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Abstract Scleractinian symbiotic corals living in the
Ligurian Sea (NW Mediterranean Sea) have experi-
enced warm summers during the last decade, with
temperatures rapidly increasing, within a few days, to
3-4°C above the mean value of 24°C. The effect of
elevated temperatures on the photosynthetic efficiency
of zooxanthellae in symbiosis with temperate corals
has not been well investigated. In this study, the corals,
Cladocora caespitosa and Oculina patagonica were
collected in the Ligurian Sea (44°N, 9°E), maintained
during 2 weeks at the mean summer temperature of
24°C and then exposed during 48 h to temperatures of
24 (control), 27, 29 and 32°C. Chlorophyll (chl) fluo-
rescence parameters [F,/Fy,, electron transport rate
(ETR), non-photochemical quenching (NPQ)] were
measured using pulse amplitude modulated (PAM)
fluorimetry before, during the thermal increase, and
after 1 and 7 days of recovery (corals maintained at
24°C). Zooxanthellae showed a broad tolerance to
temperature increase, since their density remained
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unchanged and there was no significant reduction in
their maximum quantum yield (F,/F,) or ETR up to
29°C. This temperature corresponded to a 5°C increase
compared to the mean summer temperature (24°C) in
the Ligurian Sea. At 32°C, there was a significant de-
crease in chl contents for both corals. This decrease
was due to a reduction in the chl/zooxanthellae con-
tent. For C. caespitosa, there was also a decrease in
ETR,,.x, not associated with a change in F,/F, or in
the non-photochemical quenching (NPQ); for O. pat-
agonica, both ETR.x and F,/F, significantly de-
creased, and NPQ,,.x showed a significant increase.
Damages to the photosystem II appeared to be
reversible in both corals, since F,/F,, values returned to
normal after 1 day at 24°C. Zooxanthellae in symbiosis
with the Mediterranean corals investigated can there-
fore be considered as resistant to short-term increases
in temperature, even well above the maximum tem-
peratures experienced by these corals in summer.

Introduction

The Ligurian Sea (NW Mediterranean Sea) hosts
several symbiotic scleractinian coral species such as
Cladocora caespitosa and Oculina patagonica. C. caes-
pitosa (Faviidae), which is one of the main endemic
Mediterranean coral species, is abundant both in past
and recent times (Peirano et al. 1998) and can form
extensive bioherms (Schumacher and Zibrowius 1985).
It is commonly distributed from 5 to 20 m depth in
turbid water, although it can sometimes reach depths
of 40 m (Morri et al. 1994). The largest living banks,
corresponding to reef-like structures, are found in the
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Fig. 1 Seawater temperature
(summer 2003) at Monaco
(Ligurian Sea). Daily
temperature (sampled every
hours) recorded at 3 and 16 m
depth by Onset HOBO®
water temperature pro data
loggers (data-bank of the
Oceanographic Museum of
Monaco). This is an example
of the short-term variations,
which can occur frequently
during warm summers
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Adriatic Sea (Kruzi¢ and Pozar-Domac 2003). O. pat-
agonica (Oculinidae) is an immigrant scleractinian
coral supposed to be originating from the Southwest
Atlantic (Zibrowius 1974). Encrusting colonies cover
hard substrates at a depth range of 0.5-10 m. While
this species is very abundant along the Israeli and
Spanish coasts, it is less expanded in the Ligurian Sea
(see Zibrowius 1980; Fine et al. 2001 for a review).
Both species experience large changes in tempera-
ture throughout the year with mean values of 12 and
24°C during winter and summer months, respectively
(Picco 1990; SOMLIT, Service d’Observation en Mili-
eu Littoral, INSU-CNRS, Villefranche-sur-mer). Dur-
ing previous summer months (1997-2005), several
mortality events occurred in the Ligurian Sea, which
affected sponges, gorgonians (Cerrano et al. 2000;
Coma et al. 2000; Garrabou et al. 2001; Linares et al.
2005), small sessile benthic organisms (Perez et al.
2000) and coral species (Rodolfo-Metalpa et al. 2000).
These mortality events were coincident with registered
positive thermal anomalies (Romano et al. 2000; Har-
melin 2004) due to increases in Mediterranean sea
surface temperatures (SST) (Bethoux et al. 1990;
Walther et al. 2002). These SST anomalies were char-
acterised either by long-term increases of 1-2°C above
mean values (22-24°C in the upper 20 m) or short-term
increases of 3-4°C. Long-term increases, such as those
observed during the summer 1999, are characterised by
the lowering of the thermocline and temperatures up
to 24°C at 40 m depth for more than 1 month (Cerrano
et al. 2000; Romano et al. 2000). Short-term tempera-
ture increases, which occurred during the summer
2003, were associated with large temperature shifts up
to 7.5°C within a few hours (Harmelin 2004). There-
fore, temperature values at 12 m reached 27.2°C at
some moment. Temperatures at 3 and 16 m, where the
corals are usually found, rapidly increased within 1 day
from ca. 24°C, the usual summer temperature, to ca.
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28°C and remained at this value for 2 days before
decreasing again to 24°C (Fig. 1). A relationship be-
tween elevated temperatures and mortality of the
benthic fauna was only suggested, but cannot be
demonstrated, due to the poor knowledge of the effects
of temperature and of the degree of its variation on
physiological processes of the affected species (Coma
et al. 2000).

