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ABSTRACT: Amphipholis squamata is considered to be the only echinoderm distributed world-wide, ex-
cepted in polar regions . This vast distribution area contrasts with a low dispersal potential due to the lack of a
pelagic larval stage and an aggregative spatial distribution .
Previous works have shown strong inter- and intra-population variability among adult individuals for both

phenotype and genotype, although the species seems to be anatomically uniform . The aim of this work was to
understand these individual variations at three different levels : (a) the morphological differences character-
ized by the colour of arms and disc ; (b) the physiological variations estimated by luminous capabilities and
(c) the genetic variations as revealed by RAPDs .
Four populations were sampled in the system of Oliveri-Tindari in Sicily which consists of several lagoons

completely isolated from the open sea and from each other for various periods . This system constitutes a suit-
able model for studying differentiation between closely neighbouring demes . Our results confirm that each
colour variety possesses its own luminous capabilities ; they also indicate that colour varieties are genetically
differentiated.

1 INTRODUCTION

In spite of the absence of a larval phase, the si-
multaneous hermaphrodite (Nisolle, 1990) and brood
protecting ophiuorid Amphipholis squamata is re-
garded as a cosmopolitan species . This species lives
in all the oceans except Antarctica and, in varied
habitats, from tidal zone down to 1330 m depth
(Gage et al . 1983, Hendler 1995, Alvà 1996) . A.
squamata constitutes dense local populations often
occupying microhabitats. There is a paradox of an
extremely wide distribution of a species that lacks a
larval stage and often shows an aggregative spatial
distribution . The reproductive biology of the species
can explain a high potential of colonization, e.g. by
means of rafting (Mortensen (1933, 1941), recently
confirmed by Highsmith (1985), Alvà & Vadon
(1989) and Murray(1989)), but it is still difficult to
understand how it could maintain regular gene flow
between distant populations (Poulin et al . 1999).

Variability seems the rule within Amphipholis.
Numerous colour varieties were reported for this
species (Binaux & Boquet 1971, Deheyn 1998,
Dupont 1998, Deheyn & Jangoux 1999, Dupont et
al ., this volume ). A. squamata is luminescent
(Brehm & Morin 1977) and important infraspecific
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variations of luminous capabilities were described
(Deheyn et al . 1997) . Poulin et al . (1999) have dem-
onstrated the co-existence of selfing and outcrossing
in this species (a result different from Murray (1989)
who hypothetized that only outcrossing was occur-
ring) . They also demonstrated a great genetic differ-
entiation of A. squamata at a very short distance . At
another scale, Sponer et al . (1999) have showed that
global populations are genetically highly differenti-
ated and hypothetized that different clades were
likely representing different species .

The results of Deheyn and Jangoux (1999) dis-
cussing the inheritance of body colour and biolumi-
nescence characters and those of Poulin et al .
(1999), Sponer et al. (1999) and Dupont et al . (this
volume) discussing the relationships between phe-
notypic characters and genetic structuring ques-
tioned about the taxonomic status of A. squamata .

The aim of this paper is to characterize the intra-
and inter- population variability at 3 levels, mor-
phological, physiological and genetic . It is also to
evaluate the congruence between polychromatism,
bioluminescence and genetic structure of very close
local populations of A. squamata, recently separated
from the open sea and from each other.



2 MATERIAL AND METHODS

Four populations were sampled in Sicily, from
the lagoon system of Oliveri-Tindari (Figure 1) : this
recent system of lagoons (about one century old) is
in permanent change due to the action of wind and
currents . These 4 populations have been completely
isolated from the open sea for various periods : Lago
Nuovo and Lago Mergolo della Tonnara were iso-
lated from Fondo Porto since respectively 30 and 20
years ; Fondo Porto and Porto Vecchio are con-
nected to each other by a small canal, were both
isolated from open sea 10 years ago (Crisafi et al .
1981, 1987. Dupont 1998) . Therefore, this lagoon
system a priori constitutes a suitable model for
studying differentiation between closely neighbour-
ing separated demes .

