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Proseriata) from eastern Australia

M . C. C U R IN I-G A L L E T T I*  an d  L. R. G . C A N N O N *

 ̂Is titu to  di Z oología, Università di Sassari, via M uron i 25,1-07100 Sassari, 
Ita ly

* Q ueensland M useum , S . Brisbane, Queensland, 4101 Australia  

{Accepted 21 October 1995)

Six species of the genus Monocelis Ehrenberg, 1831 have been found in eastern 
Australia. All are new to science. Five of them are formally described here. Three 
species (M. rupisrubrae sp. nov., M . nexilis sp. nov., and M. corallicola sp. nov.) 
have two clearly set pigmented eyespots lateral to the statocyst. They differ in 
details o f the copulatory organ and karyotype. No clear synapomorphies among 
them or with other species o f the genus could be detected. Monocelis beata sp. nov. 
and M . macrobulbus sp. nov. present extremely elongate, longitudinally oriented 
copulatory organs. They are sister species, and phylogenetic relationships with 
M. galapagoensis Ax and Ax, 1977 and M . hopkinsi Karling, 1966 are proposed. 
Australian Monocelis have distributions limited to recognized biogeographical 
provinces in eastern Australia: M. corallicola, M. beata and M. macrobulbus in the 
northern Australian Zone, M . rupisrubrae and M. nexilis in the ‘Overlap Zone’ of 
the central east coast and Monocelis sp. A in the southern Australian Region.

K e y w o r d s :  Monocelis, Australia, systematics, biogeography.

Introduction
T h e genus M onocelis  E h renberg , 1831 is am ong the  largest o f  the  genera  in  the 

fam ily  M onocelid idae, an d  one o f  th e  m ost difficult ta x a  w ith in  the  w hole P ro se ria ta , 
ow ing  to  the  p auc ity  o f  specific ch arac ters  an d  slight differences am ong  species 
(K arling , 1966). T h e  m o n o p h y ly  o f  th is genus has never been questioned , a lth o u g h  
assessm ent o f  phy logenetic  re la tionsh ip s w ith in  it has scarcely been a ttem p ted . A t 
p resen t, assessm ent is m ade m o re  difficult b o th  by the very few m orpho log ical 
fea tu res felt to  have phy logenetic  w eigh t an d  by th e  in ad eq u a te  descrip tion  of 
num erous species.

T he genus is p ro b ab ly  cosm opo litan : th o u g h , due to  lack o f  investiga tion , repo rts  
a re  lacking fo r m any  areas , especially  in  the so u th ern  hem isphere. M onocelis  has 
never been reco rded  h ith e rto  in  A ustra lia .

T h e  first rep o rts  o f  p roseria tes  from  the  A u stra lian  m arine  in te rs titia l w ere from  
th e  region o f  D arw in  (M arten s  a n d  C urin i-G alle tti, 1989; C urin i-G alle tti and  
M arten s, 1991). P rev iously , m esopsam m ic fau n a  was know n  only  fro m  stud ies on 
acoels (W insor, 1990), on  k a ly p to rh y n ch  rhabdocoels (C urin i-G alle tti a n d  Puccinelli, 
1990) and  on  m acro sto m id s (F au b e l et al., 1994). R esearch  on  the  A ustra lian
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tu rb e lla rian  fau n a  has been largely restric ted  to  th e  m acroscop ic  (i.e. tric lads and  
polyclads) o r th e  sym bio tic  fauna (e.g. um agillids an d  tem nocephalids). T o  fu rth e r 
o u r u n d ers ta n d in g  o f  in te rs titia l tu rb e lla rian  fa u n a  in  A u stra lia , p articu la rly  a long  
th e  east coast, we u n d e r to o k  a  study  o f  m esopsam m ic P ro se ria ta . T h is research  
yielded six species o f  the  genus M onocelis , all new  to  science. F ive o f  them  are 
described and  discussed here. T h e  sixth, o f  w hich m a te r ia l w as insufficient fo r fo rm al 
descrip tion , is nonetheless rep o rted , in  th e  ligh t o f  the  exceedingly scan ty  know ledge 
o f  d iversity  an d  b iogeography  o f the  A ustra lian  P ro se ria ta .

M aterials and methods
M ateria l w as collected  from  sandy  h ab ita ts  by sco o p in g  up  the  superficial layer o f 

sedim ent. E x trac tio n  o f  the  anim als from  the  sed im en t was w ith  M gC l2 d écan ta tio n  
(M artens, 1984). P reserv a tio n  techniques ro u tin e ly  ad o p ted  fo r P ro se ria ta  w ere used 
(M artens et al., 1989b) an d  an im als w ere n o t anaesthetized  w hen  p rep a red  for 
m icroscopical analysis. Specim ens w ere fixed in  h o t  (60°C) B ou in ’s fluid, em bedded  
in  56°C P a ra b la s t a n d  serial sag itta l sections c u t a t  2 - 4  p m , s ta ined  w ith  M ay er’s 
h aem atoxy lin  and  eosin  an d  m oun ted  in  Depex.

P o re  indices, used  in  species descrip tion , give th e  relative d istances betw een m o u th  
an d  the d ifferen t genital po res (K arling , 1966): (a) m ou th -vag ina ; (b) vag ina-m ale 
pore; (c) m ale pore-fem ale pore.

K aryo log ical techn iques used w ere as described  by C urin i-G alle tti et al. (1989). 
R ela tive lengths (r.k  =  length  o f  ch rom osom e x 100 /to ta l leng th  o f  h ap lo id  genom e) 
an d  cen trom eric  indices (c.i. =  leng th  o f  sh o rt a rm  x 100/length o f  en tire  ch ro m o ­
som e) w ere o b ta in ed  fro m  m easurem ents o f  ca m e ra  lucida draw ings o f  5 -1 0  
m etap h ase  p la tes fo r each  species. Id iog ram s a re  based  on  k aryom etrica l d a ta  
p resen ted  in the  k a ry o ty p e  form ula: hap lo id  genom e abso lu te  leng th  in  ¡im , fu n d a ­
m en ta l num ber, rela tive length  and  cen trom eric  index  o f  each chrom osom e; ch ro m o ­
som e no m en cla tu re  betw een paren theses (m  =  m etacen tric ; sm  =  subm etacentric; 
st =  sub te locentric ; t  =  acrocentric). T h e  fu n d am e n ta l num ber is derived accord ing  
to  M a tth e y  (1949) an d  ch rom osom e no m en cla tu re  follows L evan  et al. (1964).

