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ABSTRACT: Octocorals are common components of sublittoral benthic communities in temperate,
tropical and polar areas. However, their natural diets and feeding rates are poorly known. In this
study, we examined natural feeding and respiration of the ubiquitous temperate species Leptogorgia
sarmentosa (Cnidaria: Octocorallia) in the NW Mediterranean. We measured in situ grazing rate on
dissolved organic carbon (DOC), detrital particulate organic carbon (POC) and live particulate carbon
<100 µm (i.e. pico- and nanoplankton, dinoflagellates, diatoms and ciliates) using continuous flow
incubation chambers. L. sarmentosa captured nanoeukaryotes, dinoflagellates, diatoms, ciliates, as
well as detrital POC, but no significant capture of DOC, nor of prey items smaller than nanoeukaryotes (mean 3.6 µm), was observed. Feeding rate on detrital POC and live carbon <100 µm was 402 ±
35 and 67 ± 6 µg C g ash-free dry mass (AFDM)–1 h–1, respectively. Detrital POC and zooplankton —
previously studied — were the 2 main food sources, while live carbon <100 µm accounted for less than
10% of the total ingested carbon. Respiration rate was 0.55 ± 0.24 mg O2 g AFDM–1 h–1 (mean ± SE),
which is equivalent to a requirement of 155 ± 67 µg C g AFDM–1 h–1. On the basis of estimated feeding and respiration rates, the respiratory demand can largely be met. The spectrum of food sources
and the contribution of different food sources to the diet is consistent with previous feeding studies
and suggests 2 general patterns in the diet of octocorals. First, octocorals feed on a wide spectrum of
food sources ranging from ca. 4 µm (nanoeukaryotes) to seston particles measuring several hundred
microns. Second, despite the wide spectrum of food sources, microplankton and detrital POC constitute the bulk of the heterotrophic diet of octocorals. The contribution of detrital POC to the diet of
octocorals suggests that there may be important seasonal variations in energy intake, which may
affect the seasonal dynamics of temperate octocorals due to the marked seasonal variation in the
availability of this particulate carbon source in temperate ecosystems like the Mediterranean.
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Food plays a determinant role in population and
community ecology (Schoener 1974, Olson & Olson
1989). In many shallow littoral ecosystems, benthic
suspension feeders (BSF) are useful subjects to exam-

ine the role of food in population and community ecology because they are abundant, they exhibit little or no
movement and are dependent upon food sources available in the water column. Changes in water column
productivity may induce changes in the community
composition of BSF (Dayton & Oliver 1977, Graff 1992),
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and several studies also indicate that BSF may significantly affect planktonic populations (Peterson & Black
1987, Petersen & Riisgård 1992, Gili & Coma 1998).
In some special environments, BSF can even control
the dynamics of planktonic communities (Cloern 1982,
Officer et al. 1982), although this grazing impact is
highly influenced by hydrodynamic processes (Fréchette et al. 1989, Riisgård et al. 1996). Despite much
evidence suggesting that the feeding ecology of benthic suspension feeders may be important in understanding littoral ecosystems, natural diets and feeding
rates of benthic suspension feeders are still poorly
known.
Octocorals are common components of sublittoral
benthic communities in temperate, tropical and polar
areas (e.g. True 1970, Kinzie 1973, Weinberg 1979,
Starmans et al. 1999). In some habitats, octocorals are
the main contributors to the biomass and structure of
the community (True 1970), and they play an important
ecological role by increasing the biomass and diversity
of the community. Natural feeding rates have been
shown to contribute to the understanding of life-history
traits (Coma et al. 1998). Abundance and feeding rates
of octocorals suggest that they may play a significant
role in energy transfer processes in littoral ecosystems
(Fabricius & Dommisse 2000). However, because natural feeding on the entire spectrum of potential food
sources has only been studied for a few species (Ribes
et al. 1998, 1999a), this lack of information has become
a limiting step in our understanding of the role of octocorals in the functioning of littoral ecosystems.
Natural prey capture rates of octocorals have been
studied in several shallow-water symbiotic species,
mainly by gut content examination. Zooplankton prey
capture rate is low (usually below 0.3 prey per polyp,
Lewis 1982, Fabricius et al. 1995). Gut content examination assesses zooplankton capture rate but underestimates small and soft-bodied prey because they leave
no recognizable remains. Direct and indirect evidence
from the use of other techniques shows that octocorals
can also feed on phytoplankton and particulate
organic matter (POM). In situ measurements of chlorophyll depletion indicate high feeding rates by Dendronephthya hemprichi on phytoplankton (0.008 g C
g AFDM–1 d–1, Fabricius et al. 1998). Indirect evidence
comes from a community study conducted on a coastal
reef community of the Great Barrier Reef. This study
showed that the benthic community, dominated by zooxanthellate octocorals, removed a significant amount
of suspended particulate matter and estimated that
octocorals had a biomass-specific ingestion rate of
0.01 g C g AFDM–1 d–1 (Fabricius & Dommisse 2000).
Gut content examination has shown significant capture of naturally occurring zooplankton prey only in
temperate asymbiotic octocoral species (Alcyonium

