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F o u r new species o f  the genus M inona  M arcus, 1946 from  eastern  A ustralia  are  described. M inona  
proculvaginata  sp. n., M . australis sp. n. and  M . concharum  sp. n. have four genital pores, and  differ 
in details o f  the copulatory  organs. T he epiderm is o f  these three species is unciliated in a  ven tral area 
a ro u n d  the m ale pore. Based on  this synapom orphic feature, they  are  sister species. T he karyotype 
o f  M . proculvaginata and  M . concharum  is described. M inona heronensis sp. n. is d istinct from  
congeneric species on  the basis o f  the size o f  its accessory sty let and  copu lato ry  o rgan, pore indices 
and  karyotype. It is com pared to num erous sim ilar Indo-Pacific species. A dditional d a ta  on the 
anatom y  and  karyology o f  M . beaglei M artens & C urini-G alletti, 1989 from  N . A ustralia , a re given. 
O ne specimen from  H eron Island is tentatively a ttrib u ted  to  M . dolichovesicula T ajika , 1982 a species 
widely d istributed  in the Indo-Pacific. Its  karyotype is given. ©  1997 T he N orw egian  A cadem y o f  
Science and Letters. All rights reserved
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Introduction

The genus M inona  M arcus, 1946 (Platyhelminthes, Proser­
iata) is characterized by prepharyngeal ovaries, prepenial 
bursa, a copulatory bulb o f  the simplex type, and by the 
presence of an  accessory ‘p rosta to id ’ organ, provided with 
a  stylet, posterior to  the copulatory bulb (see Karling, 
1966). It is one o f the largest genera in the family 
M onocelididae, w ith m ore than 20 species described. 
Assessment o f phylogenetic relationships among these 
species have scarcely been attem pted.

The genus is cosm opolitan in distribution, and is 
particularly speciose in tropical waters [e.g. Galapagos 
(Ax & Ax, 1977); the C aribbean (Curini-G alletti, 1991; Ax 
& Sopott-Ehlers, 1985; Karling, 1978) and Sulawesi 
(M artens & Curini-G alletti, 1989)]. One species only, 
Minona beaglei M artens & C urini-G alletti, 1989 has been 
reported so far from  A ustralian waters.

We undertook a  study o f m esopsam m ic Proseriata to 
further our knowledge o f eastern A ustralia interstitial 
fauna. This research yielded five species o f the genus 
Minona, four o f  which are new to science. They are 
described and discussed here. Furtherm ore, additional

da ta  on the m orphology and karyology o f  M . beaglei, 
whose original description was based on observations on 
living specimens only, are given.

Material and methods

Specimens w ere collected in sandy  h ab ita ts by scooping up  the superficial 
layer o f  sedim ent. E xtraction  o f  the anim als from  the sedim ent was with 
M gC l2 décan ta tion  (M artens, 1984). Preservation techniques routinely 
adopted  fo r Proseriata  were used (see M artens et al., 1989). F o r 
m icroscopical analysis specim ens were fixed in w arm  B ouin’s fluid 
(abou t 50°C), em bedded in 56°C Parap last and serial sagittal sections 
were cu t a t  2 -4  p m , stained w ith M ayer’s haem atoxylin  and  eosin and 
m ounted  in D epex or C anada Balsam .

K aryological techniques were as described by C urini-G alletti et al. 
(1989). R elative lengths (r.l. =  length o f  chrom osom e x  100/total length 
o f  haplo id  genom e) and centrom eric indices (c.i. =  length o f  sho rt arm  
x 100/length o f  entire  chrom osom e) were ob ta ined  from  m easurem ents o f 

cam era lucida draw ings o f 5-10 m etaphase p lates fo r each species. 
Id iogram s are  based on karyom etrical d a ta  presented  in the karyotype 
form ula: hap lo id  genom e absolu te  length in p m , fundam enta l num ber, 
relative length and centrom eric index o f  each chrom osom e; chrom osom e 
nom enclature betw een parentheses (m  =  m etacentric; sm =  subm eta- 
centric; s t =  subtelocentric; t  =  acrocentric). T he fundam ental num ber is 
derived according to M atthey (1949) and chrom osom e nom enclature 
follow s L evan et al. (1964). H istological m aterial is stored  in the 
collections o f  the Q ueensland M useum .
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Abbreviations used in figures:

ao accessory (‘p ro s ta to id ’) o rgan
aob accessory o rgan bulb
aop accessory o rgan pore
aos accessory o rgan stylet
b bursa
CO copulato ry  organ

f d female duct
f g female glands
fP female pore
gid genito-intestinal duct
g l gu t lumen
ia inner an trum
ip inverted penis
m m outh
m a m ale an trum
m p m ale pore
ms m uscle sheath
oa outer an tru m
od oviduct
ov ovary
Pg prosta to id  glands
ph pharynx
phg pharyngeal glands
PP penis papilla
s t statocyst
t testes
vd vaginal duct
vg vaginal glands
vi vitellaria
v p vaginal pore
VS sem inal vesicle

Fam ily M O N O C E L ID ID A E

M inona proculvaginata sp. n. (Figs 1, 6A, Fig. 7A, G)

M aterial examined. H olotype: T asm ania, Fossil Island , in tertidal in 
coarse sand/gravel (O ctober 1993), sagittally  sectioned: G211684 (in two 
slides). Paratypes: sam e d a ta  as holotype: 22 specim ens sagittally 
sectioned (G 211685-706); three w hole m oun ts (in tw o slides: G211707- 
8). O ther m aterial: num erous specim ens observed alive; five studied 
karyologically.