In tropical scleractinian corals, numerous studies
have shown that short-term increases in temperature,
especially when combined with high-light intensity,
decrease the photosynthesis/photosynthetic efficiency
of the symbiotic zooxanthellae and most often lead to
coral bleaching events (Jones et al. 1998; Fitt et al.
2001; Bhagooli and Hidaka 2004; Hill et al. 2004). In
contrast, few studies have investigated the response of
temperate coral symbionts to temperature increases
above their normal range (Jacques et al. 1983; Ben-
Haim et al. 1999; Jones et al. 2000; Nakamura et al.
2003). Conversely to Jacques et al. (1983), which
showed an increase in photosynthesis up to 27°C in
Astrangia danae, Jones et al. (2000) as well as Na-
kamura et al. (2003) showed that the photosynthesis/
photosynthetic efficiency of Plesiastrea versipora and
Acropora pruinosa, decreased after exposure to 28°C
for 2-4 days. Ben-Haim et al. (1999) investigated the
inhibition of photosynthesis of the coral O. patagonica
after its infection by Vibrio shiloi. The vibrio infection
induced bleaching of the coral (Kushmaro et al. 1996),
which occurred during long exposures (>72 h) to high
temperatures (Rosenberg and Falkovitz 2004).

The aim of this study was to investigate the effect of
a short-term (from 5 to 48 h) increase in temperature
on the photosynthetic efficiency of zooxanthellae in
symbiosis with the two Mediterranean corals C. caes-
pitosa and O. patagonica. The range of temperatures
investigated (from 24 to 29°C) was comparable to
those experienced by the corals in the Ligurian Sea
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during warm summers. Temperature was also in-
creased up to 32°C to assess the resistance of the corals
to extreme value.

Materials and methods
Samples collection and acclimation

Seven colonies (ca. 20 cm in diameter) of C. caespitosa
were randomly collected in the Bay of Fiascherino
(Gulf of La Spezia, 44°03'N, 9°55’E) at 7 m depth. At
this location, the species is very abundant and well
distributed. It thrives in turbid waters and under low
light conditions (from 50 to 110 pmol photons m™ s,
Peirano et al. 1999, 2005). One hundred samples of
O. patagonica were collected at Albissola (Gulf of
Genoa, 44°17'N, 8°30’E) at 3 m depth. At this location,
O. patagonica covers 5-6 m> of surface area and is
growing on a vertical cliff facing north, which prevents
exposure to direct sunlight. For both corals, seawater
temperature was 20°C at the time of collection.

Samples were transported in aerated seawater under
reduced-light conditions to the laboratory where the
experiments were conducted. 252 nubbins (single
polyp) of C. caespitosa were made from mother colo-
nies, carefully cleaned of epiphytes and placed on PVC
supports. 204 nubbins (8-23 cm?) of O. patagonica,
made from samples, were attached to a nylon wire and
suspended in an aquarium (300 1) until tissue covered
the denuded skeleton. The aquaria were continuously
supplied with Mediterranean seawater (20°C) pumped
from 50 m depth in front of the Oceanographic Mu-
seum. Renewal rate in the aquarium was 5 1 h™'. Light
was provided by metal halide lamps (Philips, HPIT
400 W) on a 12:12 h (light:dark) photoperiod. Plastic
mesh was used to set-up light intensity to the summer
value of 110 pmol photon m~ s™'. Irradiance was
measured using a Li-Cor underwater quantum sensor
(LI-193SA). All corals were fed twice a week with
Artemia salina nauplii.

Experimental set-up

The 252 nubbins of C. caespitosa and 204 of O. pata-
gonica were randomly transferred to eight experi-
mental tanks (151). Temperature in the tanks was
slowly (1°C per day) increased from 20 to 24°C (mean
summer temperature) and corals were maintained
2 weeks under these summer conditions (according to
the in situ temperature sensors deployed by SOMLIT,
corals are exposed to this temperature for ca. 3 weeks).
In order to ensure that no change occurred in both

corals, chlorophyll (chl) fluorescence parameters [F,/
F,, electron transport rate (ETR), non-photochemical
quenching (NPQ)] were measured on 50 nubbins both
before and at the end of this control period. In addi-
tion, 20 nubbins were randomly collected and frozen at
—-80°C in order to determine protein and chl contents
(n = 10), and zooxanthellae density.

Temperatures were then increased (1°C per hour) to
24 (control), 27, 29 and 32°C and maintained for 48 h.
Two tanks for each treatment were used and temper-
ature was maintained constant using aquarium heaters
connected to electronic controllers (+0.2°C). At the
end of the treatment, corals were slowly returned to
the control temperature of 24°C for a recovery period.
Chl fluorescence parameters (F,/Fy,, ETR, NPQ) were
measured (as described below) on five nubbins of each
species in each tank after 5,24 and 48 h of treatment as
well as during the recovery period (after 1 and 7 days).
Three nubbins of each species were also collected in
each tank after 5 and 48 h of treatment, and after 1 and
7 days of recovery for measurements of zooxanthellae
density and chl content (see below). Similarly, three
nubbins of C. caespitosa were frozen at —-80°C for
protein measurements. During the entire experiment,
corals were also observed under a microscope for tissue
degradation (necrosis or retraction into the polyps).

