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ABSTRACT—A new species of polyclad flatworm from Papua New Guinea is described. It is found sym­
biotic in the ophiuroid Ophiothrix purpurea  von Martens, 1867 (Echinodermata: Ophiuroidea). Apparently 
it belongs to the taxon Discoplana  Bock, 1913 and can be distinguished from the six previously described 
Discoplana  species by its very short ejaculatory duct and a penial papilla covered with a penial sheath, 
but without any true sclerotised structures such as a stylet or spines. The cladistic analysis of the Disco­
plana/Euplana  species, based on morphological features and including two outgroups, reveals that all spe­
cies of Discoplana, except D. pacificola, form a monophyletic taxon, that is not a synonym of Euplana 
Girard, 1893. Therefore the name Discoplana  is conserved and the new species will be described as Dis­
coplana malagasensis  sp. nov. A key for the Discoplana/Euplana  group is provided. In this key the bio- 
geographical distribution and possible synonyms are given.
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INTRODUCTION

The paraphyletic taxon “Turbellaria” (see Ehlers, 1985) 
includes mainly free-living species and only few that live in 
association with other organisms (Jennings, 1971). Most of 
these associations remain unclear in nature (commensal- 
ism, mutualism or parasitism), and mostly involve an echi- 
noderm host (Jangoux, 1990; Jennings, 1997). Turbellarians 
symbiotic with echinoderms are found in four different taxa: 
Rhabdocoela (86 species), Acoela (8 species), Nemertoder­
matida (1 species) and Polycladida (4 species) (Jangoux, 
1990; Lundin and Hendelberg, 1995; Jondelius, 1996; 
Kozloff, 1997). Within the Polycladida, Ceratoplana colob-
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ocentroti Bock, 1925 and Discostylochus parcus  Bock, 1925 
live clung to the oral side of the test of sea-urchins, while 
Discoplana takewakii Kato, 1935 and Notoplana comes 
Cannon and Grygier, 1991 live in association with ophi- 
uroids, being found in the genital bursae of Ophioplocus 
japonicus  or on the oral side of the disc of Ophiocoma scol­
opendrina, respectively. Recently, a new symbiont attributed 
to the taxon Discoplana  has been reported to live in associ­
ation with Ophiothrix purpurea: it was found in the host disc, 
either in the coelomic cavity or bursal lumen (Deheyn eta!., 
1998). In the present contribution, we formally describe this 
species from Hansa Bay, northern east Papua New Guinea.

The monophyly of the taxon Discoplana  Bock, 1913 has 
been a matter of debate for a long time. The taxon was con­
sidered monophyletic by Prudhoe (1985, 1989) and Tajika 
et al. (1991), who recognised six species and distinguished 
them from the four species of the taxon Euplana  Girard, 
1893 by the fact that in the type species E. gracilis  the 
Lang’s vesicle is absent and the penial papilla is inconspic­
uous. However, in the other Euplana  species, a Lang’s ves-
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¡de may be present (E. clippertoni) and the penial papilla 
can be obvious (all species but the type species). Aware of 
these problems, Hyman (1939a, b, c, 1940a, b, 1953, 1954, 
1955, 1959) and Marcus (1947) considered Discoplana  a 
synonym of Euplana. Faubel (1983) did not consider Disco­
plana  monophyletic and brought the species in four different 
genera within two separate families. The relationships within 
the taxon Discoplana  were never assessed from a cladistic 
point of view, although an attempt was made by Tajika et al. 
(1991). In their “cladogram”, which was based on morpho­
logical features only, a group consisting of D. malayana 
(Laidlaw, 1903) and D. concolor (Meixner, 1907) forms the 
sister group of a group formed by the other four species. 
Although they consider the group formed by D. concolor and
D. malayana  monophyletic, Tajika et al. (1991) fail to pro­
vide a synapomorphy for these two species. The only fea­
ture they say is shared by the two species is the posteriorly 
directed vagina, a feature they explicitly state as the primi­
tive condition. The anteriorly directed vagina is considered 
the derived condition, and put forward as the apomorphy of 
the group formed by the four other species. Within this 
group, they propose two sister groups: one consisting of D. 
pacificola  (Plehn, 1896) and D. gigas  (Schmarda, 1859), the 
other one of D. longipenis  Kato, 1943 and D. takewakii Kato, 
1935. D. longipenis  and D. takewakii are considered sister 
species because in both the penis is “armed” , either with a 
stylet or with spines. This implies that Tajika et al. (1991) 
consider spines and stylet homologous to each other, a view 
highly doubtful by the different position and morphology of 
the structures involved. D. pacificola  and D. gigas were  con­
sidered sister species because the Lang’s vesicle is “spe­
cialized” , being enlarged or extending to both sides. Tajika 
et al. (1991) thus consider two different conditions of the 
Lang’s vesicle (enlarged and extending to both sides) as 
homologous. This, however, is again a rather doubtful deci­
sion, which they take without any justification. There is no 
reason whatsoever that these two conditions of the Lang’s 
vesicle should be considered as having the same origin and 
therefore they are better considered as separate character 
states in an analysis.

In this contribution we present a cladistic analysis of the 
Discoplana  and Euplana  species based on morphological 
features. With this we will try to assess whether the Disco­
plana  taxon is monophyletic and to reveal the phylogenetic 
relationships within the taxon. Finally, a key to the Disco- 
plana/Euplana  species is presented.