E tym ology. T he specific ep ithet refers to  th e  d istance o f  the vagina from  
the o th er genital openings (from  lat. procul: fa r away).

Description. Anim als slender, large for the group, up to

3 mm in length in sectioned m aterial. W ithout pigm ent or 
pigmented eyespots. A nterior end rounded, provided with 
num erous oily droplets and small elongate rhabdites. 
Posterior end rounded, with adhesive glands. Epidermis 
with depressed nuclei. I t  is ciliated apart from  the 
caudalm ost area. This caudal non ciliated area is 
m arkedly m ore extended dorsally than  ventrally. In 
addition, a  ra ther large, subquadrangular ventral area in 
front o f the the m ale pore is devoid o f  cilia. Cilia (about 5 
p m  long) are slightly longer ventrally than  dorsally. The 
elongate rhabdites range from  10-12 pm  long. Large 
glands, whose necks pierce the epithelium, are present 
caudally. They are abou t 30 pm  long, ovoid, w ith a  flat 
nucleated lining and a granular content. Pharynx nearly 
median. I t  is com paratively sho rt and  broad. Its external 
and lum inal epithelia are ciliated; its m ost distal tip , where 
pharyngeal glands discharge, is non ciliated. The 
pharyngeal glands are well developed, particularly  on the 
ventral side. The proxim al fourth  o f  the lum inal epithelium 
is non ciliated; the oesophageal portion  is very small 
(about 1/10 o f the whole length o f  the pharynx).

M ale genital organs. A bout 100 testes irregularly 
arranged in fron t o f  the pharynx. The copulatory  bulb, of 
the simplex type, is ovoid, dorso-ventrally elongated 
(about 80 p m  long and  55 p m  wide in sections). It 
consists o f a  seminal vesicle, lined by an epithelium which 
becomes high and  presum ably glandular distally, with 
nuclei both  inside and outside the bulb. It is surrounded by 
a thin muscle coat (with inner circular and  outer 
longitudinal muscles). The penis papilla is small, obtuse, 
and protrudes in to  the antrum . The m ost distal portion of 
the bulb is inverted, form ing a  ra ther short eversible penis, 
with a very thick coat o f muscles (mostly circular muscles). 
The antrum  is divided by a fold in to  two portions: a non 
ciliated inner antrum , and  a smaller, ciliated outer antrum , 
the la tter opening to the outside th rough the male pore. 
The two portions o f the an trum  are connected through a 
small pore. N o retracto r muscles have been observed.

Fig. 1. M inona proculvaginata  sp. n. A . G eneral o rgan isation  o f  a live anim al; B. Stylet; C. R econstruction  o f  the genital o rgans from  sag itta l sections. 
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Accessory ( ‘prostatoid’)  organ. It is located immediately 
behind the copulatory  bulb. The bulb o f the accessory 
organ is globose (about 40 p m  in diam eter), and 
surrounded by a thick muscle coat. It is filled with a 
granular secretion produced by num erous cells whose 
nuclei lie outside the bulb and whose necks pierce the 
m uscular layers. The stylet is very elongated and about 50 
p m  long in squashed specimens used for karyology (Fig. 
IB, Fig. 7G). The stylet protrudes into a narrow  non 
ciliated an trum , which opens to the outside in close 
proxim ity, albeit independently, o f  the male pore. The 
narrow  area between the male and accessory organ pores is 
ciliated.

Female genital organs. Ovaries lie in front o f the 
pharynx. V itellaria stretch from  the level o f the first testes 
to ju st in fro n t o f the copulatory organ.The two oviducts 
fuse ju st behind the pharynx. A t the place o f fusion, a small 
bursa o f  the resorbiens type is present. It is lined with a 
high, infranucleate epithelium, and consists o f  several 
interconnected vacuoles containing sperm. The gut lining 
overlying the bursa is thin and incomplete in a few areas, 
and  sperm have been observed in canals connecting the 
bursa to the gu t lumen. This bursa is connected to the 
outside through a straight vaginal duct, whose ciliated 
epithelium is surrounded by num erous glands. The vaginal 
pore is located very close to the m outh. The com m on femal 
duct originates from  the posterior portion  o f  the bursa. It 
is lined w ith an infranucleate epithelium, and  is ciliated in 
its distal part. The duct runs postero-laterally to the male 
bulb and  the accessory organ and opens to the outside 
through the female pore th a t is located ju st behind the 
accessory organ pore; the female pore is surrounded by 
female glands. A  ciliated genito-intestinal duct is present.

Karyology. W ith 3 chromosomes in its haploid set (Fig. 
6A, Fig. 7A). K aryotype formula: 8.2 ±  0.5 pm; N F  =  6; 
Chrom . 1: 39.06 ±  1.56; 46.58 ±  0.88 (m); Chrom . 2: 
33.68 ±  1.96; 42.91 ±  1.77 (m); Chrom . 3: 27.23 ±  1.84; 
46.75 ±  2.22 (m).