Figure 1 . Oliveri-Tindari lagoons : Lago Marinello (A), Lago
Megolo (B), Lago Verde (C), Fondo Porto (D), Porto Vecchio
(E), Lago Nuovo (F) ; point of sampling (9)

183 individuals were collected (78 in Lago
Nuovo, 31 in Lago Mergolo, 42 in Fondo Porto and
32 in Porto Vecchio) in shallow phanerogam mead-
ows (Cymodecea nodosa) or in algae (Cheatomor-
pha mediterranea) . Ophiuroids were sorted on the
colouration of arms and disc . For each individual,
two arms were used for studying bioluminescence,
then the 3 other arms were frozen at -80°C and used
for RAPD-PCR .

Methods used for studying bioluminescence and
for evaluating the genetic structuring of Amphipholis
squamata are given in Dupont et al . (this volume) .
DNA profiles were analysed using SCION IMAGE
software v.beta3b (1998) . Cluster analysis of RAPD-
PCR patterns in individuals were performed with
RAPDPLOT program, using Nei and Li's genetic
similarity index, developed for RAPD markers
(Black 1995) . Cluster analysis with nearest neighbor
procedures was done in conjunction with the
NEIGHBOR program in PHYLIP 3 .5c (Felsenstein
1993). A single unrooted tree was generated and
plotted using DRAWGRAM in the same package .
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3 RESULTS

3 .1 Morphological data (colour varieties)

Great differences were observed among the la-
goons. Three colour varieties were sorted on the col-
ouration of arms and disc : dark-brown, orange, and
spotted (see Deheyn et al . 1997) . Figure 2 gives the
frequency of these colour varieties in each lagoon .
Spotted Amphipholis were found in all lagoons,
however, the spotted individuals from Lago Mergolo
were clearer than all the others. They are referred to
as the spotted "a" variety . The others individuals
form the spotted "b" variety . A dark-brown variety
was found in Fondo Porto and in Lago Nuovo . Or-
ange ophiuroids were only found in Lago Nuovo .

LM FP PV LN

® Spotted(a)
DSpotted(b)
O Dark-brown
∎Orange

Figure 2 . Frequency of the colour varieties in the lagoons of
Lago Mergolo (LM), Fondo Porto (FP), Porto Vecchio (PV)

and Lago Nuovo (LN). The spotted variety is split into 2 sub-
categories .

3.2 Physiological data (bioluminescence)

When stimulated by KCI, the arm response is a
monophasic light emission characterized by the
maximal intensity (Lmax in Mquanta .s '), and by 3
kinetic parameters (expressed in seconds), namely,
the latency time (Lt), the time to reach the maximal
intensity (Tlmax) and the time to reach half- extinc-
tion (Tir2ext) . Data were considered as coordinate
using the 4 luminous parameters . Euclidian distances
were computed and observations were hierarchically
clustered using Ward's maximum-variance method
(1963) .Using this method, 12 groups were isolated
(Figure 3). The three colour varieties are clearly
separated : cluster I consists of orange ophiuroids,
clusters 2 to 4 consist of the dark-brown variety and
clusters 5 to 12 include the spotted individuals . Two
groups are distinguishable among the spotted ophiu-
roids, one of them consisting mostly on Amphipholis
of Lago Mergolo, the second of all the spotted "b"
individuals from the other sites . Nevertheless, no
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clear differences among the lagoons were observed
using this method.

Canonic discriminant analysis was used on lumi-
nous parameters to summarize between-class varia-
tions. When a geographical key was taken as the
qualitative variable, it does not give clear pattern ;
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Figure 3 . Tree inferred from Euclidian distances between bioluminescence parameters (distances within a cluster is inferior to
0 .01) . The frequency of individuals from the different demes is given for the spotted "b" variety (clusters 7 to 12 - up right) and for
the dark-brown variety (clusters 2 to 4 - bottom right) .

