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aáí= ÇçÅíçê~~íëéêçÉÑëÅÜêáÑí= ïÉêÇ= Ñáå~åÅáÉÉä= ÖÉëíÉìåÇ= Çççê= ÜÉí= fåëíáíììí= îççê= ÇÉ
^~åãçÉÇáÖáåÖ= î~å= fååçî~íáÉ= Çççê= tÉíÉåëÅÜ~é= Éå= qÉÅÜåçäçÖáÉ= áå= sä~~åÇÉêÉå
EftqJsä~~åÇÉêÉåFK

qÜáë=mÜa=ï~ë=ëìééçêíÉÇ=Äó=íÜÉ=fåëíáíìíÉ=Ñçê=íÜÉ=mêçãçíáçå=çÑ=fååçî~íáçå=íÜêçìÖÜ
pÅáÉåÅÉ=~åÇ=qÉÅÜåçäçÖó=áå=cä~åÇÉêë=EftqJsä~~åÇÉêÉåFK
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Acrorhynchides robustus
Arrawaria inexpectata
Polycystis naegelii
Phonorhynchus helgolandicus
Phonorhynchus helgolandicus *
Mesorhynchus terminostylus
Stradorhynchus terminalis
Gyratrix hermaphroditus
Gyratrix hermaphroditus *
Zonorhynchus seminascatus
Karkinorhynchus bruneti
Diascorhynchus rubrus
Proschizorhynchus triductibus
Thylacorhynchus ambronensis
Schizochilus caecus
Schizochilus choriurus
Schizochilus marcusi
Schizorhynchoides caniculatus
Cheliplana cf orthocirra
Astrotorhynchus bifidus
Promesostoma justinei §
Trigonostomum penicillatum
Maehrenthalia agilis
Styloplanella strongylostomoides
Litucivis serpens
Proxenetes flabellifer
Proxenetes puccinellicola
Proxenetes quadrispinosus
Proxenetes simplex
Proxenetes trigonus
Ptychopera plebeia
Ptychopera westbladi
Trigonostomum denhartogi
Gaziella spec.
Castrada lanceola
Castrada luteola
Castrada spec.
Castrada viridis
Mesocastrada spec.
Olisthanella truncula
Phaenocora unipunctata
Bothromesostoma personatum
Mesostoma lingua *
Bothromesostoma spec.
Mesostoma lingua
Mesostoma thamagai
Strongylostoma elongatum
Castrella truncata
Microdalyellia rossi
Temnocephala spec. 1
Temnocephala spec. 2
Einarella argillophyla §
Einarella argillophyla
Trisaccopharynx westbladi §
Anoplodium stichopi
Provortex balticus
Provortex tubiferus
Graffilla buccinicola
Pterastericola australis
Mariplanella frisia
Archimonocelis crucifera
Archimonocelis staresoi
Archimonocelis oostendensis
Archiloa rivularis
Monocelis lineata
Pseudomonocelis ophiocephala
Pseudomonocelis ophiocephala §
Archotoplana holotricha
Paratoplana renatae
Otoplana spec.
Calviria solaris
Cirrifera sopottehlersae
Coelogynopora gynocotyla
Coelogynopora axi
Nematoplana coelogynoporoides
Polystyliphora novaehollandiae
Ciliopharyngiella constricta
Ciliopharyngiella constricta §
Aspidogaster conchicola
Multicotyle purvisi
Echinostoma caproni
Fasciola gigantica
Fasciola hepatica
Caryophyllaeides ergensi
Diphyllobothrium stemmacephalum
Dasyrhynchus pillersi
Phyllobothrium lactuca
Echinococcus granulosus
Troglocephalus rhinobatidis
Gyrodactylus rhodei
Udonella caligorum
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Bothrioplana semperi
Geocentrophora baltica 2
Geocentrophora baltica 1
Geocentrophora spec.
Geocentrophora wagini
Geocentrophora sphyrocephala
Haplopharynx rostratus
Paromalostomum fusculum

OUTGROUPS
(Lecithoepitheliata and
Macrostomida)
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qÜÉ=ëáåÖäÉ=NMIMMMIMMM=ÖÉåÉê~íáçåë=êìå=Eq~ÄK=RW=åçK=sfF=ÅçåîÉêÖÉÇ=~ÑíÉê=~=ëáãáä~ê
åìãÄÉê=çÑ=ÖÉåÉê~íáçåë=áå=Åçãé~êáëçå=íç=êìåë=fI=ffI=fs=~åÇ=sK

qÜÉ= äáâÉäáÜççÇ= î~äìÉë= ~êçìåÇ= ïÜáÅÜ= íÜÉ= äåJäáâÉäáÜççÇ= ÅìêîÉ= çëÅáää~íÉÇ= ~ÑíÉê
êÉ~ÅÜáåÖ= ëí~Äáäáíó= ~êÉ= ÖáîÉå= áå= q~ÄK= RK= _çíÜ= êÉëìäíáåÖ= ÅçåëÉåëìë= íêÉÉë= EçåÉ= Ñçê
êìåë=fI=ffI=fs=~åÇ=s=~åÇ=çåÉ=Ñçê=êìå=sfF=ïÉêÉ=áÇÉåíáÅ~ä=íç=íÜÉ=ëíêáÅí=ÅçåëÉåëìë=çÑ
íÜÉ= ëÉîÉå=ãçëí=é~êëáãçåáçìë= íêÉÉë= áå= cáÖK=P= ~åÇ=PÄáëK= `Éêí~áåäóI= ÅçåÖêìÉåÅÉ=çÑ
íÜáë= å~íìêÉ= áåÇáÅ~íÉë= ëíêÉåÖíÜ= çÑ= éÜóäçÖÉåÉíáÅ= ëáÖå~ä= ~ë= íÜÉ= ãÉíÜçÇë= ìëÉ
ÅçãéäÉíÉäó=ÇáÑÑÉêÉåí=~äÖçêáíÜãëK=qÜÉ=~å~äóëáëI=áå=ïÜáÅÜ=íÜÉ=í~ñ~=ïáíÜ=íÜÉ=ä~êÖÉëí
ãÉ~å=é~áêïáëÉ=Çáëí~åÅÉ=ïÉêÉ=ÉñÅäìÇÉÇI=êÉëìäíÉÇ=áå=~=íêÉÉ=çÑ=NQMOO=ëíÉéë=ïáíÜ=íÜÉ
ë~ãÉ=çîÉê~ää=íçéçäçÖó=~ë=íÜ~í=çÑ=íÜÉ=íêÉÉ=ÇÉéáÅíÉÇ=áå=cáÖK=P=~åÇ=PÄáëK

cáÖK=PK=píêáÅí=ÅçåëÉåëìë=çÑ=ëÉîÉå=ãçëí=é~êëáãçåáçìë=íêÉÉë=çÑ=NQUOO=ëíÉéë=E`f=Z=MKNUMX
of= Z= MKSTUX= o`= Z= MKNOOF= çÄí~áåÉÇ= áå= m^rmG= ÅçãÄáåÉÇ= ïáíÜ= m^rmo~í= EOMM= áíÉê~íáçåëFK
_êÉãÉê= ëìééçêí= î~äìÉë= ~êÉ= áåÇáÅ~íÉÇ= ~ÄçîÉ= É~ÅÜ= Åä~ÇÉX= à~ÅââåáÑÉ= î~äìÉë= ÄÉåÉ~íÜ= É~ÅÜ
Åä~ÇÉK=`ä~ÇÉë=ïáíÜ=~=éçëíÉêáçê=éêçÄ~Äáäáíó=≤VRB=áå=íÜÉ=_~óÉëá~å=~å~äóëáë=~êÉ=áåÇáÅ~íÉÇ=~ë
Ç~ëÜÉÇ=äáåÉëK=mêÉëÉåí=í~ñçåçãáÅ=éçëáíáçåë=~êÉ=áåÇáÅ~íÉÇ=çå=íÜÉ=êáÖÜíK=E¬=~åÇ=GW=ëÉÉ=q~ÄK=N
~åÇ=OFK=qÜÉ=^Çá~éÜ~åáÇ~=E^F=~êÉ=ÇÉéáÅíÉÇ=áå=cáÖK=P=ÄáëK
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Allostoma nestiliferum
Pseudostomum gracilis
Cylindrostoma fingalianum 2
Cylindrostoma gracilis
Scleraulophorus cephalatus
Cylindrostoma fingalianum 1
Euxinia baltica
Pseudostomum klostermanni
Pseudostomum quadrioculatum
Reisingeria hexaoculata
Ulianinia mollissima
Protomonotresis centrophora
Plagiostomum vittatum 1
Plagiostomum vittatum 2
Vorticeros ijimai
Plagiostomum ochroleucum
Plagiostomum cinctum
Plagiostomum striatum
Plicastoma cuticulata
Artioposthia triangulata 1
Australoplana sanguinea
Caenoplana caerulea
Bipalium kewense
Microplana nana
Girardia tigrina 2
Cura pinguis
Schmidtea mediterranea 1
Schmidtea mediterranea 2
Schmidtea polychroa 1
Dugesia iberica
Dugesia japonica 1
Neppia montana
Baikalobia guttata
Polycelis nigra
Polycelis tenuis
Dendrocoelopsis lactea
Crenobia alpina
Phagocata sibirica
Phagocata ullala
Phagocata spec.
Artioposthia triangulata 2
Artioposthia triangulata 3
Australoplana spec.
Newzealandia spec.
Caenoplana spec.
Platydemus manokwari
Bipalium spec.
Romankenkius libidinosus
Girardia tigrina 1
Dugesia japonica 2
Dugesia subtentaculata
Dugesia ryukyuensis
Schmidtea mediterranea 3
Schmidtea polychroa 2
Microplana scharffi
Bdelloura candida
Ectoplana limuli
Uteriporus spec.
Procerodes littoralis
Bipalium trilineatum
Ichthyophaga spec.
Urastoma cyprinae 1
Urastoma cyprinae 2
Urastoma spec.
Kronborgia isopodicola
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cáÖK=P=ÄáëK=^Çá~éÜ~åáÇ~=E^FK=píêáÅí=ÅçåëÉåëìë=çÑ=ëÉîÉå=ãçëí=é~êëáãçåáçìë=íêÉÉë=çÑ=NQUOO
ëíÉéë= E`f= Z= MKNUMX= of= Z= MKSTUX= o`= Z= MKNOOF= çÄí~áåÉÇ= áå= m^rmG= ÅçãÄáåÉÇ= ïáíÜ
m^rmo~í=EOMM= áíÉê~íáçåëFK=_êÉãÉê=ëìééçêí=î~äìÉë=~êÉ= áåÇáÅ~íÉÇ=~ÄçîÉ=É~ÅÜ=Åä~ÇÉX
à~ÅââåáÑÉ=î~äìÉë=ÄÉåÉ~íÜ=É~ÅÜ=Åä~ÇÉK=`ä~ÇÉë=ïáíÜ=~=éçëíÉêáçê=éêçÄ~Äáäáíó=≤VRB= áå
íÜÉ=_~óÉëá~å=~å~äóëáë=~êÉ= áåÇáÅ~íÉÇ=~ë=Ç~ëÜÉÇ= äáåÉëK=mêÉëÉåí= í~ñçåçãáÅ=éçëáíáçåë
~êÉ=áåÇáÅ~íÉÇ=çå=íÜÉ=êáÖÜíK=E¬=~åÇ=GW=ëÉÉ=q~ÄK=N=~åÇ=OFK

`ä~ÇÉ=ëìééçêí
få= cáÖK= Q= ~ää= íÜêÉÉ= ãÉ~ëìêÉë= çÑ= Åä~ÇÉ= ëìééçêí= ~êÉ= Åçãé~êÉÇK= `ä~ÇÉë= ïáíÜ

à~ÅââåáÑÉ= ~åÇ=mm= î~äìÉë= YRMB=~êÉ=åçí= áåÅäìÇÉÇ= áå= íÜÉ= Öê~éÜëK= cêçã= cáÖK= Q^I= áí
~ééÉ~êë=íÜ~í=Ñçê=Åä~ÇÉë=ïáíÜ=_êÉãÉê=î~äìÉë=[NMI=íÜÉ=à~ÅââåáÑÉ=ëìééçêí=ï~ë=[UMBK
qÜÉ= éçëíÉêáçê= éêçÄ~ÄáäáíáÉë= ïÉêÉ= ÉñÅÉéíáçå~ääó= ÜáÖÜ= Åçãé~êÉÇ= íç= íÜÉ= à~ÅââåáÑÉ
EcáÖK=Q_F=~åÇ=íÜÉ=_êÉãÉê=ëìééçêí=EcáÖK=Q`F=î~äìÉëK

qÜÉëÉ=êÉëìäíë=ÅçåÑáêã=íÜ~í=mm=î~äìÉë=ã~ó=ÄÉ=ãáëäÉ~ÇáåÖäó=ÜáÖÜ=EëÉÉ=~äëç=pìòìâá
Éí= ~äKI= OMMOX= ^äÑ~êç= Éí= ~äKI= OMMPX= açì~Çó= Éí= ~äKI= OMMPX= bêáñçå= Éí= ~äKI= OMMPX
páããçåë=Éí=~äKI=OMMQFI=ÉîÉå=ïáíÜ=~=äçï=à~ÅââåáÑÉ=~åÇ=_êÉãÉê=ëìééçêíK
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A. Correlation Jackknife-Bremer
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cáÖK= QK= `çãé~êáëçå= çÑ= _êÉãÉê= ëìééçêíI= à~ÅââåáÑÉ= ~åÇ= éçëíÉêáçê= éêçÄ~Äáäáíó= î~äìÉëK
`çêêÉä~íáçå=ÄÉíïÉÉå=à~ÅââåáÑÉ=~åÇ=_êÉãÉê=ëìééçêí=î~äìÉë=E^FI=à~ÅââåáÑÉ=î~äìÉë=~åÇ
éçëíÉêáçê=éêçÄ~ÄáäáíáÉë= E_FI=~åÇ=_êÉãÉê=ëìééçêí=î~äìÉë=~åÇ=éçëíÉêáçê=éêçÄ~ÄáäáíáÉë
E`FK
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Acrorhynchides robustus
Arrawaria inexpectata
Polycystis naegelii
Phonorhynchus helgolandicus (2)
Mesorhynchus terminostylus
Stradorhynchus terminalis
Gyratrix hermaphroditus (2)
Zonorhynchus seminascatus
Karkinorhynchus bruneti
Diascorhynchus rubrus
Proschizorhynchus triductibus
Thylacorhynchus ambronensis
Schizochilus (3)
Schizorhynchoides caniculatus
Cheliplana cf. orthocirra
Astrotorhynchus bifidus
Promesostoma justinei
Trigonostomum penicillatum
Maehrenthalia agilis
Styloplanella strongylostomoides
Litucivis serpens
Proxenetes (5)
Ptychopera (2)
Trigonostomum denhartogi
Gaziella sp.
Castrada lanceola
Castrada luteola
Castrada sp.
Castrada viridis
Mesocastrada sp.
Olisthanella truncula
Phaenocora unipunctata
Bothromesostoma personatum
Mesostoma lingua
Bothromesostoma sp.
Mesostoma lingua
Mesostoma thamagai
Strongylostoma elongatum
Castrella truncata
Microdalyellia rossi
Temnocephala (2)
Einarella argillophyla
Trisaccopharynx westbladi
Anoplodium stichopi
Provortex  (2)
Graffilla buccinicola
Pterastericola australis
Mariplanella frisia

SCHIZORHYNCHIA

KALYPTORHYNCHIA

DALYTYPHLOPLANIDA

THALASSOTYPHLOPLANIDA

TYPHLOPLANIDAE

DALYELLIIDAE

NEOTYPHLOPLANIDA

NEODALYELLIDA

‘EUKALYPTORHYNCHIA’

^= VMB= ã~àçêáíó= êìäÉ= ÅçåëÉåëìë= íêÉÉ= ëìãã~êáòáåÖ= íÜÉ= é~êëáãçåó= à~ÅââåáÑÉ
~å~äóëáë=çÑ=íÜÉ=oÜ~ÄÇçÅçÉä~=áë=ëÜçïå=áå=cáÖK=SK

cáÖK= SK= oÜ~ÄÇçÅçÉä~K= píêáÅí= ÅçåëÉåëìë= çÑ= ëÉîÉå= ãçëí= é~êëáãçåáçìë= íêÉÉë= çÄí~áåÉÇ= áå
m^rmG=ÅçãÄáåÉÇ=ïáíÜ=m^rmo~íK=`ä~ÇÉë=ïáíÜ= à~ÅââåáÑÉ=î~äìÉë=YVMB=~êÉ=Åçää~éëÉÇK
qÜÉ=åìãÄÉê=ÄÉíïÉÉå=é~êÉåíÜÉëÉë=áåÇáÅ~íÉ=íÜÉ=åìãÄÉê=çÑ=ëéÉÅáãÉåë=ìëÉÇ=áå=Å~ëÉ=çÑ
~= ëéÉÅáÉë= å~ãÉ= ~åÇ= íÜÉ= åìãÄÉê= çÑ= ëéÉÅáÉë= ìëÉÇ= áå= Å~ëÉ= çÑ= ~= ÖÉåìë= å~ãÉK
cêÉëÜï~íÉê= Åä~ÇÉë= ~êÉ= áåÇáÅ~íÉÇ= ïáíÜ= ~å= ~êêçïK= ÚqóéÜäçéä~åçáÇ~Û= ~êÉ= áå= ÄçäÇK
Úa~äóÉääáçáÇ~Û=~êÉ=ìåÇÉêäáåÉÇK

qÜÉ=oÜ~ÄÇçÅçÉä~=ëÜçïë=~=íêáÅÜçíçãó=ÑçêãÉÇ=Äó=j~êáéä~åÉää~= Ñêáëá~I=íÜÉ=ÅäÉ~êäó
ãçåçéÜóäÉíáÅ= h~äóéíçêÜóåÅÜá~= ~åÇ= ~= Åä~ÇÉ= Åçåí~áåáåÖ= ~ää= Úa~äóÉääáçáÇ~Û= ~åÇ= ~ää
ÚqóéÜäçéä~åçáÇ~Û=EÉñÅäK=jK=Ñêáëá~=~åÇ=`áäáçéÜ~êóåÖáÉää~=ÅçåëíêáÅí~FI=ïÜáÅÜ=ïÉ=ïáää=Å~ää
íÜÉ=a~äóíóéÜäçéä~åáÇ~=EëÉÉ=aÉÑáåáíáçåë=çÑ=Åä~ÇÉ=å~ãÉëFK=qÜÉêÉ=áë=ëçãÉ=ëìééçêí=Ñçê
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Revision of Trigonostomum Schmidt, 1852 
(Platyhelminthes, Typhloplanoida, Trigonostomidae) 
with the description of seven new species
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A morphological and taxonomic account of the genus Trigonostomum is provided. All known species are discussed
and briefly re-described where necessary. Seven new species are described: T. franki from Curaçao, Florida (USA),
the East African Coast and New Caledonia, T. nataschae from the French sub-Antarctic island Kerguelen,
T. spinigerum from New Caledonia and T. watsoni from the Australian East Coast and New Caledonia. T. tori and
T. galapagoensis, both formerly enclosed in T. setigerum, are considered new species, while T. australis also
belongs to the same species group. Proxenetes denhartogi is transferred to Trigonostomum. Based on a comparison
of old and new material, T. marki is synonymized with T. penicillatum, while T. prytherchi and T. divae are regarded
as junior synonyms of T. lilliei; T. intermedium and T. quadrifolium are considered synonyms of T. coronatum. Three
species are considered species inquirendae: T. brunchorsti, T. piriforme and Marinellia lingulifera. Similarities and
differences of the 17 valid species are discussed and summarized in an identification key. © 2004 The Linnean Soci-
ety of London, Zoological Journal of the Linnean Society, 2004, 141, 271–296.

ADDITIONAL KEYWORDS: identification key – morphology – phylogenetic nomenclature – taxonomy –
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INTRODUCTION

The genus Trigonostomum was introduced by Schmidt
(1852) for a single species, T. setigerum. Thirty years
later, Graff (1882) changed the name to Hyporhynchus
and added a new species, H. coronatus. He also
brought three previously described species -
Kylosphaera armata Jensen, 1878, Orcus venenosus
Uljanin, 1870 and Vortex penicillatus Schmidt, 1857 -
into the genus and considered Spiroclytus nisus
Schmidt, 1857 and S. euryalus Schmidt, 1857 to be
synonyms of Hyporhynchus setigerus. The number of
species grew rapidly in the late 19th and early 20th
centuries (Uljanin, 1870; Pereyaslawzewa, 1893;
Attems, 1897; Graff, 1905, 1911a, b, 1913) most of
them described as belonging to Hyporhynchus,
although Graff (1905) changed Hyporhynchus veneno-
sus (Uljanin, 1870) into Hyporcus venenosus. Eventu-

ally, Meixner (1924b) re-introduced the first name
Trigonostomum Schmidt, 1852, and also considered
Woodsholia lilliei Graff, 1911, to be a species of
Trigonostomum.

When changing the name to Hyporhynchus in
1882, Graff placed the genus within the subfamily
Pseudorhynchina of the family Proboscida Carus,
1863. All members of this ‘family’ were characterized
by the presence of a ‘proboscis’, a muscular frontal
organ for capturing prey. In 1905, Graff changed the
name Proboscida to Kalyptorhynchia, enclosing four
families: Trigonostomidae, Schizorhynchidae, Poly-
cystididae and Gyratricidae. However, in a detailed
study of the proboscis of several Kalyptorhynchia,
Meixner (1924b, 1926) showed that the ‘proboscis’ of
Trigonostomum is by no means the same structure as
that found in the other Kalyptorhynchia. He there-
fore transferred the Trigonostomidae from the Kalyp-
torhynchia to the Euliporhynchia Graff, 1905, which
also included the families Proxenetidae Graff 1908,
Byrsophlebidae Graff, 1905 and Typhloplanidae
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Luther, 1904. Two decades later, Luther (1948)
grouped the Proxenetidae within the Trigonostomi-
dae. Den Hartog (1964) split this taxon again, this
time into Promesostomidae and Trigonostomidae,
based on the structure of the female genital system:
the Trigonostomidae are characterized by female
gonads connected with the genital atrium by two
ducts. Within the Trigonostomidae Den Hartog (1964)
recognized two taxa, Trigonostominae and Parame-
sostominae, while a third, Mariplanellinae, was
added by Ax & Heller (1970). The Trigonostominae
comprises 11 genera, the phylogenetic relationships
of which were described by Ax (1971), who considered
Marinellia lingulifera Riedl, 1954 to be the sister
taxon of Trigonostomum.

Due to the detailed studies by Graff (1913) and
Meixner (1924b), the general anatomy of Trigonosto-
mum is well known. The anatomy of a number of other
representatives of the family, in particular that of the
genital system, has been thoroughly described by
Luther (1943). In the morphological section we sum-
marize the essentials of the anatomy of representa-
tives of Trigonostomum.

Not all described species are easy to recognize, often
due to inaccurate descriptions and poor figures, espe-
cially in the older literature. The main purpose of this
revision is to elucidate the species’ identities and syn-
onyms. A neotype is designated for each of the follow-
ing species - T. armatum, T. breitfussi, T. coronatum,
T. lilliei, T. mirabile, T. penicillatum, T. setigerum and
T. venenosum - as a name-bearing type was never des-
ignated for any of them. Data for these species can be
found in the taxonomy section, and all conditions for
considering the designation of a neotype are fulfilled
(ICZN, 1999: Art. 75). One new combination
(T. denhartogi) and seven new species are added, three
of them resulting from the analysis of the polymorphic
‘T. setigerum’. Since their anatomy is uniform, the
descriptions of the separate species focus on the hard
parts of the copulatory organ and the bursal append-
age, with additional remarks where needed. A sepa-
rate section provides a comparison of the species and
the taxonomic conclusions resulting from this analy-
sis, and includes an identification key, replacing the
differential diagnoses.

Some preliminary indications of relationships
within Trigonostomum are mentioned, but we refrain
from discussing in depth possible phylogenetic rela-
tionships both within the taxon and with other taxa
within the Trigonostomidae. A cladistic analysis of the
Typhloplanoida, based on morphological and molecu-
lar characters, is currently in progress. Consequently,
each diagnosis given now should not be seen as a phy-
logenetic definition (De Queiroz & Gauthier, 1990,
1992, 1994). However, as, in our view, species are fun-
damentally different from higher taxa because they

cannot be monophyletic in a Hennigian sense (see
Nixon & Wheeler, 1990), we propose for every species
an alternative to the Linnean binomen, which can be
used within the framework of phylogenetic nomencla-
ture. This alternative species name consists of a
praenomen and epithet, connected with a hyphen, and
is unchangeable (see Cantino et al., 1999; Artois,
2001). In the taxonomy section, the species are listed
in alphabetical order.

MATERIAL AND METHODS

The zoological collection of Limburgs Universitair
Centrum (LUC), Diepenbeek, Belgium, contains very
rich material of both new and known Trigonostomum
species from many parts of the world, collected by the
authors (Australia, New Caledonia, Curaçao, Florida,
East Africa, Zanzibar, French Mediterranean coast,
Greece, Sardinia, Sweden, Kerguelen, and the Wed-
dell Sea) and by some earlier collaborators of the
Diepenbeek group: Corsica (Dr P. Martens), Kenya (Dr
P. Jouk and Mr G. De Clerck). Material from the Swed-
ish Museum of Natural History (SMNH) and of the
Smithsonian Institution (SI-NMNH) was also at our
disposal. Of the following species no material is avail-
able: T. brunchorsti Graff, 1905, T. intermedium
(Attems, 1897) Graff, 1913, T. marki Graff, 1911,
T. piriforme (Pereyaslawzewa, 1893) Graff, 1905 and
Marinellia lingulifera Riedl, 1954.

Animals were extracted from sediment or from
algae using the MgCl2 decantation method (see Schoc-
kaert, 1996), studied while live and mounted in lac-
tophenol. If sufficient specimens were available, some
were fixed in hot Bouin’s solution, embedded in paraf-
fin and serially sectioned. The 4 mm-thick sections
were stained with Heidenhain’s iron haematoxylin
using eosin as a counterstain. Camera lucida draw-
ings of the hard parts were made with Nomarski
phase contrast microscopy on a Reichert Polyvar
microscope. Drawings without a scale are freehand.
Measurements of the (inner) stylet and the bursal
appendage are taken along the axis, unless indicated
otherwise in the text. The length of the whole copula-
tory organ is given as a top-bottom measurement; it is
not measured for species where the organ is coiled as
the spires can spread, causing a great degree of vari-
ability in such a measurement. The positions of the
gonopore and organs are expressed in percentages of
the total body length (distance from the anterior tip of
the body).

All material (including type material), except that
from Australia and that belonging to other institu-
tions, is deposited in LUC. The type material of the
Australian species (T. australis and T. watsoni spp.
nov.) is deposited in the collection of the Queensland
Museum, Brisbane, Australia.
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GENERAL MORPHOLOGY

Mature Trigonostomum species are 0.5–1.5 mm long,
mostly uncoloured with a whitish-yellowish hue. Some
individuals of species of the T. setigerum species group
have a spot of black reticulated epidermal pigment
(reflecting white under incident light; Fig. 8I) and a
mid-dorsal pigment stripe of a subepidermal brown
pigment (Fig. 8B, G); other individuals may have a
spot on the head (Fig. 8A). There is always one pair of
eyes, but sometimes each eye is divided into two parts,
giving the impression that there are two pairs of eyes
(Fig. 8A-B, I). At the rostral tip two bundles of rhab-
dites are present, the glands (Fig. 1: rg) which are
found in front and next to the pharynx. Rostrally there
is also a tuft of sensory bristles (Fig. 1: ac). The epi-
dermis is cellular, completely ciliated, and contains
many rhabdites.

Trigonostomum species have a ‘proboscis’, which is
an antero-ventral integumental invagination with a
highly developed system of retractors and dilators,
described by Meixner (1924b). In the live animal it is
triangular (Fig. 1: i) and not always clearly visible in a
mounted specimen. Retractors (Fig. 2: rr) insert on the
dorsal and lateral body wall, causing the invagination.
The opening of the invagination can be enlarged by
several dilators, inserting on the ventral body wall in
front of it (Fig. 2: dil1) and near the mouth (Fig. 2:
dil2), probably with the help of integument retractors
(Fig. 2: ir), with the origin on the ventro-caudal side of
the opening and insertion on the dorsal body wall. The
‘proboscis’ can be evaginated by contraction of the
strong circular muscles of the body wall in the frontal
part of the animal, causing a local rise in the internal
body pressure. A bundle of eosinophilic glands enters
near the opening (Fig. 2: ig). The epithelium of the
invagination appears to be glandular and contains a
few small nuclei. In Marinellia lingulifera, there
seems to be a delimited muscle mass behind the invag-
ination (Riedl, 1954).

The pharynx (Fig. 1: ph; Fig. 2) is of the so-called
‘bulbosus’-type and is situated in the first half of the
body, highly inclined forwards and almost parallel to
the ventral body wall. In section it is more or less bar-
rel-shaped. The mouth is close to the anterior invagi-
nation, but never combined with it, though this
impression may be given in highly contracted animals
(Graff, 1911b;  Meixner, 1924b). The pharynx cavity is
tubiform and muscular at its distal end (with inner
circular and outer longitudinal muscles), and lined
with a low, anucleated epithelium with short cilia. The
pharynx lumen has a low epithelium with only a few
nuclei. The distal rim of the pharynx is devoid of cilia.
The internal musculature of the pharynx bulb consists
of 13 very thick outer circular muscle fibres (in
T. franki and T. setigerum) and a continuous layer at

the proximal and distal ends (Fig. 2: ecm), while cir-
cular (Fig. 2: icm) and longitudinal (Fig. 2: ilm) mus-
cles around the lumen are much weaker. In the
longitudinal sense, there are 11 radial muscles (of
which the first is stronger than the other ten) and a
fan-like group at the proximal end (Fig. 2: rm). In
cross-section, there are 24 such radial muscles, insert-

Figure 1. Habitus of live animal (Trigonostomum veneno-
sum). Abbreviations: ac, apical tuft of cilia; b, brain; ba, bur-
sal appendage; bu, bursa; cop, copulatory organ; e, eye; gp,
common genital pore; i, antero-ventral invagination; m,
mouth; ov, ovary; ph, pharynx; rg, rostral rhabdite glands;
t, testis; vg, prostate vesicle; vit, vitellary; vs, seminal
vesicle.
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ing on the pharynx lumen between 24 longitudinal
muscles. Fine-grained eosinophilic glands enter the
pharyngeal lumen at its distal end and coarse-grained
basophilic ones more proximally. There are 16 of each.

The gonads are paired. The testes are positioned
mid-body, just behind the pharynx. Ovaries and vitel-
laria are not separated, forming a pair of so-called
‘ovovitellaria’. The vitellarian parts extend at both
sides of the body from the level of the pharynx, and the
ovaries are positioned slightly in front of the gonopore,
situated at about 80%. The common genital atrium
(Fig. 3: cga) is lined with a high, nucleated epithelium
and surrounded by outer longitudinal and inner circu-
lar muscles, forming a sphincter at the porus.

The seminal vesicles (Fig. 3: vs) are paired, lined
with a low epithelium without nuclei, and surrounded
by spirally running muscles. Both vesicles narrow and
join to form the short seminal duct (Fig. 3: sd), which

enters the prostate vesicle (Fig. 3: vg) and runs axially
through it, surrounded by mainly eosinophilic and
some basophilic prostate glands, all parts of which are
inside the vesicle. In some live individuals extracap-
sular parts of these glands can be seen. Relatively
strong circular muscles surround the prostate vesicle.
The male atrium, where the hard parts of the copula-
tory organ lie, is surrounded by an inner circular and
an outer longitudinal muscle sheath, and enters the
common genital atrium dorsally.

The copulatory organ proper consists of a stylet, sur-
rounded by a second, very thin-walled stylet, called
the ‘mantle’ by Ax (1971). The organ can thus be con-
sidered as double-walled with an inner ‘stylet’ (Fig. 4:
s) and an outer ‘mantle’ (Fig. 4: mt), as shown in the
theoretical diagram in Figure 4A.

In the species of the first group (see comparison of
species, below) the mantle is attached to one side of

Figure 2. Reconstruction on sagittal sections of the rostral body end from the left hand side (T. franki sp. nov.). Abbre-
viations: cbm, circular body muscles; dil1–2, dilators of opening of antero-ventral invagination; e, eye; ecm, external circular
pharyngeal muscles; elm, external longitudinal pharyngeal muscles; i, antero-ventral invagination; icm, internal circular
pharyngeal muscles; ig, invagination glands; ilm, internal longitudinal pharyngeal muscles; ir, integument retractors; lbm,
longitudinal body muscles; m, mouth; pc, prepharyngeal cavity; pg, pharynx glands; ppt, pharynx protractors; prt, pharynx
retractors; ps, pigment stripe; rm, radial pharyngeal muscles; rr, retractors of antero-ventral invagination.
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the proximal rim of the stylet and distally divided into
spiny plates (Fig. 4B). The stylet is a narrow tube,
proximally curved over 90-270∞, with a relatively
thick wall and a broad proximal opening. In the spe-

cies of the second group, the mantle follows the coils of
the stylet over almost its entire length, forming two
spiny plates at the very end (Fig. 4C). In sectioned
material of T. setigerum, the way the mantle sur-

Figure 3. Reconstruction on sagittal sections of the genital system from the left hand side (T. franki sp. nov.). Abbrevi-
ations: ba, bursal appendage; bs, bursal stalk; bu, bursa; cga, common genital atrium; cop, copulatory organ; ds, spermatic
duct; fd, female duct; fg, female glands; gp, common genital pore; n, nucleus; od, oviduct; ov, ovary; rh, rhabdite; sd, seminal
duct; vg, prostate vesicle; vit, vitellary; vs, seminal vesicle.
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Figure 4. Schematic representation of the copulatory organ. A, theoretical diagram of a double-walled copulatory organ. B,
diagram of the copulatory organ of the representatives of group 1. C, diagram of the stylet of the representatives of group
2. Abbreviations: mt, mantle; s, stylet.
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rounds the stylet can be clearly seen. In T. denhartogi
and in T. spinigerum the copulatory organ is far more
complicated than in the other species, and the struc-
ture of the mantle is not yet well understood.

According to Meixner (1924b), the prostate secretion
is discharged in the mantle, while sperm is released in
the stylet. Observations on sectioned material of
T. franki, T. armatum and T. setigerum revealed that
both sperm and secretion are released through the
(inner) stylet.

The ovaries are connected to the genital atrium by
an efferent duct and an afferent system (see Luther,
1943). The oviducts are very short and lined with a
nucleated epithelium. They join at the ‘fecundato-
rium’ (Luther’s terminology) from where the (effer-
ent) female duct (Fig. 3: fd) runs towards the atrium.
This duct is long and narrow, lined with a low,
nucleated epithelium and muscles are lacking. It
enters the common genital atrium anteriorly, ven-
trally of the male system and dorsally of the affer-
ent system. Eosinophilic glands (Fig. 3: fg) open into
the female duct near the atrium. The afferent sys-
tem consists of a bursal stalk (Fig. 3: bs), the bursa
(Fig. 3: bu) and the sclerotic appendage (Fig. 3: ba)
that leads into the spermatic duct (or insemination
duct; Fig. 3: ds). This duct ends near the ovaries in
the ‘fecundatorium’. The bursal stalk is long and
narrow (although short in T. penicillatum according
to Meixner, 1924b). The whole afferent system is
lined with a low nucleated epithelium. Only the bur-
sal stalk is surrounded by (circular) muscles. There
is no uterus.

Meixner (1924b) recognized two types of bursal
appendage: (1) the setigerum type consists of two more
or less coiled narrow tubes, attached to a ring- or fun-
nel-like part at the bursa wall; (2) the penicillatum
type consists of a bundle of many closely adhering
tubules, which protrude into the bursa for some dis-
tance, where they may be held together by a casing.
There are further variations, discussed below.

All Trigonostomum species are marine and are
found all over the world, in areas ranging from tropi-
cal to polar. Most have been found in the intertidal
zone, mainly on algae or seagrasses. Some species also
occur in sand. Only two species, T. messoplanoides
Artois, Vermin and Schockaert, 2000 and T. nataschae
sp. nov., have not so far been found on algae (see fur-
ther), while T. messoplanoides and T. setigerum are
the only species collected at greater depths: 499–
515 m and 137–150 m respectively (Westblad, 1952;
Artois et al., 2000).

COMPARISON OF THE SPECIES

The main differences between the species of Trigono-
stomum are to be found in the construction of the hard

parts of the copulatory organ, the bursal appendage
and, to a lesser extent, in the pigmentation.

