
I

Netherlands Journal of Zoology
50 (3) : 355-363 (2000)

IS THERE A LINK BETWEEN MORPHOLOGICAL,
PHYSIOLOGICAL AND GENETIC VARIABILITY OF THE

OPHIUROID AMPHIPHOLIS SQUAMATA?

by

SAMUEL DUPONT', STEPHEN CHAUFER 2 , ÉLIE POULIN 2,3 ,

JEAN-PIERRE FÉRAL 2 and JÉRÔME MALLEFETI

(Laboratoire de Physiologie Animale, Université catholique de Louvain,
Louvain-la-Neuve, Belgium ; 2 Observatoire Océanologique, UMR CNRS 7628, BP 44,

Banyuls-sur-mer, France; 3Departemento de Ecologia, P Universidad Cat6lica de Chile,
Alameda 340, Santiago, Chile. E-mail: dupont@bani.ucLac.be)

ABSTRACT

Amphipholis squamata is a small ophiuroid considered to be distributed worldwide except
in Polar Regions . Numerous colour varieties were reported for this species, which is also
bioluminescent. It is hermaphrodite and brood protecting; both selfing and outcrossing
occur. A high genetic variability was observed among adult individuals belonging to
very close (Mediterranean) local populations . Three distant populations were investigated
in order to characterize morphological, physiological and genetic variability . In the
population of Normandy (France), Amphipholis were collected under stones of tide pools ;
ophiuroids from Sicily (Italy) were collected in a Cymodocea nodosa meadow from a
lagoon completely isolated from the sea since 10 years ; individuals from Santa Barbara
(USA) were sampled in the aquarium system of the Marine Institute . Four colour varieties
are studied throughout the sampled populations and each exhibits its own capability to
produce light : (1) a spotted variety is present in the 3 populations and produces light of
high intensity ; (2) the orange, grey and black varieties are only present in the population
of Normandy and produce light of lower intensity. Genetic variations were revealed by
RAPDs. Preliminary results indicate that genetic structure is homogenous for each colour
variety within a population while, as expected, it shows inter-population variations for
the same variety. This suggests that polychromatism and bioluminescence might be good
indicators of variability of genotypes only at an intra-population level .

KEY WORDS : Echinodermata, Amphipholis, distant populations, colour varieties, biolu-
minescence, genetic structure, PCR-RAPD, intraspecific variability .

INTRODUCTION

Amphipholis squamata is regarded as a cosmopolitan ophiuorid species,
hermaphrodite and brood protecting, living in all the oceans except for the

This paper was presented at the Benelux meeting, November 1999, Utrecht, The
Netherlands.
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polar areas, in varied habitats, from the intertidal zone down to 1330 m
depth (GAGE et al., 1983; HENDLER, 1995; ALvA, 1996) . A. squamata
constitutes dense local populations often occupying microhabitats thanks
to its small size (max. 5 mm in disc diameter) . The spatial distribution of
the species is aggregative and frequently several individuals are observed
to occupy the same stone or the same tuft of algae . From a litterature
survey, it is obvious that variability is the common rule within the species
at all studied levels : (i) Numerous colour varieties were reported for this
species (BINAUX & BOQUET, 1971; DEHEYN, 1998; DUPONT, 1998).
(ii) In A. squamata mechanical stimulation induces light production
by the arms (BREHM & MORIN, 1977) and large variations of in the
capability for luminescence were described (DEHEYN et al ., 1997) .
POULIN et al. (1999) have demonstrated the existence of selfing and
outcrossing in A. squamata by means of genetic markers as well as a
great genetic differentiation at a very short distance. At another scale,
SPONER et al. (1999) showed that global populations are genetically
highly differentiated and that different clades were likely to represent
different species. The aim of this paper is to evaluate the congruence
between morphology (polychromatism), physiology (bioluminescence)
and genetic structure .

MATERIAL AND METHODS

Three distant populations were investigated . A total of 138 ophiuroids
were sampled by hand in March-April 1999 . In the population of Luc-
sur-mer (Normandy, France), Amphipholis were collected under stones
of tide pools. Ophiuroids from Oliveri-Tindari, lagoon of Porto Vecchio
(Sicily, Italy) were collected in a Cymodocea nodosa meadow from a
lagoon completely isolated from the sea since 10 years . Individuals from
Santa Barbara (USA) were sampled in the aquarium system of the Marine
Institute .