Rem arks. M inona proculvaginata sp. n. is clearly distinct 
from  congeneric species, being the only know n Minona 
with the distance between vagina and  male pore m arkedly 
longer than  the distance between m outh and vagina. 
Furtherm ore, no other species is know n to present a 
subquadrangu lar patch o f epidermis devoid o f  cilia 
ventrally in fro n t o f  the male pore (see also rem arks on 
the tw o following species, and  general discussion).

Only M inona baltica K arling & K innander, 1953 and 
Minona gigantea Ax & Armonies, 1990 have an accessory 
organ stylet o f  com parable size. In addition  to the 
differences m entioned above, M . baltica lacks a vagina, 
while in M . gigantea the bursa stretches over a long section 
o f  the germ o-vitelloduct, and  the vagina opens posterior 
to the bursa. Furtherm ore, in the two last m entioned 
species the accessory organ pore opens far behind the male 
pore.

Minona australis sp. n. (Figs 2, 7F)

M aterial examined. H olotype: T asm ania, Fossil Island , intertidal in 
coarse sand/gravel (O ctober 1993), sagittally  sectioned: G211709. O ther 
material: one specimen studied alive, sam e d a ta  as holotype.

Etymology. T he specific epithet is coined a fte r the geographical area o f  
finding.

Description. Animals slender, about 2 m m  long in 
sectioned m aterial. W ithout pigm ent or pigmented 
eyespots. A nterior end provided with few rhabdites. 
Posterior end rounded, with num erous rhabdites and 
adhesive glands. In  the b rain  the central tissue 
(neuropilem) is lined with a thin m em brane and 
surrounded by num erous nuclei and, anteriorly, by the 
statocyst. Epithelium  with depressed nuclei, ciliated apart 
from  the caudal area. The caudal non ciliated area is 
m arkedly m ore extended dorsally than  ventrally. A  
subquadrangular patch devoid o f  cilia is present 
ventrally between the vagina and  the female pore. Cilia 
(about 5 ¿un long) are slightly longer ventrally than 
dorsally. The rhabdites are ab o u t 7 p m  long. Large 
glands (about 20 pm  long), similar in structure to those 
present in M . proculvaginata, are present caudally. The 
tubular, ra ther short pharynx is located in the posterior 
p a rt o f the body. Its lum inal epithelium  is non ciliated in 
a  very small proxim al area. The oesophageal portion is 
much reduced, and is about 1 /7 o f the length o f the whole 
pharynx.

M ale genital organs. N um erous testes in front o f the 
pharynx. The copulatory bulb, o f the simplex type, is ovoid 
and  dorso-ventrally elongated (about 85 pm  long and 60 
pm  wide in sections). It consists o f a  seminal vesicle, lined 
by an epithelium which becomes high and glandular in a 
small distal area. The bulb is surrounded by a  thick muscle 
coat (up to 11 p m  in diam eter), w ith inner circular and 
outer longitudinal muscles. The distal p o rtion  o f the bulb 
is inverted, form ing an eversible penis, which has a thick 
muscle coat w ith mostly circular muscles. The epithelium 
covering the distal tip o f the bulb is high and  somewhat 
vacuolar. The antrum  is small and non ciliated, and opens 
to the outside through the male pore. N o retracto r muscles 
have been observed.

Accessory ( ‘prostatoid’) organ. I t  is found close behind 
the copulatory bulb. The globular accessory organ bulb is 
filled with a granular secretion, measures 35^40 pm  in 
diam eter, and is surrounded by a ra ther th in  muscle coat. 
The extremely elongated stylet is abou t 31 pm  long in the 
sectioned specimen (Fig. 2B, Fig. 7F). It pro trudes into an 
antrum , which opens to the outside th rough its own pore 
nearly halfway between the male and the female pores. The 
distal p a rt o f the antrum  is ciliated.

Female genital organs. Ovaries lie in fron t o f the 
pharynx. The two oviducts fuse behind the pharynx into 
the com m on oviduct. In front o f  the copulatory  bulb, this 
duct widens into a bursa o f the resorbiens type. It is lined 
by a  high, irregular, infranucleate and  vacuolated 
epithelium. The bursa is connected to the outside through 
a slightly posteriorly oriented vaginal duct, which 
originates ventrally from the posterior p a rt o f  the bursa,
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and is ciliated in its distal half. The vaginal pore is located 
very close to the male pore.

The com m on female duct originates from the posterior 
part o f  the bursa  close to the emergence o f the vaginal duct. 
It has a  non ciliated infranucleate lining. The female duct 
runs posteriorly  laterally to the male bulb and  the 
accessory organ and  opens to the outside through the 
ciliated female pore th a t is located posterior to  the 
accessory organ pore. The female pore is surrounded by 
female glands.

Remarks. T he tw o specimens o f M . australis sp. n. have 
been found in the same samples wherein M . proculvaginata 
was abundant. B oth species are large and unpigm ented, 
and they canno t be discrim inated at low magnification. In 
sem i-squashed conditions, they are easily recognized due 
to the position o f  the bursa, which is m uch closer to  the 
copulatory bulb in M . australis. Furtherm ore, the vagina 
opens very close to the male pore in M . australis, whereas it 
is adjacent to the m outh  in M . proculvaginata. The fine 
anatom y revealed further differences in the m orphology of 
the copulatory  bulb (strongly m uscular in M . australis, 
while the muscle layers surrounding the bulb o f M . 
proculvaginata are very thin), o f the male antrum  and in 
details o f ciliation.

