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Abstract Red coral (Corallium rubrum, L. 1758) is an
over-exploited Mediterranean gorgonian. The gonadal
development cycle of this gorgonian is examined at the
Costa Brava (NW Mediterranean) taking into account
for the first time colony size, depth and spatial hori-
zontal variability. This study compares the gonad
development and fertility in two colony size classes
(colonies <6-cm height, and >10-cm height, both at
40–45-m depth), and two populations at different
depths (16–18-m depth, and 40–45-m depth, both
consisting of <6-cm high colonies) in a 15-month
period. The fertility of seven size classes (<2 cm to
>12 cm high colonies, in 2 cm intervals) was exam-
ined in the deep population, where large colonies were
present. Furthermore, reproductive output was com-
pared in 6 populations (distributed along more than
70-km coastline) one month before spawning (June).
Red coral was found to be dioecious and gonochoric
with a sex ratio of 1:1, which differs from other NW
Mediterranean populations. On the other hand, fertil-
ity of different size classes indicates that small colonies
of 2-cm height already produce gonads, which is in
line with previous studies. Female and male polyp
fertility and sperm sac size increase significantly with
colony size [sperm sac diameter: 476±144 lm
(mean±SD) and 305±150 lm in the >10-cm and

<6-cm height colonies, respectively), whereas no sig-
nificant effect on oocyte diameter was found (oocyte
diameter: 373.7±18.7 lm). Depth staggered spawning,
that is, an earlier release of gonads in the shallow
populations, was observed in summer 2003, coinciding
with the highest temperature gradient between shallow
and deep water during the study period. Colonies of
<6-cm height were significantly less fertile than co-
lonies >12 cm, thus the recommendation of this study
is that a minimum height should be incorporated into
fishing regulations. The six studied populations at the
Costa Brava showed a comparable reproductive po-
tential, which demonstrates little variability within the
homogenous population structure and range of size
classes (due to overharvesting) found at the Costa
Brava. The study of reproductive output is an impor-
tant tool for ecosystem management, and this work
recommends basing specific exploitation laws for dis-
tinctive populations on colony size, which is found to
have a larger effect on reproductive potential than
mesoscale variability.

Introduction

The reproductive cycle of a species and factors affecting
the reproductive potential of a population are crucial
for a better understanding of population dynamics
(e.g., Dayton 2003). These kinds of studies are espe-
cially relevant for key- and exploited species. Gorgo-
nian octocoral populations are characteristic
components that contribute significantly to biomass
and energy flow of many ecosystems (e.g., Brazeau and
Lasker 1989; Coma and Gili 1998; Arntz et al. 1999),
yet little is known about the spatial variability of their
reproductive output.

The Mediterranean red coral (Corallium rubrum, L.
1758) is a long-lived species with slow growth, but an
exception to the general K-selection pattern in gorgo-
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nians, as it has a low age at first reproduction (Vighi
1972; Grigg 1989; Santangelo et al. 2003a, 2003b). Its
age structure is generally dominated by young, small
colonies (Santangelo and Abbiati 2001; Santangelo et al.
2003a), and the species may be at risk of local extinction
in some places. Recent data demonstrate that this is the
effect of red coral being systematically harvested for use
in the jewellery industry since the seventeeth century
(Tescione 1973; Santangelo and Abbiati 2001; Tsounis
2005). Thus there is a need to understand better how
colony size and environmental factors affect its repro-
ductive potential, in order to develop optimal harvesting
strategies and protective measures.

Colony size of modular organisms affects the alloca-
tion of energy into reproduction (Hall and Hughes 1996;
Beiring and Lasker 2000) and the ability of an octocoral
to feed (Kim and Lasker 1997). Knowing the relation-
ship between reproductive output and colony size allows
an improved harvesting strategy that does not harvest
the stock down to colonies of lower fertility (Grigg
1976). We hypothesize that polyp fertility and gonad
diameter increase with colony size in red coral as it does
in other gorgonians (Coma et al. 1995b; Beiring and
Lasker 2000).

Population dynamics of modular organisms are
frequently influenced by the depth at which they live,
as depth affects the feeding capabilities of corals, and
consequently their potential energy reserves (see Har-
land et al. 1992). This has a direct effect on larval
recruitment, as a depth-dependent settlement of new
recruits has been demonstrated in scleractinian corals
(Mundy and Babcock 2000). Also, spawning has been
found to occur earlier in shallow water colonies than
in deep ones (Vighi 1972; Santangelo et al. 2003b). As
harvesting of red coral is highly depth-selective,
favouring shallow water (Tsounis 2005), it is vital to
elucidate the contribution of colonies at various depth
zones to the recoverability potential of the population.
As C. rubrum thrives in the aphotic zone, we
hypothesized an increase of reproductive output with
depth.