MATERIALS AND METHODS

C o lle c t io n  an d  o b s e rv a t io n
S pecim ens o f O ph io th rix  pu rpu rea  w ere  co llected  from  the 

cora l ree fs su rround ing  Laing Island (4°10 ’S, 144°52 ’E), H ansa Bay 
and D urang it Reef, P apua N ew  G uinea in Ju ly  1994 (D. Deheyn), 
1995 (D. D eheyn) and  1996 (G. D oignon). All spec im ens w ere  co l­
lected by S C U B A  d iv ing  be tw een 3 and 20 m deep and  transported  
to the K ing Léopold  III B io logica l S ta tion on La ing Is land in ind iv id ­
ual sea w a te r filled  z ip -lo ck  bags. There the co llected  oph iu ro ids

w ere  kep t a live  in open c ircu it m arine aquaria  fo r 1 to  24  hr until 
investigation.

U pon dissection, the oph iu ro ids  w ere  an aesthe tized  in a 3.5%  
w /w  M gC l2 seaw a te r so lu tion . If sym b io tic  po lyc lads w ere  found, 
they w ere  counted, photog raphed  and  m easured using m icrom etric 
paper, and afterw ards fixe d  and dehydra ted  (if app licab le). Some 
tu rbe lla rian  specim ens w ere  fixed w ith lactopheno l and whole 
m ounted. They w ere stud ied  w ith  a P olyvar R e ichert-Jung m icro­
scope using N om arski in te rfe rence con tras t. S pec im ens intended 
fo r light m icroscopica l section ing  w ere fixed in B ou in ’s flu id  fo r 24hr, 
then  dehydra ted  in g raded  concentra tions of e thano l, em bedded in 
parap last and sectioned in to  7 to 10 pm  th ick sections using a  Leica 
RM  2155 m icro tom e. S ections w ere sta ined fo llow ing  the hem ato- 
xy lin -eosin  sta in ing (G abe, 1968) and s tud ied  us ing a  Le itz Laborlux 
D light m icroscope. Fo r a m ore deta iled descrip tion , one  adu lt spec­
im en w as fixed w ith 3%  g lu ta ra ldehyde  in caco dy la te  bu ffe r (0.1 M, 
pH 7.8) fo r 3h r a t 4 “ C, rinsed in the bu ffer and then postfixed fo r 1 
h r w ith 1% osm ium  te trox ide  in the  sam e buffer. A fte r a final buffer 
w ash, it w as dehydra ted  in  g raded ethano l, em bedded  in S purr and 
sectioned  in to  0 .5 to 3 pm  sem i-th in  sections using a  Reichert 
O m U 2 u ltram icro tom e. S ec tion s  w ere  sta ined in a 1:1 solution of 
1% m ethylene blue/1 %  azure  II acco rd ing  to the procedure of 
R ichardson e t al. (1960), then  exam ined using a Leitz Laborlux D 
light m icroscope. Freehand draw ings w ere  m ade w ith  cam era 
lucida. Type m ateria l w ill be deposited in the  co llection  o f the 
R esearch G roup Z o o logy  o f the L im burgs U n ive rs ita ir Centrum 
(LUC ), D iepenbeek, Belg ium .

P h y lo g e n e t ic  a n a ly s is
In tota l, 13 species a re  included in the  ana lys is . A part from  the 

s ix  D iscoplana  species, th e  fou r Euplana  spe c ie s  recognised by 
Prudhoe (1985) and the new  spec ies  described  in th is  con tribution, 
tw o  m ore  species, N otop lana com es  C annon & G ryg ier, 1991 and 
S ty lochop lana aberrans  Kato, 1944 are included as ou tgroups. The 
ana lys is  is based on m orpho log ica l cha racte rs only. Due to  the lack 
o f good specim ens, o r lack  o f specim ens a ltoge ther, m ost in fo rm a­
tion  fo r cha racte r de lim ita tion  w as re trieved from  lite ra tu re  (Bock, 
1913; Cannon and G ryg ie r, 1991; D iesing, 1862; Faubel, 1983; 
H ym an, 1939a, b, c, 1940a, b, 1953, 1954, 1955, 1959; Kato, 1934, 
1935, 1943, 1944; La id law , 1902, 1903; M arcus, 1947; M eixner, 
1907; P lehn, 1896a, b; P rudhoe, 1985, 1989; S tum m er-T raunfe ls , 
1933; Ta jika  e t al., 1991).

The num ber and the loca liza tion o f oce lli are cha racte rs often 
used by au thors to d iscuss phylogeny w ith in  po lyc lads. In o u r phy­
logenetic  ana lys is , w e dec ided  to d iscard these  cha racte rs  because 
they can va ry  so m uch w ith in  one species th a t in te rspec ific  d iffe r­
ences m ay be m ore apparen t than real. To m ake use of these char­
acte rs, in traspecific  varia tion  should  be be tte r know n than it is pos­
sible w ith  the  m ateria l now  ava ilable. A fte r exam ination  o f the 
lite ra ture , 13 characte rs appeared  possib ly im po rtan t to  reveal the 
phy logenetic  re la tionsh ips o f the g roup under s tudy. These charac­
te rs  are d iscussed in de ta il in the append ix a t the  end o f th is  paper.