Chl fluorescence measurements

Photosynthetic efficiency of photosystem II (PSII) was
measured on dark-adapted nubbins of C. caespitosa
and O. patagonica (five replicates per tank and for
each exposure time), using a PAM fluorometer
(DIVING-PAM, Walz, Germany, Schreiber et al.
1986). During measurements, a black jacket of neo-
prene was mounted on the free-end of the 8 mm
optical fibre in order to keep a fixed distance of 5 mm
from the coral surface. The minimal (F;) and maximal
(F) fluorescence yields were measured by applying
a weak pulsed red light (max intensity <1 pmol
photon m™ s™!, width 3 ps, frequency 0.6 kHz), and
a saturating pulse ofactinic light (max intensity
>8,000 pmol photon m2 s™, width 800 ms), respec-
tively. The maximum photosynthetic efficiency F,/F,
= (Fu—Fy)/Fy, in dark-adapted corals and the relative
ETR (ETR = F,/F, 0.5 x PAR) were used to assess
the efficiency of the PSII. The heat-dissipation pro-
cess of excessive absorbed energy from PSII was
reported as NPQ values (NPQ = (F—F')/Fy', Fy is
the maximal fluorescence yield at a given light inten-
sity). Rapid light curves (RLCs) were generated by
illuminating dark-adapted corals from 0 to 835 pmol
photon m~ s (PAR) in eight steps of 10 s. ETRpax,
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NPQ,,.x, Obtained at the maximal light intensity of the
RLC, were compared between treatments.

Data normalisation

In this study, results of C. caespitosa were normalised
by surface area, in order to be compared with other
corals. Individual polyps are present on the apical part
of the tubular corallites, which have their own walls
independent from the others (Zibrowius 1980). Polyp
surface (PS) was therefore estimated, on all polyps,
taking into account the mean diameter of the corallite
(4-5 mm), as well as the exosarc extension around the
corallite (3-5 mm), according to the following equa-
tion: PS = (2nR)H + nR?, where R represent the polyp
radius, and H is the exosarc extension, measured with a
calliper. This method yielded results superior to the
aluminium foil or the wax techniques, which are both
difficult to apply to polyps that have a small exosarc
extension. Results of O. patagonica are normalised per
surface area, which was estimated using the aluminium
foil method (Marsh 1970).

Laboratory analysis

In order to determine zooxanthellae density and chl a,
¢, concentrations, coral tissue was detached from the
skeleton with a jet of re-circulated filtered seawater
(0.45 pum pore size). The slurry that was produced from
this procedure was homogenised using a potter tissue
grinder and the volume of the homogenate recorded.
A sub-sample of the homogenates was taken for zoo-
xanthellae counting (ten separate chamber counts)
using an improved version of the Histolab® 5.2.3 image
analysis software (Microvision, Every, France). This
method was compared to the haemocytometer method
using six nubbins of O. patagonica with different zoo-
xanthellae densities and for which five replicate counts
were performed. No difference was found between the
two techniques (one-way ANOVA, P > 0.05, n = 6).
For chl measurements, 10 ml of the homogenate were
centrifuged at 5,000 g for 10 min at 4°C and the
supernatant was discarded leaving the algal pellet. This
pellet was re-suspended in 10 ml of pure acetone, and
pigments were extracted at 4°C during 24 h in the dark.
The extract was re-centrifuged at 10,000 g for 10 min,
the supernatant containing the pigments was collected,
and absorbances were measured according to Jeffrey
and Humphrey (1975).

Nubbins for protein estimation were treated in 1 N
NaOH at 90°C for 30 min and the protein content was
measured using the BCA assay Kit (Interchim, Smith
et al. 1985). The standard curve was established with
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bovine serum albumin and the absorbance was mea-
sured with a multiscan bichromatic spectrophotometer
(Labsystem®, Helsinki, Finland).

Statistical analysis

All data were tested for assumptions of normality and
homoscedasticity by the Cochran’ test and were
transformed when required. One-way ANOVA
showed no significant difference between replicated
tanks, used for each temperature (P > 0.05). There-
fore, data corresponding to each temperature were
pooled for the analysis. One-way ANOV As were used
to test the effect of temperature change from 20 to
24°C during the control period. Two-way ANOVAs
with fixed effect were performed on zooxanthellae
densities, chl a, ¢, and protein contents, between
temperatures (24, 27, 29 and 32°C) and exposure time
(5 and 48 h) using STATISTICA® software (StatSoft,
OK, USA). The same analysis was made on the chl
fluorescence measurements (F,/Fp,, ETRu.x and
NPQ,.x), at each exposure time (5, 24 and 48 h).
When ANOV As showed significant differences, Tukey
honest test (HSD) was used to attribute differences
between specific factor, or their interaction only. Stu-
dent’s t-tests were used to compare data obtained
during control and recovery periods. Statistical signif-
icance levels were defined as follow: n.s., not significant
(P > 0.05); *P < 0.05; **P < 0.01; ***P < 0.001. All
data were expressed as mean + standard deviation
(SD).

Results

During the control period, no significant change oc-
curred neither in the photosynthetic efficiency mea-
sured (Fy/Fyn, ETRp.c and NPQp.) nor in the
zooxanthellae and chl contents (Table 1). Therefore,
C. caespitosa contained 3.6 + 0.9 x 10° zooxanthellae
cm>, 98+19 and 1.8 + 04 png chl a and ¢, cm2,
respectively. The mean surface area of a polyp was
0.78 + 0.13 cm™. Protein content was equal to
23+ 0.7 mgcm™>. O. patagonica contained signifi-
cantly more zooxanthellae (10.1 + 2.9 x 10° zooxan-
thellae cm™), but a smaller amount of chls (5.7 + 2.1
and 1.2 + 0.2 pg chl a and ¢, cm™, respectively) than
C. caespitosa. The protein content was equal to
3.4 + 0.6 mg cm 2. F,/F,, of symbiotic dinoflagellates
of both corals (0.598 + 0.037 and 0.666 + 0.018 for
O. patagonica and C. caespitosa, respectively) were in
the range of values already reported for tropical cor-
als. The RLC curves showed ETR,.x values ranging
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Table 1 Results of one-way ANOV A comparing zooxanthellae density (zoox density), chlorophylls (chl) contents and chl fluorescence
variables (Fy/Fy, ETRphax, NPQpax) measured at the beginning and at the end of the control period