F listological m a te ria l is s to red  in  the  collections o f  the  Q ueensland  M useum .

Abbreviations in Figures

b -b u rs a ;  b r -b ra in ;  c o -c o p u la to ry  
o rgan; e -p ig m e n te d  eyespots; e g -  
eosinoph ilous g lands; fd -fe m a le  duct; 
fg -fe m a le  g lands; fp -fe m a le  pore; gid— 
gen ito -in testina l duct; g l- g u t  lum en; m -  
m o u th ; m a -m a le  an tru m ; m p -m a le  
pore; m s-m u sc le  sh ea th ; o -o v id u c t;

o v -o v a r ia ; p g -p ro s ta to id  g lands; p h -  
pharynx ; p p -p e n is  papilla; p p e-p ro x im a l 
penis; p s -p ro s ta to id  secretion; p t-p ro s -  
ta to id  tissue; r -rh a b d ite ; sd-sem inal duct; 
s t— statocyst; t-te s tes ; v d -v ag in a l duct; 
v i-v ite lla ria ; v m -v ag in a l muscle(s); v p -  
vaginal pore; v s-sem inal vesicle.

Genus M onocelis  E hrenberg , 1831 

M onocelis rupisrubrae sp. nov. 

(Figs 1, 6 A -G )

M ateria l exam ined
H o l o t y p e :  Australia, Q ueensland , M o re to n  Bay, Redcliffe, O yster P o in t; extrem e
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h igh in te rtidal am ong  m angroves, m ixed sed im ent (gravel, shell fragm ents) w ith  high 
silt con ten t; S eptem ber 1993, sag itta lly  sectioned: G 2 1 1656; P a r a t y p e s :  sam e d a ta  as 
ho lo type  (July, A ugust 1993): G 2 1 1657-60.

O ther m aterial. Several s tu d ied  alive, 22 stud ied  karyologically . A b u n d a n t a t 
type locality.

E tym ology
T h e nam e is coined afte r th e  type locality  (from  L a tin  rupes: cliff, and  ruber: red).

Fig. 1. Monocelis rupisrubrae sp. nov.: (A) general organization o f  a live anim al; (B) idiogram ;
(C) general organisation o f  the genital organs from  live anim als; (D ) reconstruction of
the genital organs from  sagittal sections.
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Description
A nim als slender, agile, a b o u t 1-2 m m  long in  sectioned  m ateria l. W ith  tw o clearly 

set p igm ented  eyespots la te ra l to  the  sta tocyst. A n te rio r  end  ro u n d ed , p rov ided  w ith 
oily d ro p s  an d  n u m ero u s irregu la r rhabd ites. P o ste rio r  end  ro u n d ed , w ith  very 
num erous rh ab d ites  an d  adhesive glands. E pithelium  w ith  in su n k  nuclei, cilia ted  all 
over except fo r the cau d a l tip . C ilia a re  sh o rt ( a b o u t 2-5 p m  long), slightly  longer 
ventrally  th a n  dorsally . T h e  p h ary n x  is d istinctly  elongated  an d  is s itu a ted  in  the 
second h a lf  o f  the body . I ts  lum inal ep ithelium  is uncilia ted  in  its p rox im al half; the 
oesophageal p o rtio n  is located  in its p rox im ity  th ird .

Fig. 2. Monoceluis nexilis sp. nov.: (A) general organization of a live animal; (B) idiogram; 
(C) general organisation of the genital organs from live animals; (D) reconstruction of 
the genital organs from sagittal sections.
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M ale gen ita l organs. A b o u t 20 testes in  tw o irre g u la r  row s are  p resen t in  f ro n t o f 
the  pharynx . T h e  co p u la to ry  o rgan  is nearly  spherical, ab o u t 40 p m  long an d  32 g m  
w ide. I t  consists o f  a  g lo b u la r sem inal vesicle, lined  w ith a  nucleated  epithelium , 
su rro u n d e d  by a  th ick  m uscu la r layer (w ith in n er c ircu la r an d  ou te r long itud inal 
m uscles). T he m uscu lar coa ting  progressively  decreases in thicknesses d istally . Just 
d ista lly  to  the  p o in t w here the  p ro s ta to id  g lands p ierce the bu lb  walls, the  m uscu la r 
co a tin g  is very th ick , an d  form s a  ‘c o lla r’ a ro u n d  the  d ista lm ost p o rtio n  o f  the 
co p u la to ry  organ . P a r t o f  this ‘co lla r’ p ro tru d e s  in to  the  m ale a n tru m , an d  to g e th er 
w ith  a  sh o rt, ap p a ren tly  uncilia ted  th in-w alled  p o r tio n  o f  th e  e jacu la to ry  duct, 
fo rm s a  b road ly  conical penis pap illa . In ternally , th e  d istal h a lf  o f  the co p u la to ry  
o rgan  is coa ted  w ith  the g ran u la r  secretion  o f  the p ro s ta to id  g lands, w hose nuclei lie 
ou tside  the bu lb . T h e  m ale a n tru m  is unciliated; it op en s to  the  ex terior v ia th e  m ale 
pore.

Female gen ita l organs. O varies lie in  f ro n t o f  th e  pharynx . V ite llaria  s tre tch  from  
th e  level o f  the  first testes to  in  f ro n t o f  the  co p u la to ry  o rgan . P o sterio r to  the 
ph ary n x , the tw o oviducts fuse in to  the  com m on  fem ale duct. C audally , the  duct 
w idens in to  a  sm all v acuo la r b u rsa  o f  th e  resorb iens type. I t  consists o f  a  few vacuoles 
con ta in in g  sperm . V en tra l to  this b u rsa , the  vag inal d u c t originates: it  is sh o rt, nearly  
s tra ig h t, slightly  b ackw ard  o rien ted  a n d  uncilia ted , a p a r t from  its m o st d ista l po rtio n . 
I t  opens to  the  ou tside  th ro u g h  a  vag ina. T h e  p o r tio n  o f  the  com m on  fem ale duct 
caudal to  the b u rsa  runs p oste rio rly  close to  the  m ale o rgan  an d  opens caudally  
th ro u g h  the  fem ale pore. T h is p o r tio n  is cilia ted  a t least in  its d ista l p a rt. Ju s t before 
th e  fem ale pore, a  sh o r t co m m un ica tion  w ith  the  gu t lum en is p resen t (genito- 
in testinal duct). A ro u n d  the  fem ale p o re , fem ale g lands are present.

