
BULLETIN DE L'INSTITUT ROYAL DES SCIENCES NATURELLES DE BELGIQUE. BIOI n r i F  - ,  , Q1 , , ,
BULLETIN YAN HET KONINKLIJK BELGISCH INSTITUUT VOOR NATUURWETENSCHAPPEN. b I o l O g ! !  73: \ l \ l 2 7 ,  21

Histoiy and  rev ised  c lassif ication ol the order  C yclom yaria  (Tunicata. 
Thaliacea, D ol io l ida)

by Jean E.A. GODEAUX

5 9 6 5 9

Abstract

The history of  the successive investigations done on the Order 
Doliolida is summarized and a revised classification of the Order is 
presented including all the species belonging or not to the family 
Doliolidae. New families are defined. Geographical distribution of 
the species is given.

Key-words: Families Doliolidae, Doliopsoidae, Doliopsidae, 
Paradoliopsidae, Doliopsoidesatlanticum, Doliopsisbahamensis 
nov. sp., Paradoliopsis harbisoni.

R ésum é

L’historique des recherches successives menées sur i ‘Ordre des 
Doliolida est présenté avec une révision de sa classification incor­
porant toutes les espèces appartenant ou non à la famille des 
Doliolidae. De nouvelles familles ont été introduites. La distribu­
tion géographique des espèces est présentée.

Mots-clefs: Familles Doliolidae, Doliopsoidae, Doliopsidae, 
Paradoliopsidae, Doliopsoidesatlanticum, Doliopsisbahamensis 
nov. sp., Paradoliopsis harbisoni.

H isto rica l in tro d u c t io n

The phylum  T u n ica ta  LAMARCK 1 8 lo  is d iv ided  into three 
classes, the ben th ic  A sc id iacea , and  the pelagic T haliacea 
and A ppend icu laria . T he c lass T haliacea  consists o f  three 
O rders: C yclom yaria , P y ro so m atid a  and Salpida, the affin i­
ties of w hich  are still d isp u ted  ( G o d e a u x  1998).
The O rder C y c lo m y aria  CLAUS 1862 (D olio lida D e l a g e  & 
H e r o u a r d  1898) is the last T h a liacean  o rder to be iden ti­
fied. p robably  ow ing  to  the tiny  size and the transparency  
(th inness) o f  the tissues o f  the an im als. U p to now, that order 
com prises the sing le  fam ily  D olio lidae  (BRONN 1861) the 
system atics o f  w h ich  w ere estab lish ed  by G a r s t a n g  in his 
classical m em o ir (1933). A ltho u g h  several genera and spe­
cies have been described  since that tim e, no real a ttem pt was 
done to im prove the sy stem atic s  o f  the o rder until the paper 
by G o d e a u x  (1996).

The genus D olio lum * with the species D oliolum  m editer­
raneum , was created  in 1823 by A.W. O t t o  who described a 
barrel-shaped  structure inhabited by a fem ale am phipod o f 
the genus Phronim a. T hat “species ” and those created later 
( 1830) by DELLE C h ia je  {D. papillosum  and D. su lca tum ) do 
not exist, as they only represen t artefacts m ade by a crusta­
cean parasiting  a colony o f  Pyrosom a  (P. a tlan ticum ?).
Q u o y  &  G a im a r d  (A strolable E xpedition 1826-1829) 
nam ed D olio lum  denticu lum  a kind o f barrel (“barrilet 
den ticu lé”) first observed  in A m boina roads (Indonesia) 
(1835, pi. 89, fig. 25-26) and later on o ff Vanikoro Island 
(M elanesia), and described  as “D oliolum  corpore m ínim o, 
hyalino, cylindrico-ovato , subtruncata  in utroque apice  
perfora to , antice crenulata, circulis octon is sa lien tibus” 
(L ength: 4.5 m m ). T he authors also em phasized the presence 
o f  a dorsal vessel (in fact the ventral endostyle), o f  the heart 

j and o f  a gili com posed  o f two sheets. The eight salient rings 
I rep resen t e igh t m uscle hoops and expose the blastozooid . 

T he descrip tion  o f the anim al is correct, and genus and spe­
cies (now  nam ed D olio lum  denticu la tum  QUOY & GAIMARD 
1835 after HUXLEY 1851b) are still accepted  (F ig .la ) . From  

j A m boina roads QUOY & GAIMARD nam ed D olio lum  
I cauda tum  (“barrile t à queue”) a second species “D olio lu m , 

corpore cylindrico, elongato, octonis circulis cincto, po stice  
caudato, oribus term inalis, length  18-22.5 m m ” cy lindrical, 
e longated , 4 to 5 tim es longer than the o ther species, bearing  
e igh t c irc les (m uscles ?) and a tail (1835, p i.89, fig. 29-30). 

j A fter scru ten ing  the draw ings and correction  o f  the o rien ta ­
tion o f  the body (F ig .lb ) , that do lio lid  seem s to be an 
oozoo id  deprived  o f  its v iscera  = nurse (the “ventral ta il” be­
ing the dorsal spur); one m ay suggest that it belongs to  the 
genus D olio letta . Q u o y  &  G a im a r d  ( lo c .c it.) also stressed  
the re la tionsh ips betw een  D olio lum  and salps.
D escrip tions o f  the do lio lid  anatom y and o f  the life cycle 
w ere initiated  by H u x l e y  (185 lb )  and especially  by K r o h n  
(1852) w ho gave the first co rrec t position  o f  the body o f  the 
an im als and recogn ized  their re la tionsh ips w ith the 
A scid iacea. He also  observed  both the tailed larva and the 
gonozoo id  o f  D olio lum  den ticu la tum  and the oozoo id  and 
the gonozoo id  o f  a new  species nam ed D olio lum  m uelleri.



192 JEAN E.A. GODEAUX

Fig. 1. a. blastozooid of  Doliolum (lenticulum (now D.
denticulatum) after QUOY & GAIMARD 1835. b. Doliolum 
caudatum (nurse of  Dolioletta sp?, after QUOY &
G aimard  1835).

K r o h n  c o n c lu d e d  in  f a v o r  o f  a  s im p le  a l te rn a t io n  o f  g e n e r a ­
tions (m e tag en e s is )  as a l re a d y  k n o w n  in sa lps.
F u rth e r  re se a rch e s  by G e g e n b a u r  (1855), KEFERSTEIN &  
E h l e r s  (1861), G r o b b e n  (1882), U l j a n i n  (1884) and  
NEUMANN (1906, 1913) p ro g re s s iv e ly  c lea re d  up  the c o m ­
p lex ity  o f  the life c y c le  o f  the  d o l io lu m :  the  s te r i le  o o z o o id  
buds  th a n k s  to  its v en tra l  s to lon  th ree  su c ce ss iv e  g e n e ra t io n s  
o f  b la s to z o o id s ,  n a m e ly  th e  s te r i le  t ro p h o z o o id s  (= g as tro -

Fig. 2. Doliolina muelleri, a: oozooid, b: gonozooid.

zooids) and phorozooids, and the herm aphroditic  sexual 
gonozooids; the dorsal spur (cadophore) o f  the oozooid  is 
ju s t an organ carry ing  on the developing  buds. ULJANIN 
(1884) and NEUMANN (1906, 1913) also proved that the 
gonozoo ids are not budded by the phorozoo ids but that they 
rep resen t a th ird  generation  o f  buds resu lting  o f  the strobili- 
zation o f  a probud issued from  the stolon o f  the oozooid  and 
carried  by the phorozooids. T he phorozooid  and gonozooid  
are fully sim ilar as the sole d ifference is e ither the absence or 
the p resence  o f  the gonads. T he sam e authors d iv ided  the ge­
nus D olio lum  in to  tw o subgenera, D olio lum  and  D olioletta . 
T herefo re  the life cycle o f  a dolio lum  is especially  com pli­
cated as the sam e species is represen ted  by six successive 
stages: tadpole  or larva (L), fu ilgrow n oozooid  (O oz), degen ­
erated  (ev iscera ted ) oozooid  or nurse (N, Fig. 2 a), all three 
issued from  the egg, and three b lastozooids: trophozoo id  or 
gastrozoo id  (TZ), phorozooid  (PZ) and gonozooid  (G Z , 
Fig .2 b). T hat cycle has ju s t been described  in three species, 
especia lly  thanks to rearing o f  eggs and larvae ( B r a c o n n o t  
1970 a,b). M oreover the oozooids and nurses o f  the different 
species o f  a genus are so sim ilar that they canno t be separated 
(cryptic species as suggested  by GODEAUX 1961). The cur­
ren t system atics (GARSTANG 1933) is based on the anatom i­
cal s truc tu re  o f  the phorozoo ids and gonozoo ids and recog ­
nizes fou r gen era  and som e tw en ty  species.
B eside o f  the D olio lidae, several do lio lum -like  types have 
been p rog ressively  d iscovered  and described.
In 1835, R a t h k e ,  after papers left by ESCHSCHOLTZ, nam ed

Fig. 3. Doliopsis sp.: gonozooid (after B a r r o i s  1885, modified).

A n ch in ia  savig n ia n a  a second  type o f  D olio lid  d iscovered  in 
the northern  A tlan tic  O cean (48° N -16° W ). NEUMANN 
(1913b), a fter G e g e n b a u r ,  G r o b b e n  and U l j a n i n ,  consid ­
ered  th a t th is species does no t ex ist and is ju s t  a dolio lum  
nurse w ith  its dorsal spur. E ater on a m editerranean  species,
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considered as close  to A nch in ia , w as successively  nam ed 
D oliopsis rubescens  (VOGT, 1852, F ig .3) and A nch in ia  rubra  
( V o g t  1854, K o w a l e v s k y  &  B a r r o i s  1883, B a r r o i s  
1885). G r o b b e n  (1882) recogn ized  tw o species: A. 
savigniana  and A. rubra, w hile  KRÜGER (1939) called 
D oliopsis savign iana  spec im ens m ainly co llected  in the 
southern A tlan tic  O cean. N um erous specim ens m ainly 
caught in the B aham as seem  to belong to ano ther species, 
D oliopsis baham ensis  (GODEAUX, 1996). T he re la tionsh ip  
w ith D olio lum  has been early  on suggested  by H u x l e y  
(1851a), V o g t  (1852), G r o b b e n  (1882) and N e u m a n n  
(1913b). The life cycle  o f  these an im als rem ains p ractically  
unknow n (see below ). M etagenesis  is p robable, but only 
b lastozooids have been described  up to now.
In 1939. KRÜGER described  a th ird  type o f  dolio lid  species 
called D oliopso ides m eteori and  co llected  in the southern  
A tlantic O cean, m ostly  below  400m  depth . The barre l­
shaped body evokes tha t o f  the dolio lum . A no ther species, 
D oliopso ides horizon i has been  described  from  the eastern  
tropical Pacific O cean  by TOKIOKA &  BERNER (1958a.b). 
D oliopso ides a tlan ticum  GODEAUX 1996 is a th ird  species o f 
the sam e genus from  the north  w estern A tlan tic  O cean 
( G o d e a u x  1996, G o d e a u x  &  H a r b i s o n  in press). N oth ing  
is know n about the ir life cycle , a lthough m etagenesis seem s 
probable.
In 1996, GODEAUX created  the species P aradoliopsis  
harbisoni (GODEAUX &  HARBISON in press) after tw o m ature 
ind iv iduals and four dev e lo p in g  buds still undescribed  and 
caught at 740  m  d ep th  at tw o  d istan t stations o f  the no rth ­
w estern A tlan tic  O cean  (D ry T ortugas and B aham as). M eta­
genesis is p robable.

D iagnosis  

- A n a to m ic a l c h a r a c te r s  c o m m o n  to  th e  d if fe re n t ty p es  
o f  D olio lids

T he close  re la tionsh ip  betw een  the four types o f  D olio lids is 
founded on a series o f  anatom ical characters:
M arine, ho lop lank ton ic , so litary, m icrophagous anim als, o f­
ten o f a sm all size, som etim es locally  p igm ented. M ore or 
less e longated  body (spherica l to barrel-shaped), covered  by 
a hyaline, less adhering , and m ore or less locally  th ick  (de­
pending o f  the species) tun ic . B uccal and cloacal siphons lo­
cated at both ends o f  the m ain  axis, and generally  provided 
w ith flaps. C om plete  o r not, annular, parallel running  m uscle 
hoops. N ervous system  reduced  to a single dorsal ganglion  
(brain); neural g land  absen t in adult stage. B ody cavity  d i­
vided into a spacious an te rio r pharyngeal cavity  and a re­
duced poste rio r a trial cav ity  separated  by the transversal 
branchial sep tum ; th is sep tum  bearing  a sing le series (> 4) o f  
horizontal c ilia ted  gili slits on both  sides of the open ing  of 
the oesophagus; slits o r s tig m ata  correspond ing  to  a p rim i­
tive single p ro tostigm a. S im plified  endosty le  ( G o d e a u x  
1981 , C o m p e r e  &  G o d e a u x  1997) w ith tw o peripharyngeal 
ciliated  bands em erg ing  from  its an terio r end and fo rm ing  the 
dorsal v ibratile  organ. S im p lified  d igestive tube reduced  to 
an oesophagus, a g lobu lous stom achal pouch, an intestine 
and a py loric  g land; no d iffe ren tia ted  d igestive gland.

H erm aphroditism  of the gonozooids.

- D iffe re n tia tio n  o f the  fo u r  types

T he four types of D oliolids can be d istributed  into four fam i­
lies thanks to diverse characters: length o f the endostyle, 
shape o f the d igestive tube, num ber (5, 8 or 9) and d isposi­
tion o f  the m uscle hoops, position o f the vibratile organ with 
regards to brain and M III, shape o f the branchial septum , 
num ber o f gili slits, position o f the gonads, shape o f the testis 
(in gonozooid), presence o f pigm ented areas.

S u b d iv is io n s  o f the  O r d e r  D olio lida (C y c lo m y aria )

A ccord ing  to these different characters, a division o f  the or­
der D olio lida in tw o suborders and four fam ilies is proposed:

S uborder D olio lid ina w ith tw o fam ilies:

a) D olio lidae w ith four genera and about tw enty species.

b) D oliopsoididae w ith one genus and three species.