sidereum, Sebens & Koehl 1984; Paramuricea clavata,
Coma et al. 1994). Among P. clavata, the capture of
zooplankton accounted for only half of its energetic
requirements, suggesting that the role of other food
sources should be explored (Coma et al. 1998). A subsequent study utilizing incubation chambers (Ribes et
al. 1999a) showed that P. clavata also feeds on detrital
POC, nano- and microplankton, with a total biomassspecific ingestion rate of 0.002 g C g AFDM–1 d–1. This
rate is lower than that estimated for the zooxanthellate
octocoral community from the Great Barrier Reef
(Fabricius & Dommisse 2000).
Leptogorgia sarmentosa Linne 1758 (previously
Lophogogia ceratophyta) is a ubiquitous and characteristic member of the benthic Mediterranean fauna
that is usually found between 20 and 200 m depth
(Carpine 1963, Weinberg 1976), although in some locations it occurs as shallow as 10 m (Banyuls-sur-mer,
authors’ pers. obs.). This asymbiotic octocoral gorgonian lives on boulders which are usually found on soft
bottoms. Population structure, growth and secondary
production of the species has been studied in the La
Spezia Gulf (Ligurian Sea; Mistri & Ceccherelli 1993,
Mistri 1995). The main objective of this study was to
examine the natural diet and feeding rate of the species on the entire spectrum of potential food sources.
Zooplankton feeding has been previously studied
(Rossi 2002). Respiration rate was quantified to examine the extent to which the different food sources
examined can account for the energy demand of the
species. The study contributes to the understanding of
the role of dissolved organic carbon (DOC), detrital
particles, pico-, nano-, and microplankton in the diet of
octocorals. The study of a wide range of species is necessary to examine whether patterns emerge from particular studies. This study contributes to an examination of whether patterns in the diet of octocorals
emerge from this and previous feeding studies.

