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This research seeks to quantify recruitment, early survival and early colony growth in different populations of
the precious Mediterranean red coral. Although basic to our understanding of red coral ecology and popula-
tion dynamics, these early life-history descriptors are still poorly understood. To fill this lack of knowledge,
marble settlement tiles were placed at 35+ 1 m depth within 3 populations of Corallium rubrum dwelling
in the coralligenous habitat of different geographic areas of the north-western Mediterranean: Calafuria
and Elba Island (Italy), and Medes Islands MPA (Spain), following a multifactorial ANOVA model and sampled

g{gﬁ;‘gous photographically for four years (2003-2006). Overall, 517 red coral recruits settled on the tiles during the
Demography experiment, 189 of which (126 at Calafuria and 63 at Elba) were still surviving, in 2007, when the tiles
North-western Mediterranean were removed. The recruitment density at Medes was only one tenth of that at Calafuria and Elba (0.56 + 0.21
Octocorals vs. 6.06+1.75 and 4.66+ 1.01 recruits dm ™2, mean+SE). No colony survived after four years at Medes,
Colonisation where the lowest recruitment rate was also found. As the age of each new settled colony was known, it was

Settlement plates possible to measure the early growth rates of individual colonies. The growth rates thus obtained were two

to three times higher than that measured in older colonies and differed significantly between the geographic
areas (the growth of colony basal diameter was 0.68 £0.02 and 0.594-0.19 mm/year at Calafuria and Elba),
while no significant difference was found between the actual colony growth and that previously measured
in the former area. A test for secondary substrate selectivity, carried out in one area, showed that red coral
preferentially settles on tubes of Serpulida than on other encrusting organisms. However, since recruitment
density at Medes was lower despite the four-fold higher cover of Serpulida found there, other factors, intrinsic
to the populations, such as different size-age structures or densities, leading to different larval output, may
likely have determined red coral recruitment rates in the studied areas.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

According to Margalef (1992) “the demography of single popula-
tions has to be integrated in the dynamics of multiple populations,
and thus becomes a part of the study of succession and of the devel-
opment of spatial organization”. Different populations may have
different life histories and may be characterised by different demo-
graphic features, thus they must be considered as true conservation
units. Demographic models, as well as conservation plans, have
to be based on the peculiar features of different populations living
in different geographic areas (Beissinger and McCullough, 2002;
Santangelo and Bramanti, 2006).

* Corresponding author. Tel.: +39 0 50 2211382; fax: +39 0 50 2211393.
E-mail address: gsantangelo@biologia.unipi.it (G. Santangelo).
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Gorgonian corals are long-lived, slow-growing, habitat forming
species which population features may differ greatly throughout the
Mediterranean Sea (Cupido et al., 2009; Gili and Coma, 1998; Gori
et al., 2011; Rossi and Gili, 2007). A prime example of such variability
is the red coral, Corallium rubrum, a precious, long-lived temperate
gorgonian inhabiting Mediterranean rocky bottoms and neighbouring
Atlantic areas. Red coral is an internal brooder (planulator), which re-
leases planulae during a limited time period in summer (Santangelo
et al., 2003). The species tends to be genetically structured at a
small spatial scale (Abbiati et al., 1993; Costantini et al., 2007, 2011;
Ledoux et al., 2010). Most of the larger colonies of this species have
been harvested at shallow depths, and the population structure has
consequently shifted towards smaller sizes (Bramanti et al., 2009;
Linares et al., 2010; Tsounis et al., 2010).

