
Oï  ¿4o5

2002 B A STE R IA , 66:11-24, 2002

Lithophaga (Bivalvia, Mytilidae), including a new species, boring into mushroom 
corals (Scleractinia, Fungiidae) off South Sulawesi, Indonesia

K. KLEEMANN

I n s t itu te  fo r  P a la eo n to lo g y , U n iv e r s ity  o f  V ie n n a , A lth an str . 14, A -1 0 9 0  V ie n n a , A u str ia

& B.W. HOEKSEMA

N a t io n a l M u se u m  o f  N a tu r a l H istory , P O . B o x  9517 , 2 3 0 0  R A  L e id e n , T h e  N e th e r la n d s

B iv a lv e  s p e c ie s  o f  th e  m y tilid  g e n u s  L ithophaga, in c lu d in g  a n e w  o n e , are  r e c o r d e d  from  

In d o n e s ia n  m u sh r o o m  cora ls (S c leractin ia , F u n g iid a e). T ru e a s so c ia t io n s  w ith  liv e  h o sts  in c lu 

d e  L. laevigata, L . lessepsiana, L . lim a, L. pu n c ta ta  sp e c , nov ., a n d  L. sim plex, w h ile  s p e c im e n s  o f  

L. -malaccana a n d  L . m ucronata  h a v e  b e e n  fo u n d  in  b o r e  h o le s  in  e n c r u s te d  or d e a d  p arts o f  

in fe s te d  cora ls.

K e y w o r d s :  B iv a lv ia , M y tilid a e , L ithophaga, S c lera ctin ia , F u n g iid a e , I n d o n e s ia , S o u th  S u la w esi, 

en d o p a r a s it ism

INTRODUCTION

In the mytilid bivalve genus Lithophaga Röding, 1798, species are known either to bore 
into various calcareous substrates, including coral surfaces no t covered by live tissue, or, 
as associates, into living scleractinian hosts (Kleemann, 1995, 1996 and references the
rein). The Caribbean L. bisulcata (d’Orbigny, 1842) is the only known species found in live 
as well as dead substrates (Scott, 1988). Associations between corals and certain 
Lithophaga species have occurred at least since the late Cretaceous (Kleemann, 1994a,
1994b).

W ith regard to free-living (unattached) corals, Arnaud & Thomassin (1976) were the 
first to report an association with Lithophaga. They found L. lessepsiana (Vaillant, 1865) in 
die mobile dendrophylliid coral Heteropsammia michelini Edwards & Haime, 1848 [= H. 
cochlea (Spengler, 1781) vide Veron & Pichón, 1980, Hoeksema & Best, 1991]. Zibrowius 
& Arnaud (1995) recorded L. lima Lamy, 1919, from a Philippine specimen of 
Trachyphyllia geoffroyi (Audouin, 1826), a semi-buried, unattached scleractinian coral spe
cies (Hoeksema, 1993).

Mushroom corals (Scleractinia: Fungiidae) containing specimens of the mytilid gene
ra Fungiacava and Lithophaga, were collected by the second author in Indonesia, SW 
Sulawesi, Sperm onde Archipelago. In order to find these bivalves, fungiid corals were 
systematically searched for their symbionts in belt transects (50 m  long, 1 m  wide) at 3 
m depth intervals M ost of the host corals concerned free-living species, whereas a few 
remain attached (see revision by Hoeksema, 1989). Apart from a note by Hoeksema & 
Achituv (1993, citing a letter of Dr. C. Massin, Brussels), this is the first documented 
record of Lithophaga in this coral family with mainly free-living species. In  comparison, 
i he first record of the related genus Fungiacava Goreau et a L  1968, was about 25 years
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earlier (Hoeksema & Achituv, 1993 and references therein) from Fungia at Eilat, northern 
Red Sea.

The present m ushroom  coral material is of special interest as it proved to contain more 
than one species of truly associated Lithophaga, including L. punctata Kleemann & 
Hoeksema, spec. nov. and others settling on dead parts of the “hosts” or on encrusta
tions, e.g., serpulid tubes, of the coral specimens. The other newly recorded endosymbi- 
onts of living Fungiidae are L. laevigata (Quoy & Gaimard, 1835), L. lessepsiana, L. lima, 
and L. simplex Iredale, 1939.

KEY TO  LITHOPHAGA  SPECIES IN M USHROOM  CORALS FROM INDONESIA

la  Specimen a true associate of the host (in most cases seen by the position of the bore 
hole opening completely surrounded by live tissue, generally on the upper surface of the
c o ra l) ................................................................................................................................................ 2

lb  Specimen a dead substrate borer (may be difficult to decide, when the position of 
the bore hole opening is not clearly within a dead part of a live coral but was secondari
ly surrounded by live coral tissue after larval settlement, e.g., on a scar or the tube of
encrusting polychaete worm) .................................................................................................... 4

2a Specimen showing (almost) no adhesive encrustation on the posterior part of the
valves, covered by very pale, yellowish p e rio s tra c u m ..........................................L. simplex

2b Specimen showing (almost) no adhesive encrustation on the posterior part of the 
valves, covered by usually bi-couloured periostracum, carrying m inute elevated dots an-
tero-laterally to postero-ventrally ............................................................................ L. punctata

2c Specimen with adhesive encrustation on the posterior part of the vales ............... 3
3a Posterior encrustation formed by fine ridges, divaricating in a chevron pattern, pro

truding very little beyond the somewhat attenuated shell rim ....................... L. laevigata
3b Posterior encrustation formed by coarser granules or ridges, interrupted to reticu

lated, protruding as little teeth beyond the somewhat inflated shell rim  L. lima
3c Posterior encrustation rather weak, formed by fine grained, short ridges in dorsal-

ventral direction, protruding very little beyond the shell rim  L. lessepsiana
4a Posterior encrustation formed by relatively strong, smooth looking, pointed elon

gation of the small, truncated shell  L. mucronata
4b Posterior encrustation formed by fine ridges in a reticulated pattern (may be obscu

red), protruding (considerably) the elongated shell  L. malaccana

SYSTEMATICS

Family Mytilidae 
Subfamily Lithophaginae 

Genus Lithophaga Röding, 1798 
Subgenus Leiosolenus Carpenter, 1856

Lithophaga punctata spec. nov. (figs 1-5, 12)

M ater ia l. -  H o lo ty p e , R M N H  10132 (figs 1-2). H o s t  s p e c ie s  Sandalo lith a  robusta  (Q u e lc h , 1886); S E  o f  

S a m a lo n a  I. (7 .5  k m  W  o f  M ak assar), 5 °0 7 'S 119° O'E (28 .iv .1 9 9 4 ). S ize  1 3 .5 x 5 .0 x 4 .7  m m , th e  largest o f  th e
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ava ilab le  s p e c im e n s , e le v a te d  la tera l d o ts  o n  th e  p e r io str a c u m  a b o v e  th e  a n tero -ven tra l en cr u s ta tio n  (n o t  

p r esen t in  o th e r  sp e c im e n s  w ith  d o ts), b i-co lo u r a tio n  s im ila r  t o  th a t  o f  L ith ophaga nasuta  (P h ilip p i, 1846).

