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Abstract The two forms of Eunicella singularis sclerites,
spindles and clubs, were examined in two sites in East
Mediterranean Sea, Greece. The comparison of the scle-
rites size was based on the hydrodynamic proWle of the
sites (the site of Arethoussa was exposed and the Phido-
nissi site was sheltered), on the sites bathymetry (AR
5–8 m, AR 9–13 m, PH 5–10 m, PH 11–13 m) and on the
position occupied by the sclerites on the gorgonian colo-
nies (top, middle and base). With the usage of image sys-
tem analysis the following microfeatures were measured
or calculated: projection, length, width, elongation fac-
tor, compactness factor, length £ width and length/
width. The present study conWrms the hypothesis that
spindles are involved in the recovering of the gorgonian
colonies and clubs contribute to the Xexion capacity of
the colonies. The spindles of the shallow E. singularis
colonies (AR 5–8 m) were signiWcantly bigger (length,
width) compared with the others, in order to assure the
best recovery of the colonies after their Xexion, induced
by higher water current velocity in shallow water. The
clubs occupy the intern part of the mesoglea and their
size (length, width) increased in colonies from the shal-
low exposed site in order to facilitate the gorgonian
Xexion. The present study demonstrates the gorgonian
adaptation (in a microscopic scale) to the environmental
pressure of hydrodynamic conditions.

Introduction

Gorgonians are sedentary colonies exposed to the
environmental hydrodynamic conditions. Their axes

constitute a robust structure attached to the substra-
tum. The architecture of this macroscopic structure is
based on the presence of microscopic unities, the spic-
ules or sclerites. The presence of sclerites is not an
exclusive characteristic of the gorgonian colonies, as
some other forms with a diVerent constitution have
been observed in several zoological groups as Porifera,
Hexacorallia and Echinodermata. The gorgonian axis
is composed by gorgonin, containing modiWed colla-
gen (Goldberg 1976). The chemical constitution of
sclerites and their formation mechanisms have been
the object of several studies (Goldberg 1981; Goldberg
and Benayahu 1987a, b; Kingsley 1984; Majoran
1987).

The mechanic properties of gorgonian axes are modi-
Wed by the presence of the sclerites in the coenenchyme
(Muzik and Wainwright 1977; Esford and Lewis 1990;
Vogel 1988, 1981). The gorgonian colonies proWt by
water currents for their feeding. However, an increase of
water velocity can damage the colonies and as a result
the gorgonian distribution depends on the water current
intensity (Jeyasuria and Lewis 1987; Yoshioka and
Yoshioka 1989). Several studies during the last years
deal with the mechanic role of the sclerites (Esford and
Lewis 1990; Lewis and Von Wallis 1991; West 1997).
Except their contribution in the mechanic properties of
the colonies, the sclerites are also implicated in the colo-
nies defense. As sclerites increase in size, gorgonians
become less palatable for predators such as Cypfoma
gibbosium in tropical waters and Simnia spelta in Medi-
terranean Sea (Van Alstyne and Paul 1992; West et al.
1993; West 1998).

Eunicella singularis or White gorgonian is a very
common Mediterranean species. However, very little is
known about the sclerites adaptation to the water cur-
rent velocity with an exception of a study concerning the
species of the same genus E. cavolinii (Velimirov 1976).
The aim of the present study was to investigate whether
the sclerites size is related to their position on the colony,
to the bathymetry of the site and to the water current
intensity.
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Materials and methods

Gorgonian colonies of E. singularis were collected from
Arethoussa and Phidonissi. The sampling sites are
located in North Aegean Sea, in Kavala Bay (Greece)
(Fig. 1). The gorgonian populations from each site were
subdivided into two subpopulations, the shallow and
deep one. Samples were collected from Arethoussa
between 5 and 8 m depth (AR 5–8) (31 colonies), from
Arethoussa between 9 and 13 m depth (AR 9–13) (39
colonies), from Phidonissi between 5 and 10 m depth
(PH 5–10) (45 colonies) and from Phidonissi between 11
and 13 m depth (PH 11–13) (48 colonies). The relative
hydrodynamic exposure of the two sampling sites was
investigated using the method described by Kaandorp
(1986). The above parameter was estimated quantita-
tively by relating the exposure to water movement to the
erosion of gypsum blocks placed in the same depth. The
erosion value was deWned as the weight loss of the gyp-
sum blocks during a lunar day. After the application of
this method, it was demonstrated that Arethoussa site
was signiWcantly more exposed than Phidonissi.

