oxystomina 0,52 Oxystomina 0,65 1A

Microlaimus 0,69 Gnomoxyala 0,40 Paramonhystera 0,59 IB

Retrotheristus 0,69 Prochromadorella 0,40 Aegialoalaimus 0,54 1A

Halomonhystera 0,63 Chromadorina 0,37 Neochromadora 0,51 2A

Trophic groups (Wieser 
2B = predators/omnivores

1953) legend:: 1A = selective deposit feeders, IB  = non-selective deposit feeders, 2A = epistratum feeders.

Table 2 Relative abundances (%) of the most important genera showing the vertical zonation o f these genera

Genus 0-1 cm 1-2 cm 2-3 cm 3^1 cm 4-5 cm Trophic guild

Daptonema 45.09 9.16 3.02 1.76 1.76 IB

Dichromadora 6.91 3.15 1.9 0.37 0.4 2A

Anticoma 4.57 0.55 0.31 0 0 IB

Halalaimus 13.03 17.12 8.4 3.25 8.71 1A

Aponema 5.4 31.55 41.62 56.5 17.28 2A

Retrotheristus 0.69 3.31 1.35 0 0 IB

Amphimonhystrella 1.19 7.12 26.34 13.51 4.08 IB

Metalinhomoeus 1.03 0 4.27 9.82 15.79 IB

Sabatieria 0 0.18 1.08 2.42 24.81 IB

Desmolaimus 1.88 8.97 1.8 2.42 1.66 IB

Metasphaerolaimus 2.66 1.37 3.9 2.5 8.46 2B

Acantholaimus 2.66 2.1 0.31 0 0 2B

ANOSIM showed the following groups: upper layer zone (0-2 cm), an intermediate zone (1-4 cm) and a deep zone (3-5 cm). The genera contrib
uting most to this dissimilarity and to the similarity within each group, as indicated by SIMPER, are highlighted

Standardization toward individual uptake values (I per  
ind.) yielded a statistically significant difference between 
both food sources with a higher consumption of the diatom 
Thalassiosira weissflogii by all tested taxa (Fig. 4b). Uptake 
of bacteria has been recorded as well for all groups but was 
lower than that of the phytoplankton food source for each 
taxon. In the first sediment layer (0-1 cm), there was a clear

difference in terms of individual uptake between the different 
taxa, with Cumacea showing higher values for both food 
sources when compared to nematodes at each time interval 
(Tukey’s HSD: p  < 0.01). In comparison to copepods, cuma
ceans showed a higher individual uptake just after 5 days 
and only when feeding on bacteria (Tukey’s HSD: p  < 0.01). 
Further, standardization toward I  per unit C (Fig. 4c) aimed
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Table 3 Results o f a 3-way ANOVA analysis performed on the ranked values o f the A<5BC, I  per ind. and I  per unit C

Factors a s I3c I  per ind. I  per unit C

F P F P F P

Food 41.6395 0.000001 147.505 0.000000 20.3774 0.000143

Taxon 10.5764 0.000509 226.514 0.000000 24.6566 0.000045
Time 12.8517 0.001493 17.143 0.000369 7.5792 0.002809

Food*taxon 0.8487 0.440430 9.505 0.000912 0.2057 0.815529

Food*time 1.3627 0.275061 0.171 0.682522 0.0906 0.766051

Taxon*time 0.3681 0.549760 2.057 0.149765 0.2057 0.815529

Food*taxon*time 0.9612 0.396667 0.514 0.604369 1.4283 0.259371

F values and p  values are reported for food (bacteria and diatoms), taxon (nematodes, copepods and cumaceans) and time (5 and 10 days) and for 
all the combinations of these three factors. Significant p  values (p < 0.05) are highlighted in bold font

at illustrating possible differences in the C assimilation from 
the 13C-labeled sources by the different taxa. However, 
despite the significant level of variance of the 3-way 
ANOVA for I  per unit C (Fig. 4c), the post hoc analysis did 
not show any significant difference in the assimilation of the 
two different food sources or in the assimilation between the 
different groups (Tukey’s H SD p  > 0.05).