P aratype, R M N H  10072. P lo st s p e c ie s  Fungia (P leuractis) pau m otensis  S tutchb u ry , 1833; W  o f  B o n e  B aku  

re e f  (5  k m  W  o f  M ak assar), 5 °08 'S  119°21'E  (17 .v i.1 9 9 4 ). A  s in g le  s p e c im e n , 5  m m  in  le n g th , th e  m in u te  late- 

ro-ven tra l d o ts  v er y  d e n se ly  sca ttered , n o  d ark er s tr ip e  v is ib le  u n d e r  a f in e  p o ster io r -d o rsa l en cr u sta tio n . 

B ore  h o le  o p e n in g  ro u n d , c . l  m m  w id e , in  u n d e r s id e  o f  co ra l, 10 m m  fr o m  th e  p eriph ery . T w o f it t in g  frag

m en ts , c. 5  c m  in  le n g th , fro m  o n e  s id e  o f  an  e lo n g a te d  coral; c e n tr e  an d  o th e r  s id e  o f  cora l m iss in g .

P aratype, R M N H  10076 (figs 3-4). H o s t  s p e c ie s  Fungia (P leuractis) paum otensis  S tu tch b u ry , 1833; S E  o f  

B aran g  C a d d i I. (11 k m  N W  o f  M ak assar), 5°05 'S  119°19 'E  (4.V.1994). H o s t  a lso  co n ta in e d  sp e c im e n s  o f  a  

Leptoconchus s p e c ie s  (C o ra llio p h ilid a e), a  b o r in g  g a s tr o p o d . S ize  9.9x4.3x3.6 m m , b i-co lo u r ed , la tera l d o ts  

vary in  d en sity , b e in g  d e n se r  a n tero -d o rsa lly  a n d  sca rse  ven tra lly , s o m e w h a t  d ash -lik e e lo n g a te d  p o ste r io r ly  

(h o st co r a l n o t  co lle c te d ) . S p e c im e n  w ith  a  re la tiv e ly  d is t in c t  d o r sa l e le v a tio n  a n d  ra th er  s to u t  o u tlin e  c o m 

pare w ith  th e  o th e r  p aratyp es.

P ara typ e , R M N H  10082  (fig . 5 ). H o s t  s p e c ie s  Fungia (V errillofungia) repanda  (D an a , 1846,1; W  o f  B a ra n g  

L o m p o  I. (13 k m  N W  o f  M ak assar), 5 '0 3 'S  119°19’E  (1 0 .v i.1 9 9 4 ) . L a tera l d o ts  ra th er  e v e n ly  d is tr ib u ted , b i

c o lo u r a tio n  lig h t , an tero -la tera l en cr u sta tio n ), 2  s p e c im e n s , 8 .6 x 3 .0 x 2 .7  m m  an d  3 .8 x 1 .7 x 1 .5  m m . N o  coral 

fragm en t.

P ara typ e , R M N H  10094. H o s t  s p e c ie s  L ithophyllon  m o k a i H o e k s e m a , 1989; N W  o f  K u d in g a ren g  K e k e  I. 

(14  k m  W N W  o f  M ak assar), 5° 06' S 119° 17'E. (15 .ix . 1994 ). L e n g th  9 .8  m m , b rok en , n o  (o b v io u s) d o ts  d e v e l

o p e d , b i-c o lo u r e d  b y  d ark er str ip e  fro m  u m b o n e s  to  p o s te r io r  v e n tr a l en d . N o  cora l fra g m e n t c o lle c te d .

P aratype, R M N H  10122. H o s t  sp e c ie s  Fungia (V errillofungia) repan da  D a n a , 1846; N  o fS a m a lo n a  I. (7 .5  k m  

W  o f  M ak assar), 5 °07 'S  119°20 'E  (21.V .1994). S ize  1 0 .3 x 3 .7 x 3 .5  m m , d o ts  v er y  o b v io u s , but. an tero -v en tra l 

c o m m iss u r e  w ith o u t  d o ts; u m b o s  e r o d e d . T h e  b o r e  h o le , 1 1 .5 x 4  m m , h a d  its  or ifice  18 m m  aw ay  fro m  th e  

e d g e  an d  >  5 0  m m  fr o m  th e  c e n tr e  o n  th e  co ra ls  u p p e r  s id e .

P ara typ e , R M N H  10128. H o s t  s p e c ie s  H a lo m itra  p ile u s  (L in n a eu s , 1758); S  o f  S a m a lo n a  1. (7 .5  k m  W  o f  

M ak assar), 5 °07 'S  119°20'E  (31.V .1994). L e n g th  8 m m , d o ts  v is ib le , n o  a p p a r en t en cru sta tio n .

Diagnosis. -  Valves with minute, elevated dots antero-laterally to postero-ventrally, 
periostracum darker above that area.