P o re  ratio : a  »  c >  b.

K aryology
Species has tw o ch rom osom es in  its hap lo id  set. K ary o ty p e  fo rm u la  o f 

the  specim ens from  the  ty p e  locality: 9-4 ±  1-0 /m i; 4; C h rom . 1: 60-78 ±  2-17; 
46-56 ±  1-16 (m); C hrom . 2: 39-22 ±  2-17; 46-25 ±  2-52 (m).

T h e  specim en from  Coffs H a rb o u r  h ad  a  nearly  identical karyo type: 9-4 ±  0-6 pm ; 
4; C hrom . 1: 59-38 ± 2 -3 9 ; 46-73 ±  1-45 (m); C hrom . 2: 40-62 ±  2-24; 45-76 ± 2 -3 4  
(m).

R em arks
A m o n g  the  earlier described species w ith  tw o p igm ented eyespots, w ith  a vagina 

an d  w ith  d istance a  longer th a n  d istance b (viz. M onocelis durham i, M . oculifera , M . 
anta , M . tabira  an d  M . rupisrubrae) on ly  M onocelis oculifera , M . anta  an d  M . tabira  
have a nearly  g lobu la r co p u la to ry  o rgan  sm aller th a n  50 pm . N o n e  o f  them , how ever, 
p resen ts the peculiar a rran g e m en t o f  th e  bu lb  m uscu la tu re  p resen t in  the new  species, 
w ith  a  ‘co lla r’, th icker th a n  the rest o f  the  m uscu lar coa ting , su rro u n d in g  the 
d is ta lm o st p o rtio n  o f th e  co p u la to ry  o rgan . A m ong  th e  o th e r  differences presen t: 
M . oculifera  is sim ilar to  the  new  species in  all p o re  rela tions; how ever, it has fewer 
testes, a  co p u la to ry  o rg an  n early  h a lf  the  size, an d  its b u rsa  is n o t o f  the resorbiens 
type. M . anta  has a lm o st the  sam e n u m b er o f  testes and th e  co p u la to ry  o rg an  is in  the 
sam e size range; the  tw o species differ fo r p o re  rela tion  a  : b, ap p ro ach in g  1 :1  in 
M . anta , a n d  3 :1 in  M . nexilis. F u rth e rm o re , M . anta  has a  la rger bu rsa , consisting  of 
m o re  vacuoles, a n d  a p recereb ra l g u t d iverticulum . M . tabira  is sim ilar in  bursa  
s tru c tu re  an d  has a  c o p u la to ry  o rg an  co m p arab le  in size w ith  M . nexilis. I t  has
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how ever m any  fewer testes (2 -8 ) , a m uch  sh o rte r p h a ry n x , p o re  re la tio n  b : c a b o u t 
1 :1  (it is a b o u t 1 :1-5  in  M . nexilis). M . tabira  has b ee n  described as w ith o u t rh ab d ites  
(M arcus, 1950). Specim ens from  P uerto  R ico (C arib b ean ), agreeing  ana tom ica lly  in  
an y  o th er respect w ith  the  orig inal descrip tion  o f M . tabira, h a d  do t-like  rhabd ites 
(C urin i-G alle tti, 1991), d ifferen t from  the  new species. F u rth e rm o re , the  C a rib b ean  
specim ens h ad  a  k a ry o ty p e  w ith  n =  3 (C u rin i-G a lle tti, 1991), w hile M . nexilis  has 
n  =  2.

T h e  ch rom osom e n u m b e r o f  M . nexilis  is n o t fo u n d  in  any  o th e r  M onocelis  species 
karyolog ically  described so far. Since its genom e length  is average fo r th e  genus 
(C urin i-G alle tti, 1991; M arten s  an d  C urin i-G alle tti, 1987; th is p aper), the  reduc tion  
from  the  ch rom osom e n u m b e r n =  3, p lesiom orph ic  fo r the  genus (M arten s an d  
C urin i-G alle tti, 1987), is m o st likely to  be the resu lt o f  a  ch rom osom e fusion.

M onocelis corallicola  sp. nov.
(Figs 3, 61)

M ateria l exam ined
F I o l o t y p e :  Australia, Q ueensland , H eron  Is., S h ark  Bay; in te rtid a l in  coarse 

sand  w ith  shell an d  co ra l fragm ents (O ctober 1993), sagittally  sectioned: G211664. 
Paratypes: sam e d a ta  as ho lo type: G 2 1 1665-8.

O ther m aterial. F o u r  specim ens observed alive; fou r stud ied  karyologically . O ne 
specim en fro m  G reen  Is., in te rtid a l in  coarse san d  w ith  shell a n d  co ra l fragm ents 
(Septem ber 1993), observed  alive and  used  fo r karyo logy .

E tym ology
F ro m  L a tin  ‘in h a b ita n t o f co ra ls’. T h e  nam e refers to  the  localities w here the 

species has been fo u n d , b o th  being co ral cays on  th e  G re a t B arrie r Reef.

Description
A nim als slender in  shape, agile, a b o u t 1-2 m m  long  in  sectioned m ateria l. W ith  

tw o clearly  se t p igm ented  eyespots la te ra l to  the s ta tocyst. A n te rio r  end  ro u n d ed , 
p rov ided  w ith  oily d rops. P o sterio r end  rounded , w ith  num erous sh o rt rod -shaped  
rh ab d ites  an d  adhesive g lands. E pithe lium  w ith  in su n k  nuclei, cilia ted  all over 
except fo r the  caudal tip . C ilia  a re  longer ven tra lly  (ab o u t 4 p m )  th a n  dorsally  
(ab o u t 3 p m ). In  th e  b ra in  th e  cen tra l tissue (neuropilem ) is lined w ith  a  th in  
m em brane an d  su rro u n d e d  by num erous nuclei: an terio rly  it  ab u ts  th e  sta tocyst. 
T h e  sh o rt p h ary n x  is s itu a te d  in  the  second  h a lf  o f the  body. T he lum inal ep ithelium  is 
cilia ted  on ly  in its d is ta l half; the  oesophagous is a b o u t one th ird  o f  the  leng th  o f  th e  
pharynx .

