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Introduction
The eco-physiological studies enable us to determine the different algal species
according to their ability to absorb and use the light (incident radiant energy).
It is particularly important  for the benthonic species to adapt to the conditions that
prevail in their natural environment both in terms of spectral composition (colour)
and PAR irradiance of the light (Talarico & Domevscek, 1990; Talarico et al., 1991;
Talarico & Cortese, 1991; Talarico & Cortese, 1993; Talarico, 1996; Talarico, 1999;
Talarico & Maranzana, 2000; Talarico et al., 2001; Frisenda & Talarico, 2003;
Frisenda & Talarico, 2005; Bolzan & Talarico, 2006; Frisenda & Talarico, 2006).
Thus, the algae tend to colonize environments where good performance in the
photosynthetic processes (productivity) may be reached. It must be taken into
consideration that photosynthesis responds quantitatively and qualitatively to the
light variations in the environment, and these may determine changes in the
physiology, growth and structure of the community. Therefore, the
photoacclimation and the relative responses to light, as well as the capability to
activate photoinhibition/photoprotection processes (Figueroa et al., 2003), are
fundamental to understand the distribution and productivity of the macroalgae on
submerged natural and/or artificial substrates.
The physiological, biochemical and ultrastructural analyses (auto-ecological
approach), as a whole, may offer the possibility to interpret the different adaptation
strategies carried out by the macroalgae present on the Ridge of Santa Croce.

Objectives
A functional study on the ‘tufted filamentous algae’, on the encrusting Corallinales
and on some ‘target species’ (such as Rhodymenia pseudopalmata, Ceramium
flaccidum, Zanardinia typus, Cutleria multifida, Dictyota dichotoma) was
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conducted in order to verify the physiological adaptation capabilities to the light
conditions (Talarico & Domevscek, 1990; Talarico et al., 1991; Talarico & Cortese,
1991; Talarico & Cortese, 1993; Talarico, 1996; Talarico, 1999; Talarico &
Maranzana, 2000) of the Ridge of Santa Croce (Talarico et al., 2001; Frisenda &
Talarico, 2003; Frisenda & Talarico, 2005; Bolzan & Talarico, 2006; Frisenda &
Talarico, 2006).  Thus the photosynthetic potentialities of the pioneering and/or
dominant species present on the whole artificial reef have been exploited. At the
same time some protocols for the evaluation of the evolutionary state of the
calcareous algae, both in culture (after spontaneous and induced reproduction) and
in situ, have been developed.
Furthermore, a first eco-physiological ‘screening’ has been conducted of
macroalgae that were present in some coastal sites of the Gulf of Trieste and chosen
on the basis of their high availability.
The species with the highest adaptability to light conditions (PAR irradiance) may
be used for a future conditioning of the Ridge of Santa Croce through induced
and/or ‘forced’ colonization in the perspective of further incrementing the
biodiversity.

Methodological notes
The samples have been collected, by SCUBA-diving (R.U. Bressan, Di Pascoli), in
the station (pyramid) D3 at three sea levels (level 1=7± 1m; level 2 = 10 ± 1m; level
3 = 12± 1m).
The thalli were rapidly taken (in the dark and at 10º C) to the laboratory in order to
carry out some physiological and biochemical analyses.
Saturation curves
They were obtained by measuring the photosynthetic activity (Oxylab -
HANSATECH DW 3 polarographic electrode) on some samples which were exposed
previously to increasing irradiances (0-900 µmol m-2 s-1). The P/I curves were
obtained by interpolating the experimental with the theoretical data, according to the
equation P=Pmax·[(I/Ik)/÷1+(I/Ik)2]. The parameters Pmax (mmol O2 ml-1 min-1), Ik

(µmol m-2 s-1) and α (angular coefficient) are indicative of both the productivity and
the photoacclimation characteristics.

