
Summary
by Guido BRESSAN

At the completion of the researches carried out during the INTERREG IIIA
Programme (2003-2006) on the submerged artificial reefs (ARs) of Santa Croce
Ridge, I was given, as a President of the Scientific Committee and Coordinator of
the Programme, the difficult task to outline different phases of the project. I’ll report
the main results obtained by the O.Us, and presented in the different chapters, which
we refer to for further information and details.

Paleo-environmental interpretation of the Santa Croce Ridge
(N. PUGLIESE, R. MAROCCO, T. GIACCONE, G. BRESSAN)

It has been possible to propose a paleo-environmental evolution of the Santa Croce
Ridge divided into three phases:

PHASE I: the paleo-environmental sublittoral is characterised by
high hydrodynamism which enables the Corallinales to roll from
the top down to the sides of the Ridge. It is an intense primary and
secondary productivity phase (water eutrophication).
PHASE II: the hydrodynamism of the sublittoral paleo-
environment is reduced and the Corallinales are covered by a
sediment layer from the paralic domain (Isonzo’s imputs). The
calcareous algae sink under the weight of new terrigenous supplies
and their rolling is hampered by the new muddy consistency of the
bottom. This is a phase where a reduction of the primary and
secondary productivity occurs (water mesotrophy).
PHASE III: the hydrodynamism of the sublittoral paleo-
environment has been further reduced. The superficial movements
of the waters take place in concomitance with the Isonzo river
floods, determining a water mixing. The ARs  act as traps for the
Isonzo’s pelitic sediments that enrich the siltous fraction of the
Ridge. It is a phase having a weak primary and secondary
productivities (oligotrophy of the waters).

It should be said that the space temporal evolution should be better determined by
analysing data from radiometric analyses and/or isotopic geochemistry.
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Some observations on the hydrology of the site (bio-optics)
(L. BABBINI, R. GERIN, E. VINZI)

The light measurements enabled us to draw only few conclusions on the physical
characteristics of the site. In fact, a continuous measuring would be more suitable
for evaluating  the light availability within the water column. 
The measurements performed during previous researches (INTERREG II – 1999 /
2001) showed a significant variability of both physical (e.g. temperature) and
chemical (e.g. salinity, oxygen) parameters which hampered, thus, the formulation
of a predictive model.
Nevertheless, the analysis of these parameters highlighted the presence of a
seasonal thermocline and alocline, to which the fish populations are sensitive, and
abundant turbidity and sedimentation, which highly influence the vegetal
component.

Integration of the ARs 
In 2004, Trieste’s Administration (Territory and Patrimonial Area) donated a set of
artificial substrates to the  F.I.P.S.A.S. to be added to the Santa Croce Ridge oasis,
in order to obtain a minimum significant experimental area. This was new discarded
material made of 770 concrete tubes, which were rough externally and smooth
inside. They were 1m long, with an inner diameter ranging from 0.26m to 0.65m,
for a total volume of 165m3.(Figs. S1 - S2). These modules were submerged in the
south sectors of the oasis on May 2005.

Primary productivity
Floristic inventory 
(G. BRESSAN, A. DI PASCOLI, L. BABBINI, I. M. MUNDA, C. BATTELLI)

The analysis of the colonisation dynamics enabled us to observe that the photophilous
algae, mainly characterized by soft thalli, are more abundant on the upper cubes while
the calcareous encrusting species, living on the bottom and characterized by
sciaphilous and ubiquitous species, colonize instead the lowest layers.
It is worthy to note that:
The turf forming species (strategy r1) are largely influenced by the climatic factors.
The encrusting calcareous algae are present on all the surfaces and in all the
seasons. 
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It is reasonable to predict, that the ARs will be colonised by species that naturally
occur in the coastal areas of the Gulf of Trieste, in accordance with (Falace & Bressan,
1990; 1993; 1994; 1995; 1999; 2000; 2002). The results come from off-shore (Ridge
of Santa Croce) and in-shore (Marine Reserve of Miramare and Piran) samplings.

