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SHELL POLYMORPHISMS IN THE BATHYAL MEDITERRANEAN 
TOP SNAIL CLELANDELLA MYRIAMAE GOFAS, 2005
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Abstract Differences in shell morphology in the gastropod Clelandella myriamae Gofas, 2005 were investigated. 
Observations on a total of 341 empty shells supplemented the original description and allowed the distinction of two morpho-
types differing in shell size, shape and wall thickness. The existence of shell variations was also demonstrated by statistical 
morphometrics. Size- frequency distributions of major parameters are slightly bimodal, suggesting a disruptive selection, 
which tends to encourage the extreme shell forms. The achievement of larger sizes and the construction of thicker shells was 
interpreted as a capability of the species to withstand predatory attack, testified by several drills and scars on most shells. The 
occurrence of the species and the shell size variation were put in relation with other possible environmental causes such as food 
availability represented in the area by abundant decaying vegetal detritus. The record of C. myriamae from the epibathyal 
of the Gioia Basin is quite far from the first finding in the bathyal Eastern Mediterranean, thus extending bathymetrical and 
geographical range of the species. 
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IntroductIon

Gastropods are a versatile group of molluscs 
characterized by an extreme adaptability to dif-
ferent environmental conditions, commonly 
displaying intraspecific variation in size and 
shape (Reimchen, 1982). Phenotypic expression 
of characters may be attributed to both genetic 
and environmental control (Vermeij, 1980, 1987; 
Kempt & Bertness, 1984). 

Genetic allometries in gastropods (Reid, 1996) 
are documented to govern shell shape. Some 
allometric growth variations, such as the apical 
angle of the shell (O’Loughlin & Aldrich, 1987) 
and the shell thickness, may co- occur and have 
been often interpreted as phenotypic variations 
(Cotton et al., 2004). 

However, several studies aiming to define 
the determinants of biometric variations of 
gastropod shells agree in recognizing the envi-
ronment as the main factor inducing shell size 
variability within a single species (e.g. Vermeij, 
1973; Trussel, 2000). Particularly, hydrodynam-
ics and predation are currently considered as the 
main environmental forces which control pheno-
typic variability in shell morphology (Crothers, 
1970; Reimchen, 1982; Boulding et al., 1999): 
low hydrodynamic energy is thought to favour 

smaller and thinner shells with wide apertures, 
whereas exposure to shell- breakage and drill-
ing predation is thought to select shells with 
small apertures and increased sizes and thick-
ness (Currey & Hughes, 1982; Boulding et al.,  
1999). 

Clelandella myriamae belongs to a trochid genus 
that includes a few morphologically- related spe-
cies typically distributed on seamounts, open 
sea archipelagos and outer shelf from restricted 
areas of E Atlantic and in the Mediterranean con-
tinental slopes (Gofas, 2005; Vilvens et al., 2011). 
A sole exception is represented by C. miliaris, an 
outer shelf to shallow slope species, widespread 
in the Mediterranean and the nearest Atlantic, 
extending northward and southward of Gibraltar 
(Gofas, 2005). According to Gofas (2005), C. 
myriamae probably diversified from C. miliaris, 
becoming specialised to colonise deep- water 
mud volcanoes in the Eastern Mediterranean. A 
certain intraspecific variation within Clelandella 
species has been documented (see Gofas,  
2005). 

In the present paper shape changes in a sam-
ple of C. myriamae shells collected from the Gioia 
Basin (southeastern Tyrrhenian Sea) are analysed 
through morphological analysis, morphometrics 
and statistical treatment. Aims of the study are: 
1. to supplement the original description of the Contact author : sanfiros@unict.it
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species; 2. to describe the intraspecific variability 
and mostly the existence of two different mor-
photypes; 3. to determine if environmental fac-
tors can induce the observed shell features varia-
tions within this species. 

MaterIals and Methods

Sampling site
The specimens here described were sampled in 
October 2008 by the R/V Coopernaut Franca 
in the framework of the POR- CAL 2008 project, 
aimed to investigate benthic environments in the 
South Tyrrhenian Sea. A Van Veen grab, 0.25m2 
surface sampling was employed. Samples 1C 
were carried out on the upper slope of the Gioia 
Basin (38°19'0240N, 15°44'9990E), 335m depth 
(Fig. 1). 