Parameters Cladocora caespitosa Oculina patagonica
df F-ratio p-value daf F-ratio p-value

Zoox density (x10% cm™) (1,18) 0.069 0.79 (1,18) 0.029 0.86
Chl a (ug cm™) (1,18) 1.117 0.30 (1,18) 0.301 0.59
Chl ¢ (ng cm™) (1,18) 2.747 0.11 (1,18) 0.594 0.45
Fy/Fy, (1,48) 0.239 0.62 (1,48) 0.328 0.56
ETRnax (1,48) 0.035 0.85 (1,48) 0.180 0.67
NPQax (1,48) 0.072 0.79 (1,48) 0.081 0.81

between 57.8 + 8.3 for O. patagonica and 78.6 + 2.3 for
C. caespitosa. The NPQ,,.x values at the beginning of
the experiment were similar between the species (ca.
0.25).

During the experiment, no effect of temperature
(24, 27, 28 and 32°C) and exposure time (5 and 48 h)
was found on protein content of C. caespitosa nor
on zooxanthellae density of both corals (Table 2;
Fig. 2a, b). However, there was a significant effect of
temperature, time or both on the chl concentration
(cm™) of the corals (Table 2). Indeed, for C. caespi-
tosa, chl a and ¢, cm™ significantly decreased (Tukey
test, P < 0.05) by 49 and 46%, respectively, after 48 h

Table 2 Summary of the results of the two-way ANOVAs
testing the effect of temperature and time on the zooxanthellae
density (zoox density), chlorophylls (chl), protein contents and
chl a fluorescence parameters (F,/Fy, ETR pax, NPQpax) of in
hospite zooxanthellae of C. caespitosa and O. patagonica

Parameters Temperature Time Interaction

Cladocora caespitosa

Zoox density (x10° cells cm™) NS NS NS
Chl a (ug Cm—Z) * sk ok
Chl ¢, (ug cm™) o * *
Chl a (pg cell™) o NS NS
Chl ¢, (pg cell™) sk NS NS
Protein (ug cm™) NS NS NS
F,/F, NS NS NS
ETR ax wox NS NS
NPQnax NS NS NS
Oculina patagonica

Zoox density (x10° cells cm™) NS NS NS
Chl a (ug cm™) NS NS NS
Chl ¢, (ng cm™) ik NS NS
Chl a (pg cell™) NS NS NS
Chl ¢, (g cell™) ok Ak Ak
Fy/Fy ok NS NS
ETRmax * NS NS
NPQnax ok NS NS
NS no significant difference

*P < 0.05

**P < 0.01

kP < 0.001

at 32°C (Fig. 3a, b). As a consequence, there was a
significant effect of temperature alone of the amount of
chl a and ¢, per zooxanthellae (Table 2; Fig. 3c, d). For
O. patagonica only temperature has a significant effect
on chl ¢, cm™ (Table 2), which drastically decreased
(by 60%) at 29 and 32°C right after 5 h incubation
(Tukey test, P < 0.05, Fig. 4a, b) and remained low
during the whole experiment without further decrease.
There was therefore a combined effect of tempera-
ture and time on the chl ¢, content per zooxanthellae
(Table 2; Fig. 4d). Chl ¢, started to decrease at 29 and
32°C after 5 h incubation and also decreased at 27°C
after 48 h incubation (Tukey test, P < 0.05).

F,/F,, of C. caespitosa was not affected by temper-
ature and exposure time (Fig. 5a; Table 2). Conversely
temperature significantly reduced the F,/F,, of O. pat-
agonica (Table 2), which decreased at 32°C by 9%
after 5 h incubation (Fig. 6a; Tukey test, P < 0.05).

Only temperature had a significant effect on the
ETR,,.x values of both corals (Figs. 5b, 6b) exposed to
32°C (Table 2; Tukey test, P < 0.05). This effect was
rapid, since a 19 and 27% decrease (for C. caespitosa
and O. patagonica, respectively) occurred immediately
after 5 h incubation and remained constant after 24
and 48 h incubation at 32°C (results not shown). The
NPQ,,.x values of both corals rapidly increased to a
constant value after 5 h at 32°C (Figs. 5c, 6¢). However
this increase was significant only for O. patagonica and
was due to the temperature effect (Table 2; Tukey test,
P < 0.05).

Throughout the entire experiment the animal part of
the coral did not show any sign of stress, since there
was no visible necrosis or tissue loss as observed under
a binocular microscope. The absence of tissue loss was
indicated by the stability in the protein content on
C. caespitosa.

During the recovery period, parameters of corals
that were not affected during the experiment (24, 27
and 29°C) remained constant and not significantly
different from the control period (data not shown). For
C. caespitosa having experienced 32°C, contents of chl
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Fig. 2 Zooxanthellae density. a Cladocora caespitosa, b Oculina
patagonica, after 5 and 48 h of incubation at 24°C (control), 27,
29 and 32°C and after 7 days of recovery at 24°C. Significant
differences were assessed with a two-ways ANOV As followed by
a Tukey test (Table 2). Means values + SD, n = 6

a and ¢, (expressed per cm™ and zooxanthellae)
(Fig. 3) recovered after 7 days (t-test, n = 6, P > 0.05).
ETR,,.x and NPQ,,., values (Fig. 5b, c¢) returned to
their initial value after 1 day of recovery (t-test, n = 10,

P > 0.05). For O. patagonica maintained at 29 and

32°C, chl ¢, content, expressed either per cm™ or per

Fig. 3 Cladocora caespitosa.
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zooxanthellae (Fig. 4b, d) did not reach their initial
value and remained significantly lower (t-test, n = 6,
P < 0.05) even after 7 days of recovery. Conversely,
ETR,,.x and NPQ,,., values (Fig. 6b, c¢) returned to
their initial value after 1 day of recovery (¢-test, n = 10,
P > 0.05).