MATERIALS AND METHODS
The population of Leptogorgia sarmentosa we studied was located at the Medes Islands Marine Reserve
(NW Mediterranean Sea, 42° 3’ N, 3° 13’ E) at ca. 20 m
depth. Feeding on DOC, detrital particulate organic
carbon (POC), and live carbon <100 µm (including
pico- and nanoplankton, dinoflagellates, diatoms and
ciliates) was quantified using continuous-flow circulation chambers placed in situ.
Feeding experiments. The 2 incubation chambers
(1 with gorgonian and 1 control) were made from
hemispherical pieces of ultraviolet (UV)-transparent
Plexiglas, approximately 2 l in volume. Colonies of the
gorgonian Leptogorgia sarmentosa were selected to
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have a similar size and biomass (0.35 ± 0.05 g AFDM)
to reduce size effect on the study of both feeding and
respiration rates. Then, ca. 1 mo before the experiments, several L. sarmentosa colonies between 9 and
11 cm in height were removed from the substratum,
cleaned of macroepibionts, and attached to artificial
supports with PVC posts. These specimens were then
returned to their natural environment, close to conspecifics, to acclimate to the conditions. This approach
greatly reduced disturbance to the organism during
subsequent experimental work. The chambers had
inlet and outlet apertures, allowing the system to be
operated in an open or closed mode (see Ribes et al.
2000 for a detailed description of the system). An electric pump at the outlet aperture forced water through
the system at a speed of 0.024 l s–1 during the experiments. At this rate, the water velocity inside the chamber was about 1.2 cm s–1, creating a turbulent flow
around the test animal. At the beginning of each
experiment, 1 specimen was placed on the base of the
experimental chamber with the second chamber serving as control. Specimens were allowed to expand
fully. If the incubated specimen did not expand fully
within a few minutes, it was eliminated from the experiment. During the acclimation period, the inlet and outlet apertures of both the experimental and control
chambers were not connected, so the system was in
open water circulation. When the polyps were fully
expanded, replicate water samples of 500 ml were collected from the outlets of both chambers (initial water
samples) and preserved for further analysis (see
below). Inlet and outlet apertures were then connected, the system was closed and water circulation
was internal. In both chambers, oxygen concentration
and temperature were continuously measured by use
of Wissenschaftlich-Technische Werkstätten (WTW)
oxygen electrodes, Model EOT 196. Preliminary
experiments were conducted to determine the minimum time required to detect significant changes in
food source (Ribes et al. 2000). A residence time of
water inside the chambers of 4 h was determined. The
drop in oxygen concentration within the chambers
during this residence time was always less than 10%.
This drop in oxygen concentration did not affect respiration rate and animal behavior (Ribes et al. 2000),
which is in accordance with the results observed in
other species (Crisp 1984, Fabricius & Klumpp 1995).
Four hours after collecting the initial water samples,
replicate water samples of 500 ml were again collected
from both chambers (final water samples). All experiments were conducted between 10:00 and 16:00 h, and
the activity rhythm of the incubated colonies, as well as
that of conspecifics, was monitored by direct observation at 30 min intervals during the experiment. The
polyps of the incubated colony and conspecifics were
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expanded throughout the incubation. In the few cases
when the polyps of the incubated colony contracted,
the experiment was aborted. Grazing was calculated
from the decrease in prey concentration in the experimental chamber relative to the control (see below).
Potential prey items included: prokaryotes (heterotrophic bacteria, Synechococcus sp., and Prochlorococcus
sp.), eukaryotic pico- and nanoplankton, ciliates,
phytoplankton (diatoms and dinoflagellates), DOC and
detrital POC. Water volume used for the analysis of
DOC, POC, prokaryotes, eukaryotic pico- and nanoplankton was previously screened with a 100 µm net to
avoid larger plankters. Six incubation experiments,
using a different colony each time, were carried out on
6 different days between May 14 and June 28, 1999.
We used flow cytometry to quantify heterotrophic
bacteria, Prochlorococcus sp., Synechococcus sp., and
picoeukaryotes. Water samples (2 ml) were fixed with
1% paraformaldehyde + 0.05% glutaraldehyde (final
concentration), frozen in liquid nitrogen, and stored at
–80°C. For determination of bacterial and picoeukaryote abundance we used a B&D FACScalibur bench
machine with a laser emitting at 488 nm. Heterotrophic
bacteria were stained with Syto 13 (Molecular Probes)
at 2.5 µM and run at low speed (approx. 18 µl min–1)
with the flow cytometer. They were detected by their
signatures in a plot of side scatter versus green fluorescence. For the detection of Prochlorococcus sp., Synechococcus sp. and picoeukaryotes, we ran the sample
again without staining and at high speed (ca. 44 µl
min–1). Synechococcus sp. were detected by their
signature in a plot of orange versus red fluorescence.
Same signatures were used for Prochlorococcus sp.
and picoeukaryotes, knowing that Prochlorococcus sp.
had lower red fluorescence and no orange fluorescence, and picoeukaryotes had higher red fluorescence and no orange fluorescence. Further details can
be obtained from Gasol & Morán (1999).
Nanoeukaryote abundance was determined on
20 ml subsamples stained with DAPI and filtered
through a 0.2 µm filter (Nucleopore). Stained cells
were directly enumerated using epifluorescence
microscopy. Cell sizes of heterotrophic bacteria, Synechococcus sp., pico- and nanoeukaryotes were measured on the same filters. To quantify phytoplankton
and ciliate cell numbers, 350 ml water samples were
preserved with Lugol’s solution (1% final concentration). Subsamples of 100 ml were transferred to settling
chambers, and the major groups of nano- and microphytoplankton were quantified using an inverted
microscope. Cell sizes (length and width) were measured using an ocular micrometer.
Cell biovolumes were estimated from the length and
width measurements, assuming the nearest geometrical shape (Edler 1979). Carbon content was then esti-
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mated from literature conversion factors as follows:
nano-eukaryotes, pg C = 0.433 × (µm3)0.863 (Verity et al.
1992); phytoplankton, pg C cell–1= 0.109 × (µm3)0.991
(Montagnes et al. 1994); ciliates, 0.19 pg C µm– 3 (Putt &
Stoecker 1989).
Total POC was measured by filtering 150 ml water
samples on pre-combusted GF/F glass fiber filters.
Filters were then frozen in liquid nitrogen and kept at
–80°C until analysis. Prior to analysis, filters were
dried at 60°C for 24 h and exposed to HCl vapors for
48 h to destroy inorganic material, dried again and
analyzed with a C:H:N autoanalyzer (Perkin-Elmer
240). Particulate organic carbon measurements included both detrital and live carbon. Detrital organic
carbon was estimated as the difference between total
particulate organic carbon (C:H:N analysis) and total
live carbon (estimated from cell counts and cell measurements).
For DOC, 20 ml water samples were filtered through
pre-combusted GF/F glass fiber filters. The filtered
water was stored in glass tubes at –20°C until analysis.
Analysis was conducted by high-temperature catalytic
oxidation with an autoanalyzer (Shimadzu TOC-5000).
Depletion rates for naturally occurring particles (i.e.
seston) and DOM were calculated assuming exponential growth and clearance of prey (Frost 1972, Ribes et
al. 1998). Thus, the prey growth rate k (h–1) was
computed:
k = ln(C1 /C0)/(t1 – t 0)
where C0 and C1 are the prey concentrations in the
chamber at the initial time t 0 and at the final time t 1.
The clearance rate CR (volume swept clear per biomass per time) was computed as follows:
CR = V (g/b)
where V is the volume of the chamber, b is the biomass
of the colony (number of polyps, dry mass [DM] or
AFDM) and g is the grazing coefficient (h–1), calculated as:
g = kc – kg
where k c is the prey growth rate in the control chamber, and k g is the apparent growth in the grazing
chamber. Finally, the ingestion rate I (particles
ingested ind.–1 time–1) was calculated as:
I = CR × C
where C is the prey concentration.
The significance of predation on each kind of prey
was tested by comparing growth rates of prey in
control and experimental chambers with a 2-tailed
Wilcoxon test (Sokal & Rohlf 1995).
Respiration rates. Respiration was estimated simultaneously with the feeding experiments. Oxygen con-