A recent study demonstrated considerable micro-
and mesoscale variability in the red coral recruitment
(Bramanti et al. in press), as larval settlement and
mortality were different off the Costa Brava (NW
Mediterranean Spanish coast) and Calafuria (NW
Mediterranean Italian coast). Given the direct effect of
reproductive output on larval viability in red coral
populations (Bramanti et al. 2004), spatial variability of
reproductive output may have implications, as studies
restricted to a limited spatial scale may be insufficient to
give a base for the management of the fishery of this
benthic species.

In contrast to previous studies concentrated in a
particular area, this study elucidates the spatial vari-
ability of reproductive output between different popu-
lations. This is because one of the main difficulties in
managing the red coral banks in the Mediterranean is
due to coral-fishermen insisting that, in selected areas,

the coral growth and reproduction are different and re-
quire a discriminating exploitation law. One of the goals
of this study therefore, is to demonstrate the spatial
reproduction patterns of red coral populations in order
to provide a base for the decision if a common protocol
rule or law should be proposed.

Material and methods

Sex ratio and size at first reproduction

In order to examine the size at first reproduction, seven
colony size classes were sampled, ranging from 0–2 cm
to >12 cm colony height. Twenty branches from 20
different colonies were sampled per class on 11 July
2002 at 40–45-m depth. This was shortly before the re-
lease of the gonads, thus ensuring that the sampling did
not underestimate the fertility of the colonies. In total,
586 colonies were sampled in June 2002 in order to test
the sex ratio of the Medas Islands population.

In all cases red coral samples were taken using cutting
pliers extracting a 2 cm long apical coral branch, placing
them in a seawater filled PVC bottle that was kept in ice
until fixation with 10% Formalin (usually within
30 min). The coral samples were processed by opening
coral polyps of the branches on the central part with fine
tipped forceps under a binocular dissecting microscope
(50· magnification) and counting oocytes and sperm
sacs, as well as measuring their diameter with a cali-
brated eyepiece micrometer. Five polyps per branch
were subsampled at random.

Gonadal development cycle and reproduction timing

Gonad development and number were studied in two
populations at the Medas Islands Marine Protected
Area in monthly sampling intervals between April 2002
and August 2003 from 20 different colonies <6 cm in
height (sampled at random in each population). The
sampled colonies measured 4–6 cm in height, repre-
senting the most abundant size class in the Mediterra-
nean (Fig. 1) (Santangelo et al. 2003a; Garrabou et al.
2001; Tsounis 2005). One population (following the
definition of Lincoln et al. 1998) is situated at an over-
hang at 16–18-m depth, while the other grows on a wall
between 40 and 45 m. The distance between the two sites
is 300 m, both being affected by the same main current
(Pascual et al. 1995) (Fig. 2). Although red coral larvae
survive for several days (Weinberg 1979) and can be
swept considerable distances by currents, recent data
suggest that there is only a negligible gene flow between
the two populations at the Medas Islands and the
opposite coast of Montgri (del Gaudio et al. 2004).
About 600 colonies were sampled that measured 4–6 cm
in colony height (the maximum distance from the base of
the coral to the branch tips).
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Differences between size classes

In order to examine the influence of colony size on gonad
development, an additional 300 samples from colonies
larger than the 4–6 cm were taken from the population
at 40 m, where enough large colonies could be found.
These colonies measured 10–12 cm in height and were
taken in the same monthly intervals as the other samples.
This allowed a comparison of gonadal development and
reproductive output of the two size classes.

Spatial comparison

Reproduction features of six red coral populations from
different sites along the Costa Brava (see Fig. 2 and
Table 1) have been sampled by SCUBA between 20 and
24 June 2003. Twenty colonies <6 cm height were
sampled from each population (at 18 and 45-m depth,
respectively) in the same way as described earlier. All
populations are characterised by a typical rocky shore
sublitoral hardbottom community, the ‘‘coralligene’’
(e.g. Sará 1969; Gili and Ros 1984).