Description. -  Shell small, thin, very fragile, umbos sub-terminal and inconspicuous, 
anterior end almost hemispherical, posterior end in dorsal or ventral view m ore wedge- 
shaped, with a evenly rounded, not truncated edge, and lacking calcareous prolongations 
or solid deposits on the shell. Shell outline is usually slender elliptical, rarely somewhat 
stout, ventral margin slightly convex, dorsal margin in most cases with a longer anterior 
than posterior part, measured from the usually indistinct dorsal angle. The posterior 
slope of the dorsal edge descends in a slightly curved line, while its anterior slope is 
straight. Minute, elevated dots characterize the outer shell surface in front and below a 
thought line, which descends from the umbones to the lower posterior edge. The surface 
past that line is smooth, except for the norm al concentric growth increments, if not 
covered by unconsolidated, probably detrital deposits, and usually shows a distinctly dar
ker pigm ented periostracum than the fair coloured antero-ventral part of the shell. 
Sometimes the darker pigmented part is restricted to a wedge-shaped area or stripe, star
ting with its pointed end at the umbones and running towards the posterior end. The ele
vated dots are circular to kidney-shaped, bu t mostly oval in outline. Their density varies 
very m uch between specimens, from hardly any dots to very many, and in their distri
bution on individual shells (figs 1-5). They may be aggregated antero-laterally and spar
se near the ventral and anterior commissure. Sometimes dots appear to be rather even
ly distributed or partly arranged in rows of varying direction. Except in very young spe-
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F igs 1-4. L ith ophaga  pu n c ta ta  sp ec . nov. 1, h o lo ty p e  in  le ft  la tera l v ie w  (R M N H  10132), le n g th  13.5 m m ; 2, 

su r face  c lo se -u p  o f  h o lo ty p e ;  3 , su r face  c lo se -u p  o f  p a ra ty p e  (R M N H  10076); 4 , p a ra ty p e  (R M N H  10076),

le n g th  9 .9  m m .
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cimens, up to 5 m m  in length, dots seem eroded as sometimes parts of the lateral surface 
or the umbos. Deposits on the shells are usually sparse and indistinct, with no pro
longations of the valves.

See Material for data on individual specimens.
Comparison with other species. -  The clearly visible elevated dots on part of the shell 

surface are a unique feature in the genus (probably even in bivalves) and separate the 
new species from other coral-associated Lithophaga species (see Discussion). The bi-colo
ration also separates it from the pale (and usually m uch bigger) specimens of L. simplex, 
lacking distinct deposits on its shell as in L. punctata spec. nov. The other coral-associated 
species known from the area, L. laevigata (fig. 6), L. lima (fig. 7) and L. lessepsiana (fig. 8), 
usually have adhesive calcareous deposits developed on the posterior extremities at least 
in larger specimens, which can be used for determination (see below).

Lithophaga simplex Iredale, 1939

M ateria l. -  R M N H  10092 . H o s t  s p e c ie s  A streopora m yriophthalm a  (L a m a rck , 1816), A c ro p o r id a e ;  N W  o f  

K u d in g a ren g  K e k e  I., 5 °0 6 'S  119°17'E  (25.V .1994). (?) R M N H  10125. I d e n tity  u n c er ta in . H o s t  s p e c ie s  Fungia 

(W ellsofungia)granulosa  K lu n z in g er , 1879; S  o f S a m a lo n a  I., 5 °07 'S  119°20'E  (1994). (?) R M N H  10086 . Id en tity  

un certa in . H o s t  s p e c ie s  S an dalo lith a  robusta  (Q u e lc h , 1886); W  o f  B a ra n g  L o m p o  I. (=  13 k m  N W  o f  

M akassar).

Astreopora is a well know host genus of this species (Kleemann, 1980, 1995, Mokady et 
al., 1992, 1993).

Two small, probably juvenile bivalves, extracted from fungiid hosts may also represent 
lithophaga simplex. O ne 4.5 m m  long specimen penetrated a disc-shaped Fungia granulo
sa. 40 mm wide, through the upper side, in a distance of 8.5 m m  from the central fossa. 
The other, 3.5 m m  long bivalve, bored also from above in a Sandalolitha robusta coral. The 
bore hole was next to an insured area with several borings from polychaete worms, pro
bably belonging to the genus Pherusa (family Flabelligeridae) (two species), and one 
Oastrochaena sp. bore hole. Both Lithophaga specimens are lacking a distinctive shell 
encrustation and show a very uniform pale yellow and smooth periostracum without ele
vated dots and quite likely represent L. simplex.

Lithophaga laevigata (Quoy 8c Gaimard, 1835) (fig. 6)

M ateria l. -  R M N H  10117 (fig . 6). H o s t  s p e c ie s  Fungia (V errillofungia) scabra, D ö d e r le in , 1901; S  o f  

P an ik ian g  I., 4 °2 2 'S  119°35'E  (30 .v iii. 1994). R M N H  10118 (o n e  sp e c im e n ) . H o s t  s p e c ie s  F  (V )  spinifer  

C la er eb o u d t & H o e k s e m a  1987; W  o f  B a d i I., 4 °57 'S  119°17'E  (2 .v i.l9 9 4 ) .

The specimen in a Fungia scabra coral, S of Panikiang I., 12.5x5.8x5.3 m m  (fig. 6), had 
its ~2 mm wide bore hole orifice on the upper side of the coral. The other specimen, 
15x5.6x5 mm, belongs to a fragment of F. spinifer collected W  of Badi I. The latter sam
ple, also includes a specimen of Lithophaga mucronata ?, 12x4.4x4.3 mm, with posterior 
shell encrustations projecting far beyond the shell rims.

The diagnostic feature in Lithophaga laevigata is the adhesive posterior shell encrusta
tion, consisting of fine, somewhat wavy and horizontal ridges, divaricating in a chevron 
pattern and protruding only little over the shell edge (fig. 6; Kleemann, 1977: fig. 6).
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F igs 5-11. In d o n e s ia n  L ith ophaga  s p e c im e n s  fr o m  fu n g iid  co ra ls . 5 , p a ra ty p e  o f  L. pu n c ta ta  (R M N H  10082) 

8 .6  m m ; 6, L. laevigata  (R M N H  10117), 12.5 m m ; 7, L. Urna (R M N H  10073), 19.7 m m ; 8, L . lessepsiana  (R M N H  

78861 ) (p ars), 2 5 .0  m m ; 9 -10 , L. lim a  (h ybrid ?) (R M N H  10091), 23.1 m m  (to ta l le n g th );  9 , p o ste r io r  sh e ll 

en cr u sta tio n ; 10, n o te  e le v a te d  d o ts, a  fea tu re  o f  L . pu ncta ta , s ca le  b a r  5 m m ; 11, L. m ucronata  (R M N H  78860 ), 