there is no discrimination of bioluminescence be-
tween the lagoons (Figure 4-left) . However, using a
morphological key (colour varieties) 3 groups of
ophiuroids can be identified according to their col-
our (Figure 4-right). Spotted "a" and "b" are clus-
tering together. They are not distinguishable by this
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Figure 4 . Canonic discriminant analyses lead to define 3 groups which are not interpretable when using a geographical key (on the
left) . However, when using a morphological key (on the right) the 3 groups are cor-responding to the colour varieties . It is to be no-
ticed that spotted "a" and spotted "b" groups are not separated by this method .
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Table 1 . Mean values (±S .D.) of the bioluminescent parameters . N=number of ophiuroids, see abbreviations in the legend of
figure 2 and in the text .

method .
Table 1 gives the average values of the biolumi-

nescent parameters for the colour varieties from the
4 sites . ANOVA on luminous parameters show that
there is no difference of intensity between the la-
goons for the same colour variety (dark-brown and
spotted "b"), but that the differences among varieties
are highly significant (F=439 .27, p<0 .01) . Each col-
our variety produces light at a specific intensity
(Figure 5). They also show that if one can distin-
guish the colour varieties on the basis of emitted
light intensity ; the kinetic parameters are less clear .

10000-
1000-
100-
10-
11 -

00,1
Orange Dark-brown Spotted(b) Spotted(a)

Figure 5 . Intensity average value (log) in the 4 colour varie-
ties .

3 .3 Genetic data

Patterns obtained by RAPD were quite different
between the sites . Figure 6 represents the genetic
relationships among the 183 individuals .

When using a geographical key, Lago Mergolo is
quite identifiable, as Porto Vecchio is . Only one col-
our variety is living in each of these two sites. How-
ever, no clear pattern appears for Lago Nuovo and
Fondo Porto is split into at least 4 groups . None of
them corresponding to a particular variety .

Using a morphological key gives a more ordered
picture. Four main clusters appear based on the ge-
netic distance :
•

	

One orange group which consists of Amphipho-
lis squamata of Lago Nuovo .
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• Two spotted groups : one consisting mostly of
individuals referred to the spotted "a" variety of
Lago Mergolo and some individuals of Fondo
Porto . A second spotted group corresponds to the
spotted "b" variety. It includes ophiuroids from
Porto Vecchio and Fondo Porto .

•

	

One dark-brown group consists of A. squamata
of Lago Nuovo .

4 DISCUSSION

Amphipholis squamata presents a great anatomi-
cal homogeneity in Sicily and throughout the world
(Hyman 1955). However it shows a great variability
of colours, bioluminescent capabilities and genetics
(Murray 1989, DeBremaeker et al . 1994, Mallefet et
al. 1992, Deheyn et al . 1997, Dupont & Mallefet
1999, Poulin et al . 1999, Spotter et al . 1999) . The
present results, obtained on very close local popula-
tions, confirm the link between polychromatism and
bioluminescence, already observed for the popula-
tion in Normandy by Deheyn et al . (1997). Each
colour variety possesses its own luminous capabili-
ties . It also demonstrates the existence of a link be-
tween polychromatism and genetics within local
populations . However, no clear genetic differences
were demonstrated between colour varieties in the
different lagoons . One explanation is that these va-
rieties surely originated before the formation of the
lagoons. These results complete those of Deheyn
and Jangoux (1999) discussing about the inheritance
of body colour and bioluminescence characters .

Two main hypotheses arise from our results :
• Are the observed genetic patterns the result of a
founder effect, due to the "subsampling" of genes
triggered by the history of the lagoons ? We are
going to use other decaprimers for RAPD and other
"rapid" genetic markers, such as VNTR, to confirm
genetic patterns and find out relationships among
populations between the lagoons .

• Are the observed patterns characterized by im-
portant differences between the frequencies of col-
our varieties among demes are the result of natural
selection due to differential parasitism (e.g . the

Population Variety N Lmax Lt TLmax TI/2ext
LN Orange 6 0.68±0.09 2 .83±0 .29 5 .67±0.49 7 .23±0 .68
LN Dark-brown 67 104 .33±7 .47 1 .33±7 .47 5 .20±0 .33 3 .70±0 .15
FP Dark-brown 5 134 .76±29 .21 1 .08±0 .18 3 .63±0 .76 3 .07±0 .96
LN Spotted (b) 5 1097.50±205 .54 0.72±0 .18 9 .66±1 .67 2.75±0 .37
FP Spotted (b) 37 2757.49±300.51 1 .06±0 .08 4 .77±0 .41 1 .77±0 .41
PV Spotted (b) 32 1910.48±187 .37 0.78±0 .06 5 .50±0 .39 1 .85±0 .15
LM Spotted (a) 37 3119.86±304.26 0.82±0 .05 1 .49±0 .10 1 .09±0 .10