Data analysis

In order to test the hypothesis that the colony size
classes varied in reproductive output, a one-factorial

ANOVA was used to analyse differences in colony fer-
tility and gonad size between red coral colony size
classes. Similarly, ANOVA was used to test for differ-
ences in reproductive output between the two depth
zones sampled, and likewise between the five popula-
tions. The sex ratio was tested by applying a chi-square
test.

The information from the gonad development cycle,
in order to compare gonad quantity and size, allowed
the exclusion of immature gonads by using only data
from April to July. Colony fertility was defined as the
number of gonads in five polyps per colony, using 20
replicate colonies per month. Gonad size was defined as
the average diameter of gonads encountered in five
polyps per colony.

The data were not distributed normally and had
different variances but met both of these criteria for
parametric analysis after logarithmic transformation
(Brown-Forsythe test and Levene test, P = 0.05;
Shapiro Wilk test, P = 0.1), thus permitting the use of
an ANOVA. An exception was the oocyte number data
comparing the two size classes, which had to be trans-
formed using a modified square root transformation
(Zar 1996), in order to show comparable variances, and
the oocyte diameter data comparing spatial differences
had to be tested using a weighted, nonparametric
(Welsh) ANOVA (JMP Synergy software), as data
transformation did not result in comparable variances.

Results

General reproductive features

Red coral was found to be dioecious and gonochoric
both at the colony and at the polyp level. The overall sex
structure of the Medas Islands population did not sig-
nificantly deviate from 1:1 (X2 = 1.3; P>0.05). In total,
281 female and 305 male colonies were found. About
2.0±2.0 mature gonads per polyp were found.

Gonadal development cycle and reproduction timing

Gonad development in red coral followed an annual
cycle with a synchronised release in summer. Oocyte
development took more than 12 months, which mani-
fested itself in the presence of two size classes of oocytes
(Fig. 3). The ripe gonads measured 500–900 lm (Fig. 4)
and were released in July/August, whereas the second,
immature cohort consisted of oocytes of 50–400 lm that
continued to grow until their release the following year
(Fig. 5). Prior to the release in summer, there was a
reabsorbing of oocytes, as oocyte numbers dropped
between April and May (Fig. 6).

Sperm sac development followed an annual cycle
with release of all sperm sacs in July (Fig. 7). Before
release, they reached a maximum size of 900 lm. No
sperm sacs were found in August 2002 (Fig. 8), and

Fig. 1 Frequency distribution of colony size of C. rubrum colonies
at the Costa Brava. Height is measured as the linear distance from
the base of the stem to the farthest tips (from Tsounis 2005)
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polyps started containing newly formed sperm sacs of
50–300-lm diameter in November (Fig. 9).

Differences between size classes

The sperm sac diameter was significantly larger in the
large colonies (476±144 lm) (mean±SD) than in the
small ones (305±130 lm) (ANOVA: F = 50.3; P £

0.001). No significant differences in oocyte diameter
were found between the two size classes (>10 cm:
418±178 lm; <6 cm: 388±144 lm). The average go-
nad number was higher in the large colonies (0.66 oo-
cytes polyp�1 ± 0.024 and 2.42 sperm sacs · polyp�1 ±
0.166) than in the small ones (0.58 oocytes polyp�1 ±
0.024 and 1.74 sperm sacs · polyp�1 ± 0.18) (oocytes:
ANOVA: F = 4.2; P < 0.05; sperm sacs: ANOVA: F =
7.6; P = 0.05).

Fig. 2 Map of the study area: the Costa Brava (NW Mediterranean), with sampling stations indicated

Table 1 Sampling stations at the Spanish Costa Brava

Station Location Coordinates Depth Type of habitat Facing

Punta Falconera Southern Cap de Creus 42�13¢45¢¢N, 3�13¢1¢¢E 36 m Wall South
Punta de sa Oliguera Eastern Cap de Creus 42�20¢1¢¢N, 3�16¢30¢¢E 40 m Large boulders South
Ses Ielles Eastern Cap de Creus 42�18¢40¢¢ N, 3�17¢50¢¢E 30 m Large boulders East
Punta Salinas Coast of Montgri 42�05¢56¢¢N, 3�12¢51¢¢E 20 m Wall South
Illa del Düı́ Coast of Montgri 42�06¢11¢¢ N, 3�11¢45¢¢E 25 m Wall East
Serra Ventosaa Medas Islands 43�2¢30¢¢N, 3�13¢30¢¢E 35 m Wall in a bay, open to east North
Cova de la Reinaa Medas Islands 43�2¢29¢¢N, 3�13¢30¢¢E 20 m Small overhang in bay East
Barda del Sastrea, b Medas Islands 43�2¢28¢¢N, 3�13¢30¢¢E 40 m Wall at exposed cape East

a Monthly sampling during 15 monthsb Two different size classes were sampled within the same population
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The examination of six size classes revealed that all of
them were fertile, including the class with colonies
smaller than 2-cm height, however, colonies smaller than
2 cm contained less than 1 gonad polyp�1 (Fig. 10).