M ale gen ita l organs. T estes (4 -5 )  a re  a rran g ed  in  a  m edian  row  in fro n t o f  the 
p harynx . T h e  co p u la to ry  o rg an  is ovo id , do rso -ven tra lly  e longated  (33 p m  long, 
24 p m  w ide). I t  consists o f  a n  ovoid  sem inal vesicle, lined w ith  a  nuclea ted  ep ithelium , 
su rro u n d ed  by a  th ick  m u scu la r co a tin g  (w ith inner circu lar an d  o u te r  long itud inal 
m uscles). T h e  penis p ap illa  is a b o u t 0-33 the length  o f the w hole co p u la to ry  o rgan , 
an d  is acu te ly  conical. T h e  bu lb  is su rro u n d e d  by  p ro s ta to id  g lands w hose necks 
pierce th e  bu lb  walls. In te rn a lly , the  d ista l p o r tio n  o f the  bu lb  is coa ted  by the 
secretion  o f  the  p ro s ta to id  g lands, to g e th er w ith  a  g landu lar tissue w ith  few nuclei. 
T h e  m ale a n tru m  is n o t cilia ted; it opens to  th e  ou tside v ia the m ale pore.

Fem ale gen ita l organs. O varies lie in  f ro n t o f  the pharynx. V ite lla ria  s tre tch  from
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in f ro n t o f  th e  first testes to  ju s t in  f ro n t o f  the  co p u la to ry  organ . F ro m  the  ovaries, 
the  tw o oviducts extend caudally  over the  pharynx . P o sterio r to  the  pharynx , they 
fuse in to  the com m on fem ale duct. In  f ro n t o f  the  co p u la to ry  o rgan , the  fem ale d u ct is 
connected  to  a  few dorsal vacuoles w ith  sperm , w hich constitu te  a  sm all b u rsa  o f  the 
resorb iens type. V en tra lly  to  the  b u rsa , the  vaginal d u c t originates: it is sh o r t and 
stra igh t, cilia ted  a t least distally . Its m o st d ista l p o r tio n , close to  the  vaginal p o re , is 
su rro u n d e d  by circu lar m uscles. P o ste rio r  to  these struc tu res, the  fem ale d u c t is large, 
lined w ith  an  irregular, h igh  ep ithelium , su rro u n d ed  by few w eak  c ircu lar m uscles, 
and  appears unusually  large even in  sem i-squashed liv ing specim ens (Fig. 3 C). T he

F ig . 3. Monocelis corallicola sp. nov.: (A) general organization o f  a live anim al; (B) idiogram ;
(C) general organisation o f the genital organs from  live anim als; (D) reconstruction of
the genital organs from  sagittal sections.
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m o st distal p a r t, p o s te rio r  to  th e  co p u la to ry  o rgan , is cilia ted , an d  is connected  to  the 
g u t lum en th ro u g h  a  gen ito -in testina l duct. The fem ale d u c t opens to  the  ou tside 
th ro u g h  the  fem ale p o re , su rro u n d e d  by very nu m ero u s fem ale glands.

Pore ratio : a  »  b »  c.

Karyology
Species h as three ch rom osom es in  its hap lo id  set. K ary o ty p e  fo rm u la  o f  specim ens 

fro m  the type locality: 11-3 ± 0  6 /im ; 6; C hrom . 1: 38-90 ± 0 -4 9 ; 41-86 ± 3 -3 1  (m); 
C h rom  2: 35-14 ±  0-66; 35-74 ±  0-97 (sm ); C hrom . 3: 25-99 ±  0-21; 25-06 ±  2-29 (sm).

T he specim en from  G reen  Is lan d  had  a nearly  id en tical karyotype: 11-4 ±  0-9 ¡j,m; 
5; C hrom . 1: 38-78 =± 0-87; 41-47 ± 2 -6 5  (m); C h rom . 2: 34-20 ±  1-46; 34-56 ± 2 -3 8  
(sm); C hrom . 3: 27-03 ± 1 -8 7 ; 23-39 ± 1 -5 4  (st). D ifferences in  no m en cla tu re  o f 
C hrom . 3 (and  hence in  fu n d am en ta l num ber) a re  due to  its p o sitio n  close to  the 
b o rd er betw een su bm etacen tric  an d  sub te locen tric  classes, an d  do  n o t seem  signifi­
cant.

R em arks
T he new  species is un iquely  characterized  by fea tu res o f  the fem ale gen ital system . 

T he only o th er species w ith  a  d istinctly  sw ollen fem ale duct, p ro b ab ly  ac ting  in 
som e stages fo r sperm  sto rag e , is M . pictocephala  M a rte n s  an d  C urin i-G alle tti, 1989, 
from  Sulawesi. In  this species, how ever, no  gen ito -in testina l co n n ectio n  h as  been 
observed. F u rth e rm o re , it  also  lacks p igm ented  eyespots, has a  charac teristic  p ig­
m en t b an d  in fro n t o f the  s ta tocyst, and  the  swelling o f  the  fem ale d u c t is m ore  
m arked  postpenia lly , thus fo rm ing  a  po stp en ia l b u rsa  (M artens and  C urin i-G alle tti, 
1989).

A m ong the M onocelis  species w ith  tw o eyespots an d  sim ilar size o f co p u la to ry  
o rgan , only M . oculifera  an d  M . tabira  have few er th a n  10 tests a t m a tu rity . In 
add ition  to  the  differences in  stru c tu re  o f  the  fem ale duct, b o th  these species lack  a 
gen ito -in testina l duct. F u rth e rm o re , M . oculifera  h a s  pore  re la tion  a  : b a b o u t 3 -5 :1 , 
w hile it is a b o u t 2 :1  in  th e  new  species. M onocelis tabira  e ither lacks rh ab d ites  
(M arcus, 1950) o r  has tin y  do t-like  rh ab d ites  (C urin i-G alle tti, 1991); M . corallicola  
h as sm all rod -shaped  rhabd ites.

M onocelis beata  sp. nov.
(Figs 4, 6 M )

M ateria l examined.
H o l o t y p e :  Australia, Q ueensland , H ero n  Is., in  f ro n t o f the  R esearch  S tation ; 

low er in te rtid a l in  m ed ium  to  coarse san d  w ith  shells fragm ents (O ctober 1993): 
specim en stud ied  alive an d  sag itta lly  sectioned: G211669. P a r a t y p e :  sam e d a ta  as 
holotype: G 2 11670.

Other material. O ne  specim en used  fo r karyology.