Four colour varieties were sorted on the coloration of arms and disc :
black, orange, grey and spotted, as described in DEHEYN et al. (1997) .
In each individual, two arms were used for studying bioluminescence .
Then the animal was frozen at 80°C. The three other arms were used for
RAPD-PCR.

The arms are the only luminescent body parts of A. squamata (BREHM
& MORIN, 1977) and the five arms from a single individual produce
light of the same intensity (MALLEFET et al., 1992). Measurement
of on luminescence were carried out in a dark room as describe in
MALLEFET et al. (1992) using a photomultiplier phototube (PM 270
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D, EMI). Maximal light emission was triggered with KCl (200 mM)
and registered on a chart recorder . Four parameters were measured to
characterize the monophasic light response of A. squamata (MALLEFET
et al ., 1992), the maximal intensity of light expressed in megaquanta
per seconds (Lmax in Mq .s 1 ) and three kinetic parameters expressed in
seconds: (1) the time between the application of the KCl stimulus and
the beginning of the light production (Latency time, Lt); (2) the time
between the beginning of the light production and the maximum of light
production (TLmax) and (3) the time to reach half extinction (T1/2ext) .
Data were considered as coordinates using the 4 luminous parameters .
Euclidian distances were computed and observations were hierarchically
cluster using Ward's maximum-variance method (WARD, 1963). Analysis
of variance (ANOVA) and t-test were used to determine the signifiance
of the observed difference between the groups Analysis were performed
using Statistical Analysis System (SAS institute) .

Investigations on the genetic structure of A. squamata were performed
by Random amplified polymorphic DNAs (RAPD) . Total genomic DNA
extractions for adults were done with the CTAB protocol (WINNEPEN-
NINCKX et al ., 1993). Only the arms were used for the DNA extraction
to avoid contamination by the DNA of the brooded juveniles (POULIN et
al ., 1999). RAPD technique provides a rapid detection of genomic poly-
morphism (WILLIAMS et al., 1990). A decamer oligonucleotide primer of
arbitrary sequence (5'-d[GGTGCGGGAA]-3') was used in a polymerase
chain reaction (PCR) . The PCR reaction was carried out under low strin-
gency conditions to generate a reproducible array of strain-specific prod-
ucts that were subsequently analysed by agarose gel electrophoresis . The
gels were stained with ethidium bromide and then photographed under
UV illumination. Images of each gel were scanned and the DNA profiles
analyzed using SCION IMAGE software v.beta3b (1998) . The RAPDis-
tance programs (ARMSTRONG et al., 1994) were used to record and
analyse the DNA fragment data, which were encoded as presence/absence
of bands. The primary data were then used to calculate pairwise distances
between the samples using Pearson's Phi coefficient (SOKAL & SNEATH,
1963). Phenetic trees were build using the neighbor joining agglomeration
procedure (NJTREE programme of the RAPDistance package) .

RESULTS

Morphology and physiology

Amphipholis squamata is polychromatic . For practical reasons (abun-
dance and ease of recognotion), only four varieties have been choosen
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from the six described by DEHEYN et al. (1997) . The spotted variety oc-
curs in all three local populations while the black, grey and orange vari-
eties are only present in the population of Luc-sur-mer .
A. squamata from the three localities are bioluminescent. A tree was

built from an euclidian distance matrix calculated using the four para-
meters describing bioluminescence (fig . lA). Ward clustering method re-
vealed six clusters separated by a minimal distance of 0 .01 . Cluster 1
corresponds to the orange and to the grey ophiuroids from Luc-sur-mer .
Cluster 2 represents the black Amphipholis from Luc-sur-mer. Clusters
3 to 6 are the spotted individuals from the three local populations . The
composition of clusters 3 to 6 is given in figure 1B, which shows that
each of these clusters contain spotted individuals from the three distant
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Fig . 1 . Tree inferred from euclidian distances between bioluminescence parameters (lA)
and percentage of the spotted vatiety at each site present in cluster 3 to 6 (1B) . Distances
within a cluster are less than 0 .01. LSM: Luc-sur-mer, PV: Porto Vecchio, SB : Santa

Barbara .