Previous studies on gorgonians have suggested that population
growth is far more sensitive to changes in adult survival than in re-
productive and recruitment rates (Gotelli, 1988, 1991; Lasker, 1991;



8 G. Santangelo et al. / Journal of Experimental Marine Biology and Ecology 411 (2012) 7-13

Lasker et al., 1998; Linares et al., 2007). However, important factors in
early gorgonian population dynamics, and hence in the persistence
and re-colonisation of local populations, may also be larval supply
and larval mortality, which affects 90-97% of larval output (e.g.
Grigg, 1988; Lasker et al., 1998; Santangelo et al., 2007), as well as
post-settlement processes, which may profoundly influence recruit-
ment rates (Caley et al., 1996; Perkol-Finkel and Benayahu, 2008;
Todd, 1998). This study focuses on the early life-history traits of red
coral populations living within the sublittoral coralligenous habitat
(Ballesteros, 2006; Boudouresque, 2004). Red coral develops crowded
patches within the coralligenous resulting in the C. rubrum facies
(Pérés and Picard, 1964).

Although our knowledge of the demographic features of shallow
red coral populations has increased considerably in recent years,
(e.g. Tsounis et al., 2010 and references therein), their early life-
history traits are still largely obscure. This research seeks to quantify
recruitment, early survival and growth of red coral in different shallow
populations (those living between 10 and 50 m depth in the shallow-
est belt of the species' bathymetric distribution range). Even if such
knowledge is basic to our understanding of red coral population
dynamics, these early life-history descriptors are difficult to examine
directly in the field in long-lived circa-littoral, benthic species. They
can however be successfully estimated on long-lasting settlement
plates (Garrabou and Harmelin, 2002; Gotelli, 1988; Lasker et al.,
1998; Mundy and Babcock, 2000). In particular, studies on red
coral colonisation on marble plates, whose carbonate composition is
similar to that of the coralligenous substrate, may be particularly
useful in obtaining recruitment and post-recruitment mortality esti-
mates, which are otherwise quite difficult to gather (red coral recruits
are only 0.6 mm in diameter; Bramanti et al., 2005). Moreover, as new
settlers may be favoured or constrained by other encrusting organ-
isms (Nandakumar, 2000), tiles should allow also detecting whether
red coral settlement exhibits any selectivity towards certain sub-
strates of biological origin.

A previous single-population study on red coral recruitment and
early survival on seasoned marble tiles have highlighted the tendency
of red coral to permanently colonise them (Bramanti et al., 2005).
Moreover, no colony settled on tiles was affected by boring sponges,
which spread over 50% of the colonies in the studied population,
thereby increasing their mortality and reducing their economic
value (Corriero et al., 1997). These findings suggest that red coral
re-colonisation of depleted areas could be fostered by transferring
and re-fixing colonised marble tiles, rather than individual colonies
(Benedetti et al., 2011; Oren and Benayahu, 1997). Following up
on these findings, tiles were inserted within different geographic
red coral populations. Some preliminary results obtained during
the first 2 years of this in situ experiment (sensu Underwood, 1997),
revealed that settlement tiles were in fact colonised by red coral in
the different areas (Bramanti et al., 2007), but it was unknown
whether the method could be applied effectively over longer periods.
Moreover, as the method previously set out by Marschal et al. (2004)
to assess the age of red coral colonies failed during the first period of
colony life (1-4 years), it was thought that direct measurement of
growth over such a period could furnish important data on the early
life-history of this precious gorgonian. At least, lasting settlement
tiles for an extended time period enabled us to follow the life history
of individual settlers of different age classes (cohorts) and thus to set
out cohort-based life-history tables (Stearns, 1997) representing the
trends of the newly settled colonies over time in different geographic
areas, thus adding new, additional information to previous studies.

This paper presents the final findings of the full four-year study on
recruitment, early mortality, average annual colony growth rate
and settlement. The ultimate aim of this research was to broaden
the geographic and time scale of the early life-history parameters
of shallow-water red coral populations in order to provide a better
understanding of their complex dynamics.

2. Materials and methods
2.1. Sampling

This study compared the early life-history traits of three red coral
shallow-water populations living in the coralligenous habitats of differ-
ent geographic areas: Calafuria (Livorno, Italy 43° 30’ N, 10° 20’ E);
Cap Fonza (Elba Island, Italy, 42° 44’ N, 10° 17’ E) and Medes Islands
(Gerona, Spain, 42° 03’ N, 3° 13’ E). While this last population dwells
in a MPA, the first 2 are located in unprotected areas. The original
substrates on which coralligenous communities settle are composed
of sandstone at Calafuria, marl-limestone and sandstone at Elba and
limestone at Medes.