11.1 m m , d o rsa l v iew , n o te  e tc h  m ark  (d e p r e ss io n )  in  r ig h t  v a lv e  c a u sed  b y  th e  o c c u r r e n c e  o f  a  c o n s p e c if ic

in d iv id u a l in  th e  s a m e  h o st.
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Lithophaga lessepsiana (Vaillant, 1865) (fig. 8)

M ateria l. -  R M N H  10093 . H o s t  s p e c ie s  H a lo m itra  p ileu s  (L in n aeu s, 1758); N W  o f  K u d in g a ren g  K e k e  I., 

.V'06'S 119°17'E  (15 .ix .1 9 9 4 ). R M N H  78861 . H o s t  s p e c ie s  L ith ophyllon  undulatum  R eh b e rg , 1892; W  o f  B o n e  

T a m b u n g  I., 5°02 'S  119°16'E  (14.V .1994). R M N H  10130  (fig . 8). H o s t  s p e c ie s  Fungia (D anafu n gia) horrida  D a n a ,  

1846; S o f  S a m a lo n a  I., 5°07'S  119°20'E  (31.V .1994). (?) R M N H  10124. Id e n tity  u n certa in . H o s t  s p e c ie s  

H erpolitha lim ax  (E sper, 1797); N  o f  S a m a lo n a  I., 5°07 'S  119°20'E  (21.V .1994).

A specimen, 10 m m  in length, from a Halomitra pileus coral, N W  of Kudingareng Keke 
1. Two further bivalves, one 10.7x4.7x4.4 mm, from Lithophyllon undulatum, and the other 
25x8x8 m m  (fig. 8), from a Fungia horrida coral, both S of Samalona I., likely represent 
IMhophaga lessepsiana, but show indistinct posterior shell incrustations. A  broken speci
men, 27.7x10x9 mm, from a Herpolitha limax coral, with dark and laterally quite eroded 
periostracum, a weak posterior encrustation of probably accumulated detritus rather 
i han calcareous deposit, m ight belong to L. lessepsiana.

Lithophaga lima Lamy, 1919 (figs 7, 9-10, 13-14)

M ateria l. -  R M N H  10073. H o s t  s p e c ie s  Fungia (V errillofungia) scabra  D ö d e r le in , 1901; W  o f  B o n e  B aku  

ree l, 5°08'S  119°21'E  (17 .v i.1 9 9 4 ). R M N H  10091 . H o s t  s p e c ie s  Fungia (Pleuractis) moluccensis V an  d er  H o r st, 

1919: W  o f  G u su n g  I., 5 °0 7 .5 ’S  119°23'E  (2.V .1994). R M N H  10074. H o s t  s p e c ie s  L ithophyllon  u ndu latu m  

R d ib e r g , 1892; S  o f  B a ra n g  C a d d i I, 5°05 'S  119°19'E  (23.V .1994).

One specimen, 19.7x6.8x6.1 m m  (fig. 7), from a Fungia scabra coral, W  of Bone Baku 
reef, plus a shell fragm ent still in situ. The bivalve had lived with the ventral side up. The 
boring opening lies about 25 m m  off the host’s centre, between septa, and the bore hole 
terminates below the coral fossa. Several layers of calcareous deposits, lining the wall 
near the opening, shifted it a little towards the centre. The latter coral sample included 
i wo specimens of Lithophaga mucronata (see there). One specimen, 23.1x8.0x7 m m  (fig. 9), 
m a F. moluccensis coral, W  of Gusung I.. The shell has latero-posteriorly the characteristic, 
rippled encrustation, thickening somewhat towards the edges and protruding them  very 
little in a serrated pattern. Surprisingly, also elevated dots can be observed (fig. 10), mis- 
M t i g  in conspecifics, and regarded the typical feature of Lithophaga punctata spec. nov. The 
bivalve bored from the side of the elevated central part of the coral downwards in a steep 
angle towards center.

Another specimen, 21.0x7.7x6.8 mm, with a posterior encrustation similar to 
Lithophaga lima, bored in a Lithophyllon undulatum coral, S of Barang Caddi I. The shell 
has a thin, darker pigmented stripe running laterally from the umbos to the posterior 
end. No coral fragment was collected with the bivalve.

Lithophaga malaccana (Reeve, 1857)

M ater ia l. -  R M N H  10077. H o s t  s p e c ie s  P odabacia crustacea  (Pallas, 1766); W  o f  B a ra n g  C a d d i I., 5 °0 5 ’S 

119 I9'E  (10 .v i.1 9 9 4 ). R M N H  10119. H o s t  s p e c ie s  Fungia (Cycloseris) sinensis  M iln e  E d w ard s &  H a im e , 1851; 

V  o f  B ad i I., 4°57'S 119°17'E (2 .v i.l9 9 4 ) . R M N H  10088 . H o s t  s p e c ie s  Lithophyllon  u ndu latu m  R e h b e r g , 1892; 

\V  o f  B o n e  T a m b u n g  I, 5°02'S  119°16'E  (14.V .1994).

( )n<* free, broken specimen, 12.9x4.2x4 mm, from dead part of a Podabacia crustacea 
» »»tai. W of Barang Caddi I., which included a second specimen and polychaete worms.



Fig. 13. A  s p e c im e n  o ï  L ithophaga lim a  b o r in g  in  th e  u p p e r  p e r ip h e r y  o f  a  Langia (P leuractis) moluccensis cora l 

th a t h as b e e n  b r o k e n  o p e n  (L a e-L a e  I ., R M N H  84615 ).
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Fig. 12. A  s p e c im e n  o f  L ithophaga pu n c ta ta  sp e c . n ov . b o r in g  in  th e  u p p e r  s id e  o f  a  Fungia (Verrillofur  

'er co r a l th a t  h as b e e n  b r o k e n  o p e n  (K u d in g a ren g  K e k e  I.).
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Fig. 14. A  s p e c im e n  o f  L ith ophaga  liv ia  b o r in g  in  th e  lo w e r  s id e  o f  a  Fungia (V errillofungia) scabra  co r a l th a t  has  

b e e n  sp lit  in to  tw o  p arts (S a m a lo n a  I., R M N H  84 6 1 4 ).