Colonies of 2–4-cm height, which constituted the
majority of population, showed 60% fertility and colo-
nies of 4–6-cm height showed 100% fertile polyps
(Fig. 11).

Fig. 3 Seasonal frequency distribution in oocyte diameter of C. rubrum
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Differences due to depth

Gonads were significantly larger at 20-m depth (oocytes:
404.6±19.2 lm; sperm sacs: 426.5±17.1 lm) than at
40-m depth (oocytes: 342.8±18.1 lm; sperm sacs:
287.3±18 lm) (oocytes: ANOVA: F = 5.5; P = 0.05;
sperm sacs: ANOVA: F = 31.6; P £ 0.001). No sig-
nificant differences between the two depths were found
in oocyte and sperm sac numbers. The gonad number
data reveal that in 2002 the release was synchronized
between the two depths, whereas in 2003 the release was
depth staggered, with the shallow colonies releasing
earlier than the deep ones (Figs. 12, 13).

Spatial comparison

The mean oocyte diameter differed significantly between
populations (Table 2) (ANOVA: F: 2.6; P = 0.05), as
diameters were larger at the shallow population at the
Medas Islands than at Ses Ielles (eastern Cap de Creus,
Fig. 2). However, no significant differences between the
areas were found in oocyte and sperm sac numbers, and
in sperm sac diameter (Figs. 14, 15).

Discussion

General reproductive features

All populations were found to be gonochoric at both the
polyp and colony level, as previously found in other red
coral and octocoral populations (Vighi 1972; Benayahu
et al. 1989; Brazeau and Lasker 1990; Coma et al.
1995a; Santangelo et al. 2003b).

Fig. 4 Photograph of Oocytes (top) and sperm sacs (bottom) of C.
rubrum

Fig. 5 Seasonal cycle of
average (± SD) oocyte
diameter in C. rubrum
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The sex ratio of C. rubrum of 1:1 at the Costa Brava
differs from a recently studied population in Italy, where
a bias towards females was found (Santangelo et al.
2003b). Other gorgonian species living in the same red
coral habitat show the same sex ratio as C. rubrum
(Paramuricea clavata, Coma et al. 1995a; Eunicella
singularis, Weinberg and Weinberg 1979), and other
tropical and Antarctic gorgonians show the same
reproductive strategy (Kinzie 1974; Orejas et al. 2002).
The difference in the sex ratio between the Italian and
Spanish red coral populations may be explained by
different population densities between the two sites
(Santangelo et al. 1993; Tsounis 2005), which in turn
may be related to different larval recruitment in both
places (Bramanti et al. in press). It has been demon-
strated that population density in gorgonians affects the
optimal fertilization strategy and thus sex ratio (Brazeau
and Lasker 1990). On the other hand, the number of
mature oocytes per polyp (2.0±2.0) falls within the
range of other studied populations (3–6, Vighi 1972; 1–2,
Santangelo et al. 2003a, 2003b), and appears to be at the
lower to middle spectrum of the range of octocorals (see
Coma et al. 1995b).

The results of the present study show that size at
first reproduction in the C. rubrum population of the
studied area is remarkably small, corresponding to a
young age, as previously observed by Santangelo et al.
(2003b). Unlike most octocorals that are typically
characterised as K-selected species with long lifetimes,
low mortality and low reproductive output (Grigg
1989; Gotelli 1991; Santangelo et al. 1993; Coma et al.
1995b), red coral appears to have a small size/age at
first reproduction (Table 3) that enables it to sustain
its populations despite intensive harvesting (Grigg

1989). However, the polyp fertility increases consider-
ably with colony size, as found in other octocorals
(e.g., Hall and Hughes 1996; Beiring and Lasker
2000). Thus the results of this study show that polyp
fertility is significantly lower in colonies smaller than
6-cm height, requiring a minimum harvestable size
limit well above the current average size of Costa
Brava populations of 5-cm height (Tsounis 2005).

