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Balanophyllia europaea is an endemic Mediterranean sublittoral zooxanthellate solitary coral. Given the broad distribution
of the species throughout many areas of the Mediterranean surprisingly little is known of preferred habitat niches or suscep-
tibility of the species to environmental change. In this study we investigated in the laboratory the net prey capture rates of the
coral achievable under a range of flow velocities (2.5, 5, 7.5 and 15 cm s21) and under exposure to different suspended par-
ticulate concentrations (0, 7.3 and 170 mg l21). In recirculation flumes we simulated both commonly occurring and the occa-
sionally high flow velocities and various suspended particulate concentrations reported from the Gulf of Lions (north-west
Mediterranean). We then delivered ca 500 A. salina nauplii l21 as food (Artemia salina nauplii) to the flumes and monitored
net prey capture over time. We found net prey capture rates by the species to be highest under flow velocities of 5 cm s21, with
230 mg C coral individual21 h21 achieved. The presence or absence of even environmentally high particulate concentrations
(up to 170 mg l21 resuspended seabed material) did not significantly affect the net prey capture rates achieved by the coral
polyps. We found that net prey capture in Balanophyllia europaea is not inhibited during periods of heavy particle exposure,
as has been observed in other temperate scleractinian corals. Also, flow velocities of ca �5 s21 appear to be optimal for
maximum net prey capture by the species.
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I N T R O D U C T I O N

Scleractinian corals are important components of many
marine ecosystems in the Mediterranean and elsewhere.
Depending on species, scleractinians either form extensive
branching frameworks as colonies develop, with individual
polyps branching off from previous generations, secreting
with growth a calcium carbonate skeleton directly onto pre-
viously deposited skeletal material (Wilson, 1979; Roberts
et al., 2009) or they can occur as individual cup-corals
attached to previous coral structures or more commonly as
isolated individuals on the seafloor (Bell & Turner, 2000).
Aside from the large-scale reef structures which may be
built up by framework-constructing tropical, temperate and
cold-water coral species such as Madracis mirabilis,
Montastrea annularis, Lophelia pertusa, Solenosmilia variabi-
lis (Dunstan, 1975; Kaandorp et al., 2005; Roberts et al., 2009;
Tracey et al., 2011), individuals of cup coral species (or small
clusters of individuals) can increase the hard substrate

surface of an area of seafloor, as well as influencing local
flow dynamics and sediment transport/deposition (Bell &
Turner, 2000; Bell, 2002; Cairns, 2007), thereby further
increasing habitat complexity (Monismith, 2007; Buhl-
Mortensen et al., 2010).

Environmental parameters (e.g. temperature, salinity, pres-
sure, illumination, suitable substrate availability) and biologic-
al characteristics (e.g. reproduction strategies and larval
dispersal pathways) have been shown to influence distribu-
tions of various scleractinian species (Wilson & Harrison,
1998; Kleypas et al., 1999; Randall & Szmant, 2009; Connolly
& Baird, 2010; Caroselli et al., 2012). A suitable food supply
is also required for successful growth and colonization. The
availability of a suitable food supply in suspension does not
necessarily correlate with the ability of a particular species
to successfully capture the food. Flow velocity is an important
consideration here—high flow velocities can deliver a high
flux of food to the vicinity of an organism, but can also
deform the feeding tentacles of suspension feeding organisms
(Labarbera, 1984; Shimeta, 1993; Wildish & Kristmanson,
2005; Purser et al., 2010). Such deformation about tentacles
reduces the exposed feeding surface area and may also cause
detachment of prey following contact (Leversee, 1976;
Wijgerde et al., 2012).
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Prey capture by suspension feeding organisms may also be
less efficient when exposed to very turbid waters containing
high amounts of refractory material, with feeding mechanisms
becoming blocked or with energy expended on gathering
unsuitable food material (i.e. refractory particles), though for
most species the decision as to whether or not it is worth
investing energy in the capture and digestion of suspended
material is determined rapidly by the individual at onset of
delivery (Genovese & Witman, 1999). High particulate abun-
dance can also reduce the efficiency of photosynthetic zooxan-
thellae (Weber et al., 2006). The utilization of refractory
material does seem to be a feeding strategy for some coral
species in certain turbid environmental niches, such as
within areas of the Great Barrier Reef (Anthony, 2000), the
Jamaican coast (Mills & Sebens, 2004) or the Rockall Bank
(Van Oevelen et al., 2009). In the Gulf of Lions in the
Mediterranean Sea, the high energy hydrodynamics of the
region, (characterized by high current speeds and high sus-
pended sediment load) renders passive suspension feeders
exposed to high particulate fluxes and sedimentation rates
(Palanques et al., 2006; Curran et al., 2007; Puig et al.,
2008). Further, the resuspension of seabed sediments during
trawling, an activity carried out extensively through the Gulf
(Durrieu de Madron et al., 2005; Ferré et al., 2008), can
further increase the suspended load of refractory material
(Yahel et al., 2002).