The live coral fragments included several individuals of Fungiacava. A small specimen, 
7.2x2.5x2.4 mm, from a Lithophyllon undulatum coral resembles Lithophaga malaccana. 
Another specimen, 11.5x4.0x3.3 mm, from a Fungia sinensis specimen (fragments small 
but looking very different, with one empty Leptoconchus shell), W  of Badi I., resembles 
more elongated L. malaccana than truncated L. mucronata.

Lithophaga mucronata (Philippi, 1846) (fig. 11)

M ater ia l. -  R M N H  10111. H o s t  s p e c ie s  H eliofungia actin iform is  Q u o  y  &  G a im a rd , 1833; E  o f  L ae-L ae I., 

.r>“08'S  119°23'E  (30 .iv .1994 ). R M N H  7 8 8 6 0  (fig . 11). H o s t  s p e c ie s  Fungia (V errillofungia) scabra , D ö d e r le in , 

1901; W  o f  B o n e  B ak u  reef, 5°08 'S  119°21'E  (17 .v i.1994). R M N H  10134. H o s t  s p e c ie s  Fungia (Pleuractis) moluc

censis V an  d er  H o r st , 1919; W  o f  S a m a lo n a  I., 5°07'S 119°20'E  (28 .iv .1994 ).

Several specimens bored in ’a Heliofungia actiniformis coral, W  of Lae Lae I., from the 
lower side where the coral surface was insured and partly covered by epiphytes. Two 
complete bivalves, 6.9x4.6x3.4 mm and 5.4x2.8x2.8 mm, and 4 pairs of smaller, empty 
shells. Two specimens from a Fungia scabra coral, one free and measuring 11.1x4.5x4.7 
mm (fig. 11), the o ther still enclosed in the coral skeleton. The bore hole opening of both 
lie in serpulid tubes on the central underside of the coral, which may have enabled the 
settling of the veligers on dead surface. Associated Lithophaga lessepsiana bored from the 
upper surface of the same coral specimen (see there).

Five small specimens close together in a dead part of a Fungia moluccensis coral, W  of 
Samalona I. Three of these, ~5 mm in length, are still in a fragm ent of the coral and one 
of them  obviously took over an old bore hole in which shell remains can be seen. The 
other two specimens measured 5.4x2.1x2.0 m m  and 5.2x2.4x2.3 m m  respectively.

Shells very small, fragile and stunted at the posterior end but camouflaged by compact 
and smooth looking posterior encrustation. The usually pointed appendages, reaching 
distinctly beyond the shell edges, are sometimes only developed on one side (fig. 11). The
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figured specimen shows an etch-mark as a depression in the right valve, which was c< 
sed by a neighbouring bivalve.

CROSS-SHELF DISTRIBUTION AND HOST SPECIFICITY

The present results (27 records in table 1) suggest that the Lithophaga species record« 
from m ushroom  corals at the Sperm onde Shelf, South Sulawesi, predominantly occur c 
nearshore reefs (fig. 15). This is m ost clearly shown by L. lima (2-11 km  offshore) and 
mucronata (2-6 km). The new species L. punctata appears to be the most common borir 
Lithophaga in fungiids and has also been found rather nearshore (4-13 km). L. laevigata ( 
22 km) and L. lessepsiana (6-18 km) show the widest ranges, whereas L. malaccana (11-S 
km) appears to show the m ost offshore distribution of all. A nother boring mytili« 
Fungiacava eilatensis, shows a wider offshore distribution range, 2-36 km  (Hoeksema c 
Kleemann, 2002). The Lithophaga ranges are based on very few records. M ore observ; 
tions are needed to find clear interspecific differences in cross-shelf distribution pattern:

It is obvious that there is no clear host-specificity in the associations of Lithophaga an  
m ushroom  coral species. This is also seen in the bivalve-coral relationships of Fungiacav 
eilatensis with fungiids (Hoeksema & Kleemann, 2002). If the cross-shelf ranges of th 
host species at South Sulawesi (Hoeksema 1990) are considered, it appears that none o 
the present Lithophaga ranges are restricted by the availability of suitable host species.

DISCUSSION

The distinction of Lithophaga species is largely based on different patterns of adhesive 
calcareous deposits, particularly on the posterior shell surface. Those on ventral parts 
and anterior end are usually too similar, if present, to distinguish between species. 
Additionally, accumulated detritus in secreted mucus may lie loosely on any part of the 
shell, sometimes obscuring an otherwise typical posterior encrustation, bu t covers main
ly antero-dorsal parts.

The consistence of this antero-dorsal cover is primarily soft bu t may be consolidated 
in calcareous bore hole lining. In coral associated bivalves, keeping pace with growth of 
their host, this may yield to “false floors” in the bore holes, precipitated from mucus 
secretion.

In Lithophaga punctata spec, nov., a variable shell encrustation, ventral in the holotype 
(fig. 1), postero-dorsal in paratype RMNH 10072, may be present or missing as in some 
of the paratypes (RMNH 10076, figs 3-4). Thus, it is regarded a facultative and indistinct 
feature. The elevated dots, however, variable in density, seem to be a distinctive species- 
specific character (figs 1-5), although found once in a specimen, RMNH 10091 (figs 9-10), 
considered to represent L. lima, according to the posterior encrustation pattern. The 
possibility of a hybrid seems plausible (see below). This enigmatic shell sculpture, p ro 
bably unique within bivalvia, needs to be investigated in detail. The bi-coloration of the 
periostracum is not restricted to the new species. It is also present in others, e.g., in 
beach-rock and dead coral boring L. nasuta.

Lithophaga simplex, is also lacking a distinct encrustation pattern, while the other here 
considered species, particularly in older specimens, can usually be distinguished by this 
feature (see key above). Thus, the two, very small specimens probably representing L. 
simplex, RMNH 10125 and another specimen, could be misidentified due to no t yet
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Fig. 15. L o ca lit ie s  o f  s e v e n  L ith ophaga  s p e c ie s  a t  S o u th  S u la w e si ( s e e  tab le  1). P a n ik ia n g  I. is  a b o u t  100  k m  to

th e  n o r th  o f  M ak assar  (in set): 1, L. pu ncta ta ;  2 , L . lessepsiana; 3 , L . sim plex (?); 4 , L. laevigata, 5 ,L . lim a; 6 ,

L . mucronata; 7 , L. malaccana.

developed features of other species. Sometimes, even quite big specimens are difficult to 
determine when they show indistinct or mixed features, possibly caused by hybridisation 
(see above). For these reasons, associations, marked by (?) in table 1 have to be conside
red with caution.

