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ABSTRACT: The diet composition of 2 Antarctic octocorals, Primnoisis antarctica and Primnoella sp.,
from the shelf of the eastern Weddell Sea (Antarctica) is studied here for the first time. Although
mesozooplankton is very scarce in the diet of these organisms, it seems to be important because of its
high carbon content. Feeding experiments showed that components of the seston, including the finer
fraction of suspended organic matter (ciliates, dinoflagellates and phytoplankton), are also an impor-
tant part of the octocoral diet. In P. antarctica, the diatom Fragillariopsis spp. accounted for 77 % of
the total number of cells captured, followed by dinoflagellates (20 %), Nitzschia spp. (2 %) and ciliates
(1%). In Primnoella sp., dinoflagellates were consumed preferentially (92 %), followed by ciliates
(6 %) and centric diatoms (2 %). Biomass consumed, however, was low (1.11 x 107> mg C polyp ' d!
for P. antarctica and 1.34 x 10~* mg C polyp™! d! for Primnoella sp.). In P. antarctica, small plankton
food covers approximately 49 % of the daily energy demand. The ability of these suspension feeders
to capture small cells at lower concentrations may allow them to remain seasonally active for con-
siderably longer periods than previously thought.
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INTRODUCTION

The seston, the total particulate matter suspended in
the water column, consists of an enormous variety of sub-
stances that includes detrital particulate organic matter
and planktonic animals and plants, dynamically linked
by the microbial food web (Azam et al. 1983). Despite
its variety and ubiquity, the seston represents a highly
dilute food source (Riisgard & Larsen 2001) to potential
consumers, such as sessile suspension feeders that
typically dominate benthic communities (Officer et al.
1982, Gili & Coma 1998). These organisms are able to
capture substantial amounts of seston and planktonic
prey, and the grazing pressure on the water column
planktonic communities by benthic macro-invertebrates
appears to be much greater than previously thought
(e.g. Pile et al. 1996, Gili & Coma 1998, Orejas et al. 2001).
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Many anthozoans, such as corals, zoantharians, alcy-
onaceans and actinians, are among the more conspicu-
ous components in littoral benthic communities in tem-
perate and tropical areas (e.g. True 1970, Loya 1972).
In situ prey capture rates are available for a small
number of species (e.g. Lewis 1982, Coma et al. 1994,
Sebens et al. 1996). These studies have mainly focused
on zooplankton as principal prey items. Gorgonians
have rarely been shown to capture zooplankton (e.g.
Lasker et al. 1983). Alternative food sources, such as
suspended particulate matter (Lasker 1981), mucus
produced by corals (Coffroth 1984), dissolved organic
matter (Murdock 1978) and microplankton (Ribes et al.
1999a), have been proposed. In fact, significant cap-
ture of zooplankton prey occurring in situ has only
been shown in the Mediterranean species Paramuricea
clavata Risso (Coma et al. 1994). Even in this species,
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the capture of zooplankton only accounted for about
50% of its energy requirements. The remaining de-
mand must be covered by small seston (Ribes et al.
1999a). Recent studies have suggested that the com-
munities of small plankton (mainly phytoplankton)
play an important role in the diet of various benthic
anthozoans and other suspension feeders in temperate
and boreal latitudes (e.g. Ribes et al. 1998a, 1999b,
Riisgard et al. 1998), tropical areas (Fabricius et al.
1995, Yahel et al. 1998), and also in the Antarctic
(Kowalke 2000, Orejas et al. 2001). However, the study
of gastrovascular contents of gorgonians in Antarctic
waters (Alva et al. 1997) revealed a very low number of
zooplankton prey items. This would seem to be a para-
dox taking into account that summer is the period in
the Antarctic when higher primary production rates
and higher zooplankton densities occur. Additionally,
the high reproduction rates of octocorals in Antarctic
waters are comparable to those from other latitudes
(Orejas et al. 2002), indicating that other planktonic
components must be consumed by these organisms in
order to meet their energy demands.
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Fig. 1. Studied species. (a) Primnoisis antarctica, (b) Prim-
noella sp.