In this paper we investigate the net prey capture efficiency
of Balanophyllia europaea, an endemic Mediterranean sublit-
toral zooxanthellate solitary coral (Zibrowius, 1980; Aleem &
Aleem, 1992; Goffredo et al., 2004). Although distributed
widely around the Mediterranean ocean, the preferred eco-
logical niche of the species is not well known. By examining
net prey capture in this species under a range of experimental
flow and suspended particulate concentration conditions
(such as under elevated particle concentrations as may result
from trawling activity) we aim to assess whether either or
both of these two environmental factors may potentially be
important controls on species distribution.

M A T E R I A L S A N D M E T H O D S

Coral and sediment sampling
Balanophyllia europaea specimens were collected on the 15, 17
and 21 June 2011 by the dive team of the Banyuls-sur-Mer
Oceanological Observatory, France. In total, 70 live coral
cups were collected intact for use in the experimental work.
Corals were collected from Cape Oullestrell (42830′001′′N
388′000′′E 10–25 m depth, seven corals) and Cape d’Osne
(42828′000′′N 388′500′′E, 10–25 m depth, 63 corals). The
region is commonly subjected to storm events (Guillén
et al., 2006; Ulses et al., 2008) and occasionally high particle
transport events, where material is swept westward along
the upper continental shelf of the Gulf of Lions as a whole
and into the western Mediterranean canyons systems
(Palanques et al., 2006), with Ferré et al. (2005, 2008) report-
ing that the shallow regions of the Gulf of Lions can be highly
effected by these storms, with large volumes of material
resuspended.

The Gulf of Lions is also highly impacted by trawling
activity, especially the shelf and slope areas, with the impact
of these activities (seafloor perturbation and particulate

resuspension (Rosenberg et al., 2003) felt across the continen-
tal shelf, slope and within the canyon systems (Puig et al.,
2012). Though fishing activity is reported as likely having an
impact also in the shallow coastal areas (Rosenberg et al.,
2003) we are unaware of any scientific studies on the magni-
tude and consequences of this activity published to date for
the area of coral sampling.

After collection the corals were maintained in a tempera-
ture controlled laboratory (maintained throughout the experi-
mental period at 18–208C, to match temperatures recorded at
sites of collection) in flow-through aquaria, supplied with
temperature controlled surface seawater.

Physical dimensions of each coral cup were measured, after
the protocol used for the cup coral Caryophyllia smithii by Bell
& Turner (2000) with mean averages, maximum, minimum
and standard deviations for each of the measured dimensions
computed (Figure 1). Additionally, the volume of each polyp
was estimated using the formula

V = calyx length/2 × calyx width/2 × polyp height × p

(Table 1) after Goffredo et al. (2002). The majority of the
corals collected were still attached to small pieces of the
rocky or calcareous substratum, these were cleaned of
epifauna then left attached throughout the experimental runs.

Sediment for use in experimental runs was collected from a
sublittoral soft bottom close to the site of coral collection
(42828′250′′N, 389′500′′E, 40 m depth). Collection was made
using the RV ‘Norppa’, operated by Jacobs University
Bremen on 22 June 2011. The sediment was sieved to
remove the coarser .0.5 mm fraction. The finer fraction
was then kept in the laboratory at 178C until used in experi-
mental runs. This finer fraction was quantified by taking
three subsamples and determining the dry weight (DW) of
these on 0.45 cellulose acetate filters. From these sub-sample
weights, the DW associated with a particular volume of fine
fraction material was calculated.