Bottom sediment consisted of allochtonous 
gravelly sands, covered by a thin muddy layer. 
Coarser fraction is metamorphic and pyroclastic 
in composition, secondarily consisting of inver-
tebrate remains. A large amount of organic rem-
nants rich in fibres and rhizomes of Posidonia was 
also present. Benthic association included in situ 
lower circalittoral to bathyal species, such as the 
brachiopod Gryphus vitreus, the bivalves Abra lon-
gicallus and Timoclea ovata, the gastropods Alvania 
cimicoides, Jujubinus montagui and Putseisia wiseri. 
Some allochtonous shallow- shelf species co- 
occurred. Living assemblages, markedly oligo-
typic, accounted only juveniles/subadults of two 
mollusc species, the bivalves Timoclea ovata, two 
specimens, and Yoldiella philippiana, one speci-
men. The steep physiography of the area cou-
pled with tectonic instability has lead to down- 
shelf displacement of isolated shells and debris 

flows in the basin as noted by Rosso & Corselli 
(1996) and Gamberi et al. (2011). Instability is 
also reflected in the benthic community zonation 
characterized by sublittoral opportunistic filter 
feeders able to monopolise a highly seasonal 
supply of autochthonous phytoplanktonic ses-
ton associated with imported macro debris and 
terrigenous components (Cosentino & Giacobbe,  
2008).

Morphological investigations
All shells isolated from the washed residue > 
1mm from an original sample of 4l, were meas-
ured using a stereomicroscope equipped with an 
Axiocam MRC measuring software. The largest 
specimens were measured by means of a calliper 
(precision of 0.1 ± 0.02mm). Low magnification 
photos were acquired with a Zeiss Discovery V8A 
stereomicroscope equipped with an Axiovision 
acquisition system, in order to document shell 
morphologies and thickness. Some selected 
shells were examined uncoated under a LMU 
Tescan Vega Scanning Electron Microscope in 
Low Vacuum modality. Some shells were broken 
and coated with gold- palladium to investigate 
their structure. 

Size- frequency distributions were performed 
on the following shell parameters (Fig. 2) shell 
height (H); shell width (W); height of aperture 
(apH); width of aperture (apW); apical angle (α) 
calculated by modelling the shell as a cone and 
by using shell height and width in the equation: 
α=2 * arctan (0.5 * W

H̄ ), = 2 * arctan (0.5 * W
H̄ ) (as in 

Preston & Roberts, 2007); outer area of shell (A2) 
calculated as follows: A2 = π * W √(0.5 * W)2 + H2= 
π * W √(0.5 * W)2 + H2.

These morphometric data were statistically 
processed (frequency histograms, linear regres-
sion, t- student test) and further by a multivariate 
analysis, by means of principal component anal-
ysis (PCA). This technique verifies if the shells 
assigned to the different morphotypes are clus-
tered together. Multivariate analyses were run 
with the R platform (version 3.1.2 for Windows: 
www.R- project.org; Ihaka & Gentleman, 1996). 

Studied material is located in part at the 
Paleontological Section of the Earth Science 
Museum at the University of Catania, and in part 
at the Benthic Ecology Laboratory, Department of 
Biological and Environmental Sciences, Messina 
University. 

Figure 1 Records of C. myriamae in the Mediterranean 
Sea. Living (solid symbols) and dead (open symbols) 
specimens. Arrow indicates the location of the sam-
pling site of C. myriamae, on the upper slope of the 
Gioia Basin (Western Mediterranean). 
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results

Morphology
A total of 341 empty shells of a small trochid 
recognisable as Clelandella sp. were obtained. 
Studied specimens fit well within the descrip-
tion of C. myriamae, originally reported by Gofas 
(2005). The species is distinguishable from the 
sole Mediterranean congener C. miliaris with a 
broader shell profile, small umbilical chink and 
not beaded or feebly beaded spiral cords. Minor 
differences with C. miryamae types concern the 
slightly smaller size and the minor number of 
whorls (Figs 3, 4). Based on the hundreds of 
examined specimens some characters were better 
documented by images (protoconch and details 
of the sculpture) and others, such as the shape 
of abapical spiral cords were added supple-
menting the original description. Shell structure 
was described for the first time in this genus. A 
degree of morphological variability, recognised 
throughout the whole specimen set, allows two 
morphotypes to be distinguished, culminating in 
a few specimens that show extreme morpholo-
gies (Table 1, Fig. 4A–D, M–P), with respect to 
the numerically prevalent intermediate forms 
(Table 1, Fig. 4E–L).