E tym ology
F ro m  L atin  beatus: liv ing in  p arad ise . I t  refers b o th  to  the p lace w here the anim al 

occurs (the idyllic H e ro n  Is.) a n d  to  D r  B eate S opo tt-E h lers, fo r her c o n trib u tio n  to  
the  know ledge o f  the  P ro se ria ta .
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D escription
A nim als very slender, a b o u t 1-2 m m  long  (fro m  sections). W ith o u t p ig m en t o r 

p igm ented  eyespots. A n te rio r  end  ro u n d ed , p ro v id ed  w ith  oily drop lets. In  sections, 
the  cephalic  region in  f ro n t o f  th e  s ta to cy st ap p e a rs  p rov ided  w ith  v acuo la ted  
p o lygona l cells (p recerebral gut). In  the  b ra in  th e  cen tra l tissue (neuropilem ) is 
lined w ith  a  th in  m em brane and  su rro u n d e d  by num erous nuclei: an te rio rly  it 
ab u ts  the  sta tocyst. P o sterio r end  variab le  in  shape in  living organism , w ith  e longate 
rh ab d ites  (ab o u t 7 -8  p m )  an d  adhesive g lands. E p ithe lium  ciliated  all over the body

v m

Fig. 4. Monocelis beata sp. nov.: (A) general organization o f  a live anim al; (B) idiogram ; (C)
general organisation o f  the genital organs from  live anim als; (D) reconstruction o f  the
genital organs from  sagittal sections.
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except fo r the  caudal tip . C ilia  a re  longer ven tra lly  (a b o u t 4 p m )  th a n  do rsa lly  (ab o u t 
2-5 p m ). Few , large (up to  1 5 /im ) g lands a re  p re se n t caudally . T h e  p h ary n x  is 
e longate  an d  s ituated  in  th e  second  h a lf  o f  the body . Its cilia (absen t a t  its m ost 
d istal tip  an d  in its inner half) a re  a b o u t 1-5 p m  in  length. T h e  inner p ro x im a l p a r t 
(oesophagous) is lined w ith  a  h igh  ep ithelium . N u m ero u s  pharyngeal g lands are 
present.

M ale genital organs. A b o u t 8 testes in  one m ed iu m  row  are  p resen t in  f ro n t o f 
the  pharynx . T he co p u la to ry  o rg an  is m arked ly  ovo id  (74 p m  long, 37 /im  wide). I t  is 
obliquely  e longated  a long  an  an te ro -p o s te rio r ax is, and  backw ard ly  o rien ted . I t  
consists o f  an  ovoid  sem inal vesicle, lined w ith  a  nuclea ted  epithelium , su rro u n d e d  by 
a  very th ick  m uscu lar co a tin g  (ab o u t 5 p m  th ick), easily  seen even in  living anim als. It 
h as inner c ircu lar an d  o u te r  lon g itu d in a l m uscles. T h e  penis pap illa  has a  m uscu lar 
po rtio n , a b o u t 0-16 the leng th  o f  the  w hole co p u la to ry  o rgan , conical, su rro u n d e d  by 
a  th ick  m uscu lar layer, a n d  p ro tru d in g  in to  the  m ale  an tru m . T he m ain  p a r t  o f the 
uncilia ted  ejacu lato ry  d u c t h as  very th in  w alls, is inverted  in to  the  bu lb , an d  form s a 
p rox im al penis. T h e  d ista l p o r tio n  o f  the bu lb  is su rro u n d e d  by p ro s ta to id  glands, 
w hose nuclei lie ou tside th e  co p u la to ry  o rgan , a n d  w hose cell bodies pierce the 
w all o f  the  bu lb  a t  the base o f  the  penis. T heir secretion  th in ly  coats th e  d istal inner 
p a r t o f  th e  bu lb . T h e  m ale a n tru m  is com paratively  long; its walls are entirely 
su rro u n d ed  by extrem ely n um erous, tiny  eosinoph ilous glands. T heir secretion  filled 
up  the m ale an tru m  to  a  degree th a t it w as im possib le to  ascerta in  w hether it is ciliated 
or n o t in the  specim ens available. T h e  m ale a n tru m  opens to  the ex terio r v ia th e  m ale 
pore.

Female gen ita l organs. O varies lie ju s t in  fro n t o f  the  pharynx . V ite lla ria  stre tch  
from  th e  level o f  the first testes to  the  level o f  the bu rsa . P o sterio r to  the  p h ary n x , the 
tw o oviducts fuse into th e  co m m o n  fem ale duct. C audally , the  d u ct w idens to  form  a 
bu rsa  o f  the resorb iens type. I t  consists o f a  la rge n u m b e r o f  vacuoles, m an y  o f  w hich 
co n ta in  sperm , a ro u n d  a  cen tra l cavity , filled w ith  sperm . T his b u rsa  is connected  to  
the  ou tside th ro u g h  a  ra th e r  long  vag inal duct, w hose unciliated  epithelium , in  its 
p rox im al p a r t, is su rro u n d e d  by num erous c ircu lar m uscle cells. D istally , m uscle cells 
a re  absen t, and  the  d u ct is su rro u n d e d  by nu m ero u s eosinophilous g lands, w ith  very 
dense g ran u la r con ten t. T h e  p o r tio n  o f  the  com m on  fem ale duct caudal to  th e  b u rsa  
runs posterio rly  over the  m a le  o rgan  a n d  opens caudally  th ro u g h  the fem ale pore. A t 
least the m o st d ista l p o r tio n  o f  the  d u c t is ciliated. A ro u n d  the fem ale p o re , fem ale 
g lands a re  p resent.

P o re  ra tio : a >  b >  c.

K aryology
Species h as  th ree ch rom osom es in  its h ap lo id  set. K ary o ty p e  form ula: 

9-2 ±  0-5 pm ;  4; C h rom . 1: 47-25 ±  1-37; 43-05 ±  1-27 (m); C hrom . 2: 28-35 ±  0-06; 
4-3 ±  0-70 (t); C hrom . 3: 24-41 ±  1-45; 23-82 ±  3-22 (st).