Fig. 1. Dimensions of each collected coral cup measured (see Table 1): (A)
base diameter; (B) pedicle constriction diameter; (C) calyx length; (D) calyx
width; (E) calyx constriction width; (F) maximum cup height; (G) height of
lower cup section.
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Flume set-up
Three replicate recirculating flumes were set up in an
18–208C thermo constant room at the Banyuls-sur-Mer
Oceanographic Observatory, France. The flumes used fol-
lowed the design described in Berntsson et al. (2004) and
Purser et al. (2010). For this investigation, the motors used
to drive the recirculation propellers were capable of maintain-
ing a constant flow of between 2.5 and 15 cm s21. In all experi-
mental runs, a 50 l volume of freshly pumped, temperature
controlled seawater (18–208C) was used in each flume.

Prey and sediment characterization
The prey used in the experimental runs was freshly hatched
Artemia salina nauplii (Great Lakes, Sanders brand).
Artemia salina nauplii, approximately 400–500 mm length
when freshly hatched (Naceur et al., 2008), are commonly
used as a food supply for scleractinian (Coles, 1969; Hii
et al., 2009; Purser et al., 2010; Tsounis et al., 2010) and gor-
gonian (Dai & Lin, 1993) corals in feeding experiments.

Throughout the experimental study, fresh batches of
A. salina nauplii were prepared daily. Following hatching
the daily concentrations of A. salina available were quantified
by taking five 0.5 ml sub-samples from the incubation aquaria
(Eppendorf pipette used). These sub-samples were then fil-
tered onto 0.45 mm filter papers. The number of nauplii on
each filter paper was then counted under a stereomicroscope
(20× magnification). From these five counts, the mean
average A. salina filter21 was calculated and the concentration
of hatched A. salina nauplii within the incubation aquaria
then determined. During all of the experimental runs con-
ducted, a starting prey density of �500 A. salina l21 was
used. Given that the flumes were filled for each experimental
run with 50 l seawater, �25,000 A. salina were therefore
required for each flume for each experimental run. The
volume of water required from the incubation aquaria to
achieve this total was calculated from the hatched A. salina
concentration. A 5–10% variability in this starting density
was apparent from subsample analysis.

To determine the carbon (C) and nitrogen (N) content of
the A. salina nauplii used in this study, three 0.5 ml sub-
samples of freshly hatched nauplii were filtered onto
Whatman GF/F filters. Samples were analysed in a EURO
EA Elemental Analyser after the method in Pike & Moran
(1997).

The percentage concentrations of total particulate nitrogen
(TPN), total particulate carbon (TPC) and particulate organic

carbon (POC) within the sediment used in the experimental
runs was determined using a EURO EA Elemental Analyser
(Wagner et al., 2011).

Experimental runs
To investigate the relationship that flow velocity and/or sus-
pended particulate concentration may have with the net
prey capture rates of Balanophyllia europaea corals, eight
experimental runs were conducted in three replicate recircula-
tion flumes. Experimental work commenced 2 d after collec-
tion of the last corals, with one experimental run conducted
daily from then on. In all cases, experimental runs were con-
ducted in darkness from 10:00–14:00 CET, and in the tem-
perature controlled laboratory described above. The order of
experimental runs was randomized. The full list of runs
with flow velocities and sediment concentrations investigated
is given in Table 2. Flow velocities (2.5, 5, 7.5 and 15 cm s21)
were selected to represent those experienced in the western
regions of the Mediterranean shelf ecosystems (Lapouyade &
Durrieu De Madron, 2001; Curran et al., 2007; Ulses et al.,
2008). Sediment concentrations (0, 7.3 and 170 mg l21) were
chosen to reflect both those levels regularly experienced in peri-
odic turbidity events in the westerly Gulf of Lions, as well as the
concentrations experienced more irregularly, as a result of the
occasional high concentration particulate transport events
reported in the region (Durrieu De Madron et al., 1990;
Lapouyade & Durrieu De Madron, 2001; Ferré et al., 2005;
Palanques et al., 2006).