In recent years, ecological work on Antarctic suspen-
sion feeders has increased notably, for instance, on
bivalves (e.g. Davenport 1997, Albertelli et al. 1998),
sponges (e.g. Starmans et al. 1999, Kowalke 2000),
ascidians (e.g. Sahade et al. 1998, Kowalke 1999) and
bryozoans (e.g. Sanderson et al. 1994, Barnes & Clarke
1994). Some studies on boreal sponges are also avail-
able (e.g. Pile et al. 1996, Riisgard et al. 1998). How-
ever, studies on passive suspension feeders in polar
regions are still scarce, even though they represent a
conspicuous group in benthic Antarctic shelf commu-
nities (e.g. Arntz et al. 1994, Gutt & Starmans 1998).
According to Starmans et al. (1999), anthozoans are
the third dominant taxon in the shelf communities of
the Weddell Sea and account for 10 % of individuals.

It has long been assumed that Antarctic ecosystems
experience an extended period of biological inactivity
because of the long periods of ice cover (Gruzov 1977).
However, recent studies on Antarctic shallow waters
suggested only a brief period of feeding inactivity in
some Antarctic benthic suspension feeders (Barnes &
Clarke 1995). This is related to the finding at littoral
sites that in winter nanoplankton chlorophyll a (chl a)
exceeds that of the microplankton for approximately
3 mo (Clarke & Leakey 1996).

Pico- (cells <2 pm) and nanoplankton (cells 2 to
20 pm) dominate many planktonic communities in
terms of production (e.g. Platt et al. 1983, Stoeckner &
Antia 1986, Burkill et al. 1993). The plankton of the
Southern Ocean is dominated by nanoflagellates and
small pennate diatoms (e.g. Sakshaug & Holm-Hansen
1984, Nothig et al. 1991, Scharek & No6thig 1995).
These organisms are rare during winter but bloom dur-
ing spring. In contrast, heterotrophic nanoflagellates,
dinoflagellates and ciliates are present practically all
year round (Hewes et al. 1985). This ‘split’ planktonic
system might provide a key to the understanding of the
ecology of benthic suspension feeding organisms.

In this study, we examine the role of small plankton
in the diet of 2 Antarctic gorgonians. We focused on
3 main questions: (1) which particles are captured by
the 2 species and in what proportions; (2) what is their
diet in comparison with that of other suspension feed-
ers around the world; and (3) how can this diet help to
explain the role of suspension feeders in Antarctic
ecosystems and, in particular, the lack of an extended
inactive period in benthic Antarctic communities.

MATERIALS AND METHODS

Description of the species and sampling. Primnoisis
antarctica (Studer, 1879) (Isididae, Octocorallia) is a
branched gorgonian with arborescent growth form
(Fig. 1a). Specimens were collected from soft substrata
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in a depth range between 200 and 500 m. The second
species, Primnoella sp. (Primnoidae, Octocorallia)
(Fig. 1b), is also common but it remains to be de-
termined because of the extreme variability of the
genus (P.J. Lopez-Gonzdlez pers. comm.). It has a
flagelliform, unbranched shape, with polyps arranged
in whorls. This species lives attached to stony substrata

and occurs mainly in shallow areas (ca. 60 to 100 m -60°

depth).

Sampling was carried out on board RV ‘Polarstern’
during the EASIZ II cruise (ANT XV/3, January to
March 1998) in the Kapp Norvegia area (eastern
Weddell Sea, approximately 71°5'S, 13°01'E) at
depths of 60 to 500 m (Fig. 2). Expedition details are
given in Arntz & Gutt (1999). Specimens were sampled
with a large TV grab of 1.82 m? area and immediately
transferred to sea water aquaria maintained at South-
ern Ocean temperature (-1 to 0.5°C). The sampled
area was characterised by Vo8 (1988), who described
the presence of sandy bottoms but also sponge spicule
mats, bryozoan debris and a few stones. High species
richness, diversity and evenness are also characteristic
of the Kapp Norvegia area (Galéron et al. 1992).

Gastrovascular contents. To determine the role of
zooplankton prey in the diet of both species, polyp gas-
trovascular contents were analysed; 195 polyps from
13 colonies of Primnoisis antarctica and 200 polyps
from 8 colonies of Primnoella sp. were dissected under
a binocular and a light microscope. The prey items
were identified, where feasible to taxa, and their sizes
measured. Calculation of biomass values for the vari-
ous groups was done using conversion values from
various sources (Edler 1979, Coma et al. 1995, S. Schiel
unpubl. data).