As mentioned above and diagrammatically repre-
sented in Figure 4B, C, the copulatory organ consists
of a proximally curved stylet surrounded by a thin-
walled mantle, divided into spiniform plates. In the
first group of species, the proximal rim of the mantle
does not follow the curvature of the stylet, and thus
only surrounds the distal (straight) part of the stylet
(Fig. 4B). In two of these species (group 1A,
T. messoplanoides and T. venenosum, see Fig. 6) the
stylet is long and narrow and makes a proximal turn
of  270∞,  while  the  mantle  forms  a  narrow  ring
and bears one long, slender spine (spoon-like in
T. venenosum). This kind of organ resembles that of
species of the genus Messoplana Den Hartog, 1966.

The bursal appendage of T. messoplanoides and
T. venenosum consists of two tubes attached to the
bursa by a more or less conspicuous ring, and may be
fused proximally in some individuals of T. venenosum
(Fig. 6A4). In the construction of both the copulatory
organ and the bursal appendage, these species dem-
onstrate plesiomorphy, as found in several other taxa
of the Trigonostominae (see Ax, 1971).

In the other species of this first group (group 1B; see
Fig. 7), the stylet is relatively wider (and shorter) and
makes a turn of about 90∞ in T. coronatum,
T. penicillatum and T. watsoni to about 180∞ in the
other species (T. breitfussi, T. lilliei, T. mirabile and
T. nataschae). The mantle is divided into three pointed
plates in the first three species, into two plates in
T. mirabile and T. nataschae, and forms only one plate
in T. breitfussi and T. lilliei. Some other, more subtle
differences are seen: the plate is rather blunt in
T. breitfussi and shorter than the stylet, which has a
crested proximal rim, while in T. lilliei the plate ends
in a little hook and is as long as the stylet, which in
this case lacks the crested rim. In T. nataschae, the
two plates are blunt and shorter than the stylet, while
they are pointed in T. mirabile and at least as long as
the stylet. In both these species the stylet has a wide
spoon-like terminal opening, but in T. nataschae it has
a proximal crested rim, not present in T. mirabile.
Differences between the copulatory organs of
T. coronatum and T. penicillatum are difficult to dis-
cern, while the plates in T. watsoni are very thin and
easily folded. Moreover, in this last species, the stylet
is inconspicuous and often impossible to find in some
individuals. However, the bursal appendage in these
three species is very different, as is the overall size of
the copulatory organ, thus enabling clear distinction
between the species.

The bursal appendage in a number of species of
group 1B is clearly of Meixner’s penicillatum type. It
consists of many closely adhering parallel tubules,
which protrude into the bursa for some distance,
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where they may be held together by a casing resem-
bling a little barrel, connected to the bursa wall by a
ring. This kind of appendage is found in T. breitfussi,
T. mirabile and in T. penicillatum, where the tubules
diverge at the very end, giving the appendage a brush-
like appearance, but probably also in T. mirabile (see
fig. 27 in Pereyaslawzewa, 1893). This brush-like
appearance may be an artefact caused by squeezing
the animals, especially when the tubules are long, as
is the case in these two species.

In T. nataschae very narrow tubules protrude into
the bursa beyond the proximal ‘barrel’ that has a
rather thick wall. Just outside the bursa the tubules
are still visible, but more distally they are very faint
and separated into two coiled bundles, giving the
impression that the bursal appendage ends in two
broad tubes. The bursal appendage of T. lilliei has a
highly coiled single part that ends in six tubules; the
proximal ‘barrel’ seems to be missing, but there is a
proximal ring at the inside of the bursa wall, beyond
which the tubules protrude into the bursa (see also
fig. 18 in Marcus, 1948 of T. divae = T. lilliei). The
appendage of T. coronatum, on the other hand, has a
proximal part that looks like a clover-leaf, and one,
sometimes two (perhaps three: see fig. 23 in Attems,
1897) broad terminal ‘tubes’ with a fine striation. In
T. watsoni the bursal appendage starts at the bursa
with a broad funnel that splits into two highly coiled
broad tubes, also with a fine striation, suggesting that
they may consist of subtubules.

Though the bursal appendage of the species in this
group exhibits variation (which needs further investi-
gation), it clearly deviates in structure from that of all
other members of the taxon Trigonostomum and even
of all other taxa of the Trigonostominae. Perhaps this
is a synapomorphy.

In a second group of species (group 2; see Fig. 10),
the proximal mantle rim closely adheres to the proxi-
mal rim of the stylet, envelopes the stylet over its

entire length, and diverges at the very end into two
spiny plates with a terminal hook (see Fig. 4C). The
narrow stylet is spirally coiled (except in T. franki, but
see below) and the mantle follows the coils of the
stylet. The stylet is at the periphery of the spire, while
the mantle forms a double plate towards the centre,
where it can be slightly thickened (wrongly called
Sekretrorh by Graff, 1913) and shows radial wrinkles.
At the very end, where the two plates are situated,
there may be a straighter part of the stylet. The hooks
of the plates are invariably directed towards the con-
vex side of the curve. This combination of characters,
especially the fact that the mantle entirely envelopes
the stylet, is unique within the Trigonostominae and
is without any doubt a synapomorphy for this group of
species. On the other hand, the setigerum type of
appendage (Fig. 8C) has the same construction as that
of the majority of the other Trigonostominae, consist-
ing of two tubules attached by a ring to the bursa, with
both tubes coiled over 360∞.

All animals with two, three or more spires in the
copulatory organ have been considered representa-
tives of T. setigerum, even those members of the East-
ern Pacific population with five whole spires.
According to Karling (1986), the number of spires
depends on growth (and may thus vary in one and the
same individual according to age), muscle contraction
and degree of compression, while studied. We have col-
lected data on all individuals of species/populations
with a coiled stylet, including material available from
many different localities and from the literature. The
results are presented diagrammatically in Figure 5
and in Table 1.

The first three stylets represented are those of
T. franki (Fig. 5A), T. armatum (Fig. 5B) and
T. setigerum (Fig. 5C); individuals with the fourth
type of stylet (Fig. 5D) have been collected on the East
Australian coast. The stylet of the Galapagos popula-
tion (Figs 5E, 9E) is from the micrograph in Ehlers &

Figure 5. Schematic representation of the copulatory organ of the representatives of group 2, showing the different num-
ber of spires (dashed lines indicate the location of the mantle plates). A, T. franki sp. nov. (1/2 spire). B, T. armatum. (11/2

spires). C, T. setigerum. (21/2 spires). D, T. australis sp. nov. (31/2 spires). E, T. galapagoensis sp. nov. (41/2 spires). F,
T. tori sp. nov. (51/2 spires).
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Table 1. Morphological differences between different populations of Trigonostomum franki sp. nov., T. armatum,
T. setigerum, T. australis sp. nov., T. galapagoensis sp. nov. and T. tori sp. nov. (species group 2). Abbreviations: SL,
stylet length (in mm); BAL, bursal appendage length (in mm); BAT, bursal appendage tubules; MSM, minimum no. of spec-
imens measured; NM, not measurable; ? not known

Species Distribution Pigmentation Coils SL BAL BAT MSM

T. franki Caribbean, Florida longitudinal stripe 1/2 86–101 84–100 normal 8
East Africa longitudinal stripe 1/2 90–101 120 normal 1
New Caledonia longitudinal stripe 1/2 95–111 62–166 normal

constricted
4

T. armatum northern Atlantic none 1 158–196 NM ? 2
southern Atlantic rostral spot 1 434 149 normal 1
Caribbean rostral spot 1 274–378 100–108 normal 9
eastern Australia none 1 183 NM ? 1
New Caledonia none 1 386 127 normal 1

T. setigerum western Mediterranean rostral spot 2 413–492 87–113 normal 4
eastern Mediterranean none

longitudinal stripe
rostral spot 2 284–462 64–113 normal 21

southern Atlantic rostral spot 2 482 141 constricted 1
East Africa none 2 403 93 normal 1
English Channel rostral spot 2 477 NM ? 1
Bermuda none 2 434 NM constricted 1

T. australis eastern Australia longitudinal stripe 3 414–445 34 normal 3
T. galapagoensis Galapagos rostral spot 4 ? ? ? 0
T. tori California none 5 683–853 80–106 normal 3

Figure 6. Copulatory organs and bursal appendages of the representatives of group 1A. A, T. venenosum: A1, 3 copulatory
organ; A2, 4 bursal appendage. (A1, 2 specimen from Norway, neotype; A3,4 specimen from Sardinia). B, T. messoplanoides: B1

copulatory organ; B2 bursal appendage. (from the holotype; after Artois et al., 2000).
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Figure 7. Copulatory organs and bursal appendages of the representatives of group 1B, A, T. coronatum: A1 copulatory
organ; A2 bursal appendage. (from the neotype). B, T. watsoni sp. nov. B1, 2 copulatory organ; B3 bursal appendage (B1 from
the holotype; B2, 3 from the paratype). C, T. penicillatum: C1 copulatory organ; C2 bursal appendage (from the neotype). D,
T. lilliei: D1, 3 copulatory organ; D2, 4 bursal appendage. [D1, 2 specimen from Australia; D3, 4 specimen from the USA (neotype
= holotype of T. prytherchi)]. E, T. breitfussi: E1 copulatory organ; E2 bursal appendage; E3 section through the bursa and the
bursal appendage (different specimens from Sweden; E2, 3 freehand drawings). F, T. mirabile: F1, 2 copulatory organ; F3 bur-
sal appendage (F1, 3 from the neotype; F2 from another specimen from the Black Sea). G, T. nataschae sp. nov. G1 Cop-
ulatory organ; G2 Bursal appendage (from the holotype).
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Ax (1974), while the last type of stylet (Fig. 5F) is
found in the population from California, as described
by Karling (1986).

In T. franki, the stylet makes a turn of about 180∞
(although it shows all other characteristics of the
stylet of this group of species) with an additional, more
or less straightened part where the two spines of the
mantle are (dashed lines in Fig. 5). This stylet thus
has a half spire. In T. armatum there is one complete
spire over 360∞ and an additional part (11/2 spires), in
T. setigerum 21/2 spires (see Figs 5C, 9C, 10C1), and so

on. Muscle contraction and a degree of squeezing the
animal causes the spires to stay close to each other or
go apart (in some of our whole mounts of individuals of
the Greek population, the spires had virtually disap-
peared). The number of coils in the spiral is constant
in all studied populations, though one may count a dif-
ferent number of coils, depending on the side from
which the stylet is viewed. In T. setigerum, for
instance, with 21/2 spires, one counts three spires when
looking at the stylet from the side where the stylet
begins (including the ‘half ’ spire), and only two when

Figure 8. A, rostral spot in T. armatum (whole mounted specimen from Curaçao). B, dorsal stripe in T. setigerum (whole
mounted specimen from Greece). C, bursal appendage of T. tori sp. nov. (from the paratype). D, constricted distal tubes of
bursal appendage (arrow indicates constriction) in T. setigerum (specimen from Bermuda). E, copulatory organ of
T. denhartogi comb. nov. (specimen from New Caledonia). F, copulatory organ of T. spinigerum sp. nov. (from the holo-
type). G, habitus of T. franki sp. nov. (live specimen from New Caledonia). H, bursal appendage of T. spinigerum sp. nov.
(from the holotype). I, head region of T. franki sp. nov. showing both epidermal and subepidermal pigment (live specimen
from New Caledonia). Scale bars: A, B = 200 mm. C-F = 20 mm. H = 10 mm.
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looking from the opposite side. The spires turn clock-
wise (seen from the proximal end of the stylet) in all
individuals; in those with a very long stylet (e.g. the
Californian populations and some individuals in the
Greek population), one of the spires may swing in the
other direction, as often happens in spirals made of
flexible material.

We believe that these stylets indicate that we are
dealing with individuals from different species. Hence
we give species status to the populations from Austra-

lia, the Galapagos and California, respectively, as
T. australis sp. nov., T. galapagoensis sp. nov. (though
no material is available, except the micrograph in
Ehlers & Ax, 1974), and T. tori sp. nov., described as
T. setigerum by Tor Karling in 1986. There may be
some minor differences in some populations: Karling
(1986) pointed to the constriction at the end of the
tubes of the bursal appendage in the populations of
T. setigerum in Bermuda, the Falkland Islands, South
Georgia and in the English Channel (Fig. 8D; Table 1;

Figure 9. Copulatory organ of the representatives of group 2. A, T. franki sp. nov. (specimen from Curaçao) B,
T. armatum (specimen from Curaçao). C, T. setigerum (from the neotype). D, T. australis sp. nov. (from the holotype). E,
T. galapagoensis sp. nov. (from the holotype; after Ehlers and Ax, 1974: fig. 13C). F, T. tori sp. nov. (from the holotype).
Scale bars: A-D, F = 20 mm.
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Karling, 1978: fig. 28; Karling, 1986: figs 40, 48). In
one specimen of T. franki from New Caledonia the
tubes are also slightly constricted.

On the other hand, considering the distribution of
these species, some doubts may arise. T. franki and

T. armatum have been found together on Curaçao,
T. australis and T. armatum occur sympatrically on
the Australian East coast, while T. armatum and
T. setigerum can be found together in both North
Atlantic (Westblad’s material from Plymouth; Gamble,

Figure 10. Copulatory organs and bursal appendages of the representatives of group 2. A, T. franki sp. nov. A1, 3 copu-
latory organ; A2, 4 bursal appendage (A1, 2 from the holotype; A3, 4 from a specimen from Kenya). B, T. armatum sp. nov. B1,

3 copulatory organ; B2, 4 bursal appendage (B1, 2 specimen from France; B3, 4 specimen from Curaçao). C, T. setigerum: C1 cop-
ulatory organ; C2 bursal appendage (specimen from Kenya). D, T. australis sp. nov. D1 copulatory organ; D2 bursal
appendage (from the holotype). E, T. tori sp. nov. E1 copulatory organ; E2 bursal appendage (from the holotype).
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1893; Southern, 1912, 1936; Graff, 1913) and South
Atlantic populations (Westblad’s material from South
Georgia, all considered T. setigerum by Karling, 1986).
T. setigerum is the only species that has, so far, been
found in the Mediterranean Sea, while those species
with more than 21/2 spires are confined to the Pacific
(the further east, the more spires). We began to won-
der whether these are all populations of a single ‘spe-
cies complex’ similar to that of the kalyptorhynch
Gyratrix hermaphroditus Ehrenberg, 1831 (Curini-
Galletti & Puccinelli, 1989, 1990, 1994, 1998, Artois
et al., 2000; Artois & Schockaert, 2001), albeit of a
highly polymorphic species. Are we dealing with a
cline in the Indo-Pacific? We prefer, with the data now
available, to consider these populations as different
species, until proven otherwise.

It is also in this group that a variation in pigmen-
tation occurs (see Table 1): a mid-dorsal stripe
(Fig. 8B, G), a rostral spot (Fig. 8A) or no pigmenta-
tion. Graff (1905) considered that, based on pigmen-
tation, there were three subspecies of T. setigerum.

However, Southern (1912) rejected this finding; we fol-
low the latter view as these three pigmented forms are
known to occur sympatrically (see Table 1 and
remarks on T. setigerum).

Finally, two more species, T. denhartogi and
T. spinigerum, deserve comment regarding the con-
struction of the copulatory organ and the bursal
appendage. With the material now available of
T. denhartogi a first analysis of the copulatory organ
can be given (Fig. 11A3). The stylet is rather broad
with a wide proximal funnel to which the proximal rim
of the mantel is attached. On the concave side of the
stylet the mantle forms 4–5 plates or spines, while on
the convex side it bears a bundle of numerous fine
folds or rods, one of which is very long and flagelliform.
The bursal appendage has a straight initial part,
thickened at one side, and two extremely long, highly
coiled distal tubes. Both characters are clear autapo-
morphies for the species, and have no equivalent
within the Trigonostominae. With only one individual
available, the precise structure of the copulatory

Figure 11. A, T. denhartogi comb. nov. A1, 3 copulatory organ; A2 bursal appendage (A1, 2 specimen from Curaçao; A3 spec-
imen from New Caledonia). B, T. spinigerum sp. nov. B1 copulatory organ; B2 bursal appendage (from the holotype).
Abbreviations: a-e, explained in text.
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organ of T. spinigerum (Fig. 11B1) cannot yet be well
understood. The mantle seems to have its rim proxi-
mal to the beginning of the stylet, and envelopes the
latter completely. On the convex side and in the prox-
imal half, the mantle bears 8–10 spines (or folds?); on
the concave side and in the distal half, the mantle
forms plates and spines similar to those in species of
group 1B (e.g. T. coronatum or T. watsoni). The bursal
appendage on the other hand is very similar to that of
T. watsoni, constituting a proximal funnel with two
broad tubes coiled over more than 360∞.

To conclude, within Trigonostomum two common
types of copulatory organ occur: (1) a proximally
curved stylet surrounded by the mantle in its distal

part, the latter divided into spiny plates; (2) a coiled
stylet completely surrounded by a mantle that ends in
two spiny plates. The first condition is plesiomorphic,
the second synapomorphic. The mantle exhibits a
much more complicated structure in T. denhartogi and
T. spinigerum. Three types of bursal appendage occur:
(1) two tubes attached to the bursa with a ring or fun-
nel; (2) a funnel with two highly coiled tubes; (3) many
tubules held together in one way or another. The first
condition is plesiomorphic, the second a possible auta-
pomorphy, and the third synapomorphic, though vari-
ations may occur. The differences discussed here,
together with some other characters, are reflected in
the following key.

IDENTIFICATION KEY

1. Copulatory organ 106–121 mm long and very complex, consisting of a gutter-shaped plate,
enveloping a bundle of rods, of which one has a long thread-like distal tip; stylet
funnel-shaped, ± 65 mm long; bursal appendage with initial straight part
(22–44 mm long) and two heavily coiled distal tubes. (Figs 8E, 11A) .................................... T. denhartogi comb. nov.

- Copulatory organ ± 60 mm long; stylet bent over 90∞, surrounded by the mantle
that has 8–10 small spines at the convex side and with broad distal plates and
spines distally (Fig. 11B4); bursal appendage with two broad, highly coiled tubes
(Figs 8F, H, 11B) ........................................................................................................................... T. spinigerum sp. nov.

- Copulatory organ otherwise ................................................................................................................................................2
2. Proximal part of the stylet curved over 90-270∞ and surrounded by the mantle only

in its distal part. (Figs 4B, 6, 7)..........................................................................................................................................3
- Copulatory organ spirally coiled over 360∞ or more (except in T. franki, where it is coiled

over 180∞); stylet surrounded over its whole length by the mantle, latter mostly
wrinkled and split distally into two narrow, spiny plates with a terminal hook;
bursal appendage consisting of two tubes (coiled over 270-360∞), with a straight
distal part; animals with dorsal stripe or rostral spot or without pigmentation
(Figs 4C, 5, 8A, B, G, I, 9, 10)..............................................................................................................................................7

3. Stylet long and narrow with a proximal turn of 270∞; mantle forming a narrow ring
and carrying a long and slender spine; bursal appendage with two tubes, proximally
with a ring (Fig. 6)...............................................................................................................................................................4

- Stylet broad, proximally curved over 90∞ or 180∞; mantle split into one, two or three
plates (Fig. 7)........................................................................................................................................................................5

4. Copulatory organ consisting of a ±225 mm long slender stylet; mantle with flagelliform
spine (± 75 mm); bursal appendage ± 22 mm long (Fig. 6B)...................................................................T. messoplanoides

- Copulatory organ 74–130 mm long; stylet 117–194 mm long; mantle with a straight
spine of 70–78 mm; bursal appendage ± 54 mm long (Fig. 6A)..................................................................... T. venenosum

5. Stylet bent over 90∞, mantle split into three pointed plates:
* Copulatory organ 30–45 mm long; stylet 44–53 mm long; bursal appendage 60–70 mm

long, with a proximal barrel-like casing and ± 12 tubules, diverging distally (Fig. 7C)........................ T. penicillatum
* Copulatory organ 28–36 mm long; stylet 29–41 mm; bursal appendage 62–78mm long,

consisting of a short funnel-shaped proximal part and two coiled (>360∞) tubes,
all with a faint striation (Fig. 7B) ......................................................................................................T. watsoni sp. nov.

* Copulatory organ ± 44 mm long; stylet ± 70 mm long; bursal appendage ± 78 mm long,
with a proximal part, shaped like a clover leaf, and one to three distal bent tubes
with a fine striation (Fig. 7A) .........................................................................................................................T. coronatum

- Stylet bent over 180∞; mantle with one or two plates.......................................................................................................6
6. Mantle split into two plates, stylet with spoon-like terminal opening (Fig. 7F1, 2, G1)

(note that the copulatory organ of T. franki may easily be confused with this type):
* Plates of the mantle blunt and shorter than the stylet; copulatory organ ± 78 mm

long; stylet ± 104 long, proximally with a crest; bursal appendage ± 65 mm long,
curved proximally over 270∞, with proximal barrel-like part and a bundle of very
narrow, faint tubules, which form two bundles distally (Fig. 7G) .............................................. T. nataschae sp. nov.
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* Plates of the mantle pointed and at least as long as the stylet; copulatory organ
slender, 72–74 mm long; stylet 83–84 mm long; bursal appendage ±66 mm long,
with a proximal barrel-like part and ±10 distal tubules (Fig. 7F) ................................................................. T. mirabile

- Mantle with only one plate (see Fig. 7D1, 3, E1):
* Plate of the mantle as long as the stylet and ending in a little hook; copulatory

organ 42–46 mm long; stylet 40–57 mm long; bursal appendage 95–98 mm long
consisting of a coiled tube, which distally splits into five to six tubules
(Fig. 7D) .................................................................................................................................................................... T. lilliei

* Plate of the mantle blunt and shorter than the stylet; copulatory organ ± 62 mm
long; stylet ± 64 mm long, proximally with a crest; bursal appendage
20–24 mm long with proximal barrel-like part and ±10 distal tubules
(Fig. 7E) ..............................................................................................................................................................T. breitfussi

7. Copulatory organ 86–111 mm long, proximally bent over 180∞ and continuing in a
straighter part, where the two spiny plates are; bursal appendage 62–166 mm long,
coiled over 270∞; animals mostly with dorsal pigment stripe (Figs 5A, 9A, 10A) .............................T. franki sp. nov.

- Copulatory organ with 1-5 complete spire(s) of 360∞, continuing in a straighter
section, where the two spiny plates are situated (Fig. 5B-F):

* Copulatory organ with one spire, 158–434 mm long; bursal appendage
50–149 mm long, coiled over 270∞ (Figs 5B, 9B, 10B) ..................................................................................... T. armatum

* Copulatory organ with two spires, 284–498 mm long; bursal appendage 64–161 mm
long, coiled over 360∞ (Figs 5C, 9C, 10C)......................................................................................................... T. setigerum

* Copulatory organ with three spires, 414–445 mm long; bursal appendage ± 34 mm
long, coiled over 270∞ (Figs 5D, 9D, 10D) ........................................................................................ T. australis sp. nov.

* Copulatory organ with four spires (Figs 5E, 9E).................................................................. T. galapagoensis sp. nov.
* Copulatory organ with five spires, 683–853 mm long; bursal appendage 80–106 mm

long, coiled over 270∞ (Figs 5F, 9F, 10E).................................................................................................... T. tori sp. nov.

TAXONOMY

TRIGONOSTOMUM SCHMIDT, 1852

Trigonostomum Schmidt, 1852: 500; Graff, 1905:
73, 113; 1908: 2542; 1913: 302–303; Meixner,
1924b: 91–92, 96, 103; Luther, 1948: 36, 38;
Den Hartog, 1964: 373, t. 1; Ax, 1971: 146–
150, fig. 1.

Vortex Schmidt, 1857: 352, 356.
Spiroclytus Schmidt, 1857: 352, 356; Claparède, 1863:

15.
Orcus Uljanin, 1870: 19.
Kylosphaera Jensen, 1878: 16, 36, 44–45.
Hyporhynchus Graff, 1882: 336.
Hyporcus Graff, 1905: 73, 1910; 1908: 2542; 1913: 299.
Woodshollia n.n. Graff, 1910: 947.
Woodsholia Graff, 1911a: 198; 1911b: 61; 1913: 312.
Woodsholia Graff, 1911b: 65.

Diagnosis: Trigonostominae with anterior integumen-
tal invagination, connected with the body wall by sev-
eral muscles. Pharynx situated anteriorly, strongly
inclined forwards, with 11 radial muscles lengthwise
and 24 in cross section. Paired testes at 50%, caudal to
the pharynx.

Type species: Trigonostomum setigerum Schmidt,
1852

TRIGONOSTOMUM ARMATUM (JENSEN, 1878) 
GAMBLE, 1900

(FIGS 5B, 8A, 9B, 10B; TABLE 1)

Alternative species name: trigonostomum-armatum
Kylosphaera armata Jensen, 1878: 7, 12, 14, 17, 45–

47, t. 3, figs 14–22.
Hyporhynchus armatus Graff, 1882: 337; Gamble,

1893: 466–467; Attems, 1897: 228, t. 2, fig. 26.
Trigonostomum armatum Gamble, 1900: 813; South-

ern, 1912: 3, 9; Graff, 1913: 305–307, fig. 265; South-
ern, 1915: 34; Meixner, 1924b: 89, 94, 96, 99–100,
102; 1925: 256; Steinböck, 1931: 13, 23; Southern,
1936: 45, 57; Steinböck, 1938: 13, 22; Ax, 1952: 90–
91, fig. 1; Westblad, 1954: 9.

Known distribution: Norway (Jensen, 1878; Graff,
1882; Westblad, 1954), English Channel (Gamble,
1893), North Sea (Attems, 1897; Meixner, 1924b,
1925), Ireland (Gamble, 1893, 1900; Southern, 1912,
1915, 1936), Faeroe Islands (Steinböck, 1931), Iceland
(Steinböck, 1938), Baltic Sea (Ax, 1952).

New localities: Norway, Bergen, Karlsög, on algae,
9 July 1953, Westblad (coll. SMNH). Norway,
Trondheim, Munkholmen, in sand, 45–50 m deep,
22 July 1955. Westblad (coll. SMNH). Norway,
Leröy-Buröy, in fine-grained sand, 5–7 m deep, 1
August 1968, Karling (coll. SMNH; type locality).
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United Kingdom, Plymouth, Salcombe, Saltstone,
on algae, 11 July 1949, Westblad (coll. SMNH).
Sweden, Gullmaren, Gåsövik, sheltered bay on
brown algae, 19 August 2001. France, Wimereux,
Langue du Chien, on algae, 20 October 1999.
Curaçao (Dutch Antilles), Playa Canoa, on green
algae, 10 December 1998. Curaçao (Dutch Anti-
lles), Dam di Cabicuchi, ‘Spaanse water’, on Turbi-
naria-like algae, 14 and 30 December 1998 and 5
January 1999. Australia, New South Wales,
Arrawarra, south of the marine station, on Sargas-
sum sp., 1 November 1997. New Caledonia,
Nouméa, Nouville, on algae in a lagoon, 10 August
2003. South Georgia, Cumberland Bay, May Creek,
on seaweed, 9 May 1902 (coll. SMNH).

Material examined: Several individuals studied alive.
Neotype (SMNH, no. 46427) from Norway. Whole
mounts from France (1), Australia (1), New Caledonia
(1), Curaçao (10) and South Georgia (SMNH, no.
46448). Serially sectioned specimens from Sweden (3),
Curaçao (1), Norway (SMNH, no. 46425–6) and Ply-
mouth (SMNH, nos. 46419–20).

Diagnosis: Trigonostomum species with coiled copula-
tory organ, with one whole spire. Stylet 158–434 mm
long, enveloped by the mantle over its entire length.
Mantle distally split into two spiny plates with termi-
nal hook. Bursal appendage 50–149 mm long, with two
tubules, proximally curved over 270∞ and with
straight distal part.

TRIGONOSTOMUM AUSTRALIS SP. NOV.
(FIGS 5D, 9D, 10D; TABLE 1)

Alternative species name: trigonostomum-australis sp.
nov.

Holotype: Whole mount, Australia, Queensland,
North Stradbroke Island, Point Lookout, algae in tide-
pool, 12 August 1996.

Other material: Observations on live material. Two
whole mounts from Australia, New South Wales,
Arrawarra, on Sargassum sp., 28 August 1996 and 1
November 1997.

Etymology: Reflects the species’ occurrence in the
southern hemisphere.

Diagnosis: Trigonostomum species with coiled copula-
tory organ, with three whole spires. Stylet 414–
445 mm long, enveloped by the mantle over its entire
length. Mantle distally split into two spiny plates with
terminal hook. Bursal appendage 34 mm long, proxi-
mally curved over 270∞ and with straight distal
section.

TRIGONOSTOMUM BREITFUSSI (GRAFF, 1905) 
MEIXNER 1924

(FIG. 7E)

Alternative species name: trigonostomum-breitfussi.
Hyporcus breitfussi Graff, 1905: 112, t. 3, figs 12–16;

1913: 301–302, figs 261, 262.
Hyporhynchus breitfussi Meixner, 1925: 256.
Trigonostomum breitfussi Meixner, 1924b: 89, 91–94,

96–99, 105, figs 3, 4; Steinböck, 1932: 309; Ax, 1952:
91–92, fig. 2; Westblad, 1954: 9; Armonies & Hell-
wig-Armonies, 1987: 104, table 5; Joffe & Kotikova,
1989: 70–72, 74–77, 79–82, figs 2, 3, 6 and 7.

Known distribution: Barents Sea (Graff, 1905), Bal-
tic Sea (Ax, 1952), Greenland (Steinböck, 1932),
North Sea (Meixner, 1924b, 1925; Ax, 1952; Armo-
nies & Hellwig-Armonies, 1987), Norway (Westblad,
1954).

New locality: Sweden, Gullmaren, Kristineberg, 23,
26 and 27 July 1932, Westblad (coll. SMNH; type local-
ity). Sweden, Gullmaren, on algae, 6 August 1945,
Westblad (coll. SMNH). Sweden, Gullmaren, Harpo
Bedar, on red algae, 20 m deep, 7 August 2001.

Material examined: Observations on live material
from Sweden. Neotype (SMNH, no. 47461). Two whole
mounts (SMNH, nos. 47462–3) and two serially
sectioned specimens (SMNH, nos. 47469–70) from
Sweden.

Diagnosis: Trigonostomum species with copulatory
organ ± 62 mm long. Stylet ± 64 mm long, proximally
bent over, 180∞ and with a crest. Mantle with one
blunt plate (shorter than the stylet), surrounds only
the distal part of the stylet. Bursal appendage 20–
24 mm long, proximally with a barrel-like casing and
nine or ten distal tubes.

Remarks: The observation of Ax (1952) that there is
only one plate-like structure instead of two (Graff,
1905), surrounding the tubiform stylet, can be con-
firmed. This plate has a spine-like projection at its dis-
tal end, which lies close to the stylet but is displaced in
highly squeezed animals (Fig. 7E1). The bursal
appendage is short (Graff, 1913 24 mm; Ax, 1952: 20–
21 mm), barrel-shaped and consists of nine, maybe ten,
short tubes (Fig. 7E3).

TRIGONOSTOMUM CORONATUM (GRAFF, 1882) 
GRAFF, 1913

(FIG. 7A)

Alternative species name: trigonostomum-coronatum
Hyporhynchus coronatus Graff, 1882: 340, t. 9, fig. 21.
Hyporhynchus intermedius Attems, 1897: 228, t. 2,

figs 22, 23.
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Trigonostomum intermedium Graff, 1913: 308,
fig. 267; Meixner, 1924b: 96, 98; Southern, 1936: 45,
57.

Trigonostomum coronatum Graff, 1913: 307–308,
fig. 266; Meixner, 1924b: 96; Steinböck, 1933: 29.

Trigonostomum quadrifolium Riedl, 1954: 220–223,
figs 28, 29.

Known distribution: Madeira (Graff, 1882), Irish Sea
(Southern, 1936), North Sea (Attems, 1897), Mediter-
ranean Sea (Steinböck, 1933; Riedl, 1954).

New locality: France, Banyuls, Ile Gros, on algae left
of the jetty, 23 June 2000 (type locality).

Material examined: One specimen studied alive and
mounted (neotype, LUC no. 228).

Diagnosis: Trigonostomum species with copulatory
organ of ± 44 mm. Stylet ± 70 mm long, proximally bent
over 90 ∞. Mantle split into three pointed plates, sur-
rounding only the distal part of the stylet. Bursal
appendage 78 mm long, with proximal crown-like part
and one terminal bent, striated tube.

Remarks: According to Graff (1882, 1913) the copula-
tory organ of T. coronatum consists of an inner and an
outer tube. The inner tube is proximally bent and
twice as long as the outer one, which forms a broad
mantle around the distal part of the inner tube. These
observations can more or less be confirmed on the
specimen from Banyuls, although it was squashed and
the copulatory organ was rather damaged. The bursal
appendage consists of a crown-like proximal part,
enveloped by the bursa, and a tubular distal part. The
bursal appendage of the Banyuls specimen consists of
a plate proximally carrying a crown-like part, which is
enveloped by the bursa, probably consisting of four
plates, which are proximally split. Distally, the bursal
appendage forms two bent tubes. These tubes show an
inconspicuous striation, giving the impression that
they consist of a number of smaller tubules.

Based on this resemblance, the Banyuls specimen is
placed within T. coronatum. However, two other spe-
cies have the same structure of the bursal appendage
- T. intermedium Attems, 1897 and T. quadrifolium
Riedl, 1954 - although little is known of the structure
of their copulatory organs. In T. quadrifolium the
appendage carries only one tube (Riedl, 1954),
whereas the tube is apparently split into three tubules
in T. intermedium (Attems, 1897; Graff, 1913), of
which no material was available. These species also
differ in the number of plates forming the crown of the
appendage: four in T. quadrifolium (Riedl, 1954) and
five in T. intermedium (Attems, 1897: fig. 22; Graff,
1913) and T. coronatum (Graff, 1882). Based on the
descriptions of T. intermedium and T. quadrifolium
and our experience that the mentioned differences are

often difficult to assess, we synonymise both species
with T. coronatum.

TRIGONOSTOMUM DENHARTOGI (KARLING, 1978) 
COMB. NOV.

(FIGS 8E, 11A)

Alternative species name: trigonostomum-denhartogi
Proxenetes denhartogi Karling, 1978: 233, figs 35, 36.

Known distribution: Bermuda (Karling, 1978).

New localities: Kenya, Mombasa area, McKenzie
Point, in shallow pool on seagrass, 30 September 1991.
Curaçao (Dutch Antilles), Dam di Cabicuchi (‘Spaanse
water’), on Turbinaria-like algae from exposed rocks,
14 December 1998. Curaçao (Dutch Antilles) ‘Spaanse
water’, mixed sample of algae, 30 December 1998.
New Caledonia, Nouméa, Nouville, on algae in a
lagoon south of the asylum, 3 August 2003. New Cale-
donia, Nouméa, Anse Vata, on algae (Ulva sp. and
Enteromorpha sp.) from a little estuary, 22 August
2003.

Material examined: Holotype (SMNH, no. 2965). Live
material and five whole mounts, one from each new
locality.

Diagnosis: Trigonostomum species with very complex
copulatory organ, 106–121 mm long. Mantle with
numerous folds, rods and spines, one of which has a
thread-like distal part. Stylet 61–66 mm long. Bursal
appendage with a straight initial part, 22–44 mm long,
and two heavily coiled tubes.

Remarks and additional data: Karling (1978) descr-
ibed this species from Bermuda based on one whole
mounted specimen, but without observations of live
animals. On the holotype, the anterior invagination
(‘proboscis’) is not visible and Karling therefore did not
observe this important feature. Based on the structure
of the copulatory organ he reluctantly placed the spe-
cies within Proxenetes Jensen, 1878. He explicitly
mentioned, however, that the bursal appendage was
very unlike that of any other species of Proxenetes,
where the bursal appendage consists of a split tube,
surrounded by a ring. Observations on live material
clearly show that this species indeed belongs to
Trigonostomum, as it has the typical anterior
invagination.

The specimens from Curaçao and New Caledonia
are ± 0.8 mm long. The copulatory organ is of exactly
the same structure as in the specimen from Bermuda
(Karling, 1978), consisting of an outer plate-like struc-
ture (Fig. 11A1: a) that forms a broad gutter enclosing
several long rods (Fig. 11A1: e). One of these rods has
a long distal thread-like point (Fig. 11A1: e1). A second,
triangular, plate-like part (Fig. 11A1: d) surrounds the
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rods and carries three distal hooks (Fig. 11A1: a1, b and
c). The length of the copulatory organ (excluding the
thread-like tip) is 107–111 mm (Curaçao) and 109–
121 mm (New Caledonia), which is almost identical to
that of the holotype (115 mm: Karling, 1978). The exact
number of rods could not be determined. The tubular
stylet is only clearly visible in the New Caledonian
specimens (Figs 8E, 11A3). It is 61–66 mm long (n = 2)
and rather broad, with a wide proximal funnel to
which the mantle is attached. The bursal appendage of
the specimens from Curaçao and New Caledonia
clearly consists of two heavily coiled tubes and a prox-
imal basal piece. This proximal part is 31 mm and
44 mm in the two specimens from Curaçao, 28 mm and
36 mm in the specimens from New Caledonia, and
22 mm in the specimen from Bermuda (Karling, 1978).
Karling (1978) could not determine the exact number
of coiled tubes in the Bermuda individuals.