S om e tim es a fea tu re  show s im portan t va ria tion  in species 
w here  it is present, but is absen t in o ther species. In such cases we 
p re fe r to  code th is  w ith one characte r accounting  fo r the presence 
o f the fea tu re  and o th e r characte rs accounting fo r the  varia tion 
observed. S pecies lack ing the fea ture are then  coded inapplicable 
fo r tha t cha racte r (“- "  in the  m atrix, Table 1). Th is  is the so-called 
“ Inapplicab le  da ta  cod ing-m iss ing”  o f H aw kins (2000). A lthough this 
w ay o f cod ing  introduces som e logical de pend ency  betw een char­
acte rs, th is  w ill not lead to  p rob lem s of ove rw e igh ting  (W ilkinson, 
1995). A ll cha racte rs are cons idered  unordered and o f equal weight 
in itia lly. Tw o characte rs w ere parsim ony un in fo rm ative  (characters 
2  and 12). T h ey  are kep t in the analysis, how ever, as they are 
im portan t cha racte rs tha t could have a w ide r d is tribu tion  if more 
taxa  are added in fu tu re  ana lyses. Addition o f such characte rs may 
how ever in fla te  characte r fit m easures as e.g. the ensem ble cons is­
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ten cy  index (C l) (B rooks et al., 1986), and the re fo re  w e have ca l­
cu la ted  these  va lues om itting the pa rs im ony un in form ative 
characte rs. M iss ing data are scored w ith  a question  m ark. The data 
m a trix  can be found in Tab le  1.

T a b le  1. D atam atrix  showing the d is tribu tion  o f the  characte r 
s ta tes  fo r the th irteen characte rs and th irteen species. For 
ease o f reading, characte rs nrs. 1 and 10 are indicated.

1 1

0

N otop lana com es 1 0 0 0 0 1 0 1 1 1 1 1 1

S ty lochop lana aberrans 0 - 1 0 0 1 1 1 1 1 1 1 0

D iscoplana conco lo r 0 - 0 1 1 1 0 0 0 1 1 1 0

D iscoplana m a layana 0 - 0 1 1 1 0 1 0 1 1 1 0

D iscoplana pacifico la 0 - 0 0 0 1 1 1 0 1 0 1 0

D iscoplana g igas 0 - 1 1 0 1 2 1 0 1 0 1 0

D iscoplana m a lagasensis 1 1 1 1 0 1 0 0 0 0 0 1 0

D iscoplana takew akii 1 1 1 1 0 1 0 0 0 1 1 1 0

D iscop lana long ipen is 0 - 1 1 0 1 0 1 0 1 0 1 1

E uplana grac ilis 0 - 0 0 0 0 - 0 0 0 1 0 -

E up lana caro linensis 0 - 0 0 0 0 - 0 ? 0 1 1 0

E up lana c lipperton i 0 - 0 0 0 1 ? 0 0 1 0 1 1

E up lana hym anae 0 - 0 0 0 0 - 0 0 1 1 1 0

The data m a trix  was analysed in a pa rs im ony analys is  using 
P A U P * vers ion  4 .0b10 (Sw offord, 2001) on a  M acin tosh Power- 
Book G4 com puter. Because of the lim ited d im ens ions o f the  data 
m atrix, it was possib le  to use a b ranch-and -bound search m ethod. 
In terna l zero-length branches w ere co llapsed  using “A m b-”  option 
o f PAUP*. The analys is  was done using an ite ra tive  rew e ighting of 
the  characte rs (successive w e igh ting  o f Fa rris  (1969)) w ith the  unit 
resca led  cons is tency index (rc¡) (Farris, 1989) as m easure of 
hom oplasy. A lte rna tive ly , the m atrix w as a lso  ana lysed using 
G o lo b o ff’s  (1993) im plied w e igh ting  procedure. D raw back o f this 
m e thod is the  sub jective cho ice  of the  concav ity  constan t k, fo r 
w hich we chose all va lues from  tw o to  ten. The use o f too  low  k- 
va lue s  (<2) is s trong ly opposed to by G o lobo ff (1995) as they 
dow nw e igh t the hom oplastic  cha racte rs too strong ly ; use of too high 
k-va lues g ives the sam e results as an equally w e igh ted  analysis.

C haracte r sta tes w ere po la rised by rooting the  trees us ing ou t­
g roups (N otop lana com es  and S ty lochop lana aberrans). A ll a n a ly ­
ses  w ere  run pre ferring reversals o ve r pa ra lle lism s w hen the re  is 
am b igu ity  in the  da ta-m atrix  (AC C TR AN  option in PAUP*).

T o  estim ate  the  re la tive degree of support fo r each node, 
B rem er va lues (so-ca lled decay-ind ices) are ca lcu la ted  (Brem er, 
1988, 1994). These va lues are the d iffe rences in length betw een 
th e  m ost pa rs im on ious tree and trees resu lting  from  a constra in t 
an a lys is  using the c lade  under considera tion  as a  reversed con­
stra in t. To genera te  the constra in t trees the  freew are  A utoD ecay 
ve rs ion  4 .0 (E riksson, 1998) was used. C ladogram s w ith the 
B rem er support va lues indicated on the respective  c lades can a fte r­
w ards be v isua lised in the com pute r program  Treev iew  version
1.6.5 (Page, 2000). To rescale the B rem er sup po rt va lues o f the 
c ladogram s ob ta ined w ith success ive  w e igh ting  the  facto r s j s  w as 
used, w ith  sw the  length o f the tree under success ive  w e igh ting  and 
s the  leng th o f the sam e c ladogram  supposing  w e igh ts  o f one, as 
w as  advocated  by B rem er (1994).

SYSTEMATICS 

D iscop lana m alagasensis  sp. nov. 
Material examined

Holotype: One sagitally sectioned specimen (3.6 mm 
long) (LUC nr. 215). Laing Island western reef (4C10’30”S, 
144°52’47”E), Hansa Bay, Bismarck Sea, Papua New 
Guinea (14 vii. 1994, coll. D. Deheyn). Subtidal, found in the 
genital bursae of the ophiuroid Ophiothrix purpurea.