Feeding experiments. The role of small plankton in
the diet of Primnoisis antarctica and Primnoella sp. was
also evaluated from feeding experiments. A modified
form of the incubator developed by the Institut de
Ciencies del Mar (Ribes et al. 1998a, 2000) was used to
study the diet of benthic suspension feeders. The incu-
bator consists of a chamber of 5 1 volume in which
the colony is placed, and an empty control chamber
(Fig. 3). Each closed chamber was connected to a
pump that re-circulated the seawater at a renewal rate
of 3.3 1 min~!. The experiments were carried out at a
constant flow speed in order to avoid particle sedimen-
tation. Increasing flow in the incubation chamber may
accelerate the particle capture by gorgonians but not
the final capture rate due to the long incubation time.

Water was collected as close to the seafloor as pos-
sible by means of a CTD equipped with a rosette. Tem-
perature and salinity were simultaneously measured.
The chambers and all required material and instru-
mentation were held in a refrigerated experimental
room to maintain environmental temperature. Co-
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Fig. 2. Sampling area in the high Antarctic Weddell Sea

lonies were held in the cooled aquarium until the incu-
bation experiments were carried out. Immediately
prior to the experiments, animals (6 specimens were
used for each species) were placed in the experimental
chamber and were allowed to fully expand. After this
period of acclimation (3—4 h), the incubation chambers
were closed and initial water samples of 2000 ml were
taken from both chambers. A second set of water sam-
ples was collected 6 h later. The fact that the experi-
mental design considered only an initial and a final
sample could generate some uncertainty in the final
results. The reduced prey concentrations in the water
samples forced us to take large samples for the differ-
ent analyses. Due to the limited capacity of the experi-
mental chambers and the high volume of the water
samples, it was not possible to take samples in differ-
ent sampling intervals, although this would have been

Fig. 3. Experimental device for the feeding experiments.
A: Aquarium container, B.1: experimental chamber, B.2: con-
trol chamber, C: pump, D: specimen
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ideal in order to check the half-life of different prey
organisms and particle size.

Capture rates were calculated using the variation in
the concentration levels of bacteria, nanoflagellates,
ciliates, dinoflagellates, diatoms, total particulate or-
ganic carbon (POC) and dissolved organic carbon
(DOC) in the water samples. Corrections were made
for the net growth rate of bacteria, nanoflagellates,
ciliates, dinoflagellates and diatoms, and for the net
increasing rates of POC and DOC during the experi-
ment as revealed by the control chamber. Depletion
rates were calculated by assuming exponential growth
and clearance of prey (Saiz 1993). Thus, the prey
growth rate k is computed (h™!) as:

k = In(C/Co)/ti -t (1)

where C, and C; are the prey concentrations in the
chamber at the initial time t, and the final time ¢.
The clearance rate CR (volume swept clear biomass™
time™?!) is calculated as:

CR = Vg/b 2)

where Vis the volume of the chamber, b is the organ-
isms biomass and g is the grazing coefficient (h™!),
which is computed as:

g = kc_ke (3)

where k. is the prey growth rate in the control cham-
ber and k. is the apparent growth in the chamber with
organisms. Finally, the ingestion rate I (prey ingested
biomass™! time™?) is:

I=CRC (4)

where C'is the average prey concentration, calculated
using the initial and final values of prey concentration
during the experiment.

To quantify heterotrophic bacteria, water samples
were stored for flow cytometry by standard methods
(Gasol & del Giorgio 2000). For quantification and
measurement of nanoplankton (nanoflagellates), water
samples were stained with DAPI; counting and mea-
surement was done by epifluorescence microscopy
(Porter & Feig 1980). To quantify, measure and identify
ciliates, dinoflagellates and diatoms, water samples
were stored in acid Lugol (Utermohl 1931, 1958) for
subsequent microscopy.

Cell biovolume was calculated from length and
width by approximation to the nearest regular geomet-
ric volume. Carbon content of heterotrophic bacteria
was estimated from literature conversion factors (Fry
1988). For pico- and nanoplankton and for the different
diatom groups, the method described in Edler (1979)
was followed. Nutrients (NO,, NOj;, Si and PO,) in
the water samples were measured using a Technikon
autoanalyzer II system following standard methods

(Grasshoff 1976). Carbon content was measured using
a Leco CN 2000 analyzer. Water samples for these
analyses were taken close to the bottom, between 200
and 400 m depth, in the same areas where the speci-
mens for the experiments were collected. Initial con-
centrations of plankton groups as well as POC and
DOC in the experiments were also taken as environ-
mental concentrations.