Photosynthesis/Respiration
Photosynthetic/respiratory activities (mmol O2 min-1 g-1 PS) have been extimated as
oxygen production/consumption (Walker, 1987) (Oxylab - HANSATECH DW 3
polarographic electrode).
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Phtosynthetic efficiency. Through PAM-fluorescence measurements (FMS1
HANSATECH Instr.) the following parameters were obtained: (Fv/Fm), (Fv’/Fm’),
(ΦPSII),  (ETR) and (NPQ) (Genty et al., 1989).
Liposoluble pigments. Total chlorophyll (chl a) and total carotenoids (car) have
been extracted from algal aliquots homogenised through a potter in 80% acetone
(v/v) and left to diffuse in the dark at 4°C for 24 hours. After centrifugation (10
minutes at 18.000 r.p.m.) the surnatant has been measured spectro-
photometrically (Perkin Elmer UV-Vis 554) at λmax 665 nm. The total chl a
concentration (mg g-1 PS) has been calculated according to Kosovel & Talarico
(1979). Car concentration (mg g-1 PS) has been calculated applying the
extinction coefficient of Richards (1952).
Hydrosoluble pigments. Phycoerythrin (PE), phycocyanin (PC) and
allophycocianin (APC) have been extracted from portions of thalli. The samples
were homogenised in 50 mM phosfate buffer at pH 6.8, preserved in the dark at 4°C
for 24 hours, therefore centrifuged for 15 minutes at 18.000 r.p.m..
Spectrophotometric analysis (Perkin Elmer UV-VIS 554) was performed on the
surnatants at λmax 565 nm, λmax 615 nm and λmax 650 nm for R-PE, R-PC and APC
(Talarico, 1990), respectively. Concentrations were calculated according to
MacColl and Guard-Friar (1987).
Ultrastructural observations. Some samples, collected in the mid-littoral level,
have been prefixed in situ with 6% GTA in filtered seawater (0.22 mm millipore),
fixed in 3% GTA with saccharose and Ruthenium Red in 0.1 M phosphate buffer
at pH 7.2, post-fixed in OsO4 1% in phosphate buffer, dehydrated in acetone series
and included in Spurr resin. The  sections (LKB Ultratome III 8800) have been
coloured with double staining (Pb/U) and observed by Trasmission Electron
Microscope (Philips EM 201).
All the analyses have been carried out on three independent replicas, with the
relative mean and (±)SD.

Results
Macroalgae
For the experiments 14 species amongst Chlorophyceae, Rhodophyceae and
Phaeophyceae (Tab. 3.1) on the Ridge of Santa Croce as well as in different coastal
locations, have been sampled.

Saturation curves
Ridge of Santa Croce. The results indicate that for the species (Tab. 3.2), all
harvested at 7m depth, both Pmax and Ik are rather variable. It is worth to note that
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Ceramium flaccidum (Fig. 3.1b) and Dictyota dichotoma (Fig. 3.1c), despite  Pmax

high values, were not found to have a high Ik, indicating a good adaptation to low
irradiances. Differently, Rhodymenia pseudopalmata (Fig. 3.1a) and Pneophyllum
fragile (Fig. 3.1g) seemed to use efficiently both the low and the high irradiances
showing high Pmax and Ik values. On the contrary, Bryopsis plumosa (Fig. 3.1d),
Cutleria multifida (Fig. 3.1e) and Zanardinia typus (Fig. 3.1f) have shown low Pmax

and Ik values, demonstrating their adaptation to low irradiances, but not a good
photosynthetic efficiency. 
Coastal species. Samples collected in the mid-littoral level are clearly better adapted
to high irradiances (Ik high values) (Tab. 3.3) (Figs. 3.2a – g). Nevertheless, not all
the species seem to be able to use the light (as PAR quantity) for an efficient
photosynthesis. In fact, only for Corallina officinalis (Fig. 3.2e) and Ulva
laetevirens (Fig. 3.2a) to high Ik levels correspond high Pmax values. The angular
coefficient (α<45°) of the curves relative to all the species shows, however, their
possible adaptation also to low irradiances.