Gonadal development cycle

The gonadal development cycle of red coral culminates
in an annual summer spawning, a common phenomenon
among octocorals in temperate seas (Weinberg and
Weinberg 1979; Coma et al. 1995a; Santangelo et al.
2003b). Oocyte development in red coral takes longer
than sperm development, which is a feature also shared
with other octocorals (Benayahu and Loya 1984; Coma
et al. 1995a) and scleractinians (Kojis and Quinn 1981;
Szmant-Froelieh 1981). Oocyte development lasts longer
than a year, so that immature oocytes are present in
summer and are not released until they mature in the
following year. Only the first cohort of ripe gonads is
released. This has been observed earlier in a red coral
population at the French coast (Vighi 1972), and also in
the Mediterranean gorgonian P. clavata (Coma et al.
1995a). Production of sperm sacs begins in September
and ends with their release in July, and is thus much
shorter than gonad production. Oocyte numbers drop-
ped between April and May due to a reabsorbing of
gonad tissue. This little understood phenomenon has
also been observed in the Caribbean gorgonian Plexaura
‘‘A’’ (Brazaeu and Lasker 1989).

Fig. 6 Seasonal cycle of
average (± SD) oocyte number
per polyp in C. rubrum
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The larval release follows the sudden drop in oocyte
number and diameter, as stated in a recent study made
in the Medas Islands (Bramanti et al. in press). In fact,
recruitment seems to follow the same trends in terms
of time, but not in number of larvae, in the Calafuria
population (Italy) (Bramanti et al. 2003, 2004). In the
same type of coralligenous habitat another octocoral
(Eunicella singularis) also releases the larvae in July
(Weinberg and Weinberg 1979). The stabilization of

the thermocline has been suggested to be the main
signal for larval expulsion in both octocorals (Wein-
berg 1979).

Differences between size classes

The results show a significant difference in reproductive
output between the two size classes; large colonies con-

Fig. 7 Seasonal frequency distribution of sperm sac diameter in C. rubrum
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tained significantly more oocytes and sperm sacs. Sperm
sacs were also larger in the large colonies. The separate
examination of colony fertility in the seven size classes
revealed that even the small colonies of 2-cm height
produce gonads, although in small numbers. Thus these
data confirm the hypothesis that size has a positive effect
on reproductive potential.

Small colonies produce fewer gonads as reproduction
is of lesser priority during the young life phase. A greater
resource allocation to growth at smaller size means a
faster escape out of vulnerable size classes (Kojis and

Quinn 1981; Szmant-Froelich 1985; Soong 1993; Ward
1995a; Hall and Hughes 1996; Beiring and Lasker 2000),
improving their chances of survival, as small colonies
suffer greater mortality (Connell 1973; Hughes and
Jackson 1985; Jackson and Hughes 1985; Babcock
1991).

Colony size significantly affects the reproductive
output (Ward 1995b), and has a direct relation to the
number of released planulae (Tioho et al. 2001). The
higher fertility of large colonies has a special implication
in the case of red coras, as it is a harvested species with

Fig. 8 Seasonal cycle of
average (± SD) sperm sac
numbers per polyp in C. rubrum

Fig. 9 Seasonal cycle of
average (± SD) sperm sac
diameter in C. rubrum
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its population structure distorted towards young colo-
nies (Santangelo and Abbiati 2001; Tsounis 2005). In the
Mediterranean gorgonian P. clavata large colonies
constitute 3% of the population, but contribute 40% of
female gametes and 33% of male gametes (Coma et al.
1995b). In the tropical blue coral Heliopora coerulea,
colonies larger than 6-cm radius constitute less than
22% of the colonies, but produce 80% of total annual
gonad production (Babcock 1984).

However, not only is polyp fertility higher in large
colonies, but the total number of reproductive modules
increases exponentially with colony size of modular

organisms, especially if they are highly branched (Stiller
and Rivoire 1984; Sakai 1998; Santangelo et al. 2003b).
Thus large colonies contribute disproportionately to
gonad production, as in the case of Plexaura flexuosa,
where large colonies (>70 cm in height) produced on
average six times more gonads per polyp than small
colonies, and 98% of the gonads were produced by half
of the colonies (Beiring and Lasker 2000). These studies
demonstrate the importance of large colonies for the
survival of an octocoral population. In red coral this is
of even higher relevance due to the size-selective har-
vesting.