R em arks
In  ad d itio n  to  the new  species described above, the  only M onocelis species w ith  a 

co p u la to ry  o rgan  d istinctly  e longated , ap p ro ach in g  o r even surpassing  a  ra tio  length- 
w id th  2 :1 ,  a re  M . galapagoensis A x a n d  A x, 1977 from  G alapagos, an d  M . hopkinsi 
K arling , 1966, from  C alifo rn ia . In  b o th  these species, how ever, the  co p u la to ry  o rgan  
is o rien ted  dorso -ven tra lly , a n d  thus perpend icu la r to  the  ventra l su rface  (see A x and  
A x, 1977, fig. E , p. 8; K arlin g , 1966, fig. 42, p. 511). M onocelis beata, on  th e  co n tra ry ,
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h as  a nearly  ho rizon ta l, backw ard ly  o rien ted  c o p u la to ry  o rg an , w ith  a  m arked ly  
m o re  m uscu la r coa ting , an d  w ith a  well developed , m uscu lar p o rtio n  o f  the penis, 
p ro tru d in g  in to  th e  m ale an tru m . N o n e  o f th e  ab o v e  species has a  p recerebral gut. 
F u rth e rm o re , in  M . galapagoensis g ra n u la r  secretions are lack ing  w ith in  the co p u la­
to ry  bulb  (w hich is only 50 p m  in leng th ), an d  th e re  is no  vag ina. M onocelis hopkinsi, 
in  ad d itio n  to  the above q u o ted  differences, has a b o u t 30 testes, a  la rger copu lato ry  
o rg an , w h ich  is u p  to  90 p m  in d iam eter, n o t ovoid  in  shape, hav ing  a  ra th e r sharp ly  
p o in te d  p ro x im al p a rt. F u rth e rm o re , in  M . hopkinsi p o re  re la tio n  a  : b  is ab o u t 1 :1-5 , 
w hile it is 1-5:1 in  M . beata.

Sim ilarly  to  the  new  species, M . anta  h a s  a  p recereb ra l gu t d iverticulum . I t  has, 
how ever, a b o u t 30 testes, a py rifo rm  co p u la to ry  o rg an , vertically  o rien ted , w ith  a 
com para tive ly  sm all, g lobu la r vesicula sem inalis. F u rth e rm o re , th is species has 
tw o  clearly  set p igm ented  eyespots, la te ra l to  the  s ta tocyst, w hich are ab sen t in 
M . beata.

M onocelis m acrobulbus sp. nov.
(F igs 5, 6 L)

M a teria l exam ined
H o l o t y p e .  Australia, Q ueensland , S o u th  M ission  Beach, m edium  to  h igh  in te r­

tida l, m edium  to coarse sand  (Septem ber 1993), sag itta lly  sectioned: G211671.
O ther m aterial. Sam e d a ta  as h o lo type , tw o specim ens stud ied  alive, tw o speci­

m ens used fo r karyology.

E tym ology
F ro m  G reek  m acros (large) an d  L a tin  bulbus (bulb); the nam e, used on  apposition , 

refers to  th e  rem arkab ly  la rge relative size o f  the  co p u la to ry  bulb  o f  the  species.

Description
A nim als  slender in  shape, a b o u t 1-5m m  (from  sections). W ith o u t p igm ent o r 

p igm en ted  eyespots. A n te rio r  end  ro u n d ed , p rov ided  w ith  oily d rop lets. P o ste rio r end 
e longate  w ith  adhesive glands. E p ithe lium  ciliated  except fo r th e  caudal tip. I t is 
p rov ided  all over the b ody  w ith  e longate  rh ab d ites , a b o u t 5-5 p m  long. C ilia short, 
longer ven tra lly  (ab o u t 2-3 p m )  th a n  dorsally  (ab o u t 2 p m ). Few  large g lands are 
p resen t caudally . T h e  p h ary n x  is e longate  a n d  s itua ted  in  the  second  h a lf  o f  th e  body. 
T h e  lum inal p a r t  is cilia ted  fo r 0-5 o f  its length , an d  has a  large, conspicuous 
o esophageal p o rtio n , w ith  high nuclea ted  epithelium .

M a le  gen ita l organs. A b o u t 30 testes a re  a rran g e d  in  tw o m ed ian  row s in  f ro n t o f 
the  p h ary n x . T h e  co p u la to ry  o rgan  is large (a b o u t 90 p m  in  to ta l leng th , u p  to  27 p m  
w ide), ovoid , elongated  a long  an  an te ro -p o s te rio r  axis, backw ard ly  orien ted , w ith  its 
m o s t d is ta l tip  nearly  perp en d icu la r to  the  long itud inal axis. I t  consists o f  an  ovoid  
sem inal vesicle, lined w ith  a  nuclea ted  ep ithelium , su rro u n d ed  by m uscu la r layers o f 
in n e r  c ircu lar an d  ou ter long itu d in a l m uscles. D istally , the  vesicle bends to w ard s the 
v en tra l surface. T h is p o r tio n  is a lm o st filled by the  g ran u la r  secretion  o f  the 
p ro s ta to id  g lands w hose cell bodies lie ou tside  the  co p u la to ry  o rgan . T h e  p ro s ta to id  
secretion  fills the area  so m assively th a t only a  sm all lum en connects the  sem inal 
vesicle to  th e  m o st d ista l p a r t  o f  the  b u lb , w h ich  is su rro u n d e d  by a th in  m uscu lar 
layer. P a r ts  o f  the  e jacu la to ry  duct, w ith  very th in  walls, is inverted  in to  th is area
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(prox im al penis). I t  is sh o rt an d  ap p a ren tly  ciliated. I t  is co n n ected  by th read s to  the 
in n e r walls o f the bulb (co n trac ted  d u rin g  inversion?). T he m ale  an tru m  is small, 
su rro u n d ed  by num erous tiny eosinoph ilous g lands, w hose secretion  fills the an tru m  
itself, thus obscuring  observa tion . H ow ever, the  a n tru m  seems to  be ciliated. I t  opens 
to  the  ou tside v ia the  m ale pore.

Female genital organs. O varies lie in  f ro n t o f  th e  p harynx . V ite llaria  stre tch  from  
the  first testes to  the  level o f  the  co p u la to ry  organ . A  sm all b u rsa  o f  the  resorbiens 
type, lined by  a vacuo lar tissue, is p resen t ven tra lly  to  the sem inal vesicle, an d  h idden 
by th e  la tte r in  living specim ens. I t  ex tends ven tra lly  in to  a  tube-like structu re . 
T h o u g h  a vaginal pore has n o t been clearly  seen in  the specim en sectioned, we 
in te rp re t this struc tu re  as a  vag inal duct, an d  we assum e th a t a  vag ina is likely to  be 
p resen t in  the  species. In  the p ro x im al p o r tio n  o f th e  vag inal duct, num erous tiny

F ig . 5. Monocelis macrobulbus sp. nov.: (A) general organization o f  a  live anim al; (B)
idiogram ; (C) general organisation  o f  the genital organs from  live anim als; (D)
reconstruction o f the genital organs from  sagittal sections.
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eosinoph ilous g lands are p resent. T h e  fem ale d u c t  opens caudally  to  th e  m ale 
co p u la to ry  o rg an , w ith the fem ale pore, su rro u n d e d  by fem ale glands.