Figure 6 . Inferred tree from a distance matrix (Li & Nei) showing the genetic diversity and structure of the four colour varieties
of Amphipholis squamata from the lagoon system of Oliveri-Tindari .
Colour varieties : gray = spotted "a" and "b", black = dark-brown, white = orange .

Ciliate Rhopalura ophiocomae specifically castrates
the spotted variety) and/or to differential predation
by fishes (e.g. Gobius niger) and/or shrimps (e.g .
Palaemon serratus) ?

All these aspects are currently under study .

5 REFERENCES

Alvà V ., 1996 . Reproduction, développement, incubation et
dynamique de population de l'ophiure Amphipholis
squamata (Echinodermata) en baie de Seine. PhD thesis,
Brussels, Belgium .

Alvà, V . & C . Vadon . 1989 . Ophiuroids from the Western
coast of Africa (Namibia and Guinea-Bissau)? Scient . mar.
53 : 827-845 .

Binaux R. & C . Bocquet, 1971 . Sur le polychromatisme de
l'ophiure Amphipholis squamata (Delle Chiaje). C. R .
Hebd . Séances Acad . Sciences, Paris . 273 : 1618-1619 .

Black IV, W . C. 1995 . FORTRAN programs for the analysis of
RAPD-PCR markers in populations. Colourado State Uni-
versity, Ft . Collins, CO 80523 .

265

Brehm P . & J .G. Morin, 1977 . Localization and characteriza-
tion of luminescent cells in Ophiopsila californica and Am-
phipholis squamata (echinodermata: Ophiuroidea) . Biol .
Bull. Woods Hole 152:12-25 .

Crisafi, E ., Azzaro, F ., Caridi, D ., De Francesco, P., Genovese,
L ., Giacobbe, M ., Giaccobe, S ., Greco, S ., LaFerla, R.,
Leonerdi, M., Maimone, G ., Pandolfino, G., Perdichizzi, F .,
Rinelli, P . & R. Zaccone 1987. Indagine interdisciplinare
sul sistema degli stagni salmastri costieri di Oliveri-Tindari
(Messina) . I. Risultati delli campagne stagionali di 1987 .
Rapporti di Istituto Sperimentale Tallassographico,
Messina .

Crisafi, E ., Giacobbe, S . & M. Leonardi 1981 . Nuovo ricerche
idrobiologiche nell'area lagunare di Oliveri-Tindari
(messina) . I . Morfologia dei bacini e caratteristiche fisico-
chimiche delle acque e du sedimenti . Mem. Biol . Mar.
Oceanol . 11(4) : 139-186 .

De Bremaeker N ., J. Mallefet & F. Baguet, 1994. Lumines-
cence control of Amphipholis squamata (Ophiuroidea) :
nature of cholinergic receptor. In B . David, A. Guille, J .-P.
Féral & M. Roux (eds), Echinoderms through time : 405-
407, A.A . Balkema, Rotterdam .



Deheyn D . & M . Jangoux, 1999 . Colour varieties as sibling
species in the polychromatic ophiuroid Amphipholis squa-
mata (Echinodermata) : evidence from inheritance ofbody
colour and luminescence characters . J . Exp . Mar . Biol .
Ecol . 23 4 (2) : 219-234 .

Deheyn D ., 1998 . Etude de la bioluminescence chez l'ophiure
Amphipholis squamata (Delle Chiaje, 1828)
(Echinodermata) : structure des sites photogènes, modalité
de l'expression et fonction de la bioluminescence . PhD the-
sis, Brussels, Belgium .

Deheyn D., J . Mallefet & M. Jangoux, 1997 . Intraspecific
variations of bioluminescence in a polychromatic popula-
tion of Amphipholis squamata (Echinodermata : Ophiuroi-
dea) . J . Mar. Biol . Ass . U.K. 77 : 1213-1222.