At the end of June 2003, 54 white marble tiles (1 dm? wide)
were fixed via a central Fischer screw (Bramanti et al., 2007) to the
coralligenous substrate encrusting the vaults of crevices in which red
coral colonies dwell at 35+ 1 m depth, below the summer thermo-
cline (Fig. 1). In all studied areas the tiles were put in place about
4 weeks before red coral larval release (late July; Santangelo et al.,
2003; Tsounis et al., 2006), to allow biofilm to cover their surfaces
(Bramanti et al., 2005).

The tiles were monitored yearly by photographic sampling over
the period 2003-2006 using a Nikonos V underwater camera with
35-mm lens, TTL strobe and macro 1:3 extension tube. To easily iden-
tify and count recruits, macro-photographs were always taken at
the end of October, a time at which red coral recruits can be easily
identified (Bramanti et al., 2005). Four recruitment cycles over 3
areas (6 sites) have been thus analysed. Because red coral recruits
were identified on photographs, this procedure provided a survival
data series of 4 cohorts of newly settled colonies without having to
remove the tiles.

In order to test for geographic variability in red coral recruitment,
the tiles were placed following a multifactorial ANOVA design with
two factors: 1) area, fixed with 3 levels: Calafuria, and Elba (Italy)
and Medes MPA (Spain); 2) site (nested in area), with 2 levels (two
sites randomly chosen in each area a few hundred metres apart
from one other). Nine tiles (replicates) were placed in each site. The
number of tiles was limited by technical aspects: it would be difficult
to fix and monitor more by SCUBA diving at 35 m depth due to
bottom-time constraints.

The tiles were removed at the beginning of September 2007 in
order to analyse colony growth rates, biological concretions and the
frequency of red coral settlers on the different encrusting organisms.

All ANOVAs were processed using the GMAV software programme.
The trends for the first cohort of recruits (settled in 2003) over the

Fig. 1. Marble tiles fixed to the vault of a crevice colonised by red coral at the Medes
Islands MPA.
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following four years have been represented as a Life table per cohort
(Stearns, 1997). The life table reports the survival of the first cohort
and the mortality during the transition from one year to the next.
Log-mortality rates (k=log n./n;; ) are also reported. The net
recruitment (i.e. the number of settlers minus the number of dead
colonies found on tiles each year at the end of October), and the final
number of colonies that survived on tiles after four years have also
been examined.

2.2. Early colony growth rate

The averaged basal diameter was measured on all colonies still
settled on tiles upon their removal after 4 years, and the mean annual
early colony growth rate then calculated. As no colony survived at
Medes, colony growth could not be measured there.

The age of all salvaged colonies was determined on the basis of the
first time they were identified as recruits and mapped on photos, and
the average annual growth of each colony was calculated by simply
dividing its basal diameter of by its age. Each colony contributed
a number of values equal to its age to the calculation of the overall
average annual growth rate. For example, a four-year-old colony con-
tributed 4 average annual growth values to the calculation; a three
year-old colony 3 values, and so on. This procedure was followed in
order to enable calculation of the average early growth rate over a
larger number of values. It should be noted that such procedure is
made possible by the nearly constant growth rates found during the
first 4 years of colony life (Bramanti et al., 2005). In this way, 186
annual growth rate values were obtained from the 126 colonies
salvaged on tiles at Calafuria, and 83 from the 63 colonies salvaged
at Elba. The sum of the average annual colony growth rates was
then divided by the total number of values obtained to calculate the
overall average annual growth rates of the two populations, which
could then be compared. The early annual growth rates (weighted
averages) thus obtained were also compared with that calculated on
the 403 values previously recorded on 163 colonies at Calafuria over
the period 1998-2001 (data in Bramanti et al., 2005). The t-test was
applied to analyse the differences in the 2003-2007 colony growth
rates between Elba and Calafuria, and between the resulting growth
rates for the latter area from 2003 to 2007 and 1998-2001.