Off- shore: qualitative analysis enabled us to inventory 72 taxa: 54 Rhodophyceae
(75 %), 10 Phaeophyceae (14%) and 8 Chlorophyceae (11%).
The seasonal floristic spectrum, if compared to the annual one, reveals minimum
variations for Phaeophyceae, whereas wider fluctuations were detected for
Chlorophyceae and  Rhodophyceae. 
The dominant component of the ARs of Santa Croce Ridge is represented by
calcareous red algae (Corallinales), especially by encrusting forms. In particular,
typical species (see “Paleoenvironmental interpretation”) for interesting
environments, such as the mäerl, have been noticed.
34% of taxa have been found in reproductive stage at least once, overall on May,
according to the seasonal red algae life-cycle.
The predominant biological forms on the upper horizontal surfaces consisted
mainly of photophilous Chlorophyceae and Phaeophyceae, while the sciaphilous
species belonging mainly to Rhodopyceae, prevailed in the lowest, but extended
also to other parts of the entire structure.

In-shore:
Trieste’s littoral: the number of species found on the ARs is comparable with that
censed in another coastal protected area of Trieste: the Natural Marine Reserve of
Miramare, where the species inventoried during one year were 116.
Slovenian littoral: the macroalgal colonization on cement plates is represented by
ca. 50% of species characterizing the vegetation of the surrounding natural
substrates, whereas  they were ca. 28% on the pyramids and even less on plastic nets.
The horizontal surfaces appeared to be suitable for anchoring of numerous red algae
and for the development of Dictyota dichotoma & Stypocaulon scoparium. The
vertical surfaces and the nets, instead, resulted more suitable for the colonization of
Cystoseira spp.

Different reasons have hampered the transfer of the naturally colonized nets from Slovenia

to the pyramids settled on Santa Croce Ridge, like it was done instead with the LBM nets.
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Eco-physiology
(L. TALARICO, P. FRISENDA)

Since the algal colonization is characterised by species showing different
morphology (crusts, laminas, filaments, etc.) it is possible to deduce there is a
morpho-functional relation, which may result into different role and productivity
within the eco-system.
The physiological analyses, carried out both in culture and in situ, enabled us to
evaluate the biomass increases of Corallinales, in relation with the photosynthetic
activity and efficiency. In fact, these parameters highlighted different photo-
adaptive responses of thalli to the three levels of depth.
Among the encrusting species Hydrolithon boreale and Pneophyllum fragile, even
though different in size, presented a similar morphogenetic development. The size
of the thalli doubled from the first to the second month of culture.
After induced inseminations (May: 3790-label, July: 6361-label and November:
3371- label) within the cultures H. boreale, H. farinosum and P. fragile were found
to be the predominant species. The inseminated slides were then positioned at the
three levels of the pyramids, and were periodically sampled. The most suitable level
for growth was 8m deep. However, a lack of homogeneity in the growth rates, due
to different factors such as temperature and transparency, was observed.

• As far as the photosynthetic efficiency of Corallinales is concerned, the
main results can be summarised as follows:

- In the 1-month and 5-month cultures, (Fv’/Fm’) was slightly higher,

indicating that the PAR irradiance in the culture system was good for the

maximum efficiency of the photosynthetic process. The values (both >

0.7) would indicate the absence of ‘light stress’, so that no photoinhibitory

and/or photoprotective phenomena occurred. 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) 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 and kept

for two months on the ridge, were characterized by very different

behaviours according to the sea level they were positioned and adapted to.

While (Fv/Fm) ranged slightly (from 0.55 to 0.66), indicating that all

samples were similar in terms of potentiality, (Fv’/Fm’) and ΦPSII

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
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0.75). Yet, ETR 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) where NPQ reached very high values

(>1), probably significant of photo-protection processes. 

- After 5 months in the field, a general decrease in all the parameters was

noticed.  Considering the stability of the Fv/Fm values (between 0.4 and

0.5) of all samples, their efficiency kept low values (Fv’/Fm’<0.3).

Furthermore, despite the values of NPQ>0.5 and ΦPSII<0.03, the ETR

value =6 showed a good functioning of the photosynthetic processes,

particularly for the samples adapted to 10m depth.

- After 8 months, only for the samples collected at 10m depth all values,

i.e. Fv/Fm=0.7, Fv’/Fm’=0.8, ΦPSII=0.15, ETR=18 (Fig. 3.40) and

NPQ<0.5, showed a good adaptation to the quantity of PAR light and to

the general conditions of the site. Despite a good photosynthetic

potentiality (Fv/Fm= ca 0.6), in the samples collected at 7m depth, the

values of all parameters indicated the establishing of photo-inhibition

processes (NPQ>1 at PAR irradiance = 455 mmol m-2 s-1), whereas in

those collected at 12m a poor PSII efficiency was recorded and,

consequently a similar much lower electron transport rate.