Paratypes: A whole mounted specimen (LUC nr. 216). 
Laing Island western reef (4°10’30”S, 144°52’47”E), Hansa 
Bay, Bismarck Sea, Papua New Guinea (14 vii. 1994, coli.
D. Deheyn). One transversal^ sectioned specimen (LUC. 
nr. 217). Laing Island eastern reef (4°10’30”S, 144°52’47”E), 
Hansa Bay, Bismarck Sea, Papua New Guinea (vii. 1996, 
coll. G. Doignon). One animal conserved in ethanol (LUC nr. 
218). Laing Island northern reef (4°10’30”S, 144°52’47”E), 
Hansa Bay, Bismarck Sea, Papua New Guinea (vii. 1996, 
coll. G. Doignon). All subtidal, found in the genital bursae of 
the ophiuroid Ophiothrix purpurea.

Other material: Observations and measurements on 
live specimens.

Description
Habitus: Body flat, grossly ovoid and with a blunt pos­

terior end (Fig. 1). Body margins slightly frilled. Creamy 
white to pale yellow in colour. Both ventral and dorsal body 
sides ciliated. Ventral epidermis opaque, dorsal epidermis 
semi-transparent, with pale brown digestive tract, whitish 
ovaries and numerous dark ocelli shining through. No tenta­
cles. Size of living animals; 0.5 to 18.0 mm long, 0.4 to 4.0 
mm broad.

F ig . 1. D iscoplana m a lagasens is  sp. nov. Live adu lt specim en 
(dorsal view ). Scale bar: 1 mm.

Body wall: Epidermis, about 20 pm thick, with a well- 
developed basal lamina. Epithelium cellular, with numerous 
rhabdites and gland cells. Underneath basal lamina lying 
several thick muscle layers: an outer circular and an inner 
longitudinal layer, with a diagonal muscle layer between 
them.

Nervous system: Small (ca 70 pm long) and bilobed
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brain located antero-dorsally to pharynx, in anterior sixth parenchymal cells. Ocelli located in parenchyma close to
part of body (Fig. 2A). One main nervous tract extends pos- brain, clustered in two tentacular and two cerebral groups
teriorly from each lobe and radiates ventrally between (tentacular ocelli located forward from brain, cerebral ocelli

Oc

Ph

M I

ED
VD

M A
DB VEf-

MGo

VM
Ov

SG

LV

VE FGo

F ig . 2 . D iscoplana m a lagasensis  sp. nov. (A) S chem atic  d raw ing  of the  d igestive  system  (para type 2). (B) S chem atic  draw ing  of the  repro­
ductive  system  (para type  2). V agina in te rna  and vag in a  m ed ia  a re  connected to  each other, w hich is not obvious on the draw ing  as it is seen 
from  above. B, bra in; DB, digestive branch; DD, d igestive  d iverticu lum ; ED, e jacu la tory duct; FGo, fem ale gonopore; LV, Lang ’s  vesic le; M, 
m outh; M A, m a le an trum ; MGo, m ale gonopore ; M l, m edium  in testine; O, ovary; Oc, oce lli; Ov, ov iduct; Ph, pharynx; SG , she ll g lands and their 
secretions; UB, uterine branch; VD, vas deferens; VE, vag ina externa; VEf, vas efferens; VI, vag ina interna; VM , vag ina media (= she ll chamber).

POST ANT

MGo

F ig . 3. D iscop lana m a lagasensis  sp. nov. R econstruction o f the fem ale reproductive system  (ho lo type). DEp, do rsa l ep iderm is; FGo, fem ale 
gonopore ; LV, Lang ’s  vesic le ; M Go, m a le gonopore; SG, she ll g lands and the ir secretions; UB, u te rine branch; VE, vag ina  exte rna ; V Ep, ven­
tra l ep iderm is; VI, vag in a  interna; VM, vag in a  m ed ia  (=  she ll cham ber).
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laying on its sides). Exact localization and number of ocelli 
vary between individuals (from 4 to 8 and from 5 to 8 per 
group for tentacular and cerebral ocelli, respectively) and 
from left to right. Marginal ocelli absent.

Digestive tract. Mouth located at 1/5 of body length, 
leading into a narrow pharyngeal chamber situated centrally 
in body, just behind brain (Fig. 2A). Pharynx small and mus­
cular, cylindrical, with its internal epithelium ruffled. Medium 
intestine about 1/6 of body length, extending medio-dorsally, 
with seven pairs of lateral branches: three anterior to the 
mouth and four caudally from it (caudally of the male gono­
pore). Proximally, the lateral branches anastomose; distally, 
each of them splits up into numerous digestive diverticula.

Reproductive system: Male and female gonopores situ­
ated ventrally, posterior to the pharynx (Fig. 2B) and sepa­
rated from each other by a distance of 1/3 of body length. 
Female gonopore situated posteriorly to male gonopore, at 
about 5/6 of body length (Figs 2B and 3). Vagina well devel­
oped, extending forward from female gonopore and divided 
into three easily discernible parts. Vagina externa (the 
“antrum feminimum” of Prudhoe (1985)) very short, moder­
ately ciliated with long cilia about twice the length of those 
of the epidermis. Vagina media (also called “shell chamber” 
or “cement duct” by Prudhoe (1985)) highly ciliated with very 
long cilia. Shell glands discharge their droplet-like coarse­
grained eosinophilic secretions in this part of vagina and 
over whole of its length. These glands fill up the entire mid­
dle half of body. Proximal part of vagina media makes a 
180° turn at level of male gonopore. Vagina interna just

VD

VD VEf

MB

ED

BG

M A I ANTPOSTI

F ig . 4 . D iscoplana m a lagasens is  sp . nov. R econstruction o f the 
m a le reproductive system  (holotype). O n ly  one vas efferens shown. 
BG, basoph ilic  g lands; ED, e jacu la to ry  duct; MA, m a le  antrum ; MB, 
m usc le  bulb; MGo, m a le gonopore; PP, pen ia l papilla ; PS, penial 
sheath ; VD, vas deferens; VEf, vas efferens; VEp, ven tra l epiderm is.

proximally from this turn. It is moderately ciliated with long 
cilia. Proximally it splits into three ducts: two lateral uterine 
branches ventrally and one long Lang’s vesicle dorsally. 
Lang’s vesicle very long and narrow distally, with a swollen, 
bulbous proximal end. Ovaries extend at both sides of body 
from anterior to the caudal end. They are divided into a large 
anterior and a smaller posterior part from each of which a 
short oviduct departs. Both oviducts distally join to form uter­
ine branch. Latter from left and right do not fuse before 
entering vagina interna.