2.3. Colonisation of tiles and red coral settlement

Some general features of the four-year-long colonisation process
by various organisms encrusting the tiles were also examined. The
encrusting organisms have been identified and classified according
to broad taxonomic categories by observing them on macro-
photographs, and their percentage cover areas measured on digitised
photographs using Adobe Photoshop CS5.

After four years, the tiles were salvaged and the dry weight of
encrusting organisms settled on them examined. Encrusted tiles
were oven-dried overnight at 90 °C and the biological concretions accu-
mulated on them were completely scraped and weighed. Differences
in the final overall percentage cover and dry weight between dif-
ferent geographic areas and sites were examined using PERMANOVA
(Anderson, 2005), A pairwise test was also conducted (because of the
unbalanced number of replicates) using the PRIMER software.

The selectivity of red coral settlement on the three most common
taxonomic categories of encrusting organisms was also examined. To
this end, the frequency of red coral settlers on the most common
organisms covering the tiles savaged at Calafuria (the population
exhibiting the highest coral settlement density) was examined.
These tiles were carefully examined just after collection via dissection
microscope (40-80x ) in order to identify living red coral settlers that,
made up of 1-2 polyps, measured only 0.2+ 1 mm in diameter,
as well as the taxonomic category of the organisms on which they
settled. Given these logistic constrains, this analysis was performed

only at Calafuria. Divergence from randomness (i.e. frequency of red
coral settlers on organisms of a specific taxonomic category in pro-
portion to their percentage cover) was checked using a chi-square
test.

3. Results
3.1. Red coral recruitment and early mortality

Overall, 517 recruits settled on tiles during the 4 years of the
experiment. All three populations studied recruited each year, though
recruitment showed high variability over time (Fig. 2) and between
both geographic areas and sites; sites were colonised by recruits
in 21 out of 24 occasions and the average density was 3.88 +
0.68 recruits dm~2 (mean = SE), varying between 23 and 0 recruits
per 100 cm™ 2. The recruitment density found was ten fold lower at
Medes Islands than at Calafuria and Elba (0.56 +0.21 vs. 6.06 +1.75
and 4.66 4 1.01 recruits dm~2, mean+SE), a finding consistent
with the lower percentage of tiles colonised by red coral in this area
(50% at Medes, vs. 80% and 93% at Calafuria and at Elba Island). In
2006 an exceptionally high recruitment density, 3 times higher than
the average, and an increased variance (due to 3 tiles only) were
found at both Calafuria and Elba Island. These findings led to a signif-
icant variance heterogeneity (Cochran Test), which persisted despite
all attempts at data transformation, thus ruling out including the
2006 data in an ANOVA (Underwood, 1997). For this reason and
due to the limited number of replicates available, different Nested
ANOVAs were carried out for each single year (2003, 2004, 2005;
Table 1). The percentage of the total variance due to the factor site,
was significantly higher in the first year and then decreased over
time (2003 >2004>2005). Contrariwise, the percentage of variance
due to the factor geographic area increased over time and became sig-
nificant over the last two years, thus exhibiting an opposite trend
(2005>2004>2003; Table 1). No significant correlation was found
between recruitment density and the percentage of tile area covered
by the encrusting organisms (r=0.02, n=128, p>0.1).

In order to describe the life history of newly settled colonies, a “life
table per cohort” (Stearns, 1997) was compiled for the oldest (2003)
cohort in each geographic area (Table 2). The four-year survival (L)
of this cohort was 0.37 (i.e. 63% of the original 2003 cohort died
in 2006) at Calafuria and 0 (mortality =100%) at Elba and Medes.
The age specific mortality rate (my), reported also on a natural-log
scale (ky), was highest for the transition from the first year (the
year of settlement) to the second at Medes, and lower at Elba and
Calafuria (m,=0.86, 0.29 and 0.49 and ko=1.9, 0.34 and 0.66, re-
spectively). Between the second and the third years, no mortality oc-
curred at Calafuria, while high mortality occurred at Elba (m;=0.75

3 W Calafuria

O Elba island
Medes islands

30

Recruitment density (dm?)

