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Age and size at first reproduction in the commercially exploited

red coral Corallium rubrum (L.) in the Marseilles area

(France, NW Mediterranean)

O. Torrents *, J. Garrabou, C. Marschal, J.G. Harmelin

Centre d’Océanologie de Marseille, UMR-CNRS 6540 DIMAR, Station Marine d’Endoume, rue Batterie des Lions, Marseille F-13007, France 

Among species life-history traits, size and age at first reproduction are particularly relevant to design meaningful conservation plans. 
The main goal of this study was to define the size at first reproduction of colonies of the precious red coral Corallium rubrum (L.) and 
determine their age, thanks to a new reliable method. Sampled colonies come from two sites at 40 m depth on the French 
Mediterranean coast near Marseilles. Furthermore, we report trends in reproduction parameters in relation to colony size. The 
smallest fertile colonies (<30 mm height class) were on an average 24.0 mm in height and 3.6 mm in basal diameter: these colonies 
were on an average between 7 and 10 years. The reproductive effort, i.e., percentage of gravid polyps per colony, was higher in large 
(>50 mm in height) and medium size colonies (30–50 mm) than in small ones (<30 mm). Our results indicate that management 
strategies for the conservation of red coral should lead to increase the abundance of large colonies to guarantee a good reproduction 
output. Suggested measures are minimal harvesting sizes and no-take areas in shallow habitats (<50 m).
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1. Introduction

Ecologists have a great responsibility in providing

key information to preserve biodiversity under the im-

pact of global change effects (Lubchenco et al., 1991).

Marine coastal ecosystems have been affected by an in-

creasing number of human-induced disturbances over

the last decades (Botsford et al., 1997; Harvell et al.,

1999; Jackson et al., 2001). Among these disturbances,

overfishing has reduced the maximum size and abun-

dance of many targeted species (Dayton et al., 1995;

Jennings and Kaiser, 1998). Overfishing especially af-

fects long-lived species rather than species with a short

life-span because long-lived species generally show slow

growth rates, low fecundity and late maturity (Musick,

1999). These parameters determine that long-lived spe-

cies tend to decline more rapidly and take much longer

to recover after strong disturbances, as has been already

shown in several species such as sharks and rays, large

teleosts, sea turtles, whales and sea birds species

(Crouse, 1999; Musick, 1999). Meaningful conservation

plans can only be built from knowledge of species life-

history traits.

Among life-history traits, size and age at first repro-

duction are most relevant to characterize the population

dynamics of marine invertebrates (Harvell and Gros-

berg, 1988). Age at first reproduction can affect popu-

lation intrinsic-growth rates and determine the

population’s recovery potential after disturbances

(Dobson, 1998; Fujiwara and Caswell, 2001). Data on

age/size at first reproduction are scarce for long-lived

anthozoans, even when they are exploited, such as

antipatharian black corals (Grigg, 1977a,b, 2001; Parker

et al., 1997) and the species studied here, the red coral

(Caddy, 1993; Charbonnier and Garcia, 1984).

In the Mediterranean sea, red coral Corallium rubrum

(L.) populations have been commercially exploited for

use in jewellery since antiquity (Morel et al., 2000;

Santangelo and Abbiati, 2001; Santangelo et al., 1993).
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Professional harvesting (Santangelo et al., 1993) and

poaching (Hereu et al., 2001) are the main sources of

mortality in this long-lived species (�100 years) (Garr-

abou and Harmelin, 2002; Marschal et al., in press).

Harvesting has caused a marked decrease in mean and

maximum colony size in present red coral populations

(Garrabou and Harmelin, 2002). However, red coral is

still abundant in the NW Mediterranean sublittoral

habitats. Data available on larval biology (Weinberg,

1979) and genetic population structure (Abbiati et al.,

1993) denote a low rate of exchange between local

populations, indicating that persistence of populations is

mainly supported by local recruitment. Therefore, the

persistence of local populations may be mainly assured

by the reproduction output of colonies smaller than the

commercial size. Data available on size at first repro-

duction in red coral have confirmed this hypothesis

(Abbiati et al., 1991; Santangelo et al., 2003). However,

the age of these small fertile colonies has not been cor-

rectly evaluated (Marschal et al., in press).