Am ong the unpigm ented species described w ith four 
genital openings, only M inona dolichovesicula Tajika, 1982 
and M inona paulmartensi Curini-Galletti, 1991 have both  
the accessory organ pore and the vaginal pore close to the 
male pore. How ever, M . dolichovesicula has an extremely 
long copulatory  bulb th a t is longitudinally oriented (see 
below). M . paulmartensi is a  m inute subtidal species from  
the C aribbean, w ith a m uch smaller bulb and stylet 
(Curini-G alletti, 1991). New inform ation on the anatom y 
o f M inona beaglei M artens & Curini-Galletti, 1989 
revealed th a t this species is provided with a vagina which 
opens close to  the male pore. However, the bursa o f M . 
beaglei is highly characteristic (see below) and quite unlike 
the small bursa  resorbiens o f M . australis. Furtherm ore, 
none o f  the above m entioned species has the ventral bare 
patch o f epiderm is in  the genital pore area found in M . 
australis.

M inona concharum sp. n. (Figs 3, 6B, Fig. 7B, I)

M aterial examined. H olotype: Q ueensland, C a lo u n d ra , Shelly Beach; 
high in tertidal pools; very coarse sedim ent, consisting  predom inan tly  o f 
sm all shells and  shell fragm ents (A ugust, S eptem ber 1993); sagittally 
sectioned: G211710. Paratypes: sam e d a ta  as holotype: four specimens 
sagittally  sectioned (G 211711-14); seven w hole m oun ts (in five slides: 
G 2 1 1715-19); four specim ens em bedded (in one block: G 2 1 1720). O ther 
m aterial: several specimens observed alive; fo u r s tud ied  karyologically.

Etymology. T he specific ep ithe t (from  latin  concha-, shell) refers to  the 
species’ h ab ita t, a shelly sedim ent in Shelly Beach.

Description. Em bedded specimens ab o u t 1.5 mm long. 
Living animals massive and stocky. W ithou t pigm ent or 
pigmented eyespots. A nterior end obtuse, provided with 
oily droplets and num erous needle-shaped rhabdites. The 
area in front o f the statocyst is com paratively short. In  
sections, frontal glands are evident. Posterior end rounded, 
w ith very num erous rhabdites and  adhesive glands. 
Epithelium  with depressed nuclei and ciliated ap a rt from 
the posterior region. Caudal non ciliated area sim ilar to 
that o f  the two previous species. Ventrally, a wide non 
ciliated area is present posterior to the vagina, joining the 
caudal non  ciliated area. Some specimens, however, 
presented a small ciliated patch  around  the female pore 
(Fig. 3C). Cilia (about 3.5-5 ¿mí long) are slightly longer 
ventrally than dorsally. The extremely elongate rhabdites 
range between 10-12 ¿¿m long. Large eosinophilous glands 
are present all over the body. Brain as in the previous 
species. The short and  broad  tubular pharynx is located in 
the second half of the body. It is ciliated except for the 
distal tip, where pharyngeal glands discharge. Pharyngeal 
cilia are shorter than  those on the body. The luminal 
epithelium o f  the pharynx is non  ciliated in its m ost 
proxim al region, and the short oesophageal portion  is 
located in its proxim al sixth.

M ale genital organs. 70-80 testes are irregularly 
arranged in front o f the pharynx. The ovoid copulatory 
bulb is o f the simplex type and dorso-ventrally very 
elongate (about 86 ¿an long and 41 ¿mí wide). I t  consists 
o f  a seminal vesicle lined by an epithelium  which becomes 
high and  glandular distally, with some o f  the nuclei lying 
lateral to  the bulb. It is surrounded by a very thin muscle

Fig. 2. M inona australis sp. n. A . G eneral organisation o f  a  live anim al; B. Stylet; C. R econstruction  o f  the genital o rgans from  sagittal sections. 
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Fig. 3.

coat. The distal p o rtion  o f the bulb is inverted, form ing a 
relatively enorm ous eversible penis, easily appreciable in 
semi-squashed living specimens. The penis has a  thick 
muscle (with apparently  mostly circular muscles) coat, and 
its lum inal epithelium is ciliated. The ciliated and small 
antrum  opens to  the outside th rough the male pore. N o 
retractor muscles have been observed. Penial and antral 
cilia are shorter than  body ciliation.

Accessory ( ‘prosta to id’)  organ. I t  is found close behind 
the copulatory bulb. The bulb o f  the accessory organ is 
globose (30 to 35 pm  in diam eter), and surrounded by a 
thick coat o f muscles. I t  is filled w ith a granular secretion 
produced by cells whose nuclei lie outside the bulb. The nib 
shaped stylet is abou t 45 pm  long in squashed karyological 
slides, and com paratively b road  (Fig. 3B, Fig. 71). A  thin 
m em brane, pierced by the stylet tip, separates the 
accessory organ from  a non ciliated antrum , which opens 
to the outside th rough its ow n pore, located close to the 
female pore.