Based on the contribution of each taxon to the uptake of 
the food sources (see Fig. 5), it was observed that after 
10 days the three dominant taxa together consumed a total of 
~4.2  pg C from 13C-labeled source per 10 cm-2 or 9.3 pg C 
from 13C-labeled diatoms core-1 and a total of 0.72 pg C 
from 13C-labeled source per 10 cm-2 or 1.68 pg C from 
13C-labeled bacteria core-1 . These values mean that after 
10 days the nematodes, copepods and cumaceans together 
took up 0.39 and 0.04 % of the total 13C carbon from dia
toms and bacteria, respectively. After 5 days, nematodes 
alone took up 0.01 and 0.002 % of diatoms and bacteria, 
respectively, while at the end of the experiment they showed 
a total uptake of about 0.09 and 0.01 % of the C present in 
the 13C-labeled diatoms and bacteria standing stock.

Comparing nematodes of both sediment layers (0-1 cm 
versus 1-2 cm) (see Fig. 6), it was clear that the labeled 
food sources were not very accessible in the subsurface 
layer since a delayed response can be noticed and higher 
overall uptakes were shown in the upper centimeter layer 
community. Again, the nematodes did not show a signifi
cant (1-way ANOVA p  > 0.05) preference for any of the 
two given food sources.

Discussion

Meiofauna community standing stocks

The total meiofauna abundances of this site were high com
pared to temperate shallow water ecosystems (Vanhove 
e ta l. 1998 and comparisons therein; Le Due and Probert

2010). Veit-Köhler et al. (2008) found similarly high densi
ties between 10 and 20 m water depth (up to 16,835 ind. 
10 cm-2) in Potter Cove. In agreement with our results, 
nematodes were the most abundant taxon followed by cope
pods (including nauplii), cumaceans and annelids. The first 
meiofauna study in Potter Cove by Mayer (2000), however, 
showed much lower meiobenthos densities (maximum den
sities of 485.5 ind. 10 cm-2 at a depth of 10 m) in compari
son with Veit-Köhler et al. (2008) and the present study. 
However, similar high abundances (and high between repli
cate variances) have been recorded in other Antarctic areas 
by Vanhove et al. (1998, 2000) (Factory Cove South Orkney 
Islands, Antarctica, average 6,200 ind. per 10 cm-2) and in 
Martel Inlet (Admirality bay, KGI, by de Skowronski et al. 
1998) (Sicinski e tal. 2011) (densities between 3,523 and 
8,216 ind. 10 cm-2) (and by de Skowronski and Corbisier 
2002) (densities between 1,953 and 6,310 ind. 10 cm-2). It 
is important to state that abundance data are also dependent 
on the mesh size range used during the investigation, and 
unfortunately not always the same mesh size sieve are 
widely used (e.g. de Skowronski e ta l. 1998 used 500 and 
68 pm sieve). This can make comparisons more difficult. 
Anyhow, the high abundances suggest that food is not limit
ing in shallow water Antarctic bottoms, and microscale 
differences in the sediment characteristics, such as primary 
production (microphytobenthos and macroalgae), secondary 
(bacteria and protozoans) production processes and sediment 
granulometry (Vanhove et al. 2000; de Skowronski and Cor
bisier 2002; Veit-Köhler et al. 2008; de Skowronski et al.
2009) may lead to high spatial heterogeneity.

Nematode community, diversity and structure

The dominant nematode genera in the investigated Potter 
Cove station were Daptonema and Aponema. Both genera 
were also reported by Vanhove e ta l. (1998, 2000) repre
senting more than 60 % of the nematodes assemblage at 
Factory Cove. In general, the assemblage found in the
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present study appears to be similar, at genus level, to those 
found in other shallow meiobenthic communities in sub- 
tidal fine sands worldwide (Juario 1975; Heip et al. 1985; 
Vanreusel 1990).