Photosynthesis / respirations / photosynthetic pigments
The analyses have been performed by exposing the samples to the PAR irradiance
measured at the depth of sampling (effective production), and subsequently been
repeated at an irradiance slightly lower than the saturating one (Tab. 3.2) in order to
verify the potential photosynthesis (potential production or productivity) (Talarico
et al., 2002). It has been chosen to study the Ceramium flaccidum  and ‘turf’ in toto
responses, separating and analysing eventually the single components (Bryopsis
plumosa and Rhodymenia pseudopalmata).
Ceramium flaccidum. The respiration showed a substantial stability (0.4 mmol O2

min-1 g-1 PS) at 8 and 10m and strong increments (0.9 mmol O2 min-1 g-1 PS) at 13m
depths. On the contrary the photosynthesis tended to increase at 10m (up to
0.3 mmol O2 min-1 g-1 PS), where a major production and a least consumption of
oxygen was noticed, showing a better physiological balance of these two
processes (Fig. 3.3a). Under saturating light (600 µmol m-2 s-1) (Fig. 3.3b)
diminution of ca. 50% of values was observed. The respiration maintained a trend
similar to that previously described, while the photosynthesis was increasing
directly with increasing depth (from 0.08 to 0.20 mmol O2 min-1 g-1 PS). In this
case the samples grown at higher depths, when exposed to a higher irradiance,
seemed to have a better photosynthetic efficiency and therefore a good
photoadaptation, compared to the thalli collected at other sea levels (Talarico &
Domevscek, 1990; Talarico et al., 1991; Talarico et al., 2001).
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The chl a contents varied from a minimum of 0.9 mg g-1 PS (level 1) to a maximum
of 1.2 mg g-1 PS (level 3), while the car remained constant (ca. 0.5 mg g-1 PS) (Fig.
3.4a). The high R-PE and R-PC contents, which increased up to 4 mg g-1 PS and
9 mg g-1 PS, respectively, in the samples grown at higher depth (12m), and the APC
stability (2 mg g-1 PS) (Fig. 3.4b), showed a probable adaptation for C. flaccidum
to the quality (chromatic adaptation) rather than to the quantity of light (Talarico
1996; Talarico & Maranzana 2000; Bolzan & Talarico, 2006).
‘Turfs’ (B. plumosa and R. pseudopalmata). The presence of ‘turf’ was apparent
mainly on the horizontal surfaces of the submerged structures (levels 1 and 2),
probably because of the poor transparency of the water column due to the high
presence of suspended material, which condition is anomalous for this month. The
results show a similar photosynthetic and respiratory activity trends  both in the
samples exposed to the in situ light (Fig. 3.5a) and in those under the saturating light
(Fig. 3.5b). Both processes increased as the depth became greater, reaching values
(consumptionmax = 3 mmol O2 min-1 g-1 PS and productionmax = 2.5 mmol O2 min-1

g-1 PS) much higher compared to C. flaccidum. Decreases in oxygen production,
observed in saturating light, might be caused by the exposition to irradiances much
higher (more than double) than the natural ones. In fact, in this case, the decrease of
photosynthetic rate would indicate the establishment of photo-protective
mechanisms. The liposoluble pigment contents (chl a and car) were constant (Fig.
3.6) for all the samples.