Female genital organs. Ovaries in fron t o f the pharynx. 
Vitellaria stretch from  the level o f  the first testes to ju st in 
front o f  the copulatory organ. The two oviducts join 
posterior to the pharynx  and  form  a bursa of the resorbiens 
type. It is lined by a high, irregular, infranucleate and 
vacuolated epithelium. T he bursa  continues posteriorly as 
a ventrally curved duct, lined w ith a non  ciliated 
epithelium with depressed nuclei, which is probably the 
proxim al p a rt o f the vaginal duct. The distal portion o f the 
vaginal duct is straight and non  ciliated ap a rt from  its most 
distal portion. The vaginal pore is located halfway between 
the m outh and  the m ale pore.

The com m on female duct originates perpendicularly 
from  the vaginal duct, from  which it differs by being lined 
w ith an infranucleate epithelium . The female duct runs 
postero-laterally to the male bulb and the accessory organ 
and  opens to the outside th rough  the female pore posterior

to the accessory organ pore. The female pore is surrounded 
by female glands.

Karyology. W ith 3 chrom osom es in its haploid set (Fig. 6B, 
Fig. 7B). K aryotype form ula: 7.7 ±  0.8 p m ; N F  =  6; 
Chrom . 1: 38.82 ±  0.70; 46.64 ±  1.46 (m); Chrom . 2: 
33.72 ±  0.74; 36.93 ±  3.32 (sm); Chrom . 3: 27.46 ±  0.67; 
41.41 ±  2.01 (m).

Remarks. Minona concharum  sp. n. shares w ith the two 
previous species the presence o f a ventral non  ciliated area 
around the genital pores. The position o f  the vagina allows 
im m ediate distinction am ong the three species: it is close to 
the m ale pore in M. australis, close to the m outh  in M . 
proculvaginata, and nearly halfway between these two 
pores in M . concharum. This la tter species is further 
distinguished by the enorm ous relative size o f the 
eversible penis, approaching 2/3 the length o f  the whole 
bulb.

Am ong the unpigm ented M inona  species w ith distinctly 
elongate copulatory bulb w ith a  ra tio  length/w idth 
approaching or surpassing 2:1, M . dolichovesicula has a 
m uch m ore elongated bulb th a t is longitudinally oriented. 
M inona trigonopora Ax, 1956 has the accessory organ pore 
fused with the female pore. Minona bistylifera  Karling, 
M ack-F ira & Dörjes, 1972 has the copulatory bulb 
provided with a  stylet. M inona cornupenis Karling, 1966 
has the accessory organ pore very close to the male pore, 
and  its bulb m usculature is m ore developed. Minona 
paulmartensi has m uch fewer testes (eight), a shorter 
stylet, a  bursa apparently no t o f the resorbiens type, and 
a different karyotype (see C urini-G alletti, 1991).

M inona heronensis sp. n. (Figs 4, 6C, Fig. I'D, L)

M ateria l examined. H olotype: Q ueensland, H ero n  Is., S hark  Bay, low 
in tertida l ‘Otoplana  zone’; coarse sand an d  shell fragm ents (O ctober

M inona concharum  sp. n. A . G enera l organisation  o f  a  live anim al; B. Stylet; C. R econstruction  o f  the genital o rgans from  sagittal sections.
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Fig. 4. M inona heronensis sp. n. A. G eneral o rgan isation  o f  a  live anim al; B. Stylet; C. R econstruction  o f  th e  genital o rgans from  sag itta l sections and 
observations on living specimens.

1993), sagittally sectioned: G211721. Paratypes: sam e d a ta  as holotype: 
tw o specim ens sagittally  sectioned (G 2 11722-23); tw o w hole m ounts 
(G 2 1 1724-25). O ther m aterial: four specim ens observed alive and  used for 
karyology.

E tym ology. The species is nam ed after the type locality.

Description. Animals slender, com paratively m inute 
(sectioned specimens about 1 m m  long). W ithout pigment 
o r pigmented eyespots. A nterior end provided with a few 
oily droplets. The epithelium, w ith depressed nuclei, is 
ciliated apart from  the most caudal region, where adhesive 
glands are present. Cilia are about 4 pm  long. The elongate 
pharynx is situated in the posterior h a lf o f  the body. The 
pharynx is ciliated apart from  the distal tip, where 
pharyngeal glands discharge. Pharyngeal cilia are abou t 2 
p m  long. The luminal epithelium  o f the pharynx is 
proxim ally non ciliated; the oesophageal portion is 
located in its proxim al third.

M ale genital organs. 15-30 testes are irregularly 
arranged in front o f the pharynx. The copulatory bulb, o f 
the simplex type, is dorso-ventrally elongated (about 50 
pm  high and 30 pm  wide). It consists o f an ovoid seminal 
vesicle, lined with an epithelium which is proxim ally thin, 
and becomes high and glandular distally. The distal 
portion  o f the bulb is inverted, form ing a long eversible 
penis w ith thin and  non ciliated walls. The bulb is 
surrounded by a muscle coat (ranging 2 to 5 pm  in 
diam eter, with inner circular and  outer longitudinal 
muscles). The antrum  is small, apparently non ciliated, 
and  opens to the outside th rough  the male pore. N o 
retracto r muscles have been observed.