In the surface layer, Daptonema, which is classified as a 
non-selective deposit feeder (group IB), dominates the com
munity representing almost half of it in terms of abundances. 
It is well known as an "opportunistic genus" (Vanhove et al. 
2000) because it shows a particular preference for diatoms 
as food source but can easily switch to bacteria. Daptonema 
can be stated to be a very flexible genus having been posi
tively correlated with the pico- and nano-fraction of water 
pigments (so to say phytoplankton, Vanhove et al. 2000) and
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with microphytobenthos (Moens et al. 2005), and moreover, 
it has been observed to feed on small ciliates (Moens and 
Vincx 1997). As a result, an opportunistic genus that is capa
ble to feed on different food sources seems to be successful, 
also in Antarctic shallow waters. Moreover, Schratzberger 
et al. (2000) reported for two North Sea species of Dapto
nema a high resistance to the temporal absence of food, 
which may indicate that beside the feeding plasticity this 
genus may have evolved the capacity to survive in condi
tions of starvation. Aponema (an epistrate feeder) became 
more dominant in the 1-4 cm layer. It is possible that being 
capable of fast vertical migrations (Schratzberger et al. 
2000), this genus could still benefit in the subsurface layer of 
the presence of food on top of the sediment, and at the same 
time avoid surface predation.

Trophic ecology

The natural carbon signature of the 3 meiofauna taxa ana
lyzed in the present study was compared with data on the
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food sources taken from Corbisier et al. (2004), Kaehler 
et al. (2000) in view of the similarities in terms of biota and 
environmental characteristics of these Antarctic sites. The 
natural carbon signatures of the possible food sources 
ranged from the more depleted values of phytoplankton 
(around -2 5  %o) to those of microphytobenthos and macro
algae (from around - 1 6  %c to around - 2 3  %c).

Cumaceans showed the highest ¿ 13C values, with an 
average value of -1 4 .57  %c. There is still not much known 
about the feeding ecology of cumaceans. This taxonomic 
group includes families with large differences in morpho
logical characteristics which in turn create a wide range of 
feeding strategies within the order. Cumaceans of shallow 
water environments in the Antarctic are primarily known as 
deposit feeders (feeding for instance on organic matter and 
microorganisms) but able to graze on epipelic algae grow
ing on sand grains (Blazewicz-Paszkowyczi and Ligowski
2002). However, there are also examples of predatory 
behavior among members of few families (e.g. Nannastaci
dae and Gynodiastylidae), which have piercing mandibles 
and may prey on polychaetes and foraminiferans (Kozloff 
1990; Blazewicz-Paszkowyczi and Ligowski 2002; Brusca 
and Brusca 2003). Comparing these values with the results 
of our feeding experiment (where cumaceans showed they 
feed more on diatoms than bacteria), we could support the 
idea that this taxon feeds on detritus (e.g. algal material 
with associated diatoms) both in a direct (selectively) and 
in an indirect (e.g. feeding on bacteria that degrade detritus) 
way, although additional food sources may play a role too.

Copepods showed an average ¿ 13C value of -1 7 .8 9  %c. 
Copepods are known to feed on both microalgae (benthic 
and planktonic) and bacteria (directly or from a biofilm), 
which can lead to different species-specific isotopic signa
tures (De Troch et al. 2005; Urban-Malinga and Moens 
2006; Nascimento et al. 2008). On the other hand, the tracer 
experiment showed a higher uptake of planktonic diatoms 
with values (both I  per ind. and I  per unit C) laying within 
the range of those measured during various experiments 
performed on different temperate copepods’ species under 
laboratory conditions (De Troch et al. 2005, 2006b; Wyck- 
mans et al. 2007). Anyhow, copepods from our study 
showed a much lower I  per unit C compared to their tem
perate counterparts, as reported by Maria et al. (2011). In 
this study, the authors found uptake as high as 0.7 pg c pg 
C_1 when the small crustaceans were given benthic-labeled 
diatoms. The use of benthic diatoms was not planned in our 
experiment, but future studies in Potter Cove should focus 
also on this component of the benthic primary producer 
biota. In terms of food quality, diatoms are known to syn
thesize polyunsaturated fatty acids (PUFA) that are impor
tant metabolic compounds that animals cannot synthesize 
de novo (Tocher 2003). Bacteria can contain a large variety 
of fatty acids but normally produce very small amounts of