TRIGONOSTOMUM FRANKI SP. NOV.
(FIGS 2, 3, 5A, 8G, I, 9A, 10A; TABLE 1)

Alternative  species  name: trigonostomum-franki sp.
nov.

Holotype: Whole mount, Curaçao (Dutch Antilles),
Dam di Cabicuchi (‘Spaanse water’), on Turbinaria-
like algae from exposed rocks at the side of ‘Caracas-
baai’, 14 December 1998 (LUC no. 225).

Paratype: Whole mount, same data as for the holotype
(LUC no. 226).

Other material: Observations on live material. Two
whole mounts and one serially sectioned specimen
from Curaçao (Dutch Antilles), ‘Spaanse water’, mixed
sample of algae containing mainly Caulerpa sp. and
Halimedia gantia, 30 December 1998. One whole
mount from Florida (USA), Fort Pierce, in fine detri-
tus-rich sand between rocks, 16 November 1994.
Three whole mounts - Kenya, Mombasa area, Mc-
Kenzie Point - on algae and seagrasses, 4 and 15 June
1987 and 27 September and 1 October 1991. One
whole mount from Tanzania, Zanzibar, Pete, on sea-
grasses, 16 August 1995. Three whole mounts, New
Caledonia, Nouméa, Nouville, on algae in a lagoon
south of the asylum, 3 and 10 August 2003. One whole
mount, New Caledonia, Nouméa, Baie des Citrons, on
algae in a lagoon, 8 August 2003. Live observations
from New Caledonia, Nouméa, Nouville, on algae cov-
ered with shells and sand on a reef in the western part
of the Kuendu Bay, 16 August 2003.

Etymology: Dedicated to Mr Frank Van Belleghem,
who helped to collect the material on Curaçao.

Diagnosis: Trigonostomum species with moderately
coiled copulatory organ, with 1/2 spire. Stylet 86–

111 mm long, enveloped by the mantle over its entire
length. Mantle distally split into two spiny plates with
terminal hook. Bursal appendage 61–166 mm long,
with two tubules, proximally curved over 270∞ and
with straight distal part.

TRIGONOSTOMUM GALAPAGOENESIS SP. NOV.
(FIGS 5E, 9E; TABLE 1)

Alternative species name: trigonostomum-galapagoen-
sis sp. nov.

Trigonostomum setigerum Ehlers & Ax, 1974: 664–
666, 668, fig. 13A-C.

Holotype: One micrograph (fig. 13C in Ehlers & Ax,
1974), Galapagos (Ecuador), Santa Cruz, Bahía Acad-
emy (Ehlers & Ax, 1974).

Etymology: The islands where the type material was
found.

Diagnosis: Trigonostomum species with coiled copu-
latory organ, four whole spires. Stylet enveloped by
the mantle over its entire length. Mantle distally split
into two spiny plates with terminal hook. Bursal
appendage coiled, with two tubules.

Remarks: Pigment spot rostrally, between the eyes
(see Ehlers & Ax, 1974: fig. 13A). The length of both
hard parts, copulatory organ and bursal appendage,
could not be measured, because this species is only
known from a micrograph of a live individual (Ehlers
& Ax, 1974: fig. 13), without a scale bar.

TRIGONOSTOMUM LILLIEI (GRAFF, 1911A) MEIXNER 
1924B

(FIG. 7D)

Alternative species name: trigonostomum-lilliei
Woodsholia lilliei Graff, 1911b: 61–65, fig. 3, t. IV,

figs 29–43; 1913: 312–314, figs 277–279; Meixner,
1924b: 91, 92.

Trigonostomum prytherchi Kepner, Ferguson & Stire-
walt, 1941: 243–252, figs 1–3, pl. 3.

Trigonostomum divae Marcus, 1948: 121–125, 189, t.
III, figs 13–18.

Trigonostomum lilliei Meixner, 1924b: 92, 94, 96, 99,
102.

Known distribution: North American Atlantic coast
(Graff, 1911b, 1913; Kepner et al., 1941), Brazil (Mar-
cus, 1948).

New locality: Australia, New South Wales,
Arrawarra, rocky tidepool at low tide, on brown algae,
29 August 1996; south of the marine station, mid-
eulittoral, on Sargassum sp., 1 November 1997.
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Material examined: Observations on two live speci-
mens, two whole mounts (all from Australia), the holo-
type of T. prytherchi, which is designated neotype
(whole mount; SI-NMNH, Cat. no. 20593; Kepner
et al., 1941) and Marcus’ (1948) material of T. divae
(sections and whole mounts; SMNH, nos. 42204–8).

Diagnosis: Trigonostomum species with copulatory
organ 42–46 mm long. Stylet 40–57 mm long, proxi-
mally bent over, 180∞. Mantle with one hooked plate
(as long as the stylet) surrounds only the distal part of
the stylet. Bursal appendage 95–98 mm long, heavily
coiled, consisting of one tube, which is distally split
into five or six finer tubes.

Remarks and additional data: The stylet of the
examined specimens is 40–57 mm long (57 mm in the
holotype of T. prytherchi; 40–43 mm in Marcus’ mate-
rial of T. divae, n = 2; 44–46 mm in the Australian
specimens, n = 2). The bursal appendage is a 95–
98 mm long (n = 2). The bursal appendage could not
accurately be measured in the second Australian spec-
imen, or in Marcus’ material.

According to the description, including figures, of
Kepner et al. (1941), it seems that they observed not
one but three bursal appendages (including two
smaller nonfunctioning appendages). These observa-
tions could be due to a misinterpretation of the serially
sectioned material, because a thorough examination of
the type material revealed only one bursal appendage.

According to Marcus’ (1948) drawings and descrip-
tion, the difference between T. divae and T. lilliei is
the presence of only five tubes in the bursal appendage
instead of six, a feature, which is often very difficult to
assess. The overall construction of the bursal append-
age of T. divae (i.e. the number and extent of coils) is
identical to that of the Australian specimens. The bur-
sal appendage of T. prytherchi is also identical in
structure. The difference between T. prytherchi and
T. lilliei would also be the ending of the prepharyngeal
cavity in the ‘proboscis’ cavity as observed by Graff
(1911b: fig. 31). According to Meixner (1924b) this fea-
ture is the result of the degree of contraction, and he
therefore rejected the taxon Woodsholia. Because of
these doubtful differences between these ‘species’ and
the overall similarity in the structure of both the cop-
ulatory organ and the bursal appendage, we syn-
onymise T. prytherchi and T. divae, with T. lilliei.

TRIGONOSTOMUM MESSOPLANOIDES ARTOIS 
ET AL., 2000

(FIG. 6B)

Alternative  species  name: trigonostomum-
messoplanoides

Trigonostomum messoplanoides Artois et al., 2000:
104–105, fig. 1.

Known distribution: Weddell Sea, Antarctica (Artois
et al., 2000).

Material examined: Holotype (LUC, no. 207).

Diagnosis: Trigonostomum species with stylet
225 mm long, proximally bent over 270∞. Mantle with
stylet 75 mm long, flagelliform spine surrounding only
the distal part of the stylet. Bursal appendage 22 mm
long, with a proximal ring and two distal tubes.

Remarks: The copulatory organ of T. mess-
oplanoides resembles that of some species of Mes-
soplana (Artois et al., 2000), for instance M. elegans
(Luther, 1948) Den Hartog, 1966, M. helgolandica
Ax, 1971, M. pacifica Karling, 1986 and M. rugata
Ehlers, 1974. However, the presence of a ventral
invagination clearly confirms that it is a species of
Trigonostomum.

TRIGONOSTOMUM MIRABILE (PEREYASLAWZEWA, 
1893) GRAFF, 1913

(FIG. 7F)

Alternative species name: trigonostomum-mirabile
Hyporhynchus mirabilis Pereyaslawzewa, 1893: 267,

t. 4, fig. 27.
Trigonostomum mirabile Graff, 1913 : 310–311,

fig. 273; Meixner, 1924b: 96, 98; Ax, 1959: 98–99,
figs 80, 81; Mack-Fira, 1968: 179–180, figs 2–4;
1974: 249, 265, 273, 281, 284.

Proxenetes lictor Beklemischev, 1927: 190–191, 203–
204, t. I, figs 8, 9.

Known distribution: Black Sea (Pereyaslawzewa,
1893; Beklemischev, 1927; Ax, 1959; Mack-Fira, 1968,
1974); Sea of Marmara (Ax, 1959).

New locality: Romania, Black Sea, Agigea, on Ceram-
ium sp., 26 September 1968, Mack-Fira (coll. SMNH;
type locality).

Material examined: Two individuals from Agigea
(mounted on the same slide: SMNH, no. 47474). One of
them designated neotype.

Diagnosis: Trigonostomum species with copulatory
organ 72–74 mm long. Stylet 83–84 mm long, proxi-
mally bent over, 180∞. Mantle with two pointed plates
(as long as the stylet) surrounds only the distal part
of the stylet. Bursal appendage 66 mm long, proxi-
mally with a barrel-like casing and ± ten distal
tubules.

Remarks: The synonymization of Proxenetes lictor
with T. mirabile was made by Ax (1959), but it
was already recognized by Beklemischev in a per-
sonal note on the offprints of his article (see Ax,
1959).
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TRIGONOSTOMUM NATASCHAE SP. NOV.
(FIG. 7G)

Alternative species name: trigonostomum-nataschae
sp. nov.

Holotype: Whole mount, Kerguelen (France, subant-
arctic territory), Port Raymond, tidepool with fine
sand and silt, mixed with shells, 23 November 1992
(LUC no. 227).

Other material: Observations on live material from
Kerguelen.

Etymology: Dedicated to Mrs Natascha Steffanie,
technical assistant at LUC, Diepenbeek (Belgium).

Diagnosis: Trigonostomum species with copulatory
organ ± 78 mm long. Stylet ± 104 mm long, proximally
bent over, 180∞ and with a crest. Mantle with two
blunt plates (shorter than the stylet) surrounds only
the distal part of the stylet. Bursal appendage ± 65 mm
long, with proximal barrel-like part and very narrow
tubules, forming two curved bundles of tubules
distally.

TRIGONOSTOMUM PENICILLATUM (SCHMIDT, 1857) 
MICOLETZKY, 1910

(FIG. 7C)

Alternative  species  name: trigonostomum-
penicillatum

Vortex penicillatus Schmidt, 1857: 352, t. 1, fig. 3.
Hyporhynchus penicillatus Diesing, 1862: 227; Graff,

1882 : 341, t. 9, figs 15–20; Gamble, 1893: 467;
Fuhrmann, 1898: 459; Gamble, 1900: 813; Meixner,
1925: 256; 1926: 577.

Trigonostomum intermedium n.n. Graff 1910: 4.
Trigonostomum penicillatum Micoletzky, 1910: 174;

Graff, 1913 : 308–309, figs 268–270; Southern, 1912:
3, 9; 1915: 34; Meixner, 1924a: 202–203; 1924b: 89,
92, 94, 96, 98, 99, 105; Southern, 1936: 45, 58; West-
blad, 1954: 8; Den Hartog, 1964: 378; Ax, 1971: 216–
217, fig. 45.

Trigonostomum marki Graff, 1911b: 60, t.4, figs 44, 45;
1913: 309–310, fig. 271; Meixner, 1924b: 96, 99.

Known distribution: North American Atlantic coast
(Graff, 1911b), French Atlantic coast (Ax, 1971),
English Channel (Gamble, 1893), North Sea (Graff,
1913; Meixner, 1924b), Ireland (Southern, 1912,
1936), Norway (Westblad, 1954), Mediterranean Sea
(Schmidt, 1857; Graff, 1913; Meixner, 1925, 1926) and
Adriatic Sea (Meixner, 1925, 1926).

New localities: Great Britain, Plymouth, 5 July 1949,
Westblad (coll. SMNH). France, Corsica, Ocellutia,
large sandflat with coarse sand, 10–12 m deep, 19

October 1982 and 18 September 1983. Italy, Sardinia,
Porticciolo, on algae at ± 10 m deep, 14 August 1994
(type locality). France, Banyuls, Ile Gros, on green
algae near the jetty behind the station, 20, 22 and 23
June 2000. Yugoslavia, Adriatic Sea, Dubrovnik, 24
June 1952, Westblad (coll. SMNH). Bulgaria, Varna
(Black Sea), on algae, 21 December 1953, Valkanov
(coll. SMNH).

Material examined: Observations on live material
from Corsica, Sardinia and Banyuls. Neotype (LUC
no. 229) from Sardinia. One whole mount from Bul-
garia (SMNH, no. 47485) and serially sectioned spec-
imens from Great Britain (SMNH, nos. 47480–3) and
Yugoslavia (SMNH, nos. 47484). Seven whole mounts
from Banyuls and three from Corsica.

Diagnosis: Trigonostomum species with copulatory
organ 30–45 mm long. Stylet 44–53 mm long, proxi-
mally bent over 90∞. Mantle with three spiny plates,
surrounds only the distal part of the stylet. Bursal
appendage 60–70 mm long, with a barrel-like casing
and ± 12 distal tubules.

Remarks: According to Meixner (1924b), the bursal
appendage of T. penicillatum partially consists of ± 26
fine rods. However, our observations on serially sec-
tioned material of T. penicillatum (SMNH) revealed
only 12 fine, slightly bent rods in the bursal append-
age of a specimen from Plymouth, though more in the
individuals in the whole mounts.

In 1897, T. intermedium was described by Attems,
but the same name was used by Graff as a nomen
nudum in 1910 for a species he later (Graff, 1911b)
described as T. marki. The structure of the bursal
appendage of T. marki is identical to that of
T. penicillatum (Graff, 1911b, 1913). According to
Graff (1913) the species differ in the structure of the
copulatory organ. In T. penicillatum the organ has a
stylet, enclosed by a mantle, which carries three
plates; the same structure is described and drawn by
Graff (1911b: 61, table 4, figs 44, 45; 1913: 309,
fig. 271) for T. marki. T. marki is therefore synony-
mized with T. penicillatum.

TRIGONOSTOMUM SETIGERUM SCHMIDT, 1852
(FIGS 5C, 8B, D, 9C, 10C; TABLE 1)

Alternative species name: trigonostomum-setigerum
Trigonostomum setigerum Schmidt, 1852: 500, t. 47,

fig. 13; Diesing, 1862: 229; Graff, 1905: 113–114, t.
3, figs 17–21; Micoletzky, 1910: 173; Southern, 1912:
3, 9; Graff, 1913: 303–305, figs 263, 264; Southern,
1915: 34; Meixner, 1924a: 202–203; 1924b: 89, 90,
92, 93–94, 96, 99–101, 102, figs 1, 2, 5; 1925: 256;
1926: 577; Steinböck, 1933: 10–11; Southern, 1936:
45, 57; Meixner, 1938: 25, 114, fig. 23; Westblad,
1952: 30–31; Ax, 1959: 97; Riedl, 1959: 319–322,
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fig. 6; Den Hartog, 1964: 375; Karling, 1978: 231,
figs 27, 28; 1986: 209–210, figs 39, 40, 47,48; Ax &
Armonies, 1990: 100.

Trigonostomum setigerum setigerum Graff, 1905: 113,
t. 3, figs 19–21; 1913: 305.

Trigonostomum setigerum album Graff, 1905: 114, t.3,
figs 17, 18; 1913: 305.

Trigonostomum setigerum lunulatum Graff, 1905:
114; 1913: 305.

Spiroclytus nisus Schmidt, 1857: 356, 365, t. 3, fig. 8;
Diesing, 1862: 225.

Spiroclytus euryalus Schmidt, 1857: 356, 365, t. 3,
fig. 8.

Spiroclytus setigerus Claparède, 1863: 15.
Vortex ornatus Uljanin, 1870:, 18, t. 4, fig. 15.
Hyporhynchus setigerus Graff, 1882: 338–339, t. 9,

figs 6–14, t. 11, fig. 27; Pereyaslawzewa, 1893: 267,
t.4, fig. 29, t. 10, figs 60a-e, 63d; Fuhrmann, 1898:
459; Sekera, 1901: 81; Sabussow, 1905: 488.

Known distribution: Mediterranean Sea (Schmidt,
1852, , 1857; Graff, 1905; Sabussow, 1905; Micoletzky,
1910; Meixner, 1925; Steinböck, 1933; Riedl, 1959),
Adriatic Sea (Meixner, 1925, 1926), Black Sea (Ulja-
nin, 1870; Pereyaslawzewa, 1893; Graff, 1905; Ax,
1959), Sea of Marmara (Ax, 1959), northern Atlantic
Ocean (Fuhrmann, 1898; Graff, 1905; Southern, 1912,
1915, 1936; Karling, 1978), North Sea (Meixner,
1924b), southern Atlantic Ocean (Westblad, 1952).

New localities: France, Corsica, Port de la station
Stareso, on algae, 10 April, 9 May and 19 October
1982; Punta Reveletta, on algae, 11 May and 22 Octo-
ber 1982. France, Banyuls, Ile Gros, on green algae
near the jetty behind the station, 20–23 June 2000.
Greece, Perea, east side of the beach, coarse-grained
detritus-rich sand mixed with shell gravel; on green
and red algae, 22 July 2002; on green algae and
seagrasses, ± 2 m deep, 31 July 2002. Greece, Nea
Michaniona, flat exposed beach, on Enteromorpha sp.
and seagrasses, 22 July 2002. Greece, Aghias Triada,
flat beach, on green algae and seagrasses ± 2.5 m deep,
22 July 2002 and 6 August 2002 (type locality). Greece,
Nea Fokea (Kassandra Peninsula), heavily exposed
beach, on algae, 28 July 2002. United Kingdom, Ply-
mouth, Wembury, tidepool, 21 July 1949, Westblad
(coll. SMNH). Kenya, Tiwi, on algae, 6 October 1991.

Material examined: Several specimens studied alive.
Neotype (LUC no. 230) from Greece. Whole mounts
from Banyuls (2), Bermuda (SMNH, no. 46460), Cor-
sica (5), Falkland (SMNH, nos. 46429, 46430, 46440),
Greece (26), Kenya (1), Plymouth (SMNH, no. 46452)
and South Georgia (SMNH, no. 46448). Serially sec-
tioned specimens from Falkland (SMNH, nos. 46431–
9, 46441–4), Plymouth (SMNH, nos. 46449–51), South
Georgia (SMNH, nos. 46445–7) and Greece.

Diagnosis: Trigonostomum species with coiled copu-
latory organ, with two whole spires. Stylet 284–
498 mm long, enveloped by the mantle over its entire
length. Mantle distally split into two spiny plates with
terminal hook. Bursal appendage 64–161 mm long,
with two tubules, proximally curved over 360∞.

Remarks: Graff (1905, 1913) recognized three sub-
species, based on the pattern of pigmentation:
T. setigerum setigerum (with dorsal stripe),
T. setigerum lunulatum (with a rostral spot between
the eyes) and T. setigerum album (without pigmenta-
tion). The validity of these subspecies was questioned
by Southern (1912). Observations on a large number
of live animals from one population in Greece showed
that the three subspecies occurred sympatrically and
that the difference between these three is not always
clear. For example, specimens with a rostral spot
(T. s. lunulatum of Graff, 1905) showed a large varia-
tion in size of the spot, making the difference with T. s.
album very small. There is also variation in the length
and width of the dorsal stripe: some individuals have
a short dorsal stripe, which is broader between the
eyes, while in other specimens the dorsal stripe is long
and very broad over its whole length, giving it a net-
work-like appearance. Based on the occurrence of all
forms in one population (Greece, Thessaloniki), the
lack of other distinctive features and the large varia-
tion of the three ‘forms’, the three subspecies are syn-
onymized with T. setigerum.

TRIGONOSTOMUM SPINIGERUM SP. NOV.
(FIGS 8F, H, 11B)

Alternative species name: trigonostomum-spinigerum
sp. nov.

Holotype: Whole mount, New Caledonia, Nouméa,
Nouville, on algae in a lagoon south of the asylum, 3
August 2003 (LUC no. 231).

Etymology: Refers to the spines on the mantle sur-
rounding the stylet; spinigerum (L.) = prickly, spiny,
thorny.

Diagnosis: Trigonostomum species with copulatory
organ 61 mm long. Stylet 57 mm long, proximally bent
over almost 90∞. Mantle surrounds the whole stylet
and carries 8–10 small spines on the convex side. Bur-
sal appendage ± 35 mm long, proximally funnel-shaped
with two heavily coiled distal tubes, very faintly
striated.

Remarks:  The bursal appendage is measured (and
drawn) on the whole mount, in which it appeared
extremely thin-walled. Therefore, the length (35 mm)
has to be interpreted as the minimum length. Further-
more, only one distal tube could be observed (two in
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the live individual), probably because both tubes are
situated exactly above each other in the mounted
specimen.

TRIGONOSTOMUM TORI SP. NOV.
(FIGS 5F, 9F, 10E; TABLE 1)

Alternative species name: trigonostomum-tori sp. nov.
Trigonostomum setigerum Karling, 1986: 209–210,

figs 45, 46.

Holotype: One whole mount, USA, California, Pacific
Grove (SMNH, no. 46459; Karling, 1986).

Paratypes: Two whole mounts (SMNH, nos. 46457–8;
Karling, 1986).

Etymology: Dedicated to Prof. Dr Tor G. Karling, who
collected the material.

Diagnosis: Trigonostomum species with coiled copu-
latory organ, with five whole spires. Stylet 683–
853 mm long, enveloped by the mantle over its entire
length. Mantle distally split into two spiny plates with
terminal hook. Bursal appendage 80–106 mm long,
with two tubules, proximally curved over 270∞ and
with straight distal part.

TRIGONOSTOMUM VENENOSUM (ULJANIN, 1870) 
MEIXNER, 1924B

(FIGS 1, 6A)

Alternative species name: trigonostomum-venenosum
Orcus venenosus Uljanin, 1870: 19, t. 2, fig. 5.
Hyporhynchus venenosus Graff, 1875: 419; 1882: 341;

Pereyaslawzewa, 1893: 265, 266, t. 4, fig. 28;
Attems, 1897: 227, t. 2, figs 24, 25.

Hyporcus venenosus Graff, 1905: 110, t. 3, figs 9–11;
Southern, 1912: 3, 8–9; Graff, 1913: 299–301,
fig. 260; Southern, 1915: 34; Meixner, 1924b: 91, 92;
Southern, 1936: 45, 57; Meixner, 1926: 577.

Trigonostomum venenosum Meixner, 1924b: 89, 92,
94, 96, 99, 102; 1925: 256; Steinböck, 1931: 12, 23;
1938: 12–13, 22; Ax, 1959: 98, figs 78, 79; Mack-Fira
& Cristea-Nastasesco, 1971: 225, 227, figs 5, 6;
Mack-Fira, 1974: 249, 265, 273, 281–282, 284.

Known distribution: Iceland (Steinböck, 1938), Ire-
land (Southern, 1912, 1936), Faeroe Islands (Stein-
böck, 1931), North Sea (Attems, 1897; Meixner, 1924b,
1925), Mediterranean Sea (Graff, 1882; Meixner,
1926), Adriatic Sea (Meixner, 1926), Black Sea (Ulja-
nin, 1870; Pereyaslawzewa, 1893; Graff, 1905; Ax,
1959; Mack-Fira & Cristea-Nastasesco, 1971; Mack-
Fira, 1974).

New  localities: Sweden, Gullmarsfjord, Gåsövik,
among algae, August 1945, Westblad (coll. SMNH).

Norway, Bergen, Bay south of Tyssöy, stones, gravel,
algae and fine shell-sand, 5–8 m depth, 29 July 1968,
Karling (coll. SMNH). Norway, Bergen, sound between
Leröy and Buröy; sand and mud, 5 m depth; 1 August
1968, Karling (coll. SMNH). France, Corsica, Port de
la station Stareso, on algae, 6–4 m deep, 9 May 1982
and 12 March 1983, Martens; Bay of Calvi, 11 April
1984 and 26 March 1985. Italy, Sardinia, Porticello,
about 0.2–1.5 m deep, on Vaucheria-like algae on
rocks, 14 August 1994. France, Banyuls, Ile Gros, on
green algae near the jetty behind the station, 22–23
June 2000. Kerguelen, Port Couvreux, bay at the
right, green algae, 25 November 1992.

Material examined: Several specimens studied alive.
Neotype (SMNH, no. 47499). Whole mounts from Sar-
dinia (2), Corsica (4), Banyuls (3), Kerguelen (6), Nor-
way (SMNH, nos. 47496–8) and Romania (SMNH, no.
47500–1). Two serially sectioned specimens (SMNH,
nos. 47493–4) from Sweden.

Diagnosis: Trigonostomum species with copulatory
organ 74–130 mm long. Stylet 117–194 mm long, prox-
imally bent over 270∞. Mantle with one pointed plate,
surrounds only the distal part of the stylet. Bursal
appendage ± 54 mm long, with a proximal ring and two
distal tubes.

Remarks and additional data: The length of the
stylet shows large variation between the populations
of Banyuls (117–124 mm; n = 2), Sardinia (148–
156 mm; n = 2), Corsica (165–179 mm; n = 2) and Ker-
guelen (157–194 mm; n = 3). The stylet resembles that
of some species of Messoplana (e.g. M. elegans Luther,
1948; M. helgolandica Ax, 1971; M. pacifica Karling,
1986; M. rugata Ehlers, 1974).

TRIGONOSTOMUM WATSONI SP. NOV.
(FIG. 7B)

Alternative species name: trigonostomum-watsoni sp.
nov.

Holotype: Whole mount, Australia, New South Wales,
Arrawarra, on Pavonina-like algae in shallow tidepool
between rocks near beach, 27 August 1996.

Paratype: One whole mount.

Other material: Observations on live material. Six
whole mounts and six serially-sectioned specimens,
Australia, New South Wales, Lennox Head, on beach
with coarse sand and on algae in tide pool, 27 October
and 1 November 1997. One whole mount, Australia,
New South Wales, Arrawarra, on Sargassum sp. in
permanent pool, 27 August 1996. One whole mount,
Australia, New South Wales, Arrawarra, Mullaway
headland, on algae in deep rock pools, 24 July 2003.
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Two whole mounts, New Caledonia, Nouméa,
Magenta, permanent pool near mangroves, on large
algae covered with epiphytes, 22 August 2003.

Etymology: Dedicated to Dr Nikki Watson, Armidale,
Australia, who assisted with the collection of material
at Arrawarra.

Diagnosis: Trigonostomum species with copulatory
organ 28–36 mm long. Stylet 29–41 mm long, proxi-
mally bent over 90∞. Mantle with three spine-like
plates surrounds only the distal part of the stylet. Bur-
sal appendage 62–78 mm long, with two coiled (more
than 360∞) striated tubes.

SPECIES INQUIRENDAE

TRIGONOSTOMUM BRUNCHORSTI GRAFF, 1905

Trigonostomum brunchorsti Graff, 1905: 115–116, t.
III, figs 24, 25; 1913: 311, figs 274, 275; Meixner,
1924b: 96, 98; Steinböck, 1932: 309.

Distribution: Norway (Graff, 1905), Greenland (Stein-
böck, 1932).

According to Graff ’s (1905, 1913) description, the
overall morphology of the copulatory organ resembles
that of T. penicillatum. The two plate-like structures
differ somewhat in shape, ending both proximally as
well as distally in a hook-like structure (see Graff,
1905: taf. 3, fig. 24). The bursal appendage is described
as resembling that of T. venenosum. The position of
the pharynx in the middle of the body is exceptional
for a member of Trigonostomum and new material is
needed to confirm the validity and/or the taxonomy of
this species.

TRIGONOSTOMUM PIRIFORME (PEREYASLAWZEWA, 
1893) GRAFF, 1905

Hyporhynchus piriformis Pereyaslawzewa, 1893: 266,
t. 4, fig. 30.

Trigonostomum piriforme Graff, 1905: 115, t. III,
figs 22,23; 1913: 310, fig. 272; Meixner, 1924b: 96,
99.

Distribution: Black Sea (Pereyaslawzewa, 1893;
Graff, 1905)

According to Graff ’s (1905) drawings and descrip-
tion, the copulatory organ consists of three parallel
plate-like structures, but without a central stylet. The
bursal appendage is described as being identical with
that of T. penicillatum. This species could be identical
with T. penicillatum, but observations on new mate-
rial are needed.

MARINELLIA LINGULIFERA RIEDL, 1954

Marinellia lingulifera Riedl, 1954: 223–231, figs 30–
32.

Distribution: Mediterranean Sea (Riedl, 1954).
This species was considered by Riedl (1954) to be a

close relative of Trigonostomum, mainly based on the
presence  of  an  antero-ventral  invagination  forming
a kind of ‘proboscis’. Other features in which
M. lingulifera resembles Trigonostomum species are
the pharynx, which is strongly inclined forwards and
shows very strong external muscles and weak radial
ones (Riedl, 1954: 227), the double connection in the
female system (Riedl, 1954: fig. 31), the presence of a
bursa (Riedl, 1954: fig. 31: rs) with a long and narrow
bursal stalk, paired ovovitellaria and a bursal append-
age that consists of two coiled tubes, fused at their
base (Riedl, 1954: 225). Three other features of M. lin-
gulifera are not found in any Trigonostomum species:
the presence of a muscular tongue in front of the phar-
ynx (Riedl, 1954: 227–228, fig. 31: z), a muscular sep-
tum connecting the invagination with the pharynx
(Riedl, 1954: fig. 31: ms), and an unpaired seminal
vesicle (Riedl, 1954: 226). Ax (1971) considered M. lin-
gulifera to be the sister group of Trigonostomum,
based only on the presence of the antero-ventral
invagination. There is, however, no material of this
species available and some of the observations, such as
the unpaired seminal vesicle, the detailed structure of
the copulatory organ and the invagination certainly
need confirmation. In addition, the copulatory organ
and the bursal appendage are insufficiently described
and not even figured in the original description.
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the Indian Ocean, with the description of six new taxa
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Abstract
Seven typhloplanoids from the Indian Ocean are discussed; six of them are new to science. We place
five of the new species within the Trigonostomidae. Gandalfia bilunata gen. nov. sp. nov. is
characterized by a tubiform stylet and two semilunar structures in the afferent duct. Mahurubia clava
gen. nov. sp. nov. has a gutter-shaped stylet and a club-shaped mouthpiece on the bursa.
Parapharyngiella involucrum gen. nov. sp. nov. is characterized by a stylet in the form of a question
mark and a bursal mouthpiece with a club-shaped and a barrel-shaped part. Poseidoplanella halleti gen.
nov. sp. nov. is characterized by an unpaired ovary, a funnel-shaped stylet connected with a plate, and
a small, tubular bursal mouthpiece. Furthermore, new data are given on Ceratopera axi. The two other
new species belong to the Typhloplanidae. Aegira annabellae gen. nov. sp. nov., a marine species, is
characterized by a box-shaped stylet and a long, pseudocuticularized ejaculatory duct. Castrada
trispina sp., a freshwater species, has a copulatory bursa with three spines. Mahurubia clava gen. nov.
sp. nov. and Parapharyngiella involucrum gen. nov. sp. nov. occur at Zanzibar, Tanzania. The other
five species have been found on Kerguelen.

Keywords: Biodiversity, taxonomy, Trigonostomidae, Turbellaria, Typhloplanidae

Introduction

The marine turbellarian fauna of the Southern Hemisphere in general and of the Indian

Ocean in particular is little known. This is especially true for the so-called microturbellaria,

and the ‘‘Typhloplanoida’’ is no exception. There are only some scattered reports on

marine typhloplanoids in the Indian Ocean, from Somalia (Schockaert and Martens 1985),

Kenya (De Clerck and Schockaert 1995), the Seychelles (De Clerck 1994; De Clerck and

Schockaert 1995), and La Réunion (Artois et al. 2000). Recently, five Trigonostomum

species, three of them new to science, were reported from Kerguelen, Zanzibar and Kenya,
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(Willems et al. 2004a). This brings the total number of known Typhloplanoida for the

Indian Ocean to 14 species. In this contribution five new marine taxa (three from

Kerguelen and two from Zanzibar) and one new freshwater species (from Kerguelen) are

described. In addition, new data on Ceratopera axi (Riedl, 1954) Den Hartog, 1964 from

Kerguelen are given.

In addition to the traditional Linnean binomen, for each species we also propose an

alternative form of species name, which could be used in a system of phylogenetic

nomenclature (De Queiroz and Gauthier 1990, 1992, 1994). This converted name (for

each species) is chosen according to the system proposed by Artois (2001) and can be

found directly below the Linnaean name.

Material and methods

The material was collected during two sampling expeditions. The specimens from

Kerguelen were collected by Ernest Schockaert during an expedition to La Réunion,

Crozet and Kerguelen in November and December 1992. Material from Zanzibar was

collected by Huguette Sas, Tom Artois and Ernest Schockaert during a stay in August

1995.

The marine animals were extracted from sediment and algae using the MgCl2
decantation method (see Schockaert 1996), whereas the freshwater Castrada species

was collected by the oxygen depletion method (see Schockaert 1996); a moss sample was

inundated, causing animals to move to the water surface. A few individuals of each

species were studied alive and whole-mounted with lactophenol. The remaining specimens

were fixed in marine Bouin’s solution, embedded in paraffin, serially sectioned

(4 mm sections), and stained with Heidenhain’s iron haematoxylin, using eosin as a

counterstain.

Camera lucida drawings of hard parts were made with Nomarski phase contrast

microscopy. Drawings without a scale bar are freehand. Measurements of hard parts are

taken axially, unless indicated otherwise. The position of the gonopore and organs, and the

measurements of the pharynx, are expressed in percentages of the total body length

(distance from the anterior tip of the body).

The type material of the newly described species is deposited in the zoological collection

of the Limburgs Universitair Centrum (LUC), Diepenbeek, Belgium.

To enable us to compare the Ceratopera axi (Riedl, 1954) Den Hartog, 1964 specimens

from Kerguelen with those of other populations, we borrowed voucher specimens from

California and the Falklands from the collections of the Swedish Museum of Natural

History in Stockholm (SMNH). Two whole mounts from Australia are also present in the

collections of the LUC (Diepenbeek, Belgium).

The following abbreviations are used in the figures: ac, atrium copulatorium; ad, afferent

duct; av, additional vesicle; bc, bursa copulatrix; bg, basophilic glands; bh, bursal hook; bs,

bursal stalk; bu, bursa; cg, caudal glands; cga, common genital atrium; cil, cilia; de,

ejaculatory duct; ds, seminal duct; e, eye; ecm, external circular muscle; elm, external

longitudinal muscle; fa, female atrium; fd, female duct (5efferent duct); fg, female glands;

gg, prostate glands; gp, common genital pore; gw, ‘‘Greifwulst’’; icm, internal circular

muscle; ilm, internal longitudinal muscle; lm, longitudinal muscle; m, mouth; ma, male

atrium; mp, mouthpiece; mt, ‘‘mantle’’; od, oviduct; ov, ovary; pc, prepharyngeal cavity;

pg, pharynx glands; ph, pharynx; pl, pharynx lumen; rg, rostral glands; rh, rhabdite; rm,

radial muscle; rs, seminal receptacle; s, stylet; so, stylet opening; t, testis; ut, uterus; v, vas
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deferens; vd, vitelloduct; vg, prostate vesicle; vit, vitellarium; vs, seminal vesicle; x, y, z,

features described in respective text.

Taxonomic account

Systematic relationships within the ‘‘Typhloplanoida’’ s.s. (see Ehlers 1985) have never

been assessed from a cladistical point of view. Pending a cladistical analysis of the

‘‘Typhloplanoida’’ by the first author, we will, for the time being, use the system proposed

by Den Hartog (1964) and refined by Ax and Heller (1970). In this system the

‘‘Typhloplanoida’’ are divided into eight families, all of them further subdivided into

several subfamilies. None of these taxa has yet been assessed for its monophyletic status.

We would like to stress that the discussions in this paper must be seen as provisional, and

are only intended to compare the new species with strongly similar species (as a differential

diagnosis) and are not intended as primary homology assessments (sensu Patterson 1982).

TRIGONOSTOMIDAE Graff, 1905 sensu Den Hartog, 1964

PARAMESOSTOMINAE Luther, 1948

Gandalfia bilunata gen. nov. sp. nov.

gandalfia-bilunata sp. nov.

(Figure 1)

Diagnosis

Gandalfia gen. nov. Paramesostominae with the pharynx situated in the middle of the body,

with a ciliated collar in the distal part of the lumen. Unpaired testis and seminal vesicle.

Distal part of the seminal vesicle and the proximal part of the prostate vesicle enclosed

within the same muscle layer. With a straight, single-walled stylet. Ovaries paired. Glands

enter the female duct about half way. Muscular afferent duct, widened near the common

genital atrium, with basophilic glands and two sclerotized semilunar structures. Type

species: Gandalfia bilunata.