T he com m on characters are: barrel-shaped body, siphons at 
both  ends o f the m ain axis, th inness o f  the tunic, num ber of 
the m uscle  hoops (9 in oozooid and nurse, 8 in phorozooid  
and gonozooid), sim ilar d isposition  o f the organs, vibratile 
organ in fro n t  o f  brain and m uscle III in b lastozooids, testis 
on the left side o f the anim al.

Suborder D oliopsid ina w ith two fam ilies:

a) D oliopsidae w ith  one genus and tw o species.

b) P aradoliopsidae w ith one genus and one species.

T he com m on characters are: m ore g lobulous shape o f the 
body, siphons at both ends o f the m ain axis, thickness o f  the 
tunic (at least locally), five m uscle hoops, sigm oid incom ­
plete lateral m uscles III in sym m etrical elem ents, v ibratile  
organ beh ind  brain and m uscle III, U -shaped  d igestive tube, 
gonads close to the digestive tube, locally  red, yellow  or 
w hite  p igm entations. O nly blastozooids are know n.

D e sc rip tio n  o f  th e  fo u r  ty p es a n d  o f th e i r  life cycle 

a )  S u b o r d e r  D o l i o l id i n a

a) T he type D olio lum  is by far the best know n. The 
em bryo log ica l developm ent o f  the m ost com m on species has 
been described  by ULJANIN (1884), N e u m a n n  (1906, 
1913d), G o d e a u x  (1957-1958), and B r a c o n n o t  (1964, 
1968, 1970, 1971, 1974, 1977). The b lastogenesis has been 
m ain ly  investigated  by N e u m a n n  (1906, 1935b).
- T he egg  is sm all-sized  and loaded  w ith little  yolk. T he seg ­
m en ta tion  is reg u la r and sim ilar to that o f  an o ligo lec ith ic  
ascid ian  egg. It seem s possib le  that the sam e p resum ptive  ar­
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eas are present. T he developm ent (D olio lina  m uelleri, 
D oliolum  den ticu la tu m ) leads to an ascidian-Iike tadpole; the 
body is com posed  o f  an an terior trunk (cephalen teron) and  a 
posterio r sim plified  tail devoid  o f nervous and d igestive  an- 
lagen. B oth parts o f  the body are preblastoporal ( B r i e n  
1948). D ifferent organs will progressively  develop  inside the 
cephalen teron: nervous system , digestive apparatus, heart, 
m uscles, perib ranchial invaginations eventually  fused into a 
m edian atrial cavity, branchial septum . T he tail is a larval 
transient locom otive organ w hich d isappears during  m eta­
m orphosis, its sole organs being the axial chord (a file o f  
som e 40 sw ollen  cells), and tw o lateral striated  m uscle  layers 
bordered w ith m itochondria . Even these tissues rem ain  em ­
bryonic in the tadpole  o f  D olio letta  gegenbauri (anuran 
larva). T he larvae are free in a fo llicu lar envelop  (either fu si­
form  in D olio lum  m uelleri, D olio lum  na tiona lis  and 
D oliolum  den ticu la tum , or spherical in D olio letta  g eg en ­
bauri).

- T he pelag ic  stage appears soon (after tw o days at 18° C in 
D olio letta  gegenbauri, B r a c o n n o t ,  1970b). The body p ro ­
gressively  sw ells and its ep ithelia  flatten. T he ec tob last be­
com es an ep ithe lium  covered  by a thin and easily  rem oved 
tunic. T he tubu lar nervous anlage develops a dorsal 
ganglionary  c lu ster o f  cells, the fu ture brain, w hile its ventral 
part and the an terio r part o f  the m edu llar tube respective ly  
becom e the so-called  sub-gang lionary  neural gland and its 
canal open ing  into the pharyngeal cavity  th rough  a ciliary  
funnel. On the left side and in front o f  M III appears an ec to ­
derm al and m ore or less c losed  vesicle: the statocyst. T he 
pharyngeal cavity  g row s hollow  in the cephalen teron , w hile 
above the tail tw o dorsa l ectoderm al invaginations dive into 
the em bryo  and even tually  fuse into the atrial cavity, the 
atrial siphon resu lting  o f  the fusion o f  the tw o p rim itive  aper­
tures. S im ultaneously  the tail is p rogressively  pushed d o w n ­
w ards, slow ly shortens, and becom es an in ternal c lu ste r o f  
cells before com plete  d isappearance . N ine m uscle  hoops d e ­
velop from  m esoderm al anlagen, sliding betw een  ectoderm  
and endoderm . M I and M IX becom e the buccal and atrial 
sph incters. M I to  M IV are in front o f  the brain and responds 
to the m uscles o f  an ascid ian  buccal sphincter. S im ilarly  M 
VII to M IX respond to the m uscles o f  an ascid ian  atrial 
sphincter. M V II is dorsa lly  open and its free ends turn b ack ­
w ards to a dorsal ec to -m esoderm al spur w hich appears and 
ex tends above the atrial siphon; la ter on the spur w ill carry  
the buds o f trophozoo ids and phorozooids. The branchial 
sep tum  resu lts from  uniting o f  the pharyngeal and o f  the 
atrial transversal w alls; a series o f  four horizontal gili slits 
opens on bo th  sides o f  the oesophageal opening. T he 
endosty le responds to  the low er part o f  the em bryonary  p h a­
ryngeal cavity. The d igestive  tube is located  in a reduced  ab ­
dom en and is o f  a variab le  shape accord ing  to the genus; it is 
com posed  o f  an oesophagus, a stom achal pouch and an in tes­
tine; a py loric  g land is a lw ays present. The card ioperi- 
cardium  and stolon w ith  its am oeboid  phorocytes are located  
below  the endosty le  m idw ay o f M V and M VI.
- T he developed  oozooid  escapes from  its fo llicu lar envelope 
and sw im s. Its free life is short as it soon degenera tes into a 
nurse deprived  o f  endosty le , b ranchial septum  and d igestive 
tube. Just rem ain  the brain, sta tocyst. card iopericard ium  and

actively  budd ing  stolon. Buds are carried  on by the 
phorocy tes to the spur. T his d isp lays tw o lateral series o f  de­
velop ing  trophozoo ids and tw o m edian  series o f  developing 
phorozooids.
T he system atics o f  nurses is founded  on the w id th  o f  the 
m uscle hoops, on the presence or absence o f  the statocyst. 
M ost o f  them  are still unknow n.
- The developm ent o f  buds has been follow ed by N e u m a n n ,  
m ainly  on D olio lum  denticulatum . T he  structure  o f  the stolon 
w hich appears early, is especially  com plex  (rosette  organ): 
tw o processes from  the pharynx  ( -  ep icard ia), tw o from  the 
atrial w all, and tw o from  the m esob last and card iopericar­
d ium  con tribu te  to its structure. T he bud is protected  by an 
ectoderm al sheet.
- T he trophozoo ids (T Z ) represent the first generation  o f 
b lastozoo ids. T heir anatom y is highly sim plified . T he body is 
spoon-shaped  w ith asym m etrical gili slits series and m uscles 
accord ing  to the position  o f  the bud on the spur o f  the nurse 
( G r o b b e n  1882). B elow  the endosty le  stands the fixation 
stalk  p rov ided  w ith a d istal sole; it is supposed  that fu llgrow n 
trophozoo ids feed the gut deprived  nurse.
A broad, very h igh and sph incter-devo id  buccal siphon opens 
in the spacious pharyngeal cavity. T he endosty le  occupies 
the ventral w all. A  m ore or less high num ber o f  gili slits are 
v isib le on the h inder wall, slits d irectly  opening  to outside as 
the atrial cavity  d isappears during  developm ent (GROBBEN 
1882, GODEAUX 1957-1958).The brain is located above the 
buccal siphon; five nerves radiate. T he m uscles are reduced 
to tw o groups, a dorsal one lim ited to three arches running 
dow nw ards, a ventral one com prising  the tw o m uscles o f  the 
stalk  and a transversal m uscle  running  below  the pharyngeal 
cavity.
T he system atics o f  the few  identified  trophozoo ids is 
founded  on the re lative positions o f  the oesophageal funnel 
and anal aperture, the num ber o f  gili slits, the position  o f  the 
rear end  o f  the endosty le , the position  o f  the an terio r m uscle 
o f  the sta lk  ( G o d e a u x  1998b).
- T he phorozoo ids are the  second generation  o f b lastozooids. 
T he p horozoo id  is barrel-shaped  and sim ilar to  the oozooid, 
but w ith only 8 com plete  m uscle hoops and no dorsal spur, 
sto lon  and  sta tocyst. T he fixation  ventral stalk  bears the de­
velop ing  gonozoo ids.
L eng th  o f  the endosty le , shape o f  the branchial septum , 
num ber o f  b ranchial slits (> 5), shape o f  the d igestive  tube 
are  sy stem atic  characters used for iden tification  o f  som e 20 
species ( G a r s t a n g  1933, G o d e a u x  1998a,b).
- T he gonozoo ids are the third generation  o f  b lastozooids. 
T h e ir anatom y is quite  sim ilar to  that o f  the phorozoo ids of 
the sam e species. T he position , shape and length o f  the testis 
on the left side o f  the anim al, position  o f  the ovary  are im por­
tan t c lassifica tion  characters.
T he pho ro zo o id  is p robab ly  an abortive gonozoo id  as a c lu s­
ter o f  cells is v isib le  in young specim ens at the  level o f  the 
genita l an lage  o f  the gonozooid . M o reo v er gonophorozoo ids 
have been described  in D olio lum  n a tiona lis  (BRACONNOT &  
C a s a n o v a  1967. B r a c o n n o t  1967, 1974, 1977).
T he m ean  length  o f  the en tire  life  cycle  o f  a D olio lum  is e s ti­
m ated  20.5  days in D olioletta_gegenbauri (PAFFENHOFER &  
G i b s o n  1980). G row th  o f  the d ifferen t stages is very fast; a 
p ho rozoo id  (>5 m m ) can liberate 10 gonozoo ids a day during
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8 to 18 days ,  w h a t  e x p la in s  the  s u d d e n  b u rs ts  o f  D o l io lu m  at 
d e te rm in e d  p e r io d s  o f  the  y e a r  (BRACONNOT 1995).

b) The genus D o liopso ides  is know n since 1939 (K rüG E R ).  
The individual is barre l-shaped  and sim ilar to the phorozooid  
and gonozooid  o f  a do lio lum  bu t its 8 m uscles are arranged  in 
a d ifferent pattern  (Fig. 12). T he tunic and ectoderm  are thin; 
the siphons are loca ted  at bo th  ends o f  the m ain  axis, w ith M 
1 and M V III as sph incters. T he brain  is dorsal and in front o f 
M III. M  I to M IV are com plete  hoops w hile M  V and M VI 
open dorsally  w ith  th e ir free ex trem ities fusing  into lateral 
archs, a configura tion  charac teristic  o f  the genus. M VI m ay 
be either com p le te  o r no t ventrally . M  V II is open ventrally  
and its b ranches cross those  o f  M  V I before  ending  in a ven­
tral stalk  (a sing le  case  know n). A  thin sub-endosty lar m uscle 
jo ins e ither M II - M III, e ith er M III - M IV, and a thin lateral 
sigm oid m uscle  b inds M  IV  and  M  V  on both  sides. The v i­
bratile organ lies in fron t o f  the  brain  and behind M  II. T he 
branchial sep tum  is transversa l, arched, w ith num erous gili 
slits. The d igestive  tube  is U -shaped , and above the gonads. 
The possib le  p resence  o f  p ig m en t is unknow n.
N othing is know n abou t the  life  cycle. A  single phorozooid  
described by TOKIOKA &  BERNER (1958  b) pleads for a pos­
sible m etagenesis w ith  th ree  stages at least (O oz, PZ and 
GZ).
The system atics o f  genus D o lio p so id es  is founded  on the po­
sition o f  the m uscles, the  n um ber o f  gili slits and the form  o f 
the gonads.

(i) S u b o r d e r  D o l i o p s i d i n a

a) The th ird  genus is know n since VOGT’s descrip tions o f 
D oliopsis rubescens  (1852). T h e  ind iv idual is g lobulous, as 
high as long. T h e  tun ic  is locally  th ick  but easily  rem oved. 
The ectoderm  is a B attened ep ithe lium . The siphons open at 
both ends o f  the ho rizon ta l ax is (F ig. 13).
The anim al is p rov ided  w ith  five m uscles. M  I and M V  are 
the siphons sph incters. M  II is com plete  and close to M 1. M 
III is incom plete , short, s igm oid , lim ited  to the flanks o f the 
anim al. M  IV form s a com p le te  ring  at the level o f  the atrial 
cavity.
The spacious pharyngeal cav ity  is separated  from  the atrial 
cavity by the transversa l b ranch ia l septum , p ierced  by tw o 
series o f  num erous gili s lits .T he endosty le  lies on the ventral 
side. The peripharyngeal c ilia ted  bands run behind M II and 
unit into the v ib ra tile  organ  located  far beh ind  the brain, oc­
cupying the top  o f  the body. V iscera  are concen tra ted  in the 
rear o f  the body. T he d ig estiv e  tube is U -shaped  w ith the 
herm aphroditic  gonads v isib le  below  it. A  sto lon is alw ays 
m issing.
Red or ye llow -red  p ig m en ted  areas have been observed  in 
living specim ens, w ith  position  d iffering  accord ing  to the 
species. T he fixa tion  stalk  is re trac ted  into a tunical tube in 
fu llgrow n specim ens.
The life cycle  is com plex  and  seem s traced from  that o f  the

D olio lum .T he oozooid rem ains unknow n; it m ust produce a 
long w hitish lace bearing three kinds o f  blastozooids, the two 
first sterile  (= trophozooid  and phorozooid?) and the last one 
herm aphroditic . T heir developm ents w ere studied by K o w a -  
l e v s k y  &  B a r r o i s  (1883), B a r r o i s  (1885) and 
K o r o t n e f f  (1883, 1884).
The system atics o f  genus D oliopsis  is founded on the p ig­
m entation  and diverse anatom ical characters as position and 
shape o f  the gonads, num ber o f  gili slits, presence of 
oesophageal w horls.

b) T he fourth genus is Paradoliopsis  w ith  a single species 
P aradoliopsis harbisoni GODEAUX 1996 observed up to now 
(Fig. 14). Its rectangular body is longer than higher w ith the 
siphons at both ends o f the m ain axis. The relatively thick 
(especially  above the buccal siphon) tunic adheres loosely to 
the thin ectoderm . Five m uscles are visible. M I is the sphinc­
ter o f  the buccal siphon. It is follow ed by a 500 m m -long 
vestibu le lim ited in the rear by M II. This m uscle also form s a 
com plete  ring. M uscles III are long, sigm oid, and extend 
from  behind the dorsal brain (free ends not fusing, but over­
lapping) tow ards the m iddle part o f  the endostyle before 
fo rm ing  a loop ending behind the branchial septum .The pha­
ryngeal epithelium  is fo lded along these m uscles, creating a 
kind o f in ternal crest. The role o f  these folds rem ains unclear 
but possib ly  they provide support for the walls o f  the spa­
cious pharyngeal cavity. M  IV stays at the level o f the atrial 
cavity ; it is open ventrally  ju s t before a ventro-posterior stalk 
carry ing  a developing  bud. M V form s the sphincter o f  the 
atrial siphon.
T he long ventral endosty le bears tw o an terior roughly rec tan ­
gular clusters o f  w hite p igm ented  cells; a w hitish cloud is 
also  p resen t below  the organ. T he peripharyngeal ciliated  
bands pass behind M II, then on the righ t o f the brain and unit 
b eh ind  M  III into the vibratile organ located  in front o f  the 
branchial septum  and on the right side  o f  the anim al, a posi­
tion never observed  till now  in D oliolida.
T he branchial septum  bears tw o series o f  horizontal gili slits, 
d iv ided  into dorsal and ventral parts. The U -shaped  d igestive 
tube is sligthly inclined forw ards.T he testis com prises four 
caeca, tw o running  along the descending  intestine, tw o d i­
rected  dow nw ards. The ovary is close  to the genital pore. 
Buds are visible on the ventral stalk , but a stolon canno t be 
observed. The anim al is thus a kind o f  gonophorozooid .