Discussion

Few studies have investigated the effect of a short-term
increase in temperature on the photosynthetic re-
sponse of zooxanthellae in symbiosis with temperate
corals (Jacques et al. 1983; Jones et al. 2000; Nakamura
et al. 2003). The corals studied, C. caespitosa and
O. patagonica, contained high zooxanthellae densities
(3.6 and 10.1 x 10° cells cm™) as well as high chl a
content (5.7 and 9.8 pg cm™?) compared to tropical
symbiotic corals (Stimson et al. 2002), but these values
are in agreement with those already reported in other
temperate corals (Jacques et al. 1983; Schiller 1993;
Howe and Marshall 2001). This is a feature of shade-
adapted anthozoans (Muller-Parker and Davy 2001).
Indeed, these corals are particularly abundant in turbid
shallow waters, living under light levels ranging from
50 to 110 pmol photons m> s™! (Peirano et al. 1999,
2005). Both corals also presented relatively high pro-
tein contents compared to those measured in other
scleractinian corals (Houlbréeque et al. 2003), maybe
due to larger zooplankton ingestion. It has indeed been
suggested that temperate suspension feeders, living in
low-light environment, should rely more on the het-
erotrophic feeding than tropical ones (Piniak 2002).
During the control period, the dark-adapted F,/F,, of
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the symbiotic zooxanthellae of both corals (0.6-0.65)
was in the range of values normally observed in marine
algae (Buchel and Wilhelm 1993). The NPQ values
during this period were low, showing that the corals
were not stressed.

Temperate zooxanthellae have been suggested to
show a broad tolerance to temperature changes (Mul-
ler-Parker and Davy 2001). The effect of abnormal
elevations in temperature on photosynthesis have
however been poorly tested. In the temperate coral
P. versipora, from South Australia, a significant long-
term reduction in the photosynthetic efficiency (Fy/Fy,)
was observed when corals were maintained 48 h at
28°C (i.e. 4°C above ambient temperature; Jones et al.
2000). Such reduction was followed by the loss of algae
(bleaching). The temperate zooxanthellae inhabiting
Mediterranean corals therefore seem particularly
resistant to elevation in temperature since there was no
significant reduction in F,/F, or in the ETR.
(Figs. 5b, 6b) up to 29°C during 2 days. This temper-
ature corresponds to a 5°C increase compared to the
mean summer temperature (24°C). Elevation of the
temperature up to 32°C did not induce algal loss nor
mortality of the corals. This later temperature has
never been registered in the Ligurian Sea. However, it
might occur along the Israeli coasts, where both corals
are also thriving (Zibrowius 1980; Fine et al. 2001).

The response of the corals to a temperature increase
up to 32°C highlighted biological differences between
them. For C. caespitosa, we found no significant reduc-
tion in the maximal photosynthetic efficiency (Fy/Fy,)
associated with a decrease of the ETR and an increase
in the NPQ, although not significant (Figs. 5a—c). These
observations indicate that the PSII of zooxanthellae in
symbiosis with C. caespitosa, exposed 48 h to 32°C, was

Temperature (°C)

not damaged but became unable to tolerate the high
level of incoming energy and therefore had to resort to
excess energy dissipation pathways such as NPQ for
photoprotection (Warner et al. 1996). These results
are in agreement with the conclusions of Jones et al.
(1998), which suggest that damage to PSII is a sec-
ondary effect of temperature stress. Indeed, in this
study, Jones et al. (1998) proposed that NPQ increase
is induced by a limitation in assimilatory electron flow
and is the first step of reactions at the PSII level fol-
lowing heat stress beyond which the electron transport
chain becomes over-reduced and significant damage to
PSII occurs. The latter phenomenon seems to happen
for O. patagonica in our study because we found a
significant decrease in F/F,,, and ETR,,x together with
an important elevation of the NPQ values (Fig. 6a—c).
This is the first major difference between the two
corals, even if the temperature-induced changes ap-
peared to be reversible in both corals: photosynthetic
efficiency values returned to normal after a recovery
period of 1 day.