Accessory ('prostatoid') organ. I t  is found close behind 
the copulatory bulb. The bulb o f the accessory organ is 
globose (about 20 p m  in diam eter), filled w ith a granular 
secretion that is produced by glands whose nuclei lie 
outside the bulb itself. The bulb is surrounded by a 
muscle coat th a t is 2^4 pm  thick. The nib shaped stylet is 
abou t 35 pm  long in a squashed specimen used for 
karyology, slender and  slightly curved (Fig. 4B, Fig. 7L). 
F rom  sectioned m aterial no clear inform ation on its pore

could be obtained. In  living anim als, however, a distinct

accessory organ pore, located alm ost halfway between the 
male pore and  the female pore, could be observed.

Female genital organs. Ovaries in front o f  the pharynx. 
Vitellaria stretch from  the level o f the first testes to the 
copulatory bulb. A roundish bursa  is present in front o f the 
copulatory bulb. In  sections, the bursa appears as a 
differentiation o f the com m on oviduct, lined w ith an 
epithelium with depressed nuclei. N either in sections, nor 
in living animals a vagina could be detected. The common 
female duct runs over the copulatory bulb and the 
accessory organ to the female pore, which is surrounded 
by female glands.

Karyology. W ith 3 chrom osom es in its haploid set (Fig. 6C, 
Fig. 7D). K aryotype form ula: 8.6 ±  0.2 pm; N F  =  6; 
Chrom . 1: 37.54 ±  0.78; 42.10 ±  2.54 (m); Chrom . 2: 
33.29 ±  0.73; 35.38 ±  2.14 (sm); C hrom . 3: 29.16 ±  1.30; 
41.94 ±  1.14 (m).

Remarks. M inona heronensis sp. n. belongs to  the group of 
species which lack a perm anent vagina. Am ong the 
num erous species o f this group, M . bistylifera is 
immediately recognizable due to the presence o f an 
intrapenial stylet. M inona obscura K arling, 1966 is 
distinguished by the presence o f parenchym al pigment 
and pigmented eye spots. M inona baltica has a  very large 
copulatory bulb (145 pm  in diam eter) and  an  equally large 
stylet o f  the accessory organ (42 pm). Similarly, M . hastata 
M artens & C urini-G alletti, 1989 has an  extremely long 
stylet (about 70 pm ). Am ong the o ther species, M. 
fernandinensis Ax & Ax, 1977 has a roundish bulb which 
is wider than high (about 70 x 50 pm ), a  slightly larger 
stylet (35-38 pm ), and m ore num erous tests (80-90) than 
M . heronensis. M inona bermudensis Ax & Sopott-Ehlers, 
1985 has a  characteristic long and broad squarish bursa in 
front o f the copulatory bulb, num erous testes (60), male 
and accessory organ pores fused together, and  Chroms. 2 
and 3 subm etacentric w ith low indices (cf Ax & Sopott- 
Ehlers, 1985; C urini-G alletti, 1991). M inona indonesiana
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M artens & C urini-G alletti, 1989 lacks a  prepenial bursa 
and  has a large atrium  between the copulatory bulb and 
the accessory organ. Furtherm ore, the proxim al p a rt o f  its 
stylet is characteristically curved (see M artens & Curini- 
G alletti, 1989, Fig. D , p. 182).

M inona  cf dolichovesicula (Tajika, 1982) (Fig. 6E, Fig. 7E, 
H)

M ateria l exam ined. O ne specimen from  H eron  Island, Q ueensland, 
off S outh  R eef, a b o u t 16 m  deep in silty m edium  sand  (O ctober 1993); 
used fo r karyology.

Description. Lim ited observations were perform ed on a 
sem i-squashed orcein-stained specimen prior to its strong 
squashing for karyological studies. M inute Minona  species 
with an extremely long, m uscular copulatory organ (about 
150 pm  long in squeezed condition), provided with an 
inverted penis 50 p m  long. Accessory organ stylet about 22 
¿un long in squashed condition (Fig. 7H). The stain 
obscured the fem ale genital system.

Karyology. W ith  2 chrom osom es in its haploid set (Fig. 6E, 
Fig. 7E). K aryotype formula: 5.3 ±  0.1 pm; N F  =  3; 
Chrom . 1: 59.85 ±  0.23; 18.25 ±  1.08 (st); Chrom . 2: 
40.14 ±  0.23; 41.17 ±  0.69 (m).

Remarks. M inona  specimens from  the Pacific Ocean with 
an extremely long, longitudinal copulatory bulb have been 
usually classified as M . dolichovesicula, originally 
described from  N . Japan (Tajika, 1982). Populations, 
however, strongly differ in the length o f the bulb (N. 
Japan: 120 pm; S. Juan Archipel, W ashington, USA: 85 
pm  (both  from  sections); Alaska: 170 pm  (in squashed 
conditions)), and  in the length o f the accessory organ stylet 
(around 48 ¿¿m, 20 pm , and 30 pm  respectively) (Tajika, 
1982; Sopott-Ehlers & Ax, 1985; Ax & Arm onies, 1990). 
The A ustralian  specimen, with a long copulatory bulb and 
a  small stylet, adds further variability. A lthough 
com parisons between fixed and squashed m aterial 
deserve caution , the m orphological ‘variability’, the 
unusually large distribution and latitudinal range for the 
group, as well as differences in ecology and  h ab ita t among 
the various populations suggest th a t a  species-complex 
m ight exist a t present under the nam e M . dolichovesicula.