2003 2004 2005 2006
Year

Fig. 2. Recruitment density (mean + SE) in different sites over the period 2003-2006.
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Table 1 251
Recruitment variability in consequent years examined by nested ANOVAs. The variance %
due to factor site decreases while that due to factor area increases with time, indicating g 20 - —t— Calafuria
an increased variability at a larger spatial scale (between different geographic areas). S T
Source of SS DF MS F P Fversus Variance % g 15 - — &~ Medes Islands
variability £
Area 2003 2275 2 1137 042 0.69 Si(Ar) 1491 E 10 1
Site (Area) 8212 3 2737 449 0.016 Res 39.65 o
Residual 109.75 18 6.09 45.45 @ 5
Tot 21462 23 Z
Area 2004 3775 2 1887 119 0.037 Si(Ar) 27.40 pr— = = gy
Site (Area) 475 3 158 042 0739 Res 9.16 2004 2005 2006
Residual 675 18 3.75 63.44 Year
Tot 110 23
Fig. 3. Net recruitment rate (recruitment minus mortality; mean 4 SE).
Area 2005 1020 2 510 865 0.06 Si(Ar) 61.10
Site (Area) 1.77 3 059 209 0.14 Res 8.35
?g:‘d”al 13'81 ;g 02 3055 constant over time throughout a single geographic area, but different

and k; =0.60) and no colony survived at Medes (m; = 1; k; = ). The
yearly net recruitment rate (recruitment minus mortality) during the
entire study period (2003-2006) shows a clear-cut positive trend at
Calafuria, a slightly positive one at Elba and a negative one at Medes
Island (Fig. 3).

3.2. Early colony growth rate

In order to determine the average early growth rate of red coral in
the different geographic areas, the age of all the colonies surviving on
the tiles salvaged in September 2007 was determined based on the
year of their settlement, and their mean basal diameter measured.
This was possible only for Calafuria and Elba, as none of the colonies
that settled on the Medes tiles survived until 2007.

Overall, 189 colonies (126 at Calafuria and 63 at Elba) were found
and, as their age was known, they were divided into different cohorts
(2003, 2004, 2005, 2006). The distribution of newly settled colonies in
the different age classes is reported in Table 3. The average annual col-
ony growth rate during the first years of life was 0.68 4 0.02 mm/year
(mean4SE) at Calafuria and 0.5940.02 mm/year at Elba. These
growth rates were also compared with the annual growth rate mea-
surements recorded on 163 colonies at Calafuria over the period
1998-2001 (0.67 £0.01 mm/year; data in Bramanti et al., 2005).
According to the T test, a significant difference in early growth rates
exists between Calafuria and Elba (p<0.01), while no significant
difference was found between the current colony growth rate
found at Calafuria and that previously measured in the same area in
2001. These findings suggest that early colony growth rate is nearly

Table 2

Life table of the first (2003) cohorts in different geographic areas. ay=new settled
colonies survival (%) in different years. I, = first cohort survival; s, and my = colonies
survived or died in the passage from one year to the following; ky log mortality.

Age (X) ay Iy Sy my Ky
Calafuria 0 41 1.00 0.51 0.49 0.66
1 21 0.51 1.00 0.00 0.00
2 21 0.51 0.71 0.29 0.33
3 15 037
Elba Island 0 34 1.00 0.71 0.29 0.34
1 24 0.71 0.25 0.75 1.38
2 6 0.18 0.00 1.00
3 0 0.00
Medes Islands 0 14 1.00 0.14 0.86 1.9
1 2 0.14 0.00 1.00
2 0 0.00
3 0 0.00

in different areas.