In terms of ‘“‘symbiosis”, no loss in zooxanthellae
density was observed, but both corals experienced a
small bleaching since the level of chl per zooxanthellae
(Figs. 3, 4) significantly decreased at high temperatures
(Hoegh-Guldberg and Smith 1989). Indeed, C. caespi-
tosa lose both chl a and ¢, (per cm™ or per algal cell)
when maintained during 2 days at 32°C, but recovered
its initial levels when conditions returned to normal.
Conversely, O. patagonica only lose chl ¢, (per cm™ or
per algal), but both at 29 and 32°C (Fig. 4b, d) and did
not recover its initial level after 7 days under normal
conditions. O. patagonica, is known to frequently
bleach along the Israeli coasts (Fine et al. 2001) due to
the infection by V. shiloi at high temperatures. In the
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present study, bleaching in O. patagonica was not se-
vere maybe due to: (a) the short-term increase in
temperature, too short to activate V. shiloi, the caus-
ative agent of bleaching (Kushmaro et al. 1996); (b) the
small size of the colonies, as it has recently been
demonstrated that bleaching mostly affects larger col-
onies (Shenkar et al. 2005); (c) a different symbiont
genotype contained in the two population of north and
south Mediterranean O. patagonica.
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Fig. 5 Cladocora caespitosa. Chl fluorescence parameters (F,/
Fn,, ETR, NPQ) on dark-adapted nubbins. a F,/F,, as a function
of temperature (24, 27, 29 and 32°C) at three incubation time (5,
24 and 48 h) and after 1 day of recovery at 24°C, b ETR and
¢ NPQ as a function of irradiance, following 5 h incubation at
24°C (filled square), 27°C (open square), 29°C (filled triangle) and
32°C (open triangle) and after 1 day of recovery at 24°C (plus).
Significant differences were assessed with a two-way ANOVAs
followed by a Tukey test (Table 2). Means values + SD, n = 10.
Bars with different letters (a—d) are significantly different
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In tropical corals, the response of zooxanthellae to
temperature increase is different depending on whe-
ther they are exposed to low or high levels of irradi-
ance (Bhagooli and Hidaka 2004). A decrease in the
photosynthetic efficiency usually occurs under condi-
tions of elevated temperature and light. In this exper-
iment, we used the highest irradiance known to be
experienced by C. caespitosa in the Ligurian Sea during
the summer season (110 umol photons m™ s, Peirano
et al. 1999). This coral is adapted to these low light
levels since an [y (saturation threshold irradiance) of
31-98 umol photons m~ s~ has been calculated from
its photosynthetic curves (Schiller 1993). Our light le-
vel is also similar to the one used by Jones et al. (2000)
for testing the effect of temperature on the temper-
ate coral P. versipora (150-175 pmol photon m™2 s™).
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Fig. 6 Oculina patagonica. Same legend as Fig. 5
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P. versipora significantly reduced its photosynthetic
efficiency and bleached, suggesting that this light level
was already stressful for this coral.

Zooxanthellae in symbiosis with the two Mediter-
ranean corals investigated here can be considered
resistant to short-term increases in temperature, even
well above the maximum temperatures ever experi-
enced by the corals in their natural habitat. In tropical
symbiotic associations, the host is often selective in its
choice of algal partner, containing different algal
genotypes (or clades) depending on the environmental
conditions (Rowan et al. 1997). It has been observed,
for example, in Montastrea, that zooxanthellae of rib-
otype C have a lower tolerance than ribotypes A and
B to elevated temperature/irradiance (Rowan et al.
1997). Zooxanthellae in the Mediterranean corals
C. caespitosa and O. patagonica may have gained some
genetic adaptations to large and transient changes in
temperature, even above the typical maximum. Those
in symbiosis with C. caespitosa belong to the clade A
Temperate (D. Forcioli, personal communication), as
most of the other zooxanthellae in symbiosis with
Mediterranean sea anemones (Savage et al. 2002).
There is therefore a high level of specificity in this
temperate symbiosis, as has been observed in other
temperate associations (Savage et al. 2002; Rodriguez-
Lanetty et al. 2003). However, little knowledge exists
on this type of symbiosis and especially on the physi-
ology of the clade A Temperate, which might explain
their particular resistance to large temperature fluctu-
ations. More generally, the biochemical basis of the
variation among genetically distinct zooxanthellae in
susceptibility to bleaching is unknown. It has been
suggested, however, that selective pressures in tem-
perate environments have granted symbiosis specificity
an adaptive value (Rodriguez-Lanetty et al. 2003). In
the tropics, it has been observed that corals having high
zooxanthellae densities and protein contents were
more resistant to bleaching and mortality than corals
with low levels in both parameters (Stimson et al.
2002). This has been explained by an enhanced bio-
chemical protection against damage by radiant energy
and the ability of coral tissue to produce antioxydant
enzymes and heat shock proteins, which protect both
partners of the symbiosis from temperature stress
(Brown et al. 2002). Therefore, specific adaptations of
Mediterranean clades to temperature, as well as high
zooxanthellae densities and protein contents, might
make Mediterranean zooxanthellae more resistant to
short-term temperature increases. This observation is
consistent with the fact that C. caespitosa died by losing
tissue but not bleached during the mortality events of
these recent summers (Rodolfo-Metalpa et al. 2000,

2005); this trend is therefore different from the tem-
perature-induced bleaching in tropical corals (Hoegh-
Gulberg 1999). This difference, however, needs more
investigation to be fully understood in both its physi-
ological mechanisms and ecological implications.

Acknowledgements The work presented here is part of the
PhD thesis of R. Rodolfo-Metalpa, supported by the Centre
Scientifique de Monaco. Thanks are due to Drs. R. Delfanti, and
A. Peirano (Marine Environmental Research Centre ENEA,
Spezia, Italy) for their support during sample collection, to Prof.
G. Fierro (University of Genoa, Italy) and Dr. D. Rubeo
(France). Temperature data were either provided by SOMLIT
(Service d’Observation en Milieu Littoral, CNRS, INSU,
Villefranche-sur-Mer) or by the Oceanographic Museum in
Monaco (thanks to T. Thevenin). Zooxanthellae genotype of the
coral C. caespitosa was gently provided by Dr. Didier Forcioli
(University of Nice-Sophia-Antipolis). We also thank C. Mat-
thew Moy (Stantford, USA) for English revision and three
anonymous reviewers for an improvement of the manuscript.