With regards to the “soft algae”, the saturation curves have enabled us to evaluate
the eco-physiological characteristics of the species sampled both on the ARs of the
Santa Croce Ridge and in the coastal sites.

The Ik parameter, which has the advantage to be independent  from the unit used to express

the photosynthesis, has resulted to be an excellent parameter for the comparison of the

physiological state (photoadaptation) of different species.

In terms of productivity, the highest yields would be attributable to the “turfed
species” at all the depths (levels), to C. flaccidum at 10m and to R. pseudopalmata
at both 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 photo-adaptation 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 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 to 10m depth.
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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.
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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 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.

Transplantation
(A. FALACE, E. ZANELLI)

Canopy species transplantation may be a useful tool for restructuring the vegetal
population on ARs, reducing the time of colonization and facilitating the
achievement of canopy maturity. Canopy algae play a fundamental role in affecting
the under story assemblages, by modifying physical factors, such as light,
desiccation, hydrodynamism and sedimentation rate. Furthermore, a good
relationship exists between algal structural complexity and epibiotic
diversity/abundance. These species may affect the density and efficiency of
predators, providing shade and shelter for diversified assemblages of animals and
plants, and modulate the structure of the biotic community, modifying both
recruitment rates and post-settlement mortality of epibionts.
After one year of survey, the transplanting methods applied seemed to be suitable
for C. barbata, while they were not, or at least poorly successful for C. compressa.
This is most likely due to the cauloid structure of this species.
Transplantation time plays a pivotal role in determining the species ability of
colonizing the artificial substratum with new individuals, and thus it must be taken
into account when artificial seaweed beds are designed and planned. The best
period for the Gulf of Trieste takes place in spring time when thalli are fertile. In
fact, the artificial modules were re-colonised by juvenile plants of C. barbata after
some months.
Furthermore, the transplantation of juveniles (sporeling cultures) may represent a
good alternative to the traditional destructive methodologies, which require the
removal of adult individuals or part of them from the natural site. 
Another opportunity, aimed at reducing the maturation times of the new substrates,
is represented by the employment of artificial algae bearing an erect thallus, being
currently investigated.
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The use of artificial algae should facilitate:
• the complexity of the habitat, thus increasing the tigmotropism.

• the structuring of the population by modifying the hydrodynamism and the sedimentation

rates

• the anchoring of epibionts 

Secondary productivity

Macrozoobenthos
(G. OREL, W. DE WALDERSTEIN, R. ZAMBONI)

In 2003, 203 taxa (of which 163 to species level) and in 2005, 211 taxa (of which
187 to species level ) were censed.

The macrobenthic community was examined through qualitative and quantitative
analysis of different species and ecological indices. The survey of specific
abundance distinguished the 25 stations into three representative groups: the top
(stations 1-10), the slopes and the neighbouring area (stations 21-25) of the Ridge.
Comparing the abundances relative to a two-year sampling, a decrease in
individuals number and an increase in species number were observed. This situation
influences the ecological indices and the biodiversity, in particular.
The bionomic structure resulting from the analysis of the characteristic species
appears to be unchanged, even if the Coralligenous (C) biocoenosis disappeared in
2005, since the only species that represented it, (i.e). L. coccinea, was not found any
longer. The AR maturation, accompanied by a probable enrichment of organic
material and fine particulate, presumably prevented the evolution of hard substrate
bioceonosis, favouring those associated to fine substrates.

417

STUDIES ON THE ARTIFICIAL REEFS ON THE RIDGE OF S.CROCE (TRIESTE)

INGLESE  9-10-2006  11:59  Pagina 417



The comparison of the data of the two-year sampling enabled us to identify a halt of
the evolution of the benthonic populations into biocoenosis typical of hard substrate
(AP, HP and C). Particularly, the 2005 sampling campaign showed how the
development of the structure, with a probable enrichment of organic material and fine
particulate, determined mainly by the abundant detritus of colonizers organisms,
halted this evolutionary phenomenon to bioceonoses connected to fine substrates. 