For each run, 23 corals were randomly assigned to each
flume and arranged in a grid pattern in the flume test
section (Figure 2) under the experimental flow velocity condi-
tions selected for the particular run (see above). The corals
used in each flume were randomly selected from the 70 col-
lected individuals for each run. The corals were then
allowed to acclimatize to the flume environment for 2 h.

Following the acclimatization period, the particular con-
centration of sediment required for the experimental run
was delivered to each flume in a controlled fashion with a

Table 1. Mean dimensions (with standard deviations) of the 70 coral cups used in the present study.

Dimension Minimum (mm) Maximum (mm) Average (mm) SD (mm)

Base diameter 5 18 10.6 2.4
Pedicle constriction diameter 4 16 9.5 2.2
Calyx length 7 20 14.6 2.4
Calyx width 6 13 9.8 1.5
Calyx constriction width 6 12 8.7 1.3
Maximum cup height 7 23 13.5 3.1
Height of lower cup section 1 17 6.6 3.3
Calyx area (based on ellipse) 33.0 mm2 194.0 mm2 114.2 mm2 33.4 mm2

Calyx length to width ratio + SE 1.49 + 0.02
Calyx length to width to height ratio + SE 0.11 + 0.01

Table 2. ANOVA table showing the comparison of calyx area of the
corals used in the 18 experimental runs.

df Calyx area variability
Sum of squares F P

Experimental runs 17 494.3 0.44 0.98
Residual 402 1132.2
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60 ml syringe. The concentrations of material required to
reach the desired suspended sediment concentrations for
each run were calculated from the DW determination made
for the collected fine fraction of sediment.

After delivery of the sediment (if sediment required by the
parameters of a particular experimental run) the Artemia
salina nauplii were added at a steady rate to each flume to
achieve the intended density of �500 A. salina nauplii l21, fol-
lowing the method described in Purser et al. (2010). In
summary, a quantity of freshly hatched nauplii is added to
each experimental flume from a freshly hatched batch of
A. salina, to achieve an approximately equal and known
starting density of A. salina in each flume (�500 A. salina
nauplii l21). This initial concentration of A. salina represented
the time zero concentration for each experimental run. After
A. salina delivery, triplicate sub-samples of �150 ml volume
were taken from each flume hourly, for a 4 h period. These
sub-samples were filtered onto 0.45 mm filter papers and the
numbers of A. salina nauplii on each paper counted under a
dissection microscope. From these counts the hourly and
average hourly net prey capture rates over the 4 h duration
of each experimental run was determined for each flume.
The hourly average capture rates were determined from the
triplicate subsamples extracted at 1, 2, 3 and 4 h after
A. salina delivery to the flumes, with the decrease in concen-
tration between each time step (i.e. between 1 and 2 h sub-
samples, 2 and 3 h sub-samples, etc.) being determined. The
average net capture rate for the 4 h experimental period was
made by comparing the initial concentration (ca500 A. salina
nauplii l21) with the concentrations in the subsamples
extracted after 4 h. Given the known number of corals within
each flume, the net prey capture rate coral21 was then com-
puted from the flume total capture rates.

Triplicate flume control runs were conducted in which the
concentration of Artemia salina in suspension was monitored
over the 4 h experimental period in flume runs without corals
present. Further 3 × 4 h control runs were carried out with no
corals in flumes, but with suspended sediments present, to
determine whether sediment in suspension alone would
result in a reduction of suspended A. salina over time.

Following each experimental run, the corals were removed
and returned to the temperature controlled flow-through
aquaria for 24 h. During this 24 h period the experimental

flumes were flushed with flow-through piped seawater and fil-
tered to ensure the removal of any remaining A. salina nauplii,
waste products or coral mucus from each.

To ensure that coral randomizations for each experimental
run resulted in coral populations within each flume being
comparable, the calyx areas of the corals in the 18 experimen-
tal groups (the flume populations for each experimental run
using live corals, rather than controls—three flumes and six
experimental treatment runs, so 18 experimental groups)
was compared with a one way ANOVA (Table 2).