GENETIC VARIABILITY OF AMPHIPHOLIS SQUAMATA

	

359

TABLE 1
Luminous parameters for the 4 varieties from the three studied populations (LSM, Luc-
sur-mer; SB, Santa Barbara and PV, Porto Vecchio) . Mean value ± standard error of mean;

n = number of ophiuroids .

populations. This analysis based on luminous capabilities clearly sepa-
rate the colour varieties (excepted for orange and grey which are cluster-
ing) whereas it does not show differences between populations . Variance
analysis of the four parameters (Table 1) reveals that each variety exhibits
its own maximal light intensity (p < 0.01); a difference of two orders
of magnitude being observed between the orange and the spotted variety ;
the grey and black varieties emit intermediate maximal light in tensity .
Although significant differences for the kinetic parameters were found,
it must be pointed out that no clear distinction can be made between the
colour varieties.

Genetic differentiation

The analysis of the DNA profiles of individuals from Normandy, where
all the colour varieties observed in our study co-exist, shows three groups
(fig . 2): Group I: spotted (LT), Group II: black (LN) and orange (LO) and
Group III : gray (LG). Despite the presence of a similar colour variety at
all the considered sites, there is an important genetic distance between the
spotted individuals of the 3 local populations (fig . 3). The population of
Luc-sur-mer (Group A) is the most separated, while the populations of
Porto Vecchio (Group C) and of Santa Barbara (Group B) appear to be
closer to each other. The genetic variability appears to be different in the
lagoon of Tindari (C), where the individuals are quite homogenous, and
at Santa Barbara (B) and Luc-sur-mer (A) where the genetic diversity is
much higher.

DISCUSSION

The cosmopolitan ophiuroid species Amphipholis squamata presents a
great morphological homogeneity throughout the world (HYMAN, 1955 ;

Population Variety n Lmax TL TLmax T1/2ext

LSM Orange 7 1.80 ± 0.56 1 .57 ± 0.16 6.78 ± 0.94 9.08 ± 0.97
LSM Grey 30 21.51 ± 5.06 1 .69 ± 0.15 5.48 ± 0.69 6.76 ± 0.61
LSM Black 11 545.27 f 82.03 1 .37 ± 0.17 3.49 ± 0.91 4.12 ± 0.77
LSM Spotted 30 898.16 ± 164.29 1 .44 ± 0.16 11.46 ± 1 .06 3.31 ± 0.44
SB Spotted 30 1094.57 ± 106.06 1 .32 ± 0.13 11.38 ± 0.76 3.15 ± 0.38
PV Spotted 30 2211.99 ± 187.16 1 .01 ± 0.01 7.98 ± 0.75 1 .76 ± 0.19



360

	

DUPONT, CHAUFER, POULIN, FERAL & MALLEFET

s
s
s

Group I

Group H

Croup III

Fig . 2 . Inferred tree from a distance (Pearson's coefficient) matrix showing the genetic
diversity and structure of the local population from Luc-sur-mer . Group I represents the
spotted (7)Amphipholis ; black (S) and orange (;) ones are clustered in group II, group III

consists of the grey (A)Amphipholis .
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Fig . 3 . Inferred tree from a distance (Pearson's coefficient) matrix showing the genetic
diversity and structure of the spotted variety of Amphipholis in the 3 studied sites: Luc-
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SPONER et al., 1999) . Nevertheless, it is well documented that numerous
features exhibit high variability : colour patterns, bioluminescent capabil-
ities and control mechanisms, life-history traits and genetics (DEBRE-
MAEKER et al., 1994 ; MALLEFET et al., 1994 ; DEHEYN et al., 1997 ;
DUPONT & MALLEFET, 1999 ; POULIN et al., 1999 ; SPONER et al .,
1999) . Our results (1) confirm and generalise the existence of a link be-
tween polychromatism and bioluminescence, already observed for the lo-
cal population of Luc-sur-mer by DEHEYN et al. (1997) and for the local
population - of Tindari by DUPONT (1998) and (2) demonstrate the ex-
istence of a link between polychromastism, bioluminescence and genet-
ics within a local population. However, distant local populations of the
same colour variety are genetically strongly differentiated. Polychroma-
tism (and/or bioluminescence) are parameters that one has to take into ac-
count to study the spatial and genetic structure of the species and are good
indicators of genetic variability only within a population . Our results, and
those of DEHEYN & JANGOUX (1999) discussing about the inheritance
of body colour and bioluminescence characters, question the taxonomic
statute of Amphipholis squamata, a problem which is under study in our
laboratories .