Specimens constituting the whole set, show 
the following common characters: shell conical, 

usually as high as wide (Fig. 4A), with a tele-
oconch of 5–6 whorls (Fig. 4B) and a smooth pro-
toconch about 180mm wide, of 1 to 1,25 whorls, 
bordered by a delicate lip (Fig. 4E). Spire sculp-
tured with spiral cords faintly beaded, as wide 
as interspaces (Fig. 4C). First teleoconch whorl 
with 3 spiral cords and a fine subsutural thread 
(Fig. 4E), number of spirals later being 6 (Fig. 4C) 
and rarely 7–9 by intercalation of additional fine 
spiral cords on the adapical part of last whorl 
(Fig. 4F). Shell profile regularly continued from 
one whorl to another convex only from the first 
two teleoconch whorls (Fig. 4A). Abapical sur-
face weakly convex, bearing 10–12 smooth spi-
ral cords as wide as interspaces (Fig. 4D). Cords 
asymmetric in profile with the crest facing to the 
periphery of the whorl (Fig. 4F). Axis with a nar-
row umbilical chink, bordered by a columellar 
edge (Fig. 4D). 

Shell composed of aragonite, showing the 
typically layered structure of gastropods (see 
Yourdkhani et al., 2011). Outer prismatic layer 
consisting of elongated crystals perpendicular 
to the external surface, and inner nacreous layer 
with plate–like crystals parallel to the internal 
surface (Fig. 4G, H). The prismatic layer is the 
most developed, representing about 90% of the 
shell thickness. 

Figure 2 A. Clelandella shell parameters: shell height (H); shell width (W); aperture height (apH), aperture width 
(apW). B. Method of estimation of shell apical angle (α) using shell height (H) and half basal width (W/2). 
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The two morphotypes have the following fea-
tures culminating in extreme forms:

Morphotype A (Figs 3, 4A–D): Shell moderately 
solid and thin- walled, conical, slightly wider 
than high, with mean values of 6.07 and 5.60mm, 
respectively (Table 1). Aperture rhomboidal 
in outline, with a thin sharp outer lip. Whorls 
beaded on the adapical surface. Periphery of last 
whorl forming a blunt angle. Shell colour yellow-
ish to reddish, some specimens nearly without 
pattern, others with cords articulated by brown 
or pink- reddish flecks; abapical cords colourless 
or less intensely coloured than the adapical ones. 

Morphotype B (Fig. 4M–P): Shell solid and 
thick- walled, conical or slightly cyrtoconoi-
dal, quite as high as wide, with mean values 
of 7.32 and 7.44mm, respectively (Table 1). 
Aperture roundly rhomboidal in outline, inside 
brightly nacreous and with a thick outer lip. 
Whorls strongly beaded on the adapical surface. 
Periphery of last whorl forming a blunt angle, 
in some cases roundish. Shell colour brown 
to dark reddish, generally with cords articu-
lated by brown or reddish flecks; flecks aligned 
to form axial flames; abapical cords equally 
coloured or less intensely coloured than the  
adapical. 