P o re  ra tio : b >  c >  a.

K aryology
Species has three ch rom osom es in  its h ap lo id  set. K ary o ty p e  form ula: 

9-2 ± 0 - 6 /a n ; 6; C hrom . 1: 40-07 ±  1-80; 26-03 ± 4 - 6 0  (sm); C hrom . 2: 31-73 ± 2 -1 5 ; 
31-89 ±  4-45 (sm); C hrom . 3: 28-19 ±  1-48; 26-78 ±  5-30 (sm).

R em arks
T h e new  species shares several sim ilarities w ith  M . beata. B oth  species, in  fact, 

lack  p igm ented  eyespots, have an  e longated , b ack w ard ly  o rien ted  co p u la to ry  organ , 
in v erted  p ro x im a l penis, and  num erous tin y  eos inoph ilous g lands a ro u n d  th e  m ale 
pore. B o th  have the vaginal d u c t su rro u n d e d  by eosinoph ilous g lands. H ow ever, 
M . m acrobulbus  is im m ediate ly  recognizable by th e  m uch  th in n er m u scu la r layer 
su rro u n d in g  the  copu la to ry  o rgan  an d  absence o f  a  m uscu lar p o rtio n  o f  the  penis 
p ro tru d in g  in to  the  m ale an tru m . F u rth e rm o re , M . macrobulbus  is a  la rger species, 
w ith  la rger co p u la to ry  o rgan  a n d  m o re  testes. I ts  k a ry o ty p e  is also  different.

M onocelis m acrobulbus is sim ilarly  d is tinc t from  all o th e r  M onocelis  species w ith  a 
narrow ly  e longate  co p u la to ry  bu lb . M onocelis galapagoensis , in  fac t, has a  vertical 
co p u la to ry  o rg an , nearly  h a lf  the  size o f  th a t o f  th e  new  species, w ith o u t g ran u la r 
secretion  w ith in  th e  bulb . I t  is w ith o u t a  vag ina o r vaginal duct. M onocelis hopkinsi 
has a  co p u la to ry  o rgan  sim ilar in leng th , b u t less e longated , n o t ovoid  in  shape, an d  
do rso -v en tra lly  orien ted . F u rth e rm o re , in  this species d istance c  is longer, ab o u t 
d o u b le  d istance a. It is the  opposite  in  th e  new  species. E osinoph ilous g lands ven tra l 
to  th e  b u rsa  have been found  in  none o f  th e  above species.

M onocelis  sp. A  
(F ig . 6 N )

M ateria l exam ined
Australia, T asm an ia , Eagle H aw k  N eck , beach o n  th e  p ro tec ted  side, in te rtid a l in 

m ed ium  san d  (O ctober 1993). O ne specim en, im m atu re  in  the  fem ale line, observed 
alive an d  used  fo r karyology.

D escription
L arg e  (up  to  4 m m  in sem i-squashed  cond itions), very stocky an im al. W ith  two 

p igm ented  eyespots la tera l to  the sta to cy st, and  som e fa in t, irregu lar b lack  lines 
b eh in d  the  s ta tocyst, over the  b ra in  area . W ith  very nu m ero u s oily d ro p le ts  in  f ro n t o f 
the s ta to cy st, an d  e longate rhabd ites all over the  body . P h ary n x  com paratively  large, 
in  th e  second  h a lf  o f  the  body.

W ith  very  num erous testes (above 100), an d  a  very large spherical copu la to ry  
o rgan . O f th e  fem ale genital system , only the  v ite llaria  cou ld  be clearly  observed. They 
stre tch  f ro m  th e  level o f the  first testes to  ju s t  in  f ro n t o f  the  co p u la to ry  organ . A  fain t 
hyaline a rea , p resum ably  co rresp o n d in g  to  an  early stage o f  developm ent o f  ovaries, 
w as p resen t in  f ro n t o f the  pharynx .

K aryology
Species h as  th ree ch rom osom es in  its h ap lo id  set. K a ry o ty p e  form ula:
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9-5 ± 1 - 0  /im ; 5; C h rom . 1: 42-55 ± 0 -8 4 ; 45-97 ±  2-46 (m); C h rom . 2: 34-56 ± 1 -1 9 ; 
45-68 ±  2-06 (m); C hrom . 3: 22-87 ±  1-44; 12-23 ±  1-99 (t).

R em a rks
D esp ite  extensive sam pling  in  the  area  w here th e  on ly  specim en w as found , the 

h a b i ta t o f  this large species rem ained  elusive. T h o u g h  obviously  different for 
k a ry o ty p e  an d  p ig m en ta tio n  from  any k n o w n  species, th e  m ateria l is insufficient 
fo r a  species descrip tion .

Discussion
T h e genus M onocelis appears to  be p a rticu la rly  rich in  ea ste rn  A u stra lia , w here 