Male gonopore situated at about half of body length 
(Fig. 2B), and opens into a narrow and short (less than 50 
pm long) male antrum. A distinct penial papilla, which is a 
protrusion of the ejaculatory duct, at proximal end of male 
antrum. Penial papilla conical, attached to distal end of ejac­
ulatory duct proper by strong longitudinal muscles (Fig. 4). 
Entire surface of penial papilla and proximal half of male 
antrum covered by a thick penial sheath (Figs 4 and 5). 
Penial stylet or penial spines lacking. No real prostate 
organ, but numerous eosinophilic glands around male 
antrum, penial papilla and ejaculatory duct. Additionally, a 
small bundle of basophilic glands enters the most distal part 
of the ejaculatory duct, near opening of penial papilla. Distal 
part of ejaculatory duct very narrow and surrounded by inner 
longitudinal and outer circular muscles, and proximally bifur­
cates into two vasa deferentia. This bifurcation surrounded 
by a sphincter. Each vas deferens splits into three vasa 
efferentia. Latter proximally surrounded by strong circular 
muscles and lead to the thin-walled testes, which are scat-

F ig . 5 . D iscop lana  m a lagasensis  sp. nov. P hotom icrograph of the 
m a le  antrum , show ing  the pen ia l pap illa  and the  pseudo-cuticu la r- 
ized pen ia l sheath  (holotype). S ca le  bar: 25 pm.
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tered over the entire body length.

Diagnosis
Discoplana malagasensis  sp. nov. Discoplana  species 

with male and female gonopores far from each other. With­
out real seminal vesicle. With a very short ejaculatory duct. 
Penial papilla covered by a thick penial sheath, without 
penial stylet or penial spines. Vagina extending anteriorly to 
the female gonopore. Without common uterine duct. Lang’s 
vesicle bulbous.

Etymology
Named after the aboriginal name of the type locality 

Laing Island (Malagasa in Pidgin).

Remarks
58 out of 198 ophiuroids dissected were infested by tur-

bellarians. A total of 116 symbionts were found, all of them 
in the genital bursae of their hosts. During dissection of the 
host, the worms were able to glide out of the ophiuroid bur­
sal slits in a few seconds. The symbiont always stayed pref­
erentially in contact with the host and no specimen has ever 
been found free-living, neither in the field nor in the aquar­
ium. D. malagasensis  shows a strong negative phototropism.

Discoplana malagasensis  can be distinguished from 
related species by its very short ejaculatory duct and a 
penial papilla covered with a penial sheath, but without any 
true sclerotised structures such as a stylet or spines. This 
last character permits to distinguish it from D. takewakii, the 
only other species of the group associated with an ophiuroid 
but whose penial papilla is armed with spines. Moreover, the 
adults of D. takewakii are in average smaller than those of 
D. malagasensis. The ophiuroid host is also different for the 
two species, Ophiothrix purpurea  for D. malagasensis, Ophi-
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oplocus japonicus lo t D. takewakii. The key presented at the 
end of the paper details all the morphological differences 
between D. malagasensis  and the other Discoplana  species.

PHYLOGENETIC ANALYSIS

The analysis of the data matrix giving equal weights to 
the characters (weight of 1) results in 54 equally parsimoni­
ous cladograms of length 25 (Cl=0,52; Rl=0,62; RC=0,32). 
Three rounds of successive weighting using rc¡ as a mea­
sure of homoplasy yielded two trees with a weighted length 
of 11,35 (Cl=0,75; Rl=0,83; RC=0,62) (Fig. 6). One of them 
could not be rooted using both N. comes  and S. aberrans 
as outgroups, because of a sistergroup relationship between
S. aberrans and D. pacificola  in this tree. Therefore all trees 
were rooted using only N. comes  as outgroup. In the other, 
N. comes  and S. aberrans  do have a basal position.

Implied weighting was performed with k values ranging 
from two to ten. In each case, the same three trees were 
retrieved, one of which was always equal to the strict con­
sensus of the other two (Fig. 7). These two trees have fits

ranging between -9,14286 (for k=2) to -10,15476 (for k=10) 
and are identical to two of the trees found in the analysis 
with equal weights. In both trees, S. aberrans falls within the 
ingroup, and therefore these trees could be rooted only with 
N. comes.

DISCUSSION

The fact that none of the cladograms obtained from the 
analyses can be rooted using both outgroup species clearly 
shows that the monophyly of the ingroup {Disco­
plana-^ Euplana) cannot be assigned. However, a well sup­
ported monophyletic group consisting of E. hymanae , E. 
gracilis  and E. carolinensis (called the Euplana-clade in the 
rest of the discussion) is found, among them E. gracilis  and
E. carolinensis  are sister species. Another well-supported 
clade retrieved in all the analyses is formed by the Disco­
plana  species, with exclusion of D. pacificola  (the Disco- 
plana-c lade). Within this clade, D. concolor and D. malayana 
always form a sistergroup relationship, a clade also found in 
the cladogram of Tajika et al. (1991).
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the Discoplana-clade, but afterwards is lost [1(0)] in the 
clade consisting of D. longipenis  and D. gigas. D. malagas­
ensis  is the sisterspecies of the monophyletic clade formed 
by these two species. The loss of the seminal vesicle [11(0)] 
is the synapomorphy of D. gigas, D. longipenis  and D. mal­
agasensis. In the cladograms obtained by implied weighting, 
endosymbiosis [1(1)] is a synapomorphy for a clade consist­
ing of D. malagasensis  and D. takewakii, and the sister­
group relationship between D. longipenis  and D. gigas  is 
lost.