3.3. Biological cover and red coral settlement

During the 4 years of submersion, the tiles have been covered
by a highly diverse fouling community made up of Cyanobacteria,
Rhodophyta, Porifera, Cnidaria, (Octocorallia and Hexacoralllia),
Annelida (Serpulida), Mollusca (Bivalvia and Gastropoda) and Bryozoa.
Cirripedia and Tunicata were found on only a few tiles at Medes.
Rhodophyta, showing 12 and 14 cover % at Calafuria and Elba, were
not found on the tiles fixed at Medes.

The progress of the colonisation process through the four years of
the experiment is illustrated in Fig. 4. Overall, after four years the
colonised area attained a coverage of 80.28%, 66.33%, and 70.55% of
the tile surfaces at Calafuria, Elba and Medes, respectively (Fig. 4d).
According to PERMANOVA, geographic areas differed significantly
(p<0.01), the overall relative cover being significantly higher at
Calafuria and similarly lower at Elba and Medes (Pairwise test NS).
No significant difference was found between sites in the same area,
suggesting some homogeneity of the colonisation process in each
area.

Bryozoa, dominant in all geographic areas, were always the
taxon showing the maximum relative cover. After four years, these
organisms covered 60.13%, 42.8% and 42.17% of the tile surfaces at
Calafuria, Elba and Medes, respectively. Serpulida, found on all tiles,
represented respectively 7.1%, 3.5%, and 25.2% of the overall cover at
Calafuria, Elba and Medes (Fig. 4a, b, ¢, d).

The dry weight of bio-concretions (Fig. 5) was significantly higher
at Medes Islands than in the other two areas (9.9 g/dm? and 4.7 g/dm?
and 4.6 g/dm? respectively at Medes, Calafuria and Elba; PERMANOVA
p=0.01). No significant difference was found between the latter two
areas (Pairwise test NS).

The frequency of red coral settlement on the most common taxo-
nomic categories of encrusting organisms, Serpulida, Bryozoa and
Rhodophyta, was also examined on the tiles salvaged from Calafuria,
where, after 4 years of submersion, they represent 98.4% of the total
cover. Overall, 77 red coral settlers were found on the encrusting

Table 3

Number of colonies of the different cohorts (Age) found on tiles after 4 years and
annual colony growth rate at Calafuria and Elba Island in 2003-2006 and at Calafuria
in 1998-2001.

Age Annual growth

1 2 3 4 Tot Mean St. dev.
Calafuria 03-06 98 9 6 13 126 0.68 0.26
Elba 03-06 45 16 2 0 63 0.59 0.19

Calafuria 98-01 50 33 33 47 163 0.67 0.14
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1004 A —&—Bryozoa
100+ b —&—Bryozoa
=4+=Rhodophyta
801 80- —&— Rhodophyta
=-®=-Serpulida
60 - 60- =@—-Serpulida
401 40
20 20
) 0 1 0-
°|_ 2003 2004 2005 2006 2003 2004 2005 2006
0]
c>) —4#— Calafuria
@) a—p 1007 d —O - Elba island
1007 ¢ fyozoa —#— Medes islands
80 - =i Rhodophyta 8l
60 - =@--Serpulida 60
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20 - 201
0 ] 0
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Year

Fig. 4. Colonisation on tiles. Cover % of the most common taxonomic categories in the three geographic areas examined (a, b, ¢) and overall cover % (d) over the period 2003-2006.

organisms of the above-mentioned taxa (Fig. 4), 42 (54%) of which
had settled on the tubes of Serpulida, 27 (36%) on Bryozoa and
8 (10%) on Rhodophyta. We tested whether the settlement frequency
on the main encrusting taxa was proportional or not to the relative
percentage cover area (18%, 68% and 14% respectively for Serpulida,
Bryozoa and Rhodophyta). In the case of the last, settlement can
be considered non-random (i.e. selective). Our results showed a sig-
nificant divergence from randomness in the frequency of red coral
settlement on Serpulida (y>=17.3; n=9; p<0.03) and Bryozoa
(¥>*=18.96; n=9; p<0.03), while no significant divergence from
randomness was found for Rhodophyta. As shown in Fig. 6, the
observed frequency of C. rubrum recruits is significantly higher
than expected for Serpulida, and significantly lower for Bryozoa.
These findings suggest selectivity of red coral larval settlement that
is positive towards Serpulida tubes and negative towards Bryozoa.
No selectivity was found for Rhodophyta.