Coral activity was checked hourly to ensure the polyps were
expanded during the individual experimental runs.

Statistical analysis
For each experimental run, the average hourly net prey
capture rates coral21 was determined from the reduction in
suspended A. salina concentration between the start of the
experimental run and that measured after 4 h. Given the ran-
domized assignment of corals to flumes for each run and the
randomization of run order, these triplicate hourly net prey
capture rate data were suitable for ANOVA statistical tests.

To determine whether coral presence/absence or sediment
presence/absence had an impact on the net prey capture rates
by Balanophyllia europaea (or the rate of depletion of sus-
pended A. salina per hour in the case of flumes containing
no corals), a two-way ANOVA was conducted. For this
two-way ANOVA the independent factors used were coral
presence/absence (levels set as either ‘live corals present’ or
‘live corals absent’) and sediment present/absent (levels set
as either ‘170 mg l21 sediment in suspension’ or ‘0 mg l21

sediment in suspension). For this test, only results from
experimental runs at 5 cm s21 were used, to remove the con-
founding factor of flow speed in the analysis.

To assess whether or not flow velocity has an effect on the net
prey capture rates achieved, a one-way ANOVA was conducted.
For this test four levels of flow velocity were set (2.5, 5, 7.5 and
15 cm s21), which represent the investigated flow velocities.

The possible influence of suspended sediment concentra-
tions on net prey capture rates was tested with a further
one-way ANOVA. For this test three levels of suspended sedi-
ment concentration were set (0, 7.3 and 170 mg l21). For this
test, a 5 cm s21 flow velocity was maintained across sediment
concentration treatments.

For all ANOVA tests, the data were checked for normality
(and found to be normal in all cases). Levene’s test was used to
check homogeneity of variance across all the tests. In all cases,
Levene’s test indicated that there was a significant deviation of
homogeneity in the data. To allow the use of the ANOVA test
in light of this the Welch’s F statistic was reported for the
ANOVA tests throughout (Field, 2013). In situations where
significant differences in A. salina uptake between treatments
were indicated by the ANOVA test, Fisher’s LSD post hoc
tests were used to determine between which levels these differ-
ences were significant.

R E S U L T S

The morphological measurements of the corals used in this
study are summarized in Table 1. The calyx area measure-
ments for the corals used in each experimental run were com-
pared with an ANOVA test to ensure that the experimental

Fig. 2. Coral specimens placed within the test section of a recirculation flume.
The majority of polyp tentacles can clearly be seen extended from the calyx, as
was observed throughout all experimental runs.
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populations comprised populations with a roughly similar
variation in feeding area size. The outputs of this ANOVA
are given in Table 2, showing that the coral calyx areas were
not statistically different across experimental runs.

Artemia salina nauplii and sediment carbon
and nitrogen characterization
The percentage of TPN within the sediment used in the
experimental runs was 0.15% (SD ¼ 0.005), percentage of
TPC was 3.3% (SD ¼ 0.09) and percentage POC was 0.89%
(SD ¼ 0.04).

Within each A. salina nauplius total N concentration was
0.27 mg N A. salina nauplius21 (SD ¼ 0.01), concentration
of total C was 1.2 mg C A. salina nauplius21 (SD ¼ 0.05)
and total organic C was 1.13 mg C A. salina nauplius21

(SD ¼ 0.06).

Flow velocity and net capture rates
Given a flow velocity of 5 cm s21, mean decreases in sus-
pended nauplii in flumes containing live corals (204
A. salina polyp21 h21 (SD ¼ 5.5)) were at least 4× those
recorded from flumes containing no corals (4.5 A. salina
polyp21 h21 (SD ¼ 19.6)) (Table 3, Figure 3), with this differ-
ence being statistically significant (ANOVA, F ¼ 19.8, P ,

0.001, Table 4). The presence or absence of 170 mg l21 sus-
pended sediments within the flumes did not statistically
impact on suspended nauplii concentrations within flumes
containing no corals (ANOVA, F ¼ 0.89, P . 0.05, Table 4).
No significant interaction effect between corals presence/

absence with suspended sediment presence/absence was indi-
cated (ANOVA, F ¼ 0.21, P . 0.05, Table 4).