The main goal of this study was to define the size and

the age at first reproduction of colonies of red coral

Corallium rubrum on the French Mediterranean coast

near Marseilles. Furthermore, we reported trends in

reproduction parameters in relation to colony size which

are relevant to assessing the reproductive output of

populations of this precious species.

2. Materials and methods

2.1. Study sites and sampling

The study area is the rocky coast around Marseilles

(NW Mediterranean, France). This area is characterised

by the occurrence of submarine caves and overhangs,

which favor the development of the red coral (Laborel

and Vacelet, 1960). Two sites at 35–40 m depth were

studied: Riou Sud, on the south coast of Riou Island

(43�1004000N, 5�2305000E) and Tiboulen du Frioul, an

islet in the Frioul archipelago (43�160600N, 5�170300E).

Colonies of red coral were collected by SCUBA div-

ing during annual gonad maturity period occurring

around the beginning of summer (Santangelo et al.,

2003; Vighi, 1970, 1972). A total of 89 at the Riou site

(25th July 2001) and 83 at the Frioul site (2nd August

2001). Colonies were immediately fixed in 4% formalin

in seawater after sampling.

2.2. Determination of size at first reproduction

In the laboratory, the following size measurements

were determined for each colony: (1) Height (from the

base to the top of the colony, �0.5 mm); (2) basal col-

ony diameter (average of maximum and minimum di-

ameter measured by callipers at the base of colony, �0.5

mm) and (3) wet weight (after epibiosis elimination,

�0.01 g). For analysis and presentation purposes, col-

onies were classified in three height classes: small colo-

nies (<30 mm), medium-sized colonies (30–50 mm) and

large colonies (>50 mm).

Reproductive state and sex of colonies were deter-

mined by observing the presence of gonads (immature

and mature) and larvae after dissecting 10 polyps in each

colony under a binocular dissecting microscope, i.e.,

1720 observed polyps. Sex of colonies is distinguishable

even when only immature gonads (about 30–50 lm in

diameter) are present in the polyps (Torrents, 2002). In

this study, a colony was considered fertile when at least

one immature or mature gonad or larva was observed in

at least one of the 10 examined polyps.

2.3. Determination of age at first reproduction

The age of the smallest fertile colonies at each site was

determined following a new ageing method recently

developed for red coral. This method is based on the

observation of annual growth rings after staining the

organic matrix present in the skeleton (Marschal et al.,

in press). To obtain age estimates, transversal sections of

the colonies’ trunk (1 mm thick slices) were cut about

0.5–1 cm from the base of each colony. After the de-

calcification process, 4–5 h in 2% acetic acid solution,

the organic matrix was stained with 0.05% Toluidine

blue during 10–30 s (Marschal et al., in press). The

number of growth rings in the colonies’ sections was

counted under the binocular microscope. Three different

trained readers counted three times at different dates the

number of growth rings in each colony. Age estimates of

each independent reader were averaged to obtain age

estimation for each small fertile colony. Average per-

centage error (APE) and index of precision (D) were

used to describe intra- and inter-reader variability

(Beamish and Fournier, 1981; Chang, 1982).

2.4. Reproduction parameters and colony size

Percentage of fertile colonies for each height class and

fertility, i.e., percentage of gravid polyps within each

colony, was quantified to study their variability with

colony size.

3. Results

3.1. Mean size at first reproduction

Minimal size measurements of a fertile colony were

15.0 mm in height, 2.3 mm in basal diameter and 0.12 g

in wet weight (Table 1). A large proportion of colonies

of small-size class (<30 mm in height) were already

fertile at both the Riou and Frioul sites (Fig. 1). In this
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height class, fertile colonies were on an average 24.0 mm

in height, 3.6 mm in basal diameter and 0.60 g in wet

weight (Table 1). Intersite differences in colony size in

small fertile colonies were not detected for any of the

three sizes parameters analysed (t-test; height, t ¼ 0:789,

df¼ 33, p > 0:05; basal diameter, t ¼ �0:281, df¼ 33,

p > 0:05; wet weight, t ¼ �0:789, df¼ 33, p > 0:05; t-

test were carried out after verifying the homogeneity of

variances with a Levene’s test).