Figure 3 Scanning electron micrographs of C.myriamae. A. Conical, as high as wide, shells with a teleoconch 
of 5–6 whorls and a strongly prosocline aperture. Scale bar = 1mm. B. Spire with beaded spiral cords, as wide as 
interspaces. Scale bar = 1mm. C. Detail of the whorl, with 6 beaded spiral cords. Suture underlined by the adapical 
cord. Scale bar = 500µm. D. Abapical surface weakly convex, with 10–12 smooth spiral cords, and a narrow umbili-
cal chink, bordered by a columellar edge. Scale bar = 1mm. E. Smooth protoconch less than 1 whorl, bordered by 
a delicate lip, passing to the first teleoconch whorl with 3 not beaded spiral cords. F. Periphery of last whorl with 
intercalated 2 additional spiral cords. Cords from the abapical surface asymmetric in profile, their crest facing 
laterally. Scale bar = 250µm. G. Fractured typically two- layered shell showing an outer, irregularly thick (80 to 
150µm) layer and an inner uniformly thick (20µm) layer. Scale bar = 100µm. H. Detail of G: inner structure of the 
wall with an outer prismatic layer (right) made by elongated crystals with the main axis perpendicular to the 
outer shell surface, and an inner nacreous one (left) made by platy aragonite crystals parallel to the inner shell 
surface. Scale bar = 50µm.
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Figure 4 C. myriamae. A– D: Shell showing an extreme form of the A morphotype. E– H: Shell showing an inter-
mediate form of the A morphotype. Scale bars = 1mm. A, E. Apertural views: shells slightly wider than high, with 
the last whorl forming a blunt angle. Aperture rhomboidal in outline. B, F. Abapical views: shells with smooth 
spiral cords; apertures with a thin margin. C, G. Abapertural views: shells triangular in profile, less intensely 
coloured than adapically. D, H. Adapical views: pink coloured in the apex, theleoconch yellowish to reddish, or 
with a colour pattern of pinky- reddish flecks. I– L: Shell showing an intermediate form of the B morphotype. M– P: 
Shell showing an extreme form of the B morphotype. Scale bars = 1mm. I, M. Apertural views: shells quite as high 
as wide thick- walled; periphery of last whorl rounded. Aperture subcircular in outline. J, N. Abapical views: shells 
with strong spiral cords; apertures with a thick margin. K, O. Abapertural views: shells sub- triangular in profile, 
uniformely coloured abapically and adapically; whorls slightly rounded. L, P. Adapical views: Shells pinky col-
oured in the apex, brown to dark reddish in the theleoconch; pink coloured in the apex, theleoconch reddish to 
brown, or with a colour pattern of brown- reddish flecks. 
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Taphonomic remarks
Most shells, particularly those of morphotype 
B, are encrusted by a spirorbid species (Fig. 4). 
Besides, almost all shells of the morphotype A 
are bored by predatory drills (Fig. 4B), whereas 
specimens of the morphotype B are less fre-
quently drilled and show damage scars along 
last whorls (Fig. 4K, O). 

Morphometric analysis
Intraspecific variability was proved by statisti-
cal processing of morphometric parameters. The 
frequency curves, and particularly those rela-
tive to H, W, apH and apW, are clearly bimodal, 
pointing to a first peak with small- sized shells, 
and a second peak consisting of larger specimens 
(Fig. 5, Table 1). In histograms for H and LA, the 
first shell group is slightly more numerous and 
the flex of the curve is not too low. Conversely, 
curves representing the aperture values show 
two comparably numerous groups, separated by 
a very low flex (apH) or even by a gap (apW).

Interestingly, shells of the first peak of all 
curves mainly belong to the morphotype A, hav-
ing widths almost equal to heights, and a rela-
tively wide apical angle. On the other hand, the 
morphotype B is dominant in shells from the 
second peak (Fig. 5). 

Box plots for standard deviation (Fig. 5) indi-
cate that the two morphotypes show ranges par-
tially overlapping for H and not overlapping for 
apH. This confirms that the aperture values have 
higher ranges in morphotype B than in morpho-
type A. The statistical analysis (t- student test) 

shows that the distributions of H and apH are 
significantly different since confidence interval 
of delta distribution does not contain zero. The 
principal component analysis for all shell mor-
phometric parameters (Table 1), further confirms 
variability in shell morphology, clearly segregat-
ing two clusters in the multivariate morphospace 
(Fig. 6). Specimens clustering in quadrants I and 
IV, are smaller- sized and relatively squat. Here, 
morphotype A is dominant both considering 
shells and apertures; seemingly, morphotype B, 
characterised by larger sizes and higher shells, is 
dominant in the cluster occupying quadrants II 
and III. 

In the logistic regression statistics (Fig. 7) 
reporting relationships between shell heights 
and widths for both morphotypes, H and W 
are highly significant and positively related 
(P<0.0001). Values of R2 in morphotype A and B 
are respectively 0.953 and 0.928, the interpolated 
equation being Y = 0.82 X + 1465 in type A and 
Y = 0.75 X + 1895 in type B. 

dIscussIon

The studied sample of C. myriamae, entirely con-
sisting of empty shells, raises some preliminary 
considerations, first about the high density of 
dead specimens of such species that in other sites 
is known by single living individuals or even by 
only a few dead specimens (see Gofas, 2005). In 
particular, the C. myriamae examined shells do 
not show any sign of abrasion and their excep-
tional preservation state is emphasised by the 

Table 1 Ranges of shell parameter for morphotypes A and B. Nr = number of measured shells; Avg = mean 
values; Std = standard deviation; Min = minimum values; Max = maximum values; 5%, 25%, 50% (medians), 75%, 

95% = percentiles of measured values. Linear measures are given in microns, angular measures in degrees.