Bryopsis plumosa. While the oxygen consumption was high at 8 and 10m depths
(up to 0.9 mmol O2 min-1 g-1 PS) and decreased at 12m (0.2 mmol O2 min-1 g-1 PS),
the photosynthesis was constant (0.2 mmol O2 min-1 g-1 PS). The balance of the two
processes was reached at 12m depth (Fig. 3.7a). Similar trends were observed also
under the saturating light (Fig. 3.7b), but with definitely lower values
(consumptionmax = 0.20 mmol O2 min-1 g-1 PS and productionmax = 0.09 mmol O2

min-1 g-1 PS).
The chl a and car contents were constant for all the samples, being ca. 3 mg g-1 PS
and 1 mg g-1 PS, respectively (Fig. 3.8).
Rhodymenia pseudopalmata. While the respiration varied slightly at the three sea
levels (from 0.3 mmol O2 min-1 g-1 PS to 0.4 mmol O2 min-1 g-1 PS), the
photosynthesis increased linearly  with the depth up to a maximum of 0.1 mmol O2

min-1 g-1 PS (Fig. 3.9a). The significant increments in oxygen production (>50%),
observed under saturating light (Fig. 3.9b), showed a much longer photo-adaptability
interval and a good photosynthetic efficiency both at low and high irradiances, as
deduced also by the saturation curve characterized by α< 45° (Fig. 3.1a).
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The chl a ranged from a minimum of 2 mg g-1 PS (level 1) to a maximum of
6 mg g-1 PS (level 2), the car from 0.5 mg g-1 PS (level 1) to 2 mg g-1 PS (level
2) (Fig. 3.10a). As for C. flaccidum also for R. pseudopalmata, the high R-PE
and R-PC contents, (up to 15 mg g-1 PS and 25 mg g-1 PS, respectively) in the
samples from level 3, and the APC stability (ca. 7 mg g-1 PS) (Fig. 3.10b)
indicated a chromatic adaptation (Talarico 1996; Talarico & Maranzana 2000;
Bolzan & Talarico, 2006) of this species.
Phaeophyceae. The three species which presented the highest biomass in terms of
covering (Z. typus, D. dichotoma and C. multifida), were sampled at 8m, 10m and
13m depths, respectively, in order to establish the contribution of brown algae to the
productivity. From Figs 3.11a-b, it is possible to observe a constant oxygen
consumption at the three depths and a greater oxygen production (photosynthesis)
for D. dichotoma (level 2) both in situ and in saturating lights (0.2 mmol O2 min-1

g-1 PS and 0.6 mmol O2 min-1 g-1 PS, respectively). 
The photosynthetic pigment contents were 0.9 mg g-1 PS (chl a) and 0.5 mg g-1 PS
(car) for Z. typus and D. dichotoma, and 1.5 mg g-1 PS (chl a) and 0.9 mg g-1 PS
(car) for C. multifida (Fig. 3.12).
Photosynthetic efficiency (PAM- fluorimetry) / photosynthetic pigments 
The results showed that the effective quantum yield was higher in the brown than
in the calcareous and other red algae, for all the depths. Nevertheless, the optimal
quantum yield was high both in brown and in red algae, particularly for the samples
collected at 10m depth (Fig. 3.13a). The small difference between the optimal and
effective quantum yields (Fig. 3.13b) showed that, amongst the three groups, brown
algae at 10m, calcareous at all levels and the other red algae at 7m are able to use
efficiently the available light preferably at these depths. However, the values of
electron transport rate (Fig 3.13c) are definitely different in these three groups. As
far as the brown algae are concerned the ETR values decreased with the depth,
while the calcareous (except at level 2) showed an increase, and the other red algae,
after strong increments at both 7m and 10m, had a heavy drop at 13m.
In 2006 we chose to conduct the analyses concomitant with the maximum
luxuriance of the species (Bryopsis plumosa, Rhodymenia pseudopalmata, Cutleria
multifida) present on the pyramid D3.
The trend of the three main parameters (Fv/Fm, Fv’/Fm’, ETR) (Figs. 3.14a - c),
showed that B. plumosa, R. pseudopalmata, C. multifida are characterized by a
different adaptation to PAR irradiance (in situ light quantity) related to both depth
and transparency of the water column. Specifically, B. plumosa (Fig. 3.15) showed
high ETR values at the most superficial level (7m) being decreased as the depth
increased (9.94 at 7m, 5.33 at 12m), R. pseudopalmata (Fig. 3.16) minimum values
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at 7 and 12m (1.53 and 3.16 respectively) and a maximum at 10m (10.82),
whereas C. multifida (Fig. 3.17) two maxima at 7 and 12m (ca. 16) and the
minimum value at 10m (4.31). The difference between the optimal and effective
quantum yields (Fig. 3.18), showed that the species able to use best the available
light are R. pseudopalmata at 10m and C. multifida at 12m depth. The latter
result, apparently in contrast with the physiological characteristics of the two
species, might find an explanation with the presence of a thermocline at 10m sea
level. Furthermore, at this level, higher variations of transparency was recorded
(high turbidity and low irradiance). In this case, then, the red algae, bearing
accessory antennas (phycobilisomes), are able to capture and use for
photosynthesis the wavelengths not exploitable by other algal groups.
In fact, also the ΦPSII values (Fig. 3.19), show a better yield for the red algae at
10m, differently from C. multifida, which adapts better at the deepest sea levels.
This could be due to a better adaptation of this species, as well as for all the other
Phaeophyceae, to the light features typical for the cold seas and high latitudes.
B. plumosa was characterized by constant ΦPSII values at 7m and 10m, with a
slight increase at 12m. However, the NPQ values support high photoinhibitory
capabilities for all the samples at the most superficial sea level. The values near
or higher than 1 (for Bryopsis and Cutleria) showed also an initial activation of
photoprotective mechanisms. Differently, R. pseudopalmata showed values near
or lower than 0.5 at all three levels, with an absolute minimum at 10m depth.
This result would confirm the good efficiency of the photosynthetic processes
(Fig. 3.20), deriving from chromatic adaptation capability of this and other red
algae (Talarico, 1996; Talarico & Maranzana, 2000; Bolzan & Talarico, 2006).