Edible molluscs: the thriving tests revealed a lower presence of individuals
belonging to commercially interesting species and a higher predominance of
macrofouling on receivers, predominance composed by epibiontic species and
competitors of the target species (trend partially cofirmed also by the macrofouling
observations and samplings on the cement wall and on the cables and net pannnels
of the FAD). As a matter of fact in the last on-spot investigation (October 2005) no
young populations were recorded, neither oysters nor mussels: despite the
significant thriving of  Protopecten glaber (white grommet - CB) on the FAD just
submerged (August 2000 – phase II)in no macrofouling sampling was possible to
collect a specimen.
This observation confirms once again what was previously found in the phase II and
that, when we want to effectively increase the biomass of the commercially interesting
species, clean surfaces at level must be employed and at a suitable period.

Fish fauna: It is clear that the 2004/2005 catches with the ‘bombina’ and ‘passelera’
types of nets were definitely lower than those carried out in 2004/2005, fact that
however reflected the general trend of the bottom catch in the Gulf of Trieste. 
Furthermore, it was highlighted that the above mentioned types of nets “fish”
clearly better than the control site compared to the ridge of Santa Croce. This was
to connect to the different sea bottom morphology and to the major intensity of the
currents.
The results obtained from the ‘barracuda’ nets- compared to the three meshed nets
(‘passelere’ and ‘bombine’) -  showed to be more suitable to the fishing on the
Ridge of Santa Croce. 
As for the halieutics fauna composition, yielded through experimental catches, the
prevailing species both in the Ridge of Santa Croce and in the control site was
Squilla mantis.
Generally the data obtained pointed out a maximum in the number of specimens
caught in the late-summer and autumn months and a minimum in the late winter and
spring months. This trend was mainly due to the recruiting occurred for the majority
of species in the late summer and autumn (Relini et al., 1995). Result which indeed
confirmed the general trend of the catches in the Gulf of Trieste.
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This situation was not however, confirmed by the observations in immersion according to
which the maximum number of species and specimens was recorded in summer. 

From the observations made near the submerged structures of the Ridge of Santa
Croce, it was recorded that the summer period gave with no doubt the highest
number of species (17); on the contrary, the winter months touched the least number
of species found (5). 

Echosounder Monitoring
(R. ODORICO, M. COSTANTINI, S. CIRIACO, E. VINZI)

The findings obtained, although not continuously, enabled to point out some
interesting aspects of the distribution of shoals of fish on the Ridge of Santa Croce.
In the echogram analysis the most relevant result is the “spotted” distribution of
shoals with a clear spatial predisposition for areas with presence at the sea bottom
of structures variously formed (tigmotropic effect).
It must be remembered that for its own nature, the Ridge is an aggregating structure
and it is then difficult to extrapolate an added tigmotropic ability, if any, from the
artificial reefs. 

From what was observed above, we may easily deduce that the areas covered by
artificial reefs coincide with those areas with more relative density, but also that at
least one area with no submerged structures resulted rich in fish density.
A clear suggestion of the fish density trend is the abundance of shoals especially in
the shoals of the seabed layers from 8 to 14 metres, where they assume peculiar
shapes.

As far as the shoal shape is concerned, it is known that the differences outlined are so

typical to be used by the operators of the sector to determine the target species previously

confirmed qualitatively by the visual census. 

What is possible to state is that in the presence of the ridge the factor bank resulted
in dominating the aggregation; where the profile of the sea bed degraded, instead,
the presence of a wreck seemed to have an aggregating effect more efficacious than
in the rest of the area.
Further investigations areneeded toconfirmatigmotropicincidence, providing acomparison withnon protected areas and maybe an analysisofthe sea bed characteristics aimed toestablishanycorrelations between presence/absence of fishand typology of sea bed (softorhard).Although the above mentioned observations arerather encouraging, itmustbesaidcarefullythat up totoday itisnot possibletoanalysestatisticallythe relevance of fishaggregations since similar and synopticsamplings aremissing  inanarea (perhaps adjacent and extensivelythe same),which enabled the comparisoOn this basis then, it is possible to point out that it is indeed necessary to repeat the
research according to the conclusive observations of the present study, being aware
of the fact that both the echo counting, and the echointegration, are suitable
instruments to follow the evolution of the fish shoals on a temporal basis (daily or
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seasonally). These studies would represent the correct future steps to this
preliminary investigation for a just evaluation of the ecology of the area.