A sample, 1 cm long, was taken randomly from
the top, middle and base of the gorgonian colonies from
each subpopulation. These samples were dissolved in a

solution of sodium hypochlorite 3%. Two forms of scle-
rites, spindles (Fig. 2) and clubs (Fig. 3), were isolated
with the usage of a pipette Paster and afterwards they
were Wxed for microscopic observation. The measure-
ments of microfeatures were realized in Musée d’Histoire
Naturelle in Paris (France). For the sclerite measurements
we have acquired the digital image using a video camera
connected to a microscope. Analysis and measurements
of the acquired image were realized using the programs
Adobe and Optilab. The usage of informatics help, for the
sclerite measurements, is much more precise than the
usage of a micrometric scale adapted to microscope. For
each one of the sclerite type from the three diVerent parts
of the colonies and from the diVerent sites studied, the
following microfeatures were measured or calculated:

1. Projection, which is deWned as the surface area of the
sclerites projection in pixels, given in surface unities
(�m2) (Fig. 4, dark area)

2. Length, which is deWned as the diVerence Xmax¡Xmin
in the horizontal axis X (Fig. 4).

3. Width, which is deWned as the diVerence Ymax¡Ymin in
the vertical axis Y (Fig. 4).

4. Elongation factor, which is deWned as the ratio
between the longest segment of the sclerites and the
mean value of the perpendicular segments.

Fig. 1 Map of Arethoussa and 
Phidonissi sites, where sampling 
of Eunicella singularis took 
place
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5. Compactness factor, which is deWned as the ratio of
the surface area of the sclerites projection and the
smaller rectangle that can include this area.

6. L £ W, which is deWned as the product of length and
width.

7. L/W, which is deWned as the ratio of length and width.

Results

The mean values (§ SD) of �. singularis microfeautures
are presented in Table 1. Spindles from the top of the
colonies from site AR 5–8 exhibited signiWcant higher
values (ANOVA, df = 3, f = 11.6, P < 0.05), as regards
the projection, than spindles from the same colony posi-
tion from the other three sites. Important diVerences
were observed as well, concerning the clubs. The mean
projection values were higher at the top of the colonies
from site AR 9–13 (ANOVA, df = 3, f = 4,7, P < 0.05)
and remarkably lower for the basal clubs from the same
site (ANOVA, df = 3, f = 4, P < 0.05).

A general observation, concerning the length of the
spindles, remarked that the mean values were increased
in the middle of the colonies (ANOVA, df = 3, f = 3.5,
P < 0.05). An exception of this observation was noticed
in the spindles from the top of the colonies from the shal-
low exposed site (AR 5–8). The mean length values of the
clubs for colonies from the exposed sites (AR 5–8 and
AR 9–13) decreased from top to the base.

The width of the spindles and clubs varied as well.
SigniWcantly higher mean width values (ANOVA,
df = 3, f = 9.5, P < 0.05) were observed in the spindles
from exposed sites colonies (AR 5–8 and AR 9–13).
However, the clubs from the four study sites did not
exhibit important diVerences (ANOVA, df = 3, f = 1.7,
P > 0.05).

Elongation factor mean values of spindles were lower
at the top (ANOVA, df = 3, f = 3.3, P < 0.05) and at
the middle (ANOVA, df = 3, f = 6, P < 0.05) for the
colonies from the shallow exposed site (AR 5–8), when
compared to those from the other sites. The highest elon-
gation mean values of spindles were observed in the mid-
dle part of the deep colonies (AR 9–13 and PH 11–13)
(ANOVA, df = 3, f = 6, P < 0.05). The highest mean
elongation factor value was observed at the clubs of the
middle part of the less exposed shallow colonies (PH
5–10) and the lowest elongation factor mean value was
observed at the clubs of the base of the less exposed deep
colonies (PH 11–13).

Another microfeature measured during the present
study is the compactness factor. The mean values of
compactness factor concerning spindles were increased
in the apical position from the shallow exposed colonies
(AR 5–8) (ANOVA, df = 3, f = 9.1, P < 0.05) compar-
ing with those from the other sites. The mean compact-
ness values of the clubs did not exhibit signiWcant
diVerences (ANOVA, df = 3, f = 2.1, P > 0.05).