Photosynthetic pigments
Bryopsis plumosa. Chl a concentrations ranged from a minimum 1 mg g-1 PS to a
maximum 2 mg g-1 P.S. in the samples collected at 7m and 12m depths,
respectively, while the car were constant at 7m and 10m (0.5 mg g-1 PS, ca.),
increasing slightly at 12m (0.9 mg g-1 PS) (Fig. 3.21).
Rhodymenia pseudopalmata. Chl a contents resulted definitely high compared to
other species, reaching the maximum value of ca. 2.5 mg g-1 PS in samples grown
at 10m depth, whereas the car ranged from a minimum of 0.3 mg g-1 PS at 12m to
a maximum of 0.8 mg g-1 PS at 10m (Fig. 3.22a). The hydrosoluble pigments
followed the same trend previously observed: a substantial APC stability at 10m
and 12m (ca. 0.3 mg g-1 PS) and an increase at 7m (0.6 mg g-1 PS), variable values
for R-PC (from 1.4 mg g-1 PS to 0.7 mg g-1 PS) and for R-PE (from 3.6 mg g-1 PS
to 5.8 mg g-1 PS ) (Fig. 3.22b).
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Cutleria multifida. In this species the contents of all pigments were generally low
with minimum values (0.3 mg g-1 PS and 0.1 mg g-1 PS for chl a and car,
respectively) for the samples at the most superficial level (Fig. 3.23).

Transmission Electron Microscopy (TEM) 
Taken as an example and preliminarily, some micrographs are reported (Table 3.1).
They refer to a Phaeophycean collected at the mid-littoral level and fixed in situ in
order to determine the its physiological condition at the moment of harvesting. The
thallus morphology is characterized by an organization in an outer cortical layer
with small sized cells, dense cytoplasm (cy) and rich in chloroplasts (chl), and in an
outer layer with larger and more vacuolated cells (v). Nucleus (n), chloroplasts (chl)
and mitochondria (m) well structured, presence of active Golgi (G) apparata and
numerous ribosomes (r) indicated a good biosynthetic activity attributable, in
particular, to polysaccharides and proteins, respectively. In the cortical outer cells,
the peripheral disposition of numerous chloroplasts with well structured thylakoids
confirmed the good photosynthetic potentiality and the lack of photo-oxidative
damage by excess light.