DlCHOTOMOUS KEYS OE THE CYCLOMYARIA

T he d ifferen t species, particu larly  the D olio lidae, w ill be 
considered  under the successive stages o f  their life cycle.

Just a few  larvae o f  D olio lidae have been identified  up to 
now. In every  genus, larvae are possib ly  identical as it is the 
case for the oozoo ids and nurses, and therefo re  could  not be 
separa ted  (cryptic species), excep t w ith rearing  from  the egg 

I or a possib le  genetic  analysis.
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1 - la rva  free  in its fo l l icu la r  e n v e lo p e ,  b o d y  c o m p o s e d  o f  a d en se  trunk  and  a t a i l ........................................................................  2

- ba r re l- sh a p ed  ind iv idua l ,  c o m p le te ly  d ev e lo p e d ,  free  sw im m in g ,  an  o p e n  s ip h o n  at bo th  ex t rem it ies ,  no  t a i l ..........  4

- sp o o n -sh a p e d  ind iv idua l ,  t ied  on the d o rsa l  spu r  o f  a b a r re l - sh a p e d  an im a l ,  bucca l  s ip h o n  w id e ly  o p e n . t ro p h o zo o id
(A 2) 13

D o lio l id ae

L arvae

2 - e longa ted ,  m o b i le  la rva ,  w ith  a w ell d if fe ren t ia te d  ac t iv e  tail, fu s ifo rm  fo l l ic u la r  e n v e lo p e ,  a n te r io r  r o s t r u m .........  3

- la rva  w ith  a d e n s e  body, u n d if fe re n t ia te d  tail, sphe r ica l  fo ll icu la r  e n v e lo p e ,  no  r o s t r u m   g. D olioletta
D olio letta  gegenbauri (F ig .4 a ,b )

3 - la rva  w ith  the  t ru n k  se p a ra te d  from  the tail by  a h y a l in e  ves ic le  (x)....................................................................................  g. D oliolina
D olio lina  m uelleri (F ig .4 c,d)

- no  ca u d a l  h y a l in e  v e s i c l e .........................................................................................................................................................................  g. D oliolum
D olio lum  den ticu la tum  (F ig .4  e,f) 

D olio lum  na tiona lis  (xx)

Rem.: (x) Possib ly  the larva o f D olio lo ides rarum  (F ig .4 g) could  also be prov ided  w ith a caudal vesic le  (ULJANIN 1884, p i.5, 
f ig .l) . (xx) Larvae o f these tw o species are identical (BRACONNOT 1974. 1977).

S u b o r d e r s  a n d  F a m i l i e s

4 - barrel-shaped  ind iv idual, body longer than higher, 9 (M  I to M IX) or 8 (M I to M V III) m uscle
hoops, com plete o r open, v iscera  presen t o r not, v ibratile  organ in fr o n t  o f the b r a in ....................................  s/o D olio lid ina 5

- globulous ind iv idual, body as h igh as long, 5 (M  I to  M  V ) m uscles, M  III incom plete
and S-shaped, the o ther m uscles annular, v iscera  a lw ays present, v ib ra tile  organ b eh ind  the b r a in   s/o D oliopsid ina 6

5 - individual p rov ided  w ith  9 m uscles, V II open dorsally  w ith free ends cu rved  backw ards to the
posterior p rocessus (spur) carry ing  buds, brain in fro n t  o f  M V, v iscera  p resen t or m is s in g ......................................  D olio lidae

(AÍ) 7
(oozooids and nurses)

- individual p rovided  w ith 8 com plete  and parallel m uscle hoops, no dorsal spur, v iscera  alw ays
present, brain in fr o n t  o f M IV, no s ta to c y s t ..................................................................................................................................  D olio lidae

(A3) 16
(phoro = and gonozooids)

- individual p rovided  w ith 8 m uscle  hoops, som e incom plete  or fused, v iscera  alw ays present,
brain in fr o n t  o f  M  I I I ..................................................................................................................................................D oliopso id idae

(B) 27

6 - individual w ith body as h igh as long, M III short, S -shaped , no buccal vestibu le , v ibra tile  organ apical,
beh ind  the b r a in ....................................................................................................................................................................................  D oliopsidae

(C) 29

- individual longer than higher, M 111 S-shaped, long, open dorsally , buccal vestibu le present, tw o 
clusters o f  w hite p igm ented  cells at the an terio r end o f endosty le , v ibra tile  organ located on
the right side  and b eh in d  the b r a in ....................................................................................................................... Paradoliopsidae

(D) 32
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en mes

Fig. 4. a. anouran larva o f  Dolioletta gegenbauri (after GODEAUX 1957-58; scale bar 100 pm). b. metamorphosed larva of Dolioletta 
gegenbauri still inside its envelope (after N e u m a n n  1906; scale bar 500 pm) c. larva of Doliolina muelleri (late neurula, after 
GODEAUX 1957-58; scale bar 100 pm), d. metamorphosing larva o í Doliolina muelleri (after G o d e a u x  1957-58; scale bar 
100 pm), e. larva o f  Doliolum denticulatum  (neurula after N e u m a n n  1906; scale bar 300 pm), f. metamorphosing larva of 
Doliolum denticulatum  (after N e u m a n n  1906; scale bar 300 pm), g. metamorphosing larva of Dolioloides rarum (after ULJANIN 
1884 ; size unknown).
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a )  S u b o r d e r  D o l i o l id i n a

The d ifferen t stages w ill be successively  considered

A) F a m il y  D o l io l id a e

O ozooid  and nurses

7 - barrel-shaped  individual bearing 9 m uscle  hoops, M V II dorsally  open, free ends curved backw ards 
to the dorsal spur, first buds present, v iscera alw ays presen t, gonads alw ays m issing, a ventral
sto lon, a series o f  4 gili slits on each side o f  the o e s o p h a g u s  fu llgrow n oozooids 8

- barrel-shaped  individual bearing 9 m uscle hoops, M  V II open dorsally , free ends curved backw ards,
dorsal spur w ith num erous buds, gili slits, v iscera  and gonads alw ays absent, a ventral s to lo n ....................................nurses 11

8 - s tra igh t d igestive t u b e .......................................................................................................................................................................................... 9

- U -shaped  d igestive tube, long endosty le  ex tend ing  from  m idw ay betw een  M III
and M  IV to M V .................................................................................................................................................................................... g. D oliolina

x) R e m .: T h e  o o z o o id s  o f  the o th e r  sp e c ie s  o f  th e  g en u s  h a v e  n o t ye t b ee n  id e n tif ied .
The fo rm er genus D olio lina  GARSTANG 1933 is now  d iv ided  in tw o subgenera: a) subgenus D olio lina  (BORGERT 1894) nurses 

o f  w hich are provided w ith 9 m uscle hoops separated  by narrow  in terspaces and b) subgenus D olio linetta , c lose to the 
p reced ing  one, but w ith nurses provided w ith  slender m uscle  hoops separated  by 10 tim es w ider in terspaces (GODEAUX 
1998c). The subgenus D olio lina  com prises the species D olio lina  m uelleri, D. krohni and possib ly  D. sigm oides. T he spe­
cies D olio lina  undu la ta  and D. obscura, only know n as gonozoo ids, belong  to the sam e subgenus. S ubgenus D olio linetta  
com prises the species D olio linetta  indica, D. in ten n ed ia  and D. resistibilis. Species D olio linetta  separata , only know n as 
gonozoo id , belongs to the sam e subgenus (GODEAUX 1998c ). A ll the b lastozooids d isp lay  a U -shaped  (som etim e V- 
shaped) d igestive tube as D olio lina  m uelleri. GARSTANG considers this type o f gut as prim itive; it is in fact s im ilar to the gut 
o f  the ascid ians and o f  a lot o f  sessile anim als. It is possib ly  the rem ain  o f  a fo rm er sessile life o f  the do lio lum  ancestors.

9 - long oesophagus, concav ity  upw ards, stom achal pouch  in front o f  M  V II. endosty le  M II close
to M V, slender m u s c le s .......................................................................................................................................  D olio lo ides rarum  (F ig.5b)

- oesophagus concavity  dow nw ards, stom achal pouchpouch  at the level o f  M V I .......................................................................... 10

10 - endosty le  ex tend ing  from  M II to M V ......................................................................................................................................  g. D oliolum

D olio lina  m uelleri (F ig .5a)x

D olio lum  den ticu la tum  (F ig.5c) 
D olio lum  nationalis

- endosty le  ex tend ing  from  M  III to M  IV ...................................  g. D olioletta
D olio letta  geg en b a u ri (Fig. 5d)

11 - w ide m uscles w ith narrow  interspaces 12

- M II to M  V III fused in a con tinuous sheet (cu irass), sta tocyst below  M III ...................................... g. D oliolum
D olio lum  d en ticu la tum  ( F ig .6a)

12 - M III w ider or at least equal to M IV, not con trac ted  appearance , sta tocyst alw ays presen t 
in fron t o f  M  I I I .....................................................   g. D olioletta

D olio le tta  geg en b a u ri (Fig. 6b)

M IV w ider than M III. sta tocyst m issing, con trac ted  appearance, sm all size .........................  s.g. D olio lina
D olio lina  m uelleri (F ig.6c)

- all m uscles very narrow , w ide in terspaces ...............................  s.g. D olio linetta
D o lio line tta  in term ed ia  (F ig .6d)
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b
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i, ■ /0f,or mnPÁiTY 1Q57-58- scale bar 100 um), b. oozooid of Dolioloides rarum (after NEUMANN 
Fig 5 a. oozooid o f  Doliolina muelleri (after G o d e a u x  19- . i n  ,■ n i ; ? -  c m i p  har 250 um) d oozooid of

1906; scale bar 500 um)- c. oozooid of Doliolum species (D. denticula,um  and D. nationalis, scale bar 250 pm). d.
Dolioletta gegenbauri (scale bar 250 pm).

b
Fig. 6.

* ■  ZZ2 Do'uJZÍ Í S t S 1 Ä ™  in press; Ä

bar 500 pm).
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Fig. 7. a. trophozooid of Doliolinetta intennedia  (after GODEAUX & H a r b i s o n  in press; scale bar 250 pm). b. trophozooid of Doliolina 
muelleri (after BRACONNOT 1970b; scale bar 350 pm). c. trophozooid of  Doliolum denticulatum  (after GODEAUX 1998; scale bar 
1 mm), d. trophozooid of Dolioletta gegenbauri (after BRACONNOT 1970b; scale bar 1 mm).

A 2
T rop h ozooid s: all are sim ilar w ith  the possib ility  o f  a sing le  form  for each  genus or subgenus.

13 - spoon-shaped  ind iv idual, spacious pharyngeal cavity, atrial cavity  a lw ays m issing , U -shaped  
d igestive tube, thin m uscles in tw o dorsal and ventral separa ted  groups, a ventral fixation  stalk,
endosty le  ending  in fron t o f  the stom achal p o u c h .......................................................................................................................................  14

- sim ilar ind iv idual, endosty le  ending  at the level o f  the in testinal loop, anal
aperture  above the pharyngeal o p e n in g ...........................................................................................................................................................  15

14 - num erous gili slits, anal apertu re  above the oesophageal o p e n in g ......................................... D olio linetta  in term edia  (F ig.7a)

- gili slits less num erous (up to  10), anal aperture  below  the oesophageal o p e n in g   D olio lina  m uelleri (F ig .7b)

- 15 - 12 to 13 gili s lits ..................................................................................................................................  D olio lum  den ticu la tum  (F ig.7c)

- 20 to 50 gili slits, ven tral s ta lk  bearing  w in g s ................................................................................. D olio le tta  g egenbauri (F ig .7 d)
no w in g s  D olio le tta  m irabilis

A 3)
P h o ro z o o id s  a n d  go n o zo o id s

B arrel-shaped  an im als prov ided  w ith 8 com plete  parallel m uscle  hoops. P horozoo ids w ith a lot o f  develop ing  buds on their 
ventral stalk , gonozoo ids herm aphrod itic , testis a lw ays on the left side.