3.2. Mean age at first reproduction

The youngest fertile colonies determined were 3.0

years and 5.2 years at Riou and Frioul sites, respectively

(Table 1). The mean age (�SD) of fertile colonies in the

small height class were similar at Riou (7.0� 3.5 years)

and Frioul (10.0� 4.2 years) (t-test; age, t ¼ �2:007,

df¼ 26, p > 0:05; t-test were carried out after verifying

the homogeneity of variances with a Levene’s test; Table

1). The large variability in age of colonies is worth

noting. The age range found in the small-sized fertile

colonies was about 3–13 and 5–19 years old in Riou and

Frioul, respectively (Table 1). The APE for each reader

was 5.8%, 9.4% and 9.1% with an index of precision (D)

of 6.2%, indicating a good repetitiveness/precision of

estimated age data. For seven of the 35 colonies exam-

ined, age could not be determined because the action of

boring organisms had damaged their skeleton.

3.3. Variation of percentage of fertile colonies and fertility

according to colony size

The proportion of fertile colonies was clearly size-

dependent at Riou (v2 ¼ 31:08, df¼ 2, p < 0:05) and

Frioul sites (v2 ¼ 15:90, df¼ 2, p < 0:05). Among small-

sized colonies, the percentage of fertile colonies was 55%

(Riou) and 75% (Frioul), while it reached 100% among

medium-sized and large colonies at both sites (Fig. 1).

Differences in fertility (percentage of gravid polyps

per colony) with size and site were tested with a two-way

ANOVA after verifying the homogeneity of variances

with a Bartlett’s test. Fertility increased significantly

with colony size (Factor height class, two-way ANOVA,

Fð2;166Þ ¼ 21:45, p < 0:05). Small colonies had about 30%

gravid polyps, while large and medium-sized colonies

had about 60% gravid polyps (Fig. 2). Post-hoc com-

parisons showed only significant differences between

small-sized colonies versus medium and large colonies

(Tukey’s test, F ¼ 0:61 and F ¼ 0:67, p < 0:05). A sig-

nificant difference on fertility between Riou and Frioul

was detected (Factor site, two-way ANOVA, Fð1;166Þ ¼
9:65, p < 0:05). At Frioul, fertility was higher than Riou

(Fig. 2). Finally, the interaction between size and site

factors was not significant (height class� site, two-way

Table 1

Corallium rubrum – Height (mm), basal diameter (mm), wet weight (g) and mean age estimates (years) of fertile small-sized colonies (Height: <30

mm) of red coral (n: number of studied colonies for size measurements and age estimates are provided) sampled at Riou and Frioul sites

Sites Measurements n Mean SD Minimum Maximum

Small-sized fertile colonies

Riou Height 24.6 4.2 15.5 29.0

Diameter 17 3.6 1.0 2.3 6.5

Weight 0.55 0.34 0.12 1.17

Age 12 7.0 3.5 3.0 13.0

Frioul Height 23.4 5.1 15.0 29.5

Diameter 18 3.6 0.9 2.3 5.3

Weight 0.66 0.48 0.22 1.90

Age 16 10.0 4.2 5.2 19.1

Riou+Frioul Height 24.0 4.7 15.0 29.5

Diameter 35 3.6 0.9 2.3 6.5

Weight 0.60 0.42 0.12 1.90

Age 28 8.7 4.11 3.0 19.1

Mean, standard deviation (SD), minimum (min) and maximum (max) data for all parameters are displayed.

Height class

Small (< 30 mm) Medium (30-50 mm) Large (> 50 mm)
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Fig. 1. Corallium rubrum – Percentage of fertile colonies in each height

class at two sites, Riou and Frioul. Sample sizes for each site and each

height class are noted in parenthesis.
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ANOVA, Fð2;166Þ ¼ 1:65, p ¼ 0:155, ns), indicating that

the variation of fertility with height class was similar

between the two sites (Fig. 2).