M inona beaglei (Martens & Curini-Galletti, 1989) (Figs 5, 
6D, Fig. 7C)

M ateria l exam ined. H olotype: N o rth ern  T errito ry , D arw in , F annie 
Bay, m edium  to  coarse sand , in a  tidal creek (O ctober 1987); w hole m oun t 
(Zoological co llection  o f  L im burgs U niversitair C entrum , D iepenbeek, 
Belgium , no  116). O th er m aterial: nine specim ens, sam e d a ta  as the 
holotype: seven sagitta lly  sectioned (G 2 1 1726-211732); tw o  studied 
karyologically.

Description. F o r  the general shape and organisation, see 
the original description (M artens & Curini-G alletti, 1989), 
based on observations from  living semi-squashed 
specimens. Only new inform ation from  sections is 
presented here. Epithelium w ith depressed nuclei; 
hom ogeneously ciliated apart from  the m ost caudal

region. Cilia are 4-5  pm  long. Pharynx sim ilar in 
anatom y to  that o f M . heronensis sp. n.

M ale genital organs. The copulatory  bulb, o f the simplex 
type, is very elongated dorso-ventrally (about 22-30 pm  
wide and 40-43 pm  high). It consists o f an ovoid seminal 
vesicle, lined with an epithelium which distally becomes 
high and presum ably glandular, w ith nuclei m ostly outside 
the bulb. The seminal vesicle is surrounded  by a thin 
muscle coat, which is less than 1 pm  thick proxim ally and 
up to 4 pm  distally, where m ost muscles are circular. The 
penis papilla is m inute and pointed. The distal portion  of 
the bulb is inverted, form ing a long eversible penis (about 
20 pm  long in the everted condition), which has rather 
thick, muscular, and  probably non ciliated walls. The 
antrum  is small, opening to  the outside through the male 
pore. N either ciliation nor antral m usculature have been 
observed.

Accessory ( ‘prostatoid’)  organ. The bulb o f the 
accessory organ is ovoid (about 30 pm  high and 25 pm  
wide) and filled w ith a granular secretion. The bulb is 
surrounded by a muscle coat 3-5 pm  thick. The stylet is nib 
shaped, about 25 pm  long in squashed conditions. The 
accessory organ pore opens nearly halfway between the 
male pore and the female pore.

Female genital organs. The two oviducts fuse into the 
com m on oviduct posterior to the pharynx. The com m on 
oviduct forms a very large bursa in fron t o f  the male bulb. 
This bursa stretches along a considerable portion  o f the 
oviduct and consists o f num erous vacuoles, increasing in 
size posteriorly. M ost o f the vacuoles are m ore or less 
isolated from each other, and  have a direct connection with 
the oviduct. The m ost anterior ones are lined with a 
vacuolated epithelium, and are presum ably o f the 
resorbiens type. The posteriorm ost ones are very large 
and are lined w ith a thin, m em brane-like, epithelium. The 
infranucleate and non ciliated com m on female duct 
originates basally from the posteriorm ost vacuole. 
Shortly after its emergence, the female duct joins the 
nearly straight vaginal duct, which has depressed nuclei, 
and is ciliated in its distal half. The vaginal duct opens to 
the outside through a vaginal pore, located very close to 
the male pore. The com m on female duct runs posteriorly 
over the male bulb and the accessory organ and  opens to 
the outside through the female pore, which is surrounded 
by female glands.

Karyology. W ith 3 chrom osom es in its haploid set (Fig. 
6D , Fig. 1C). K aryotype form ula: 9.3 ±  0.2 pm; N F  =  6; 
Chrom . 1: 36.05 ±  1.73; 37.94 ±  4.80 (m); Chrom . 2: 
32.77 ±  3.31; 25.08 ±  3.91 (sm); Chrom . 3: 31.18 ±  2.08; 
35.34 ±  4.69 (sm).

Remarks. Minona beaglei was originally described w ithout 
a vagina (cf M artens & Curini-G alletti, 1989). However, a 
well developed vaginal duct with a vagina has been found 
in all sectioned specimens. The close proxim ity o f the 
vaginal duct to  the male bulb probably prevented its
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Fig. 5. M inona beaglei M artens & C urin i-G alle tti, 1989. A. Stylet; B. R econstruction  o f  the genital organs from  sag itta l sections.

Fig. 6. Id iogram s representing the haploid  sets o f  M . proculvaginata sp. n. ( A ) ;M . concharum  sp.n. (B ) ;M . heronensis sp. n . ( C ) ;  M.  beaglei ( D ) ; M .  cf 
dolichovesicula ( E ) .