16 - U -shaped  or V -shaped d igestive  tube, sm all size, b ranchial sep tum  o f  variab le  shape,variab le  
num ber o f  gili slits (a lw ays > 5). length  o f  endosty le  variab le , testis c lu b -sh ap ed  o r ex tending
along the left side o f  the a n im a l .................................................................................................................................................. g. D olio lina  17

- e longated  d igestive  tube, oesophagus concav ity  upw ards, endosty le  M I I 1/4 to  c lo se  M V,
five gili slits, testis ex tend ing  bew een M II and M V I, ovary  under M V I ...................................... D olio lo ides rarum  (F ig .8a)
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BS

Fig. 8. a. gonozooid o f  Dolioloides rarum (after G a r s t a n g  1933; scale bar 500 (am), b. phorozooid of  Doliolina muelleri (after
G r o b b e n  1882; scale bar 500 pm). c. gonozooid of Doliolina muelleri (after GROBBEN 1882; scale bar 500 pm). d. gonozooid of 
Doliolina krohni (after BORGERT 1894; scale bar 1 mm), e. gonozooid o f  Doliolina sigmoides (after NEUMANN 1906 ; scale bar 
1 mm), f. gonozooid o f  Doliolina undulata (after TOKIOKA & Berner  1958a; scale bar 1 mm), g. gonozooid of Doliolina obscura 
(after TOKIOKA & BERNER 1958b; scale bar 1 mm).
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- dextral archcd digestive tube, anus on the right side, endosty le  M II to M IV, brain in front
o f M IV. branchial septum  vertically  curved, testis ex tend ing  along the left side o f  the a n im a l .....................  g. D oliolum  20

- coiled digestive tube, variable length o f  endosty le , brain behind M III. b ranchial septum  extending
betw een M II and M IV. tubular testis o f  various s h a p e s ............................................................................................... g. D olioletta  21

17 - pear-shaped testis close  to the d igestive tube, ovary  in front o f  M V I .................................................................  s.g. D oliolina  IX

Rem.: TOKIOKA & BERNER (1958) proposed  to separate  the d iverse species o f  genus D olio lina  in D olio lina  perfec ta  and 
D oliolina im peifec ta  depending  w hether M VII is ven trally  com plete  or open. T heir d iv ision  does not coincide w ith our own 
proposal o f  d istinguish ing  tw o subgenera D olio lina  and D olio linetta  accord ing  to shape and d isposal o f the gonads.

- tubular testis ex tending  horizontally , ovary in front o f  M V I I ........................................................................... s.g. D olio linetta  19

18 - endosty le from  before M III to before M V, arched  branchial septum  behind M V ,
10 to 14 gili slits,
- gonads m issing, ventral stalk  w ith buds, p h o ro z o o id .........................................................................  D olio lina  m uelleri (F ig .8b)
- vertical club-shaped  testis, p ro trud ing  ventrally , ovary in fron t o f M  V I, g o n o z o o id .............. D olio lina  m uelleri (Fig.8c)

- endosty le  M II to M V, arched branchial sep tum  betw een  M V and M VI, 12 to 45 gili slits,
M VII com plete  ventrally, pear-shaped  testis, p ro trud ing  ventrally, ovary  in front o f  M V I   D olio lina  krohni (Fig.Sd)

- endosty le  M II to M V, S -shaped branchial sep tum  (M  V - M VI to M IV - M V), M VII 
com plete  ventrally, three pairs o f  ep iderm al ten tac le-like  processes, short horizontal testis,
from  M IV I/2 to M V II/2, ovary in front o f  M V I ...................................................................................  D olio lina  sigm oides  (Fig.8e)

- endosty le  M II to M V, S -shaped branch ia l sep tum  (M V - M VI - M V), 40 gili slits,
M  V II open ventrally, p igm ented  cells concealing  in testinal loop and gonads, g lobu lar
testis at the level o f  M V, ovary in front o f  M V I   D olio lina  obscura  (F ig .8 0

- endosty le M II to M V, V -shaped b ranchial sep tum  (M  1VI/2 - M VI - M V), 30 to 40 gili 
slits, M VII open ventrally, testis sausage-shaped , ob lique, betw een M V and M VI,
ovary in fron t o f  M  V I ........................................................................................................................................  D o lio lina  undula ta  (F ig.8g)

19 - endosty le M II to M V, b ranchial sep tum  ob lique  (M VI to M V), 5 gili slits, c lusters o f  b lack  

p igm ent around the gut, M  V II com plete  ventrally , tubu lar horizontal testis, sw ollen
at the level o f  M IV, ovary  in front o f  M V II ...............................................................................................  D olio line tta  indica  (Fig.9a)

- endosty le from  before M II to  before M V, incurved  b ranch ia l septum  (M IV - M VII - M V),
30 to 50 gili slits. M VII com plete  ventrally , tubu lar testis, sw ollen  at the level o f  M II.
ovary in front o f  M  V II................................................................................................................................. D olio line tta  in ten n ed ia  (Fig.9b)

- endosty le  M II I/2 to M IV 1/2, arched  branch ia l sep tum  (M  III- M V II/3), 30 to 40  gili slits,
M V II com plete ventrally, tubu lar testis sw ollen  at the level o f M III, ovary
in front o f M V I I .............................................................................................................................................  D olio line tta  resistib ilis  (Fig.9c)

- endosty le  M II to M V, ob lique b ranch ia l sep tum  (M VI to M V), 10 gili slits,
M VII open ventrally, tubular testis sw ollen  betw een  M II to M III, ovary
in front o f  M V I I ............................................................................................................................................... D o lio line tta  separa ta  (Fig.9d)

20 - endosty le  M II to M IV, brain in fron t o f  M IV, b ranch ia l septum  (M II - M VI - M III), 
num erous branchial slits (—> 100), long tubu lar testis, sw ollen  at the level o f  M II - M III,
and over, ovary behind  M V I, g o n o z o o id .....................................................................................  D olio lum  den ticu la tum  (F ig .lO a.c)

- endosty le  M II to M IV, brain in fron t o f  M IV. b ranchial septum  M II - M VI to in front
o f M V, ventral stalk  w ith buds, p h o ro z o o id ..........................................................................................  D olio lum  na tiona lis  (Fig. 10b)
- short tubular testis sw ollen  beh ind  M IV, ovary behind M VI, g o n o z o o id .............................D olio lum  na tiona lis  (Fig. lOd)

REM.: g o n o p h o ro z o o id s  o f  D. na tiona lis  w e re  o b se rv e d  by  BRACONNOT &  CASANOVA (1967) a n d  BRACONNOT (1974, 1977).
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+ O V

+ OV

Fig. 9. a. gonozooid o f  Doliolinetta indica (after GODEAUX 1998c; scale bar 500 |im). b gonozooid of Doliolinetta intermedia
(after N eum an n  1906; scale bar 150 jam), c. gonozooid of Doliolinetta resistibilis (after N eum ann  1913; scale bar 150 (im), 
d. gonozooid of Doliolinetta separata (after TOKIOKA & BERNER 1958b; scale bar 500 (im).

Fia. 10. a. aonozooid of  Doliolum denticulatum  (after NEUMANN 1906; scale bar 1 mm). b. phorozooid of Doliolum nationalis (scale bar 
250 um), c-d. schematic comparison of  the gonozooids o f  Doliolum denticulatum  (c) and D. nationalis (d).
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Fig. 11. a. gonozooid of Dolioletta gegenbauri (after ULJANIN 1884; scale bar 1 mm), b. gonozooid of Dolioletta tritonis (after R i t t e r  
1905; scale bar 1mm). c. gonozooid of Dolioletta valdiviae (after NEUMANN 1906; scale bar 500 pm). d. viscera of Dolioletta 
mirabilis (chuni) (after KOROTNEFF 1891).

21 - strongly arched branchial septum , not overlapp ing  M  V in the rear, up to 70 gili s l i t s ............................................................ 22

- strongly arched branchial septum  overlapp ing  M  V I in the rear, up to 70 gili s l i t s ...................................................................  23

22 - endosty le M II I/2 to M IV I/2 , branchial sep tum  (M  III - M V I - M V), tubu lar testis runn ing
obliquely, som etim es overlapp ing  M I I ...............................................................................................  D olio letta  gegenbauri (Fig. 1 la )

- endosty le M II3/4 to M IV 1/2 , branchial sep tum  (M  III -M V I - M IV I/2), tubu lar testis,
running  obliquely, som etim es overlapp ing  M I I ........................................................................................ D olio letta  triton is  (F ig .l ib )

23 - long endostyle M II I/5 to M V, branchial sep tum  (M  III - M  VI - M V), tubu lar testis
coiled  betw een M  IV and M VI around the gut, ovary  in front o f  M  V I I   D olio letta  va ld iviae  (Fig. I le )

- short endosty le M I I 4/5 to M IV I/2, M  VI thin or open  ventrally , b ranchial septum
(M  II -M  V I1/2- M  IV), tubu lar testis co iled  betw een  M IV and M V II on the left o f  the gut,
ovary in front o f  M V I I ................................................................................................................  D olio le tta  m irab ilis (chuni?)  (Fig. 1 Id)

D e s c r ip t io n  a n d  d is t r i b u t i o n  o f  t h e  s p e c ie s

A) F am ily  D olio lidae

(M a p s  w ith  the d is t r ib u t io n  o f  the  sp e c ie s  o f  th is  fam ily  w ere  
p u b l is h e d  by DEIBEL 1998).
Type spec ies :  D olio lum  den ticu la tum  ( Q u o y  &  G a i m a r d  
1835)

T h e  fam i ly  is ac tu a l ly  d iv id e d  in to  fo u r  g e n e ra  an d  tw o  
sub g e n e ra .

- G e n u s  D olio lo ides  GARSTANG 1933. A s ing le  species .

D olio lo ides raru m  (G R O B B E N  1882)

D olio lum  n.sp. GEGENBAUR, 1856, p .303-304, pi. 16, fig. 12 
et 13 ( o o z o o id  a c c o rd in g  to  U l j a n i n ) ,
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D oliolum  m uelleri (not K r o h n )  KEFERSTEIN & E h l e r s ,  
1861, p.65, pi.9, fig. 5-6 (gonozooid) and fig.7 (oozooid), 
D oliolum  rarum  GROBBEN 1882 n.sp., p. 265-267  (oozooid), 
pi. 18, fig .6 (gonozooid),
D oliolum  rarum  ULJANIN 1884, p. 130-132, fig. 10, pi.5, 
f ig . l  (ehrenbergii, larva), p i.8 , fig. 11-12 (g o n o zo o id ) ,  
D oliolum  rarum  BORGERT 1894, p. 14, 16 and  17, pi.6, 
fig. 14-15,
D oliolum  rarum  G r a e f f e  1905, p. 111-112,
D oliolum  rarum  NEUMANN 1906, p. 208-210, fig. 18 
(gonozooid - testis), pi. 14, fig .4  (oozooid),
D oliolum  rarum  SlGL 1912, p .4 8 9 - 4 9 0  (oozoo id ,  
g o n o zo o id ) ,  1913, p .2 7 7 -2 7 8 ,
D oliolum  rarum  NEUMANN 1913 a, p. 8 (g o n o zo o id ) ,  
D oliolum  (D olio lina ) rarum  NEUMANN 1913b, p.9, 12 and  
13, fig. 10 (oozoo id ) ,
D olio lo ides rarum  GARSTANG 1933, p. 201, fig. 1, p .210, 
fig .3 (gonozooid),
D oliolum  rarum  NEUMANN 1935, p .328, fig. 255 (oozoo id ) ,  
D oliolum  (D olio lina) rarum  H a r a n t  &  VERNIÈRES 1938, 
p.47,
D oliolina rarum  KRÜGER 1939, p. 136, m a p  82,
D oliolum  rarum  B r ie n  1948, p .790. fig. 255 (oozooid), 
D oliolo ides rarum  T r ÉGOUBOFF &  ROSE 1957, p. 566-567, 
pi. 203, f ig .l (oozooid),
D olio lo ides rarum  GODEAUX 1998 a, p. 280-282 , fig. 17, 6d 
(larva), 17,7 b (oozooid) 17,10 a (gonozooid).
D oliolo ides rarum  ESNAL & D a p o n t e  1999, p. 1416, fig. 
3.6, m a p .  2.

LARVA still u n k n o w n .  N e v e r th e le s s  an o ld  d e v e lo p e d  la rva  
sh o w in g  an  o o z o o id  body , n a m e d  D .ehrenberg i (— D olio lum  
denticu la tum ) b y  ULJANIN, c o u ld  be rea l ly  the  la rv a  o f  
D olio lo ides rarum  a c c o rd in g  to  the  s t re tch e d  d ig e s t iv e  tube ,  
w ith  a lo n g  o e s o p h a g u s  w i th  c o n c a v i ty  u p w a rd s ,  an u s  b e h in d  
M V III, e n d o s ty le  e x te n d in g  f ro m  M II to M V, and  w ith  the 
p re se n ce  o f  a c a u d a l  a m p u l la  (F ig .4g) .

OOZOOID fully developed ; w as observed  by NEUMANN 
(1913b) and  co rresponds to fig .3, p i.5 o f  ULJANIN. T hin tu­
nic, body very fragile , 12 Haps at both siphons, brain be­
tween M  IV  and M  V, very narrow  but p rogressively  w iden ­
ing m uscle  hoops, endosty le  ex tend ing  from  M  II close M  V, 
digestive tube stre tched  in the sagittal p lane, long oesopha­
gus w ith concav ity  upw ards, anus in  front o f  M  V III, dorsal 
spur. L eng th  —> 5 m m .

N u r s e  u n k n o w n .  A c c o rd in g  to G a r s t a n g  (1933 ,  p. 210),  
after GROBBEN (1 8 8 2 .  p. 265) ,  its v isc e ra  d o  n o t  c o m p le te ly  
d is a p p e a r  as  in  the  o th e r  spec ie s .

T r o p h o z o o i d  and p h o r o z o o i d  unknow n. M ost probably, 
phorozooid  s im ila r to gonozooid .

G o n o z o o i d  very fragile body, thin tunic, 10 tlaps at the buc­
cal siphon, brain betw een  M III and M IV, slender m uscles, 
endostyle ex tend ing  from  M II close to M V, branchial 
septum  behind M V, d igestive tube stretched in the sagittal 
plane, long oesophagus w ith  concavity  upw ards, anus below  
or behind M V II, horizontal tubu lar testis, sw ollen  as a club 
just beh ind  M II. ovary  under M V II. L ength  —> 3 m m .

D is t r ib u t io n : species recorded, alw ays in a small num ber 
o f specim ens, from M essina (GEGENBAUR 1856, 
K e f e r s t e in  &  E h l e r s  1861 , G r o b b e n  1882), from the Bay 
o f N aples (U l ja n in  1884, L o  B ia n c o  1904), from  A dria 
(GRAEFFE 1905, SlGL 1912), from  A tlantic and Indian 
O ceans (N e u m a n n  1906, 1913a, K r ü g e r  1939, E s n a l  &  
D a p o n t e  1999).
R ecent record com pletely m issing.