centration and temperature were continuously measured with WTW electrodes in both chambers, and the
data were recorded every 10 min by a data-logger.
Respiration rates were estimated from the decrease in
oxygen concentration in the gorgonian chamber during each experimental period. The control chamber
was used to detect possible oxygen variation not due to
the gorgonian colony. A respiratory quotient (RQ) of
0.75, the mean value reported for several benthic
marine invertebrates (Hatcher 1989), was used. Oxygen units were converted to carbon equivalents using
a carbon to oxygen conversion factor of 0.281, calculated from the equation described by McCloskey et
al. (1978).
The total number of polyps present in each of the 6
incubated colonies was counted under the stereomicroscope. The estimate of the number of polyps was
facilitated by the distribution of the polyps on the
branches of Leptogorgia sarmentosa, as polyps are in a
single row along the 2 sides of the branches. L. sarmentosa colonies were rinsed to remove salts; DM was
determined by drying at 90°C for 24 h and AFDM by
combustion at 450°C for 5 h.
Data of feeding on zooplankton by Leptogorgia sarmentosa comes from a previous study (Rossi 2002)
and is used when examining the contribution of the
different food sources to the energy demand of the
species, in order to consider the entire spectrum of
food sources.

RESULTS
Feeding on DOC, detrital POC and live carbon
<100 µm
Fig. 1 shows prey growth rates in the control chamber and in the chamber with the octocoral, for the different food sources considered as potential diet items.
Differences in the growth rate between control and
experimental chambers were used to measure depletion by the octocoral. The growth rate of nanoeukaryotes, diatoms, dinoflagellates and ciliates, as well as
detrital POC, was significantly greater in the octocoral
chamber than in the control chamber (Fig. 1). Therefore, Leptogorgia sarmentosa significantly captured
nanoeukaryotes, diatoms, dinoflagellates and ciliates
as well as detrital POC. No significant decrease in
abundance of DOC nor in abundance of prey items
smaller than nanoeukaryotes (mean ± SE: 3.6 ± 1.4) in
the presence of L. sarmentosa relative to the control
was observed.
There were no significant differences in mean specific clearance rate (CRAFDM) for the different food
sources that were captured by Leptogorgia sarmentosa
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Fig. 1. Leptogorgia sarmentosa. Growth rates of prey (mean ±
SE) in the octocoral chamber (dark bars) and control chamber
(empty bars) for each plankton group. Maximum length (µm)
of each group (mean ± SE) is at the bottom of the figure.
Het B: heterotrophic bacteria, Syn: Synechococcus sp.,
Pic: autotrophic picoeukaryotes, Nan: autotrophic nanoeukaryotes, Rhi: Rhizosolenia sp., Chae: Chaetoceros sp.,
Din: dinoflagellates, Cil: ciliates, POC: detrital particulate
organic carbon, DOC: dissolved organic carbon. Plots represent a mean value of 6 different experiments with 6 different
colonies. The degree of significance from a 2-tailed Wilcoxon
test is also shown. n.s.: not significant, "p < 0.05