Fig. 7. A -E .  S perm atogonia l m itoses. A . M . proculvaginata  sp. n .; B. M . concharum  sp. n; C. M . beaglei; D . M . heronensis sp. n .; E. M . c f  dolichovesicula-, 
F. Sagittal section o f  M . australis sp. n. (arrow  poin ts to the stylet). G -L . Stylets (from  karyological slides). G. M . proculvaginata  sp. n.; H . M . c f  
dolichovesicula-, I. M . concharum  sp. n.; L. M . heronensis sp. n. Scale bars: A -E : 5 pm ; F -L : 10 pm .
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observation in living animals. The extraordinary bursa o f 
the species, stretching over a large tract o f  the female duct 
and consisting o f  m ore or less isolated large vacuoles, 
which are easily appreciable in living specimens, allows 
immediate specific recognition. Only M . gigantea has a 
som ewhat com parable bursa, though proportionally  much 
smaller and wholly o f the resorbiens type. Furtherm ore, it 
has the vagina nearly halfway between the m outh  and the 
m ale pore, and  a m uch larger stylet.

The further locality given by M artens & Curini-Galletti 
(1989) (Fitzroy Is., N .E. Queensland) in the original 
description could no t be confirmed and is possibly the 
result o f sedim ent contam ination in the laboratory.

Discussion

Three o f  the new species (M. proculvaginata, M . australis 
and  M . concharum) present a non ciliated area ventrally 
around the genital pores. This bare patch varies somewhat 
in extent in the three species, being m ost developed in M . 
concharum, where it m ay jo in  the caudal non ciliated area 
present in all M onocelididae. N o other M inona  species is 
know n to have a  similar non  ciliated patch, nor is it present 
in o ther genera w ith a simplex copulatory  bulb (Monocelis 
Ehrenberg, 1831; Pseudomonocelis M eixner, 1943). This 
feature is thus a synapom orphy for the three species.

N on  ciliated areas, though different in pattern  and 
position, are present in o ther Proseriata (e.g. O toplanidae 
and in the genus Archimonocelis M eixner, 1938; cf A. 
glabrodorsata M artens & C urini-G alletti, 1993); however, 
the situation present in the three species is exceptional for 
the M onocelididae. All three species share the same habitat 
(high intertidal in very coarse sedim ent), and  the pattern  of 
ventral ciliation m ight be correlated w ith high energy 
stress. However, no adhesive glands have been observed in 
the non ciliated area. I t  is w orth noting th a t the bare patch 
roughly corresponds to the area th a t is overlapped among 
m ates during copulation, and a reproductive involvement 
cannot be excluded.

The three species share two additional features, which 
m ight prove to be further synapom orphies; i) a very short, 
non  ciliated lum inal portion  o f  the pharynx provided with 
intraepithelial nuclei (‘oesophagous’), no t longer than 1/6 
o f the whole length o f the pharynx itself. C urrently known 
species of the genus M inona  and  related genera with a 
simplex copulatory bulb show  a m uch m ore developed 
oesophageal portion, ranging 1/3—1/4 o f the to tal length of 
the pharynx, ii) the extension o f  the caudal non ciliated 
area. In  congenerics and in the outgroup (see above) the 
non ciliated area is very small, and  rather symmetrical on 
the ventral and the dorsal side (see, for example, Schock- 
aert & M artens, 1987, p. 106, Fig. 2). In  the three new 
species the non ciliated area is m uch larger and  m arkedly 
asymmetrical, extending m uch m ore dorsally than ven­
trally.

The three sister species are very sim ilar in habitus (being 
large and ra ther torpid), h ab ita t (see above), and occur in 
neighbouring biogeographical areas (S. A ustralia and 
eastern A ustralia Overlap zone). W ithin this m onophyletic 
group it is interesting to note how variable some o f the 
characters are which have been used for phylogenetic

reconstruction in the monocelidids, i.e. relative position o f 
the vagina, shape o f bulb and  stylet, length o f eversible 
penis, and  relative position o f  the accessory organ pore.

Ax & Sopott-Ehlers (1985) recognize within the genus 
M inona  a m onophylum  based on the lack o f vagina. M . 
heronensis w ould then be a m em ber o f this large group o f 
species, which is mostly widespread in the tropics. 
However, the grouping m ight be hom oplasous, since 
reduction o f the vagina m ight have happened indepen­
dently in m any cases. C aution is also suggested by the 
situation found in the closely related genus Monocelis, 
where recognized sister-species m ay differ in the presence 
or absence o f the vagina (cf. Curini-G alletti & Cannon, in 
press).

Similarly, no unequivocal synapom orphic features have 
been found for M . beaglei and M . dolichovesicula, and their 
phyletic position cannot be assessed at present.

As a whole, Minona species in A ustralia appear to be 
restricted in distribution to each o f  the recognized 
A ustralian biogeographical areas: northern  A ustralia (M. 
beaglei); Barrier Reef province (M . heronensis; M . c f 
dolichovesicula)-, eastern A ustralia  O verlap area (M . con­
charum:); southern A ustralia (M . proculvaginata; M . 
australis). This pattern  o f  endemic narrow -range species 
has also been found in the genus Monocelis in A ustralia 
(Curini-G alletti & C annon, in press).

Finally, A ustralian M inona  species appear to be in 
general rare and /o r with very restricted habitat. Only in 
Tasm ania one species (M . proculvaginata) abounds, char­
acterizing intertidal coarse sediments. C om parable habi­
tats in the N. Pacific (Alaska) and along the northern 
coasts o f bo th  sides o f  the A tlantic are occupied by two 
similarly large M inona  species, M . gigantea and  M . baltica. 
These three species form a  good example o f very similar, 
albeit unrelated, vicariant species in cold-w ater boreal/ 
austral environments.
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