- G en u s  D oliolina  GARSTANG 1933.

C urrent characters: small individuals, U or S - shaped d iges­
tive tube,
D ifferential characters: shape o f testis and position o f  ovary.

- a )  Subgenus D oliolinetta  GODEAUX 1998. Four species

D olio lum  in d icu m  NEUMANN 1906,
D olio linetta  ind ica  (N e u m a n n  1906) see GODEAUX 1998c.

D oliolum  (D olio lina) indicum  N e u m a n n  1906, p. 220-221, 
p .227, p i.23, fig .7 (branchial septum ), pi. 24 , fig. 5, pi. 28, 
fig. 5 (gonozooid),
D oliolum  (D olio lina) indicum  N e u m a n n  1913b. p .13, 
D oliolum  (D olio lina) indicum  S e w e l l  1953, p.46-47, text- 
fig. 13 (young gonozooid, D olio le tta?),
D olio lina  indicum  GODEAUX 1979, p. 162 (oozooid, nurse, 
phorozooid , gonozooid),
D oliolina indica  G o d e a u x  1982 (1984), p. 185-186 (nurse, 
phorozooid , gonozooid),
D oliolina indicum  GODEAUX 1986, p. 195 (oozooid, 
phorozooid , gonozooid),
D olio lina  indicum  G o d e a u x  1998a, p. 282, fig. 17.1 Od 
(gonozooid),
D oliolinetta  indica  GODEAUX 1998c, fig. 2E.

L a r v a , o o z o o id  and t r o p h o z o o id  still unknow n.

NURSE: specim ens co llected  in the R ed Sea, deprived  o f  v is­
cera and characterized  by very slender m uscle hoops, sepa­
rated  by 10 tim es w ider interspaces, w ere attributed  to the 
species D olio linetta  indica  as phorozoo ids and gonozooids 
w ere also presen t (GODEAUX 1982).

P h o r o z o o id  and g o n o z o o id  sim ilar. Sm all and very fragile 
anim als, thin tunic lim ing foreign bodies, thin ectoderm , 
slender m uscles, brain behind M  III, endosty le  ex tending  
from  behind M II to M  V, U -shaped  d igestive  tube sur­
rounded  by clusters o f  b lack p igm ented  cells (especially  in 
the gonozooid), slighly arched  branchial septum , ob lique be­
tw een M  V  and M  VI, 5 gili slits. In phorozooid , a thin and 
long postero-ventral stalk; in gonozooid , a horizontal testis 
sw ollen  at the level o f M IV, ovary in fron t o f M  VII.
L eng th  > 1 m m .

DISTRIBUTION: tropical Indian O cean, G u lf o f A den. Red 
Sea, G u lf o f ‘A qaba, A rabian  Sea (N e u m a n n  1906, S e w e l l  
1953, G o d e a u x  1979, 1982, 1986, 1987, 1989a,b), but un­
know n from the A rabian G u lf (GODEAUX 1987 and u n pub­
lished ).
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/fo lio lu m  in term edium  NEUMANN 1906
D olio linetta  in term edia  (NEUMANN 1 90 6)  s e e  GODEAUX

1 9 9 8 a .c .

Doliolum  sp  BORGERT 1 894 .  p  17, fig. 16.
D oliolum  sp  BORGERT 1 90 1 .  p. 2. f ig .  2  ( g o n o z o o i d ) .  
D oliolum  sp. F o w l e r  1905 .  p. 9 0 -9 1  ( p h o r o z o o i d ,  
g o n o z o o i d  ),
D oliolum  <D oliolina) interm edium  NEUMANN 1 90 6 .  p. 2 1 1 -  

2 1 2 .  p. 2 2 7 ,
Doliolum  sp . PARRAN 1906 . p .7 .  f i g . l  a n d  d i s t r i b u t i o n .  
D oliolum  ( D olio lina )  interm edium  IHLE 1 9 27 .  p. 2 1 ,  
D oliolina interm edium  GARSTANG 1 933 , fig . 4,
D oliolum  (D oliolina ) interm edium  H a RANT & VERNIÈRES 
1 93 8 .  p . 4 7 ,
D oliolina intermedium  KRUGER 1 93 9 .  p .  1 3 6 -1 3 8 ,  m a p s  85 .  
9 4 .
D oliolum  (D olio lina) interm edium  FRASER 1 9 4 7 .  p. 2 
( g o n o z o o i d ) ,  p . 4  (d i s t r ib u t io n ) ,
D idinium  interm edium  GODEAUX 1 97 3 ,  p. 6 3  (n u r s e ,  
p h o r o z o o i d .  g o n o z o o i d ) ,
D oliolina interm edium  GODEAUX 1 9 9 8 a .  p. 2 8 2 ,  f ig .  1 7 .1 0  f 
( g o n o z o o i d ) ,
D oliolinetta  interm edia  GODEAUX 1 9 9 8 c ,  f ig .  10 ( n u r s e ) ,  fig. 
2 f  ( g o n o z o o i d ) ,
D oliolina interm edia  ESNAL &  D  A PONTE 1 9 99 ,  p. 1 4 1 5 .  fig. 
3 .3  ( g o n o z o o i d ) ,  m a p  2 (d i s t r ib u t io n ) .
D oliolinetta  in tennedia  GODEAUX & HARBISON ( in  p r e s s ) .

L a r v a  a n d  OOZOOID u n k n o w n ,  b u t  p o s s ib ly  s i m i l a r  to  th o s e  
o f  D oliolina muelleri.

NURSE: b a r r e l - s h a p e d ,  s t e n o m y o n i c ,  a c l i n o u s ,  v e r y  s l e n d e r  
m u s c l e s ,  s e p a r a t e d  b y  10 t i m e s  w i d e r  in t e r s p a c e s  
( G a r s t a n g  1 9 3 3 ,  G o d e a u x  1 9 9 6 .  G o d e a u x  &  H a r b i s o n  
m  p re s s ) .
Length: —» 25 mm.

T r o p h o z o o i d : l a rg e  s i z e ,  n u m e r o u s  g il i  s l i t s  ( G o d e a u x  
1 9 9 8 b .  G o d e a u x  &  H a r b i s o n  in  p re s s ) .  H e ig h t :  7  m m .

P h o r o z o o i d  and GONOZOOID: similar, thin tunic and 
ectoderm, slender m uscles, brain behind M III. endostyle e x ­
tending from before M II to before M V. slightly bent 
branchial septum, from close to M IV dorsally to M VII in the 
rear and before M V ventrally, numerous gili slits (up to 45), 
U-shaped digestive tube, horizontal testis approaching M II, 
anteriorly sw ollen, ovary in front o f  M VII. Length —» 6mm.

DISTRIBUTION: species from cold waters, known from the 
Atlantic Ocean, from 50° S ( K r u g e r  19 39 .  > 4 0 0  m depth, 
GODEAUX 1 9 7 3 )  to 6 0 e N  ( I h l e  1 9 2 7 ) ,  Eastern Mediterra­
nean (GODEAUX 1 9 8 8 b ) .  w ith a single record from the Red 
S e a  ( N e u m a n n  1906).

D olio lum  resistib ile  NEUMANN 191 3
D olio lin etta  resistib ilis  (NEUMANN 1 9 1 3 )  s e e  GODEAUX
1 9 9 8 c .  f ig .  2 g  .

D oliolum  resistibile  NEUMANN 1 9 1 3 a .  p .  1 8 -2 0 .  p i . I .  f ig .  5 
(gonozooid).

Doliolum  I D olio lina) resistibile  NEUMANN 1913b. p. 7. fig
8.
D oliolina resistib ile  GARSTANG 1 9 3 3 ,  fig. 4. p 211, 
D oliolina resistibile  KRUGER 1939. p. 136. maps S3. 84 & 
94.
D oliolina resistib ile  (not intennedium ) TOKIOKA &  BERNER 
1958a. fig. 3 (gonozooid),
D oliolina resistib ile  GODEAUX 1998a. p. 281. lig. 17.10 
(gonozooid),
D oliolinetta  resistib ilis  GODEAUX 1998c, p. 1764. fig. 2 g 
(gonozooid).

Rem.: According to G a r s t a n g  (1933). D oliolinetta  
in term edia  and D. resistib ilis  arc a single species, D. 
resistib ilis  being just a subspecies only recorded from the 
Antarctic waters. NEUMANN (1913b) considers them as d is­
tinct species as both species display anatomical differences 
in phorozooid and gonozooid (possibly vicarious species?).

L a r v a  and o o z o o i d  unknown.

N u r s e : barrel-shaped, stenom yonic, aclinous, similar to that 
o f  D. in tennedia , thin and sticky tunic, brain in front o f M V, 
statocyst m issing, slender m uscle hoops, wide interspaces. 
Length —» 15 mm.

P h o r o z o o i d  and g o n o z o o i d  similar, thin m uscle hoops, 
brain behind M III, short endostyle beginning at M II 1/2 and 
ending in the 4th intcrmuscular space, branchial septum from 
behind M IV. bent to M V 1'2 to behind M IV, up to 40  gili slits, 
U-shaped digestive tube, horizontal tubular testis extending 
to M II, ovary in front o f M VII. Length —> 9 mm.

DISTRIBUTION: species from cold waters: 3 phorozooids and 
7 gonozooids in 6 stations o f  thcAntarctic Ocean, close lo ice 
pack ( > 64° S, NEUMANN 1913a), 2 large nurses (15 nun) in 
the Pacific Ocean (6 7 °  S - 177° W, G a r s t a n g  1933. p. 213 
and 249-250), 21 specim ens below  500 m in the southern 
Atlantic Ocean (KRÜGER).

D olio lina  separa ta  TOKIOKA & BERNER 1958.
D olio lin etta  separa ta  (TOKOKIA & BERNER 1958) sec 
G o d e a u x  1998c, p. 1761, fig. 2  h (gonozooid).

D oliolina separa ta  TOKIOKA & BERNER 1958b, p. 319-320, 
fig .2 (gonozooid).
D oliolina sep ara ta  G o d e a u x  1998a, p.282-283, fig. 17.11 b 
(gonozooid).

L a r v a , o o z o o i d , NURSE and t r o p h o z o o i d  unknown.

PHOROZOOID and GONOZOOID similar: sm all-sized animals, 
brain behind M III. slender w idely separated m uscle hoops, 
M VII open ventrally (its free ends entering a protuberance 
(= stalk o f  a phorozooid?). endostyle long, extending from M 
II to M V. branchial septum inclined between M V ventrally 
to M VI dorsally. 10 gili slits. S-shaped digestive tube, tubu­
lar testis along the left side, sw ollen between M II and M III. 
ovary in front o f  M VII. Length: 1.7 mm.
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DISTRIBUTION: equatoria l E astern  Pacific O cean (Shellback  
E xpedition , 1952).

ß )  S u b g en u s  D olio lina  BORGERT 1894. F iv e  spec ies .

Type species: D olio lin a  m u elleri K RO HNI852.

D oliolum  m uelleri K r o h n  ! 852, p i .2, f ig .44,
D oliolum  nordm anni K r o h n  1852, p. 59, p i .2, fig . 5-6 -7  
(m e ta m o rp h o s in g  la rv a e  o f  D o lio lum  troschellii),
D olio lum  sp. G e g e n b a u r  1856, p. 3 0 3 ,1 .1 5 ,  f ig .8,
D oliolum  M  Hellerii KEFERSTEIN &  EHLERS 1861 p. 66 -68 ,  
pi. 10, f ig  3 &  5 ( larva ,  o o zo o id ) ,  non  D olio lum  M  Hellerii 
K e f e r s t e i n  &  E l h e r s  1861, pi.  9, f ig .5, 6 ( g o n o z o o id  o f  
D olio lo ides rarum ),
D olio lum  M uelleri GROBBEN 1882, p .2 55 -265 ,  pi. 19, fig. 9- 
10 ( t ro p h o z o o id  and  la rva) ,  pi. 20, fig. 14-8 (g o n o zo o id ,  
p h o ro zo o id ,  nu rse) ,  p l . 2 1, fig. 21 (y o u n g  g o n o z o o id ) ,  
D oliolum  M uelleri ULJANIN 1884, pi.  2, fig. 1 - 8 ,  p l.2 ,  fig. 1- 
10, p i .3, fig. 1-7, p i .4, fig. 4 -1 ,  pi.  10, fig. 1-6, 9 ( d e v e lo p ­
m e n t  o f  egg ,  la rva ,  o o z o o id  an d  t ro p h o z o o id ) ,
D oliolum  m uelleri R it t e r  1905, p. 95 -9 7 ,  fig . 29  (o o z o o id ) , 
D oliolum  M uelleri NEUMANN 1906. p. 2 1 2 -2 1 3 ,
D olio lina  m uelleri SlGL 1913, p. 2 7 2 -2 7 5 ,
D oliolum  m uelleri NEUMANN 1913a, p. 20,
D oliolum  (D olio lina) m u elleri N e u m a n n  1913b. f ig . l  
(nurse),  fig. 3 (p h o ro z o o id ) ,  fig. 4  (g o n o z o o id ) ,  p. 4, f ig  .6 
(g o n ozoo id ) ,
D olio lina  m uelleri GARSTANG 1933, fig. p. 211,
D oliolum  m uelleri NEUMANN 1935, p. 3 26 ,  328 ,  te x t-fig . 
252 , 2 5 4  (g o n o z o o id . p h o ro z o o id ) , p. 363 , 3 6 4  &  368 , tex t- 
fig . 280 , 281 &  285  ( la rv a , o o z o o id ) ,
D oliolum  (D olio lina) m u elleri H a r a n t  &  VERNIÈRES, 1938, 
p. 47,
D olio lina  m uelleri K r ü g e r  1939, p. 133. m a p  82,
D olio lina  m uelleri FRASER 1947, p. 2, tex t- f ig .  (g o n o zo o id ) ,  
p. 4  (d is tr ibu tion ) ,
D olio lina  m uelleri TRÉGOUBOFF &  ROSE 1957, p. 567 ,  pi. 
203 , fig. 7 (p h o ro z o o id ) ,  pi. 304 ,  fig. 2-3 ( la rvae) ,
D oliolum  m uelleri GODEAUX 1 95 7 -1 9 5 8 ,  fig . 60 ,  62  a-h , 63, 
64, 64  bis, 74, 77, 78, 82, 83,
D olio lina  m uelleri BARNES 1961, p. 103. pi. 29,
D olio lina  m uelleri FRASER 1961, p. 18,
D olio lum  m uelleri BRACONNOT 1970, p. 6 3 9 -6 4 1 ,  fig. a, b 
( larva) ,  p. 650 -  661 ,  pi.  3 g (n u rse ) ,  pi. 4 c, d (o o zo o id .  nurse) ,  
pi.  6 a, b ( t ro p h o z o o id ) ,
D olio lum  m uelleri BRACONNOT 1971, p. 10-12 , fig. 280- 
281 ,  fig. 6 ( la rva) ,  7 a  (o o z o o id ) ,  fig. 8 a  (nu rse ) ,  fig. 9a  
( t ro p h o z o o id ) ,  10b (g o n o z o o id ) ,
D olio lina  m ulleri E s n a l  e ta l. 1982a, p. 52 -53  (m ap ) ,  fig. 3 d 
(p h o ro z o o id ) ,  fig. 4d  (nu rse ) ,
D olio lina  m ulleri ESNAL e t al. 19 8 2 b ,  tabl. 1, fig. 2 (d is t r ib u ­
tion),
D olio lina  m uelleri FRASER 1982, p. 20 -23 ,
D olio lina  m ulleri ESNAL et al. 1990 (1993 ) ,  p. 4 1 -4 8 ,  p. 43 
tabl, (d is t r ibu t ion ) ,
D olio lina  m uelleri GODEAUX 1998a, p. 2 7 9 -2 8 2 ,  fig 17.6 
( la rva) ,  17.7a (o o zo o id ) ,  17.8 (n u rse ) ,  17.9 ( t ro p h o z o o id ) ,  
17 .10b  (g o n o zo o id ) ,
D olio lina  m uelleri GODEAUX 1998c, p. 1758, fig. 1 a-b  
(o o zo o id ,  nu rse ) ,  p. 1761, fig. 2 a  (g o n o z o o id ) ,