Fig. 2. Leptogorgia sarmetosa. Specific ash-free dry mass
clearance rate (CRAFDM; ml swept clear g AFDM–1 h–1, mean ±
SE) as a function of prey size (µm). Prey size in log scale. Diat:
diatoms, other abbreviations as in Fig. 1

(Fig. 2; Kruskal-Wallis test, H = 1.07, df = 19, p = 0.89).
Fig. 3 shows the relationship between food biomass
and ingestion rates in the feeding experiments. This
relationship suggests that ingestion of nanoeukaryotes, dinoflagellates, diatoms and ciliates by L. sarmentosa depended on both prey size and abundance.
Ingestion of the large (69 µm) but not abundant centric
diatoms of the genus Rhizosolenia (the main centric
diatom) was similar to that of small (3.6 µm) but abundant nanoflagellates (nanoeukaryotes), indicating that
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Fig. 3. Leptogorgia sarmetosa. Relationship between food
biomass (pg C l–1) and ingestion rate (pg C h–1). Abbreviations
as in Fig. 1

these food sources were captured as a function of their
availability. Ingestion rate exhibited a linear function
of particle concentration (Fig. 3, r2 = 0.84, p < 0.0001)
and saturation was not observed.
Ingestion rates for all these food sources are presented in Table 1. Within the live carbon category,
the highest capture rate (in terms of cells) was for
nanoeukaryotes (208 cells polyp–1 h–1). However, in
biomass terms, the large cells of diatoms accounted for
a contribution to the ingesta similar to that of nanoeukaryotes. The ingestion rate of detrital POC was
about 6 times that of live carbon (402 ± 35 vs 67 ± 6 µg
C g AFDM–1 h–1, mean ± SE). Therefore, feeding on
live carbon and detrital POC accounted for a total of
469 ± 90 µg C g AFDM–1 h–1 (Table 1). However, it
should be noted that the specific clearance rate was
always estimated for colonies with expanded polyps.
Leptogorgia sarmentosa exhibits a seasonal pattern of
polyp expansion (Rossi 2002). Therefore, in order to
calculate the daily amount of carbon ingested from
grazing on nanoeukaryotes, dinoflagellates, diatoms,
ciliates and detrital POC, 3 factors were considered:
(1) mean specific clearance rate estimated for the species; (2) mean concentration for each prey type in
spring (data collected at the same study site and depth
during an annual cycle; Ribes et al. 1999b); (3) daily
mean number of hours for which the colonies have
expanded polyps in spring (13.0 ± 2.5 h, mean ± SD;
data from Rossi 2002). These 3 factors allowed us to
estimate the daily ingestion rate on these food sources
in spring. According to these estimates, the species
ingested 5200 ± 700 µg C g AFDM–1 d–1 (mean ± SE)
from feeding on detrital POC, and 870 ± 80 µg C g
AFDM–1 d–1 (mean ± SE) from feeding on nanoeukaryotes, dinoflagellates, diatoms, and ciliates.
Assessment of the contribution of the different food
sources to the diet of the species in spring can be con-
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Table 1. Leptogorgia sarmentosa capture rates (mean ± SE) of nanoeukaryotes, diatoms, dinoflagellates and ciliates expressed as
cell number, carbon (C) per polyp, per dry mass (DM) and per ash-free dry mass (AFDM)
Ingestion
Cells polyp–1 h–1
µg C polyp–1 h–1
µg C g DM–1 h–1
µg C g AFDM–1 h–1