 Morphotype A  Morphotype B
H W apH apW L A α H W apH apW L A α

Nr 181 181 42 42 181 181 163 163 86 86 163 163

Avg  5599  6074 2796 3473  65 57.8  7321  7438 4637 5419 100 54.5
Std  1748  1474 1211 1420  36  3.8  1796  1411  549  594  40  3.9
Min  3066  3424 1601 2030  19 47.8  3737  4321 2225 2381  29 44.7
Max 10200 10000 5400 6100 177 68.6 11100 10200 5379 6561 190 63.7
5%  3505  4184 1712 2093  27 51.0  4412  4911 3915 5000  39 48.9
25%  4339  4956 1854 2246  39 55.7  5902  6485 4400 5200  70 51.7
50%  5194  5886 2315 3020  55 58.6  7152  7385 4813 5600  95 54.0
75%  6283  6986 3373 4838  78 60.5  8900  8650 4993 5700 133 57.8
95%  9100  8900 5000 5700 140 62.7  10000  9290 5154 5997 160 61.1
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bright colours (Fig. 4). The fresh- looking appear-
ance is shared with that of other mollusc species, 
whose presence in the sampled site is consistent 
with their well- known distribution. A long time 

accumulation from several generations is not 
supported by different conservation states; also 
concentration by passive transport should be 
excluded since banal trochid species with similar 

Figure 5 Frequency histograms showing the polymorphism of C. myriamae shells based on main shape char-
acters: A. shell height (H); B. shell width (W); C. apertural height (apH); D. apertural width (apW); E. lateral 
area (LA); F. apical angle (α). Blue/light grey bars are for morphotype A, red/dark grey bars for morphotype B. 
Frequencies (ordinate) are reported as percentages of specimen numbers. The box plots below display the median 
value, the interquartile range containing middle 50% of values, extreme values and outliers of the inspected 
parameters H and apH, relative to both A (blue/light grey) and B (red/dark grey) morphotypes. The line inside 
the box is the sample median; box ends represent the 25th and 75th percentiles; whiskers indicate the 5th and 95th 
percentiles; dots represent outlier specimens.
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shapes and sizes (Clelandella miliaris, Calliostoma 
spp., Jujubinus spp.) are rare and dispersed in 
the same sediment sample. Furthermore, addi-
tional recent sporadic records (Vazzana, pers. 
comm.), if confirmed, will confirm the species 
actually lives in the Gioia Basin (Giacobbe & Di 
Bella, 2016). On the other hand, the observed low 

density of living molluscs is in accordance with 
previous investigations in the area that delivered 
only dead assemblages (Di Geronimo et al., 1995, 
2001). In our opinion, such observations suggest 
that quite sparse populations of this species may 
give rise to localised demographic booms under 
favourable conditions. 

Figure 6 PCA scatterplots reflecting morphological differences in the shell parameters H and W (left), apH and 
apW (right) between morphotype A (squares) and morphotype B (circles). 

Figure 7 Regression analysis of the variables H and W with fitted regression line for morphotype A (on the left) 
and morphotype B (on the right). Centroid and y- residuals are displayed. A strong positive correlation is shown, 
data points being likely to fall along the straight line.
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The finding of live and dead specimens of C. 
myriamae in the Tyrrhenian Sea is relevant, as 
it extends the geographical, bathymetrical and 
ecological ranges of the species, contributing 
new information on its ecological requirements 
and further insights to trace back the history of 
its evolution. Until now C. myriamae was exclu-
sively known from the Eastern Mediterranean 
where it was found deepest, in the lower bathyal 
(1693–2300m), on seamounts and mud volca-
noes, as well as associated to cold seeps (Gofas, 
2005; Gaudron et al., 2010). The setting of the 
present collecting site is quite different because 
it concerns a relatively shallow bottom (almost 
300m depth) neither in connection to seamounts 
neither to mud volcanoes or cold seeps, that are 
only known for major depths in neighbouring 
northern areas (Rovere et al., 2013). Differently, 
the abundance of Posidonia rhizomes and fibres, 
possibly decanted and/or seasonally discarded 
together with other remains and organic debris 
from shallower depths (Cosentino & Giacobbe, 
2008), could reasonably represent a possible 
source of food for C. myriamae. Decaying organic 
matter in the area agrees with the occurrence of 
thyasiriid bivalves (Di Geronimo et al., 2001), 
which are known to obtain much of their carbon 
from bacteria (Dando & Southward, 1986). The 
presence of bacteria could also favour C. myri-
amae, a species recorded in experimental studies 
in association with organic substrata developed 
in the vicinity of chemosynthetic ecosystems 
by Gaudron et al. (2010). This hypothesis is in 
agreement with Gofas’ (2005) opinion that small 
trochiids, like C. myriamae, unlikely harbouring 
bacterial symbionts within their tissues, prob-
ably feed on accumulations of decaying organic 
matter.