Fig. 10 Gonad number per polyp of various colony height classes (± SD) (grey bars: females; black bars: males) in C. rubrum colonies

Fig. 11 Polyp fertility in the seven studied colony height classes (Grey bars: females; black bars: males) in C. rubrum
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Differences due to depth

The significantly larger gonad diameters in the shallow
population are the result of depth-staggered spawning
induced by seasonal differences in temperature stratifi-
cation. Water temperature at 18 m usually rises above
22�C in summer, whereas at 40 m the water temperature
did not rise above 16�C in summer 2003 (Meteo Service

of Estartit). A similar situation has been recorded in
previous years in the same area (Cebrián et al. 1996).
This increase in temperature shortens the time necessary
to complete gametogenesis (Vighi 1972; Grigg 1977),
thus the gonads in shallow colonies reach their terminal
size earlier than deep ones. The same has been observed
in the Californian gorgonians Muricea californica and
Muricea fructicosa (Grigg 1977) and also in a nearby red

Fig. 12 Seasonal development
of oocyte number per polyp at
40 m depth (circles) and 20 m
depth (squares) in C. rubrum
polyps

Fig. 13 Seasonal development
in sperm sac number per polyp
at 40-m depth (circle) and 20 m
depth (square) in C. rubrum
polyps
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coral population in France (Vighi 1972). A recent study
on an Italian population also found that shallow colo-
nies released gonads earlier than deep ones, and did not
detect any differences in the gonad diameter nor in the
number of gonads per polyp between depths (Santan-
gelo et al. 2003b). The authors noted the fact that the
studied depth range was narrow, compared to the range
of red coral (20–200 m), and the modest temperature
interval of DT = 0.5�C (Santangelo et al. 2003b). In the
same Italian population, however, recruitment was
found to be higher in the shallow colonies (Bramanti
et al. 2003). The present study did not observe an
asynchronous spawning in the studied depths in 2002;
merely in summer 2003, which coincided with the
strongest temperature differential during the study
(Tsounis personal observation). Thus we suggest that
depth-staggered spawning in red coral occurs only dur-
ing pronounced temperature differences. Finally, al-
though gonad numbers were not significantly different
between the two populations, and assuming reproduc-
tive output to be the same at both depths, it is possible
that the variability within the population may mask a

difference in reproductive output. Future research on
wider depth ranges may help to confirm the hypothesis
that gorgonian fecundity varies with depth due to phe-
notypic plasticity (West et al. 1993).

Spatial comparison

The data show a relatively comparable reproductive
potential in all sampled populations, as gonad numbers
and sperm sac diameter were not significantly different
between the sampling stations. This may well be an
indication that other aspects of red coral biology, such
as growth rate, are also homogenous on a mesoscale
level. Growth rate does vary significantly on larger
geographic scale though (Santangelo et al. 1993; Bra-
manti et al. 2004; Marschal et al. 2004). Mesoscale
variability in reproductive output is negligible within the
restricted range of colony size classes found at the Costa
Brava due to overharvesting (Tsounis 2005; Fig. 1), so
this study concludes that reproductive variability is
negligible within populations of one geographic region

Table 2 ANOVA results comparing gonad numbers per polyp and diameter for studied populations, or depth- and size classes,
respectively

Factor Oocyte number Oocyte diameter Sperm sac number Sperm sac diameter

F P F P F P F P

Area 0.9011 0.5055 2.609 0.05
a 0.8099 0.5513 1.9512 0.0866

Depth 1.3374 0.2560 5.4741 0.05 1.3187 0.2530 31.5871 <0.001
Size 4.2225 0.05 1.9951 0.1610 7.5981 0.01 50.2796 < 0.001

Bold: significantly different
a Welsh, nonparametric ANOVA

Fig. 14 Gonad number (mean ±SD) per polyp in the studied C. rubrum populations sampled at the Costa Brava (sample no. indicated
above bars; grey bars: females; black bars: males)
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that are comparable in colony size and population
density. However, as size influences reproductive po-
tential (seen previously), natural or anthropogenically
induced variability in size has a strong effect on repro-
ductive output, as observed in other cnidarians (Hall
and Hughes 1996), and should be used as a primary base
for management guidelines in order to ensure a
minimum reproductive potential.