Nanoeukaryotes

Diatoms

Dinoflagellates

Ciliates

Detrital POC

Total

208 ± 65
2.7 × 10– 3
± 8.4 × 10– 4
6.4 ± 1.5
20 ± 7

4.5 ± 0.9
4.2 × 10– 3
± 9.5 × 10– 4
19 ± 4
46 ± 12

0.5 ± 0.3
2.5 × 10– 5
± 9.8 × 10– 6
0.1 ± 0.07
0.23 ± 0.11

0.04 ± 0.02
6.0 × 10– 5
± 2.2 × 10– 5
0.03 ± 0.01
0.64 ± 0.2

6.1 × 10–2
± 2.2 × 10– 3
127 ± 20
402 ± 35

213 ± 68
6.8 × 10–2
± 3.2 × 10– 3
147 ± 12
469 ± 90

ducted by comparing ingestion of detrital POC and live
carbon <100 µm to that of zooplankton (4200 µg C
g AFDM–1 d–1, Rossi 2002). Total ingesta for the species
in spring was estimated as 10.3 ± 0.7 mg C g AFDM–1
d–1. Ingestion of detrital POC, zooplankton and live
carbon <100 µm in spring accounted for 51, 41 and 8%
of total ingesta in carbon units, respectively.

Respiration rate
Respiration rate was estimated from the decrease in
oxygen concentration in the experimental chamber
(with octocoral), because oxygen concentration in the
control never changed significantly over time. Initial
oxygen concentrations were always saturated or supersaturaded, and the experiments always ended before
oxygen concentration had dropped 10% from saturation. Respiration rate was 0.55 ± 0.24 mg O2 g AFDM–1
h–1 (mean ± SE), which is equivalent to a daily requirement of 0.022 ± 0.010 µg C polyp–1 h–1 (mean ± SE) or
155 ± 67 µg C g AFDM–1 h–1. Temperature during the
experiments ranged between 16.5 and 18°C.

DISCUSSION
Diet
Feeding on nanoeukaryotes, dinoflagellates, diatoms, ciliates and detrital POM has received less attention than gut content examinations. In this study, we
considered all sources of DOC and POC (including
detrital POC and live carbon <100 µm) as potential
food sources. Live carbon included prokaryotes, picoand nanoeukaryotes, diatoms, dinoflagellates and ciliates. Leptogorgia sarmentosa captured nanoeukaryotes, diatoms, dinoflagellates, ciliates, as well as
detrital POC, but no significant capture of prey items
smaller than nanoeukaryotes (3.6 ± 1.4 µm, mean ± SD)
was observed. A previous study showed that the main
zooplankton prey items captured by L. sarmentosa
were characterized by small size (80 to 200 µm) and
low mobility (i.e. eggs and larvae; Rossi 2002). The

capture of small-size low-motility prey and particles by
L. sarmentosa agrees with previous feeding reports on
octocorals (Lewis 1982, Sebens & Koehl 1984, Coma et
al. 1994, Fabricius et al. 1995, 1998, Ribes et al. 1998,
1999a, Fabricius & Dommisse 2000). This suggests that
all of these sestonic fractions appear to be ubiquitous
components of the diet of octocorals. This is related to
the fact that octocorals have a relatively low variety
and density of nematocysts (Mariscal & Bigger 1977)
and, therefore, are passive suspension feeders that
mainly capture prey items with little or no escape
capacity. The importance of their quantitative contribution to the diet will be discussed (see ‘Contribution
of the different food sources to the diet’).

Prey capture rate
The capture rate of live carbon <100 µm estimated
for Leptogorgia sarmentosa (91 ± 32 ng C polyp–1 d–1,
mean ± SE) was higher than rates previously estimated
for the temperate species Paramuricea clavata (6.2 ng
C polyp–1 d–1, ranging between 0.3 and 22.8 ng C
polyp–1 d–1 over the annual cycle, Ribes et al. 1999a)
and the tropical species Plexaura flexuosa (4.0 ng C
polyp–1 d–1, Ribes et al. 1998).
Flow speed, particle size and density, and size and
spacing of filter elements have been suggested as the
main variables affecting the efficiency with which particles are captured by organisms such as octocorals
(Shimeta & Jumars 1991). Because all 3 species were
examined at the same flow speed and with the same
methodology, the main variables that explain differences in prey capture are prey concentration and prey
capture structures. Leptogorgia sarmentosa feeding
experiments were conducted in spring with relatively
high prey concentration (diatoms: 46.0 cells ml–1, dinoflagellates 4.7 cells ml–1, ciliates 1.2 cells ml–1).
Therefore, part of the difference in prey capture in
comparison to Plexaura flexuosa may be attributed to
the relatively low prey concentration for the tropical
species (diatoms: 2.0 cells ml–1, dinoflagellates 2.3 cells
ml–1, ciliates 0.6 cells ml–1; Ribes et al. 1998). However,
Paramuricea clavata and L. sarmentosa were studied