D olio lina  m uelleri E s n a l  &  D a p o n t e  1999, p. 1409, p. 
1412, tig. 2 (m ap), p. 1415, p. 1417, fig. 3.4 (larva) and b 
(nurse).

L a r v a :  fusiform  follicular envelope, differentiated  tail, ac­
tively sw im m ing, hyaline caudal vesicle. Length: > 1 m m .

OOZOOID: sm all-sized  anim al, thin tunic and ectoderm , slen ­
der m uscle hoops in young anim al, progressively  w idening  
w ith ageing, brain betw een M  IV and M V, statocyst as an 
ectoderm ic cupule below  the tunic, in front o f M V, long 
endosty le extending  from m idw ay betw een M II and M  III to 
M  V, branchial septum  as a vertical arch betw een and M VI, 
4 gili slits, U -shaped digestive tube. Length  —> 2.5 mm.

NURSE: w idening m uscle hoops at the tim e o f d isappearance 
o f  the viscera, narrow  interspaces, M IV w idener than M  III, 
s ta tocyst usually  m issing. L ength  < 10 mm.

T r o p h o z o o i d :  sm all num ber o f gili slits (up to 10), 
endosty le  ending in fron t o f the in testinal loop, anal opening 
below  the oesophageal opening. H eight —> 1 mm.

P h o r o z o o i d  and GONOZOOID: sm all-sized  sim ilar anim als, 
s lender m uscle hoops, brain behind M  III, endosty le short,

I beg inn ing  in fron t o f M  III and ending  in front o f  M  V, 
slighly arched branchial septum  at the level o f M V, 12 - 14 
g ili slits, U -shaped  d igestive tube below  M  V, ventral p rom i­
nent stalk  in the phorozooid , pear-shaped  testis p ro trud ing  
ventrally  into the fifth in terspace, below  the in testine loop, 
ovary in fron t o f M  VI.
Length —> 1.5 m m .

D i s t r i b u t i o n :  cosm opolitan  species in w arm  and tem perate  
w aters.

D olio lina  k ro h n i  H e r d m a n  1888.
D o lio lina  k ro h n i  BORGERT 1894

D olio lina  krohni HERDMAN 1888, p. 49, pi. 3, fig. 1 
I (schem a),

D olio lum  krohni T r a u s t e d t  1889, p. 4, pi. 1, fig. 11,
D olio lina  krohni BORGERT 1894, p. 15, pi. 6, fig. 11
(gonozooid) and 13 (b lastozooid),
D olio lina  krohni BORGERT 1896, p. 715,
D olio lina  krohni BORGERT 1901, p. 1, pk 1,
D olio lina  K rohni FOWLER 1905, p. 90, 97,
D olio lum  K rohni NEUMANN 1906, p. 214-216, pi. 14, fig. 6 -  
7 (gonozooid),
D olio lina  krohni SlGL 1913, p. 278-279,
D olio lum  (D olio lina) krohni NEUMANN 1913b, p. 15, 
D olio lum  (D olio lina) krohni IHLE 1927, p. 21,
D olio lina  krohni GARSTANG 1933, fig. 4. p. 211,
D olio lum  (D olio lina) krohni HARANT &  VERNIÈRES 1938, p. 
49,
D olio lina  krohni KRÜGER 1939, p. 133, m ap 81,
D olio lum  (D olio lina) m ulleri var. krohni FRASER 1947, p. 2, 

I text-fig . (gonozooid), p. 4 (d istribu tion),
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D oliolum  m uelleri FRASER 1961 (d istribution),
D oliolina m uelleri v ar krohni ESNAL et al. 1990 (1993), p. 
41-48, p. 43 tabl, (d istribution),
D oliolina krohni GODEAUX 1998a, p. 282 , fig. 17.10 c 
(gonozoo id ) ,
D oliolina krohni GODEAUX 1998c, p. 1761, fig. 2 c 
(gonozoo id ) ,
D oliolina m uelleri var. krohni ESNAL &  DAPONTE 1999, p. 
1417, fig. 3.4  c (gonozooid).

L a r v a , o o z o o id , NURSE p ro b ab ly  s im ila r  to  th o se  o f  
D oliolina muelleri.

T r o p h o z o o id : un k n o w n .

PHOROZOOID and g o n o z o o id  sim ilar. Tunic stick ing  foreign 
bodies, slender m uscle hoops,brain  behind M  III, endosty le 
extending  from  M  II to M  V, branchial septum , strongly 
arched or not, betw een M V  above, M  V I in the rear and M  V 
below, up to 45 gili slits, U -shaped  d igestive tube, pear- 
shaped testis ventrally  p ro trud ing  below  the in testinal loop, 
ovary behind testis. L ength  —> 2.5 m m .

D is t r ib u t io n : c o sm o p o lita n  sp ec ie s , m a in ly  in  w arm  w a ­
ters, b u t su p p o rtin g  v a rio u s  te m p era tu re s .

D olio lina  sigm o ides  GARSTANG 1933.

N on D oliolum  krohni NEUMANN 1906, p. 214-216 , pi. 14, 
fig. 6, 7 (gonozooid),
D oliolina sigm oides  GARSTANG 1933, p. 211 . tex t- f ig .  4, p. 
2 1 4 -215 ,
D oliolina sigm oides  GODEAUX 1998a, fig. 17.11 
(g o n ozoo id ) ,
D olio lina  sigm oides  GODEAUX 1998c, p. 1760 an d  1762, 
D oliolina sigm oides  ESNAL &  DAPONTE, 1999, p. 1416, m ap 
2, fig. 3.5.

L a r v a , o o z o o id , n u r s e  an d  t r o p h o z o o id  u n k n o w n .

P h o r o z o o id  and g o n o z o o id  sim ilar. B rain  behind M III, 
long endosty le ex tend ing  from  M  II to M V, S-shaped 
branchial septum , bu lged  forw ards in fron t o f  the U -shaped  
d igestive tube, then bulged backw ards betw een  M  V and M 
VI, up to 45 gili slits, three pairs o f  lateral ten tac le-like  p roc­
esses, short and sw ollen  testis below  M V, ovary  in fron t o f  M 
VI.
Length  —» 7 m m .

DISTRIBUTION: very rare species, only know n from  4 stations 
in the G uinea C urrent in the trop ical A tlan tic  O cean and from  
the Indian O cean (NEUMANN 1906). N o recent records.

D olio lina  obscura  TOKIOKA &  BERNER 1958

D oliolina obscura  TOKIOKA &  BERNER 1958b, p. 317- 20, 
fig .l (gonozooid),
D olio lina  obscura  GODEAUX 1988a, p. 282 ,  fig. 17.11a 
(g o n ozoo id ) ,
D oliolina  obscura  GODEAUX 1998c. p. 1762, fig. 2 c.

L a r v a , o o z o o id , n u r s e , t r o p h o z o o id  unknow n

P h o r o z o o id  and g o n o z o o id  sim ilar: sw ollen barrel-shaped 
body, thin and less sticky tunic, slender m uscles separated  by 
w ide in terspaces, M  V II open ventrally, its free ends entering 
the long ventral stalk  o f the phorozooid , endosty le  long, ex ­
tending from  behind M  II to MV, brain in m idw ay betw een M 
II and M  IV, S -shaped branchial septum , bound to M V, about 
40 gili slits, d igestive tube covered  w ith a c loud  o f  p igm ented  
cells (red -o range in living specim ens?), less dense in the 
phorozooid , sausage-shaped  testis sw ollen  at the level o f M 
IV, on the left side o f  the d igestive tube, ovary in front o f M 
VI. L ength  < 5 m m .

DISTRIBUTION: tropical Eastern Pacific O cean (Shellback 
E xpedition  1952).

D olio lina  u n d u la ta  TOKIOKA &  BERNER 1958

D olio lina  undulata  TOKIOKA &  BERNER 1958a, p. 137-138, 
fig. 22, 1958b, p. 521-522, fig. 4,
D olio lina  undula ta  GODEAUX 1998a, p. 282-283, fig. 17.11 
(gonozooid),
D olio lina  undulata  GODEAUX 1998c, p. 1762, fig. 2 d.

L a r v a , o o z o o id , n u r s e , t r o p h o z o o id  unknow n.

P h o r o z o o id  unknow n, but p robably  sim ilar to gonozooid.

G o n o z o o id : thin, easily  rem oved tunic, slender m uscle 
hoops, M V II open ventrally, brain im idw ay o f M  III and M 
IV, long endosty le  ex tend ing  from  M  II to M V, arched 
branchial sep tum  (M  IV 1/2 - M VI - M V ), sausage-shaped  
testis on the left side o f  the d igestive tube betw een M  V  and 
M  VI, ovary in fron t o f  M VI. L ength  —> 4.6 m m .

D is t r ib u t io n : tropical Eastern Pacific O cean (Shellback 
E xpedition 1952).

- G enus D olio lum  QUOY &  GAIMARD 1835. Two species 
(Subgenus D olio letta  BORGERT 1894)

Type species: D oliolum  den ticu lum  QUOY &  GAIMARD 1835 
D oliolum  den ticu la tum  HUXLEY 1851b.

The genus D olio lum  com prises tw o closely  related  species: 
D oliolum  den ticu la tum  (QUOY &  GAIMARD 1835) and 
D oliolum  na tiona lis  BORGERT 1893.

C om m on characters o f  the b lastozooids o f  both  species: thin 
and less sticky  tunic, ex tended  branchial sep tum  attached 
dorsally  in front o f  M II, num erous gili slits, short endostyle, 
d igestive tube curved  to the righ t, anus behind M VI, tubular 
horizontal testis runn ing  on the left side, ovary  behind  M VI.

D ifferential characters: In D olio lum  den ticu la tu m , branchial 
septum  ventrally  a ttached  at the level o f  M III, testis ex tend ­
ing to and over M II; in D olio lum  n a tio n a lis , branchial 
septum  ventrally  attached  at the level o f  M V, testis rarely 
overlapping  M IV.
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D oliolum  den ticu la tu m  (QUOY &  GAIMARD 1835).