To calculate the biomass of the Primnoisis antarctica
and Primnoella sp. colonies used in the experiments,
specimens were rinsed with water to remove salt and
associated macrofauna, and dry mass was determined
after drying at 90°C for 24 h. To determine ash-free dry
mass (AFDM), the tissue and axis of the colonies were
separated, and combusted separately at 450°C for 5 h.

Depletion rates for the different potential prey items
were calculated by assuming exponential growth and
clearance of prey as described in Ribes et al. (1998b).
Because the data were not normally distributed, a non-
parametric test (Wilcoxon test) (Sokal & Rohlf 1995)
was used to identify possible differences between prey
net growth rate, and POC, DOC and nutrients net
increment rate in the experimental and control
chamber.

Ingestion rates were estimated from the clearance
rates calculated from the feeding experiments and the
mean prey concentration value for each prey type
during the experiment (Ribes et al. 1999b). Ingestion
was expressed in terms of number of cells colony™*
time™! and in terms of carbon as a proportion of organic
carbon weight of tissue time™!. All results are ex-
pressed as mean + SD.

RESULTS
Feeding on zooplankton

A small number of zooplankton prey was found in
the 195 analysed polyps of Primnoisis antarctica
(Table 1). The maximal number of prey items per
colony was 4, including 3 copepod nauplii and 1 tin-
tinnid. Primnoella sp. did not contain any zooplankton
prey in the dissected polyps. These results agree with
the observations of Alva et al. (1997) who also dis-
sected polyps of different Antarctic gorgonian species,
finding scarce zooplankton prey in their gastrovascular
cavities.

It is difficult to estimate the contribution of zooplank-
ton in the diet of Primnoisis antarctica without addi-
tional information about diel zooplankton capture rate.
However, looking at the high carbon content of zoo-
plankton prey items (Table 1), it is clear that they play
a more important role in the diet of this species in
terms of mass than is indicated by their low number.
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Feeding on small-planktonic communities

Net growth rates were calculated for each plankton
taxon (excluding zooplankton bigger than 100 pm) and
for POC and DOC in both the control and experimen-
tal chambers (Fig. 4). Net growth rates of ciliates and
dinoflagellates, followed by Nitzschia spp., Fragillari-
opsis spp. and centric diatoms were generally lower in
the experimental than in the control chamber. The
concentrations of bacteria, nanoflagellates and POC
increased in both chambers, but to a greater extent in
the experimental one. In contrast, DOC showed a
general decrease in concentration, being higher in the
experimental chamber for Primnoisis antarctica and in
the control chamber for Primnoella sp. Average prey
concentrations (cells I'!) of ciliates, dinoflagellates and
diatoms in the environment and during the experi-
ments are shown in Table 2.

The Wilcoxon test applied to the results for Primnoi-
sis antarctica detected statistically significant differ-
ences in the net growth rate (p < 0.05) for Fragillariop-
sis spp. and for nanoflagellates. For Primnoella sp.,
statistically significant differences in the net growth
rate (p < 0.05) were detected for ciliates, dinoflagel-
lates and for DOC.

In our experiments, neither species appeared to
graze on analysed organisms <5 pm. Ingestion rates for

Table 1. Number and type of zooplankton prey items found

in the gastrovascular cavities of Primnoisis antarctica, and

carbon content of each prey item (expressed in mgC).

Sources for conversion to mgC: Edler (1979) and S. Schiel
(pers. comm.)

Colony No. of dis- Prey Prey mgC per
sected polyps no. type prey item

1 15 0 - -

2 15 0 - -

3 15 1 Tinntinid ~3.2x107°

4 15 0 - -

5 15 2 Nauplii ~7.5 %1073
Tinntinid ~3.2x107%

6 15 0 - -

7 15 0 - -

8 15 1 Invert. larvae ~7.2x107°

9 15 0 - -

10 15 0 - -

11 15 4  Nauplii (3) ~7.5-18.0x 1073
Tintinnid ~3.2x1073

12 15 1 Nauplius ~11.0x 107*

13 15 0 - -

both species are summarised in Table 3. The highest
ingestion rate (cells polyp™ d™!) in Primnoisis antarc-
tica was for Fragillariopsis spp. followed by dinoflagel-
lates, Nitzschia spp. and ciliates. In Primnoella sp., the