Ribes et al.: Natural feeding in asymbiotic octocorals

at the same site and under the same prey concentrations, with capture rate of L. sarmentosa (91 ng C
polyp–1 d–1) ca. 4-fold higher than the highest value reported for P. clavata (22.8 ng C polyp–1 d–1). Prey capture in anthozoans appears to be mainly conducted by
means of tentacular feeding. Direct interception and
sieving are the primary modes of capture (Sebens et al.
1998). Therefore, characteristics of prey capture structures of both species may explain the higher capture
rate of L. sarmentosa. For example, the smaller spacing
between pinnules (185 ± 21 µm, mean ± SD) and between tentacle tips (1775 ± 266 µm) of L. sarmentosa
with respect to P. clavata (255 ± 42 and 2175 ± 448 µm,
respectively; M. R. unpubl. data) may provide a higher
efficiency for feeding on small plankton and particles.
The ingestion rate is expected to exhibit a linear
function of particle concentration until it reaches a
plateau, where ingestion rate saturates (Rigler 1961,
Anthony 1999). Although the study was conducted in
spring, the period of highest abundance of food resources (Ribes et al. 1999b), the relationship between
particle concentration and ingestion rate was linear
and saturation was not observed. A similar pattern had
been previously observed for the gorgonian Paramuricea clavata at the same location (Ribes et al.
1999a, authors’ unpubl. data). This pattern is also consistent with those observed in several coral species
examined over a wide range of suspended particulate
matter (Anthony 1999), where only 1 species (Porites
cylindrica) conformed to the curvilinear saturationkinetics model. Anthony (1999) extensively discussed a
number of hypotheses that may contribute to understanding this pattern. In our study this could be related
to the relatively low natural food concentration (maximum values always <1 mg l–1 of total POC and <1 µg
chl a l–1 throughout the annual cycle; Ribes 1998, Ribes
et al. 1999b).

Respiration and ingesta
The respiration rate of Leptogorgia sarmentosa
(0.55 mg O2 g AFDM–1 h–1) was similar to those
obtained for other temperate octocorals without symbionts, which range between 0.21 and 1.00 mg O2 g
AFDM–1 h–1 (Bradfield & Chapman 1965, Mori 1968,
Sebens 1987, Patterson & Sebens 1989, Coma et al.
2002). However, it was among the lowest values
observed in tropical octocorals, with symbionts which
range between 0.15 and 2.30 mg O2 g AFDM–1 h–1
(Svoboda & Ott 1978, Lewis & Post 1982, Fabricius &
Klumpp 1995, Ribes et al. 1998). This result reinforces
the hypothesis of higher respiration rates in octocoral
species with symbionts in comparison to those without.
However, it is unknown to what extent this difference
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could be driven by the presence of symbionts or by
temperature differences.
The exact nutritional requirements of Leptogorgia
sarmentosa are difficult to ascertain. However, respiration accounts for an important portion of the energy
demand. Therefore, the comparison between energy
intake and respiratory demand (in carbon units) may
explain the extent to which the different food sources
examined can account for the energy demand of the
species. Average detrital POC, live carbon <100 µm
and zooplankton ingesta in spring was estimated to be
644 ± 78 µg C g AFDM–1 h–1. If the ingested carbon is
corrected by assimilation efficiencies from literature
values (75% for live carbon and zooplankton, Zamer
1986; 30% for detrital POC, Wotton 1992), then average intake was 302 ± 43 µg C g AFDM–1 h–1, which
can account for a respiratory demand of 155 µg C g
AFDM–1 h–1.