Itmustnot be forgotten that the unwanted foreign presences may have conditioned the evaluation of the tigmotropiceffect,much as tobelieve that,inorder tocontinue the monitoring actions,some interventions aretobeset toincreasethe dissuader structures tothe abusive fishing and tomake the police force fullysensitive as tohave morecontrols(see “Experimental limits”).
Apart from these interventions, extremely necessary, the on-the-spot investigations should

be intensified and the visual census analyses in particular to verify if the observed

reduction in October of fish population can simply be casual or due to the abusive fishing

or referable to the evolution of sediments around and inside the reefs.

Current environmental impact evaluation
(G. BRESSAN, E. TONZAR)

In relation with the obtained results analysis, is at present time an environmental
impact evaluation that, if lead to exclude in the first place every hazard in
relationship with the presence of cysts, emphasize the necessity of a continuous site
monitoring. The mini-corer different levels analysis, allows to highlight the
decreasing presence of the cysts, when penetrate in the deeper levels of substrate.
This observation seems in accord with the hypothesis of a scanty resuspension in
the recent time, after the artificial reefs sinking, that could be produce turbulence
and then alter the hydrodynamic conditions produce by deep energy. So, will be
opportune to continue the present research:
from the spatial viewpoint, extending the investigations area along the radially
transects (centre on the top area of the Ridge) follows the radially transect a
“centrifuge” disposition,
from time viewpoint, with the sediments evolution studies, also on larger scale, that
could produce more details of the obtained results from the study of benthic
populations and macrofouling.

Management limits of the protected oasis
All the efforts made up to now, dedicated to the study of the environmental
restoration in a protected marine area, through the submerging of artificial reefs
aimed to:
- increase the primary productivity and oxygen production through the vegetal
component;
- increase the interfacial area of an environment making other surfaces available for
adhesion, where algae and sessile invertebrates, occupying the substrate directly, act
as habitat formers and provide a supplementary colonisable space; increase the
biotic diversity radially;
- capture the sediments for sestonophagous;
- create nurseries and food resources for phytophagous fish;
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- perform a combined action of these last two effects to avoid emphasizing the
tigmotropic phenomenon, which a submerged artificial reef may perform on the fish
fauna, running the risk of being thwarted by the repetitive violations of the
underwater oasis which have been with impunity committed for years, regardless
the small extension of the area.
Already in May 2005 a letter was sent to the President of the Scientific Committee
at the FIPSAS, manager of the Oasis, to report the complete embarrassment of the
scholars seeing invasive interventions done by unknown people.
In fact: from one part, the scuba diving sampling works – particularly the
macrophytobenthos – highlighted that some “dissuaders” for the trawling fishing,
positioned around the experimental area of the Ridge, resulted overturned on one
side or even moved from the original collocation;
- on the other, the impoverishment foreseen by the fish fauna, could witness the
incidence of actions of disturbance and collection (partially confirmed by numerous
anchor (Figs. S3 – S4) and nets groundings (Figs. S5 – S6). In fact, during different
operative on-the-spot investigations of researchers on the Ridge, very often
numerous boats were found to be anchored just outside the reserve area, in addition
to a lack of well defined perimetrical buoys.
As a matter of fact sightings from scuba divers of the Biology Department have
unfortunately confirmed this hypothesis. The role of the “ecological guards”, just
recognized, might lead in the near future to fundamental prevention and contrast
incidence compared to these undesired happenings, with no exclusion to the
relevance of the surveillance services of the coasts activated by the State.
The restoration,  followed by the completion, of superficial buoys will be a further
help to those who wish to respect the presence of the underwater Oasis, in its
deepest meaning not only of preserving, but of restoration and improvement of the
quality of the environment even in terms of production.
Under this point of view it is auspicial circumscribe the area with a buffer zone, as
to avoid every type of fishing by the sampling area, at least for the whole
experimentation period, financed – we would like to remind – with public money
(see: feasibility study by the local C.C.I.A.A.; INTERREG II; INTERREG IIIA)
and private (Fondazione CRT).
It must be pointed out that not respecting the no-fishing rule by whoever, will
damage the reliability of the collected data and therefore of the conclusions,
thwarting a good part of the research effort made so far!

FOR REFERENCES SEE ITALIAN SECTION
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