ACKNOWLEDGEMENTS

This research was supported by a FRIA grant to S. Dupont; research
exchange program between FNRS (Belgium) and CNR (Italy) and a
FNRS travel grant to J . Mallefet . It was also supported by the national
program Diversité Marine (France). We thank the director of the Marine
Laboratory of Luc-sur-mer, Prof. A. Donato and Prof. L. Salpietro of
the University of Messina and Prof. J. Case of the Marine Institute
at the University of California (Santa Barbara) for providing facilities .
J. Mallefet is research associate of FNRS (Belgium) .

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 .

ARMSTRONG, J .S ., A .J . GIBBS, R. PEAKALL & G . WEILLER, 1994 . The RAPDistance
Package . ftp://life .anu .edu .au/pub/software/RAPDistance .

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 .

BREHM, P. & J.G. MORIN, 1977 . Localization and characterization of luminescent
cells in Ophiopsila californica and Amphipholis squamata (Echinodermata: Ophi-
uroidea) . Biol . Bull . Woods Hole 152: 12-25 .



GENETIC VARIABILITY OFAMPHIPHOLIS SQUAMATA

	

363

DE BREMAEKER, N ., J. MALLEFET & F. BAGUET, 1994. Luminescence 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, The Netherlands.

DEHEYN, D ., 1998 . Etude de la bioluminescence chez l'ophiure Amphipholis squamata
(Delle Chiaje, 1828) (Echinodermata) : structure des sites photogènes, modalité de
l'expression etfonction de la bioluminescence . PhD thesis, Brussels, Belgium .

DEHEYN, D . & M. JANGOUX, 1999. Colour varieties as sibling species in the polychro-
matic ophiuroidAmphipholis squamata (Echinodermata) : evidence from inheritance
of body colour and luminescence characters . J . Exp . Mar. Biol. Ecol . 234 (2) : 219-
234.

DEHEYN, D ., J . MALLEFET & M . JANGOUX, 1997. Intraspecific variations of biolumi-
nescence in a polychromatic population of Amphipholis squamata (Echinodermata:
Ophiuroidea) . 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 . & J. MALLEFET, 1999 . Population dynamics of Amphipholis squamata
(Echinodermata: Ophiuroidea) in the Oliveri-Tindari's lagoon system, Sicily . In:
M.D. Candia Camevali & F. Bonasoro (Eds): Echinoderm Research 1998: 65-70.
A.A. Balkema, Rotterdam, The Netherlands .

GAGE, J .D ., M. PEARSON, A .M. CLARCK, G .L.J PATERSON & P.A. TYLER, 1983 .
Echinoderms of Rockall Through and adjacent area . 1 . 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 .

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

MALLEFET, J ., P. VANHOUTTE & F. BAGUET, 1992. Study ofAmphipholis squamata
luminescence. In : L. Scalera-Liaci & C . Canicatti (Eds) : Echinoderm Research
1991: 125-130 . A.A. Balkema, Rotterdam, The Netherlands .

POULIN, E ., F . MIREIA, J.-P . FERAL, L. CORNUDELLA & V. ALVÀ, 1999. Selling
and outcrossing in the brood protecting ophiuroid Amphipholis squamata . In: M.D .
Candia Camevali & F. Bonasoro (Eds) : Echinoderm Research 1998 : 147-150, A.A .
Balkema, Rotterdam, The Netherlands .

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

SOKAL, R.R. & P.H.A. SNEATH, 1963 . Principles of numerical taxonomy. Freeman,
San Francisco .

SPONER, R ., M .S . ROY & P.V. MLADENOV, 1999. Molecular evolution of Amphipholis
squamata (Echinodermata: Ophiuroidea) : High genetic differences among popula-
tions . In : M.D. Candia Carnevali & F. Bonasoro (Eds) : Echinoderm Research 1998:
405-408, A.A. Balkema, Rotterdam, The Netherlands .

WARD, J.H ., 1963. Hierarchical grouping to optimize an objective function . J . Am . Stat .
Ass . 58 : 236-244.

WILLIAMS, G .K.W., A.R. KUBELIK, K .J . LIVAK, J.A. RAFALSKI & S .V. TINGEY,
1990. DNA polymorphisms amplified by arbitrary primers are useful as genetic
markers. Nucl . Acids Res . 18 : 6531- 6535 .

WINNEPENNINCKX, B ., T. BACKELJAU & R. DE WATCHER, 1993 . Extraction of high
molecular weight DNA for molluscs . Trends Genet . 9 (12) : 407.


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