The known associations of Lithophaga with corals (Mokady et al. 1994, Kleemann 1995, 
1996, and references cited by these authors) are sometimes widespread, taxonomically as 
well as geographically. Previously, only Fungiacava was known to inhabit fungiid hosts.

There are some contradictory statements concerning host-specificity in various 
Lithophaga species, e.g., L. lessepsiana. Pocilloporid Stylophora pistillata (Esper, 1797), from 
the Gulf of Suez, is the host coral of the syntypes of L. lessepsiana (Kleemann, 1980). 
Arnaud & Thomassin (1976) and Kleemann (1980) reported it from free-living dendro- 
phylliid Heteropsammia michelini (= H. cochlea), SW  of Madagascar respectively Lizard 
Island, Great Barrier Reef. In the Gulf of Eilat, Red Sea, Mokady et al. (1991) stated this 
species to occur only in Sc pistillata, while Kleemann (1995) reported it from  five 
Stylophora and one Pocillopora species from Safaga, northern Red Sea, and Heteropsammia, 
Pocillopora and Stylophora from the Great Barrier Reef.

The spectrum of host corals is often astonishingly wide, as L. laevigata and L. purpurea 
use hosts out of at least four and L. lima of five scleractinian families. Rarely the spectrum  
is narrow as in L. kuehnelti Kleemann, 1977, being restricted to the subgenus Acropora 
i Isopora) Studer, 1878 (see Kleemann, 1995: table 1). The host range of L. punctata spec, 
nov., probably restricted to (some) genera of family Fungiidae, appears intermediate.
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Table 1. O verv iew  o f  Lithophaga sp ecim en s in 15 fu n g iid  h ost sp ec ie s  (Scleractin ia: Fungiidae) record ed  at the

S p e rm o n d e  A rch ip elago , S ou th  Sulaw esi, Ind on esia .

Lithophaga Fungiid  h ost sp ecies R e e f D istance C a t a lo i
sp ecies offshore n o

km R M N H
L. punctata Fungia (Verrillofungia) repanda D ana, 1846 S am alon a  I. 6 10122
L. punctata id em B arang L om p o  I. 12 10082
L. punctata F. (V ) spinifer C laereboudt & H oek sem a , 1987 K u d in garen g  K eke I. 13 p h oto
L. punctata F  (Pleuractis) paumotensis Stutchbury, 1833 B o n e  Baku re e f 4 10072
L. punctata id em B aran g  C ad d i I. 11 10076
L. punctata Sandalolitha robusta (Q u elch , 1886) S am alon a  I. 6 10132
L. punctata H alom itra pileus  (L innaeus, 1758) S am alon a  I. 6 10128
L. punctata Lithophyllon mokai H oek sem a, 1989 K u d in garen g  K eke I. 13 10094

L. lessepsiana Fungia (Danafungia) horrida D ana, 1846 S am alon a  I. 6 10130
L. lessepsiana H erpolitha limax  (Esper, 1797) S am alon a  1. 6 10124
L. lessepsiana H alom itra  pileus (L innaeus, 1758) K u d in garen g  K eke I. 13 10093
L. lessepsiana Lithophyllon undulatum  R ehberg, 1892 B on e T am b u n g I. 18 78861

L. simplex  (?) Fungia (W ellsofungia) glanulosa  K lunzinger, 1879 S am alon a  I. 6 10125
L. simplex  (?) Sandalolitha robusta (Q u elch , 1886) B aran g  L o m p o  I. 12 10086

L. laevigata Fungia (Verrillofungia) scabra D öd erle in , 1901 Pan ik ian g I. 1 10117
L. laevigata F  (V ) spinifer C laereb oud t & H oek sem a , 1987 Badi I. 22 10118

L. lim a Fungia (Verrillofungia) scabra D ö d er le in , 1901 B o n e  Baku reef 4 10073
L. lim a id em S am alon a  I. 6 84614
L. lim a Fungia (Pleuractis) moluccensis Van d er  H orst, 1919 G u su n g  I. 2 10091
L. lima id em Lae-L ae I. 2 84615
L. lima Lithophyllon undulatum  R ehberg, 1892 B arang C add i I. 11 10074

L. mucronata Fungia (Verrillofungia) scabra D ö d er le in , 1901 B o n e  Baku reef 4 78860
L. mucronata F  (Pleuractis) moluccensis Van d er  H orst, 1919 S am alon a  I. 6 10134
L. mucronata Heliofungia actiniformis Q u oy  & G aim ard , 1833 Lae-L ae I. 2 10111

L. malaccana F. (Cycloseris) sinensis M iln e  Edw. & H a im e, 1851 Badi I. 22 10119
L. malaccana Podabacia crustacea (Pallas, 1766) B arang C ad d i I. 11 10077
L. malaccana Lithophyllon undulatum  R ehberg, 1892 B on e T am b u n g I. 18 10088

L. sp. ind et. Fungia (W ellsofungia) granulosa K lunzinger, 1879 S am alon a  I. 6 10138

Associations can have a wide geographical range, but some occur in one area and not 
in another, although potential partners are present or even common in both. E.g., L. sim
plex can be found commonly around Lizard Island, Great Barrier Reef, in several species 
of Favia, bu t no t so in the northern Red Sea. This is difficult to interpret as Goniastrea and 
Astreopora serve as hosts in both areas (Kleemann, 1995: table 1), with Astreopora being the 
preferred host of L. simplex in the Red Sea (Mokady et a l , 1992, Kleemann own obser
vation). O n the other hand, Mokady et. al. (1994) argue for a very high degree of species 
specificity between Lithophaga and their hosts in the Red Sea, and a paraphyletic status
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for L. simplex from Astreopora and Goniastrea respectively, without distinguishing between 
a male and female tree as appropriate in Mytilidae.

The num ber and species of hosts for a bivalve species can change within its geogra
phical distribution, in some cases drastically, e.g., L. lima (Kleemann, 1995: table 1). 
Locally, the host spectrum  varies greatly also in Fungiacava (Hoeksema 8c Kleemann, 
2002.) or in the pectinid Pedum spondyloideum (Gmelin, 1791) (Kleemann, 2001).