(a) Primnoisis antarctica

Net growth rate (h-1)
<)

o
N
L

o
@

(b)  Primnoella sp. [] Control chamber

| Experimental chamber

o
FS

Fig. 4. Net growth and increasing rates (h™!) (mean + SD) of each plankton group, particulate (POC) and dissolved (DOC) organic
carbon in the control (white bars) and experimental (shaded bars) chambers for (a) Primnoisis antarctica and (b) Primnoella sp.
Size range of each plankton group is indicated. Bars indicate SD
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Table 2. Small-plankton group concentrations (C); initial values (control) and mean values of experimental chambers containing
Primnoisis antarctica and Primnoella sp. Control concentrations used as environmental concentrations for the different groups
and components of the fine fraction of seston. DOC: dissolved organic carbon. POC: particulate organic carbon

Small-plankton Primnoisis antarctica Primnoella sp.
group Ccontrol (cells Il'l171) Cexperiment (cells mlil) Ccontrol (cells mlil) Cexperiment (cells mlil}
Bacteria 1.25 x 10° + 0.31 0.53 x 10° + 6.57 2.28 x 10° + 0.61 4,49 x 105+ 2.15
Nanoflagellates 202.48 + 103.79 614.38 + 388.96 265.16 + 79.77 341.41 + 144.83
Ciliates 0.24 + 0.06 0.18 + 0.05 0.94 +£0.52 0.42 +£0.20
Dinoflagellates 3.12+0.10 2.86 + 0.76 13.22 £ 9.33 9.83 £ 7.89
Nitzschia spp. 0.54 £ 0.10 0.48 + 0.39 13.22 £ 9.33 5.39 + 7.80
Fragillariopsis spp. 8.77 £ 2.46 6.19 + 2.60 37.82 + 39.81 31.16 £ 24.95
Centric diatoms 0.45 + 0.09 0.31 + 0.06 0.43 +0.31 0.30 £0.17
(mg C ml™?) (mg C ml™?) (mg C ml™?) (mg C ml™?)
POC 0.06 + 0.04 0.17 = 0.05 0.14 = 0.05 0.24 £0.18
DOC 2.01x10°%+1.55 2.14 x107°%+ 1.28 0.24 +£0.22 0.24 £0.23

highest ingestion rate was for dinoflagellates followed
by ciliates and centric diatoms.

Total ingestion rates, taking into account all seston
groups and food items, of Primnoisis antarctica and
Primnoella sp. were the same order of magnitude

oCiliates
¢ Dinoflagellates

A Centric diatoms
0O Nizschia spp.

O Fragillariopsis spp.

1000

Primnoisis antarctica (a)

100
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10 *
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0.001 w ;
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Prey concentration (cells I-1)

Fig. 5. Primnoisis antarctica and Primnoella sp. Ingestion rate

(cells d!) versus prey concentration (cells 1"!) of (a) Primnoisis

antarctica and (b) Primnoella sp. for each prey group. Loga-
rithmic scale for both variables

(Table 3). However, Primnoella sp. generally exhibited
higher ingestion rates than P. antarctica. Ingestion
rates did not vary significantly due to different concen-
trations in P. antarctica (Fig. 5a), suggesting that the
grazing on all groups was close to the maximum. In
Primnoella sp. (Fig. 5b), there was a general tendency
to increased predation when the cell concentration
increased. A significant positive correlation between
grazing rate and concentration in the environment was
observed in 2 groups: ciliates (r? = 0.832; p < 0.05) and
centric diatoms (r> = 0.891; p < 0.05). On average,
P. antarctica and Primnoella sp. ingested 1.11 x 107°
(SD +0.01) mgC polyp ! d! and 1.34 x 107 (SD = 0.12)
mgC polyp! d7!, respectively, from these prey items
(Table 3).

The available prey in the environment for both stud-
ied species is shown in Fig. 6. The composition of the
plankton groups was quite similar in both cases, as
would be expected because both samples were taken
approximately from the same area and depth. The dif-
ferences in the carbon content are caused by the cell
size dependency of the carbon content (different cell
sizes were found at the sampling stations).