Gandalfia bilunata sp. nov. Provisionally with the same diagnosis as the genus. Stylet

¡240 mm long.

Locality

Kerguelen, Port Couvreux: between Ceramium-like red algae and thread-like green algae,

mid-eulittoral, 0.4 m deep at high tide (25 November 1992) (type locality).

Material

Four specimens studied alive, and mounted, one of them designated holotype (LUC

no. 266), the others paratypes (LUC nos 267–269). Five serially sectioned specimens

(paratypes; LUC nos 270–274).

Etymology

The genus name/praenomen refers to the wizard Gandalf from the books by J. R. R.

Tolkien; gender: feminine. The species epithet refers to the two semilunar structures in the

bursa; bis (Latin): twice, luna (Latin): moon.

New ‘‘Typhloplanoida’’ from the Indian Ocean 3



Description

Transparent, yellowish white animals, 1–1.6 mm long (measured on whole mounts), with

two eyes. The cellular epidermis is about 4–5 mm thick, with cilia 2 mm long. It contains

large, rod-shaped, slightly bent rhabdites, which are as long as the epithelium is high. Large

eosinophilic rhabdite glands (Figure 1B: rg) converge to two long rhabdite strands towards

the rostral tip of the body. The caudal glands are well developed (Figure 1A: cg), mainly

eosinophilic, with a few basophilic ones.

The pharynx (Figure 1D) is situated at ¡40%. The epithelium on the distal rim of the

pharynx is provided with short, densely packed cilia (Figure 1D: cil1). The epithelium of

the lumen is very low, with several nuclei and very high cilia in the distal part (Figure 1D:

cil2). This part forms a so-called ‘‘Greifwulst’’ (prehensile girdle; Figure 1D: gw) with a

sphincter of five thick fibres and a few weak radial muscles, running from the proximal end

of the ciliation to the medial part of the rim of the pharynx bulb. There are 16 internal

Figure 1. Gandalfia bilunata gen. nov. sp. nov. (A) Reconstruction of the atrial organs from the left side; (B)

general organization (from a live specimen); (C) stylet (from the holotype); (D) pharynx (reconstruction on sagittal

sections).
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longitudinal muscles. The pharynx bulb is filled with large glands, one type with a

basophilic and two different types with eosinophilic secretion. The basophilic glands and

the most proximal, eosinophilic glands enter the pharyngeal lumen at the level of the distal

sphincter, whereas the other eosinophilic glands open near the distal rim.

The common genital pore is at 80–85%. The common genital atrium is lined with a high,

cellular epithelium with cilia. It is surrounded by longitudinal muscles only.

There is only one small testis (see Figure 1B), dorsally next to the prostate bulb. The vas

deferens is very short, leading to the seminal vesicle (Figure 1A, B: vs). This vesicle is lined

with a low, nucleated epithelium, and surrounded by spirally running muscles. These

muscles are very thick distally and also surround the proximal part of the prostate vesicle.

The prostate vesicle, as seen in live animals (Figure 1B: vg), is divided into proximal and

distal halves, each with a different secretion. In the sectioned material, on the other hand,

the prostate vesicle is completely empty, while filled gland necks can be seen in the stylet

(fixation artifact?). Where the glands, which have an extracapsular nucleated part

(Figure 1A: gg), enter the prostate stylet, a number of nuclei are present (not drawn in

Figure 1A). The fragile, single-walled, tubiform stylet (Figure 1C) is broken in every one of

the whole mounted specimens, and is 212–250 mm long (mean5237 mm; n53). The

proximal opening is 30–38 mm wide (mean535 mm; n53). From this opening the stylet

narrows, and at about one-quarter of its length it continues as a straight tube, 17–23 mm in

diameter (mean519 mm; n53). The opening is situated at the blunt end (Figure 1C: so). A

weak muscle (Figure 1A: lm) extends from the male atrium to the ventral body wall.

There are two large, elongated ovaries, lying ventrally just behind the pharynx. The

paired vitellaria extend dorsally at both sides of the body, from behind the eyes towards the

level of the gonopore. In the sectioned specimens both vitellaria anastomose with each

other, which was not observed in live animals. The two short oviducts join each other to

form the female (5efferent) duct (Figure 1A: fd). The vitelloducts enter the oviducts just

before this junction. The female duct is surrounded by longitudinal muscles and lined with

a high, nucleated epithelium. About half way, a large bundle of basophilic glands

(Figure 1A: fg) enters the female duct. A second duct, the afferent duct (Figure 1A: ad),

connects the common genital atrium with the junction of both oviducts. It is lined over its

whole length with basement membrane only (pseudocuticula) and is surrounded by

circular muscles, except for the part near the ovaries where it has a very thin wall. The

muscular part is surrounded by parenchymatic tissue (myoblasts?), containing a large

number of nuclei. Near the common genital atrium, the afferent duct is slightly widened

and surrounded by very thick circular muscles. The basement membrane is very thick,

forming two semilunar structures (Figure 1A, B: x), especially obvious in live animals. A

large bundle of basophilic glands (Figure 1A: bg) opens into the distal part of the afferent

duct, at the transition to the common genital atrium. A uterus is lacking.

TRIGONOSTOMINAE Luther, 1948

Ceratopera axi (Riedl, 1954) Den Hartog, 1964

ceratopera-axi (Riedl, 1954) Den Hartog, 1964

Proxenetes axi Riedl, 1954.

Ceratopera bifida Ehlers and Ax, 1974.

Localities

New locality. Port Couvreux (Kerguelen): between filiform green algae, mid-eulittoral,

0.4 m deep at high tide (25 November 1992).
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Other locality in the Indian Ocean. La Réunion (Artois et al. 2000).

Known distribution. Gulf of Naples and Sicily (Riedl 1954); Galapagos (Ehlers and Ax

1974); Falkland Islands and California (Karling 1986); Weddell Sea (Artois et al. 2000);

Eastern Australia (Willems et al. 2004b).

Material

Observations on live specimens and one whole mount. Whole mounts from Falklands and

California (collections of SMNH) and Australia (collections of LUC).

Remarks

The stylet of the specimen from Kerguelen measures 121 mm (88 mm if measured as

in Ehlers and Ax 1974). The bursal appendage (or mouthpiece) is 117 mm long. These

measurements correspond with those on the specimen from the Weddell Sea

(Artois et al. 2000), they are slightly larger than those of the specimen from La Réunion

(Artois et al. 2000) and much larger than those of the Australian (Willems et al. 2004b)

and the Galapagos specimens (Ehlers and Ax 1974). The last-mentioned population

was formerly described as a different species, C. bifida Ehlers and Ax, 1974. According to

Karling (1986), Artois et al. (2000) and Willems et al. (2004b), C. bifida Ehlers

and Ax, 1974 is considered a junior synonym of C. axi (Riedl, 1954) Den Hartog,

1964.

As the variation in stylet size within C. axi is rather large, it would not be surprising that

this ‘‘morphological plasticity’’ in fact hides a complex of cryptic species, as is the case for

Gyratrix hermaphroditus Ehrenberg, 1831 (see Curini-Galletti and Puccinelli 1989, 1990,

1994, 1998; Artois et al. 2000; Artois and Schockaert 2001) or the ‘‘setigerum species

complex’’ within the taxon Trigonostomum Schmidt, 1852 (see Willems et al. 2004a).

However, since the only known difference between the different populations of C. axi is this

size variation of the stylet, it is at the moment highly arbitrary to split this complex into

different formal species. Such an action should be backed up by a much more thorough

morphological (and molecular) study of the species, which is clearly not within the scope of

this study.

Mahurubia clava gen. nov. sp. nov.

mahurubia-clava sp. nov.

(Figure 2)

Diagnosis

Mahurubia gen. nov. Trigonostominae with the pharynx in the middle of the body. Testes

and seminal vesicles paired, far behind the pharynx. Prostate stylet consisting of two parts,

one of which is gutter-shaped and receives the prostate secretion, the other one a folded

plate-like structure, which carries several spines distally. Additional vesicle (with sperm) at

the proximal part of the female (efferent) duct. Afferent system consisting of tortuous duct

and large, thick-walled bursa. Mouthpiece of bursa club-shaped. Type species: Mahurubia

clava.

Mahurubia clava sp. nov. Provisionally with the same diagnosis as the genus. Stylet

87 mm long.
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Locality

Zanzibar, Mahurubi Palace Ruins: open beach with fine sand in front of the mangroves, at

low tide (5 August 1995) (type locality); same locality: sandflat with crab holes (17 August

1995).

Material

Three individuals studied alive and mounted: one designated holotype (LUC no. 275),

another one paratype (LUC no. 276). Three serially sectioned animals (paratypes; LUC

no. 277–279).

Figure 2. Mahurubia clava gen. nov. sp. nov. (A) General organization (from a live specimen); (B) habitus of a live

animal; (C) stylet (from the holotype); (D) reconstruction of the atrial organs from the right side.
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Etymology

The genus name/praenomen refers to the type locality, Mahurubi (Zanzibar, Tanzania);

gender: feminine. The species epithet refers to the shape of the mouthpiece; clava (Latin):

club.

Description

The animals are ¡0.6–0.9 mm long (measured on whole mounts), with two eyes. The

cellular epidermis is about 2 mm thick, with cilia 1.5 mm long. Large rhabdites occur

throughout the epidermis, but are slightly more concentrated at the rostral and caudal

ends. Rostrally there are two long strands of rhabdite glands (Figure 2B: rg). Caudal glands

are also well developed.

The pharynx is situated at about 40%. There are basophilic and eosinophilic pharyngeal

glands. The nucleated epithelium of the pharyngeal lumen is low. There are 24 internal

longitudinal and 24 radial muscles in horizontal sections.

The common genital pore lies at ¡90%. The common genital atrium is rather wide,

lined with a high, nucleated epithelium, and surrounded by longitudinal muscles only. It

extends rostrally to form the female atrium and communicates dorsally with the male

atrium.

Paired testes are situated far behind the pharynx, just in front of the ovaries (Figure 2A,

B). Seminal vesicles are paired, lined with low, nucleated epithelium and surrounded by

spiral muscles. Both vesicles narrow and subsequently fuse to form the seminal duct

(Figure 2D: ds), just before entering the prostate vesicle. The seminal duct continues

through the prostate vesicle as a very narrow duct and widens just before entering the stylet.

The prostate vesicle (Figure 2A: vg) is very large and elongated. It is surrounded by inner

circular and outer longitudinal muscles. Two kinds of prostate glands are present:

eosinophilic ones (Figure 2D: gg2) with extracapsular nucleated parts, and basophilic

glands, which are completely intracapsular (Figure 2D: gg1). The very complex stylet

(Figure 2C) is 81–90 mm long (mean587 mm; n53) and consists of two parts: a bent,

gutter-shaped one (maybe a closed tube) and a folded plate-like part at the concave side,

which is attached to the gutter-shaped part over most of its length. Sperm is probably

discharged in between these two parts, while the gutter-shaped one receives the prostate

secretion. The male genital atrium is lined with a membranous epithelium and surrounded

by inner circular and outer longitudinal muscles. Distally, the circular layer ends where the

male atrium enters the common genital atrium. A short, but strong bundle of longitudinal

muscle fibres (Figure 2D: lm) connects the proximal part of the male atrium with the

common genital atrium.

The paired, ovoid ovaries are situated on both sides of the prostate vesicle. They form the

most caudal part of the elongated ovovitellaria (Figure 2B: ov+vit), which extend from just

behind the eyes to the prostate vesicle. There is a large variation in size of the ovaries

between different individuals, possibly due to differences in developmental stage. The

female duct (5efferent duct; Figure 2D: fd) enters the female atrium (Figure 2D: fa)

anteriorly. The common genital atrium, the female atrium and the female duct are all lined

with a high, nucleated epithelium and surrounded by longitudinal muscles. Distally from

the junction of the oviducts a large bundle of eosinophilic glands (Figure 2D: fg) opens into

the female duct, which is guarded by a sphincter. Proximally from the junction, the female

duct ends in a small sperm-containing vesicle (Figure 2D: av), lined with a low, nucleated

epithelium and filled with motile sperm in the living animal. This additional vesicle can be
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closed by a weak sphincter. At the transition between the female duct and the vesicle a

tortuous duct (5part of the afferent duct) connects a large bursa (Figure 2D: bu) with the

ovaries. Where the duct leaves the bursa, a sclerotized, club-shaped mouthpiece

(Figure 2D: mp; not visible on whole mounts) is present. The bursa proper is thick-

walled, surrounded by strong spirally running, almost longitudinal muscles, and enters the

female atrium dorsally, just above the female duct. A uterus is lacking.

Parapharyngiella involucrum gen. nov. sp. nov.

parapharyngiella-involucrum sp. nov.

(Figure 3)

Diagnosis

Parapharyngiella gen. nov. Trigonostominae with the pharynx situated in the first body half.

Paired testes in front of the pharynx. Paired ovovitellaria with the ovaries and atrial organs

situated just caudally to the pharynx. Prostate stylet a curved tube, distally surrounded by

the mantle. Additional vesicle (with sperm) at the proximal part of the female (efferent)

duct. Afferent system consisting of curling duct and large, thin-walled bursa (with

sclerotized bursal stalk). Mouthpiece of bursa consisting of a club-shaped part surrounded

by a barrel-shaped part. Type species: Parapharyngiella involucrum.

Parapharyngiella involucrum sp. nov. Provisionally with the same diagnosis as the genus.

Stylet 48 mm long.

Locality

Zanzibar, Mahurubi Palace Ruins: beach with detritus-rich sand, churned up by crabs, at

low tide (5 August 1995) (type locality).

Material

Four specimens studied alive and whole mounted, one of them designated holotype (LUC

no. 280), the others paratypes (LUC nos 281–283). One serially sectioned specimen

(paratype; LUC no. 284).

Etymology

The genus name/praenomen refers to the position of the genital system, just behind the

pharynx; para (Greek): close to; gender: feminine. The species epithet refers to the partially

sclerotized wall of the bursal stalk, giving it the appearance of a kind of envelope; involucrum

(Latin): envelope.

Description

The animals are ¡1 mm long (measured on whole mounts), with two eyes. The cellular

epidermis is about 3 mm thick with cilia of 3–4 mm long. Numerous minute rhabdites occur

throughout the epidermis. Close behind the eyes, some basophilic glands (Figure 3A: rg)

are present and produce rod-shaped adenal rhabdites, which are ¡6 mm long. The gland

necks are organized in two long tracts, fusing at the level of the eyes and opening terminally

at the rostral body end.
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Figure 3. Parapharyngiella involucrum gen. nov. sp. nov. (A) Habitus of a live animal; (B) general organization

(from a live specimen); (C) stylet (from the holotype); (D) horizontal reconstruction of the atrial organs.
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The pharynx is situated at about 30%. It has 24 internal longitudinal muscles. The more

detailed structure could not be determined, but does not seem to differ from that of most

other trigonostomids.

The paired testes are rather small and globular and lie just in front of the pharynx

(Figure 3A). The dorsally situated, paired ovovitellaria extend from the level of the testes to

the caudal body-end, with the ovaries just behind the pharynx. Also all other reproductive

structures are located immediately behind the pharynx (see Figure 3A, B). The common

genital pore is situated at ¡40%. The common genital atrium is surrounded by inner

circular and outer longitudinal muscles, and lined with a nucleated and frayed epithelium

(pseudociliation).

The paired seminal vesicles are lined with a low, nucleated epithelium and surrounded by

circular muscles. Just before entering the prostate vesicle (Figure 3B: vg), both

seminal vesicles join to form the seminal duct (Figure 3D: ds). It runs axially through

this prostate vesicle, but is only clearly visible in the proximal part. Both prostate vesicle and

male atrium, are surrounded by circular muscles. There are two types of prostate glands:

eosinophilic glands situated dorsally (Figure 3D: gg2) and basophilic ones ventrally

(Figure 3D: gg1). Extracapsular parts of the glands were seen only on live material

(Figure 3B: gg). The complex stylet (Figure 3C) is 44–55 mm long (mean548 mm;

n54) and consists of a very narrow, thick-walled tube, giving it the shape of a question

mark when viewed laterally. The distal part (about 60%) is surrounded by a large

plate (‘‘mantle’’ of Ax 1971). Distally, this plate (Figure 3C: mt) ends in a broad

hook.

The ovoid ovaries are situated dorsal to the prostate vesicle. The short oviducts are lined

with a low, nucleated epithelium and join to form the female duct (5efferent duct;

Figure 3D: fd), which enters the atrium dorsally. The female duct is surrounded by a

strong sphincter at its proximal end, where a large bundle of eosinophilic glands

(Figure 3D: fg) surrounds and enters the female duct. Proximally the female duct ends in a

small, globular sperm-containing vesicle (Figure 3D: av), the entrance of which is guarded

by a sphincter. The afferent system consists of a large bursa (Figure 3D: bu) and a

sclerotized duct, which connects the bursa with the sperm-containing vesicle on the female

duct. Where it leaves the bursa, this duct widens and contains a large mouthpiece

(Figure 3D: mp; not visible on whole mounts), which is a complex sclerotized structure,

consisting of an inner club-like part, surrounded by a barrel-shaped part. The latter part is

probably the thickened wall of the surrounding duct. The bursa has a thin and extremely

folded wall, is filled with sperm and eosinophilic secretion, and is connected to the genital

atrium by a narrow duct (bursal stalk; Figure 3D: bs), which is lined with a thick sclerotized

basement membrane. In about its middle, the bursal stalk widens and the basement

membrane is clearly thicker on one side, giving it the appearance of a kind of envelope. A

uterus is lacking.

MARIPLANELLINAE Ax and Heller, 1970

Poseidoplanella halleti gen. nov. sp. nov.

poseidoplanella-halleti gen. nov. sp. nov.

(Figure 4)

Diagnosis

Poseidoplanella gen. nov. Mariplanellinae with complex stylet, consisting of tubiform and

plate-like parts. Unpaired seminal vesicle. Extracapsular prostate glands. Afferent system
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consisting of dome-shaped bursa, muscular duct, seminal receptacle and sclerotized

mouthpiece. Type species: Poseidoplanella halleti.

Poseidoplanella halleti sp. nov. Provisionally with the same diagnosis as the genus.

Stylet 61–67 mm long, consisting of a tube connected to a triangular plate that carries a

spur.

Locality

Kerguelen, Port Couvreux: small bay, on thread-like green algae, mid-eulittoral, 0.4 m

deep at high tide (25 November 1992) (type locality).

Figure 4. Poseidoplanella halleti gen. nov. sp. nov. (A) Habitus of a live animal; (B) general organization (from a live

specimen); (C) stylet (from the holotype); (D) reconstruction of the atrial organs and the pharynx from the right

side.
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Material

Several individuals studied alive. Five whole mounts, one of them designated holotype

(LUC no. 285), the others paratypes (LUC nos 286–289). Two serially sectioned

specimens (paratypes; LUC nos 290–291).

Etymology

The genus name/praenomen refers to Poseidon, the Greek god of the sea. The suffix -

planella (‘‘little flat animal’’) is used in analogy with Mariplanella and Lonchoplanella, the

genus names of the two other species in the subfamily (see Discussion); gender: feminine.

The species is dedicated to Mr Peter Hallet, a friend of the first author.

Description

The colourless to pale yellow animals are 0.7–1.0 mm long (measured on whole mounts)

and have two eyes with lenses. The cellular epidermis is about 3 mm thick (only slightly

thicker at the rostral and caudal body end) with cilia ¡2 mm long. Cilia are almost

completely lacking at the dorsal side. The rod-shaped rhabdites are ¡3 mm long and occur

exclusively in the dorsal body epithelium. Two small, eosinophilic rhabdite glands

(Figure 4A: rg) are present between the eyes in the rostral part of the body. Caudal

eosinophilic and basophilic glands are very well developed (Figure 4D: cg).

The small, globular pharynx (Figure 4A, D: ph) is situated in the first body half at

¡25%. The distal rim carries short cilia (Figure 4D: cil). The prepharyngeal cavity

(Figure 4D: pc) is lined with a low, anucleated epithelium and surrounded by longitudinal

muscles. The pharynx lumen is lined with a low, anucleated epithelium without cilia. The

exact number of inner longitudinal and radial muscles could not be determined. Distally

the inner circular muscles form a thick sphincter within the so-called ‘‘Greifwulst’’

(prehensile gridle; Figure 4D: gw), which lacks cilia. The pharynx is filled with probably

only one type of basophilic gland.

The genital pore is situated at ¡60% (Figure 4A, B, D: gp) and can be closed by a

sphincter. The common genital atrium is very small, lined with a high, nucleated

epithelium and surrounded by longitudinal muscles. It communicates with the male atrium

rostrally, with the female duct caudally and with the bursa dorsally.

The paired, elongated testes lie caudally of the pharynx, ventrally of the vitellaria. The

unpaired seminal vesicle is large and globular and lies just caudally of the pharynx. It is

lined with a low, nucleated epithelium and surrounded by weak circular muscles. A short

ejaculatory duct (Figure 4D: de) leads into the small barrel-shaped prostate vesicle

(Figure 4D: vg), which contains the gland necks of the elongated, extracapsular prostate

glands, and is surrounded by circular muscles. The stylet consists of a narrow tube (44–

54 mm long; mean549 mm; n55) attached to a plate-like structure (54–58 mm long;

mean556 mm; n55) that has a proximal rectangular part and a distal elongated triangular

part. The stylet is attached to the plate at the transition of both parts, from where also a

slender spur departs (40–47 mm long; mean543 mm; n55). The whole structure, plate plus

stylet, measures 61–67 mm (mean565 mm; n55). Both sperm and prostate secretion are

discharged through the tubiform part of the stylet. The male atrium is rather long, lined

with a high, anucleated epithelium, and proximally surrounded by very strong spirally

running muscles. In the distal part of the male atrium the muscles become weaker and

circular.
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The single ovary is situated caudally. The paired vitellaria lie dorsally and extend from

the pharynx to the caudal body end. The vitelloducts join and, subsequently enter the

female duct from behind and ventrally (Figure 4D: vd). The female or efferent duct

(Figure 4D: fd) is lined with a high, nucleated epithelium (the lumen is very narrow) and

surrounded by weak longitudinal muscles. Distally to the vitelloduct, basophilic glands

enter the female duct from the dorsal side (Figure 4D: fg). In the proximal part of the

female duct the lumen becomes wider, and close to the ovary it is swollen and filled with

sperm. The afferent system begins with a dome-shaped bursa at the dorsal side of the

common genital atrium. This bursa is lined with the same high, nucleated epithelium as the

atrium. The bursa is connected to a globular sperm-containing vesicle or receptaculum

seminis (terminology of Ax and Heller 1970 and Ehlers 1974) through a very narrow,

muscular duct. The vesicle is embedded in a stromatic tissue with cavities filled with sperm

in various stages of digestion, and is connected to the oviduct by a short, sclerotized duct or

mouthpiece, not seen, however, in the living animal (Figure 4D: mp; terminology of Ax

and Heller 1970 and Ehlers 1974). A uterus is lacking.

Discussion of the new Trigonostomidae species

The four new species described above are members of the taxon Trigonostomidae Graff,

1905 (sensu Den Hartog, 1964), and belong to the subtaxa Paramesostominae Luther,

1948, Trigonostominae Luther, 1948, and Mariplanellinae Ax and Heller, 1970.

In the Trigonostomidae, the ovaries are connected to the atrium by two ducts: an efferent

duct (‘‘abführend’’ in Luther 1948), through which the fertilized egg descends to the

atrium, and an afferent system (‘‘zuführend’’ in Luther 1948) through which the alien

sperm (presumably) reach the ovaries after copulation. This feature has always been

considered diagnostic for the Trigonostomidae (see Den Hartog 1964; Ax and Heller 1970;

Ax 1971). However, Karling et al. (1972) expressed some doubts about the homology of

this double connection in all trigonostomids, and indeed such a double connection can also

be found in, for example, some Polycystididae Graff, 1905 (see Artois and Schockaert

forthcoming) and in some Solenopharyngidae Graff, 1882 (e.g. Proceropharynx litoralis

Ehlers, 1972 and Adenopharynx mitrabursalis Ehlers, 1972; see Ehlers 1972). Moreover, the

construction of the whole female system may be quite different in the various

Trigonostomidae species. A thorough discussion on the matter is, however, beyond the

scope of this contribution. We have used the terminology of previous authors to indicate

different parts of the afferent system, without implying any homology. Comparison of each

new species with known species is made within the present taxonomic system, pointing only

to the most conspicuous differences (as a differential diagnosis).

Gandalfia bilunata sp. nov. exhibits all characters of the Paramesostominae enumerated

by Karling et al. (1972, p 261), and shows the highest resemblance with Astrotorhynchus

bifidus (McIntosh, 1874) Graff, 1905. Astrotorhynchus bifidus has a retractable ‘‘proboscis’’,

a uterus and spiral ridges on the stylet (see Luther 1950), whereas G. bilunata has none of

these characters. Furthermore, in G. bilunata there is only one testis (two in A. bifidus;

Luther 1950) and the basement membrane of the atrial bursa is thickened to form two

semilunar structures, obvious in live animals, but absent in A. bifidus.

Mahurubia clava sp. nov. and Parapharyngiella involucrum sp. nov. must be considered

members of the Trigonostominae (for diagnosis, see Den Hartog 1964 and Ax 1971). They

have paired ovovitellaria, paired seminal vesicles, the copulatory organ is clearly of the

trigonostominae construction, and the afferent female duct ends in a sclerotized
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mouthpiece (except in Petaliella spiracauda Ehlers, 1974). Contrary to the situation in all

other Trigonostominae, this mouthpiece is club-shaped in the two African species, and lies

within a duct, which ends in an additional sperm-containing vesicle close to the ovaries.

Such a vesicle is absent in all other known species. Moreover, the copulatory organ in each

of the two new species is clearly different from those of all other Trigonostominae, allowing

easy recognition.

The Mariplanellinae have a single ovary, separated from the (paired) vitellaria (see Ax

and Heller 1970), and Poseidoplanella halleti sp. nov. must therefore be considered a

representative of this taxon. So far, the taxon Mariplanellinae encompassed two species,

Mariplanella frisia Ax and Heller, 1970 and Lonchoplanella axi Ehlers, 1974. Both these

species have the pharynx in the second half of the body and the genital organs in the caudal

body part (see Ax and Heller 1970; Ehlers 1974). Poseidoplanella halleti has the pharynx at

25%, and the genital organs in the middle of the body, and it has a single seminal vesicle,

while the other two species have only one. The hard parts of the copulatory organ are

clearly different in the three species.

TYPHLOPLANIDAE Graff, 1905

RHYNCHOMESOSTOMINAE Bresslau, 1933

Castrada trispina sp. nov.

castrada-trispina sp. nov.

(Figure 5)

Diagnosis

Castrada species with three spines in the copulatory bursa, two of them of the same shape

and size (40 and 46 mm long), the third one of a different shape and larger (88 mm long).

Ejaculatory duct a simple, bent, pseudocuticularized tube.

Locality

Kerguelen, Baie de la Table; on mosses in a freshwater torrent near a cascade on the beach

(4 December 1992) (type locality).

Material

Several individuals studied alive. One whole mount, designated holotype (LUC no. 300).

Four serially sectioned specimens on seven slides (paratypes; LUC nos 301A–C–304A–B).

Etymology

The species epithet refers to the presence of three spiny thorns in the copulatory bursa;

spina (Latin): thorn.

Description

Small and slender animals, colourless and without eyes. Small rhabdite glands (Figure 5:

rg) with slender, elongated rhabdites present in the rostral region, which is very agile in live

individuals. The syncytial epidermis is about 4 mm thick ventrally, dorsally thinner (2–

3 mm), with cilia ¡5 mm long. These cilia are much shorter and less densely distributed
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dorsally. Dermal rhabdites could not be discerned. In sections, the epidermis shows a basal,

strongly stained part in which the nuclei lie, and an outer, weakly coloured part, as in a

number of Castrada species (Luther 1946, p 48).

The globular pharynx is situated mid-body. The detailed structure does not deviate from

that of other Castradella and Castrada species (Luther 1946, 1963; Papi 1959). The

prepharyngeal cavity consists of two parts. Proximally it is wide and lined with a low,

anucleated epithelium, whereas it narrows distally, forming a short tube. This tubular part

can be closed by two sphincters, one proximally near the transition to the larger cavity, the

second one at the mouth. The tubular part is lined with a high, nucleated epithelium,

Figure 5. Castrada trispina sp. nov. (A) General organization (from a live specimen); (B) bursal hooks; (C)

reconstruction of the atrial organs from the right side.
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covered with cilia. This epithelium strongly resembles the body epithelium. In all Castrada

species, a very similar tubular part of the prepharyngeal cavity is present, into which the

protonephridial ducts open, and that therefore is called the excretion cup (Luther 1946;

Papi 1959). However, in live individuals of Castrada trispina sp. nov. the protonephridia

clearly did not open into the mouth, albeit that the exact place of opening could not be

determined.

The paired testes are situated left and right of the pharynx, ventrally to the vitellaria. The

male genital system contains two major parts: the copulatory bulb and the copulatory

bursa, both in close association with each other and surrounded by the same muscle layer.

The vasa deferentia are narrow and enter the seminal vesicle together. This copulatory bulb

is surrounded by very strong circular muscles and contains the seminal vesicle and the

basophilic prostate glands, with no extracapsular parts. Seminal vesicle and glands open

into the cup-shaped proximal part of the pseudocuticularized ejaculatory duct (Figure 5C:

de), which becomes a narrow tube distally. The ejaculatory duct enters the proximal part of

the common genital atrium (atrium copulatorium in Papi 1959) and can protrude into it.

Here, the copulatory bulb can be closed by a sphincter. The atrium copulatorium also

receives the copulatory bursa (Figure 5C: bc), which is a narrow, muscular sac, ventral to

the copulatory bulb. A bursal stalk is absent. The bursa itself is lined with a high, nucleated

epithelium, surrounded by strong circular muscles, and contains three hooks (Figure 5C:

bh). Two of them are more or less sickle-shaped (Figure 5B: B1, B2) and lie near the

opening of the bursa into the atrium copulatorium, keeping the opening wide. They are 40

and 46 mm long and their edges carry a row of knobs, reminiscent of a cobblestone pattern

when viewed from above (as in Figure 5B: B2). The third spine (Figure 5B: B3) is

somewhat larger (88 mm long), funnel-shaped and distally bent. The rounded proximal rim

carries some small, thin spines. A thick-walled V-shaped structure probably represents the

rim of the opening of the funnel. The exact position of this spine in the copulatory bursa

could not be determined in sections. This hook is quite similar in outline to that drawn by

Luther (1946, Figure 69) in the copulatory bursa of Castrada annebergensis Luther, 1946

and there called ‘‘spermatophore’’.

The unpaired ovary is situated in the caudal part of the body. The vitellaria extend from

the rostral to the caudal body end. The female duct enters the common genital atrium at

the caudal side. It is rather narrow, lined with a high, nucleated epithelium and surrounded

by longitudinal muscles, except for a weak sphincter near the atrium. Proximally it receives

the vitelloduct and the oviduct, which is widened, has almost no lumen but contains a small

amount of sperm. The paired uteri (Figure 5C: ut) enter the common genital atrium from

the rostral side.

Discussion

This species clearly belongs to the Rhynchomesostominae, as it shows all diagnostic

features of this taxon, as outlined by Papi (1959). Within the Rhynchomesostominae,

Rhynchomesostoma Luther, 1904 is characterized by an anterior invagination of the

epidermis and Mesocastrada Volz, 1898 by the presence of an accessory glandular organ

connected to the common genital atrium (Papi 1959; Luther 1963). The lack of these

features is typical of the taxon Castrada Schmidt, 1861, in which our species thus can easily

be placed. In the past, the taxonomy of Castrada has been much debated (see for instance

Luther (1948, p 117–118) and Papi (1959, p 45–47)). Originally all species were placed

within the genus Castrada. Later on Nassonov (1926) erected the genus Castradella, based
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on the opening of the protonephridia on the body surface (in the mouth in Castrada),

whereas Luther (1963) placed both taxa as subgenera into the taxon Castrada. As the

taxonomic value of this diagnostic feature (location of protonephridia opening) is

questionable and the division of the taxon Castrada into two genera is largely subjective,

we prefer following the view of Luther (1963) in order to prevent establishing an

unnecessary surplus of names.

Very few species within the taxon Castrada have large hooks in the male genital system:

C. baldii Steinböck, 1949, C. cristatispina Papi, 1951, C. gladiata (Schwank, 1980), C.

granea Braun, 1885, C. neocomensis Volz, 1898, C. quadridentata Hofsten, 1907, and C.

trispina. The new species resembles C. cristatispina most because only in these two species

are the hooks all situated in the copulatory bursa, whereas in the other species at least some

of the hooks are situated in the atrium copulatorium and/or in a sac-like bulge of this

atrium. However, in C. cristatispina there are many more hooks, although an exact number

is not given (Papi, 1951). Furthermore, C. cristatispina has zoochlorellae and a blind sac on

the atrium copulatorium, absent in C. trispina, and the detailed structure of the bursal

hooks is different.

INCERTAE SEDIS

Aegira annabellae gen. nov. sp. nov.

aegira-annabellae sp. nov.

(Figure 6)

Diagnosis

Aegira gen. nov. Typhloplanidae with prostate vesicle surrounded by two spirally running

muscle layers. Unpaired, intracapsular seminal vesicle. Pseudocuticularized ejaculatory

duct. Prostate glands and ejaculatory duct open into a simple, thin-walled stylet. Simple

female genital system with short female duct, proximally split into oviduct and bursa.

Vitellaria connected with oviduct through single vitelloduct. Female glands and uterus

absent. Type species: Aegira annabellae.

Aegira annabellae gen. nov. sp. nov. Provisionally with the same diagnosis as the genus.

Box-shaped stylet 25–32 mm long, 14–19 mm wide with distal hook.

Locality

Kerguelen, Port Couvreux: small bay, on Ceramium-like red algae, mid-eulittoral, 0.4 m

deep at high tide (25 November 1992) (type locality).

Material

Several individuals studied alive. Seven whole mounts, one of them designated holotype

(LUC no. 292), three others paratypes (LUC nos 293–295), two of them on the same slide

as the holotype. The three remaining whole mounts are of poor quality. Four serially

sectioned specimens (paratypes; LUC nos 296–299).

Etymology

The genus name/praenomen refers to the Viking god of the sea, Aegir; gender: feminine.

The species epithet is dedicated to Miss Annabel Schreurs, the first author’s partner.
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Description

The colourless to pale yellowish animals are 0.4–0.8 mm long (measured on whole

mounts) and have two eyes with lenses. In the free-swimming animal, the anterior end is

Figure 6. Aegira annabellae gen. nov. sp. nov. (A) Habitus of a live animal; (B) general organization (from a live

specimen); (C) stylet (from the holotype); (D) stylet (from a paratype); (E) reconstruction of the atrial organs from

the right side.
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slightly narrowed behind the eyes, giving it the appearance of a spatula. Between the eyes a

small protrusion of the intestine is present (Figure 6A: y). Rhabdite glands are absent. The

cellular epidermis is about 2 mm thick (only slightly thicker at the rostral and caudal body

ends) with cilia ¡3 mm long. The cilia are more densely distributed on the ventral side of

the body. The rod-shaped rhabdites are ¡5 mm long and occur exclusively in the dorsal

body epithelium. The intestine of almost all studied individuals is filled with diatoms.

The pharynx (Figure 6A: ph) is situated in the hind part of the first body half, at ¡45%.

The prepharyngeal cavity is lined with a very low, anucleated epithelium and surrounded

by longitudinal muscles. The distal rim of the pharynx is void of cilia. The epithelium of the

lumen is very low and anucleated. There are about 20 internal circular muscles, which are

very strong. There are 16 internal longitudinal and 16 radial muscles. The outer circular

muscles are rather weak. Basophilic glands are present, whereas eosinophilic ones could not

be discerned. The exact location where the glands open into the lumen could not be

determined due to the state of the sections. Furthermore, in all studied sections a large,

circular cavity is present in the pharynx bulb, in between the glands.

The genital pore is situated at ¡55% and can be closed by a strong sphincter. The

common genital atrium is small, lined with an anucleated epithelium and surrounded by

outer longitudinal and inner circular muscles. It receives the male atrium from above and

the female duct from behind.