Another difficulty for the understanding of the observed associations is the fact that 
overlaps do occur in two ways: (1) by occurrence of m ore than one Lithophaga species in 
a single host coral, although this is relatively rare, and (2) by a coral species serving as 
host for different bivalves in distinct geographical areas, as e.g. in Cyphastrea microphthal
ma (Lamarck, 1816) (see Kleemann, 1995: table 1).

Leiosolenus Carpenter,1856, is the oldest of available subgenus names for Lithophaga and 
was given generic rank by some authors (e.g. Nielsen, 1986). Here, Leiosolenus is used to 
distinguish all species with some sort of self-established shell encrustation from those 
without: Lithophaga sensu stricto, showing very fine, radiating striae in the antero-ventral 
periostracum. Probably, it would be more justified to distinguish Lithophaga subgenera 
according to being a coral associate or a dead substrate borer, instead of m inor differen
ces in shell encrustation. The latter allow species specific differentiation as the various 
patterns prove to be maintained in bivalves of respective species, extracted from diffe
rent substrates and localities.

ACKNOWLEDGEMENTS

This research was funded by the Netherlands Foundation for the Advancement of 
Tropical research (W OTRO grant W84-354). The second author is grateful to the 
Indonesian Institute of Sciences (LIPI) for arranging a perm it for field research at South 
Sulawesi. We want to thank the rector of Hasanuddin University for all help and especi
ally Dr. Alfian N oor and Drs. Willem Moka for their support. Dr. Pat Hutchings 
(Australian Museum) identified the endosymbiotic polychaete worm Pherusa, family 
Flabelligeridae. Mr. Jeroen Goud (NNM Naturalis) is acknowledged for technical 
assistance.

R E F E R E N C E S

A R N A U D , P.M ., &  B .A . T H O M A S S I N , 1976. F irst re co rd  a n d  a d a p tiv e  s ig n if ic a n c e  o f  b o r in g  in to  a  free-  

l iv in g  sc le r a c tin ia n  co r a l (H eteropsam m ia michelini) b y  a d a te  m u ss e l (L ith ophaga lessepsiana). -  V e liger  

18: 3 6 7 -374 .

H O E K S E M A , B .W ., 1989 . T a x o n o m y , p h y lo g e n y  a n d  b io g e o g r a p h y  o f  m u sh r o o m  cora ls (S cleractin ia :  

F u n g iid a e ). -  Z o o lo g is c h e  V erh a n d e lin g en , L e id e n  254: 1-295.

H O E K S E M A , B .W ., 1990 . S y ste m a tic s  a n d  e c o lo g y  o f  m u s h r o o m  co ra ls  (S cleractin ia : F u n giid ae): 1-471.

P h D -th e s is  L e id e n  U n iv ers ity . '

H O E K S E M A , B .W ., 1 993 . P h e n o ty p ic  co ra llu m  v a r ia b ility  in  R e c e n t  m o b ile  r e e f  cora ls. -  C ou r ier  

F o r sc h u n g sin st itu t  S e n c k e n b e r g , Frank fu rt 164: 2 6 3 -2 7 2 .

H O E K S E M A , B .W ., & Y. A C H IT U V , 1993 . F irst In d o n e s ia n  re c o r d  o f  Fungiacava e la ten s is  G o rea u  e t  al., 1968  

(B ivalv ia: M y tilid a e ), e n d o sy m b io n t  o f  Fungia  s p p . (S c lera ctin ia : F u n g iid ae). -  B asteria  57: 131-138. 

H O E K S E M A , B .W ., &  M .B . B E ST , 1991. N e w  o b se r v a tio n s  o n  sc le ra c tin ia n  co ra ls  from  In d o n es ia : 2. 

S ip u n c u la n -a sso c ia te d  s p e c ie s  b e lo n g in g  t o  th e  g e n e r a  Fleterocyathus a n d  H eteropsam m ia. -  Z o o lo g isc h e  

M e d e d e lin g e n , L e id e n  65: 2 2 1 -245 .



24 Basteria, Vol. 66, No. 1-3, 2002

H O E K S E M A , B .W ., &  K . K L E E M A N N , 2 0 0 2 . N e w  r e c o r d s  o f  Fungiacava eilatensis G o rea u  e t  al., 1968 (B ivalvia: 

M ytilid ae) b o r in g  in to  In d o n es ia n  m u sh r o o m  c o r a ls  (Scleractin ia: F u n giid ae). -  B asteria  66: 25-29.

IR E D A L E , T., 1939. M ollu sca , 1. -  S c ie n tific  R ep o rts  o f  th e  G reat B arrier R e e f  E x p e d it io n  1928-29, 5: 2 0 9 -425 .

K L E E M A N N , K ., 1977. A  n e w  s p e c ie s  o f  Lithophaga  (B ivalv ia) from  th e  G rea t B arr ier R eef. -  V eliger  20: 151- 
154.

K L E E M A N N , K ., 1980 . B o r in g  b iv a lv e s  a n d  th e ir  h o s t  cora ls from  th e  G r ea t B arr ier  R ee f. -  J o u r n a l o f  

M o llu sc a n  S tu d ie s  46: 13-54.

K L E E M A N N , K ., 1982. Ä tz m u sc h e ln  im  G h etto ?  Lith ophaga  (B ivalv ia) au s d e m  L eith a k a lk  (M itte l-M iozän :  

B a d e n ie n )  v o n  M ü lle n d o r f  im  W ie n e r  B e c k e n , Ö ster re ic h . -  B e iträ g e  z u r  P a lä o n to lo g ie  v o n  Ö s te r 
re ic h  9: 211-231 .

K L E E M A N N , K ., 1990a . C ora l a s so c ia t io n s , b io c o r r o s io n , an d  sp a c e  c o m p e t i t io n  in  Pedum  spondyloideum  

(G m e lin )  (P e c tin a cea , B iva lv ia ). -  P S .Z .N .I . M a r in e  E co lo g y  11: 77-94 .