The percentage contribution of each group to the
diet of both species was also calculated (Fig. 7). For
Primnoisis antarctica, Fragillariopsis spp. was the
main contributor in terms of percentage of ingested
cells (77 %), followed by dinoflagellates (20 %), Nitz-
schia spp. (2%) and ciliates (1 %), whereas the higher
contribution in mgC was supplied by Fragillariopsis
spp. and dinoflagellates followed by ciliates and Nitz-
schia spp. In Primnoella sp., dinoflagellates accounted
for 92% of ingested cells in the diet, followed by cili-
ates (6 %) and centric diatoms (2 %). The highest con-
tribution in terms of mgC was made by dinoflagel-
lates (85%), followed by ciliates (13%) and centric
diatoms (2 %).
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Table 3. Primnoisis antarctica and Primnoella sp. Ingestion rates of each prey plankton group. Values are expressed as mean
(+SD) cells polyp™ d”!, mgC polyp d!, mgC mg DM! h! and mgC mg AFDM! h™!

Primnoisis antarctica Ciliates Dinoflagellates Nitzschia spp. Fragillariopsis spp. Total

Ingestion (cells polyp™ d}) 0.12 + 1.66 220x10+4.64 1.63x10'+1.64 838x10+3.87  520x10+0.45

Ingestion (mg C polyp™ d}) 3.53x1077+4.93 999x107+2.02 6.22x10°+38 1.13x10°+0.69 1.11x10°+0.01
Ingestion (mg C mgDM'd™") 3.97x107+555 1.12x10%+227 6.99 x107°+43 1.27x10°+0.78 1.25x107°£0.12
Ingestion (mg C mg AFDM ' d™!) 4.21 x 1077 £5.88  1.19x10°+241 7.41x10°+44.98 1.34x10°+0.83 1.32x107°+0.13

Primnoella sp. Ciliates Dinoflagellates Centric diatoms Total

Ingestion (cells polyp™* d™!) 3.22x10 £ 3.11 4.87 x10' +5.18 8.84 x 107! + 1.80 26.67 x 10" + 3.59

Ingestion (mg C polyp™* d™!) 9.00 x 1075+ 0.10 1.58 x 1075 + 1.51 1.92 x 1077 + 7.02 1.34 x 1074+ 0.12

Ingestion (mg C mg DM d1) 1.41x 1075+ 1.58 2,47 x 107° + 2.36 2.22x107 £ 12 2.09 x 107* £ 0.19

Ingestion (mg C mg AFDM™! d ) 2.37 x 107° + 2.66 4.16 x 107° + 3.97 3.74 %107 + 19 3.52x 107 +0.31

Nutrient concentrations were not significantly differ- (Ribes et al. 1999a,b) have shown high grazing effi-
ent at the beginning and at the end of the experiment. ciency by these benthic invertebrates on the small-
However, in some of the replicates the nitrite and plankton communities in near-bottom waters. In stud-
nitrate concentrations were slightly higher at the end. ies carried out on coral reefs in the Gulf of Aqaba (Red

Sea), Yahel et al. (1998) showed that the taxa respons-
ible for the depletion of phytoplankton at the reef

DISCUSSION were most likely species of sponges and ascidians. The
results of this study are also consistent with previous
Predation on the small-planktonic communities by gut contents studies (e.g. Lasker et al. 1983) as well as
suspension feeders has recently been described in the with feeding experiments carried out in the laboratory
literature. Studies of sponges in the Arctic (Pile et al. (Sorokin 1991). Thus, nano- and microplankton may
1996), gorgonians in the Caribbean (Ribes et al. 1998b) constitute a regular feeding source for many gorgonian
as well as on several benthic Mediterranean species species. In general, anthozoans have a wide spectrum
a Primnoisis antarctica Primnoella sp.
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Fig. 6. Primnoisis antarctica and Primnoella sp. Prey concentration split by each group in the respective environment where the
gorgonians were sampled for (a) Primnoisis antarctica and (b) Primnoella sp. Black bars show prey concentration in % of cells and
white bars in % of mgC (logarithmic scale)
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Fig. 7. Primnoisis antarctica and Primnoella sp. Ingested prey of each plankton group in % for (a) Primnoisis antarctica and
(b) Primnoella sp. Black bars show ingested prey in % of cells and white bars in % of mg C (logarithmic scale)