4. Discussion

4.1. Age and size at first reproduction

Mean age at first reproduction of smallest fertile

colonies in Corallium rubrum collected at Marseilles

was 7–10 years corresponding to colonies about 24.0

mm in height, 3.6 mm in basal diameter and 0.60 g in

wet weight (Table 1). Our results on age at first re-

production contrast with the 2–4 years estimates found

in previous studies (Abbiati et al., 1991; Santangelo

et al., 2003). Methodological differences are behind this

discrepancy, since previous methods using the minera-

lised part of the skeleton underestimated age of colo-

nies as recently shown by Marschal et al. (in press).

Actual age of colonies at first reproduction could be

even higher because it seems that at least two or three

years are required before the development of the first

growth ring (Marschal et al., in press). Regarding size

at first reproduction, our results showed similar mini-

mum size values although they always corresponded to

the upper limit of diameter class from in previous

studies on Italian red coral populations, i.e., 1.4–2.3

mm in basal diameter (Santangelo et al., 2003). In this

sense, our mean values, i.e., 3.6 mm in basal diameter,

were about double those found on Italian red coral

populations, i.e., 1.85 mm in basal diameter. Causes

behind these inter population differences should be

addressed in future research, since this could largely

affect meaningful conservation plans in each Mediter-

ranean region.

4.2. Colony size at first reproduction and mortality risks

Red coral, as many other gorgonian species, show a

very slow growth rate and late reproduction (Table 2).

Most gorgonian and antipatharian species dwelling in

Table 2

Age (years) and size at first reproduction in other octocorals

Species First reproduction Habitat, depth range, geographical location Source

Age (year) Size (cm)

Corallium rubrum 7–10 2.4a, 0.36b Crevices in rocky walls, 36–41 m, NW

Mediterranean (France)

This study

Corallium rubrum 2 0.14–0.23b Crevices in rocky walls, 25 and 35 m, N

Tyrrhenian Sea (Italia)

Santangelo et al. (2003)

Leptogorgia virgulata 2 14a Limestone outcropping, 2 m, N Gulf of Mexico Gotelli (1991)

Briareum asbestinum 2–3 10–20a Small back reef and reef flat complex,

San Blas Islands (Panama)

Brazeau and Lasker (1990)

Muricea fruticosa 5 25a Rocky bottoms, 14–17 m,

Baja California and Channel Islands (USA)

Grigg (1977a); Grigg (1977b)

Plexaura flexuosa – 20–30a Patch reef, 2–4 m, San Blas Islands Beiring (1997)

Plexaura A 5 20a Small back reef and reef flat complex,

San Blas Islands

Brazeau and Lasker (1989);

Kinzie (1970)

Muricea californica 10 25a Rocky bottoms, 14–17 m,

Baja California and Channel Islands

Grigg (1977a); Grigg (1977b)

Plexaura homomalla 4–11 25–35a Small back reef and reef flat complex,

N Gulf of Mexico

Martin (1982)

Paramuricea clavata 6–13 11a Rocky walls, 17–19 m, NWMediterranean (Spain) Coma et al. (1995)

Antipathes dichotoma 12–13 – Rocky clean swept substrata, 30–110 m,

Hawaii (USA)

R.W. Grigg, personal communication

Antipathes fiordensis 31 70–105a Rocky walls on fjords, 10–35 m, SW New Zealand Parker et al. (1997)

aHeight (cm).
bBasal diameter (cm).

Height class

Small (< 30 mm) Medium (30-50 mm) Large (> 50 mm)
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Fig. 2. Corallium rubrum – Mean (�SE) percentage of gravid polyps

per colony (with immature and mature gonads or larvae) at Riou and

Frioul, in male and female colonies in each height class.
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stable environments such as dim-light habitats with low

physical disturbance rates display maturity about 10

years or more contrasting with early maturity in species

inhabiting environments with high rates of disturbance

(Hall and Hughes, 1996, Table 2). Meanwhile, size at

first reproduction in red coral is much smaller compared

to other gorgonian species, i.e., usually about 15 cm in

height (Table 2). Certainly, red coral have one of the

slowest growth rates among gorgonian species (Garra-

bou and Harmelin, 2002).