4. Discussion

The research described herein has managed to shed light on some
of the main demographic early life-history traits in three different

124

Dry Weight encrusting organisms
(g/dm?)
[s2]

Calafuria Elba Medes Islands

Fig. 5. Dry weight (mean 4 SE) of biological concretions found on tiles in the different
geographic areas.

geographic populations of the precious Mediterranean red coral by
means of suitable settlement plates. As many C. rubrum populations
have been overexploited, studies on the capacity of this species
to permanently colonise settlement plates of a natural substrate
(marble) could be particularly meaningful for both demographic
and restoration studies. Moreover, the age of young (1-4-year-old)
red coral colonies cannot be determined even by the latest, most de-
pendable methods, which rely on thin-section annual growth ring
staining (Marschal et al.,, 2004; Torrents, 2007). Therefore, direct
measures on early colony growth rate, carried out on different
geographic populations, could fill an important gap in our knowledge.

The collection of 189 colonies of known age on the salvaged tiles
from two geographic areas enabled us to assess the average annual
colony growth rate over the first years of their life. The resulting
growth of colony basal diameter (0.68 and 0.59 mm year™') was
two to three times higher than those measured in adult colonies in
different areas and habitats (ranging from 0.35 to 0.15 mm year';

0.8 -
® Observed frequency

0.7
" Expected frequency
0.6
0.5
0.4
0.3

0.2

C. rubrum recruitment frequency

Serpulida

Bryozoa

Rodophyta

Fig. 6. Frequency of settlers on the most common encrusting organisms found on
marble tiles.
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Gallmetzer et al., 2010; Garrabou and Harmelin, 2002; Marschal et al.,
2004; Torrents, 2007), thereby evidencing a higher growth during the
first years of colony life. These findings fill an important gap in our
knowledge of the early growth of the Mediterranean red coral. They
moreover suggest that early colony growth rates are different in geo-
graphically distinct populations and constant over time in the same
area. Such variability may be due to differences in the availability
of food; it has been shown that seston quantity and quality may
be very different even at micro and meso spatial scales because of
different environmental features, which would have a direct impact
on the growth rate of suspension feeders (Gili and Coma, 1998;
Rossi and Gili, 2007). On the other hand, such differences could be
limited to early colony life, as some authors have suggested a more
constant growth rate for older colonies (Gallmetzer et al., 2010;
Linares et al., 2010).

All three populations recruited regularly each year, showing an
average recruitment density (3.88 recruits dm~2 year~!) unusually
high among Gorgonian corals (Cupido et al., 2009; Gotelli, 1988;
Grigg, 1988; Lasker et al, 1998; Linares et al., 2008), however
such values varied considerably. For example, in 2006 recruitment
at Calafuria and Elba was three times higher (and also exhibited
greater variability) than in the previous years. This finding was due
to a few tiles, which showed an anomaly high recruitment only that
year. Irregular annual oscillations and stochastic peaks are frequently
found in recruitment of benthic invertebrates (e.g. Caley et al., 1996;
Gotelli, 1988; Todd, 1998). One of the few studies on red coral recruit-
ment, carried out on limestone settlement plates installed in a 25 m
long horizontal cave (Garrabou and Harmelin, 2002) showed a high
variable, sporadic recruitment which was only a one twentieth of
that found in this study (0.18 vs. 3.88 recruits dm ~2). Moreover, the
mortality of new settled colonies was remarkably lower (14%) than
our present (63-100%) and previous findings (66-69%); (Bramanti
et al., 2005). Local hydrodynamic features and irregular reproductive
pulses may be key factors in understanding recruitment variations in
this sheltered environment.