Dupont S . 1998 . Characterization of bioluminescence in an
isolated population of Amphipholis squamata (Ophiuroidea,
Echinodermata) from Oliveri-Tindari's lagoon (Sicily) .
Master thesis, Louvain-la-Neuve, Belgium .

Dupont S ., S . Chaufer, É . Poulin, J . Mallefet & J .-P . Féral (this
volume) - Does luminous capabilities and polychromatism
reflect the genetic variability of the ophiuroid Amphipholis
squamata ? Proc . 10'h IEC, Dundin, N.-Z .

Dupont, S . & J . Mallefet 1999. Population dynamics of Amphi-
pholis squamata (Echinodermata: Ophiuroidea) in the Oliv-
eri-Tindari's lagoon system, Sicily. In M . Candia Carnevali
& F . Bonasoro (eds), Echinoderm Research 1998 : 65-70 .
Rotterdam : A .A.Balkema .

Felsenstein J . 1993 . PHYLIP (Phylogeny Inference Package)
version 3 .5c . Distributed by the author . Department of Ge-
netics, University of Washington, Seatle, USA.

Gage J.D ., M. Pearson, A.M. Clarck, G .L.J Paterson & P .A.
Tyler, 1983 . Echinoderms of Rockall Through and adjacent
area . I . Crinoidea, Asteroidea and Ophiuroidea . Bull . of
British Museum, 45 : 263-308 .

Hendler G 1995 . Echinoderms of Florida and the Caribbean,
Sea stars, sea urchins and allies Class Ophiuroidea : 89-195,
Smithsonian Institution Press, Washington .

Higsmith, R .C . 1985 . Floating and algal rafting as potential
dispersal mechanism in brooding invertebrates . Mar. Ecol .
Prog . Set . 25 : 169-179 .

Hyman L.H ., 1955 . The Invertebrates, 4 . Echinodermata .
McGraw-Hill Book Co. Inc ., New York .

Mallefet J., P. Vanhoutte & F . Baguet, 1992 . Study ofAmphi-
pholis squamata luminescence . In L. Scalera-Liaci & C .
Canicatti (eds), Echinoderm Research 1991 : 125-130, A .A.
Balkema, Rotterdam .

Mortensen T . 1933 . Papers from Dr . Th . Mortensen's Pacific
Expedition, 1914-16 . LX VI-The echinoderms of St. Helena
(other than crinoids) . Vidensk. Medd. Naturhist. Foren .
Kopenhavn 93 : 401-472 .

Mortensen T . 1941 . Echinoderms of Tristan da Cunha. Results
Norw. Scient . Exped . Tristan da Cunha 1937-38 7 : 1-10 .

Murray D.R. 1989 Macrogeographic genetic variation in the
cosmopolitan brooding brittle star, Amphipholis squamata .
Thesis, Mount Allison University, 47 pp .

Nisolle V . 1990 - Modalités de l'incubation chez l'ophiure
Amphipholis squamata (Delle Chiaje, 1829)
(Echinodermata) . Mémoire de licence. Université de Mons-
Hainaut.

Poulin É ., F . Mireia, J.P. Féral, L . Comudella & V . Alvà, 1999.
Selfing and outcrossing in the brood protecting ophiuroid
Amphipholis squamata . In M.D . Candia Carnevali & F.
Bonasoro (eds), Echinoderm Research 1998 : 147-150, A.A .
Balkema, Rotterdam .

SCION IMAGE Software, 1998 . 82 Worman's Mill Court,
Suite H, Frederick, Maryland 21701, USA

Spotter R ., M .S . Roy & P.V . Mladenov, 1999 . Molecular evo-
lution of Amphipholis squamata (Echinodermata : Ophiu-
roidea) : High genetic differences among populations . In
M.D. Candia Carnevali & F. Bonasoro (eds), Echinoderm
Research 1998 : 405-408, A.A. Balkema, Rotterdam.

Ward J.H ., 1963. Hierarchical grouping to optimize an objec-
tive function . J. Amer. Stat . Ass . 58 : 236-244

266


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6