co-3 and to-6 PUFA (Brett et al. 2009 and references 
therein). So far, it remains unclear whether grazers’ selec
tivity is based on food quality or on other factors such as 
particle size (De Troch et al. 2006a) and food concentration 
(De Troch et al. 2007). The fact that labeled diatoms uptake 
remained anyhow low can be possibly explained by the fact 
that (1) other non-labeled diatoms were also present in the 
experimental cores and (2) the studied taxa feed more spe
cifically on benthic diatoms than on phytoplanktonic spe
cies.

Nematodes showed an average stable ¿13C signal of 
-1 9 .35  %c, which appears to be more depleted than the 
¿ 13C values reported for the nematode community in M ar
tel Inlet (<513C = -1 5 .6  ±  0.7 %c) by Corbisier et al. (2004) 
but heavier than the values (¿13C = -2 4 .8  ± 1 .3  %o) found 
for Bransfield Strait shelf (230-m depth) communities 
(Moens et al. 2007). These natural stable isotope values 
seem to point to a predominance of pelagic carbon sources 
in the nematodes diet in Potter Cove, which is, however, in 
contrast to the results of our feeding experiment. These 
may be related to a delayed response of nematodes (uptake 
of already reworked labeled food sources) or to the use of 
other food sources. From the literature, nematodes are 
known to potentially feed on bacteria that may degrade sed
imentary detritus (e.g. macroalgae) and also on micro
phytobenthos. Accordingly, nematodes’ responses to our 
feeding experiment confirm these previous findings: they 
feed similarly on both given food sources, bacteria and 
microalgae. The nematode community in our study was 
dominated by Daptonema in the first cm layer, which can 
exploit the diverse available food sources (bacteria and/or 
benthic/phytoplanktonic diatoms and/or ciliates) present in 
the cove sediments, supporting all year around relatively 
high nematodes’ densities as observed in a temporal study 
on Signy Island in similar conditions (Vanhove et al. 2000). 
In Corbisier et al. (2004), nematodes were significantly 
linked to microphytobenthos as food source. Microphyto
benthos may be an important food source also in Potter 
Cove, but up to now, a lack of information about its abun
dance and biomass within the cove is avoiding possible 
inferences on its role as food for benthic organisms ana
lyzed in the present study.