of potential prey including DOC and detrital and live
POC (bacteria, protozoa, phytoplankton and zooplank-
ton). Although in some species from other groups, a
single prey type can provide most of the energy
requirements (Asmus & Asmus 1991), it appears that a
wide and heterogeneous diet is a common feeding
strategy in littoral benthic suspension feeders (e.g.
Stuart & Klumpp 1984, Coma et al. 2001). The fact that
the Antarctic gorgonians studied here are able to pre-
date on the fraction of seston >5 pm corroborates
this general trend in sessile suspension feeders. The
Antarctic hydrozoan Oswaldella antarctica also feeds
on the small plankton (Orejas et al. 2001), although
hydroids have traditionally been considered as carniv-
orous (Gili & Hughes 1995). All these observations
demonstrate that bacteria, phytoplankton and sus-
pended organic matter may play an extremely impor-
tant role in the feeding of non-molluscan suspension
feeders (e.g. Riisgdrd 1991, Coma et al. 2001). Other
Antarctic species also show this trend, including some
ascidians feeding mainly on particles between 1.2 and
6.5 pm (Kowalke 1999) and the bivalve Laternula ellip-
tica (Ahn 1993), which filters <5 pm particles similar to
bivalves in other latitudes (Jergensen 1990).

Feeding studies on gorgonians have only rarely
reported the capture of zooplankton prey items (e.g.
Lasker et al. 1983). For this reason, alternative food
sources have been proposed (Murdock 1978, Lasker
1981, Coffroth 1984, Herndl & Velimirov 1986, Pile et
al. 1996, Ribes et al. 1999a). Significant capture of nat-
urally occurring zooplankton prey close to the bottom
has only been documented in the Mediterranean
species Paramuricea clavata (Coma et al. 1994) and the
Caribbean gorgonians Plexaura flexuosa and Pseudo-

plexaura porosa (Ribes et al. 1998b). In the Antarctic
species studied, Primnoisis antarctica specimens had a
very small amount of zooplankton prey items in their
gastrovascular cavities. However, as in P. clavata
(Coma et al. 1994), the small contribution of zooplank-
ton prey might be very important to cover the energy
requirements of the species, since the carbon ingested
via zooplankton prey items represents a larger con-
tribution to energy balance than that of micro-, nano-
and picoplankton items. The combination of low
metabolism (Clarke 1998) and individual nutritive prey
could compensate for a long period of limited food
availability. Specimens of Primnoella sp. did not show
any zooplankton prey items in their gastrovascular
cavities. We observed, however, that all dissected
polyps were filled by well-developed gonads (up to
13 oocytes in 1 gastrovascular cavity) which might ex-
plain the absence of large prey. This same phenome-
non has been mentioned by Brito et al. (1997) for the
Antarctic gorgonian Thouarella variabilis.

The observation of finding few large prey in the
gastric cavity of only 1 of the 2 species studied might
be connected with a low abundance of these prey in
the gorgonian habitat, or due to sampling constraints
resulting in the collection of colonies without food
remains. The importance of zooplankton prey for
sessile passive suspension feeders remains an open
question (see Gili et al. 2001).

On average, a colony of Primnoisis antarctica (bio-
mass: 1.91 g AFDM) ingested 1.32 x 10> + 0.13 mgC
mg AFDM™! d! of particles <100 pm, comprising
ciliates, flagellates and phytoplankton. If we consider
the respiration rate of P. antarctica as 0.007 ml O, h™!
colony™! (Gili et al. 1999), which in terms of energy
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Table 4. Comparative concentration values (x 10° cells ml™!) of the different groups which constitute the small fraction of seston in
different seas at different latitudes. —: no data available

Location Depth Pico- Pico- Autotrophic Heterotrophic Source
(m) plankton eucaryotes nanoeucaryotes nanoeucaryotes

Baltic Sea 10-20 30-80 - - - Larsson & Hangstrom (1982)
Celtic Sea 0-50 200-600 - - <1-7 Joint & Pomroy (1983)
Gulf Stream - +1 - - - Waterbury et al. (1979)