The paired testes lie in the anterior body part and extend from just behind the eyes to the

pharynx, in front of the vitellaria. The vasa deferentia are swollen (Figure 6B, E: v), filled

with sperm and lined with a low, nucleated epithelium. They are rather long and winding

and run separately into the copulatory bulb, in which they join, thus forming a single,

intracapsular seminal vesicle ( 6B, E: vs). The seminal vesicle tapers towards the

ejaculatory duct, which is thick-walled and sclerotized. The copulatory bulb is surrounded

by two thick, spirally running muscle layers and fixed to the body wall by strong muscles

(Figure 6E: lm): one to the dorsal and one to the ventral side of the animal. Besides the

seminal vesicle, the bulb also contains coarse-grained, eosinophilic prostate glands

(Figure 6E: gg) in its distal part. The prostate secretion enters the stylet, along with the

ejaculatory duct. The stylet (Figure 6C, D) is a very simple, thin-walled and cup-shaped

box, which can show some wrinkles distally (Figure 6C). It is 25–32 mm long

(mean528 mm; n54), 14–19 mm wide (mean516; n54) and distally carries a slender,

bent spine, 10–11 mm long (n52). The stylet lies in an asymmetrical widening of the male

atrium, which is lined with a thin, sclerotized epithelium and surrounded by an inner

circular and an outer longitudinal muscle layer. These are the continuations of the muscle

layers surrounding the copulatory bulb. Distally of the stylet, the male atrium narrows and

forms a duct, which is lined with a low, anucleated epithelium and surrounded by outer

longitudinal and inner circular muscles.

The single ovary is situated in the caudal body half. The vitellaria extend from the

pharynx to the caudal region and lie at the same dorsoventral level as the testes. The ovary

is connected to the female duct by a funnel-shaped oviduct (Figure 6E: od), lined with a

low anucleated epithelium and filled with sperm. Proximally, the oviduct receives the broad

vitelloduct. Distally, the oviduct narrows and opens into the broad female duct (Figure 6E:

fd), which is lined with a low, anucleated epithelium and surrounded by inner circular and

outer longitudinal muscles. The female duct is constricted by a sphincter proximally from

the oviduct, where it forms a globular, sperm-filled vesicle, which is lined with a low,

nucleated epithelium. This vesicle opens into a very large bursa, filled with a number of

large inclusions, and a few cavities filled with sperm. In between the female duct and the
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bursa, the epithelium becomes sclerotized, in some sections giving the appearance of a sort

of mouthpiece (Figure 6E: z). A uterus is lacking.

Discussion

A striking feature of Aegira annabellae is the presence of only one ovary. This feature is

found in the Mariplanellinae (a subtaxon of the Trigonostomidae) and the Typhloplanidae.

As explained above, all Trigonostomidae are characterized by the presence of an afferent

duct in the female system (see also Den Hartog 1964; Ax and Heller 1970; Ax 1971),

absent in Aegira annabellae. Most members of the Typhloplanidae are freshwater species,

whereas A. annabellae is marine. However, some marine representatives of the

Typhloplanidae are known, and as the presence of a single ovary is diagnostic of the

Typhloplanidae, A. annabellae can be placed within this taxon. The placement of A.

annabellae within one of the eight subtaxa is rather difficult. The division of the

Typhloplanidae into these subtaxa is based on the position of the excretory pore and the

testes relative to the vitellaria (see Luther 1963). Both features are very difficult to assess in

our material. As it is a marine species, the protonephridia are not very well developed or

even absent. Furthermore, the testes are situated in front of the vitellaria and more or less

lie at the same level (dorsoventrally). In addition, the combination of a pseudocuticularized

ejaculatory duct and a stylet is unique within the Typhloplanidae. Therefore, A. annabellae

is placed within the Typhloplanidae as a taxon incertae sedis.
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Abstract   Thirteen species of Typhloplanoida from the Australian east coast and
New Caledonia are reported, six of them new to science. Three of these new
species are representatives of the Promesostomidae: Coronhelmis cuypersi new
species, Coronhelmis novaecaledoniae new species, and Kymocarens kanakorum
new species. Austradenopharynx reynaertsi new genus and species is a member of
the Solenopharyngidae. Two species are placed within the Typhloplanidae:
Kaitalugia lydieae new genus and species and K. falcata new species. Furthermore,
new localities are given for Messoplana minuta, known from the Weddell Sea,
Brinkmanniella palmata, occurring on the North American Pacific coast, the
Swedish west coast and in the Black and Mediterranean Seas, Ceratopera axi, a
cosmopolitan species, and Vauclusia conica and Pilamonila bimascula, two
Australian species. For the sake of completeness, two more species of which
insufficient material is available, are mentioned. A complete species list of all
marine Typhloplanoida found in the region is given.

Key words   systematics; taxonomy; biodiversity; ‘Turbellaria’; Promesostomidae;
Solenopharyngidae; Trigonostomidae; Typhloplanidae; Australia; New Caledonia



INTRODUCTION

Our knowledge of marine turbellarians, and of typhloplanoids in particular,
from Australia and the adjacent island territories is very scattered. However, in an
ecological study in northeastern Australia, Dittman (1991) recognised more than
100 different species of Turbellaria, of which 16 were undescribed typhloplanoids.
Up to the present, 14 different species of Typhloplanoida have been described from
the region (see Willems et al., 2004a, 2004b; Hochberg, 2004; Hochberg &
Cannon, 2003). An overview of all species occurring on the coasts of New
Caledonia and eastern Australia, including those described in this contribution and
two new species of Promesostoma Graff, 1882 (see further), is given in a species
list for the region.

Six new species are described in the present contribution: three species from
New Caledonia only; two species from the east coast of Australia only; and one
species occurring in both regions. Furthermore, additional data are given on
Ceratopera axi (Riedl, 1954) Den Hartog, 1964, Brinkmanniella palmata Karling,
1986, Messoplana minuta Artois et al., 2000, Vauclusia conica Willems et al.,
2004 and Pilamonila bimascula Willems et al., 2004. For the sake of completeness,
two more species are added, Pratoplana spec. and Ptychopera spec.. For both, only
observations on live material have been made, and one whole mount in bad
condition is available, not allowing exact identification. However, both species may
be recognised when found in the future.

Additionally two Promesostoma species were collected from New Caledonia.
Because of the taxonomical complexity and species-richness of this taxon, both
species are described in a monographical treatment of Promesostoma, which is
already submitted for publication elsewhere.

MATERIAL AND METHODS

The specimens for this study were collected during three expeditions: the first in
August-September 1996 by Tom Artois and Ernest Schockaert (ES), the second by
ES in September-November 1997 and the third by ES in July and August 2003.

The animals were extracted from the sediment or from algae using the MgCl2-
decantation method (see Schockaert, 1996), studied alive and whole mounted with
lactophenol. Additional specimens were fixed in marine Bouin’s solution,
embedded in paraffin, serially sectioned (4 µm sections) and stained with
Heidenhain’s iron haematoxylin, using eosin as a counterstain.

Camera lucida drawings of hard parts in the whole mounts were made with
Nomarski microscopy. Drawings without a scale bar are freehand. Photographs are
all from live animals and are taken with an Olympia C-5050 Zoom digital camera.

Measurements of hard parts are taken axially, unless indicated otherwise. The
position of the gonopore and organs, and the measurements of the pharynx are



expressed in percentages of the total body length (distance from the anterior tip of
the body).

Voucher specimens of Ceratopera axi (Riedl, 1954) Den Hartog, 1964 from
California and the Falklands were loaned from the collections of the Swedish
Museum of Natural History in Stockholm (SMNH). Two whole mounts from
Australia, one from Kerguelen, one from La Réunion and one from the Weddell
Sea are present in the collections of the LUC (Diepenbeek, Belgium). Material of
several solenopharyngid species from the SMNH collections was used for
reference. The type material of Vauclusia conica, Messoplana minuta and
Pilamonila bimascula is present in the LUC collections.

The type material of Austradenopharynx reynaertsi new genus and species and
Coronhelmis cuypersi new species, both from Australia, will be deposited in the
collections of the Queensland Museum, Brisbane, Australia. The type material of
the New Caledonian species will be kept in the LUC collections.

Abbreviations used in the figures
b: brain; ba: bursal appendage; bc: copulatory bursa; bgg: basophilic prostate
glands; bh: bursal hook; bu: bursa; cga: common genital atrium; cil1-2: cilia; cm:
circular muscles; cop: copulatory organ; csp: cirrus spines; de: ejaculatory duct; ds:
spermatic duct; e: eye; egg: eosinophilic prostate glands; epg: extrapharyngeal
glands; evs: extracapsular seminal vesicle; fd: female duct; gg: prostate glands; gl:
glands; gp: common genital pore; gw: ‘Greifwulst’ (prehensile girdle); igg:
intracapsular prostate glands; ipg: intrapharyngeal glands; ivs: intracapsular
seminal vesicle; lm: longitudinal muscles; m: mouth; ma: male atrium; mb:
muscular bulb on female duct; od: oviduct; ov: ovary; pc: prepharyngeal cavity; pg:
pharynx glands; ph: pharynx; pl: pharynx lumen; rg: rostral glands; rs: seminal
receptacle; s: stylet; sep: muscular septum; sph: sphincter; t: testis; ut: uterus; v: vas
deferens; vd: vitelloduct; vg: prostate vesicle; vit: vitellarium; vs: seminal vesicle;
x, y, z: features described in respective text.

TAXONOMIC ACCOUNT

Family Promesostomidae Den Hartog, 1964
Subfamily Brinkmaniellinae Luther, 1948

Brinkmanniella palmata Karling, 1986 Fig. 1

NEW LOCALITIES: Ile Nou (Nouméa, New Caledonia): on Kuendu Beach in coarse-
grained sand, 3 Aug 2003 and on algae in the lagoon, 10 Aug 2003.

KNOWN DISTRIBUTION: North American Pacific coast (Karling, 1986), Black Sea
(leg. V. Mack-Fira; see Karling, 1986), Mediterranean Sea (leg. P. Martens; see
Karling, 1986), Swedish west coast (Karling, 1986).



MATERIAL EXAMINED: Two specimens (one from each locality) studied alive and
mounted.

REMARKS: The delicate stylet of the New Caledonian specimens is 56-58 µm long
(n = 2) and shows six or seven ‘fingers’, which lie closely together (see Fig. 1). The
distal tip is somewhat widened. The structure of the stylet resembles that of two out
of six species of Brinkmanniella Luther, 1943: Brinkmanniella obtusa Luther, 1943
and B. palmata Karling, 1986, the difference between the two being the number of
‘fingers’ (six in B. palmata, seven to eight in B. obtusa) and the fact that the distal
tip is pointed (in B. obtusa) or blunt (Karling, 1986). In the specimens from New
Caledonia the distal tip of the stylet is blunt, not, however forming a fist-like
structure as in B. palmata specimens from the North American Pacific coast, the
Swedish west coast and the Black and Mediterranean Sea. It is, however, never
pointed as in B. obtusa.

Coronhelmis cuypersi new species Fig. 2A-C, Tab. 1

LOCALITY: Arrawarra (New South Wales, Australia): beach south of the marine
station, between rocks, fine sand, 30 Oct 1997 (Type locality).

MATERIAL EXAMINED: One specimen studied alive and mounted, designated
holotype.

ETYMOLOGY: Species dedicated to Dr. Ann Cuypers (Centre for Environmental
Sciences, LUC, Diepenbeek).

DESCRIPTION: The Australian specimen is ± 1.0 mm long (measured on the whole
mount). The pharynx is situated in the middle of the body (Fig. 2A: ph). The
prostate vesicle (Fig. 2A, B: vg) is situated in the last third of the body and shows a
little cap (Fig. 2B: x) as seen in the live animal. In the whole mount it seems to be
an everted (permanently?) muscular collar. From here starts a rather long
ejaculatory duct (Fig. 2B: de), which widens slightly distally where it is armed with
small spines (thickened basement membrane; Fig. 2B: y). The whole system,
prostate vesicle and ejaculatory duct, is enclosed in a septum, forming a typical
duplex-type copulatory organ (terminology of Karling, 1956). The stylet (Fig. 2C)
surrounds the distal part of the ejaculatory duct, is 24 µm long, proximally 19 µm
wide, with a proximal thin-walled, 11 µm-long part (‘Manschette’ in Luther, 1948)
and a single ring of spines distally. The spines (more than 30) are all ± 15 µm long.
A copulatory bursa was not observed.



DIAGNOSIS: Coronhelmis species with stylet 24 µm long and 19 µm wide, with one
ring of more than 30 spines and 11 µm-long ‘manschette’. Slender spines ± 15 µm
long. Long ejaculatory duct with small spines.

DISCUSSION: see Discussion on the taxon Coronhelmis.

Coronhelmis novaecaledoniae new species Fig. 2D-F, Tab. 1

LOCALITY: Ile Nou (Nouméa, New Caledonia): on Kuendu Beach in coarse-
grained sand, 3 Aug 2003 (Type locality).

MATERIAL EXAMINED: One specimen studied alive and mounted, designated
holotype (LUC no. 305).

ETYMOLOGY: The species name/epithet refers to its occurrence on New Caledonia.

DESCRIPTION: The animal is ± 1.2 mm long (measured on the whole mount). The
pharynx is situated in the middle of the body (Fig. 2E: ph). The overall structure of
the genital system (based on observations of a live animal; Fig. 2D) does not
deviate from that of other species of Coronhelmis Luther, 1948 (see for instance
Luther, 1948; Ehlers, 1974; Ax, 1994). The stylet (Fig. 2F) is 19 µm long and 29
µm wide. It consists of a proximal thin-walled, ± 9 µm long part (‘Manschette’ in
Luther, 1948) and one ring of spines (15 to 20) distally. The 9 µm long spines
resemble a small leaf and are elongated oval in shape with a thickened ridge in the
middle, which extends beyond the proximal rim. In the centre of the stylet a flower-
shaped structure is present, which possibly is the thickened wall of the ejaculatory
duct.

DIAGNOSIS: Coronhelmis species with stylet 19 µm long and 29 µm wide, with one
ring of 15 to 20 spines and ± 9 µm long ‘Manschette’. Spines 9 µm long, leaf-
shaped with a thickened median ridge, extending beyond the proximal rim.

DISCUSSION ON THE TAXON CORONHELMIS: Coronhelmis novaecaledoniae and C.
cuypersi possess almost all diagnostic characters of the taxon Coronhelmis Luther,
1948: an elongated body, a copulatory bursa and an oval-shaped copulatory organ
connected to a stylet that consists of a proximal part or ‘Manschette’ and a distal
ring of spines (diagnosis of Luther, 1948). A copulatory bursa was not observed in
C. cuypersi (as for example also in C. conspicuus Ax, 1994, C. noerrevangi Ax,
1994 and C. exiguus Ax, 1994; see Ax, 1994). An overview of all known species is
given in Tab. 1. C. urna Ax, 1954 is regarded as a junior synonym of C. lutheri Ax,
1951, following Luther, 1962.

The only differences between the species are to be found in the detailed
structure and size of the stylet (see Tab. 1). The stylet of C. novaecaledoniae is
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easily distinguished from that of other Coronhelmis species by the detailed
structure of the spines. In all these species the spines are extremely simple, not leaf-
shaped with a median ridge, as in C. novaecaledoniae.

The stylet of C. cuypersi closely resembles that of C. lutheri (see for instance
Ax, 1951: Fig. 23; Ax, 1994: Figs 1A-B, 2A-B; Luther, 1962: Fig. 19H; Ehlers,
1974: Fig. 11A, C; Ax & Armonies, 1987: Fig. 20D-E). In this species the stylet
consists of telescopic rings, only visible under high pressure of the cover slide (see
for instance Karling, 1974: Fig. 73; Ehlers, 1974: Fig. 11B; Ax, 1994: Figs 1C,
2C). However, the long ejaculatory duct, armed with spines, is a unique feature
within the taxon Coronhelmis; in all other Coronhelmis species the stylet is almost
directly connected to the prostate vesicle, and the ejaculatory duct is extremely
short.

Kymocarens kanakorum new species Fig. 3

LOCALITY: Ile Nou (Nouméa, New Caledonia): on Kuendu Beach in coarse-
grained sand, 3 Aug 2003 (Type locality).

MATERIAL EXAMINED: One specimen studied alive and mounted, designated
holotype (LUC no. 306).

ETYMOLOGY: The species name refers to the original inhabitants of New
Caledonia, the Kanaki.

DESCRIPTION: Animal ± 0.5 mm long (measured on the whole mount), with eyes.
Two large rhabdite tracts present, running from behind the eyes to the sides of the
"head" (Fig. 3A: rg). The caudal end of the animal is blunt, more or less forming a
tail plate.

Pharynx situated in the middle of the body (Fig. 3A: ph).
The common genital pore is situated at ± 80%. Some small glands open into the

common genital atrium, together with a large vesicle or copulatory bursa (Fig. 3B:
bc). The paired testes lie in front of the pharynx (Fig. 3A: t). Paired, elongated
ovovitellaria (Fig. 3A: ov + vit) extend over almost the entire body length, with the
ovaries in the most caudal part (Fig. 3 A-B: ov).

The paired seminal vesicles fuse and open into the copulatory bulb (Fig. 3B:
vg), which is filled with prostate secretion and an internal seminal vesicle. The bulb
is connected to a slightly bent tubular stylet (Fig. 3C), which is 56 µm long and 14
µm wide at the proximal opening. This stylet shows a transverse, thin ridge,
situated at ± 85% of the stylet length. The terminal opening is asymmetrical in the
single studied specimen.

The female genital system is relatively simple, only consisting of the two
ovaries and a small sperm-containing vesicle in between both ovaries (Fig. 3B: bu).



DIAGNOSIS: Kymocarens species with eyes and simple, tubular stylet, 56 µm long
and 14 µm wide, with a transverse ridge distally.

DISCUSSION:  Although this species was only studied alive and on a single whole
mount, a number of diagnostic features were observed, resulting in its placement
within the taxon Kymocarens Ehlers & Ehlers, 1981. This taxon is characterised by
the presence of large and conspicuous rostral rhabdite tracts, an adhesive tail plate,
paired testes in front of the pharynx, paired seminal vesicles, a tubular stylet, paired
ovovitellaria with the ovaries caudally, a bursal organ connected to the common
genital atrium, and a female duct with a sperm-containing vesicle (see diagnosis in
Ehlers & Ehlers, 1981). Apart from Kymocarens kanakorum, two additional species
of Kymocarens are known from the Galapagos and only from a few specimens. The
New Caledonian species differs from both other species in the size and detailed
structure of the stylet. In K. proxenetoides  Ehlers & Ehlers, 1981 it is a simple, 49-
50 µm long, elongated funnel, without ridges, whereas it is only 30 µm long and
carries two terminal hooks and a thin plate in K. tibialis Ehlers & Ehlers, 1981 (see
Ehlers & Ehlers, 1981). Furthermore, the latter species lacks eyes, which are
present in K. proxenetoides and K. kanakorum.

Incertae sedis

Vauclusia conica Willems et al., 2004

NEW LOCALITY: North Stradbroke Island (Queensland, Australia): Dunwich, fine
sand between mangroves in front of the marine station, 12 Aug 1996.

KNOWN DISTRIBUTION: Sydney, Australia (Willems et al., 2004a).

MATERIAL EXAMINED: One specimen studied alive and mounted. Holotype (whole
mount) and three paratypes (sections) from Sydney (see Willems et al., 2004a).

ADDITIONAL REMARKS: The live animal from Stradbroke Island clearly showed
two testes, as in the sectioned material from Sydney, whereas only one was visible
in the live individual from Sydney (Willems et al., 2004a). The stylet of the new
specimen is 30 µm long and 23 µm wide proximally. These measurements
correspond with those of the holotype (29 µm long and 17 µm wide; see Willems et
al., 2004a).



Family Solenopharyngidae Graff, 1882
Subfamily Solenopharynginae Ehlers, 1972

Austradenopharynx  reynaertsi new genus and species Fig. 4

LOCALITY: Sydney (New South Wales, Australia): Vaucluse Beach, flat beach with
fine sand and numerous crab holes, 10 Oct 1997 (Type locality). North Stradbroke
Island (Queensland, Australia): Adams Beach, sand plate with crab holes, medium
coarse sand, 16 Sept 1996.

MATERIAL EXAMINED: Several specimens studied alive, one of them mounted and
designated paratype. One serially-sectioned animal, designated holotype.

ETYMOLOGY: The genus name/praenomen refers to its southern distribution and
resemblance to Adenopharynx mitrabursalis Ehlers, 1972. Auster (Lat.): south
(wind). Species dedicated to the first author’s lifetime friend, Mr. David Reynaerts.

REMARK: The sectioned individual was damaged ventrally, leaving little of the
ventral epidermis and muscle layers. This made the determination of the exact
location of the mouth and gonopore somewhat speculative, and details on the
structure of their connection to the prepharyngeal cavity and to the common genital
atrium cannot be given. Due to the tiny size of the animal, some details regarding
the genital system, and especially the female system, are could not be determined
precisely.

DESCRIPTION: The transparent animal is extremely small, only about 0.1 mm long
(measured on the whole mount) and brightens when observed with Nomarski
microscopy. Eyes are lacking. The syncytial epidermis is ± 3 µm thick, slightly
thinner dorsally, with cilia ± 2 µm long. Dermal rhabdites are absent. In the live
animal two rostral glands are visible (Fig. 4B: rg).

The mouth is situated at ± 60% (see remark above). The prepharyngeal cavity
(Fig. 4C: pc) is lined with a low, anucleated epithelium, surrounded by longitudinal
muscles and a few weak circular ones around its distal part only. The pharynx (Fig.
4B: ph), short and almost globular in live animals, bulges deeply into the
prepharyngeal cavity and is slightly inclined backwards. As in other
solenopharyngids, there is a proximal, rather short, tubular part. The outer circular
muscles are very strong, whereas the inner circular layer is much weaker. The exact
number of internal longitudinal and radial muscles could not be determined. The
radial muscles are thicker in the most proximal and in the tubular part of the
pharynx. At least two types of pharyngeal glands are present. The large, coarse-
grained basophilic glands have an extra-capsular part (Fig. 4C: epg), surrounded by
longitudinal muscles. Small, eosinophilic glands (Fig. 4C: ipg) occur in between
them in the distal part of the pharynx.



The common genital pore (Fig. 4B: gp) lies at ± 70% (see remark above), just
behind the mouth. The common genital atrium (Fig. 4A, C: cga) is lined with a
very low, anucleated (?) epithelium and surrounded by inner circular and outer
longitudinal muscles. From the dorsal side, it receives the copulatory bursa (Fig.
4C: bc). It is lined with a thickened basement membrane (pseudocuticula; clearly
visible on the whole mount), covered with the remains of the epithelium. The
basement membrane even forms two (or more?) large blunt teeth (Fig. 4C: bh), just
before the bursal stalk enters the genital atrium. The bursa is surrounded by circular
muscles and distally by an outer longitudinal layer as well. The paired testes are
situated in the most anterior part of the body and are connected with each other
through a wide ‘bridge’, in some live specimens giving the impression of an
unpaired testis (see Fig. 4B: t). The unpaired ovary is situated caudally. The paired
vitellaria extend over almost the entire body length.

The duplex-type copulatory organ (Fig. 4A; terminology of Karling, 1956)
enters the common genital atrium from the side, ventrally from the bursa, and is ±
110 µm long (measured on the whole mount). It is entirely surrounded by a strong,
inner circular muscle layer (Fig. 4A: cm), forming a sphincter close to the atrium
(Fig. 4A: sph), and an outer longitudinal muscle layer (Fig. 4A: lm). The proximal
part of the copulatory bulb contains a globular seminal vesicle (Fig. 4A: ivs), lined
with a high, nucleated epithelium and containing thick, lively sperm. A thin
muscular septum (Fig. 4A: sep) separates the seminal vesicle from the distal part of
the copulatory organ. Sperm are released into the ejaculatory duct (Fig. 4A: de).
Sperm are much thinner here. The ejaculatory duct (± 80 µm long; ± 3 µm wide) is
lined with a thick basement membrane (or pseudocuticula). Muscles surrounding
the ejaculatory duct could not be observed. Prostate glands (Fig. 4A: igg) enter the
ejaculatory duct just distally from the seminal vesicle. At its very end (± 3/4 of its
total length), distally from the sphincter, the ejaculatory duct widens (± 9 µm); here
the basement membrane is more thickened and forms many small spines (Fig. 4A:
csp). This part of the ejaculatory duct bulges into the common genital atrium and
resembles a pair of pincers in the live animal.

The female system is extremely complex. The single ovary is slender and
elongated (in the sectioned individual) and is connected to the genital atrium via a
very narrow female duct, which receives the single vitelloduct near the ovary. The
most proximal part of the female duct is widened, almost funnel-shaped, and
contains sperm. This part is also connected caudally to a large resorptive bursa
(Fig. 4C: bu). Additionally, this bursa is connected through a globular sperm-
containing vesicle (Fig. 4C: rs) to the common genital atrium, very close to the
copulatory bursa. This vesicle is surrounded by circular muscles and is lined with a
low, anucleated epithelium. A large sack, completely filled with large cells (Fig.
4C: ut) opens into the genital atrium from the caudal side (uterus in Ehlers, 1972).

DIAGNOSIS: Austradenopharynx new genus. Solenopharynginae with short,
globular pharynx situated in the middle of the body. Copulatory organ of the
duplex-type with pseudocuticularised ejaculatory duct. Copulatory bursa



pseudocuticularised with two large, blunt teeth. Single ovary connected to common
genital atrium through two ducts: a narrow female duct and a resorptive bursa that
opens into the atrium near the copulatory bursa.

Austradenopharynx reynaertsi new species. Ejaculatory duct distally widened,
with small spines.

DISCUSSION: This species clearly is a member of the taxon Solenopharyngidae
Graff, 1882, as it shows all diagnostic features of the taxon (see Ehlers, 1972).
Furthermore, it can be placed within the subtaxon Solenopharynginae Ehlers, 1972,
based on the presence of a cirrus-like copulatory organ, a copulatory bursa and an
unpaired ovary that is connected with the common genital atrium through two
different ducts (Ehlers, 1972). Within the Solenopharynginae, the different taxa
mainly differ in the detailed structure of the copulatory organ. However, a
copulatory organ with a pseudocuticularised ejaculatory duct that carries spines
only distally is unique within the taxon. In all other Solenopharynginae the cirrus is
pseudocuticularised over its whole length or carries spines over its whole length,
but never a combination of both as in Austradenopharynx reynaertsi. Furthermore,
a copulatory bursa that is lined with a very thick and strengthened basement
membrane over its whole length, and has large teeth is also unique within the
Solenopharynginae. A copulatory bursa that carries spines is only present in
representatives of the taxon Trisaccopharynx Karling, 1940, whereas its wall is
lined with a thick pseudocuticula (without spines or teeth) in Adenopharynx
mitrabursalis Ehlers, 1972, Culleopharynx armatus (Riedl, 1956) Ehlers, 1972 and
Solenopharynx flavidus Graff, 1882. Therefore, we conclude that A. reynaertsi is
best placed in its own monospecific taxon for the time being. The alternative would
be to synonymise all above taxa; a discussion on this issue is beyond the scope of
this contribution.

Incertae sedis

Pilamonila bimascula Willems et al., 2004

NEW LOCALITIES: Ile Nou (Nouméa, New Caledonia): Nouville, on algae in the
lagoon south of the asylum, 3 and 10 Aug 2003; reef in western part of Kuendu
Bay, on ramified algae, together with shell gravel and sand, 16 Aug 2003. Baie des
Citrons (Nouméa, New Caledonia): on algae in the lagoon, 08 Aug 2003; Baie de
Magenta (Nouméa, New Caledonia): permanent pool near mangroves, on large
algae covered with epiphytes, 22 Aug 2003.

KNOWN DISTRIBUTION: Arrawarra, New South Wales, Australia (Willems et al.,
2004a).



MATERIAL EXAMINED: Observations on live animals. Four whole mounts and
seven serially-sectioned animals. Type material (see Willems et al., 2004a).

ADDITIONAL REMARKS: The specimens from New Caledonia are 0.3-0.6 mm long
(measured on whole mounts). The observations on the serially-sectioned
individuals confirm the data given by Willems et al. (2004a). The organisation of
the genital system, even its detailed structure, is identical with that of the Australian
specimens (see Willems et al., 2004a). The stylet could not be discerned in the
whole mounts and even in the sectioned specimens it is inconspicuous. This is
largely due to the state of contraction of the cirrus. When completely inverted (as in
the New Caledonian specimens) the spines lie on top of the stylet, which also is
extremely thin-walled. The only observed difference with the individuals of
Australia is the cellular epidermis (stated as syncytial in Willems et al., 2004a  due
to misinterpretation of the sectioned specimens from Australia).

Family Trigonostomidae Graff, 1905 sensu Den Hartog, 1964
Subfamily Trigonostominae Luther, 1948 sensu Den Hartog, 1964

Ceratopera axi (Riedl, 1954) Den Hartog, 1964

SYNONYMIES: Proxenetes axi Riedl, 1954; Ceratopera bifida Ehlers & Ax, 1974

NEW LOCALITIES: Baie des Citrons (Nouméa, New Caledonia): on algae in the
lagoon, 8 Aug 2003; Ile Nou (Nouméa, New Caledonia): Nouville, on algae in the
lagoon south of the asylum, 16 Aug 2003.

KNOWN DISTRIBUTION: Gulf of Naples and Sicily (Riedl, 1954); Galapagos (Ehlers
& Ax, 1974); Falkland Islands and California (Karling, 1986); Weddell Sea and La
Réunion (Artois et al. 2000); Eastern Australia (Willems et al., 2004a); Kerguelen
(own data).

MATERIAL EXAMINED: Two specimens studied alive and mounted (one from each
new locality). Whole mounts from Falklands and California (collections SMNH),
Australia, the Weddell Sea, La Réunion and Kerguelen (collections LUC).

ADDITIONAL REMARKS: The stylet of the specimens from New Caledonia measures
78-98 µm (measured along the axis of the stylet; 56-62 µm if measured from top to
bottom as in Ehlers & Ax, 1974). The bursal appendage is 80 µm long (measurable
on only one specimen). These data can be placed within the known range of
measurements for this species (see Willems et al., 2004a: Tab. 1; Willems et al., in
press). However, as the variation in the size of the stylet is rather large, it could
very well be that it concerns a species complex in stead of a single species, as
indicated earlier (see Willems et al., in press). Since this size variation is the only



known difference between the populations, it is highly arbitrary to split this
complex into different species. Such an act should be backed up by a more
thorough morphological analysis, which is clearly without the scope of this
contribution.

Messoplana minuta Artois et al., 2000 Fig. 5

NEW LOCALITY: Arrawarra (New South Wales): Arrawarra Beach, in sand of
rockpool north of headland, 24 July 2003.

KNOWN DISTRIBUTION: Weddell Sea (Artois et al., 2000).

MATERIAL EXAMINED: One specimen studied alive and mounted. Type material
(see Artois et al., 2000).

ADDITIONAL REMARKS: The animal is 0.7 mm long (measured on the whole
mount) and rather slender (Fig. 5A). The structure of the genital system (Fig. 5B)
does not deviate from that of other species of Messoplana Den Hartog, 1966. The
stylet of the Australian specimen (Fig. 5C) consists of a slightly bent tube, which is
34 µm long. Proximally it is attached to a hook-shaped, 22 µm-long accessory
spine. The base of the copulatory organ, which carries both the stylet and the
accessory spine, is 32 µm wide. The bursal appendage (Fig. 5D) is curved (>360º),
66 µm long and apparently not split distally. In the specimens of Messoplana
minuta from the Weddell Sea the bursal appendage is split into two short tubes.
This is extremely difficult to observe in our specimen, as well as in the type
material of M. minuta. Nevertheless, the shapes and sizes of the copulatory organ
and the bursal appendage of the Australian specimen  are almost identical to those
of the specimens from the Weddell Sea (Artois et al., 2000).

Ptychopera spec. Fig. 6

LOCALITY: North Stradbroke Island (Queensland, Australia): Point Lookout, small
rocky bay on the north side, on Ulva-like algae in a tidepool, 14 Sept 1996.

MATERIAL EXAMINED: One specimen studied alive and mounted (in bad
condition).

DESCRIPTION AND REMARKS: Only one individual of this species was observed
alive and the whole mount is in a bad condition. Therefore this description must be
seen as provisional.

The pharynx is situated in the first half of the body (Fig. 6A: ph). Paired testes
and ovovitellaria are present. Paired seminal vesicles open into a large, globular



prostate vesicle, which is connected to a complex stylet. Where a large bursal organ
opens into the common genital atrium, some small, hard teeth are present. A
pseudocuticularised, winding tube (Fig. 6B: ds) probably forms the connection
between this bursa and the ovaries, functioning as a spermatic duct. These
characters allow the placement of this species into the taxon Ptychopera Den
Hartog, 1964 (see Den Hartog, 1964). Only the detailed structure of the stylet could
not be determined, because of the bad condition of the whole mount, making the
identification of this species extremely difficult. We refrain from identifying this
species, which is probably new to science, as no other Ptychopera species has
similar teeth at the opening of the bursa. At the moment only one other species of
this taxon is known to occur in Australia: Ptychopera scutulifer Ehlers & Ax, 1974
(see Willems et al., 2004a). However, in this species the pharynx is located in the
most caudal part of the body and the stylet is very different in shape, in comparison
with the situation observed on live material of the new specimen.

Family Typhloplanidae Graff, 1905
Subfamily Typhloplaninae Luther, 1963

Pratoplana spec. Fig. 7

LOCALITY: Magnetic Island (Queensland, Australia): Cockle Bay, amongst
mangroves in detritus-rich sediment with crab holes, 8 Sept 1996.

MATERIAL EXAMINED: One animal studied alive and mounted (in bad condition).

DESCRIPTION AND REMARKS: Only one individual of this species was observed
alive and the whole mount is in a very bad condition. Therefore this description
must be seen as provisional.

The animal is small, only about 0.3 mm (measured on the whole mount), with
two eyes and two conspicuous rhabdite tracts (Fig. 7A: rg) in between them. The
pharynx (Fig. 7A: ph) is situated just behind the middle of the body. The paired
testes lie besides the pharynx. There is only one seminal vesicle (Fig. 7A-B: vs),
which is obviously intra-capsular. The prostate vesicle also contains some coarse-
grained prostate glands (Fig. 7B: gg), which have an extra-capsular part and enter
the prostate vesicle from the side. The prostate vesicle itself is connected to a small,
pseudocuticularised spine (Fig. 7B: s; thickened basement membrane of the male
duct?). The vitellaria extend from about 1/4 of the body length caudally to just
behind the pharynx. The large, elongated ovary lies immediately behind the
pharynx. A large vesicle is present in the caudal body part. The exact nature of it
could not be discerned, but probably it is a part of the female system.

This marine representative of the Typhloplanidae, which encompasses mostly
freshwater species, is a representative of the taxon Pratoplana Ax, 1960. This
taxon is characterised by the presence of a muscular prostate vesicle connected to a



small funnel-shaped stylet, paired vitellaria, an unpaired ovary, caudally from the
pharynx, a widened female duct, functioning as a ‘vesicula resorbiens’ and a
seminal receptacle (Ax, 1960; Ehlers, 1974). It has three representatives: P. ayorae
Ehlers & Ehlers, 1989, P. galeata Ehlers, 1974 and P. salsa Ax, 1960. The
specimen from Australia differs from P. galeata by the presence of eyes, by the
shape of the prostate vesicle, which is extremely elongated in P. galeata, and by the
presence of an intra-capsular seminal vesicle, paired extra-capsular in P. galeata
(see Ehlers, 1974). Furthermore, the stylet of P. galeata is 25 µm long and almost
tubular, cup-shaped (Ehlers, 1974), whereas it is short, funnel-shaped in the
Australian specimen. P. salsa and P. ayorae resemble each other in the structure of
the stylet, which is a 6-7 µm long funnel-shaped piece, with a narrow distal tip (Ax,
1960; Ehlers & Ehlers, 1989), somewhat resembling the stylet of the Australian
specimen. However, both species differ in the number of seminal vesicles: paired
extra-capsular in P. salsa (Ax, 1960) and unpaired intra-capsular in P. ayorae
(Ehlers & Ehlers, 1989). The Australian specimen therefore closely resembles P.
ayorae, in the structure of the stylet and the number of seminal vesicles. However,
since the detailed structure and the size of the stylet were impossible to determine
because of the poor state of the whole mount, we refrain from allocating this
specimen to an existing species or erecting a new species.

Incertae sedis

Kaitalugia lydieae new genus and species Figs 8, 9

LOCALITY: Baie des Citrons (Nouméa, New Caledonia): on algae from the lagoon,
8 Aug 2003 (Type locality).

MATERIAL EXAMINED: Observations on live animals. Three whole mounts, one of
them designated holotype (LUC no. 307), the others paratypes (LUC no. 308-309).
Seven serially-sectioned animals, designated paratypes (LUC nos 310-316).

ETYMOLOGY: Genus name/praenomen refers to Kaitalugi, a mythical island in
Melanesia, where ships are wrecked. Species dedicated to Mrs. Lydie Grosemans,
technical assistant at LUC, Diepenbeek (Belgium).

DESCRIPTION: The uncoloured animals are 0.4-0.5 mm long (measured on whole
mounts) and have two eyes. Rostral rhabdite glands (Fig. 8A: rg) are well
developed, filled with thick rod-shaped, ± 2 µm-long rhabdites. The cellular
epidermis is ± 3-4 µm thick and carries ± 3 µm-long cilia. Dermal rhabdites are
slender, rod-shaped, 3-6 µm long and scattered over the body surface, slightly more
densely packed on the dorsal side.