K L E E M A N N , K ., 1990b . B o r in g  a n d  g ro w th  o f  c h e m ic a lly  b o r in g  b iv a lv e s  fr o m  th e  C arib b ean , E a stern  

P acific  an d  A u stra lia ’s G r ea t B a rr ier  R ee f. -  S en ck en b e rg ia n a  m a r it im a  21: 101-154.

K L E E M A N N , K ., 1992 . C o ra l c o m m u n it ie s  an d  co ra l-b iv a lv e  a sso c ia tio n s  in  th e  n o r th e r n  R e d  S ea  a t  S afaga, 
E g y p t. -  F a c ies  26: 125-134.

K L E E M A N N , K ., 1994a. M y tilid  b iv a lv e  Lithophaga  in  u p p e r  T riassic co r a l Pam iroseris from  Z la m b a ch  b ed s  

c o m p a r e d  w ith  C r e ta c e o u s  L ith ophaga  alpina. -  F ac ies 30: 151-154.

K L E E M A N N , K ., 1994b . A sso c ia t io n s  o f  co r a l an d  b o r in g  b iv a lv es  s in c e  th e  u p p e r  C re ta c e o u s  (E x a m p le s  
fro m  A u str ia , H u n g a ry  an d  T u rk ey ). -  F acies 31: 131-139.

K L E E M A N N , K ., 1995 . A ss o c ia t io n s  o f  co r a l a n d  b o r in g  b iva lves: L izard  I s la n d  (G r ea t B arr ier R ee f, 

A u stra lia ) v e r su s  S a fa g a  (N  R ed  S ea ). -  B e iträ g e  zu r P a lä o n to lo g ie  20: 31-39.

K L E E M A N N , K ., 1996. B io c o r r o s io n  b y  b iv a lv e s. -  P S .Z .N .I . M ar in e E co lo g y  17: 145-158.

K L E E M A N N , K ., 2001 . T h e  p e c tin id  b iv a lv e  Pedum  spondyloideum  (G m e lin  1791): a m o u n t  o f  su r fa ce  an d  

v o lu m e  o c c u p ie d  in  h o s t  co ra ls  fro m  th e  R ed  S ea . -  P .S.Z .N .I. M a r in e  E co lo g y , 22: 111-133.

M O K A D Y , O ., B O N A R , D .B ., A R A Z I, G ., & Y. L O Y A , 1991. C ora l h o s t  s p e c if ic ity  in  s e t t le m e n t  a n d  m e ta 

m o r p h o s is  o f  th e  d a te  m u ss e l L ith ophaga  lessepsiana  (V aillant, 1865). -  J o u r n a l o f  E x p e r im e n ta l M a r in e  

B io lo g y  a n d  E c o lo g y  146: 2 0 5 -211 .

M O K A D Y , O ., A R A Z I, G ., B O N A R , D .B ., &  Y. L O Y A , 1992. S e t t le m e n t  a n d  m e ta m o r p h o s is  sp e c if ic ity  o f  

L ithophaga sim plex  Ired a le  (B iva lv ia : M y tilid a e) o n  R ed  S ea  corals. -  J o u r n a l o f  E x p e r im e n ta l M a r in e  

B io lo g y  a n d  E c o lo g y  162: 2 4 3 -251 .

M O K A D Y , O ., B O N A R , D .B ., A R A Z I, G ., & Y. L O Y A , 1993 . S p a w n in g  an d  d e v e lo p m e n t  o f  th r e e  co r a l-a sso 

c ia ted  L ith ophaga  s p e c ie s  in  th e  R ed  S ea . -  M a r in e  B io lo g y  115: 2 4 5 -2 5 2 .

M O K A D Y , O ., R O Z E N B L A T T , S ., G R A U R , D ., & Y. L O Y A , 1994. C o ra l-h o s t  s p e c if ic ity  o f  R ed  S ea  

Lithophaga  b iva lves: in te r sp e c if ic  a n d  in tra sp ec ific  v a r ia tio n  in  12S m ito c h o n d r ia l r ib o so m a l R N A . -  

M o lecu la r  M a r in e  B io lo g y  a n d  B io te c h n o lo g y  3: 158-164.

N IE L S E N , C ., 1986 . F au n a  a sso c ia ted  w ith  th e  cora l Porites from  P h u k et, T h a ila n d . (Part 1): B iva lves  w ith  d e s 

c r ip tio n  o f  a  n ew  sp e c ie s  o f  Gastrochaena. -  P h u k et M a r in e  B io lo g ica l C e n te r  R esea rch  B u lle tin  42: 1-24.

P H IL IP P I, R .A ., 1846-47. M odio la . In: A b b ild u n g e n  u n d  B e sc h r e ib u n g e n  n e u e r  o d e r  w e n ig  g e k a n n te r  

C o n c h y lie n  2: 147-150, p i. 1 (1 8 4 6 ) , 3: 19-22, p i. 2  (1847).

S C O T T , P J.B ., 1988 . D is tr ib u tio n , h ab ita t a n d  m o r p h o lo g y  o f  th e  C ar ib b ea n  cora l- an d  ro c k -b o r in g  b iva lve , 

L ith ophaga bisulcata  (d ’O r b ig n y ) (M ytilid ae: L ith o p h a g in a e ). -  J o u r n a l o f  M o llu sc a n  S tu d ie s  54: 83 -95 .

S O L IM A N , G .N ., 1969 . E c o lo g ic a l a s p e c ts  o f  s o m e  c o r a l-b o r in g  g a stro p o d s  a n d  b iv a lv e s  o f  th e  n o r th w e ste rn  

R e d  S ea . -  A m e r ic a n  Z o o lo g is t  9: 8 8 7 -894 .

V E R O N , J .E .N ., &  M . P I C H O N , 1980 . S c le ra c tin ia  o f  E a stern  A ustra lia . P art 3  -  A IM S  M o n o g r a p h  S er ies  
4: i-x ii, 1-459.

Z IB R O W IU S , H ., &  P.M. A R N A U D , 1995 . N e w  reco rd s  o f  m o llu s c s  (Leptoconchus, Lithophaga, Fungiacava) 

th a t b o r e  In d o -P a c ific  r e e f  co ra ls  an d  th e ir  in ter a ctio n s  w ith  th e ir  h o sts . -  B u lle t in  d u  M u s é u m  n a t io 

nal d ’H isto ir e  n a tu r e lle , Paris (4 ) 16 (A): 231-244.