Conclusions
The saturation curves enabled us to evaluate the eco-physiological characteristics of
the species sampled both on the Ridge of S. Croce and in the coastal locations.
Particularly, the Ik parameter, which has the advantage of being independent from the
unit utilized to express the photosynthesis, resulted to be a good index for the
comparison of the physiological condition (photoadaptation) of different species. The
low Ik values observed in some species, i.e. C. flaccidum and D. dichotoma, indicated
a very efficient use, in terms of oxygen production (high Pmax), of low rather than a
poor photosynthetic efficiency at high irradiances (Henley, 1993). R. pseudopalmata
and P. fragile, on the contrary, were able to adapt also at higher irradiances, typical of
shallow levels, suggesting that these species have a very wide interval of
photoadaptability (Talarico 1996; Talarico & Maranzana 2000; Bolzan & Talarico,
2006).
The preliminary study on the coastal species confirmed a good adaptation to high
irradiances, together with a prompt activation of photoinhibition and
photoprotection mechanisms, with a consequent decrease in oxygen production.
However, the curve trend, which is very similar to that one relative to some species
present on the Ridge (B. plumosa, C. multifida and Z. typus), showed a possible
adaptation even at low irradiance conditions. 
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In terms of productivity, the highest yields would be attributable to the “turf” at all
the depths (levels), to C. flaccidum at 10m and to R. pseudopalmata at 10m and
12m depths. The results obtained on Ceramium and Rhodymenia, grown at the
deepest levels (12-13m) and exposed to saturating light, showed, however, a better
photoadaptation to these levels. Analysing separately the main (i.e. B. plumosa) and
associated (i.e. R. pseudopalmata) components of the ‘tufted filamentous algae’
dominating  the whole reef, it was revealed that between the two species, Bryopsis
was more subject to photoinhibition. On the contrary Rhodymenia, at the same
conditions, increased the primary production of nearly three times, especially in
samples adapted at 10m depth.
The comparison amongst the three species of Phaeophyceae (Z. typus, D. dichotoma,
C. multifida) highlighted the major productive contribution for Dictyota at 10m depth,
according to the results obtained by PAM- fluorimetry. It follows that, amongst all the
samples analysed through this methodology, the red algae at 7m and 10m, brown
algae at 10m and calcareous algae at 13m are capable to use efficiently the available
light, preferably at these depths. However, it is worth to note that in the ecological
investigations not only the quantity of PAR light, but and especially its spectral
composition must be taken into consideration. In fact, both characteristics are
extremely variable in the natural environment and in the past played a fundamental
role in the evolution of different species (Talarico & Domevscek, 1990; Talarico et al.,
1991; Talarico & Cortese, 1991; Talarico & Cortese, 1993; Talarico, 1996; Talarico,
1999; Talarico & Maranzana, 2000; Talarico & Bolzan, 2006).
From the methodological point of view, the use of fluorimetric techniques and the
set up of experimental protocols enabled us to carry out rapidly the physiological
analyses and to compare timely the photosynthetic (effective, optimal and PSII)
efficiency of the different species. The promptness and comparison are essential
factors to overcome the limits of both the auto- and sin-ecological analyses,
bringing the field near the laboratory and vice versa. Differently from the primary
production, estimation by means of oximetry (which supplies only general
information) the photosynthetic efficiency evaluation by fluorimetry is based on the
analytical appraisal of the so many processes involved in the oxygen production.
Being able, for  instance, to evaluate the electron transport efficiency enabled us to
better characterize the different algal groups. Similarly, parameters such as ΦPSII
and NPQ resulted to be extremely useful for verifying at what depth the different
species are able to use fully the available light (PUR) with no energy dispersion.
The use of ultrastructural techniques in the eco-physiological studies enabled us to
verify and evaluate the correspondence between the physiological/biochemical
responses to the light variations and changes at cellular level, if any. Therefore, also
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the fine structure analysis is very useful for supplying further information on the
adaptability of different species in relation to the different sea levels. For instance,
the observations at cellular level reported on a brown alga collected in the coast,
thus in very high PAR irradiance conditions, show a high adaptive capability of
species usually considered typical of deeper environments, less “lightened” and
with the prevalence of “more energetic” radiations.