The rosulate pharynx (Fig. 8A, C, D: ph) is situated in the second body half, at
about 60%. The mouth can be closed by a strong sphincter and is connected to the



narrow prepharyngeal cavity by a very short muscular tube. The prepharyngeal
cavity proper is lined with a low, anucleated (?) epithelium and surrounded by
longitudinal muscles. The distal rim of the pharynx carries cilia (Fig. 8B: cil1), a
feature difficult to discern because the cavity is very narrow. The pharynx lumen is
lined with a low anucleated (?) epithelium. There are 24 internal longitudinal
muscles. Both radial and external circular muscle layers are weak, whereas the
internal circular muscles are thickened, especially near the proximal opening of the
pharynx. Basophilic and eosinophilic gland ducts open into the lumen, distally from
the so-called ‘Greifwulst’ (prehensile girdle; Fig. 8B: gw), which carries long cilia
(Fig. 8B: cil2).

The common genital pore lies at ± 85% and is guarded by a sphincter. The
common genital atrium is lined with a low anucleated (?) epithelium and is
surrounded by weak, inner circular and outer longitudinal muscles. The paired
testes are situated slightly in front of and at both sides of the pharynx. The large,
single ovary is situated caudally. The vitellaria lie dorsally of the testes and extend
from ± 30% to the caudal body end.

In the live animal, two extra-capsular seminal vesicles were seen (Fig. 8A: evs),
however, they were not observed in sectioned material, and may only represent
temporary swellings of the vasa deferentia. The elongated copulatory bulb (Fig.
8A: vg) is directed rostrolaterally towards the pharynx (directed more caudally in
Fig. 8B for clarity) and is surrounded by a strong inner circular muscle layer and a
weak outer longitudinal one. The copulatory bulb contains a large elongated
seminal vesicle (Fig. 8B: ivs), which is lined with a low epithelium, next to two
types of glands, each with an extra-capsular part: coarse-grained basophilic (Fig.
8B: bgg) and fine-grained eosinophilic ones (Fig. 8B: egg). Both sperm and
prostate secretion are discharged into the stylet (Fig. 8E), which is 27 µm long, 21
µm wide proximally and 8-9 µm wide distally (n = 2). It is a simple, short funnel-
shaped piece, which narrows slightly distally, and shows a bent hook at one side. It
lies in the male atrium (Fig. 8B: ma), which is lined with a low, anucleated
epithelium and surrounded by inner circular and outer longitudinal muscles, and
enters the common genital atrium from its caudal side.

The very large ovary is situated dorsocaudally and connected with the common
genital atrium through a wide female duct. Near the ovary, the female duct is
surrounded by some weak circular muscles. More distally, it is lined with a high,
nucleated epithelium, surrounded by very weak longitudinal muscles, and filled
with sperm. It is swollen asymmetrically, forming a kind of bursal organ in most
sectioned individuals. Towards the atrium, the female duct narrows and is guarded
by a muscular bulb (Fig. 8A-D: mb) that consists of strong radial muscles and is
surrounded by longitudinal muscles, which are clearly stronger in this part than
around the rest of the female duct. This muscular bulb is extremely obvious in live
animals and contracts regularly (Fig. 9A-D). The female duct enters the common
genital atrium from the rostrodorsal side, where a large bundle of basophilic glands
(Fig. 8B-C: gl) opens into the genital atrium. A uterus is lacking.



DIAGNOSIS: Kaitalugia new genus. Typhloplanidae species with pharynx situated
midbody. Distal rim and prehensile girdle (‘Greifwulst’) of pharynx with cilia.
Elongated copulatory bulb with intracapsular seminal vesicle. Stylet simple, funnel-
shaped. Female duct swollen and filled with sperm, distally with a very strong
muscular part. Large bundle of glands at transition of female duct to genital atrium.

Kaitalugia lydieae new species. Kaitalugia species with simple stylet, 27 µm
long, 21 µm wide proximally and 8-9 µm wide distally, with a bent hook at one
side.

DISCUSSION: Kaitalugia lydieae is characterised by the presence of a single ovary,
which is a diagnostic feature for both Mariplanellinae Ax & Heller, 1970 and
Typhloplanidae Graff, 1905. However, Mariplanellinae is a subtaxon of
Trigonostomidae Graff, 1905 (sensu Den Hartog, 1964) of which the
representatives have, apart from the female duct, a second connection between the
ovary and the common genital atrium (Den Hartog, 1964; Ax, 1971; Ax & Heller,
1970). Since this double connection is lacking in K. lydieae, this new species
therefore has to be placed within the Typhloplanidae, which mainly contains
freshwater species.

Within this family several taxa are recognised, almost all of which are based on
doubtful or difficult to observe characters, such as the position of the testes relative
to the vitellaria and the opening of the excretory system (mostly invisible in marine
species). Therefore this species is not allocated to any of the subfamilies, but, for
the time being, placed as a species incertae sedis within the taxon Typhloplanidae.

Within the Typhloplanidae few species are marine, and K. lydieae most closely
resembles Thalassoplanella collaris Luther, 1946 and Thalassoplanina geniculata
(Beklemischev, 1927) Ax, 1959. However, both species are easily distinguished
from K. lydieae by the detailed structure of their stylet (see Luther, 1946; Ax,
1959), whereas the overall structure of the male system is very similar in all three
species. The major differences are to be found in the female system. In T. collaris a
separate copulatory bursa and a second rudimentary ovary are present (Luther,
1946). Both features are absent in K. lydieae. Furthermore, the female duct of T.
collaris is not swollen over almost its whole length, as in K. lydieae, but is
connected to a terminal seminal receptacle (Luther, 1946). In T. geniculata, on the
other hand, the female system is also swollen over its whole length, but is
connected to a terminal seminal receptacle (or vesicula resorbiens; Ax, 1959) and
shows a bulge (bursa copulatrix in Ax, 1959) about half way along its length.
Additionally, the female duct of T. geniculata is strongly muscular over its whole
length, while in K. lydieae a highly muscular bulb in the distal part of the female
duct occurs.



Kaitalugia falcata new species Fig. 10

LOCALITIES: Ile Nou (Nouméa, New Caledonia): Nouville, on algae from the
lagoon south of the asylum, 16 Aug 2003 (Type locality). Arrawarra (New South
Wales, Australia): Mullaway Headland, on red and brown algae in rock pools, 24
July 2003; Arrawarra: southern part of the beach near rocks, on Sargassum-like
algae in a permanent pool, 27 Aug 1996.

MATERIAL EXAMINED: Observations on live animals. Four whole mounts, two of
them in bad condition. One whole mount designated holotype (LUC no. 317).

ETYMOLOGY: Species name/epithet refers to the presence of a long, scythe-shaped
spine on the stylet. Falcatus (Lat.): sickle- or scythe-shaped.

DESCRIPTION: The unpigmented animals are ± 0.4 mm long (measured on whole
mounts). Rostrally two conspicuous rhabdite glands are present, running in
between the eyes. The pharynx (Fig. 10A: ph) is situated just behind the middle of
the body.

The testes lie at the same level as the pharynx, in the middle of the body. One
external seminal vesicle (Fig. 10B: evs) was clearly visible in a live specimen. This
seminal vesicle narrows, forming a seminal duct, which enters the copulatory bulb
proximally. The bean-shaped copulatory bulb contains the intra-capsular seminal
vesicle (Fig. 10B: ivs) and the prostate glands (with extra-capsular cell bodies). It is
situated caudally of the pharynx and connected to the stylet (Figs 10A-B: s, 10C),
which is 29-34 µm long (n = 3; m =  31 µm), 17 µm wide proximally and 7-11 µm
wide distally. The stylet is funnel-shaped with three distal projections, the first
straight and  dagger-like (12-15 µm long), the second short and bent (10 µm long)
and the third long, narrow and scythe-shaped (16-25 µm long).

The vitellaria extend from just behind the rostral glands to the level of the
pharynx, whereas the single ovary is situated caudally. A large bursal organ
(swollen female duct?) is present and contains a star-shaped structure (Fig 10A-B:
z; not visible on whole mounts).

DIAGNOSIS: Kaitalugia species with 29-34 µm-long stylet carrying two additional
projections distally: a straight dagger-like one (12-15 µm long) and a slender
scythe-shaped one (16-25 µm long).

DISCUSSION: This species must be placed within the taxon Kaitalugia, based on its
overall resemblance with K. lydieae, in both the structure of the genital system
(observations of live animals) and the detailed structure of the stylet. However,
since no sectioned individuals were available, the detailed structure of the genital
system could not be studied. The main difference with K. lydieae is the presence of
a more or less star-shaped structure in the female duct, evidently the equivalent of



the muscular bulb as in K. lydieae. However, it is not clear yet if this is a hard
structure or a muscular contracting bulb as in K. lydieae.

SPECIES LIST OF TYPHLOPLANOIDA FROM THE CORAL AND
TASMAN SEA

On the Australian east coast and in New Caledonia 26 marine species of
Typhloplanoida occur, of which eight species are Promesostomidae, two are
Solenopharyngidae, 11 are Trigonostomidae and 5 are Typhloplanidae.

An overview of these species and their distribution, is given in Tab. 2. For
Ceratopera axi and all species of Trigonostomum  Schmidt, 1852 only one
reference is given, where all distribution data and references can be found.

The two new Promesostoma species are treated in a monography of the taxon.

Table 2. Species list of all marine Typhloplanoida from the Coral and Tasman
Seas, with their known distribution within (column I) and outside (column II) the
region.  Abbreviations: A: eastern Australia; Al: Alaska; Ber: Bermuda; Braz:
Brazil; BS: Baltic Sea; cosm: cosmopolitan; Cur: Curaçao; EA: East Africa; Gal:
Galapagos; MS: Mediterranean and Black Sea; NP: North American Pacific coast;
NAtl: northern Atlantic Ocean; NA: North American Atlantic coast; NC: New
Caledonia; SAtl: southern Atlantic; SW: Swedish west coast; WS: Weddell Sea.

I II Main literature on
distribution

Promesostomidae Den Hartog, 1964
Brinkmaniellinae Luther, 1948
Brinkmanniella australiensis Willems et al., 2004 A - Willems et al.,

2004a
Brinkmanniella palmata Karling, 1986 NC NP, MS,

SW
Karling, 1986; this
paper

Coronhelmis cuypersi new species A - this paper
Coronhelmis novaecaledoniae new species NC - this paper
Kymocarens kanakorum new species NC - this paper
Promesostominae Luther, 1948
Promesostoma new species 1 NC -
Promesostoma new species 2 NC -
Incertae sedis
Vauclusia conica Willems et al., 2004 A - Willems et al.,

2004a
Solenopharyngidae Graff, 1882
Solenopharynginae Ehlers, 1972
Austradenopharynx reynaertsi new genus and species A - this paper
Incertae sedis
Pilamonila bimascula Willems et al., 2004 A/NC - Willems et al.,

2004a; this paper
Trigonostomidae Graff, 1905 sensu Den Hartog, 1964
Trigonostominae Luther, 1948 sensu Den Hartog, 1964
Ceratopera axi (Riedl, 1954) Den Hartog, 1964 A/NC cosm Willems et al.,

2004a; this paper
Messoplana minuta Artois et al., 2000 A WS Artois et al., 2000
Ptychopera scutulifer Ehlers & Ax, 1974 A Gal, EA Ehlers & Ax,

1974; Schockaert
& Martens, 1985



1974; Schockaert
& Martens, 1985

Ptychopera spec. A - this paper
Trigonostomum armatum (Jensen, 1878) Gamble, 1900 A/NC NAtl,

SAtl, BS,
Cur

(cosm?)

Willems et al.,
2004b

Trigonostomum australis Willems et al., 2004 A - Willems et al.,
2004b

Trigonostomum denhartogi (Karling, 1978) Willems et al., 2004 NC Cur, Ber,
EA

Willems et al.,
2004b

Trigonostomum franki Willems et al., 2004 NC Cur, Flor,
EA

Willems et al.,
2004b

Trigonostomum lilliei (Graff, 1911) Meixner, 1924 A NA, Braz Willems et al.,
2004b

Trigonostomum spinigerum Willems et al., 2004 NC - Willems et al.,
2004b

Trigonostomum watsoni Willems et al., 2004 A/NC - Willems et al.,
2004b

Typhloplanidae Graff, 1905
Cephalopharynginae Hochberg, 2004
Cephalopharynx cannoni Hochberg, 2004 A - Hochberg, 2004
Typhloplaninae Luther, 1963

Pratoplana spec. A - this paper
Magnetia queenslandica Hochberg & Cannon, 2003 A - Hochberg &

Cannon, 2003
Incertae sedis
Kaitalugia lydieae new genus new species NC this paper
Kaitalugia falcata new species A/NC - this paper
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Fig. 1 Brinkmanniella palmata: A,B. Stylet of two different individuals.
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Fig. 2 Coronhelmis cuypersi: A. Habitus of a live animal; B. Organisation of the
genital system (from a live specimen); C. Stylet (from the holotype). Coronhelmis
novaecaledoniae: D. Organisation of the genital system (from a live specimen);
E. Habitus of a live animal; F. Stylet (from the holotype).

C
, E

20 µ
m



20
 µ

m

C

A

vit

ph

vg

ov s

t

e

rg

B t

ph

vs
gg

vg

s
bc

bu

ov

Fig. 3 Kymocarens kanakorum: A. Habitus of a live animal; B. Organisation of the
genital system (from a live specimen); C. Stylet (from the holotype).
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Fig. 4 Austradenopharynx reynaertsi: A. Male genital system (from the holotype);
B. General organisation (from a live specimen); C. Reconstruction of the atrial
organs from the right side (from the holotype).
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Fig. 5 Messoplana minuta: A. Habitus of a live animal; B. Organisation of the
genital system (from a live specimen); C. Stylet (from a New Caledonian specimen);
D. Bursal appendage (from a New Caledonian specimen).
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Fig. 6 Ptychopera spec.: A. Habitus of a live animal; B. Organisation of the genital
system (from a live specimen).
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Fig. 7 Pratoplana spec.: A. Habitus of a live animal; B. Organisation of the male
genital system (from a live specimen).
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Fig. 8 Kaitalugia lydieae: A. Habitus of a live animal; B. Reconstruction of the
atrial organs from the left side (male genital system is displaced caudally for clarity);
C. Reconstruction from transverse sections of the female genital system;
D. Organisation of the genital system (from a live specimen); E. Stylet (from the
holotype).
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genital system (from a live specimen); C. Stylet (from the holotype).
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Abstract   Twelve new species of Polycystididae are described from the Australian
east coast. Nine of them could not be placed in any of  the existing genera, and
therefore 6 new genera are erected. Alchoides n. gen. differs from all other
polycystidid genera by the presence of a bundle of glands which opens in the distal
part of the male atrium (accessory vesicle type V). Two species are included in the
genus, A. alchoides n. sp. and A. dittmanni n. sp., which differ from each other in
form of the stylet. Ametochus gehrkei n. gen n. sp. can be distinguished from other
polycystidids by the presence of a prostate vesicle type III associated with a
prostate stylet type III, combined with the presence of an accessory stylet type III,
while a prostate stylet type II is lacking. Typical for Arrawarria inexpectata n. gen
n. sp. is the combined presence of an armed cirrus with a prostate vesicle type II
connected to a prostate stylet type II. Two species are assigned to the new genus
Duplexostylus n. gen.: D. rowei n. sp. and D. winsori n. sp. These two species have
two unique features: a prostate vesicle type IV directly connected to a prostate
stylet type III and an asymetrical septum which surrounds the proximal part of the
male atrium. They can be distinguished from each other by differences in the
detailed construction of their stylet. Two new species are placed in the new genus
Stradorhynchus n. gen.: S. caecus n. sp. and S. terminalis n. sp.  They have
unpaired gonads and a prostate vesicle type IV connected to a prostate stylet type
IV, the combination of both making them unique within the Polycystididae. Both
species differ from each other in the form and dimensions of the stylet.
Triaustrorhynchus armatus n. gen. n. sp. is the first species of Polycystididae to
have three types of stylet in the male atrium: a prostate stylet type II, a prostate
stylet type III and an accessory stylet type III. Three new species could be placed in
existing genera. Cincturorhynchus monaculeus n. sp., Paraustrorhynchus caligatus
n. sp. and Polycystis australis n. sp. All three differ from their respective relatives
in the form and dimensions of their stylets. The possible relationships of all these
new taxa is discussed. Austrorhynchus hawaiiensis Karling, 1977 is reported for the
first time in Australia and the Australian population is compared with populations



from other regions.  The presence of Gyratrix hermaphroditus Ehrenberg, 1831,
one new species of P a u l o d o r a Marcus, 1948 and a new genus of
Typhlopolycystidinae Evdonin, 1977 is mentioned.

Key words   systematics; taxonomy; biodiversity; ‘Turbellaria’; Kalyptorhynchia;
Polycystididae; Australia

INTRODUCTION

The only kalyptorhynch species ever reported from Australia is the
cosmopolitan species Gyratrix hermaphroditus Ehrenberg, 1831 (see Curini-Galetti
and Puccinelli 1990, 1998). This species however is now considered a complex of
numerous species, and also in Australia several cryptic species were recognised by
Curini-Galetti and Puccinelli (1990, 1998). 108 (unidentified or undescribed)
species of ‘Turbellaria’ were reported from northeastern Australia (North
Queensland) in an ecological study by Dittmann (1991), with the Kalyptorhynchia
being the most species-rich taxon with 39 species. This fact shows how poorly
known the marine microturbellarian fauna of this large continent actually is (for an
overview, see Willems et al., 2004, in press), although it is a very important group
from an ecological point of view.

In this contribution we report on 12 species of polycystidid kalyptorhynchs of
which sufficient material was collected during several stays on the east Australian
coast: around Townsville, on North Stradbroke Island, around Sydney and between
Byron Bay and Coffs Harbour. Only one species (Austrorhynchus hawaiiensis
Karling, 1977) is already known to science. The other 11 species are new to
science, and some of them have such an aberrant anatomy that they could not be
placed in any existing genus. This necessitated the erection of six new genera, the
possible relationships of which will be discussed.

Apart from the species discussed we also found  Gyratrix hermaphroditus
Ehrenberg, 1831 in almost every visited location. We will not further discuss this
well-known species. Two more species, one of them belonging to Paulodora
Marcus, 1948, the other one to the taxon Typhlopolycystidinae Evdonin, 1977, will
be treated in future monographic contributions on the respective taxa.

MATERIAL AND METHODS

Specimens for this study were collected during three expeditions: the first in
August-September 1996 by Tom Artois and Ernest Schockaert (ES), the second by
ES in September-November 1997 and the third by ES in July and August 2003.
Additional material and drawings were kindly provided by Dr. Sabine Dittmann
(Wilhelmshaven, Germany).



The animals were extracted from the sediment or from algae using the MgCl2-
decantation method (see Schockaert, 1996), studied alive and whole mounted with
lactophenol. Additional specimens were fixed in marine Bouin’s solution,
embedded in paraffin, serially sectioned (4 µm sections) and stained with
Heidenhain’s iron haematoxylin, using eosin as a counterstain.

Camera lucida drawings and photographs of hard parts were made using
Nomarski microscopy. Drawings without a scale are freehand. Measurements of
hard parts are taken axially, unless indicated otherwise. The position of the
gonopore and organs, and the measurements of the proboscis and the pharynx are
expressed in percentages of the total body length (distance from the anterior tip of
the body).

Terminology of the male and female system is based on Artois & Schockaert
(2003, In press).

Voucher specimens of Austrorhynchus hawaiiensis from Hawaii were loaned
from the collections of the Swedish Museum of Natural History in Stockholm
(SMNH).

The type material will be deposited in the collections of the Queensland
Museum, Brisbane, Australia.

Abbreviations used in the figures
acg1, accessory glands type I; acg3, accessory vesicle type III; acg5, accessory
glands type V; ast3, accessory stylet type III; b, female bursa; br, brain; bs, bursal
stalk; cg, caudal glands; de, ejaculatory duct; e, eye; fd1, female duct type I; fg,
female glands; ga, common genital atrium; gg, glands; gp, gonopore; m, mouth;
ma, male atrium; mb, muscle bulb; mbu, male bursa; od, oviduct; ov, ovary; p,
proboscis; ph, pharynx; pv1, prostate vesicle type I; pv2, prostate vesicle type II;
pv3, prostate vesicle type III; pv4, prostate vesicle type IV; rs, seminal receptacle;
s, septum; st2, prostate stylet type II; st3, prostate stylet type III; st4, prostate stylet
type IV; t, testis; ut, uterus; vd, vitelloduct; vi, vitellarium; vs, seminal vesicle.

TAXONOMICAL ACCOUNT

As the taxonomy of the Polycystididae is rather outdated (most recent review is
by Evdonin, 1977) and badly in need of revision, we decided not to organise the
species following any taxonomical order. Instead, the genera are arranged
alphabetically.

Alchoides alchoides n. gen. n. sp.
(Figs 1A, C, E, G; 5A)

Alcha sp. in Watson (2001)

DISTRIBUTION: North Stradbroke Island (Queensland), Adams Beach, coarse sand
from a sand flat with crab-holes (16/09/96) (type locality); same locality, Dunwich,



on sand flat with crab-holes in the mid-eulittoral, in front of the marine station
(12/08/96).

MATERIAL: Several specimens studied alive. Three whole mounts (one designated
holotype, the others paratypes). One sagitally sectioned specimen (paratype).

ETYMOLOGY: The name refers to the overall resemblance of this species with
Alcha evelinae Marcus, 1949.

DESCRIPTION: The animals are colourless, 1 mm long (measured on whole mounts)
and have two eyes. The epidermis is syncytial, with several lobate nuclei. It is ± 1
µm thick, with cilia of 2 µm long and a 0,5 µm thick basal membrane. The
rhabdites are mainly situated in the caudal part of the body and are ± 1/3 of the
epithelium height long.

The proboscis is about 20% of the body length long. Because of the rather poor
quality of the sectioned animal, its construction could not be examined in detail.

The pharynx is rather small, with a diameter of only 1/10 of the total body
length. There are three types of pharyngeal glands: two basophilic ones and an
eosinophilic one. The prepharyngeal cavity is lined with a membranous, anucleated
epithelium, which forms a ring of pseudociliation halfway the cavity. It is
surrounded by an external longitudinal and an internal circular muscle layer. The
circular layer forms one sphincter at the level of the ring of pseudociliation and
another one around the mouth. It is absent in the most proximal third of the cavity.

The gonads are paired. The testes are situated between the second and the last
third of the body. The ovaries are ovoid with the oocytes in a row. They are
situated in the caudal body end. The vitellaria are dorsally and extend at both sides
of the body. The common genital pore is at ± 80% and can be closed by a sphincter.
The short common genital atrium is lined with a high epithelium and surrounded by
longitudinal muscles.

The long male atrium is narrow and lined with a high, nucleated epithelium. It is
surrounded by a weak longitudinal muscle layer. It leaves the common atrium
dorsally and bends caudally in about its half. Proximally it widens to a broad space
in which a prostate stylet type III is situated. This space is lined with a low
nucleated epithelium and surrounded by circular muscles. The stylet is a very
complex, plate-like structure. This plate is lengthways folded, with the two halves
lying beside each other. One of the halves is 34-38 µm long (m = 36; n = 3) and 28
µm broad (difficult to measure in some individuals); the other half is 21-29 µm
long (m = 26; n = 3) and 12 – 15 µm broad (m = 13; n = 3). In between both plates
there is a ± 20 µm long arm, which in some specimens is distally double-folded. Its
distal rim is provided of large teeth. The stylet is associated with a prostate vesicle
type III, which contains a coarse-grained basophilic secretion. It is surrounded by a
circular muscle layer. In addition to the prostate vesicle, there are two accessory
glandular organs. One consists of some diffuse eosinophilic glands that enter the
male atrium dorsally near to the stylet. The second (accessory glands type V,
terminology discussed in the “Discussion” on Alchoides; see further) produces a



fine-grained basophilic secretion and opens in the distal part of the male atrium.
The paired seminal vesicles are surrounded by a spirally running, almost circular
muscle coat. The vasa deferentia join each other ventrally from the prostate vesicle
to form the ejaculatory duct. The ejaculatory duct is surrounded by circular muscles
and enters the male atrium next to the glandular vesicle.

The female duct type I is rather short and lined with a low nucleated epithelium.
It is surrounded by a very weak circular muscle layer, which forms a weak
sphincter distally. The vitelloducts enter the oviducts dorsally. Female glands as in
Alchoides dittmanni (see further) could not be seen, probably because of the poor
quality of the sections.

The uterus is of the normal polycystidid type.

Alchoides dittmanni n. sp.
(Figs 1B, D, F, H; 5B)

DISTRIBUTION: Broken Head (New South Wales), coarse sand between rocks,
south of the abutment pier (27/10/97) (type locality).

MATERIAL: Several specimens studied alive. Four whole mounts (one designated
holotype, the others paratype). Two animals sagitally sectioned (paratypes).

ETYMOLOGY: Species dedicated to Dr. Sabine Dittmann (Wilhelmshaven,
Germany).

DESCRIPTION: The animals are 0,5-0,8 mm long (measured on whole mounts),
colourless and have two eyes. The epidermis is syncytial and contains lobate
nuclei. It is 1 µm thick with cilia of 2 µm long. The basal membrane is 1 µm thick.
Rhabdites are scarcely distributed over the whole body surface and are about half
the epithelium height long.

The proboscis is ± 15% of the total body length long. The epithelium of the
proboscis sheath contains four nuclei. There are no nuclei in the contact zone
between cone and sheath epithelium. There is one pair of ventral integument
retractors. The number of proboscis retractors could not be determined with
certainty, but there are probably four pairs.

The construction of the pharynx is identical to this of Alchoides alchoides. It is
however somewhat smaller, with a diameter of only 1/15 of the body length.

The construction of the genital system resembles this of Alchoides alchoides.
The main differences with this species are found in the shape of the stylet. It also is
a double-folded plate, but it is less complex. It lacks the toothed arm, and distally
ends in two blunt points. In total it is 32-36 µm long (m = 34; n = 3) and 9-11 µm
broad (m = 10; n = 3). At each side, the plate has two small linguiform projections
that are orientated towards each other. The accessory glands type V are much larger
than in A. alchoides and very obvious even in live animals. A proximal bundle of
accessory glands as in A. alchoides is lacking. The paired seminal vesicles, easily



distinguishable in the live animals, could not be seen in the sectioned material. As a
consequence, the exact location where the ejaculatory duct enters the male atrium
could not be localised. It is probably situated at the distal tip of the stylet
(observations on live material).

The female system is identical to that of A. alchoides, except for the presence of
a large bundle of accessory glands, which opens into the female system at the
bifurcation of the female duct.

DISCUSSION: The presence of only a prostate vesicle type III associated with a
prostate stylet type III, without any other glandular organ and stylet in the male
system, is rather uncommon within the Polycystididae. Apart from the species of
Alchoides  it is only found in Alcha evelinae Marcus, 1949, Rogneda minuta
Uljanin, 1870 and Sabulirhynchus axi Artois & Schockaert, 2000. The species of
Alchoides clearly differ from these other taxa, in that they have a large bundle of
glands opening in the distal part of the male atrium, a feature unique within the
Polycystididae. Following the same terminology as Artois & Schockaert (2003) we
will call this glandular bundle of glands the accessory vesicle type V. Moreover, in
both species of Alchoides, the prostate vesicle type III is surrounded by a weak but
clearly visible circular muscle layer, a feature only found in one other Polycystidid
taxon: Galapagorhynchus Artois & Schockaert, 1999, which is clearly not related.
An important difference between Alcha and the three other taxa mentioned is the
presence of insemination ducts (terminology of Artois & Schockaert, in press) in
this taxon, which are clearly lacking in the species of Alchoides.

The organisation of the female system is extremely simple in the two species of
Alchoides and is identical to the situation in many other polycystidid taxa e.g.
Rogneda Uljanin, 1870 and Ametochus nov. gen (see further). Whether terminal
female glands are really lacking in A. alchoides is doubtfull, as it is also possible
that we did not find them because of the rather poor quality of the sections. Their
presence/absence in this species should be checked on new material.

Both species of Alchoides can easily be identified by the construction and
dimensions of the stylet. Moreover, the bundle of glands which enters the proximal
part of the male atrium in Alchoides alchoides, is absent in A. dittmanni. Because
this bundle is not found in any of the other Polycystididae it is probably an
autapomorphy of A. alchoides.

Ametochus gehrkei n. gen. n. sp.
(Figs 2; 5C-D)

DISTRIBUTION: North Stradbroke Island (Queensland), Adams Beach, coarse sand
from a eulittoral sand flat with crab-holes (16/09/96) (type locality); same locality,
Dunwich, sand flats with coarse or fine crab-holes in mid-eulittoral, in front of the
marine station (12/08/96, 13/08/1996 & 20/08/1996). Sydney (New South Wales),
Vaucluse Bay & Rose Bay, beach with fine sand and crab-holes, mid-eulittoral
(10/10/97).



MATERIAL: Several specimens studied alive. Thirteen whole mounts, ten of which
are from the type locality (one designated holotype). Several animals serially
sectioned.

ETYMOLOGY: Ametochos (Gr.): neutral, as the genus has no real eye-catching
features. The species is dedicated to John Gehrke, the janitor of the marine station
on Stradbroke Island.
DESCRIPTION: The animals are colourless to pale yellow, 1 mm long (measured on
whole mounts), with two eyes. The epidermis is syncytial. It is 4 µm thick with
cilia 2 µm long. The basal membrane is ± 1 µm thick. The rhabdites are less than
half the epithelium height long, and are absent at the level of the proboscis. Caudal
glands are well developed.

The proboscis is small, about 1/8 of the body length, and is situated in the first
body half. The epithelium of the proboscis sheath is high, without nuclei. Nuclei
are also lacking at the junction of the sheath and cone epithelia. The sheath is
surrounded by an inner circular and an outer longitudinal muscle coat. There are
four pairs of proboscis retractors and a single pair of ventral integument retractors.

The pharynx is situated in the first body half and slightly inclined forwards.
Four teeth are present around the proximal pharyngeal opening. The prepharyngeal
cavity is lined with a low anucleated epithelium. About in the middle of the
prepharyngeal cavity, the epithelium forms a ring of pseudociliation. The cavity is
surrounded by an internal circular and an external longitudinal muscle layer. The
pharyngeal lumen has a relatively high epithelium, which contains four nuclei
arranged in pairs at different heights. There are 24 internal longitudinal muscles.
There are three types of pharyngeal glands, which open in the distal part of the
pharyngeal lumen.

The gonads are paired. The testes are small and lie at both sides of the body a bit
behind the pharynx. The ovoid ovaries are situated caudally. The long vitellaria
extend dorsally at both sides of the body. The common genital pore lies at 75% of
the body length and can be closed by a sphincter. The common genital atrium is
lined with a high epithelium, containing a few nuclei. The atrium is surrounded by
external circular and internal longitudinal muscles. Both layers continue along the
male genital atrium, which is lined with a pseudociliated epithelium.

The prostate stylet type III is situated in the proximal part of the male atrium. It
consists of a ring, which is 26-40 µm long (m = 33 µm, n = 12) and 8-17 µm wide
(m = 10 µm, n = 12). Part of this ring carries a large and thin plate, which is folded
at one side. The edge of the plate that is most near to the fold is clearly toothed; the
proximal edge is thin and smooth. The fold itself is thickened. Also the opposite
edge is much thicker and ends in a 57-68 µm long serrate spine (m = 59; n = 12).
At about 1/3 of its length the spine makes a 90° twist. Where the plate attaches to
the ring, it shows a hole with sturdy edges (“window”, arrow in Fig. 2B), which is
about 9-14 µm (m = 12; n = 10) diameter. The plate is about 9-19 µm high (m = 14;
n = 10) and 33-41 µm broad (m = 38; n = 10) at one side of the fold, 6-11 µm broad
(m = 8; n = 10) at the other. A prostate vesicle type III enters the male atrium



proximally. The glands bulge out deeply into the male atrium through the proximal
ring of the stylet. Two sorts of secretion are present: a coarse-grained eosinophilic
one and a fine-grained basophilic one. Only the distal part of the vesicle is
surrounded by a layer of circular muscles. These muscles are continuous with the
circular muscles of the male atrium. The elongated and fusiform seminal vesicles
are situated ventrally from the glandular vesicle. Distally they fuse to form the
ejaculatory duct. It was not possible to determine the exact place where the
ejaculatory duct opens into the male system, but it is probably situated near the
proximal ring of the stylet. More distally in the male atrium there is an accessory
stylet type III. This accessory stylet is a hollow spine of 34-55 µm long (m = 44
µm, n = 12) with a hook-shaped distal end. It is associated with some diffuse
accessory glands, which produce a basophilic secretion. (accessory vesicle type
III).

The female duct type I enters the common atrium caudally. It is lined with a
low, anucleated epithelium and surrounded by a strong circular muscle layer. The
oviducts are swollen, filled with sperm, and distally surrounded by circular
muscles. The ventral wall of each oviduct has a large bulge, which is filled with
sperm (seminal receptacle). The vitelloducts enter the oviduct dorsally. At the
bifurcation of the female duct into the oviducts, there is a large bundle of glands.

The uterus is of the normal polycystidid type.

DISCUSSION: A prostate vesicle type III in close association with a prostate stylet
type III is a rather common combination within the Polycystididae, being found in
a wide variety of taxa. However, the occurrence of both these structures together
with an accessory stylet type III is almost unique within the Polycystididae, and is
only found in Triaustrorhynchus armatus nov. gen. nov. sp. (described in this
paper, see below). T. armatus differs however clearly from A. gehrkei in that it also
has a prostate stylet type II connected to a prostate vesicle type II, which is lacking
in A. gehrkei. The occurrence of an accessory stylet type III is rather uncommon
within the Polycystididae anyhow. It is only found in Porrocystis Reisinger, 1924
and Austrorhynchus Karling, 1952, where it occurs in a combination with a prostate
stylet type II attached to a prostate vesicle type II. In none of these species it is
combined with an accessory vesicle type III, as is the case in Ametochus. The
unique combination of all features mentioned marks Ametochus as a new genus.

The female system is very much like this of Alchoides. The seminal receptacles
that are connected to the oviducts are, however, almost unique within the
Polycystididae. A comparable situation is only found in Paulodora subcontorta
(Schockaert, 1982) Artois & Schockaert, 1998 and some yet undescribed related
species of Paulodora. This is however most probably a paralellism, as both genera
do not share any other typical characteristics.



Arrawarria inexpectata n. gen. n. sp.
(Figs 3; 5E)

Arrawarra n. gen. in Littlewood et al. (1999)
Arrawaria in Joffe & Kornakova (2001)
Arrawaria sp. in Littlewood & Olson (2001)

DISTRIBUTION: Arrawarra (New South Wales), small shell-shaped brown algae
from a tide pool in the mid-eulittoral (28/08/1996) (type locality); same locality,
various algae from several tide pools near the marine station (27 & 28/08/1996;
01/11/1997). Sydney (New South Wales, Australia), various algae from Bondi
Beach (06/10/1996).

MATERIAL: Several specimens studied alive. Ten whole mounts, one of them
designated holotype, two others paratype. A total of ten animals serially sectioned.

ETYMOLOGY: Genus name derived from the type locality (Arrawarra). The species
epithet refers to the unexpected combination of an armed cirrus with a prostate
vesicle type II connected to a prostate stylet type II.

DESCRIPTION: Colourless animals of about 0,8 – 1,2 mm long (measured on whole
mounts), with two eyes.

The epidermis is syncytial, ± 4 µm thick, with cilia of 3 µm long and a thick
basal membrane. Rhabdites are few, spindle-shaped and about half the epithelium
height long. Caudal glands are well developed.

The proboscis is about 1/5 of the body length long. The prepharyngeal cavity is
lined with a high, nucleated epithelium and is surrounded by an inner circular and
an outer longitudinal muscle layer. The circular layer is missing in the distal 1/3 of
the cavity. There are no nuclei at the contact zone between sheath and cone
epithelia. There are six bundles of fixators, one ventral pair of integument retractors
and four pairs of proboscis retractors.

The pharynx is in the first body half and inclined forwards. The prepharyngeal
cavity is lined with a very low, anucleated epithelium, which forms a ring of
pseudociliation in the middle of the cavity. The cavity is surrounded by an inner
circular and an outer longitudinal muscle layer. The circular layer forms a sphincter
at the mouth and at the ring of pseudociliation, but is lacking in the proximal third
of the cavity. There are four hard teeth around the proximal pharyngeal opening.
The number of internal longitudinal muscles in the pharynx bulb amounts to 24.
There are three kinds of pharyngeal glands that open into the distal part of the
pharyngeal lumen.