A range of mean net capture rates by polyps were recorded
under the different flow velocities tested, with maximum net
capture rates measured in corals under 5 cm s21 flow (204
A. salina polyp21 h21 (SD ¼ 5.5)) (Figure 3; Table 3). Net prey
capture rates were significantly different between flow rates
(ANOVA, F ¼ 5.2, P , 0.05, Table 5). The post hoc Fisher’s
LSD test indicated that prey net capture rates under flow veloci-
ties of 2.5 cm s21 (129.3 A. salina polyp21 h21 (SD ¼ 32.3)) and
15 cm s21 (111.8 A. salina polyp21 h21 (SD ¼ 58.2)) were sig-
nificantly lower (P , 0.05) than under flow velocities of
5 cm s21. The test also indicated net capture rates were signifi-
cantly lower under 15 cm s21 flow than under 7.5 cm s21 flow
velocities (193.1 A. salina polyp21 h21 (SD ¼ 21.8)) (Figure 3).

Suspended sediment concentrations and net
capture rates
No significant increase in mean net capture rates by corals
across flumes containing increasingly high suspended sedi-
ment concentrations was recorded (Table 3; Figure 4),
(ANOVA, F ¼ 0.281, P . 0.05, Table 6). Though there was
some loss (1966 nauplii flume21 h21, SD ¼ 419.1) of sus-
pended nauplii in flumes containing 170 mg l21 sediment
and no corals, this rate was far lower than in flumes containing
both corals and sediment at the same concentration
(5187.5 nauplii flume21 h21, SD ¼ 264.5). There was no
initial retraction of tentacles apparent following delivery of
suspended sediment (at any of the concentrations investi-
gated) to the flumes. Further, during runs with or without sus-
pended sediment addition, tentacles of the coral polyps were
observed to be generally extended throughout the 4 h experi-
mental period (data not shown).

Table 3. Average Artemia salina net capture rates polyp21 h21, average TPC polyp21 h21 and average POC polyp21 h21 from the experimental and
control runs. Control runs represent those with dead Balanophyllia europaea present in the experimental flumes, with hourly capture rates based on a

hypothetical 24 polyp density.

Flow velocity
(cm s21)

Sediment
concentration (mg l21)

Average net
capture rate
( flume21 h21)
+++++ SD

Average net
capture rate
(polyp21 h21)
+++++ SD

Average TOC
capture
(mg C polyp21 h21)
+++++ SD

Average N
capture
(mg N polyp21 h21)
+++++ SD

2.5 0.0 3104 + 775 129 + 32 146 + 37 35 + 9
5.0 0.0 4918 + 133 204 + 6 232 + 6 55 + 2
5.0 control 0.0 108 + 46 5 + 20 5 + 22 1 + 5
7.5 0.0 4633 + 523 193 + 22 218 + 25 52 + 6
15.0 0.0 2683 + 1397 112 + 58 126 + 66 30 + 16
5.0 7.3 4950 + 778 206 + 32 233 + 37 56 + 9
5.0 170.0 5186 + 265 216 + 11 244 + 12 58 + 3
5.0 control 170.0 1967 + 419 50 + 11 218 + 25 14 + 3

Table 4. ANOVA table for the effects of presence/absence of corals, and
sediments and the interaction between these two parameters on net prey

capture rates.

df Flow velocity
Sum of squares F P

Corals presence/absence 1 9.5 × 104 19.8 ,0.001∗

Sediment presence/absence 1 1.4 × 103 0.89 0.372
Corals/sediment interaction 1 335.1 0.21 0.659
Residual 8 1.6 × 104

∗, indicates significant differences in the net prey capture rates at the 0.001
threshold.