Delayed first reproduction in red coral is interpreted

as a strategy to derive most colony’s resources to

growth in order to reach a refuge size minimizing

mortality risks as in other clonal species (Babcock,

1991; Connell, 1973; Harvell and Grosberg, 1988;

Hughes and Jackson, 1985; Kapela and Lasker, 1999;

Sebens, 1987). Red coral populations occur in shaded

habitats (overhangs, submarine caves and tunnels)

which are dominated by rich invertebrate suspension-

feeder assemblages (encrusting and massive sponges,

bryozoans, ascidians and colonial and solitary antho-

zoan species). In red coral, overgrowth, specially by

sponges, is the main source of mortality of settlers and

recruits (Garrabou and Harmelin, 2002), as reported in

other coral species from tropical habitats (Richmond,

1996). Therefore, our results indicated that despite the

small size at first reproduction, it would be large en-

ough to reduce most mortality risks by overgrowth

regardless the age at the first reproduction.

4.3. Age and size at first reproduction: implications for red

coral conservation and management plans

Maturity at small colony size can be pointed out as

the main reason for the persistence of red coral popu-

lations in the NW Mediterranean despite long-standing

fishing pressure. Our data show, though, that the

danger for the persistence of red coral populations

could arise from factors reinforcing the decrease of

abundance and mean colony size of populations. This

decrease would imply a reduction of the reproductive

output enhancing the probability of local extinction for

two main reasons.

Firstly, reproductive parameters of red coral (per-

centage of fertile colonies and fertility) were significantly

lower in small-sized colonies than in medium and large

colonies (Figs. 1 and 2). Overall, the same pattern has

been found by other authors working on tropical and

temperate gorgonian species (Beiring and Lasker, 2000;

Brazeau and Lasker, 1990; Coma et al., 1995; Grigg,

1977b; Kapela and Lasker, 1999; Kinzie, 1974), al-

though a previous study with red coral did not find a

significant effect of colony size on fertility of colonies

(Santangelo et al., 2003).

Secondly, age at first maturity was considerably

older than previously reported and, since colonies are

mature at about 10 years, at least 20 years are needed

to reach colony size able to ensure high reproductive

potential (Garrabou and Harmelin, 2002; Marschal

et al., in press; Torrents, 2002). Furthermore, larger

colonies have an enhanced survival likelihood (Kojis

and Quinn, 1981; Martin, 1982; Szmant, 1986) and thus

increased future reproductive success (Szmant-Froelich,

1985).

Reduction of abundance and mean size in harvested

and non-harvested populations could be already oc-

curring because recently we have been witnessing on one

hand, red coral fishermen exploiting increasingly smaller

colony sizes and using highly destructive methods af-

fecting the whole size range in some areas (Santangelo

et al., 2003; Gili, personal communication), and on the

other hand, an increase in new sources of disturbance

especially mass mortality events linked to elevated

temperature anomalies and mechanical disturbance due

to the recreational diving activities (Garrabou et al.,

1998, 2001, 2003). This scenario may be driving red

coral populations, especially in shallow water habitats,

to situations of risk of local extinction in the near

future.

We contend that different management strategies

focusing on the conservation of population’s size

structure allowing a good reproductive output should

be adopted. These strategies may involve: (i) leaving

free of harvesting shallow water habitats (<50 m)

where negative effects of global change and recreational

diving activities are more likely to occur; (ii) estab-

lishing minimal harvesting size (e.g., 10 cm in height or

0.8 cm in basal diameter depending on the biometric

parameters of each population) and/or (iii) rotating

closures (Caddy, 1993) for at least 10 years. Some re-

gions in the NW Mediterranean (Spain, Corsica,

Sardinia) have already partially adopted these initia-

tives. However, we contend that adoption of such

regulations should be generalised and even reinforced

in the NW Mediterranean region to guarantee the

conservation of red coral populations to the face of

possible increasing in the disturbance regime in the near

future.
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