a b o u t o n e  fo u rth  o f the  presen tly  know n  species o f  the  genus a re  p resen t. O ne o f  the 
m o st obv ious features o f  the  A ustra lian  M onocelis  fau n a  is the  prevalence o f  species 
w ith  tw o  clearly  set p igm ented  eyespots, la te ra l to  the  s ta tocyst. In  co n tra st, w ith in  
the  genus as a w hole, species w ith  d istinct p igm en ted  eyespots co n s titu te  a sm all 
m ino rity . M o s t o f  them  com e from  trop ica l areas o r  from  the  so u th ern  hem isphere. 
A x an d  A x  (1977) p ro p o sed  a  close phy logenetic  re la tio n sh ip  fo r th e  subse t o f  species 
w ith  tw o p igm ented  eyespots an d  w ith  a  vag ina. A ll o f  the  A u stra lian  species w ith 
p igm ented  eyespots w ill thus be a  p a r t  o f  th is m o n o p h y lu m . C u rin i-G alle tti (1991) 
suggested  th a t th e  la rge genom e size o f  M . tabira , co n tra s tin g  w ith  the  very sm all 
genom e size o f th e  E u ro p e an  M onocelis  species (M arten s  a n d  C urin i-G alle tti, 1987; 
M a rte n s  et cil., 1989a) cou ld  be an  ap o m o rp h ic  fea tu re  fo r th a t species. A ll the  species 
w ith  tw o  p igm ented  eyespots karyolog ically  know n  (C urin i-G a lle tti, 1991; this paper; 
u n p u b lish ed  d a ta )  have indeed  la rge karyo types (an d  hence large genom e size, see 
M arten s  e t al., 1989a). H ow ever, it is d o u b tfu l w hether these ch arac ters  a re  real 
synap o m o rp h ies  am o n g  the  above species. S im ilar very  la rge kary o ty p es a re  in  fact 
fo u n d  in  th e  genus Pseudom onocelis M eixner, 1943 (M arten s et al., 1989a), an d  in  
o th e r  genera  w ith  a  co p u la to ry  o rgan  o f  the  sim plex type (M inona , Peraclistus) 
(C u rin i-G a lle tti, 1991; unpub lished  data). T w o  d is tin c t p igm ented  eyespots are found  
as well in  Pseudom onocelis an d  M inona  species (K arling , 1978; S chockaert and  
M a rte n s , 1987; S opo tt-E h lers, 1993). B o th  p igm en ted  eyespots a n d  large karyo type 
are , a t the  p resen t level o f  know ledge, m o re  p arsim on iously  in te rp re ted  as plesio- 
m o rp h ic  fea tu res fo r the  genus M onocelis. P resence o r absence o f  a  v ag ina appears to 
be a v ariab le  fea tu re  even in  recognized sister species (see, fo r exam ple, the  sister pa ir 
M . ga lapagoensis-M . hopkinsi) (Ax and  Ax, 1977), an d  its phy logenetic  w eight is 
d ub ious. A t p resen t, the refo re , no  phylogenetic  re la tionsh ip  can  b e  p ro p o sed  fo r the 
A u s tra lian  species w ith  p igm ented  eyespots.

M onocelis beata  an d  M . macrobulbus  sha re  several features: b o th  species have an 
ex trem ely  elongate , backw ard ly  o rien ted  co p u la to ry  bu lb , nearly  h o rizo n ta l, rich in  
p ro s ta tic  secretion  and  w ith  num erous eosinoph ilous g lands a ro u n d  the  m ale pore  
an d  th e  vag inal duct. T h is  s tru c tu re  o f the  co p u la to ry  bu lb  is u n iq u e  in  the genus 
M onocelis, an d  is n o t fo u n d  in  Pseudom onocelis (S chockaert an d  M arten s, 1987). 
O n ly  tw o o f  the  num erous species o f  the  genus M inona  (M . dolichovesicula  T ajika,

F i g .  6 .  A -G . Monocelis rupisrubrae. (A -C) spermatogonial mitoses; (D -G ) primary sper­
matocytes. Arrows indicate supernumerary chromosome(s) (B, C), univalent(s) (D -F ) 
and bivalent (G) fonned by supernumerary chromosomes; (H -N ) spermatogonial 
mitoses of Monocelis nexilis (H); Monocelis corallicola (I); Monocelis macrobulbus (L); 
Monocelis beata (M); Monocelis sp. A (N). Scale bar: 5/un.
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1982 a n d  M . trigonopora Ax, 1956) have a so m ew h at co m p arab le  shape o f  the 
co p u la to ry  bu lb , th ough  the eosinoph ilous g lands a re  lack ing . W hile a  th o ro u g h  
phy logenetic  analysis o f  all those genera  is m issing, it seem s p arsim o n io u s to  consider 
th e  s tru c tu re  o f  the  co p u la to ry  b u lb  an d  the  presence o f  eosinoph ilous g lands as a 
sy n ap o m o rp h y  fo r M . beata  an d  M . m acrobulbus; a n d  the sim ilarities shared  betw een 
th e  tw o A u stra lian  species an d  the  M inona  species as h o m o p laso u s features.

T h e  k aryo type  o f  b o th  M . m acrobulbus an d  M . beata  is pecu lia r due to  the relative 
leng ths o f  chrom osom es. C hrom . 1, in  fact, is d istinctly  longer th a n  C hrom s 2 an d  3, 
w h ich  have com parab le  length. In  the  basic  set o f  th e  genus M onocelis  (M arten s and  
C u rin i-G alle tti, 1987), the ch rom osom es have a  sligh t difference in  length (see, fo r 
exam ple, th e  karyo type o f  M . rupisrubrae, th is paper). T h e  k ary o ty p e  fo und  in  the 
tw o species above is p robab ly  due to  a  tran s lo ca tio n  involving C hrom s 1 an d  2 o f  the 
basic  set; it  is a  synapom orphy  fo r th e  tw o species.

T w o  fu rth e r  species o f  the  genus M onocelis  (M . galapagoensis  an d  M . hopkinsi) 
have a  d istinctly  elongate, vertical co p u la to ry  bu lb . A cco rd ing  to  A x an d  A x (1977) 
they  are  sister species. A  very e longate  co p u la to ry  bu lb  cou ld  be considered  as a 
sy n ap o m o rp h y  fo r the tw o species pairs  M . galapagoensis-hopkinsi an d  M . macro- 
bulbus-beata, w ith  a  fu rthe r evo lu tion  (the lon g itu d in a l o rien ta tio n ) p resen t in  the 
A u s tra lian  species, p robab ly  linked  to  the  p ro p o rtio n a lly  la rger size o f  their co p u la ­
to ry  organs. T h e  four species have a tran sp ac ific  d is trib u tio n  (N E  A ustra lia , 
G a lap ag o s , C alifornia) (Sluys (1994) fo r possib le in te rp re ta tio n s  o f  s im ilar d is trib u ­
tions in  P latyhelm inthes).

T h e  d is trib u tio n  o f th e  A u stra lian  M onocelis  species ap p ears  restric ted  to  one or 
th e  o th e r  o f  the  generally  recognized b iogeograph ica l areas o f  easte rn  A ustra lia : (i) 
N o rth e rn  A u stra lian  Z one (M . beata', M . corallicola', M . macrobulbus)', (ii) ‘overlap  
zo n e’ (sou thern  Q u e e n s la n d -n o rth e rn  N ew  S ou th  W ales) {M . nexilis', M . rupisru­
brae)', (iii) S o u th ern  A u stra lian  R eg ion  {M onocelis sp. A). W ith in  the N o rth e rn  
A u s tra lian  Z one , species have e ither a m a in la n d  d is trib u tio n  {M . macrobulbus) o r 
o ccu r o n  the  G re a t B arrier R eef (M . beata, M . corallicola', the la tte r  a t least w ith  a 
w ide la titu d in a l range).
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