(Slope Water/North)
Woods Hole Harbor - 2-360 - - - Waterbury et al. (1979)
Nova Scotia, coastal ~200 4-50 - - - Douglas (1984)

slope and eddy
Rhode Island shelf 50-100 495 - - - Johnson & Sieburth (1979)
Narragansett Bay 50-100 1800 - - - Johnson & Sieburth (1979)
Japan, coastal waters 0-70 <1-100 - - - Takahashi et al. (1985)
Mediterranean Sea 15 516 1.64 <1 <1 Ribes et al. (1998a)
Azores 65-89 4-17 - - - Platt et al. (1983)
Red Sea (Agaba Gulf) 1-50 - <1-8 - - Yahel et al. (1998)
Costa Rica Dome 0-80 500-1500 - - - Lietal. (1983)
Peru and Arabian Sea 200-400 <0.01-0.3 - - - Waterbury et al. (1979)
Hawaii 0-30 690 - <1 +1 Laws et al. (1984)
Signy Island (Antarctica) 20-25 304 - - - Clarke & Leakey (1996)
Weddell Sea 250-300 117-252 <1 - <1 This study

equivalents should be approximately 0.338 cal mg
AFDM! d7!, the small-plankton communities should
cover approximately 49 % of the daily energy demand.
These results are consistent with previous gut content
studies in other areas (e.g. Coma et al. 2002) and show
the relevance of the small food fraction in Antarctic
anthozoans. This study constitutes a first approach for
the evaluation of the grazing impact of sessile passive
suspension feeders on pico- and nanoplankton com-
munities in the Southern Ocean, and our results sug-
gest that they make an important grazing impact.
However, further effort on the study of other species
under natural conditions and at different periods of the
year is necessary to obtain an accurate estimate of the
grazing impact of these organisms.

The Antarctic octocorals studied seem to show the
same trophic behaviour as octocorals studied in other
latitudes, i.e. not making much use of large zooplank-
ters but feeding primarily on the small-plankton com-
munities, which is the most available food everywhere
(Table 4) (see for example Stoeckner & Antia 1986,
Burkill et al. 1993). The observed grazing on benthic
diatoms in the feeding experiments leads to the con-
clusion that resuspension may play an important role
in the food available for these organisms. Sedimented
fresh material, such as phytoplankton, represents a
primary food source for temperate gorgonians (Rossi
2002) and other sessile organisms including active
filter feeders (Riisgard & Kamermans 2001). Sediment
resuspension is a common phenomenon already docu-
mented in shallow nearshore environments surround-
ing Antarctica (e.g. Kloser et al. 1994). This phenome-

non may be particularly relevant during the austral
winter. In shallow areas, detritus resuspended by
wind-generated waves, anchor ice and currents may
be a viable food source for benthic invertebrates
during this season. This phenomenon has been called
the ‘utilisation of redistributed accumulated energy’
(Gruzov 1977).

The apparent difference with regard to species
studied in other latitudes does not refer to the quality
but to the quantity of food Antarctic octocorals ingest,
which is significantly lower. As mentioned above,
Antarctic organisms have low metabolic rates (Clarke
1991), which suggests higher growth efficiencies and
reduced cost of maintenance. In addition, low resting
metabolic rates provide energy advantages (over-
wintering reserves can be reduced) but limit the rate at
which food can be processed because of this energetic
constraint. However, the Antarctic octocorals might be
able to feed during the whole year, whereas octocorals
from temperate seas have a seasonal feeding behav-
iour. This seasonality may be due to the fact that
suspension feeders grow mainly on hard bottoms in
temperate regions where resuspended material is not
available to the same extent as in Antarctic waters.
Other octocorallian species, such as some pennatu-
laceans, develop dense populations in deeper soft
bottoms (Langton et al. 1990) where resuspension and
small prey could be the main food sources, as in the
Antarctic benthic communities.

Similar to the 2 gorgonians studied, several Antarctic
bryozoans are also adapted to feed at very low cell
concentrations, indicating that the polar winter may be
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shorter and less harsh for shallow-water benthic sus-
pension feeders than previously thought (Barnes &
Clarke 1994). One of these bryozoan species, Arachno-
pusia inchoata, continued feeding all year and 3 others
showed only relatively short periods of winter cessa-
tion of feeding activity. The feeding behaviour of the
bryozoans studied by Barnes & Clarke (1994) could
explain the absence of over-wintering energy reserves
in these benthic suspension feeders (Peck et al. 1986,
1987), related to reduced metabolic costs in benthos
compared with plankton (Clarke & Peck 1991). The
work of Barnes & Clarke (1994) was one of the first
studies which challenged the concept of the long
winter period as a ‘hibernation’ time in polar sessile
suspension feeders (Gruzov 1977), i.e. the idea of a
long winter period of starvation, which was a dominant
concept in Antarctic marine ecology for many years
(Clarke 1988).
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