References

Ben-Haim Y, Banim E, Kushmaro A, Loya Y, Rosenberg E
(1999) Inhibition of photosynthesis and bleaching of zoo-
xanthellae by the coral pathogen Vibrio shiloi. Environ
Microbiol 1:223-229

Bethoux JP, Gentili B, Raunet J, Tailliez D (1990) Warming
trend in the western Mediterranean deep water. Nature
347:660-662

Bhagooli R, Hidaka M (2004) Photoinhibition, bleaching sus-
ceptibility and mortality in two scleractinian corals, Platy-
gyra ryukuensis and Stylophora pistillata, in response to
thermal and light stresses. Comp Biochem Physiol A
137:547-555

Brown BE, Downs CA, Dunne RP, Gibbs SW (2002) Exploring
the basis of thermotolerance in the reef coral Goniastrea
aspera. Mar Ecol Prog Ser 242:119-129

Buchel C, Wilhelm C (1993) In vivo analysis of slow chlorophyll
fluorescence induction kinetics in algae: progress, problems
and perspectives. Photochem Photobiol 58:137-148

Cerrano C, Bavestrello G, Bianchi CN, Cattaneo-Vietti R, Bava
S, Morganti C, Morri C, Picco P, Sara G, Schiaparelli S,
Siccardi A, Sponga F (2000) A catastrophic mass-mortality
episode of gorgonians and other organisms in the Ligurian
Sea (NW Mediterranean), summer 1999. Ecol Lett 3:284—
293

Coma R, Ribes M, Gili JM (2000) Seasonality in coastal benthic
ecosystems. Trend Ecol Evol 15:448-453

Fine M, Zibrowius H, Loya Y (2001) Oculina patagonica: a non-
lessepsian scleractinian coral invading the Mediterranean
Sea. Mar Biol 138:1195-1203

Fitt WK, Brown BE, Warner ME, Dunne RP (2001) Coral
bleaching: interpretation of thermal tolerance limits and
thermal thresholds in tropical corals. Coral Reefs 20:51-65

Garrabou J, Perez T, Sartoretto S, Harmelin JG (2001) Mass
mortality event in Red coral Corallium Rubrum populations
in the Provence regions (France, NW Mediterranean). Mar
Ecol Prog Ser 217:263-272

Harmelin J-G (2004) Environnement thermique du benthos c6-
tier de I'ile de Port-Cros (parc national, France, Méditerra-
née nord-occidentale) et implications biogéographiques. Sci
Rep Port-Cros natl Park, Fr 20:173-194

@ Springer



54

Mar Biol (2006) 150:45-55

Hill R, Schreiber U, Gademann R, Larkum AWD, Kiihl M,
Ralph PJ (2004) Spatial heterogeneity of photosynthesis
and the effect of temperature-induced bleaching condi-
tions in three species of corals. Mar Biol 144:633-640

Hoegh-Guldberg O (1999) Climate change, coral bleaching and
the future of the world’s coral reefs. Mar Freshwater Res
50:839-866

Hoegh-Guldberg O, Smith GJ (1989) The effect of sudden
changes in temperature, light and salinity on the population
density and export of zooxanthellae from the reef coral
Stylophora pistillata (Esper) and Seriatopora hystrix (Dana).
J Exp Mar Biol Ecol 129:279-303

Houlbréeque F, Tambutté E, Ferrier-Pages C (2003) Effect
of zooplankton availability on the rates of photosynthe-
sis and tissue and skeletal growth of the scleractinian
coral Stylophora pistillata. J Exp Mar Biol Ecol
296(2):145-166

Howe SA, Marshall AT (2001) Thermal compensation of
metabolism in the temperate coral Plesiastrea versipora
(Lamarck 1816). J Exp Mar Biol Ecol 259(2):231-248

Jacques TG, Marshall N, Pilson MEQ (1983) Experimental
ecology of the temperate scleractinian coral Astrangia
danae. 11. Effect of temperature, light intensity and symbi-
osis with zooxanthellae on metabolic rate and calcification.
Mar Biol 76:135-148

Jeffrey SW, Humphrey GF (1975) New spectrophotometric
equations for determining chlorophylls a, b, ¢; and ¢, in
higher plants, algae and natural phytoplankton. Biochem
Physiol Pflanz 167:191-194

Jones RJ, Hoegh-Guldberg O, Larkum AW, Schreiber U (1998)
Temperature-induced bleaching of corals begins with
impairment of the CO, fixation mechanism in zooxanthel-
lae. Plant Cell Environ 21:1219-1230

Jones RJ, Ward S, Amri AY, Hoegh-Guldberg O (2000)
Changes in quantum efficiency of photosystem II of
symbiotic dinoflagellates of corals after heat stress, and
of bleached corals sampled after the 1998 Great Bar-
rier Reef mass bleaching event. Mar Freshwater Res
51:63-71

Kruzi¢ P, Pozar-Domac A (2003) Banks of the coral Cladocora
caespitosa (Anthozoa, Scleractinia) in the Adriatic Sea.
Coral Reefs 22:536-536

Kushmaro A, Rosenberg E, Fine M, Ben-Haim Y, Loya L (1996)
Bacterial infection and coral bleaching. Nature 380:396

Linares C, Coma R, Diaz D, Zabala M, Hereu B, Dantart L
(2005) Immediate and delayed effects of a mass mortality
event on gorgonian dynamics and benthic community
structure in the NW Mediterranean Sea. Mar Ecol Prog Ser
305:127-137

Marsh YA (1970) Primary productivity of reef-building calcar-
eous and red algae. Ecology 55:225-263

Morri C, Peirano A, Bianchi CN, Sassarini M (1994) Present-day
bioconstructions of the hard coral, Cladocora caespitosa (L.)
(Anthozoa, Scleractinia), in the eastern Ligurian Sea (NW
Mediterranean). Biol Mar Medit 1(1):371-372

Muller-Parker G, Davy SK (2001) Temperate and tropical algal-
sea anemone symbiosis. Invert Biol 120(2):104-123