Table 5. ANOVA table for net prey capture rates by corals maintained in
flumes under different flow velocities.

df Flow velocity
Sum of squares F P

Flow velocity 3 1.9 × 104 5.2 0.028∗

Residual 8 9.9 × 103

∗, indicates significant differences in the net prey capture rates at the 0.001
threshold.
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D I S C U S S I O N

Flow speed and net capture rates by
Balanophyllia europaea
Net capture rates of Artemia salina nauplii by Balanophyllia
europaea polyps were higher under 5 cm s21 flow velocity
than the other velocities tested. Prey capture under such a vel-
ocity has been shown to be most efficient in other species, such
as the shallow water (,40 m, depths comparable with the
coral specimens used in the current study) tropical coral
Meandrina mendrites (Sebens & Johnson, 1991). Other

scleractinian species occupying similar depths, however,
have been found to capture prey most efficiently under
higher flow velocities. Some morphotypes of the tropical
coral Agaricia agaricites achieve highest net capture rates
under flows of �30 cm s21, well above the 5 cm s21 condi-
tions, observed here for B. europaea (Helmuth & Sebens,
1993). Both M. mendrites and A. agaricites exhibit a more
tabulate, colonial growth form than B. europaea, whereas
cup corals, and framework building corals with a less continu-
ous solid structure, seem to capture food under lower flow
velocities most effectively (e.g. Lophelia pertusa, under
�2.5 cm s21 flow in Purser et al. (2010)).

Net prey capture efficiency under flow is predominantly
determined by the ability of an individual to maintain active
extension of feeding tentacles within a particular flow
regime and/or to keep attached any secreted mucus strands
utilized in prey capture (Shimeta & Koehl, 1997; Mills &
Sebens, 2004; Lewis & Price, 2009; Riisgård & Larsen, 2010)
in an energy efficient manner. The inability to maintain
extended polyp tentacles reduces the feeding surface area
and may render food capture mechanisms less efficient
(Leversee, 1976; Labarbera, 1984; Naumann et al., 2009).
The loss of mucus material to suspension represents both a
loss of the captured prey and the resources expended in the
secretion of the mucus (Wild et al, 2004; Larsson et al.,
2013). Though freshly hatched nauplii as reported here are
commonly used in such experimental work (Purser et al.,
2010; Tsounis et al., 2010; Wijgerde et al., 2011), net capture
or consumption rates of unhatched Artemia cysts (Sebens &
Johnson, 1991) or particulate material (Anthony, 2000) are
also reported. The differences in both size and composition
of these food types may trigger different feeding responses
in different species, and therefore render strict comparisons
of net prey capture results difficult.

Given that the corals used were collected from two distinct
locations the possibility that there could be some genetic dif-
ference in the prey capture rates between populations cannot
be wholly discounted. To date, however, the authors are
unaware of any published empirical results indicating that
genetic variation within coral species can lead to differences
in prey capture ability. As opportunistic suspension feeders,
it is possible that the two populations were exposed to differ-
ent food types in the field, and that there may have been some
adaptation toward different prey categories or sizes as a factor
of differing environmental conditions. We consider it likely
that any such differences between these two populations
would be minor, and would have less of an impact on
feeding ability than the variability between individuals
within the species, and that calyx area is the most significant
factor in prey capture rate determination (Hughes, 1980).
The randomization of corals used in each experimental run
ensured that there was no significant variation in the calyx
area of the corals used in each run of the current study
(Table 2).

The impact of particle exposure on
Balanophyllia europaea net prey capture rates
The presence, absence or concentration of particulate material
in suspension had no significant impact on the observed
net capture rates by Balanophyllia europaea in this study.
Though a general tolerance and even utilisation of refractory

Fig. 3. Mean net capture rates of Artemia salina polyp21 h21 in freshly piped
seawater under different flow velocities. Error bars represent 1 SD (N ¼ 3 for
each treatment). ∗ indicates significant differences from the control runs at the
0.05 threshold. + indicates a significant difference in net capture rates between
7.5 and 15 cm s21 at the 0.05 threshold.

Fig. 4. Mean net capture rates of Artemia salina polyp21 h21 under 5 cm s21

when exposed to various concentrations of suspended sediments. Error bars
represent 1 SD (N ¼ 3 for each treatment).