D oliolum  den ticu lum  Q u o y  &  G a i m a r d  1835, p. 599 ,  pi. 
89, fig. 25 -28 ,
D oliolum  den ticu la tum  HUXLEY 1851 b, p. 600 ,  pi. 18, fig. 5- 
9,
D oliolum  den ticu la tum  + D olio lum  E hrenbergii KROHN 
1852, p. 57 -5 8 .  p l . 2 .  fig. 1-3,
D oliolum  sp. G e g e n b a u r  1856, p. 2 9 7 -300 ,  pi. 16, fig. 4-5 
(p h o ro z o o id ) ,
not D olio lum  Troschellii GEGENBAUR 1856, p. 284 ,  PI. 14, 
fig. 1-3 ,pl. 15, fig. 7, 9, 10, pi. 16, fig. 12, 15 ( la rva ,  nurse ,  
t ro p h o zo o id ,  p h o ro z o o id )  (=  D oliolum  gegenbauri), 
D oliolum  den ticu la tum  KEFERSTEIN &  EHLERS 1861, p. 65, 
pi.  9, fig. 1-4 (g o n o z o o id )  an d  fig. 8 (p h o ro z o o id ) ,
D oliolum  g e n e ra t io n s  2B &  4B  KEFERSTEIN &  EHLERS 
1861. p. 68, pi. 9, fig. 7, pi. 10, fig. 2 -4  (o o zo o id ) ,
D o l io lu m  d e n t ic u la tu m  G r o b b e n  1882, p. 2 0 6 -2 2 3 .  text-fig . 
p. 213  (g o n o z o o id ) ,  p. 2 7 4  (cyc le) ,  pi. 18, fig. 1-5, pi.  19, fig. 
7-8, pi.  21, fig. 19-20  (c o m p le te  life cyc le),  
not D olio lum  den ticu la tum  HERDMAN 1883, p. 101-111 (= 
D oliolum  tritonis, HERDMAN 1888),
D olio lum  den ticu la tum  F o l  1884. p. 150-153 , pi.  8, fig. 2-3 
(y o u n g ) ,  4-5 ,
D olio lum  E hrenbergii ULJANIN 1884, p. 45-71  pi. 5, fig. 1 
( la rva? )  - 2 ,  pi. 12, fig. 8 (o o zo o id ) ,  n o t  D olio lum  
den ticu la tum  HERDMAN 1888, p. 101, pi. 18-20 (= D olio lum  
tritonis),
D olio lum  ehrenbergi H e r d m a n  1886, p. 46 ,  pi. 3, fig. 5-7, 
D olio lum  den ticu la tum  HERDMAN 1888, p. 44 -4 6 ,  
not D olio lum  C hallengeri HERDMAN 1888, p. 44 ,  48 ,  pi. 3, 
fig. 4  (=  D o lio lum  tritonis),
D olio lum  C hallengeri T ra u S T E D T  1893, p. 4  &  10, pi.  1, fig. 
12-14  (g o n o z o o id ) ,
D olio lum  den ticu la tum  BORGERT 1893, p. 4 0 2 -4 0 8 ,  
D olio lum  den ticu la tum  BORGERT 1894, p. 7, tex t- f ig .  1 
( t ro p h o z o o id ) ,  p. 22 -2 5 ,
D olio lum  den ticu la tum  BORGERT 1896, p. 716 ,
D olio lum  ehrenbergii R i t t e r  1905, p. 91 -94 ,  tex t- f ig .  27 -28  
(o o zo o id ,  nu rse ) ,
D olio lum  den ticu la tum  NEUMANN 1906, p. 2 2 2 -2 2 4 ,  pi. 24, 
fig. 1 (g o n o z o o id ) ,
D olio lum  d en ticu la tum  IHLE 1910, pa rs  56  d, p. 15, 
D olio lum  den ticu la tum  SlGL 1912, p. 496 ,  fig. 14,
D olio lum  den ticu la tum  SlGL 1913, p. 2 7 5 -277 ,
D olio lum  ehrenbergii SlGL 1913, p. 279 ,
D olio lum  den ticu la tum  NEUMANN 1913a, p. 22,
D olio lum  (D olio le tta ) den ticu la tum  NEUMANN 1913b, p. I 8- 
19, fig. 9, 11-13 ( larva,  nu rse ,  t ro p h o zo o id ) ,
D olio lum  den ticu la tum  GARSTANG 1933, p. 2 2 4 -2 2 6 ,  p. 229 , 
tex t  fig. 8 (g o n o z o o id ) ,
D olio lum  ehrenberg ii GARSTANG 1933, p. 224 , tex t- f ig .  8 
(g o n o zo o id ) ,
D olio lum  den ticu la tum  NEUMANN 1935, p. 3 6 4 -3 6 5 ,  text-  
fig. 2 8 1 - 2 8 2  ( la rva) ,  p. 3 6 7 -3 6 9 ,  text-fig . 2 8 3 -2 8 6  (o o zo o id ) ,  
p. 283 ,  tex t- f ig .  3 0 0  (p h o ro -g o n o z o o id ) ,  p. 3 8 4 -3 8 7 ,  tex t-fig .  
3 0 2 -3 0 3  ( t ro p h o z o o id ) ,  p. 327 , tex t- f ig .  253  (g o n o z o o id ) ,  
D olio lum  den ticu la tum  RUSSEL &  COLMAN 1935, p. 207-  
208,
D olio lum  (D olio le tta ) den ticu la tum  (= D. ehrenbergii)

H a r a n t  & V e r n ie r e s  1938, p. 50, fig. 62,
D olioletta  denticulatum  K r ü g e r  1939, p. 132-133, m ap 78, 
D oliolum  denticulum  F r a s e r  1947, p. 2 (gonozooid), p. 4 
(distribution),
D olio lum  denticulatum  THOMPSON 1948, p. 97, text-fig. 12 
(gonozooid), pi. 30, fig. 2-3,
D oliolum  ehrenbergii THOMPSON 1948, p. 97, text-fig. 12 
(gonozooid),
D olio lum  denticulatum  B r ie n  1948, p. 805-807, text-fig. 
268-271 (gonozooid), p. 208, text-fig . 273, p. 810, text-fig. 
275 (trophozooid), p. 814, text-fig. 280 (larva),
D oliolum  denticulatum  B e r r il l  1950, p. 278, text-fig. H, p. 
280, text-fig. a, b, c, d, p. 284, text-fig. B-D,
D olio lum  (D olioletta) denticu la tum  SEWELL 1953, p. 50-53, 
text-fig . 15 (gonozooid),
D olio lum  denticulatum  T rÉGOUBOFF &  ROSE 1957, p. 568, 
pi. 203 fig. 8 (gonozooid), fig. 4, (trophozooid), fig. 5 
(nurse), pi. 204, fig .l (gonozooid), fig. 4 (oozooid),
D oliolum  denticulatum  GODEAUX 1957-1958, p. 249, fig. 
103 (phorozooid),
D olio lum  denticulatum  V a n  Z y l  1959, p. 16-17 (d istribu­
tion), p. 31 (m ap),
D oliolum  denticulatum  BRACONNOT 1964, p. 4361-4363 
(larva),
D olio lum  denticulatum  BRACONNOT 1970, p. 629-668 
(larva, oozooid, nurse, trophozooid),
D olio lum  denticulatum  BRACONNOT 1971, p. 13-21. fig. c-g 
(phorozooid , gonozooid),
D olio lum  denticulatum  ESNAL et al. 1982a, p. 53, fig. 2 
(m ap), fig. 3 e-g (phorozooid), f ig .3 f-h (gonozooid), fig. 4 a 
(nurse, not D olioletta  gegenbauri), fig. 4 f-g (gonozooid), 
D olio lum  denticulatum  ESNAL et al. 1982b. p. 64-66, fig. 1-2 
(distribution),
D olio lum  denticulatum  E s n a l  et al. 1990 (1993), p. 43 tabl., 
p. 48 (distribution),
D olio lum  denticu la tum  GODEAUX 1998a, p. 280-283, 
f ig .17.6 (larva), 17.7 (oozooid), 17.8 b (nurse), 17.11 d 
(gonozooid),
D olio lum  den ticu la tum  GODEAUX 1998b, fig 1-2 
(trophozooid),
D olio lum  denticulatum  ESNAL &  DAPONTE 1999. p. 1416, 
fig. 3.7, m ap 2.

LARVA: Follicu lar fusiform  envelope  (—> 3m m ), d ifferen ti­
ated tail, precaudal vesicle  m issing . L eng th  o f  the body —> 
600 pm.

O o z o o id : firm  tunic adhering  to ectoderm , m uscles and 
in terspaces equal, brain in fron t o f  M  IV, closed sta tocyst in 
fron t o f  M  IV, endosty le  ex tend ing  from  M II to M  V, d iges­
tive tube straight sagittally , oesophagus concavity  dow n ­
w ards, anus at the level o f  M  V III. T he oozooid  is se t free at 
the length  of 800 m m . L ength  > 800 pm.

NURSE: holom yonic w ith  M  II to M  V III sold in a continuous 
sheet (cuirass), in terspaces d isappeared , sta tocyst below  M 
III - M  IV junction . S tolon p ro trud ing  ventrally.
L eng th  —> 10 m m .

TROPHOZOOID: 12 to 13 gili slits, endosty le  ending in front
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o f the stom achal pouch, a single tunica! process behind the 
ascending intestine, anal aperture above the opening  o f  the 
oesophagus. Height: 7 mm.

PHOROZOOID and GONOZOOID: sim ilar, thin sticky easily  re­
m oved tunic, brain in front o f M IV, short endosty le  ex ten d ­
ing from behind M II to before M IV, d igestive tube turning 
to the right, anus at the level o f M VI, branchial septum  e lon­
gated from  M  I dorsally  to M  V !/2 in the rear and to  M III 
ventrally, m ore than 50 gili slits, horizontal testis extending  
to M II and over, phorozooid  w ith a short and broad  stalk  
bearing num erous buds. Length: —> 4 m m .

DISTRIBUTION: open sea species, com m on in the tropical and 
tem perate w aters o f  the three O ceans, rare in shallow  w aters 
(e.g. present in the Red Sea and the G u lf o f  ‘A qaba, rare in 
the G u lf o f  Suez).

Rem.: D oliolum  ehrenbergii is a d w arf form  o f D. 
denticu la tum  w ith less gili slits and testis not overlapp ing  M 
IV (NEUMANN, 1906, p. 224). This subspecies does not exist 
accord ing  to BRACONNOT ( 1971, p. 20 - 21, unim odal curve).

D olio lu m  na tiona lis  BORGERT 1893

D oliolum  C hallengeri HERDMAN var. T r a u s t e d t  1893, p. 
3-4, pi. 1, fig. 14,
D oliolum  nationalis  BORGERT 1893, p. 406-408 , tex t-fig . p. 
407 (gonozooid),
D oliolum  (D olio letta) na tionalis  BORGERT 1894,
D oliolum  nationalis  BORGERT 1896. p. 716 ,
D oliolum  nationalis  FOWLER 1898, p. 583,
D oliolum  nationalis  BORGERT 1901. p. 4, tex t- f ig .  4, 
D oliolum  N ationa lis  F o w l e r  1905, p. 90 (g o n o z o o id ? ) ,  
D oliolum  nationalis  NEUMANN 1906, p. 222,
D oliolum  nationalis  IHLE 1910, p. 15,
D oliolum  nationalis  SlGL 1913, p. 279,
D oliolum  nationalis  N e u m a n n  1913a, p. 21,
D olio lum  nationalis  NEUMANN 1913b, p. 18,
D oliolum  (D olio letta) na tionalis  IHLE 1927, p. 21,
D oliolum  nationalis  GARSTANG 1933, p. 221-224 , tex t-fig . 8, 
D oliolum  (D olio letta ) na tiona le  HARANT &  VERNIÈRES 
1938, p. 49, fig. 63,
D olioletta  na tionalis  KRÜGER 1939, p. 132 - 133, m ap 79, 
D oliolum  nationalis  FRASER 1947, p. 2, text-fig . (gonozooid  
??), p. 4 (d istribution),
D oliolum  nationalis  (not D olio letta  gegenbauri)  THOMPSON 
1948, p. 97, fig. 12 (gonozooid),
D oliolum  nationalis  B e r r il l  1950, p. 282-284 , pi. 100, fig. 
h, pi. 102, fig. A,a,
D oliolum  nationalis  TrÉGOUBOFF & ROSE 1957, p. 568 ,  pi. 
205 , fig. 9 (g o nozoo id ) ,
D oliolum  nationalis  V a n  Z y l  1959. p. 18-20 (d is tr ib u t io n ) ,  
p. 31 (m ap) ,
D oliolum  nationalis  B a r n e s  1961, p. 103, pi.  29  (d is t r ib u ­
tion),
D oliolum  nationalis  FRASER 1961. p. 18 (d istribu tion), 
D oliolum  nationalis  GODEAUX 1961, p. 8; tex t-fig . 3 
(phorozooid),

D oliolum  na tionalis  BRACONNOT &  C a s a n o v a  1967, p. 
393-402 (gonophorozooid),
D oliolum  na tiona lis  TAVARES 1967, pi. 1 a-b (oozooid  & 
gonozooid),
D oliolum  na tionalis  BRACONNOT 1971, pi. 4, fig. a, b 
(g o n o p h o ro z o o id ) ,
D oliolum  na tiona lis  BRACONNOT 1974, p. 1759-1760  
(larva) ,
D oliolum  na tiona lis  BRACONNOT 1977, p. 836-837 
(oozooid),
D olio lum  na tiona lis  ESNAL et al. 1982a, p. 53, fig. 2, fig. 3 i- 
j (phorozooid), fig. 3 k-l-m  (gonozooid), fig .4 c (gonozooid), 
fig. 4 h (phorozooid),
D oliolum  na tiona lis  ESNAL et al. 1982b, p. 66, tabl. 1, fig. 2 
(d is tr ibu tion),
D olio lum  na tiona lis  ESNAL et a l 1990 (1993), p. 41-48 (d is­
tribution),
D olio lum  na tiona lis  LlNDLEY et al., 1990, p. 679-682 (distri­
bution),
D olio lum  na tiona lis  GODEAUX 1998a, p. 282- 83, fig. 17 .1 le  
(gonozooid),
D olio lum  na tiona lis  EDWARDS et al. 1999 ,  p. 7 3 7 -7 3 9  (d is tr i­
bu tion) ,
D oliolum  na tiona lis  ESNAL & D a p o n t e  1999, p. 1416, fig. 
3.8, m ap 2.

L arva  and  o o z o o id : sim ilar to those  o f  D oliolum  
den ticu la tum  ( BRACONNOT 1976).

NURSE and TROPHOZOOID: unknow n, but probably  sim ilar to 
those o f  D. denticulatum .

PHOROZOOID and GONOZOOID: sim ilar; thin, less sticky tu ­
nic, brain  in front o f  M  IV, endosty le  ex tend ing  from  behind 
M  II to  before  MV, arched branchial septum  extending  from  
M  II dorsa lly  to M  V 1/2 in the rear and to m idw ay betw een M 
IV  to M  V  ventrally , 25 gili slits, testis short and club-shaped, 
sw ollen  close  to M  IV, ventral stalk  short and th ick  in the 
phorozooid . L eng th  o f  the phorozoo id  —> 3 m m  , length  o f 
the gonozooid  —> 4 mm.
T he real gonozooid  is rarely observed  (BORGERT 1893, 
B r a c o n n o t  1971, G o d e a u x  unpublished), w hile the buds 
carried  on by the phorozoo id  give secondary  asexual phoro­
zooids.

C o m p o s it e  a n im a l s : (phorozooid  + gonozooid  =
g onophorozoo id ) are know n from  the w estern  M editerra­
nean, m ain ly  in the G u lf o f  L ions (BRACONNOT & CASA­
NOVA 1967, B r a c o n n o t  1971).

DISTRIBUTION: neritic species, very com m on, eurytherm , 
cosm opolitan , sw arm s often observed  (V illefranche sur M er, 
G u lf o f  Suez), m ay occasionally  reach  the G erm an B ight 
(LlNDLEY et al. 1990, E d w a r d s  et al. 1999).