Except the above measured factors, two more were
calculated. The product length £ width is considered

Fig. 2 Spindle form of sclerites in E. singularis gorgonian

Fig. 3 Club form of sclerites in E. singularis gorgonian

Fig. 4 Projection (dark area), length and width of the two sclerites
forms (spindles and clubs) of E. singularis gorgonian
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also as a microfeature, which conWrms the other
obtained data. The spindles of the colonies from the shal-
low exposed site (AR 5–8) showed signiWcantly higher
mean values of L £ W than the ones of the other colo-
nies (ANOVA, df = 3, f = 8, P < 0.05). The clubs from
the base of colonies from the shallow exposed site (AR
5–8) exhibited mean values of L £ W remarkably lower
than the others.

The ratio length/width showed important diVerences
as well. The spindles from the middle of the colonies col-
lected from the shallow exposed site exhibited low mean
values (ANOVA, df = 3, f = 3.4, P < 0.05). The mini-
mum values of the ratio L/W for the clubs sclerites were
observed in the apical part of the colonies from the shal-
low sheltered colonies (ANOVA, df = 3, f = 16,
P < 0.05).

Discussion

The macrostructure of the gorgonian axis, as known, is
based on the sclerites microstructure (Lewis and Wallis
1991). Several types of sclerites can be observed in the
gorgonian mesoglea and each one of them is typical of
the gorgonian species. As observed subsequently (Wein-
berg 1976; Velimirov 1976) two potential forms of scle-
rites are involved in the architecture of the gorgonian of
the genus Eunicella: the spindles and the clubs. The cur-
rent study conWrms this observation for E. singularis col-
onies from the East Mediterranean Sea and includes
separate examination of the two sclerites types. Using
their form and their position in the gorgonian axis as the
criterion, several hypotheses have been postulated con-
cerning their mechanic role (Muzik and Wainwright
1977; Wainwright et al. 1982). The spindle sclerites were
found in a greater concentration at the external part of
the gorgonian axis and their longitudinal axes were par-
allel to the gorgonian axes (Bayer et al. 1983). Their most
probable function is the colonies defense and the support
of the polyps (Lewis and Wallis 1991; West 1997) . The
observations of the current study, concerning E. singu-
laris spindle sclerites conWrmed the hypothesis for their
possible role. The spindle sclerites size (length, width)
increased in the case of the apical position of the colonies
from the most exposed site (AR 5–8). In addition, the
compactness factor of the spindle sclerites from the api-
cal part exhibited higher values in the samples from the
exposed site than from the sheltered site. An explanation
for these observations concerns the protecting role of the
spindle sclerites. When the water current velocity
increases the gorgonian colonies are consequently
exposed to potential forces. The most eVective adapta-
tion is an increase of the Xexion capacity of the colonies.
However, the important Xexion of the gorgonian colo-
nies demands bigger spindle sclerites, in order to assure
the colonies covering. In the case of the species, E. cavoli-
nii, the size of the spindle sclerites is alike in exposed and
sheltered colonies.

The data obtained from the biometry of the clubs
support also the hypothesis for their mechanic role
(Lewis and Wallis 1991). According to this hypothesis
the clubs rotation is involved in colony torsion. The
clubs sclerites of E. singularis are signiWcantly smaller
(length, width) at the middle part of the exposed colo-
nies. The smaller clubs size increases the torsion capacity
of the gorgonian colonies. This micro morphological
adaptation is much more interesting, when related to the
capacity of the gorgonian to resist to the high water cur-
rent velocity. Similar results have been obtained in the
study for E. cavolinii (Velimirov 1976). The size of the
clubs sclerites diminishes at the stem of the exposed colo-
nies and consequently increases the Xexion capacity of
the colonies.

The data obtained under the frame of the current sur-
vey enrich the macroscopic studies of gorgonian axis
(Leversee 1984; Velimirov 1976) and demonstrate the
importance of the microscopic architectural of sclerites in
E. singularis. The functional role of sclerites in adaptation
mechanisms is described: spindle sclerites are involved in
the recovering of the gorgonian axis and clubs sclerites
have an important role in the increase of the Xexion and
torsion capacity of the gorgonian colonies.
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