Table 6. ANOVA table for net prey capture rates under exposures to
various concentrations of suspended sediments.

df Sediment concentration
Sum of squares F P

Flow velocity 2 225.9 0.281 0.765
Residual 8 2.4 × 103
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resuspended particulate material by scleractinians has been
reported (Rosenfield et al., 1999; Anthony, 2000; Van
Oevelen, 2009) high particle concentrations have been
shown to inhibit feeding and stress corals to a variable
degree, dependant on particulate composition and coral
species (Pearson & Rosenberg, 1978; Weber et al., 2006;
Flores et al., 2012). In temperate and cold water corals the
experimental data are less extensive than for tropical corals,
and variable in detail according to species, but a reduced
prey capture efficiency under suspended particle exposure is
generally reported (Brooke et al., 2009; Larsson & Purser,
2011; Larsson et al., 2013).

Though the net prey capture rates of Artemia salina were
not influenced by the presence or absence of suspended sedi-
ments, it is possible that direct ingestion of the captured
nauplii could have been inhibited by particle presence. In a
recent paper, Wijgerde et al. (2011) indicate that digestion
of A. salina prey can occur externally to the scleractinian
Galaxea fascicularis. This may indicate that the presence of
refractory particulate material in addition to nauplii on the
tentacles does not mechanically interfere with feeding; that
is, the tentacles do not have to retract to transfer the nauplii
to the coral cup prior to digestion, a mechanical process
which may be inhibited by particulate presence (Shimeta &
Jumars, 1991; Stafford-Smith & Ormond, 1992).

Resilience to sediment exposure is not surprising in corals
collected from the Gulf of Lions coastal sublittoral environ-
ment. The region is subjected to storm events (Guillén et al.,
2006; Ulses et al., 2008) and occasional large scale flushing
events (‘cascading’), where material is swept westward along
the upper continental shelf prior to transport via the western
Mediterranean canyons systems to the deep sea. Under the
tested, environmentally reasonable, particulate concentrations
a net capture of .230 mg C polyp21 h21 was achieved across
treatments (as determined from nauplii analysis and net
capture rates), though the amount of this carbon actually uti-
lized by the coral was not quantified here. Material removed
from suspension by incorporation within coral mucus
strands, and potentially deposited ‘downstream’ of the coral
within the flume following mucus breakage, would represent
in the field an increased flux of carbon to the benthic ecosystem,
potentially influencing community development.

Habitat selection by Balanophyllia europaea
The current study has demonstrated under laboratory condi-
tions the ability of Balanophyllia europaea to capture Artemia
salina nauplii under particle concentration and flow velocity
conditions encountered during storm events in the western
Mediterranean (Ulses et al., 2008). Within the geological
record a more ubiquitous presence of the major scleractinian
species across the Mediterranean in the past has been indicated
(Taviani et al., 2005). The higher abundance of both shallow and
deep water scleractinian corals in the western (in comparison
with the eastern) Mediterranean today (Freiwald et al., 2009)
may to some degree be the result of the delivery of large
volumes of food via large scale circulation processes, processes
possibly susceptible to climate change following increasing
surface warming and the associated potential slowdown of
ocean transport patterns in the area (Durrieu de Madron et al.,
2011). The last 35 years has seen a general increase in the tem-
peratures of surface waters in the Mediterranean, with this

increase generally faster in the eastern Mediterranean (Skliris
et al., 2012). In addition to the Gulf of Lions being a main area
for formation of cold waters within the Mediterranean Sea, the
proximity of the region to the cooling influence of the Atlantic
during periods of global temperature rise may be a further
reason for the higher densities of scleractinians observed in the
western Mediterranean, given the high metabolic sensitivity to
temperature often reported for species (Dodds et al., 2007;
Goffredo et al., 2007, 2008; Brooke et al., 2012). Balanophyllia
europaea, as such a temperature-sensitive species, may be
under considerable risk (Goffredo et al., 2009). It is likely that
coral individuals living under the most suitable flow conditions
for maximum prey capture efficiency may be the most suitably
situated to counter the reduction in zooxanthellae efficiency
following seawater temperature increase (Goffredo et al.,
2007) by increasing heterotrophic feeding behaviour.
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