The presence of a seminal vesicle and its form are con­
sidered important characters by many authors and they are 
used for example by Prudhoe (1985) to distinguish taxa 
within the Leptoplanidae. We have carefully checked all 
descriptions of Discoplana  and Euplana species and it 
appearsthat different authors used the terms “seminal vesi­
cle” and “ejaculatory duct” in different ways. Sometimes it 
was used to denote the somewhat swollen bifurcation of the
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----------------------------------------------------------------------------  E u p la n a  c lip p e r to n i

F ig . 8 . S trict consensus c ladogram  o f the  tw o  c ladogram s ob ta ined by a  success ive  w e igh ting  analys is , om itting the p resence /absence of the
sem ina l vesic le as a  cha racte r. The b lack  square  ind ica tes the orig in o f sym biosis .

Choice of weighting scheme mainly influences the posi­
tion of the taxa that are found at the base of the cladogram:
E. clippertoni, D. pacificola  and S. aberrans. This also 
influences the distribution of the character states on the 
respective cladograms. In the cladograms resulting from 
successive weighting (Fig. 6), the Euplana-clade is charac­
terised by the absence of a Lang’s vesicle [6(0)], whereas 
the Discoplana-clade is characterised by a very long vagina 
[4(1)], which is directed posteriorly [5(1)] in D. concolor  and 
D. malayana, a synapomorphy of both species. The other 
four species in the Discoplana-c\ad¡e have the gonopores far 
from each other [3(1)]. In the cladograms resulting from the 
implied weighting analyses (Fig. 7), a second synapomor­
phy of the Euplana-clade is the absence of a common uter­
ine duct [8(0)].

An important difference between both weighting 
schemes is that in the successive weighting analysis the 
endosymbiosis with ophiuroids has originated once [1(1)] in
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ejaculatory duct into both vasa deferentia, in other cases it 
was used to denote some more or less swollen areas of the 
ejaculatory duct. In our definition, a seminal vesicle is a 
defined permanent organ where sperm are stored before 
copulation and is in fact a specialized area of the ejaculatory 
duct. Therefore, some species coded as lacking a seminal 
vesicle in our analysis were sometimes described as having 
such a vesicle in older literature. Due to this confusing ter­

minology, absence or presence of a seminal vesicle is often 
difficult to assess, especially from literature. Therefore we 
decided to reanalyse the matrix using the successive 
weighting procedure but omitting the seminal vesicle as a 
character. In the resulting two cladograms, the strict 
consensus of which is shown in Fig. 8, endosymbiosis is a 
synapomorphy for a monophyletic clade consisting of D. 
malagasensis and D. takewakii. The relationships between
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F ig . 9 . O ne o f the  m ost pa rs im on ious c ladogram s resu lting from  the  pa rs im ony an a lys is  using successive w e igh ting  o f cha rac te rs  w ith the 
geograph ica l d is tribu tion  indicated.
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this clade, D. longipenis  and D. gigas  remain unresolved. In 
other words, omitting of the doubtful character concerning 
the possible presence of the seminal vesicle cancels the dif­
ferences between the different weighting procedures for 
what these four taxa are concerned. A more comprehensive 
research is needed to reveal the relationships between the 
different species, but our data suggest a sistergroup rela­
tionship between the two endosymbiotic species, both 
infesting ophiuroids and occupying the same anatomical 
compartment in their host (i.e. the genital bursae).

The taxonomical position of D. pacificola  and E. clipper­
toni remains unclear. According to our data they do not 
belong to a monophyletic Discoplana  and Euplana  respec­
tively. Some results even suggest a close relationship 
between D. pacificola  and S. aberrans. Regarding E. clip­
pertoni, the discussion made by Hyman (1939b) could refer 
to an immature specimen (see Prudhoe, 1985). More mate­
rial is certainly required for a good discussion of that spe­
cies. For the time being we refrain from any name changes 
regarding these species, because more research is surely 
needed, especially including more species of the taxon Sty­
lochoplana  and including more characters.

If the distribution of the species (detailed in the key pre­
sented hereafter) is plotted on the results of the cladistic 
analysis, a West Pacific origin of the Discoplana/Euplana 
group is apparent (Fig. 9). In this area still four species 
occur (D. gigas, D. longipenis, D. malagasensis  and D. take­
wakii), as are the outgroup taxa (S. aberrans, N. comes). 
The Euplana-clade seems to result from an invasion into the 
Atlantic Ocean of a common ancestor that lost the Lang’s 
vesicle. E. gracilis  also occurs in the Western Pacific, but 
apparently this is a secondary distribution in that area. The 
Indian Ocean apparently has been invaded twice in the 
history of the group, once by the common ancestor of D. 
concolor and D. malayana, both species with the vagina ori­
entated posteriorly, and a second time by D. gigas, which 
also still occurs in the Western Pacific. Only two species 
occur in the East Pacific. E. clippertoni is known from Clip- 
perton Island and D. pacificola  from the American West 
Coast. Judging from our cladograms, they have reached this 
distribution separately. However, because the phylogenetic 
position of both species is far from certain, this conclusion 
must be confirmed by future studies. Tajika et al. (1991) 
came also to the conclusion that the taxon Discoplana  has 
an Indo-West Pacific origin rather than an Eastern Pacific 
one and their theory, based on the hypothetical evolutionary 
importance of the orientation of the vagina only, is confirmed 
by our findings.