Methodological approach to estimate the photosynthetic and respiratory activities
of the Corallinales in culture and in situ

Photosynthesis/ Respiration
The physiological analyses carried out on samples (R.U. BRESSAN, DI PASCOLI)
reproduced by means of spontaneous insemination in the Aquarium of Trieste
(T=15°C, PAR= 20 µmol m-2 s-1, L:D=11:13) did not give satisfying results, as the
photosynthetic activity in the culture medium (control) resulted higher than the one
concerning the samples of 20-day cultures (Fig. 3.24). The interference of the
heterotrophic (bacteria) and microphytic (mainly diatoms and blue-green algae)
components, together with the low number of developed cells, did not enable a
correct attribution of O2 to the calcareous algae, both as photosynthesis and
respiration.
The successive experiments were conducted on cultures obtained by laboratory-
induced insemination, by means of thermal shock (T=15°C, PAR=12 µmol m-2

s-1, L:D=10:14). Before the physiological analyses the samples were placed for
24 h in filtered seawater (0.45 µm millipore) renewed continuously to reduce the
extraneous components (heterotrophs and autotrophs). In this case the
contribution of these components in the culture medium was not such as to
invalidate the physiological measures (Fig. 3.25). Thalli showed a high
photosynthetic and respiratory activity (0.4 µmol O2 ml-1min-1 mm-2), since after
10 days from insemination. When growing cells showed decreases of both
processes, reaching oxygen production/consumption values relatively low in the
5-month cultures (0.1 µmol O2 ml-1 min-1 mm-2). These values were very similar
to those measured in the adult thalli collected on the Ridge of S. Croce at 14m
depth.

Photosynthetic efficiency (PAM fluorimetry) of  Corallinales under culture
In the 1-month and 5-month cultures, (Fv’/Fm’) was slightly higher, indicating that
PAR irradiance in the culture system was good for the maximum efficiency of the
photosynthetic process. The values (both > 0.7) showed, indeed, the absence of
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‘stress’ by light and therefore from photoihibitory and/or photoprotective
phenomena (Fig. 3.26a). In the adult samples born on the Ridge, the (Fv/Fm) values
were stable at all three levels, whereas (Fv’/Fm’) were higher in samples grown at
13m depth. In this case also (ETR) (Fig. 3.26b) was significantly higher, showing a
better PSII efficiency.

Photosynthetic efficiency of Corallinales in situ (permanence on the Ridge: 2
months)
The samples obtained by induced insemination (dr. Di Pascoli) and kept for two
months nearby the pyramid, were characterized by very different behaviours
according to the sea level they were positioned and adapted. While (Fv/Fm) (Fig.
3.27) ranged slightly (from 0.55 to 0.66), indicating that all samples were similar in
terms of potentiality, (Fv’/Fm’) (Fig. 3.28) and ΦPSII (Fig. 3.29) increased linearly
with the depth (Fv’/Fm’ from a minimum of 0.01 to a maximum of 0.2, and ΦPSII
from a minimum of 0.082 to a maximum of 0.75). Yet, ETR (Fig. 3.30) was recorded
high (> 9) both in samples adapted to 10m, and in those collected at 12m. As a matter
of fact, at these two sea levels the irradiance (171 and 105 mmol m-2 s-1,
respectively), did not seem to have induced photo-inhibition  (NPQ<0,5), differently
from those collected at 7m (306 mmol m-2 s-1) in which NPQ reached very high
values (>1) (Fig. 3.31), probably significant of photo-protection processes.