Contribution of the different food sources to the diet
The contribution of the different food sources to the
diet differed markedly, in that detrital POC accounted
for the largest share of total ingesta. However, feeding
on zooplankton also needs to be taken into account
when examining the contribution of the entire spectrum of food sources to the energy demand of the species. Considering the previously estimated zooplankton ingesta throughout the annual cycle (4200 µg C
g AFDM–1 d–1 in spring; Rossi 2002), Leptogorgia sarmentosa total ingesta in spring would range between
8.7 and 11.0 mg C g AFDM–1 d–1. Therefore, if the
ingested carbon is corrected by assimilation efficiencies from the literature (see above), microzooplankton
contributed the largest share to the diet (61.0%). Detrital POC and live carbon <100 µm accounted for 30.4
and 8.6% of total assimilated carbon, respectively. This
estimate modifies the previous assumptions regarding
the contribution of food sources to the diet, previously
conducted on the basis of ingesta (see ‘Results’). However, the same pattern, with microzooplankton and
detrital POC representing the bulk of the diet remains.
The contribution of food sources to the diet of Leptogorgia sarmentosa resembled those estimated for the
other species where the whole spectra of potential food
sources have been examined (Paramuricea clavata:
zooplankton ~48%, detrital POC ~48%, live carbon
<100 µm ~4%, Ribes et al. 1999a). The contribution
of live carbon to the respiratory demand of Plexaura
flexuosa (~0.1%; Ribes et al. 1998) indicates that live
carbon <100 µm accounts for an even lower share of
the diet of this tropical species. Two general patterns in
the diet of octocorals emerge from this and previous
feeding studies (Leversee 1976, Lasker 1981, Lewis
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1982, Lasker et al. 1983, Sebens & Koehl 1984, Coma et
al. 1994, Fabricius et al. 1995, 1998, Ribes et al. 1998,
1999a, Fabricius & Dommisse 2000). First, octocorals
feed on a wide spectrum of food sources ranging from
ca. 4 µm (nanoeukaryotes) to seston particles measuring several hundred microns. Second, despite the wide
spectrum of food sources present in the diet of octocorals, 2 facts suggest that detrital POC and
microplankton constitute the bulk of the heterotrophic
diet of octocorals. First, the 2 species where the whole
spectra of potential food sources has been studied
exhibited a similar pattern of contribution of the different food sources (see above). Second, this pattern is
consistent with feeding studies conducted on fractions
of the diet (microzooplankton: Lewis 1982, Sebens &
Koehl 1984, Coma et al. 1994; phytoplankton: Fabricius et al. 1995, 1998, Ribes et al. 1998, 1999a; detrital
POC: Ribes et al. 1999a, Fabricius & Dommisse 2000).
The present study has some weaknesses. First, the
study was based on experiments conducted only in
spring. Second, it is difficult to quantify the importance
of detrital POM as a food source because of its wide
range of nutritive value (Tenore et al. 1982). We used
assimilation efficiency values from the literature that
have been commonly found for benthic suspension
feeders (Wotton 1992) and that we have used in previous studies so as not to affect the comparison with
other species with an unmeasured factor (Ribes et al.
1999a). Nevertheless, although detrital POC is a poorquality food source, it constitutes the most abundant
source of nutrition in the water column all year around
at the study site (Ribes et al. 1999b, Coma & Ribes
2003), as in many other temperate areas (e.g. Mann
1982). Furthermore, due to the dependence of particle
capture on flow speed (e.g. Dai & Lin 1993, Fabricius et
al. 1995), the estimated capture rates may be an underestimation because estimates of detrital POC and live
carbon ingesta were conducted at low flow speed.
Abundance of detrital POC exhibits a marked variation throughout the annual cycle, with minimum values during summer, in contrast to that of live carbon
<100 µm and zooplankton (Ribes et al. 1999b, Coma &
Ribes 2003). Flow speed also has a marked seasonal
pattern, being higher during winter and spring and
decreasing in summer (Font et al. 1995). Also, the contribution of detrital POC to the diet of octocorals suggests that there may be important seasonal variations
in energy intake, especially during summer, due to the
marked seasonal variation in detrital POC abundance
and flow speed at the study site (Font et al. 1995, Ribes
et al. 1999b). A marked seasonal variation in energy
intake may strongly affect the seasonal pattern of
investment in secondary production (i.e. growth and
reproduction) and the behavior of temperate octocorals. This would be consistent with the predominant

pattern of summer dormancy and low or no investment
in secondary production during summer observed in
the Mediterranean during summer in most taxa that
feed mainly on detrital POC and microplankton (Coma
et al. 2000, Coma & Ribes 2003). The capture of DOC,
pico- and nanoplankton, and particles < 3 µm does not
significantly contribute to the diet of these taxa, which
include anthozoans, bivalves and most hydrozoan species studied to date in the Mediterranean (Coma et al.
2000, Coma & Ribes 2003). Further research on the
variation of the ingesta and respiration of the species
throughout the annual cycle, as well as on the annual
pattern of investment in growth and reproduction,
needs to be conducted to address this issue.
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