Emended diagnosis o f Discoplana  (D. pacificola  not 
included): Leptoplanidae without tentacles. With male and 
female gonopores separated, close or far from each other. 
Without real prostate organ. With distinct and muscular 
penial papilla, with or without a true stylet. Vagina long, 
extending anteriorly or posteriorly from the female gono­
pore. Without vaginal bursa or ductus vaginalis. Lang’s ves­
icle present, proximally bulbous or extending to both sides

(anchor-shaped), without external aperture. Free-living or 
symbiotic in ophiuroids, relatively large oval forms.

Emended diagnosis of Euplana (E. clippertoni not 
included): Leptoplanidae without tentacles. Male and female 
gonopores separated and close to each other. Without real 
prostate organ. Distinct seminal vesicle present. With a 
short vagina extending anteriorly from the female gonopore. 
Common uterine duct absent. Vaginal bursa or ductus vag­
inalis absent. Lang’s vesicle absent. Free-living, relatively 
small elongate forms.

Key to the Discoplana/Euplana species

1 Lang's vesicle absent............................................................. 2
Lang’s vesicle present............................................................4

2 Penial papilla present............................................................. 3
Penial papilla absent.............................................E. gracilis

Synonymy: Prosthiostomum gracile  Girard, 1850 
Conjuguterus parvus  Pearse, 1938 

Note: Up to 10 mm long.
Distribution: Atlantic Ocean and Western Pacific Area. 
USA: Woods Hole, Boston Harbour, Massachusetts 
(Girard, 1850; Hyman, 1939a), Florida, North Carolina 
and Prince Edward Island (Pearse, 1938; Pearse and 
Littler, 1938; Pearse and Walker, 1939; Hyman, 1940a, 
b), Maryland (Christensen, 1971); Australia: Victoria 
(Prudhoe, 1982).

3 Ejaculatoiy duct very short, elongate pharynx E. caro­
linensis

Synonymy: Leptoplana angusta  Pearse & Littler, 1938 
Note: Up to 5 mm long.
Distribution: Atlantic Ocean. USA: Beaufort, Bogue 
Sound, North Carolina (Pearse and Littler, 1938; 
Hyman, 1939c).

Ejaculatory duct longer, compressed pharynx E.
hymanae 

Note: Up to 8,5 mm long.
Distribution: Atlantic Ocean. Brazil: llha das Palmas, 
Santos Bay (Marcus, 1947).

4 Vagina extends posterior to the female gonopore 5
Vagina extends forward from the female gonopore 6

5 Common uterine duct absent.......................... D. concolor
Synonymy: Leptoplana concolor Meixner, 1907

Euplana concolor (Meixner, 1907) Hyman, 
1954
Euplanoida concolor {Meixner, 1907) Faubel, 
1983

Note: Up to 16 mm long.
Distribution: Indian Ocean. Djibouti: “lies Musha” , Gulf 
of Tadjourrah (Meixner, 1907).

Common uterine duct present....................... D. malayana
Synonymy: Leptoplana malayana  Laidlaw, 1903

Euplana malayana  (Laidlaw, 1903) Hyman, 
1939a
Euplanoida malayana  (Laidlaw, 1903) 
Faubel, 1983
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Note: Up to 35 mm long.
Distribution: Indian Ocean. Indonesia: Pulau Bidan, 
Penang, Straits of Malacca (Laidlaw, 1903).

6 Common uterine duct absent................................................7
Common uterine duct present...............................................9

7 Symbiotic in ophiuroids, long vagina................................... 8
Free-living, penial papilla armed with a
true stylet, short vagina................................E. c lip p e rto n i

Note: Up to 17 mm long.
Distribution: Eastern Pacific Area. Clipperton Island 
(Hyman, 1939b).

8 Penial papilla armed with a penial sheath........................ D.
m alagasensis

Note: symbiotic of ophiuroid Ophiothrix purpurea. Up to 
18 mm long.
Distribution: Western Pacific Area. Papua New Guinea: 
Laing Island, Hansa Bay (Deheyn et al. 1998, present 
contribution). In ophiuroid genital bursae.

Penial papilla armed with spines................... D. takew akii
Synonymy: Euplana takewakii (Kato, 1935) Hyman, 

1953
Euilyoida takewakii (Kato, 1935) Faubel, 
1983

Note: symbiotic of ophiuroid Ophioplocus japonicus. Up 
to 11 mm long.
Distribution: Western Pacific Area. Japan: Susaki near 
Shimoda, Misaki, Seto, Kii (Kato, 1935, 1944). In ophi­
uroid genital bursae.

9 Penial papilla devoid of sclerotic structures..................... 10
Penial papilla armed with a true stylet............................. D.
long ipen is

Synonymy: Euplana longipenis  (Kato, 1943) Hyman, 
1953
Aprostatum longipenis  (Kato, 1943) Faubel, 
1983

Note: Up to 16 mm long.
Distribution: Western Pacific Area. Palao Islands: Ngat- 
mel (Kato 1943, 1944).

10 Lang’s vesicle enlarged..................................D. p a c ifico la
Synonymy: Leptoplana pacificola  Plehn, 1896

Euplana pacificola  (Plehn, 1896) Hyman, 
1953
Euplanoida pacificola  (Plehn, 1896) Faubel, 
1983

Note: Up to 22 mm long.
Distribution: Eastern Pacific Area. Chile: Valparaiso 
(from the bottom of a boat) (Plehn, 1896a); Peru (Plehn, 
1896a); Mexico: Guaymas, Lower California (Hyman, 
1953).