Photosynthetic efficiency of Corallinales in situ (permanence on the Ridge: 5
months)
After 5 months in the field, a general decrease in all the parameters was noticed.
Bearing in mind the stability of the Fv/Fm values (between 0.4 and 0.5) (Fig. 3.32)
of all samples, their efficiency kept low values (Fv’/Fm’<0.3) (Fig. 3.33).
Furthermore, although the values of NPQ>0.5 (Fig. 3.36) and ΦPSII<0.03 (Fig.
3.34), the ETR value =6 (Fig. 3.35) showed a good functioning of the
photosynthetic processes, particularly for the samples adapted at 10m depth.

Photosynthetic efficiency of Corallinales in situ (permanence on the Ridge: 8
months)
Only for the samples collected at 10m depth all values, i.e. Fv/Fm=0.7 (Fig. 3.37),
Fv’/Fm’=0.8 (Fig. 3.38), ΦPSII=0.15 (Fig. 3.39), ETR=18 (Fig. 3.40) and NPQ<0.5
(Fig. 3.41), showed a good adaptation to the quantity of PAR light and to the general
conditions of the site. As a matter of fact, despite a good photosynthetic potentiality
(Fv/Fm=0.6 circa), in the samples collected at 7m depth the values of all parameters
indicated the establishing of photo-inhibition processes (NPQ>1 at a PAR irradiance
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= 455 mmol m-2 s-1), whereas in those collected at 12m a poor PSII efficiency was
recorded and, consequently a similar much low electron transport rate.

Conclusions
For the realization of the experimental protocol, the conditioning of the samples in
filtered water before the oxygen analysis was fundamental. Only with this
procedure it was possible to eliminate the extraneous autothrophs and heterothrophs
components with no damage to the germinative disks. In this preliminary phase, the
physiological analyses highlighted a good adaptation of the thalli to the culture
conditions with immediate and constantly increasing photosynthetic responses. A
preliminary important result is the possibility to compare the  photosynthetic /
respiratory activities with the algal covering in different growth stages (Di Pascoli
et al., 2006). We chose to carry out the experimentation using  PAM-fluorimetry as
it is a non destructive methodology so as to complete the study of Corallinales. 
The results obtained so far are encouraging, since all the thalli adapted to different
depths of the reef showed a good photosynthetic potentiality, regardless the season.
Nevertheless, it seemed that at 10m depth there were ideal conditions to attain a
maximum efficiency of the entire photosynthetic process. In the case investigated
(-10m), and, most probably, even at other levels of the reef, the light conditions in
culture and subsequent conditioning in situ appeared determining, being
Rhodophyta able to adapt both to the quantity (PAR irradiance) and to the quality
(monochromatic radiations) of the available light (PUR) (Talarico & Domevscek,
1990; Talarico et al., 1991; Talarico & Cortese, 1991; Talarico & Cortese, 1993;
Talarico, 1996; Talarico, 1999; Talarico & Maranzana, 2000; Talarico et al., 2001;
Frisenda & Talarico, 2003; Frisenda & Talarico, 2005; Frisenda & Talarico, 2006).
The physiological results in laboratory with non destructive analyses, together with
the evaluation of the covering of Corallinales encrusting the reef in a longer time
period, will enable us to evaluate the effective contribution of this vegetal
component to the productivity of the site under examination.

General conclusions
Applying eco-physiological methodologies completed in the field and in the
laboratory is an extremely valid tool to evaluating the primary production in relation
to the biomass/covering of the reef since it supplies more accurate information on
the conditions which might favour the settlement and growth of even wealthier and
diversified algal communities. Furthermore, it is also significant in the evaluation
of the development of the algal communities currently settled on the artificial
substrate in natural and/or ‘forcedly’ induced conditions.
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