Nakamura E, Yokohama Y, Tanaka J (2003) Photosynthetic
activity of a temperate coral Acropora pruinosa (Scleracti-
nia, Anthozoa) with symbiotic algae in Japan. Phycol Res
51:38-44

Peirano A, Abbate M, Cerrati G, Difesca V, Peroni C,
Rodolfo-Metalpa R (2005) Monthly variations in calyx
growth, polyp tissue, and density banding of the Medi-
terranean scleractinian Cladocora caespitosa (L.). Coral
Reefs 24(3):404-409

@ Springer

Peirano A, Morri C, Bianchi CN (1999) Skeleton growth and
density pattern of the temperate, zooxanthellate scleractin-
ian Cladocora caespitosa from the Ligurian Sea (NW Med-
iterranean). Mar Ecol Prog Ser 185:195-201

Peirano A, Morri C, Mastronuzzi G, Bianchi CN (1998) The
coral Cladocora caespitosa (Anthozoa, Scleractinia) as a
bioherm builder in the Mediterranean Sea. Mem Descr
Carta Geol d’Tt 52(1994):59-74

Perez T, Garrabou J, Sartoretto S, Harmelin J-G, Francour P,
Vacelet J (2000) Mortalité massive d’invertébrés marins: un
événement sans précédent en Méditerranée nord-occiden-
tale. CR Acad Sci Paris 323:853-865

Picco P (1990) Climatological atlas of the Western Mediterra-
nean. ENEA, Centre S. Teresa, La Spezia

Piniak GA (2002) Effects of symbiotic status, flow speed, and
prey type on prey capture by the facultatively symbiotic
temperate coral Oculina arbuscula. Mar Biol 141:449-455

Rodolfo-Metalpa R, Bianchi CN, Peirano A, Morri C (2000)
Coral Mortality in NW Mediterranean. Coral Reefs
19(1):24-24

Rodolfo-Metalpa R, Bianchi CN, Peirano A, Morri C (2005)
Tissue necrosis and mortality of the temperate coral Cla-
docora caespitosa. Ital J Zool 72:271-276

Rodriguez-Lanetty M, Chang SJ, Song JI (2003) Specificity of
two temperate dinoflagelate-anthozoan associations from
the north-western Pacific Ocean. Mar Biol 143:1193-1199

Romano JC, Bensoussan N, Younes W, Arlhac D (2000)
Anomalies thermiques dans les eaux du golfe de Marseille
durant ’été 1999. Une explication partielle de la mortalité
d’invertébrés fixés. CR Acad Sci Paris 323:415-427

Rosenberg E, Falkovitz L (2004) The Vibrio shiloi/Oculina pat-
agonica model system of coral bleaching. Annu Rev
Microbiol 58:143-159

Rowan R, Knowlton N, Baker A, Jara J (1997) Landscape
ecology of algal symbionts creates variation in episodes of
coral bleaching. Nature 388:265-269

Savage AM, Goodson MS, Visram S, Trapido-Rosenthal H,
Wiedenmann J, Douglas AE (2002) Molecular diversity of
symbiotic algae at the latitudinal margins of their distribu-
tion: dinoflagellates of the genus Symbiodinium in corals
and sea anemones. Mar Ecol Prog Ser 244:17-26

Schiller C (1993) Ecology of the symbiotic coral Cladocora
caespitosa (L) (Favidae, Scleractinia) in the Bay of Piran
(Adriatic Sea): II. Energy budget. PSZN I: Mar Ecol
14(3):221-238

Schreiber U, Schliwa U, Bilger W (1986) Continuous recordings
of photochemical and non photochemical chlorophyll fluo-
rescence quenching with a new type of modulation fluo-
rimetry. Photosynth Res 10:51-62

Schumacher H, Zibrowius H (1985) What is hermatipic?
A redefinition of ecological groups in corals and other
organisms. Coral Reefs 4:1-9

Shenkar N, Fine M, Loya M (2005) Size matters: bleaching
dynamics of the coral Oculina patagonica. Mar Ecol Prog
Ser 294:181-188

Smith PK, Khrohn RI, Hermanson GT, Malia AK, Gartner FH,
Provenzano MD, Fujimoto EK, Goeke NM, Olson BJ,
Klenk DC (1985) Measurement of protein using bicinch-
oninic acid. Anal Biochem 150:76-85

Stimson J, Sakai K, Sembali H (2002) Interspecific comparison of
the symbiotic relationship in corals with high and low rates
of bleaching-induced mortality. Coral Reefs 21:409-421

Walther G-R, Post E, Convey P, Menzel A, Parmesan C, Beebee
JC, Fromentin J-M, Hoegh-Guldberg O, Bairlein F (2002)
Ecological responses to recent climate change. Nature
416:389-395



Mar Biol (2006) 150:45-55

55

Warner ME, Fitt WK, Schmidt GW (1996) The effects of ele-
vated temperature on the photosynthetic efficiency of zoo-
xanthellae in hospite from four different species of reef
coral: a novel approach. Plant Cell Environ 19:291-299

Zibrowius H (1974) Oculina patagonica, scleractiniaire herm-
atypique introduit en Méditerranée. Helgol Wiss Meere-
sunters 26:153-173

Zibrowius H (1980) Les Scléractiniaires de la Méditerranée et de
I’Atlantique nord-oriental. Mem Inst Oceanogr Monaco

11:1-284

@ Springer



	Response of zooxanthellae in symbiosis with the Mediterranean corals Cladocora caespitosa and Oculina patagonica to elevated temperatures
	Abstract
	Introduction
	Materials and methods
	Samples collection and acclimation
	Experimental set-up
	Chl fluorescence measurements
	Data normalisation
	Laboratory analysis
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