The delayed response of nematodes observed in the 
experiment has been reported before also for deep-sea 
(Witte et al. 2003; Ingels et al. 2010) and the Antarctic 
shelf (Moens et al. 2007) communities. However, this 
result is in contrast to what Moens et al. (2002) found in a 
temperate estuarine tidal flat, where nematodes have been 
seen consuming labeled microalgae already in the first 3 h 
of the experiment. Our result may indicate that, as men
tioned before, (1) the labeled carbon entered the animals 
indirectly (e.g. feeding on bacteria that already had grown 
on the labeled diatoms or on protozoans that fed on them)
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or (2) the nematodes of these Antarctic shallow water sedi
ments have a slower response to the input of new carbon. If 
we compare our surface nematode community with that of 
a temperate sandy beach (Maria et al. 2011), it was noticed 
that interestingly the I  per unit C values from our experi
ment are in the same order of magnitude of those that Maria 
e ta l. (2011) found for the IB community group, in this 
case, feeding on labeled benthic diatoms. On the contrary, 
our community total uptake per unit of organism is much 
lower than that that Maria et al. (2011) reported for the 2A 
feeding group (epistratum feeders) community. In fact, our 
community in the first cm layer showed to be dominated for 
45 % by Daptonema, a genus belonging to the IB group. 
The dominance of a detritus feeder community may lead to 
lower direct uptake of microalgae which may on the other 
hand be taken up via detritus after reworking by other 
organisms (see also Moens et al. 2002). In general, after 
10 days, the nematode community still did only incorporate 
about 0.09 % of the 13C-label in the diatom food source. 
This is a relatively small amount (2 orders smaller) in com
parison with a shallow water North Sea nematodes commu
nity where after 2 weeks 1.29 % of the given labeled 
Skeletonema costatum inoculum was taken up (as recalcu
lated from Franco et al. 2008). Antarctic shelf nematodes 
collected at 230 m water depth and fed with cyanobacteria, 
only took up ~0.03 % of 13C in the bacterial food after 
10 days (Moens et al. 2007). This illustrates that the nema
todes from Potter Cove respond similar as the Antarctic 
shelf community, at least in terms of uptake, responding in 
the same order of magnitude (i.e. <0.1 %) to the given food 
sources (bacteria in Moens et al. 2007 or diatoms in this 
study). Up to now, most of the experiments aimed at tracing 
the uptake of labeled food sources in meiofauna taxa, found 
that these animals do not seem to fulfill the expectations on 
carbon cycling and benthic mineralization, despite the fact 
that they are given the food sources they supposedly con
sume. These findings may point at difference plausible rea
sons: (1) the food sources given in the experiments are not 
in a state that is appetible for the animals (fresh cells vs 
freeze-dried ones, Cnudde et al. 2011); (2) the competition 
for food with other organisms, not taken into account dur
ing the analyses (e.g. macrofauna) may be underestimated; 
(3) technical biases during the analysis may be the cause of 
an underestimate of the real uptake of the given food 
sources. The lower nematodes’ uptake in the deeper sedi
ment layer may indicate that the food needed more time to 
reach these strata; however, due to the high variances 
between replicates, no statistically significant difference 
was found. The scarce penetration of added labeled food to 
deeper layers in laboratory sediment cores has been 
reported already by other authors (Middelburg et al. 2000; 
Moens et al. 2007; Ingels et al. 2010). Additional factors in 
the experimental setup that may interact with the food

uptake that was actually measured include the presence of 
organic matter in the test sediment, the presence of other 
organisms and the use of freeze-dried food sources.

Conclusions

Despite the fact that the natural stable isotopic signatures 
pointed at some trophic differentiation between the 3 domi
nant taxa of the Potter cove meiofauna, no striking differ
ences in assimilation were shown between these taxa by 
means of laboratory enrichment experiments in which 
selected pre-labeled bacteria and pelagic diatoms were 
used. However, copepods and cumaceans showed at each 
time interval a higher uptake of diatoms in comparison with 
bacteria, whereas nematodes did not show any significant 
difference in uptake for both food sources.

The relatively high dominance of an opportunistic genus 
such as Daptonema (which can feed on many different food 
sources) supports this less selective feeding behavior of the 
nematode community.

Nematodes also showed a slower response to the enrich
ment with both food sources since only after 10 days of 
incubation their uptake was appreciable. Possibly, there is a 
lower direct uptake of microalgae which may on the other 
hand be taken up via detritus after reworking by other 
organisms.

However, overall, our experiments showed that after 
10 days the nematodes, copepods and cumaceans together 
took up only 0.4 and 0.04 % of the total 13C carbon from 
diatoms and bacteria, respectively. This observation can 
have different causes but may point to the fact that other 
food sources play a significant role.

The overall contribution of nematodes to the reminerali
zation of phytoplanktonic carbon in Potter Cove appears to 
be limited compared to other temperate regions, but it is 
higher than showed for Antarctic deep-sea environments. 
On the contrary, the uptake of bacteria is similar to that of 
deep-sea communities, and again it shows how nematodes 
feed on this food source to a very limited extent.

In conclusion, we can state these three shallow water 
sub-Antarctic meiofauna taxa may depend on the overly
ing water column, but still their low uptake does not seem 
to mirror their putative carbon requirements. Their contri
bution to the reworking of the given food sources appeared 
too low to be considered essential to the potential overall 
sediment carbon flux. Whether other food sources are 
more important for their diet or the given food sources 
were not in a state that was appetizing for the animals, or 
whether the presence of other organisms (e.g. macrofauna 
organisms) in the experimental unit did have an influence 
on the selected meiobenthic taxa uptake needs further 
investigations.
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