The gonads are paired. The testes are rather small and situated behind the
pharynx at both sides of the body. The ovoid ovaries are situated caudally, just
behind the gonopore. The vitellaria extend dorsally at both sides of the body. The
gonopore is at about 70%. The common genital atrium is small and lined with



pseudociliation. It is surrounded by an inner circular and an outer longitudinal
muscle layer. The circular layer forms a thick sphincter around the gonopore.

The male atrium enters the common atrium dorsally. It is very long and bends
caudally. The distal 1/4 of the male atrium is lined with a high, nucleated
epithelium and surrounded by a hardly visible inner circular and an outer
longitudinal muscle layer. The rest of the male atrium is lined with a
pseudocuticula, forming small spines (armed cirrus). The inner muscle layer
surrounding this part is very thick. Proximally a prostate vesicle of type II enters
the male atrium and discharges its secretion through a prostate stylet type II. The
prostate vesicle consists of about four gland necks, with a coarse-grained basophilic
secretion. It is surrounded by a very thick circular muscle layer, which distally
becomes more spiral, even longitudinal. The outer fibres are continuous with the
muscles surrounding the male atrium; the inner fibres attach to the proximal rim of
the stylet. The prostate stylet type II is double-walled, slightly curved and tapers
towards its distal tip. It is 50-54 µm long (m = 53; n = 9) and 24-29 µm broad
proximally (m = 26; n = 9). The proximal rim of the outer stylet is thickened. The
inner stylet is in the distal 2/3 of the stylet. Both vasa deferentia are very swollen
and have a glandular epithelium (false seminal vesicles). They join each other
ventrally from the prostate vesicle type II. The seminal duct is also very swollen
(seminal vesicle) and lined by a high, glandular epithelium. It enters the male
atrium proximally, near the base of the stylet. Dorsally from the prostate vesicle
type II, there is a prostate vesicle type III, which only consists of eosinophilic
glands and is not surrounded by muscles. It enters the male atrium dorsally from,
and very near to, the prostate vesicle type II.

The female duct type I enters the common genital atrium caudally. It is lined
with a high, anucleated epithelium. It is very short and almost immediately splits
into the two oviducts. These oviducts are swollen and filled with sperm,
functioning as seminal receptacles. The oviducts and the common female duct are
surrounded by circular muscles only. At the junction of the oviducts there is a large
bundle of basophilic glands. The vitelloducts enter the oviducts dorsally.

The uterus is of the normal polycystidid construction. It leaves the common
genital atrium out of its frontal wall.

DISCUSSION: The male system of A. inexpectata is somewhat resembling this of
species of the taxon Acrorhynchides Strand, 1928, especially this of A. robustus
(Karling, 1931) Strand, 1928. All species of Acrorhynchides and A. inexpectata
have a prostate vesicle type III entering an armed cirrus, all show a combination of
two false seminal vesicles and a single “real” seminal vesicle and in all the false
seminal vesicles have a high and glandular epithelium. Only in Acrorhynchides
robustus and Arrarwaria inexpectata the seminal vesicle proper also has a high and
glandular epithelium. A. inexpectata differs from the species of Acrorhynchides in
that a prostate vesicle type II connected to a prostate stylet type II is also present.
The combination of such a vesicle and stylet with a cirrus is unique within the
Polycystididae, and warrants the placement of Arrawarria in a genus of its own.



The female system is rather simple, and is similar to that of many other
Polycystididae. The ovaries are ovoid, which also distinguishes A. inexpectata from
the species of Acrorhynchides, which have globular ovaries.

Austrorhynchus hawaiiensis Karling, 1977
(Figs 4; 5F)

Austrorhynchus pectatus in Karling et al., 1972

DISTRIBUTION IN AUSTRALIA: North Stradbroke Island (Queensland), Dunwich, in
an exposed sea grass field in front of the marine station (12 & 13/08/1996); same
locality, Amity Point, in a sea grass field with some mud in the tidal zone
(13/08/1996).

FURTHER DISTRIBUTION: Hawaii, Oahu, (Karling et al., 1972). Zanzibar Island
(Tanzania), Mbweni, beach behind the Mbweni Ruins Hotel, north of the creek, in
a little pool with sea grass (Thalassia spec?) (11/08/1995); same locality, from a
beach situated a bit higher, relative coarse sand with pebbles and silt from between
sea grass (Halodule), rich in detritus (11/08/1995); same locality, in a tide pool
with broad-leafed sea grass (17/08/1995).

MATERIAL. Two whole mounts and one sectioned specimen from Hawaii (SMNH).
Several animals studied alive in Zanzibar and Australia. Three whole mounts from
Zanzibar (coll. LUC). Three whole mounts and three serially sectioned specimens
from Australia (coll. LUC).

ADDITIONAL INFORMATION. As to general shape of the hard parts of the male
system, the specimens from Zanzibar, Australia and Hawaii are indistinguishable
from each other. The prostate stylet type III is very much like this of
Austrorhynchus bruneti Karling, 1977, with a pronounced style and foot connected
to each other by a narrow clasp (indicated by an arrow in Figs 4 & 5F). The double-
walled prostate stylet type II of the specimens from Zanzibar is 27-31 µm long (m
= 29; n = 3). The prostate stylet type III is 62-68 µm long (m = 65; n = 3) with a
plate of 24-28 µm broad and 6-7 µm high (n = 2). The Hawaiian and Australian
populations seem to have larger hard parts. Only one specimen from Australia
could be measured properly. It has a 41 µm long prostate stylet type II and a very
long prostate stylet type III (106 µm). The plate of the latter stylet is 36 µm broad
and 13 µm high. The prostate stylet type II of the Hawaiian population is 35-38 µm
long. The prostate stylet type III of this population is 80 µm long (n = 2), with a
plate of 30-33 µm broad and 7 µm high (n = 2).



Cincturorhynchus monaculeus n. sp.
(Figs 6; 9A-B)

DISTRIBUTION: Arrawarra (New South Wales), large tide pool on the southern part
of the beach at the beginning of a rocky area (27/08/1996 & 27/10/1997) (type
locality); same locality, large algae from a tide pool (27/10/1997); same locality,
Mullaway headland, on algae in deep rock pools (24/07/2003). North Stradbroke
Island (Queensland), in sea grass from tide pools in the mid-eulittoral in front of the
marine station (13/08/1996 & 20/10/1997).

MATERIAL: Several animals studied alive and mounted, one of them designated
holotype. One sagitally sectioned animal from North Stradbroke Island.

ETYMOLOGY: The stylet has one spine only. Mono (Gr.): single; aculeus (Lat.):
sting.
DESCRIPTION: Animals 1-1,5 mm long, yellowish under incident light, with two
eyes.

The internal organisation is comparable to this of Cincturorhynchus karlingi
Schockaert, 1982. The hook-shaped prostate stylet type II is a double-walled tube,
with a very broad, annular proximal base of 31-46 µm (m = 40; n = 7) diameter. It
is 42-57 µm long (m = 49; n = 7). A 36-46 µm long (m = 42; n = 7), hollow spine is
attached to the proximal base of this stylet and runs more or less parallel to it, but it
is less curved. The prostate stylet type III consists of a proximal semicircular to
horseshoe-shaped ring, which carries long, curved spines. The diameter of the base
is difficult to measure in the different specimens, as its size is largely dependent on
the degree of compression. It fluctuates between 55 and 118 µm (m = 84; n = 7).
The spines are implanted into two different groups, one consisting of long spines (±
34 µm), the other of shorter ones (± 16 µm).

The sectioned specimen lacks a female bursa, although it was clearly visible in
live animals. Probably the sectioned animal has not reached full female maturity
yet.

DISCUSSION: The new species can easily be placed within the taxon
Cincturorhynchus Evdonin, 1970, as it shows all the diagnostic characters of this
taxon: paired seminal vesicles, a small prostate vesicle type II connected to a
prostate stylet type II, a prostate stylet type III consisting of a horshoe-shaped base
carrying large teeth, a prostate vesicle type III asoociated with the prostate stylet
type III and a terminal female bursa.

Apart from C. monaculeus, two other species are known of this taxon: C.
karlingi Schockaert, 1982 from the African east coast (see Schockaert, 1982) and
C. ruber from the Possjet Bay (Japanese Sea, Russia) (see Evonin, 1970, 1977).
The three species can easily be distinguished based on differences in the
construction of the prostate stylets. In C. ruber, the prostate stylet type II is a
simple, double walled tube. In the two other species, the base of this tube is
enlarged and carries a number of spines, one in C. monaculeus, four to seven in C.



karlingi. The single spine present on the prostate stylet type II of C. monaculeus is
also much larger than each of the spines in C. karlingi. The prostate stylet type III
in all three species consists of a horse shoe-shaped base carrying a number spines.
Differences between the species can be found in the number and form of the spines.
Judging from the drawings and the description of C. ruber by Evdonin (1970), it
carries a limited number of relatively small spines. In C. karlingi and C .
monaculeus, the spines are more numeruous and larger. In C. monaculeus they are
longer and more slender than in C. karlingi. In C. karlingi they have more
triangular, having the form of broad blades.

Duplexostylus winsori n. gen. n. sp.
(Figs 7C-E; 9C)

DISTRIBUTION: Hinchinbrook Channel (Townsville area, Queensland), sand from a
tidal flat (20/11/1988 & October 1991) (type locality).

MATERIAL: Drawings of live animals by Dr. Dittmann. Three whole mounts, one of
them designated holotype, the other two paratype. One sagitally sectioned animal.

ETYMOLOGY: The genus name refers to the fact that the species has a copulatory
organ resembling a duplex type (terminology of Karling, 1956), combined with a
stylet. The species epithet is in honour of Mr. Leigh Winsor (Townsville,
Australia).

DESCRIPTION: The animals are 0,6-0,8 mm long (measured on the whole mounts),
colourless and without eyes. The epidermis is syncytial, ± 5 µm high with cilia 3
µm long. The basal membrane is ± 1/4 of the epithelium height thick. The presence
of rhabdites could not be determined with certainty. Caudal glands are well
developed.

The proboscis is about 20 % of the body length long. The proboscis sheath is
lined with a nucleated epithelium and is surrounded by an inner circular and an
outer longitudinal muscle layer. There are no nuclei at the junction of sheath and
cone epithelia. The organisation of the retractor system could not be determined.
There are six bundles of fixators.

The pharynx is in the first body half and slightly inclined forwards. The distal
part of the prepharyngeal cavity is lined with a pseudociliation, the remaining part
by a membranous epithelium. It is surrounded by an inner circular and an outer
longitudinal muscle layer. The circular layer is lacking in the proximal 1/3 of the
cavity. The epithelium of the pharyngeal lumen lacks nuclei. Three types of
pharyngeal glands enter the distal part of the pharyngeal lumen, two eosinophilic
ones with a basophilic one in between. The proximal pharynx opening is
surrounded by four hard teeth.

The gonads are unpaired. The small testis lies just behind the pharynx at the
right hand side of the body. The ovary lies caudally from the gonopore. It is ovoid



and slightly curved, with the oocytes arranged in row. The vitellarium extends
dorsally at the right hand side of the body. The gonopore is at 80 % and can be
closed by a strong sphincter. The common genital atrium is lined with a high,
nucleated epithelium and surrounded by longitudinal muscles.

The sperm conducting system consists of a single seminal vesicle, a prostate
vesicle type IV and a prostate stylet type III. The seminal vesicle is lined with a
membranous epithelium and surrounded by a circular muscle layer. It narrows
somewhat towards the prostate vesicle and enters it proximally (conjuncta-type
copulatory organ). Within the prostate vesicle it is no longer visible, except for a
small part in the distal end of the vesicle. The prostate vesicle is very large and
globular. It is surrounded by a circular muscle layer, distally supplemented with
thicker longitudinal muscles, which connect the vesicle with the proximal part of
the male atrium (protractors of the vesicle). It contains a coarse-grained and a fine-
grained basophilic secretion. The nucleated parts of the interposed prostate glands
are outside the vesicle. The prostate vesicle is connected to the complex prostate
stylet type III that consists of a plate, which proximally is folded in the shape of a
funnel and distally continues as a gutter-like to tubular spine. The transition from
funnel to spine is rather abrupt, and the proximal part of the curved spine runs
perpendicularly to the funnel. At this transition, a complex fold of the funnel forms
a second very broad spine, which curves in the opposite direction of the first spine.
The stylet (funnel+first spine) is 146-183 µm long (m = 162; n = 3) and 71-86 µm
broad proximally (m = 77; n = 3). The second spine is 46-76 µm long (m = 57; n =
3). The male atrium leaves the common atrium dorsally. It is lined with a
pseudocuticula and surrounded by circular muscles. A large muscular septum
encloses the larger part of the male atrium asymmetrically, only dorsally
(copulatory organ of the duplex-type; terminology of Karling, 1956). It does not
enclose the prostate vesicle.

The female system is very simple. The female duct type I leaves the common
genital atrium caudally. It is lined with a high epithelium and surrounded by
circular muscles. It broadens towards the ovarium. A large bundle of eosinophilic
glands enters through the ventral wall of this broader space, the vitelloduct through
its dorsal wall.

Duplexostylus rowei n. sp.
(Figs 7A-B; 9C)

DISTRIBUTION: Townsville (Queensland), muddy sand with much detritus from a
sea grass field along “The Strand” opposite Oxley Street (25/08/1996) (type
locality).

MATERIAL: One animal studied alive and mounted (holotype).

ETYMOLOGY: Dedicated to Prof. Dr. Richard Rowe (Townsville, Australia).



DESCRIPTION. This species is almost identical to D. winsori. As far as could be
seen on the live specimen, the only difference with that species is the form of the
second spine of the prostate stylet. This spine is much narrower and more elegant
compared to that of the former species. The stylet is a bit smaller: 126 µm long and
52 µm broad proximally. The second spine is 47 µm long.

DISCUSSION: Unpaired gonads are only found in a restricted number of taxa within
the Polycystididae and only a few of them have a prostate vesicle type IV:
Annulorhynchus adriaticus Karling, 1956, species of Danorhynchus Karling, 1955
(only ovary unpaired), species of Gallorhynchus Schockaert, 1971, Koinocystella
inermis Karling, 1952, Neopolycystis tridentata Karling, 1955 (only ovary
unpaired), the species of Psammopolycystis Meixner, 1938, the species of
Scanorhynchus Karling, 1955, Stradorhynchus nov. gen (this contribution) and
Syltorhynchus schockaerti Noldt, 1989 (only ovary unpaired). Most of these also
have a prostate stylet type III, only in Koinocystella inermis Gallorhynchus simplex
Schockaert & Brunet, 1971 and Stradorhynchus it is lacking. In none of these
species, however, the prostate stylet type III is directly connected to the prostate
vesicle type IV, as is the case in Duplexostylus (see Artois & Schockaert, 2003).

Another typical feature of Duplexostylus is the asymetrical septum which
surrounds the dorsal side of the male atrium, which indicates that the male system
is of the conjuncta-duplex type. The presence of such a septum is rare in
polycystidids, it only occurs in the four species of Duplacrorhynchus and in
Yaquinaia microrhynchus Schockaert & Karling, 1970 (see Artois & Schockaert,
2003). In these taxa, the septum is placed symetrically around the male atrium and
also encloses at least a part of the prostate vesicle (exc. in Duplacrorhynchus
heyleni Artois & Schockaert, 1999).

The combination of unpaired gonads, the presence of a prostate vesicle type IV
directly conencted to a prostate stylet type III, and the presence of a asymmetrical
septum are unique within the Polycystididae, and clearly warrants the erection of a
new genus. The relationships with the other taxa of Polycystididae are unclear.

Paraustrorhynchus caligatus n. sp.
(Figs 8; 9E-F)

DISTRIBUTION: North Stradbroke Island (Queensland), in a sea grass field in the
tidal zone (13/08/1996) (type locality); same locality, Adams Beach, in sea grasses
(Zostera) from a tide pool (16/09/1996).

MATERIAL: Observations on two living animals, one from each locality, which
were afterwards mounted (one designated holotype).

ETYMOLOGY: The prostate stylet type II is boot-shaped. Caliga (Lat.): boot.



DESCRIPTION: Animals about 1 mm long, yellowish to dark green pigmented. They
have two eyes. The internal organisation corresponds to this of Paraustrorhynchus
pacificus Karling & Schockaert, 1977, as far as it could be seen in the living
specimens.

The male atrium is proximally very broad, and contains the prostate stylet type
II and a plate-like prostate stylet type III. The prostate stylet type II is a double-
walled tube, 40-58 µm long (n = 2). Its distal end makes a 45° turn, giving the
stylet the overall appearance of a boot. It is connected to a prostate vesicle type II.
The internal stylet can be followed almost throughout the whole length of the
external one. The complex prostate stylet type III consists of a proximal plate,
which serves as a base from which two arms depart. These arms protrude distally
and both broaden towards their distal end. This prostate stylet could only be
measured on one specimen. One of the arms is 23 µm long and 19 µm broad at its
distal rim, which is completely serrated. At the base of this arm there is a
triangular-shaped fold. The other arm is 37 µm long and 33 µm broad at its distal
end. The distal end of this plate is only partly serrate. The distal ends of both arms
are at the same level. The prostate stylet type III is associated with a prostate
vesicle type III. The ejaculatory duct enters the male atrium close to this organ.
More distally the male atrium is filled with many sperm.

DISCUSSION: The taxon Paraustrorhynchus  Karling & Schockaert, 1977 is
characterised by a uinique combination of features (see Karling & Schockaert,
1977): paired gonads, a large male atrium without a real male bursa, with a prostate
vesicle type II connected to a prostate stylet type II, with a complex prostate stylet
type III associated with a prostate vesicle type III, the ejaculatory duct ending in the
male atrium very near to the prostate stylet type III, with an accessory glanduclar
vesicle of type I, proximal part of male atrium with a large muscle bulb, with a
female duct type I with terminal female glands but without female bursa (exc. P.
elixus (Marcus, 1954) Karling & Schockaert, 1977 which has a female bursa) and
without insemination ducts. All these characters are present in P. caligatus. Only
the absence of the insemination ducts should be checked on sectioned material.

The hard parts of the male system of P. caligatus are very much like these of P.
pacificus Karling & Schockaert, 1977, but some clear and consistent differences
can be found between the two species. The prostate stylet type II of both is a rather
simple tube, evenly curved in P. pacificus, with the typical boot shape in P.
caligatus. Moreover, this stylet is much longer in P. pacificus than in P. caligatus
(± 49 µm). The two arms of prostate stylet type III of P. caligatus has both arms
broadening evenly towards their distal end, giving them the shape of a broad plate.
One arm has a completly serrated distal rim, the other one has only the middle part
of the distal rim serrated. In P. pacificus, both arms are much narower proximally,
abruptly widening at their distal end. One of the arms has a completely serrated
distal rim, while the other one is somewhat bifid distally, with a (very small) part
serrated, and the other part not serrated. Moreover, the prostate stylet type III of P.
pacificus is much larger (140 µm) than this of P. caligatus (37 µm).



Apart from the two species a third species of Paraustrorhynchus has been
described from Brasil: P. elixus (Marcus, 1954) Karling & Schockaert, 1977. This
species is however very different from the other two. It’s hard parts have a totally
different shape (prostate stylet type II a very simple small hook, prostate stylet type
III with two articulating parts) and it has a female bursa. For a thorough discussion
of this species and a comparison with P. pacificus we refer to Karling & Schockaert
(1977).

Polycystis australis n. sp.
(Figs 10; 13A)

DISTRIBUTION: Arrawarra (New South Wales), brown algae from a tide pool in the
mid-eulittoral (28/08/1996) (type locality). Coffs Harbour (New South Wales),
Mullaway headland, brown and red algae from rock pools (24/07/2003).
MATERIAL: Several animals studied alive. Three whole mounts, one of which is
designated holotype, another one paratype. One serially sectioned specimen
(horizontally sectioned; designated paratype).
ETYMOLOGY: Australis (Lat.): southern.
DESCRIPTION: The animals are colourless, 1,5-2,2 mm long and have two eyes.
Construction of epidermis, proboscis, pharynx and genital system as in Polycystis
naegelii Kölliker, 1845.

The prostate stylet type I is a double-walled funnel, showing a constriction
about in its middle and broadening again distally. It is 48-58 µm long and 30-53
µm broad proximally, 23-38 µm distally (n = 3). At the constriction it is 15-25 µm
broad (n = 3). The distal rim of the outer stylet is partly toothed. The internal stylet
is only visible in the proximal half of the outer stylet. The stylet is connected to a
prostate vesicle type I, which contains two types of secretion and is surrounded by
two spirally running muscle layers. The inner muscle layer attaches to the inner
side of the outer stylet, the outer layer is continuous with the muscles of the male
atrium. The bursal stalk leaves the male atrium just before this itself enters the
common genital atrium. It is surrounded by a thick circular muscle layer and lined
with a pseudocuticula. At the opening of the bursal stalk into the male atrium, the
circular muscle layer is asymmetrically thickened. A real asymmetrical muscle
bulb, as is found on the bursal stalk in Polycystis naegelii and Polycystis ali
Schockaert, 1982 is however lacking.

At the bifurcation of the two oviducts, a very small muscular female bursa is
present. It contains many sperm and nuclei.

DISCUSSION: This species undoubtedly belongs to the taxon Polycystis Kölliker,
1845 as diagnosed by Artois & Schockaert (1998). At the moment five species are
recognised. For one of these species, P. ali Schockaert, 1982, Karling (1986)
described three different forma’s: ‘Somali’, ‘California’, and ‘Galapagos’.

The species of Polycystis all have a large male bursa, ending in the distal part of
the male atrium. In most species, the bursal stalk is distally provided of a very



asymmetrical muscle bulb (see Artois & Schockaert, 1998). In P. gabriellae
(Marcus, 1948) Karling, 1952 and in P. australis, this bulb is, however, lacking.
The bursal stalk of both these species is also much longer and very muscular, with
an asymmetric sphincter distally, at the place where in the other species the muscle
bulb is present.

The prostate stylets of all species of Polycystis are rather short and broad, except
for the stylet of P. gabriellae, which is somewhat longer and has a rather long distal
tube. The stylet of P. australis is similar to this of P. ali, especially this of P. ali
forma ‘California. Typical of these two taxa is the the fact that the stylet is
symmetrical, lacking the distal asymmetrical outgrow of P. orientalis Evdonin,
1968. It also lacks the distal hook typical of P. hamata Karling, 1986 and lacks the
spur typical of P. naegelii Kölliker, 1845. P. ali forma ‘Somali’ and P. ali forma
‘Galapagos’ are more similar to this of P. australis and P. ali forma ‘California’,
but differ in that the distal end is circular and broad, with the edges folded back, so
that they form a sort of gutter that surrounds the stylet. The stylet of P. australis
from this of P. ali forma ‘California’ in two important ways. It lacks the distal split,
that is very prominent in P. ali forma ‘California’, and the distal rim of the stylet is
not serrated over whole of its length, whereas in P. ali forma ‘California’ it is
completely serrated with big and sturdy teeth.

Another typical feature of P. australis is the lack of any pigmentation. Within
Polycystis, only P. hamata and some specimens of P. ali forma ‘California’ lack
pigmentation. In the latter taxon unpigmented and weakly pigmented specimens are
known (see Karling, 1986).

Stradorhynchus caecus n. gen. n. sp.
(Figs 11A-C; 13C)

DISTRIBUTION: North Stradbroke Island (Queensland): Myora, on a beach behind
mangroves, near to a creek (14/08/96); same locality, Dunwich, in a sea grass-bed
in the eulittoral (21/09/96). Coffs Harbour (New South Wales), Coffs creek, about
150 m west of the bridge, in fine-grained sand in between oysters (23/07/2003)

M ATERIAL: Two specimens studied alive. One mounted (holotype) and one
sagitally sectioned animal.

ETYMOLOGY: The genus name refers to Stradbroke Island, whereas the species
epithet refers to the absence of eyes. Caecus (Lat.): blind.

DESCRIPTION: The animals are colourless, 0,5 mm long (measured on the mounted
specimen) and have no eyes. The epidermis is syncytial, 4 µm high, with cilia 2 µm
long. The basal membrane is ± 1 µm thick. The rhabdites, which are lacking around
the proboscis pore, are less than half the epithelium height long. Caudal glands are
well developed.



The proboscis is about 20% of the body length long. In the living animals a
small apex was observed. The proboscis sheath is surrounded by internal circular
and external longitudinal muscles, and is lined with an anucleated epithelium. The
circular muscles are absent around the distal third of the cavity. There are no nuclei
at the junction between sheath and cone epithelia. There are two pairs of
integument retractors, one dorsal and one ventral pair. The exact number of
proboscis retractors could not be determined with certainty, but there are probably
three pairs of them. There are six bundles of fixators. A large glandular complex is
situated near the brain, with the gland necks extending beside the proboscis bulb.

The pharynx is situated in the anterior body half and slightly inclined forwards.
It is approximately 15% of the body length in diameter. Four teeth are present
around the proximal pharyngeal opening. The prepharyngeal cavity is lined with a
membranous, anucleated epithelium. About in the middle of the cavity, the
epithelium forms a ring of pseudociliation. The cavity is surrounded by an internal
circular and an external longitudinal muscle layer. The circular layer is absent
around the most proximal third of the cavity. The pharyngeal lumen is lined with a
low, anucleated epithelium. There are three types of pharyngeal glands, one
basophilic one and two eosinophilic ones.

The gonads are unpaired. The testis is very long and lies at the right hand-side
of the pharynx, from where it stretches out backwards. The ovoid ovary lies at the
caudal body end. The vitellaria are paired and caudally connected to each other by
means of a narrow "bridge" from which the single vitelloduct departs. The common
genital pore lies at 80% of the body length and can be closed by a strong sphincter.
The common atrium is lined with a low anucleated epithelium and surrounded by
internal longitudinal and external circular muscles.

The male genital atrium leaves the common genital atrium dorsally. It is
surrounded by a circular muscle layer, but is without a visible epithelium. The
prostate stylet type IV fills the male atrium completely. It is 101 µm long and 26
µm wide proximally, 21 µm distally. It is ornamented with spirally running ridges
over whole of its length. The distal tip of the stylet is very complex, showing
several ridges and two flap-like projections. The stylet is connected to a long and
pyriform prostate vesicle type IV, which contains only one type of eosinophilic
secretion. The prostate secretion continues very far in the stylet, almost to its distal
tip, which protrudes in the common genital atrium. The prostate vesicle is
surrounded by circular muscles, which are continuous with the circular muscles
surrounding the male atrium. The ejaculatory duct is surrounded by circular
muscles and lined with a low, anucleated epithelium, as is the unpaired seminal
vesicle. Distally, it enters the prostate vesicle through a muscular pore.

The female duct type I is lined with a low anucleated epithelium and surrounded
by a thick external circular muscle layer and an internal longitudinal layer. It leaves
the common genital atrium caudally. Proximally it widens to form an ovoid space
that is lined with a very thick pseudocuticula. The narrow proximal part of the
female duct leaves out of the frontal wall of this space. It is surrounded by a weak
circular muscle layer. It almost immediately starts running dorsally. At the place
where the it bends dorsally, the oviduct opens into it. This oviduct is surrounded by



circular muscles and lined with a low anucleated epithelium. Its most proximal part
is widened and contains sperm.

The uterus opens through the frontal wall of the common genital atrium and is
of the normal polycystidid construction.

Stradorhynchus terminalis n. gen. n.sp.
(Figs 11D; 13D)

DISTRIBUTION: Coffs Harbour (New South Wales), Coffs creek, about 75 m west
of the bridge, in fine-grained sand and algae (15 & 23/07/2003) (type locality).

MATERIAL. Several specimens studied alive. Two whole mounts, one of them
designated holotype. Three serially sectioned specimens.

ETYMOLOGY. The species name refers to the fact that the spirally running ridges
are restricted to the distal tip of the stylet.

DESCRIPTION. Habitus and internal organisation is identical to that of S. caecus,
except the fact that S. terminalis has a somewhat reddish coloration owing to
parenchymal pigment. The only difference with S. caecus is the morphology and
dimensions of the prostate stylet type IV, which only could be measured in the
holotype because of the poor quality of the other whole mounts. The stylet is 185
µm long and 40 µm wide proximally, 11 µm distally. It is ornamented with many
spirally running ridges, which are are restricted to the distal third of the stylet,
giving the stylet the resemblance of a “stripped-off sock”. The stylet tapers towards
its complex distal tip.

DISCUSSION: The presence of only one testis and one ovary in combination with a
prostate vesicle type IV connected to a prostate stylet type IV is unique within the
Polycystididae. The most similar situation is found in Koinocystella inermis
Karling, 1952, which has unpaired gonads and a prostate vesicle type IV.
Moreover, both species of Stradorhynchus and K. inermis have a proximally
widening of the oviduct, which functions as a seminal receptacle. Both taxa
however clearly differ in two respects, the species of Stradorhynchus have a
terminal female bursa and have a prostate stylet type IV. Both are lacking in
Koinocystella, which has an unarmed cirrus.

Another similarity between Koinocystella and Stradorhynchus is the fact that
the proboscis retractor system consists of three pairs of proboscis retractors and two
pairs of integument retractors, whereas in most Polycystididae there are four pairs
of proboscis retractors and one pair of (ventral) integument retractors (see Artois &
Schockaert, 1999). This ‘3+2’ situation is also found in some other species which
have a prostate vesicle type IV connected to aprostate stylet type IV: species of
Djeziraia Schockaert, 1971, Phonorhynchoides Beklemishev 1927, Yaquinaia



Schockaert & Karling 1970 and Annalisella Karling 1978. All these species,
however, have paired gonads.

The prostate stylet type IV of Annalisella bermudensis Karling, 1978 is
remarkably similar to this of the species of Stradorhynchus, especially to this of S.
caecus. In both species the stylet has spirally running ridges, 4-5 in A. bermudensis,
±10 in S. caecus. The distal tip of the stylet is hook-shaped in both species, but it is
much more complex in S. caecus. In S. terminalis, the ridges are many and “packed
together” at the distal tip of the stylet. A. bermudensis clearly differs from the
species of Stradorhynchus as it has paired gonads, an accessory glandular vesicle
type IV connected to an accessory stylet type IV and a separate male and female
gonopore. Whether the similarities in shape of the stylet between A. bermudensis
and both species of Stradorhynchus reflect a common origin is therefore doubtful.
A very similar stylet is also found in Astrotorhynchus bifidus (McIntosh, 1874)
Graff, 1905 (Trigonostomidae), a taxon which is clearly not related.

Triaustrorhynchus armatus n. gen. n. sp.
(Figs 12; 13B)

DISTRIBUTION: Lady Bay (Sydney, New South Wales), north side of the beach,
coarse shell gravel from between rocks (06/10/1996) (type locality).

MATERIAL: Observations on one living animal, which was mounted afterward
(holotype).

ETYMOLOGY: The genus name reflects the similarity to Austrorhynchus, but
indicates that the new taxon has three stylets. The epithet also refers to the presence
of three stylets. Armatus (Lat.): armed.

DESCRIPTION: The only specimen available is 0,5 mm long (measured on the whole
mount), and has two eyes. It is colourless. The proboscis is about 20% of the body
length. The pharynx is in the first body half.

The gonads are paired. The testes lie at both sides of the body, just behind the
pharynx. The ovoid ovaries are situated caudally. Vitellaria were not visible. The
gonopore is at ± 75%.

There are three hard parts in the male atrium: a prostate stylet type II, a prostate
stylet type III and an accessory stylet type III. The double-walled prostate stylet
type II is 50 µm long. It is a simple tube distally, with the proximal rim of the outer
stylet very slanting, with one side ending just proximally from the proximal rim of
the inner stylet, and the other side extending much further proximally. It is
connected to a glandular vesicle (prostate organ type II?). The prostate stylet type
III can easily be described using the terminology of Karling (1977), as it is similar
to the prostate stylet type III of some species of Austrorhynchus Karling, 1952. It is
91 µm long, with a proximal style and foot. The foot distally runs out in a toothed
flagellum, which ends in a sharp point. The style is proximally split. This prostate



stylet is associated with a large glandular organ (prostate organ type III?). Where it
is connected to the wall of the male atrium, the muscles of the atrium form a thick
bulb. The accessory stylet type III is found more distally in the male atrium. It is a
hollow, curved tube, 27 µm long. It is associated with a small glandular organ.
There are two seminal vesicles. The exact course of the ejaculatory duct could not
be determined.

At the junction of both oviducts, there is a large bundle of glands.
DISCUSSION: Although sectioned material is lacking, and details of the construction
of the anatomy thus cannot be given, the details seen on the live animals combined
whith the whole mounts enable to describe this species. Because it is the first
species of polycystidid with three hard parts in the male system, each of them
associated with a glandular organ, we cannot but place it in a genus of its own.

The prostate stylet type II is a short, double walled tube, as in many other
polycystidids, especially Paraustrorhynchus pacificus. Most similar is probably the
prostate stylet type II of P. pacificus, as it also is an evenly curved hook, but it is
much longer than in T. armatus. Many species of Austrorhynchus also have similar
stylets, but in these species it typically has a proximal funnel-shaped part and and a
tubular distal part, with a abrupt transition between both. Typical for T. armatus is
the asymmetrical proximal end, which is not found in any other polycystidid with a
prostate stylet type II.

The prostate stylet type III is also very similar to this of some Austrorhynchus
species and to a lesse extent to this of the Paraustrorhynchus species. Moreover,
both in T. armatus, the species of Austrorhynchus  and the species of
Paraustrorhynchus a large muscle bulb is associated with this stylet. In T. armatus
a bundle of glands ends at the base of the prostate stylet type III, at the same place
where in species of Paraustrorhynchus a prostate vesicle type III is present.
Whether the glandular vesicle observed at this place in T. armatus is a prostate
vesicle type III is most probable, but should be checked on sections. It could also
be an accesory glandular vesicle of type I, which is also present in the species of
Paraustrorhynchus, but is not associated with the prostate stylet type III. Both
these vesicles are not present in the species of Austrorhynchus.

An accessory stylet of type III is very uncommon in polycystidids, and only
occurs in Porrocystis assimilis (Levinsen, 1879) Karling, 1952 and species of
Antiboreorhynchus Karling, 1952. Only in the species of Antiboreorhynchus it is
associated with a compact bundle of accessory glands type III. These glands also
occur in P. assimilis, but here they are more diffuse and occur over the whole
length of the male atrium. The glands observed in T. armatus are therefore most
probably comparable to these found in the species of Antiboreorhynchus, but again
this should be checked on sections.

The female system of T. armatus is one of the most simple within the
Polycystididae, and is similar to this of the species of Paraustrorhynchus. It lacks a
female bursa, which is present in species of Austrorhynchus, Antiboreorhynhus and
Porrocystis.
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Fig. 1 Alchoides alchoides: A. Habitus of a live animal; C. Caudal body end with
the atrial organs (from a live specimen); E. Prostate stylet type III (from the holotype);
G. Reconstruction of the atrial organs from the right side.
Alchoides dittmanni: B. Habitus of a live animal; D. Caudal body end with
the atrial organs (from a live specimen); F. Prostate stylet type III (from the holotype);
H. Reconstruction of the atrial organs from the right side.
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Fig. 2 Ametochus gehrkei: A. General organisation  (from a live specimen);
B. Prostate stylet type III (arrow indicates the ‘window’; from the holotype);
C. Accessory stylet type III (from the holotype); D. Three transverse sections
through the accessory stylet type III; E. Reconstruction of the atrial organs
from the left side.
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Fig. 3 Arrawarria inexpectata: A. General organisation (from a live specimen);
B. Prostate stylet type II (from the holotype); C. Reconstruction of the atrial organs
from the right side.
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Fig. 4 Austrorhynchus hawaiiensis: A. Prostate stylet type II; B. Prostate stylet
type III.
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Fig. 6 Cincturorhynchus monaculeus: A. Prostate stylet type II (from the holotype);
B. Prostate stylet type III (from the holotype).
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Fig. 7 Duplexostylus rowei: A. General organisation (from a live specimen);
B. Prostate stylet type III (from the holotype); Duplexostylus winsori: C. Prostate
stylet type III (from the holotype); D. Consecutive sections through the prostate
stylet type III; E. Reconstruction of the atrial organs from the left side.
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Fig. 8 Paraustrorhynchus caligatus: A. Atrial organs (from a live
specimen); B. Prostate stylet type II (from the holotype); C. Prostate stylet
type III (from the holotype).
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Fig. 10 Polycystis australis: A. Caudal body end (from a live specimen);
B. Horizontal reconstruction of the atrial organs from above; C. Prostate stylet
type I (from the holotype).
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Fig. 11 Stradorhynchus caecus: A. General organisation  (from a live specimen);
B. Reconstruction of the atrial organs from the right side; C. Single-walled
prostate stylet (from the holotype). Stradorhynchus terminalis:D. Single-walled
prostate stylet (from the holotype).
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Abstract   The  taxon Promesostoma is very species-rich, with more than 30
representatives from all over the world, occuring in all types of marine and brackish
water habitats. In this contribution, another five new species of Promesostoma are
described, bringing the total number on 38 species, which are all morphologically
very similar, but are clearly recognisable by the detailed structure of their stylet.
Two of the new species, Promesostoma calcareum n.sp. and P. justinei come from
New Caledonia, whereas P. alexanderi n.sp. and P. corsicum occur in the
Mediterranean Sea. P. lincolni n.sp. is a species from Florida, USA. Furthermore,
new distribution data are given for P. ensifer, P. hymanae, P. kergroixense and P.
maculosum. The new species are discussed within a larger framework, trying to
identify species groups within this large taxon, mainly based on the organisation of
the male genital system.
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INTRODUCTION

The taxon Promesostoma Graff, 1882 is a very species-rich taxon of
typhloplanoid Rhabdocoela. At the moment, 33 species are known and most of
them occur in the northern Atlantic and the Baltic Sea. An overview of all species
is given in Table 1, summarising their distribution and the main literature.