Overall, despite the great variability in recruitment rates we
found, some general trends can be discerned among the three geo-
graphic areas. A higher percentage of colonised tiles and ten-fold
higher recruit densities were found at Calafuria and Elba than at
Medes Islands, where the highest mortality was also encountered.
Synergy between these two factors evidently led to a negative net re-
cruitment rate and eventual extinction of all the cohorts previously
settled on the tiles in the Spanish MPA. This last finding suggests
lower population growth rates and recovery capacities for this area.
A clear-cut positive net recruitment rate was found only at Calafuria,
confirming our previous findings in this area (Bramanti et al., 2005).
These last findings indicate that fixing and transplanting marble tiles
with recently settled red coral into new areas (Benedetti et al., 2011;
Bramanti et al., 2007; Oren and Benayahu, 1997; Perkol-Finkel and
Benayahu, 2008) could be a suitable tool to foster population recovery
mainly at Calafuria and in populations with similarly high recruitment
and survival rates.

Recruitment variability between neighbouring sites in the same
geographic area decreased over the period 2003-2005, while the var-
iability between areas increased, thereby exhibiting opposite trends.
As the tile surface covered by encrusting organisms was comparable
in the two sites of the same area, it is clear that the fouling colonisation
occurred in a similar manner in neighbouring sites, which would likely
affect red coral recruitment in the same manner, thus reducing its
local variability with time.

According to Boudouresque (2004) and Ballesteros (2006), the
species assemblages of coralligenous habitats differ greatly across
the Mediterranean. While some trends common to the different areas
examined were found (e.g. the dominance of Bryozoa in all sites
and areas), the proportions of the various colonising organisms differ
considerably. Moreover some taxa (Cirripedia and Tunicata) were

found only at Medes. On the contrary Rhodophyta were not found on
the tiles fixed there despite of being very common in that area
(Garrabou et al., 2002), and in the coralligenous assemblage in general
(Ballesteros, 2006). The lack of this highly representative taxon in this
location underlines some limits in the correspondence between the
colonisation process occurring on tiles and on the natural primary
substrate. Although marble and coralligenous are chemically similar
they do exhibit some important differences in surface texture and struc-
ture leading to different epibiosys (Vermeij, 2005).

Although Serpulida seems to be a more suitable substrate for
red coral settlement than other common encrusting organisms, the
higher cover of this taxon at Medes did not result in higher red
coral recruitment in this area. The ten-fold lower recruitment, as
well as the likely high early mortality found at Medes MPA, could
depend on other local factors, such as interspecific competition
(Giannini et al., 2003) or predation (Rius and Zabala, 2008). We
suggest that the high density of carnivorous and herbivorous fishes
in this small protected area (Sala, 1997), may have a direct impact
on coral settlers. The low recruitment found at Medes MPA is
also consistent with previous findings in this area of a lower colony
density (about 1/2) and a lower reproductive output (about 1/3)
compared to that reported for the Calafuria population (data in
Tsounis et al., 2006; Santangelo et al., 2007). The recruitment density
found at Calafuria, consistent with previous findings (Bramanti et al.,
2005), confirms that a higher recruitment usually occurs in this area.

Our findings suggest different dynamics at work in the different
populations examined. Furthermore, the negative net recruitment
rate found at the Medes Islands MPA (whatever the reasons) could
severely limit population recovery in the event that mass mortalities
(like those that affected shallow-water red coral populations in some
NW Mediterranean areas only a few years ago) increase in frequency
(Santangelo et al., 2007). On the other hand, the crowded, highly
reproductive Calafuria population, in which some recruitment
density-dependence was found (Santangelo and Bramanti, 2010),
would more likely recover after anomalous mortality or negative
net recruitment events. Because of the low dispersal capacity of red
coral planulae (Costantini et al., 2007, 2011; Ledoux et al., 2010), the re-
covery of extinct patches may be a very long-term process. Future red
coral management programmes must carefully take such indications
into account to preserve shallow-water C. rubrum local populations.
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