On describing the new species Gofas (2005) 
suggested that C. myriamae diversified in locali-
ties of the Eastern Mediterranean from the sym-
patric C. miliaris, evolving the ability to colonise 
deep environments with special conditions. Our 
SE Tyrrhenian record from depths and environ-
mental conditions intermediate to those typi-
cal of C. miliaris and C. myriamae as previously 
known, question the hypothesis of Gofas (2005) 
regarding the area where the diversification 
occurred. Taking into account the short larval 
phase of trochiid gastropods, it is reasonable to 
assume that spreading towards major depths, as 
well as the migration throughout large areas of 

the Mediterranean, occurred step- by- step and 
that the species will probably be discovered in 
intermediate (both bathymetrical and geographi-
cal) areas in the future. 

The abundance of material, which allowed to 
implement the original description, also docu-
mented a wide morphological variability, rang-
ing from small and thin shells (morphotype A) to 
large and thicker specimens (morphotype B). A 
posteriori, Gofas’ mention of an “aberrant” form, 
corresponding to the extreme form shown by 
some specimens belonging to the morphotype 
B, foreshadowed the actual distinction of two 
morphotypes, even within the seven shells he 
studied. 

Encrusters on shells belong to the species 
Spirorbis cuneatus, which live on shelf bottoms 
and become quite abundant (Knight- Jones & 
Knight- Jones, 1977) at a depth compatible with 
our sampling site. The presence of this spirorbid 
species on shells of morphotypes A and B indi-
cates that both forms could co- occur in the same 
environment.

Shells of the morphotype A, heavily drilled, 
might be most susceptible to gastropod preda-
tion. Conversely, larger and thicker shells of the 
morphotype B were less frequently drilled, indi-
cating they were not actively predated by gas-
tropods. Furthermore, their external last whorls 
are severely scarred, as a consequence of crab 
and fish damages, but repaired, pointing to the 
capability of this morph to withstand predatory 
attacks (see Preston et al., 1996). In this view, 
the energy investment in constructing a thicker 
shell and the achievement of large sizes of the 
morphotype B could be interpreted as a conse-
quence of predatory pressure acting as disrup-
tive selection, which eliminates average pheno-
types and encourages the extremes, as shown by 
the bimodal distributions of shell parameters. 
Such a strategy agrees with an intertidal ecol-
ogy paradigm in which gastropods from rocky- 
shore sites with different degrees of exposure to 
predators tend to differentiate two distinct phe-
notypes (see Boulding et al., 1999, for a review). 
Defences against predators are attained by spe-
cies developing thick shells (Reimchen, 1982; 
Vermeij, 1987) or growing fast to reach size ref-
uge from predators (Reid, 1992). In considering 
this, we believe that the two different shell forms 
of C. myriamae may be interpreted according to 
such accepted phenotypical stereotype. Tied to 
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the defence strategies, a nacre layer in the wall 
structure of this species has been first described, 
following the Gofas (2005) macroscopic observa-
tions. Nacre- producing species are rare between 
gastropods, including Clelandella, Gibbula and 
Trochus within Trochidae. Nacre exhibits high 
fracture toughness, much greater than that of 
monolithic aragonite, because of its ingenious 
structure, also exhibiting energy absorption 
properties (Sun & Bhushan, 2012). Consequently, 
the presence of a nacreous shell in C. myriamae is 
possibly functional to withstand environmental 
stress, and particularly predation exposure.

Food availability, as another major factor affect-
ing shell size variation, might be linked to the 
irregular supply of continental and shelf detri-
tus. Detritus decay could allow the C. myriamae 
colonisation in accordance with the amount of 
available organic matter (Gofas, 2005, Gaudron 
et al. 2010). The scarcity and irregular availabil-
ity of food could also account for the observed 
shell sizes and whorl numbers, that are slightly 
smaller than those reported by Gofas (2005).
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