Lang’s vesicle extending to both sides................D. g igas
Synonymy: Leptoplana gigas  Schmarda, 1859

Centrostomum gigas  (Schmarda, 1859) 
Diesing, 1862
Leptoplana subviridis  Plehn, 1896 
Leptoplana pardalis  Laidlaw, 1902 
Discoplana subviridis  (Plehn, 1896) Bock,

1913
Susakia badiomaculata  Kato, 1934 
Euplana gigas  (Schmarda, 1859) Hyman, 
1955
Ilyella gigas  (Schmarda, 1859) Faubel, 1983 
Euplanoida pardalis  (Laidlaw, 1902) Faubel, 
1983

Note: Up to 65 mm long. Wide range of colour variation. 
Distribution: Western Pacific Area and Indian Ocean. 
Djibouti: “Récif de la Clochetterie” , near Obock (Meix­
ner, 1907); Laccadive Islands (Laidlaw, 1902); Maldive 
Islands: Goidu, Goifurfehendu, Minikoi (Laidlaw, 1902); 
Sri Lanka: Trincomalee, Bellingham (Schmarda, 1859); 
Indonesia: Ambon, Moluccas (Plehn, 1896b; Bock, 
1925b); Indonesia: Timor (Bock, 1913); Japan: Susaki 
near Shimoda, Izu (Kato, 1934, 1944); Bonin Island 
(Bock, 1925a); Gilbert Islands: Onotoa Atoll (Bock, 
1925a; Hyman, 1955); Tuvalu: Funafuti Islands (Laid­
law, 1903); Fiji: Viti Levu (Tajika et al., 1991); also 
reported in Pacific Ocean: Caroline Islands: Kapin- 
gamarangi, Palao Islands and Guam (Hyman, 1955, 
1959; Tajika et al., 1991).
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APPENDIX

C haracters  used in the analysis:
1. Sym biotic: 0, no; 1, yes.
2. Location in the host: 0, ectosym bio tic ; 1, endosym b io tic . S pecies tha t are ec tosym b io tic  a re  located at the  ora l s ide  o f the  d isc of the 

oph iu ro id . Endosym biotic  spec ies  are found in the gen ita l bursae.
3. G onopores: 0, close to  each o ther; 1, fa r from  each other. Th is  is proportiona l to  the leng th of the  an im al. C lose m eans they are very

ne a r to  each other, i.e. less than 5%  of the body leng th  apart. Far m eans tha t they are m uch fu rthe r apart than this.
4. Vagina: 0, short; 1, long. Th is  is a lso taken proportiona l to  the overa ll leng th o f the an im al.
5. O rienta tion of the vagina: 0, an terior; 1, poste rio r. In som e species the vag in a  starts running an teriorly , ending o r tu rn ing posteriorly

a fte r a while. In o ther species it s ta rts  runn ing poste rio rly  im m ediate ly.
6. Lang ’s  vesic le : 0, absent; 1, present. If a  La ng ’s  ves ic le  is absent, the  vag in a  prox im a lly  s tarts w here  the  tw o ute rine  ducts jo in  each 

other.
7. Shape of Lang’s ves ic le : 0, bu lbous; 1, en la rged; 2, ex tending to  both s ides. The Lang ’s  ves ic le  can take  d iffe ren t shapes. It can be 

long and narrow  d is ta lly  w ith a bu lbous prox im a l sw e lling  (“bu lbous”), sw ollen over all o f its length (“en la rged”) o r na rrow  w ith  tw o very long 
s idew a y  sw e llings proxim ally, g iv ing  it the shape of an anchor (“ex tending to both s ides” ).

8. Com m on ute rine duct: 0, absent; 1, present. Both u terine ducts can un ite in to  one duct be fore en tering the vag ina. Th is  is the com m on 
u te rine  duct. In o th e r species, the u terine ducts en te r the vag ina  separate ly.

9. P rosta te vesic le : 0, absent; 1, present. T a xa  coded absent can have som e ve ry  sm a ll, inconsp icuous g lands at the  d ista l end of the 
e jacu la to ry  duct. These do how ever in no w ay resem ble o f a  real p rosta te  ves ic le  as it is know n in m any o th e r Polyclads.

10. E jacu la to ry duct: 0, ve ry  short; 1, longer. T o  avo id  te rm ino log ica l prob lem s, w e w ill call the  duct tha t ex tends prox im a lly  from  the 
ju nc tio n  o f the vasa  de feren tia  tow a rds the m a le an trum  as e jacu la tory duct. W ith a  sho rt e jacu la to ry  duct we m ean tha t p rox im a lly  from  the 
v e ry  m uscu la r penial area, the e jacu la to ry  duct a lm o s t im m edia te ly  sp lits  in to  the  tw o  vasa  de feren tia . If it is ex tend ing  w e ll beyond the penial 
area  it is coded as be ing longer.

11. Sem ina l vesic le: 0, absent; 1, present. W ith  sem ina l vesic le  w e mean a c lear and obvious pe rm anent prox im a l sw e lling  o f the e jac­
u la to ry  duct in w hich sperm  is stored.

12. Penial papilla : 0, absent; 1, present. The pen ia l pap illa  is an obvious and pe rm anent ve ry  m uscu la r p ro trus ion  o f the  e jacu la to ry  duct 
in the  m a le antrum . It can be lined w ith  a  th in  sc le ro tic  laye r (penia l sheath). In these  cases m ostly the  prox im a l pa rt o f the  m ale antrum  is 
a lso  covered w ith such a thin layer.

13. S tylet: 0, absent; 1, present.
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