Table 1. Overview of all valid Promesostoma species with their distribution. The
main literature that is consulted, is given (not a full reference list for each species).
Species for which material was available are indicated with ‘x’.

 Distribution Main literature
P. alaskanum Ax & Armonies, 1990 A1aska Ax & Armonies, 1990
P. alexanderi n.sp. Mediterranean Sea this paper

P. balticum Luther, 1918 Baltic Sea
Luther, 1918, 1943,
1962; Karling, 1974

P. bilineatum Pereyaslawzewa, 1892
Black Sea, Baltic
Sea

Pereyaslawzewa, 1892;
Beklemischev, 1927;
Ax, 1952, 1959; Mack-
Fira, 1968, 1974;
Karling, 1974

P. bilobatum Ax & Armonies, 1987
Canadian Atlantic
coast

Ax & Armonies, 1987

P. bipartitum Ax, 1956
French Atlantic
coast, North Sea

Ax, 1956b; Ehlers,
1974

P. calcareum n.sp. New Caledonia this paper

P. caligulatum Ax, 1952
North Sea, Baltic
Sea, French Atlantic
coast

Ax, 1952, 1956b;
Luther, 1962; Karling,
1974; Ehlers, 1974;
Faubel, 1980

P. cochleare Karling, 1935

North Sea, Baltic
Sea, Mediterranean
Sea, Canadian
Atlantic coast

Karling, 1935; Ax,
1952, 1956a; Luther,
1962; Karling, 1974;
Ehlers, 1974; Ax &
Armonies, 1987

P. corsicum n.sp. Mediterranean Sea this paper

P. dennisalleni Ax, 1995
Atlantic coast USA
(SC)

Ax, 1995c

P. digitosum Ax, 1995
Atlantic coast USA
(SC)

Ax, 1995c

P. dipterostylum Karling, 1967
Pacific coast USA
(Cal)

Karling, 1967

P. ensifer (Uljanin, 1870)
Pereyaslawzewa, 1892

Black Sea;
Mediterranean Sea

Uljanin, 1870;
Pereyaslawzewa, 1892;
Ax, 1959; this paper



Ax, 1959; this paper

P. fibulatum Ax & Armonies, 1987
Canadian Atlantic
coast

Ax & Armonies, 1987

P. gallicum Ax, 1956 Mediterranean Sea Ax, 1956a

P. gracile Ax, 1951
Baltic Sea, French
Atlantic coast,
North Sea

Ax, 1951, 1956b;
Ehlers, 1974

P. hymanae Ax, 1968

Pacific coast USA
(W), Indian Ocean
(Indonesia, Kenya,
Seychelles)

Ax, 1968; this paper

P. infundibulum Ax, 1968
Pacific coast USA
(W)

Ax, 1968

P. justinei n.sp. New Caledonia this paper

P. karlingi Ehlers, 1974
Canadian Atlantic
coast, North Sea

Ehlers, 1974; Ax &
Armonies, 1987

P. kergroixense Ehlers & Sopott-
Ehlers, 1989

French Atlantic
coast,
Mediterranean Sea

Ehlers & Sopott-
Ehlers, 1989; this
paper

P. kristenseni Ax, 1993 Greenland Ax, 1993, 1995b
P. lincolni n.sp. Florida this paper

P. maculosum Ax, 1956
Black Sea, French
Atlantic coast,
Mediterranean Sea

Ax, 1956b, 1959; this
paper

P. marmoratum (Schultze, 1851)
Graff, 1882

widespread in
northern Atlantic
and Arctic waters;
Mediterranean Sea

Schultze, 1851; Jensen,
1878; Levinsen, 1879;
Graff, 1882, 1905,
1913; Gamble, 1893;
Attems, 1897;
Sabussow, 1905;
Southern, 1912, 1936;
Steinböck, 1931, 1932,
1933, 1938; Meixner,
1938; Luther, 1943,
1948, 1962; Westblad,
1954; Ax, 1954,
1956b, 1960, 1995a;
Riedl, 1959; Karling,
1974; Ehlers, 1974; Ax
& Armonies, 1987

P. meixneri Ax, 1951 (with ssp.
roscoffense)

North Sea, Baltic
Sea, French and
Canadian Atlantic
coast

Ax, 1951, 1956b;
Karling, 1967; Ehlers,
1974, 1980; Ax &
Armonies, 1987



coast Armonies, 1987

P. minutum Ax, 1956
French Atlantic
coast

Ax, 1956b

P. norvegicum Karling, 1967 Norway Karling, 1967

P. nynaesiense Karling, 1957 Baltic Sea
Karling, 1957, 1974;
Luther, 1962

P. paracochleare Ax, 1952 Baltic Sea Ax, 1952

P. rostratum Ax, 1951
Northern Atlantic,
North Sea, Baltic
Sea

Ax, 1951, 1956b, 1993,
1995b; Ehlers, 1974;
Ax & Armonies, 1987;

P. sartagine Ax & Ehlers, 1973 Galapagos Ax & Ehlers, 1973
P. scylax Marcus, 1952 Brazil Marcus, 1952

P. serpentistylum Ax, 1952 North Sea
Ax, 1952; Ehlers,
1974; Jouk &
Schockaert, 2002

P. spiriferum Karling, 1967 Norway Karling, 1967
P. tenebrosum Ax & Ehlers, 1973 Galapagos Ax & Ehlers, 1973
P. teshirogii Ax, 1992 Japan Ax, 1992

In this contribution, five new species are added. Two of them originate from
New Caledonia, Promesostoma calcareum n.sp. and P. justinei n.sp., and are the
first species of Promesostoma, described from the Southern Hemisphere. Two
other species, P. corsicum n. sp. and P. alexanderi n.sp. occur in the Mediterranean
Sea, whereas P. lincolni occurs on the coast of Florida (USA).

Furthermore new distribution data are given for P. ensifer, P. hymanae, P.
kergroixense and P. maculosum.

In the general discussion we try to divide the species of Promesostoma in
different groups based on the construction of the male genital system, as was also
done by Karling (1967). However, the large number of species described since then
and the placement of the five new species justify a revision of the system proposed
by Karling (1967).

Material and methods

In the zoological collection of Limburgs Universitair Centrum (LUC),
Diepenbeek, Belgium, a large number of known and new Promesostoma species
from all over the world is present. The material is collected by the authors (New
Caledonia, Belgian coast, Greece, Florida, Sylt) and earlier collaborators of our
research group: Corsica and Indonesia (Dr. P. Martens), Kenya (Dr. P. Jouk and
Mr. G. De Clerck) and the Seychelles (Mr. G. De Clerck). Furthermore, for this
study, all Promesostoma material, present in the collections of the Swedish
Museum of Natural History (SMNH) was also at our disposal (P. bilineatum



Pereyaslawzewa, 1892; P. cochleare Karling, 1935; P. dipterostylum Karling,
1967; P. neglectum Karling, 1967; P. norvegicum Karling, 1967; P. nynaesiensis
Karling, 1957, P. scylax Marcus, 1952). The species for which material was
available are indicated in Table 1.

The animals, collected by the authors, were extracted form the sediment or from
algae using the MgCl2 decantation method (see for instance Schockaert, 1996).
They were studied alive and sorted with a dissection microscope and drawn using a
microscope. Afterwards some individuals were mounted in lactophenol, while
others (if any) were fixed in hot Bouin’s solution, embedded in paraffin and serially
sectioned. These 4 µm thick sections were stained with Heidenhain’s iron
haematoxylin using eosin as a counterstain. Drawings of the hard parts were made
with Nomarski phase contrast microscopy on whole mounted animals. Drawings
without a scale bar are freehand and made on live individuals. Measurements of the
stylet were taken axially, unless indicated otherwise in the text.

All material (including types), except that belonging to the SMNH, is deposited
in the collections of the Research Group Biodiversity, Phylogeny and Population
Studies of the Limburgs Universitair Centrum.

Abbreviations used in the figures
ag: accessory glands; b: brain; de: ejaculatory duct; e: eye; evs: extracapsular
seminal vesicle; gp: common genital pore; ivs: intracapsular seminal vesicle; ma:
male atrium; ov: ovary; ph: pharynx; rg: rostral glands; rs: seminal receptacle; s:
stylet; sph: sphincter; t: testis; v: vas deferens; vg: prostate vesicle; vit: vitellarium.

TAXONOMIC ACCOUNT

In this section five new species are described and some aditional data, mostly
concerning the size of the stylet, for four known species is given.

Promesostoma alexanderi new species Fig. 1B

LOCALITIES: Perea (Thessaloniki Gulf, Macedonia, Greece): western part of the
beach, fine sand 0.5 m deep, 6 August 2002.

MATERIAL EXAMINED: One whole mounted specimen, designated holotype.

ETYMOLOGY: Species named after Alexander the Great, who spend his youth in
Pella, the ancient capital of the Macedonian kingdom.

DESCRIPTION: This species is only examined on mounted material. Therefore the
description is limited to the structure of the stylet.
The stylet is 182 µm long and 5 µm wide proximally. It is slightly undulating over
its whole length (due to the pressure of the cover slide?). The proximal end is cup-



shaped, ± 8 µm wide. Distally the stylet tapers and is flanked by two wing-like
projections. The distal tip proper is cut-off straight.

DIAGNOSIS: Promesostoma-species with 182 µm long, slightly undulating stylet.
Distal tip cut-off straight with two lateral wing-like projections.

Promesostoma calcareum new species Fig. 1A

LOCALITY: Récif de Toombo (reef off Nouméa, New Caledonia): in coarse-grained
sand from the lagoon, 13 Aug 2003 (Type locality).

MATERIAL EXAMINED: One whole mount, designated holotype.

ETYMOLOGY: The species epithet refers to the presence of a sharp spur at the stylet
flexure. Calcar (Lat.): spur.

DESCRIPTION: The animal is 0.6 mm long (measured on the whole mount),
colourless, with two eyes. The stylet (Fig. 4D) is a slender tube (± 3 µm wide), 197
µm long. It is proximally bent (at 13% of its total length), forming an angle of
almost 60º. At the flexure, a small, slender spur is present, which is approximately
10 µm long. Proximally, the stylet has a cup-shaped opening, while the distal end is
blunt, cut-off oblique. No additional projections are present on the distal tip, which
is cut-off oblique. Near the stylet flexure, the male genital duct shows a long and
slender, sac-like protrusion, filled with sperm (seminal receptacle). The prostate
vesicle is directed rostrolaterally.

DIAGNOSIS: Promesostoma-species with 197 µm long stylet, proximally bent over
60º and with a slender spur, ± 10 µm long. Distal tip cut-off oblique. Sac-like
sperm-containing vesicle (seminal receptacle) on the male duct large.

Promesostoma corsicum new species Fig. 1C-D

LOCALITIES: Calvi Bay (Corsica): Port de la station Stareso: sublitoral sand, 15 m
deep, 14 May, 17 September, 22 November 1983 and 24 January 1984 (Type
locality); Ocellutia, large sandflat, sublitoral 10-12 m deep, 19 October 1982;
Pointe Revellata: sublitoral sand, 18 and 35 m deep, 11 April and 30 June 1983;
Pointe Caldano: sublitoral sand, 15 m deep, 1 July 1983.

MATERIAL EXAMINED: Several specimens studied alive. Five whole mounts, one of
them designated holotype, another one paratype. The three remaining whole
mounts are in bad condition, not or only partly showing the stylet.



ETYMOLOGY: Species named after the island, where the material was collected.
Corsicus (Lat.): Corsican

DESCRIPTION: The animals have two eyes and are rather small, 0.4-0.7 mm long
(measured on whole mounted specimens). Between the eyes a black pigment spot
(white when viewed under incident light) occurs, which is divided into several parts
in some individuals. Additionally, a reddish hue lies in a small strip in front of the
eyes. The pharynx is situated in the middle of the body. The prostate vesicle
slightly lies in front of the pharynx and is directed towards the anterior end. There
is a common seminal duct, swollen to form a false seminal vesicle, which enters the
prostate vesicle together with the prostate glands. The long ejaculatory duct leaves
the prostate vesicle rostrally and bends back to enter the stylet. The proximal part
of the stylet lies in front of the pharynx. The stylet is a very slender (4 µm wide
proximally), 586-857 µm long (326-365 µm, when measured from top to bottom; n
= 2) tube, which is spiralised in its distal part, showing 20 to 35 whirls. The
proximal part of the stylet that is not spiralised takes 11 to 25 % of the total length
(27 to 46 % compared to the top-bottom length). The distal tip of the stylet is
simple, cut-off straight. The male genital duct is symmetrically widened proximally
(copulatory bursa). An accessory glandular organ opens into the common genital
atrium near the male genital duct.

DIAGNOSIS: Promesostoma-species with 586-857 µm long, very slender, tubiform
stylet, distally spiralised (20-35 whirls) with a straight proximal part and a simple
distal tip. Stylet partly situated in front of the pharynx. Male genital duct
symmetrically widened proximally (copulatory bursa). Common seminal duct
present. Prostate vesicle directed anteriorly. Accessory glandular organ present.

Promesostoma ensifer (Uljanin, 1870) Pereyaslawzewa, 1892 Fig. 2A-C

NEW LOCALITIES: Calvi Bay (Corsica): Port de la station Stareso: sublitoral sand, 9
May and 12 June 1982; same locality: on algae, 3-6 m deep, 10 April 1982, 26
September 1983 and 26 March 1985.

MATERIAL EXAMINED: Several individuals studied alive. Two whole mounts, one
of them in bad condition, only partly showing the stylet.

ADDITIONAL REMARKS: The Corsican individuals lack any form of pigmentation,
as do those from the Black Sea (see Pereyaslawzewa, 1892; Ax, 1959). The stylet
of the Corsican specimen is 222 µm long and about 2 µm wide over its whole
length, with the proximal opening 5 µm wide (no measurements available for Black
Sea specimens). Proximally the stylet is curved over 180º. The distal tip of the
stylet is curled back over 180º forming a sort of fishhook, as in the individuals from
the Black Sea (see Pereyaslawzewa, 1892; Ax, 1959). Near the proximal opening
of the stylet, a vesicle could be observed, which is enclosed within the widened
male genital duct (= copulatory bursa), as in the specimens from the Black Sea. In



several specimens it looks like a kind of funnel, which surrounds the proximal part
of the stylet (see Fig. 2B-C), as in P. meixneri roscoffense Ehlers, 1980 (see Ehlers,
1980: fig. 2B). An accessory glandular organ is present (not observed by Ax,
1959).

This species was placed within P. marmoratum by Graff (1882, 1913) and
Meixner (1938) based on the idea that the differences in the stylet structure could
be explained by interspecific variability. However, Ax (1959) has already shown
this to be untrue.

D IAGNOSIS: Promesostoma-species with ± 222 µm long, tubiform stylet,
proximally curved over 180º, distally cut off straight with fishhook-like ending.
Asymmetrically widened male duct enclosing vesicle, which surrounds stylet.
Unpaired, extracapsular seminal vesicle. Accessory glandular organ present.

Promesostoma hymanae Ax, 1968 Fig. 2D-E

NEW LOCALITIES: Ujung Pandang (Sulawesi, Indonesia): Kudingarengkeke Island,
sublitoral coral sand, 0.4 m deep, 17 October 1984. Mahé (Seychelles): L’Islette,
right of a small dike, coarse-grained sand mixed with detritus, 17 December 1992;
Desroches (Seychelles): south-west side of the island, detritus-rich, fine-grained
sublitoral sand, 2 m deep, 7 January 1993. McKenzie Point (Mombasa area,
Kenya): in front of the Four Seasons Restaurant, on seagrasses and in coarse-
grained sand from small rockpools, 25 and 27 September 1991; Diani Beach
(Mombasa area, Kenya): sublitoral, coarse-grained sand mixed with broken sea
urchin skeletons, 23 September 1985.

MATERIAL EXAMINED: Several specimens studied alive. Eight whole mounts (one
from Indonesia, two from the Seychelles and five from Kenya).

ADDITIONAL REMARKS: The Indonesian specimen is 0.8 mm long (measured on the
whole mount), the Kenyan specimens are slightly smaller, measuring 0.3-0.5 mm.
The stylet is 217 µm long in the Indonesian specimen, 188-194 µm in the
specimens from the Seychelles and ranges between 134 and 214 µm in the Kenyan
animals (210 µm in the American specimen; see Ax, 1968). Most striking, the
animals collected in Kenya in 1985 had a significantly smaller stylet (134-146 µm;
n = 2) than those collected in 1991 (203-214 µm; n = 2). The stylet is ± 3 µm wide
with a cup-shaped opening 8 µm wide. Proximally it is bent over 180°. The distal
tip is cut-off straight. The whole mounted specimen from Indonesia clearly shows a
strengthened, funnel-shaped  structure near the stylet. This funnel is the distal part
of the large seminal receptacle and is connected to the stylet by a short ‘bridge’
(Zapfen des Stilettrohres in Ax, 1968). The whole mounted specimens from Kenya
and the Seychelles are in such a state that these details could not be observed. An
accessory glandular organ is clearly present.



DIAGNOSIS: Promesostoma-species with 210-217 µm long, tubiform stylet,
proximally curved over 180º, distally cut off straight. Sac-like sperm-containing
vesicle (seminal receptacle) on the male duct large, with distal funnel-shaped part
strengthened and connected to the stylet. Unpaired, extracapsular seminal vesicle.
Accessory glandular organ present.

Promesostoma justinei new species Fig. 3A-C

LOCALITY: Ile Nou (Nouméa, New Caledonia): on Kuendu Beach in coarse-
grained sand, 3 and 16 Aug 2003 (Type locality).

MATERIAL EXAMINED: Seven specimens studied alive and mounted, one of them
designated holotype, three others paratypes. Five serially-sectioned specimens, all
in bad condition.

ETYMOLOGY: Species dedicated to Prof. Dr. Jean-Lou Justine (Muséum National
d’Histoire Naturelle, Paris, France).

DESCRIPTION: The animals have two eyes, are 0.5-1.2 mm long (measured on
whole mounted specimens) and are rather plump. They are yellowish with a small
black pigment spot (white when viewed under incident light) in front of the eyes.
The stylet (Fig. 4C) is a 324-379 µm long (m = 353 µm; n = 6) slender tube,
proximally curved over 360º. Proximally, the stylet has a cup-shaped opening (± 6
µm wide), while the distal tip is cut-off oblique and has no additional projections.
The male genital duct is asymmetrically enlarged, forming a large sperm-
containing vesicle (seminal receptacle; Fig. 4B: rs). The prostate vesicle (Fig. 4B:
vg) is directed towards the rostral body end, fusiform, discharges its secretion into
the stylet and contains an intracapsular seminal vesicle (Fig. 4B: ivs). Additionally,
there is an unpaired, large and elongated extracapsular seminal vesicle (Fig. 4B:
evs), which enters the prostate vesicle from behind, together with the large prostate
glands. Some smaller glands are present near the proximal funnel of the stylet. An
accessory glandular organ on the common genital atrium is absent.

DIAGNOSIS: Promesostoma-species with 324-379 µm long, tubiform stylet,
proximally curved over 360º, distally cut off oblique. Sperm-containing vesicle
(seminal receptacle) on the male duct large. Intracapsular and unpaired,
extracapsular seminal vesicle. Accessory glandular organ absent.

Promesostoma kergroixense Ehlers & Sopott-Ehlers, 1989 Fig. 3D-E

NEW LOCALITIES: Calvi Bay (Corsica): Ocellutia, sublitoral sand, 10-12 m deep, 9
June 1982, 8 April and 23 November 1983 and 5 April 1984; Pointe Revellata:



sublitoral sand, 35 m deep, 30 June 1983 and 12 April 1984; Plateau de Mezzo
Golfo: sublitoral sand, 64 m deep, 25 November 1983.

MATERIAL EXAMINED: Several individuals studied alive. Six whole mounts, two of
them in bad condition, not showing the stylet.

DESCRIPTION AND REMARKS: The Corsican specimens are rather slender, 0.6-0.7
mm long, have two eyes (with lenses) and a large bundle of rhabdite tracts in
between the eyes.

In comparison with the French Atlantic specimens (see Ehlers & Sopott-Ehlers,
1989), the genital system is very obvious and could be studied in detail on live
specimens.

Both vasa deferentia join and form a common seminal duct, which can be
swollen. It enters the prostate vesicle together with coarse- and fine-grained glands.
The prostate vesicle proper is situated just in front of the pharynx and directed
posteriorly. It is connected with the stylet through a long ejaculatory duct. The
stylet is a straight (or slightly bent) tube and is entirely situated behind the pharynx.
It is 137-157 µm long (m = 145 µm; n = 4) and 5 µm wide. The Atlantic specimens
have a slightly shorter stylet (95-100 µm; Ehlers & Sopott-Ehlers, 1989). Distally it
is asymmetrically widened with a washboard-like part at the convex side and a very
thin-walled wing-like projection on the concave side. The latter projection is absent
(or could not be observed) in the Atlantic specimens (Ehlers & Sopott-Ehlers,
1989). The male genital duct is asymmetrically enlarged near the cup-shaped
opening of the stylet, forming a copulatory bursa.

Remarkably, only one ovary could be observed in the Corsican specimens.
A large accessory glandular organ is present on the common genital atrium.

DIAGNOSIS: Promesostoma-species with 137-157 µm long, straight stylet, distally
with a washboard-like and a thin-walled wing-like projection. Stylet situated
behind the pharynx. Male genital duct symmetrically widened proximally
(copulatory bursa). Common seminal duct present. Prostate vesicle directed
posteriorly. Accessory glandular organ present.

Promesostoma lincolni new species Fig. 3F-G

LOCALITY: Hutchinson Island (Florida, USA): Blind Creek, flat beach with
medium-grained sand, 22 November 1994 (Type locality).

MATERIAL EXAMINED: One whole mount, designated holotype.

ETYMOLOGY: Species in honour of the sixteenth president of the United States of
America, Abraham Lincoln (1809-1865).



DESCRIPTION: This species is only examined on mounted material. Therefore the
description is limited to the structure of the stylet and a few details regarding the
male system, visible on the whole mount.

The stylet is 204 µm long, 2 µm wide with a proximal cup-shaped opening 5 µm
wide. It shows a sharp angle of about 60º proximally. Distally a small, bent 6 µm
long-hook is present. Opposite this hook, a straight projection, 10 µm long, occurs.
This part makes the distal tip of the stylet much broader, so that the male genital
duct also is clearly wider than in its proximal part. Near the angle in the stylet, a
seminal receptacle is present, of which the distal part looks strengthened
(pseudocuticularised wall?).

D IAGNOSIS: Promesostoma-species with ± 204 µm long, tubiform stylet,
proximally bent with a sharp angle (± 60º), distally cut-off straight with two
projections (a small, bent hook and a straight lamellar one). Seminal receptacle
with distal part strengthened.

Promesostoma maculosum Ax, 1956

NEW LOCALITIES: Calvi Bay (Corsica): Ocellutia, sublitoral sand, 10-15 m deep, 29
June, 18 September and 23 November 1983 and 5 April 1984; Pointe Revellata:
sublitoral sand, 2 and 35 m deep, 7 May 1982, 30 June and 23 September 1983;
Base of Pointe Revelatta: sheltered bay, sublitoral sand, 6 m deep, 5 April, 1984;
Port de la Station Stareso: sublitoral sand, 7-15 m deep,  12 March and 14 May
1983, 3 and 4 April, 1984; Calvi Plage: beach, 2 m deep, 5 May 1982.

MATERIAL EXAMINED: Several individuals studied alive. Seven whole mounts.

REMARKS: The Corsican individuals measure 0.3-0.8 mm (measured on whole
mounts), a lot smaller than the Atlantic coast specimens (1.5-2 mm; Ax, 1956). The
stylet is 233-339 µm long (m = 293 µm; n = 7), ± 250 µm in the specimens from
the French Atlantic coast (Ax, 1956b). Approximately in the middle of the stylet, it
is curled over 360º, however never visible in mounted specimens, due to the
pressure of the cover slide. A wing connected to the distal tip of the stylet as the
French Atlantic specimens, could not be observed (see Ax, 1968), probably due to
its extreme thin-walled nature and the strong pressure of the cover slide.

DIAGNOSIS: Promesostoma-species with 233-339 µm long, tubiform stylet, curved
over 360º in its middle, distally cut-off oblique with a thin-walled wing on one side.
Male genital duct asymmetrically widened, forming a copulatory bursa. Accessory
glandular organ present.



GENERAL DISCUSSION

The taxon Promesostoma comprises 38 species, including the five newly
descibed species. Ax (1956a) discerned 3 groups of species, while Karling
discussed his ideas in 1967, on the evolutionay trends in the structure of the male
colupatory organ. According to Karling (1967), the underlaying cause of the
different types of copulatory organs of the Promesostoma species is the differential
(or allometric) lengthening of the stylet. Today, with twice as many species known,
we may reconsider some of the variation within the taxon. In what follows, we
basically follow Karling’s ideas, however without attributing any taxonomic
significance to the groups we present, nor implying any evolutionary or
phylogenetic conclusions. Unfortunately, not all descriptions found in literature
allow to decide unambiguously on the state of affairs. Moreover, a number of
species have been described exclusively on the structure of the stylet. Nevertheless,
we hope that this overview will clarify the situation to some extent and form the
basis of a more thorough revision. The five new species are herewith also compared
with the other Promesostoma species.

Because of the homogeneity in the overall structure and that of the female
system, which is only studied for P. marmoratum (see Luther, 1943), the emphasis
of this discussion and the resulting groupings  lies on the male genital system.

In the species of Group I (Table 2a and 2b), the stylet is rather short and fits
between the pharynx and the genital pore.

Table 2a - Species of Group Ia: Stylet short, behind the pharynx, Prostate vesicle in front of
the pharynx, directed backwards and with a long ejaculatory duct. stylet is a simple tube or
with 2-3 long spines.

Copulatory
bursa

Seminal
receptacle

Accessory
glands

Stylet
spines

Differentiations
of stylet

P. balticum yes (?) at the base
of the
stylet

? 1 long
spine

distal end of stylet
funnel-like

P. bipartitum yes no yes 1 long
spine

stylet and spine
with terminal
differentiations

P. cochleare yes no yes 1 long
spine

none

P. kergroixense yes no yes none stylet
asymmetrically
widened
terminally

P.
paracochleare

yes no yes 2 long
spines

none

P. tenebrosum yes (symm.) midway
male
atrium

yes none distal end of stylet
funnel-like



The prostate vesicle lies in front of the pharynx, it is directed backwards and
connected to the stylet by a long and slender ejaculatory duct. There are no external
seminal vesicles and the long and sinuous vasa deferentia directly lead to the
intracapsular seminal vesicle.This group is divided into two subgroups based on the
structure and length of the stylet. In Group Ia (Table 2a) the stylet is a short and
almost straight tube, as is most obvious in P. tenebrosum and in P. kergroixense
(beit with an asymmetric terminal thickening in the latter species). This represents
the (hypothetical) stage A of Karling (1967). The proximal part of the male atrium
is enlarged, functioning as a copulatory bursa, indeed symmetrical in P .
tenebrosum, as predicted by Karling, 1967. In the other species of this group the
bursa is an asymmetrical bulge at one side of the male duct. The stylet of these four
species may be very slightly curved and bear one or two long spines emerging from
about the middle of the stilet (stage D of Karling).

Table 2b – Species of Group Ib . Stylet longer than in group Ia, slender and slightly curved,
but still behind the pharynx. Prostate vesicle in front of the pharynx and with long
ejaculatory duct, directed backwards or slightly sidewards.

Copulatory
bursa

Seminal
receptacle

Accessory
glands

Differentiations
of stylet

P. alexanderi ? ? ? with two wings
distally

P. bilineatum yes (symm.) midway male
duct

? with one wing
distally

P. corsicum yes no yes stylet spiralised
P. gallicum yes (symm.) midway male

duct
no (?) none

P. maculosum yes no yes stylet with 360°
turn midway

P. norvegicum yes no yes club-shaped
distally

P. serpentistylum no at base of stylet yes none

In the species of Group I b (Table 2b), the situation is basically the same, albeit
that the stylet is more slender, a little bit longer and (therefor?) slightly curved. The
prostate vesicle is still in front of the pharynx, sometimes slightly inclined
sidewards (stage B1 of Karling, 1967). In all species, except in P. serpentistylum, a
copulatory bursa is present. In five out of the 13 species of this Group I, there is a
thinwalled vesicle attached to the male atrium, additional to the copulatory bursa:
the seminal receptacle. Since both, copulatory bursa and seminal receptacle may be
present in the same species (as for instance in P. caligulatum, P. ensifer and P.
gracile), these structures cannot be homologous (contra Karling, 1967: p. 264).
Moreover, the seminal receptacle may be connected to the male atrium at different
locations.

Promesostoma alexanderi n.sp. can be placed within Group Ib, because of its
rather short stylet, which is slightly curved and is situated behind the pharynx, with



the prostate vesicle in front of the pharynx. Within this group it is the only species
of which the distal tip of the stylet is flanked by two wing-like projections, giving it
the impression of an arrowhead.

In all other Promesostoma species, the stylet is long to very long, and does not
fit between the pharynx and the genital pore. In those species it is found next to the
pharynx, with its anterior end anteriorly to the pharynx. The elongated prostate
vesicle is now directed forewards, receiving the vasa deferentia from behind, where
an unpaired (paired in P. spiriferum), thin walled extracapsular seminal vesicle
develops. To “cope” with this “new” situation, the proximal opening of the stylet
must be directed backwards, the ejaculatory duct being shorter and sometimes
much shorter than in the species of Group I.

A first group of species with an elongated stylet, of which the proximal part is
situated in front of the pharynx is group II (representing stage C of Karling, 1967),
containing only P. corsicum n.sp. and P. spiriferum, both with a spiralised stylet.
These species have no seminal receptacle, a clearly symmetrical copulatory bursa
and extracapsular seminal vesicles (paired in P. spiriferum, unpaired in P .
corsicum). Both species also possess a large bundle of accessory glands, opening
into the common genital atrium. The main differences between both species are
given in Table 3.

Table 3 – Species of Group II: stylet spiralised; prostate vesicle more or less directed
sidewards.

Eyes Pigmentation Stylet length (in µm) Seminal vesicle
P. corsicum present rostral spot 586-857 (top-bottom:

326-365)
unpaired

P. spiriferum absent none ? paired

In the species of Group III (Table 4a and 4b), the stylet is proximally bent over
90° (Group IIIa; Table 4a) or even less than 90° (Group IIIb; Table 4b).

Table 4a – Species of Group III a: stylet bends over about 90 degrees; prostate vesicle more
or less directed sidewards.

Copulatory
bursa

Seminal receptacle Accessory
glands

Differentiations
of stylet

P. bilobatum no large yes spoon-like with
oval plates
distally

P. dipterostylum no large (with basal
funnel)

no (?) “wings” at
proximal end

P. scylax no large yes none

The prostate vesicle is next to the pharynx, directed sidewards or forewards and the
ejaculatory duct mostly is of moderate length, longer than in the species of Group I
and shorter than in the species of Group IV (to be considered hereafter). The stylet
is slightly curved as that of the species in Group Ib, representing stage B2 of



Karling (1967). In none of these species, the male atrium is swollen to form a
copulatory bursa, but they all have a very large seminal receptacle, leaving the male
duct at the bent of the stylet, and directed forewards. Its wall has no muscles but the
epithelium clearly shows a resorbing character. In some of the species (see Table 4a
and 4b) the distal part of the seminal receptacle is strengthened
(pseudocuticularised), even forming a sort of hard funnel-shaped piece.

Table 4b – Species of Group III b: proximal end of the pharynx forma a sharp bent of less
than 90 degrees; prostate vesicle directed forewards.

Copulatory
bursa

Seminal
receptacle

Accessory
glands

Differentiations of
stylet

P. calcareum no large ? none
P. dennisalleni no large (with basal

funnel)
? none

P. digitosum ? ? ? “hand with five
digits” distally

P. fibulatum no large (with basal
funnel)

no (?) with bent lamella and
lateral clasp distally

P. lincolni no large (with basal
funnel)

? hook-like and straight
projection distally

P. nynaesiense no (?) ? ? spoon-like distally
P. teshigorii no large (with basal

funnel)
no ? none

P. calcareum n.sp. and P. lincolni n.sp. are easily placed in Group IIIb, based on
their slightly curved stylet with aproximal angle of less than 90°. However, the
former species is recognisable by the presence of a sharp spur where the stylet is
bent and the absence of differentiations on the distal tip of the stylet, a combination
of features, which is unique within this group. P. lincolni n.sp. is recognisable by
the presence of two projections at the distal tip of the stylet: a hook-shaped one and
a straight one.

The stylet of the species in Group IV (Table 5a and 5b) has a proximal turn of at
least 180°, up to three coils of 360°.

Table 5a – Species of Group IVa: there is no copulatory bursa and the seminal vesicle is
very large, directed forwards.

Turn of
stylet

Copulatory
bursa

Seminal
receptacle

Acc.
glands

Differentiations
of stylet

P. alaskana 90°
+360°

no large ? none

P. hymanae 90°+180° no large (with
basal funnel)

yes none

P.
infundibulum

90°+2x3
60°

no large (with
basal funnel)

no none

P. justinei 90°+360° no large no ? none



In several of those species the stylet begins with a short, straight part with a clear
angle of about 90° on the following section (indicated by +90° in the tables). Group
IV is divided into two subgroups, based on the sperm receiving parts, associated
with the male duct. In Group IVa (Table 7 a) there is no copulatory bursa, but there
is a large seminal vesicle with a resorbing wall, directed forwards, exactly as in the
species of Group III. In the species of Group IVb (Table 7b) there is an asymmetric
enlargement of the proximal part of the male duct (the copulatory bursa), and a thin
walled vesicle next to it, in some species incorporated into the copulatory bursa.
This seminal receptacle is never as large, nor directed forwards as it is in the former
groups.

Table 5b – Species of Group IVb: There is a well developed copulatory bursa, the seminal
receptacle is relatively small incorporated into the bursa or lies next to the bursa.

Turn of
stylet

Copulatory
bursa

Seminal
receptacle

Acc.
glands

Differentiations
of stylet

P.
caligulatum

90°+2x3
60°

yes next to bursa ? with hook-like
projection distally

P. ensifer 90°+180° yes in bursa yes fish-hook like
bent distally

P. gracile 180° yes (?) in bursa no (?) with small hook
distally

P. karlingi 180° yes in bursa (?) yes with several small
projections
distally

P. kristenseni 360° yes none (?) ? none
P.
marmoratum

1x360° yes next to bursa ? with small spur
distally

P. meixneri 3x360° yes in bursa ? with small spur
distally

P. minutum 90°+2x3
60°

yes next to bursa no (?) with lamella and
thread distally

P. rostratum 180° yes next to bursa no horseshoe-shaped
distally

P. sartagine 90°+180° yes none (?) yes with one wing
distally

The last new species, P. justinei n.sp., is placed within Group Iva, based on the
structure of the stylet and the absence of a copulatory bursa. Within this group, P.
hymanae and P. infundibulum have a seminal receptacle with a strengthened basal
funnel, which is lacking in P. justinei and P. alaskana. The main difference
between both species is the stylet length: 250 µm in P. alaskana and 324-379 µm in
P. justinei n.sp. Furthermore, P. alaskana lacks the small pigment spot between the
eyes, present in P. justinei n.sp.
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Fig. 1 Promesostoma calcareum: A. Stylet (from the holotype). Promesostoma
alexanderi: B. Stylet (from the holotype). Promesostoma corsicum: C. Stylet
(from the holotype); D. General organisation (from a live specimen).
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Fig. 2 Promesostoma ensifer: A. Stylet; B,C. Detail of the seminal receptacle,
enclosed by the  copulatory bursa (from two live specimens). Promesostoma
hymanae: D,E. Stylet (from two different individuals).
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Fig. 3 Promesostoma justinei: A. General organisation (from a live specimen);
B. Caudal body end with atrial organs (from a live specimen); C. Stylet (from the
holotype). Promesostoma kergroixense:D. Stylet; E. General organisation (from a
live specimen). Promesostoma lincolni: F. Stylet (from the holotype); G. Male system
(from a live specimen).
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