Given the crucial importance of reproduction to the
recoverability of the species, we recommend the moni-
toring of reproductive output as a tool for management
plans (see Lloret and Planes 2003). Although the results
of this study show no significant differences in repro-
ductive output within the red coral populations along the
Costa Brava (which may be attributed to the narrow

interval of size classes studied), we would still like to stress
the importance of variability of the biological features of
a species to ecosystem management. Some biological
parameters, like resistance of red coral populations
against mass mortality, are subject to a remarkable meso-
and small-scale selectivity (Garrabou et al. 2001).

Conclusions

The reproductive output of red coral increases with
increasing colony size, but was not found to be affected
by spatial variation or depth. However, the release of
larvae can be depth-staggered when high temperature
gradients occur in summer. The size at first reproduction

Fig. 15 Gonad diameter (mean±SD) in studied C. rubrum populations sampled at the Costa Brava (sample no. indicated above bars; grey
bars: females; black bars: males; stations marked by a above the bars, are significantly different from each other)

Table 3 Size/age at first reproduction in various gorgonians

Species Location First reproduction Source

Age (years) Height (cm)

Antipathes dichotoma Hawaii 10–12.5 64–80 Grigg 1977
Briareum asbestinum (branches) Caribbean 2–3 10–20 Brazeau and Lasker 1990
Corallium rubrum Mediterranean – 2 This study
Corallium rubrum Mediterranean 2 0.2 Santangelo et al. 2003b; Bramanti 2003
Monastrea annularis Caribbean 4 – Szmant-Froehlich 1985
Muricea californica California 5 12 Grigg 1974, 1977
Muricea fructicosa California 10 20 Grigg 1974, 1977
Paramuricea clavata Mediterranean 15 Coma et al. 1995a
Parerythropodium fulvum fulvum Red Sea 3–4 – Benayahu and Loya 1984
Plexaura A Caribbean 5 20 Brazaeu and Lasker 1989
Plexaura flexuosa Caribbean – 20–30 Beiring and Lasker 2000
Plexaura homomalla Caribbean – 20 Brazaeu and Lasker 1989
Sarcophytum glaucum Red Sea 7–10 – Benayahu and Loya 1984
Stylophora pistillata Red Sea 2 – Rinkevich and Loya 1979
Xenia macrospiculata Red Sea 2 1 Benayahu and Loya 1984
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is relatively low in red coral and has been suggested to be
the reason for the resilience of its populations to har-
vesting. However, this study confirms more recent re-
sults that show a lower fertility in small colonies. In fact,
the present populations at the Costa Brava consist to a
large part of colonies that have not yet reached 100%
fertility. The spatial mesoscale variability in reproduc-
tive output within the present populations with
homogenous demography (similar population density
and range of size classes) appeared to be negligible.
Management considerations are therefore better based
on size variability (which affects reproductive potential)
than mesoscale variability of reproductive output.

Finally, studies of the reproductive potential of
exploited stocks are highly recommended to improve
management strategies, as the exploitation is operating
at the limit of the recoverability of this species. Future
research should focus on red coral recruitment, which is
the ultimate measure of reproductive efficiency, and
promises to be valuable in this respect.
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MarÌtima, Generalitat de Catalunya

Rinkevich B, Loya Y (1984) The reproduction of the red sea coral
Stylophora pistillata. I. Gonads and planulae. Mar Ecol Prog
Ser 1:133–144

Sakai K (1998) Delayed maturation in the colonial coral Gonasteria
aspera (Scleractinia): whole-colony mortality, colony growth
and polyp egg production. Res Popul Ecol 40:287–292

Santangelo G, Abbiati M (2001) Red coral: conservation and
management of an over-exploited Mediterranean species.
Aquat Conserv: Mar Freshwater Ecosyst 11:253–259

Santangelo G, Abiatti M, Caforio G (1993) Age structure and
population dynamics in Corallium rubrum. In: Cicogna F,
Cattaneo-Vietti R (eds) Red coral in the Mediterranean Sea:
art, history and science. Ministerio delle Risorse Agricole, Al-
mentari e Forestali, Roma, pp 131–157

Santangelo G, Maggi E, Bramanti L, Bongiorni L (2003a)
Demography of the over-exploited Mediterranean red coral
(Corallium rubrum L. 1758) Sci Mar 68:199–204

Santangelo G, Carletti E, Maggi E, Bramanti L (2003b) Repro-
duction and population sexual structure of the overexploited
Mediterranean red coral Corallium rubrum. Mar Ecol Prog Ser
248:99–108
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