- G enus D olio le tta  GARSTANG 1933. Four species.
(subgenus D olio letta  BORGERT 1894)

C om m on characters to the b lastozooids o f  the d ifferen t spe­
cies o f  the genus: brain behind M  III, branchial septum
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dorsa lly  c lo se  to M II o r  M III. stro n g ly  c u r v e d  b ac k w ard s  
o v er  M V, ven tra l ly  be tw e en  M III and  M IV a c c o rd in g  to the 
species ,  n u m e ro u s  gili slits, c o i led  d ig e s t iv e  tube ,  o e s o p h a ­
gus c o n c av i ty  d o w n w a rd s ,  v o lu m in o u s  s to m a c h a l  pouch ,  
anal ap e r tu re  at the level o f  M VI, o v a ry  in f ro n t  o f  M  VI.

D ifferen tia l  charac te rs :  va r ia b le  e x te n s io n  o f  the  en d o s ty le  
and  b ranch ia l  se p tum , pos i t ion  an d  sh a p e  o f  th e  testis.

T ype spec ie s  D olioletta  geg en b a u ri ULJANIN 1884

D oliolum  Troschelii (not KROHN 1852) GEGENBAUR 1856, 
pi. 284 ,  pi. 14, fig. 1-3, pi. 15, fig. 7, 9, II (n u rse  and  
t rophozoo id ) ,
D oliolum  nov.sp. F o l  1872, p. 4 5 2 ,  fig. 4  (D . g egenbauri a c ­
co rd in g  to NEUMANN 1913a),
D oliolum  den ticu la tum  (no t  QUOY &  GAIMARD) GROBBEN 
1882, vol. 4, p. 238 ,
D oliolum  G egenbauri ULJANIN 1884, p. 134, pi. 5, fig. 10 
( larva?),  pi.  7, fig. 5 (g o n o zo o id ) ,
D oliolum  Ehrenbergii (not K r o h n  1852) ULJANIN 1884, p. 
88. p. 133, pi. 5, fig. 1, 3 ( la rva? ) ,  pi. 10, f ig . 1 (g o n o zo o id ) ,  
pi. 11, fig. 5 ( t ro p h o z o o id ) ,
D oliolum  E hrenbergii R it t e r  1905. p. 9 1 -9 4 ,  te x t-fig . 27 
(oozoo id ) ,  te x t-fig . 28  ( n u rse ),
D oliolum  G egenbauri NEUMANN 1906, p. 2 1 6 -2 1 9 ,  
D oliolum  gegenbauri SlGL 1912, p. 4 9 -5 4 ,  tex t- f ig .  13, 
D oliolum  gegenbauri SlGL 1913, p. 277 ,
D oliolum  gegenbauri NEUMANN 1913a. p. 21 .  p. 23 ,  text-fig . 
3 - 4  ( y o u n g  oozo o id ,  not D o lio lum  den ticu la tum ),
D olio lum  (D olio letta ) gegenbauri NEUMANN 1913b. p. 15- 
16,
D olioletta  g egenbauri GARSTANG 1933, p. 2 1 6 -2 1 7 ,  p. 229  
text-fig .  5,
D oliolum  gegenbauri NEUMANN 1935, p. 369 ,  tex t- f ig .  369. 
text-fig .  2 8 6  ( y o u n g  oozo o id ,  no t  D olio lum  denticu la tum ), 
D oliolum  gegenbauri RUSSEL &  COLMAN 1935, p. 208, 
D oliolum  (D olio letta ) geg en b a u ri H a r a n t  &  VERNIÈRES 
1938, p. 49,
D olioletta  gegenbauri KRÜGER 1939, p. 133, m a p  80, 
D oliolum  (D olio letta ) g egenbauri FRASER 1947, p. 2 , text-  
f ig  (g o n o zo o id ) ,  p. 4  (d is tr ibu t ion ) ,
D oliolum  g egenbauri - triton is  THOMPSON 1948, p. 91, pi. 
30, fig. 1 (=  g o n o z o o id  o f  D olio lu m  n a t io n a l is  ??), pi.  31, fig. 
2  (nurse),
D oliolum  (D olio le tta ) geg en b a u ri B e r r i l l  1950, p. 285- 
286 , fig. 103a (g o n o zo o id ) ,
D olioletta  gegenbauri SEWELL 1953, p. 4 7 -5 0 ,  tex t-fig .  14 
(g o n o z o o id  o f  D. tr ito n is!),
D olio letta  g egenbauri T r ÉGOUBOFF &  ROSE 1957; p. 567-  
568, pi. 203 ,  fig. 2 (dorsa l  sp u r  o f  a nurse) ,  fig. 3 
( t ro p h o z o o id  an d  p h o ro z o o id  b u d s  on th e  spur) ,  fig. 5 
(nurse),  fig. 6 (g o n o z o o id  b u d s  on  the  s ta lk  o f  a  p h o ro zo o id ) ,  
fig. 8 ( y o u n g  g o n o zo o id ) ,
D olio letta  g egenbauri (no t  D o lio lum  den ticu la tum )  
G o d e a u x  1 9 57-1958 ,  tex t-fig .  65 ,  66, 68 ,  70 ,  71 ,  72 ,  73, 80, 
84  &  85 ( la rva ,  o o zo o id ) ,
D olioletta  gegenbauri BARNES 1961, p. 103. pi. 29  (d is tr ib u ­
tion),
D olioletta  g egenbauri (no t  D olio lum  den ticu la tum )

G o d e a u x  1961, p. 7 text-fig. 1 - 2,
D olioletta  gegenbauri T a v a res  1967, pi. 1, fig. c-d 
(phorozooid and gonozooid), fig. e -f (oozooid and nurse), 
D olioletta  gegenbauri G o d e a u x  1967, p. 535-536,
D oliolum  (D olio letta) gegenbauri BRACONNOT 1970, p. 
641-662, pi. 2, fig. g-h (larva), pi. 3, fig. e -f  (oozooid), pi. 4, 
tig. e -f  (nurse), pi. 5 fig. e -f (trophozooid), fig. b (nurse), 
D olioletta  gegenbauri BRACONNOT 1971. p. 12-13, pi. 2, fig. 
a-e (phorozooid), pi. 3 (gonozooid),
D olioletta  gegenbauri H a r p e r  1972, p. 49-50 (distribution), 
D olioletta  gegenbauri ESNAL et al. 1982a, p. 53, fig. 2 (d is­
tribution), fig. 3a (gonozooid), fig. 3b-c (phorozooid), 
D olioletta  gegenbauri ESNAL et al. 1982b. p. 64, p. 66, 
tabl. 1. fig. 2 (d istribution),
D olioletta  gegenbauri T e b e a u  &  M a d in  1994, p. 1076, 
text-fig. 1 (nurse w ith its spur bearing buds o f trophozooids 
and phorozooids),
D olioletta  gegenbauri FRASER 1982, p. 20-22.
D olio letta  gegenbauri LlNDLEY et al. 1990, p. 681 (m ap), 
D olioletta  gegenbauri E s n a l  et al. 1990 (1993), p. 41-48, p. 
43 tabl., (distribution),
D olioletta  gegenbauri GODEAUX 1998a, p. 280-283, fig. 
17.6 c (larva), 17.7 d (oozooid), 17.8 c (n u rse),17.9 b 
(trophozooid), 17.12 a (gonozooid),
D olioletta  gegenbauri PAFFENHOFER &  GlBSON, 1999, p. 
1183-1189 (length and characteristics o f  the life cycle ), 
D olioletta  gegenbauri EDWARDS 1999 et al., p. 737-739, 
f ig .l ,  tabl. 1 (d istribution),
D olioletta  gegenbauri ESNAL &  D.APONTE 1999, p. 1414- 
1415, fig. 1, 3.1, 3.2, m ap 2.

L a r v a : dum py anuran anim al in spherical fo llicular enve­
lope ( 0  >1.5 m m ), lim ited developm ent o f the tail, m uscles 
and chorda cells rem aining undifferentiated . L ength  > 
350 pm.

O o z o o id : short endosty le ex tending  from  M III to M  IV, 
brain in front o f  M IV, d igestive tube stretched, oesophagus 
concavity  dow nw ards, stom achal pouch below  M V I, anal 
aperture  in front o f  M  V III. L eng th  > 2 m m .

NURSE: solid and  less flexible appearance, m uscles b roaden ­
ing at the tim e o f v iscera  d isappearance, narrow  interspaces 
(less o f  the ha lf m uscle  w idth), M  III w ider than M  IV, closed 
sta tocyst visible betw een M  III and M  IV, dorsal spur reach ­
ing a g reat length  (up to 15 cm ), w ith  num erous m ore or less 
developed  buds (BRACONNOT 1970, TEBEAU &  MADIN 
1994). Length  > 30 m m .

TROPHOZOOID: great num ber o f  gili slits (up to 30 and m ore), 
endosty le  ending in fron t o f the stom achal pouch, th ick  stalk  
m uscle not fo rked  below  endosty le , stalk  provided  w ith  tw o 
w ings at its free end. H eight: 2.5 m m .

PHOROZOOID and g o n o z o o id : sim ilar, solid tunic, ind i­
vidual often fla ttened , slender m uscles separated  by w ide 
interspaces, endosty le  ex tend ing  from  M  II1/2 to M  V, V- 
shaped  branchial septum , ex tend ing  dorsally  from  M  II, 
close  to  M  V I in the rear, and ending ventrally  at the level o f 
M  V, up to 70 gili slits, testis rising  obliquely  on the left side
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o f the anim al, up to M  II, som etim es overlapping  and 
tw isted, ovary in front o f  M  V II, red -o range p igm ent on the 
branchial axis and in fron t o f  the endosty le  (destroyed  by 
fixatives), short ventral stalk  in phorozooid , gonads develop­
m ent starting early  in gonozooids still bound to the 
phorozooid stalk. Length  o f  phorozoo id  - a 2 0  m m , length  o f 
gonozooid  —> 20 mm.

DISTRIBUTION: cosm opolitan  species com m on in the three 
oceans, in M editerranean, reach ing  north o f B ritish  Islands 
(even the northern N orth  Sea, HARPER, LlNDLEY e t al., 
E d w a r d s  et al.) thanks to the w arm  sum m er transgression. 
A lso observed along the w estern  border o f the G ulstream  
(T e b e a u  &  M a d in ), possib ly  associated  w ith frontal eddies 
(D e ib e l ).

D oliolum  tritonis  H e r d m a n  1888 
D olioletta  tritonis  (H e r d m a n  1888).

This species is easily  con fused  w ith  D olio letta  gegenbauri 
on not very w ell p reserved  specim ens and is considered  by 
som e authors as a sim ple sub-species.

D oliolum  denticulatum  HERDMAN 1883, p. 101-113, pi. 1 8 -  
20 ;

D oliolum  tritonis  H e r d m a n  1888, p. 47, pi. 3, fig. 3 
(schem a),
D oliolum  tritonis  HERDMAN 1888. p. 50 ,  pi. 3, fig. 9 (nu rse  
type  D olioletta  gegenbauri =  tr ito n is?),
D oliolum  triton is  T r a u s t e d t  1893, p. 4, pi. 1, fig. 10, 
D oliolum  tritonis  1894, p. 19-20, pi. 3, fig. 17-18,
D oliolum  tritonis  BORGERT 1896, p. 715  (p h o ro z o o id ,  
g on o zo o id ) ,
D oliolum  Tritonis F o w l e r  1898, p. 580 ,
D oliolum  tritonis  BORGERT 1901, tex t- f ig .  3, p. 3 
(gonozoo id ) ,
D oliolum  tritonis  RITTER 1905, p. 85-91 ,  text-fig . 2 4 -2 6  
(gonozooid, phorozooid , trophozooid),
D oliolum  Tritonis F o w l e r  1905, p. 89 (g o n o zo o id ) ,  p. 
91 (ph o ro zo o id ) ,  p. 93 ,  pi.  8, fig. 1 (o o z o o id )  p. 97 ,  fig. 2-3 
( t rophozoo id ) ,
D oliolum  tritonis  F a r r a n  1906, p. 1-7 (d is tr ib u tio n ), 
D oliolum  (D olio letta) triton is  IHLE 1927, p. 21 -22 ,  te x t-fig . 
10 (g o n o zo o id ) ,
D oliolum  gegenbauri RUSSEL &  HASTINGS 1933, p. 635 ,  
D olioletta  tritonis  B e r r i l l  1935, p. 2 8 6  fig. 103 b 
(g o n o zo o id ) ,  103 c ( t ro p h o z o o id ) ,  fig. 103 d (p h o ro z o o id ) ,  
D oliolum  (D olio letta ) tr iton is  H a r a n t  &  VERNIÈRES 1938, 
p. 49,
D olioletta  tritonis  KRÜGER 1939, p. 133, m a p  80,
D oliolum  (D olio letta  gegenbauri)  var. triton is  FRASER 1947, 
p. 2 text-fig . ( larva, o o zo o id ,  nu rse ,  p h o ro z o o id ,  g o n o z o o id ) ,  
p. 4 (d is tr ibu tion) ,
D olioletta  gegenbauri-triton is  THOMPSON 1948, p. 94 -95 ,  
tex t-fig .  10, pi. 30, fig. 1 (g o n o z o o id ?  sc h em a ) ,  pi.  31, fig. 1 
(g o n o zo o id ) ,  fig. 2 (nurse ) ,
D olioletta  tritonis  V a n  Z y l  1959, p. 2 0 -2 4  (d is t r ibu t ion ) ,  p. 
31 (m ap),
D olioletta  gegenbauri, var. triton is  GODEAUX 1960, p. 13, 
fig. 4  (g o n o z o o id  buds) ,

D olioletta  tritonis  B a r n e s  1961, p. 103 (distribution), 
D olioletta  tritonis  FRASER 1961. p. 18 (d istribution). 
D olioletta  triton is  FRASER 1982, p. 20 - 22,
D olioletta  tritonis  GODEAUX 1998 a, p. 282-283, fig. 17.12 b 
(gonozooid).

L a r v a , o o z o o id  a n d  NURSE: sim ilar to those o f  D olioletta  
gegenbauri (FOWLER 1905).L ength  o f oozooid: 13 m m , 
length  o f nurse: 17 m m .

T r o p h o z o o id : broad stalk  w ith re latively  strong m uscles, 
with flattened ex trem ities, up to 25 gili slits. H eight: 3 mm.

PHOROZOOID and GONOZOOID: sim ilar, the sole difference 
from  D olio le tta  gegenbauri is the branchial septum  ventrally  
attached betw een  M IV and M V.
L ength  o f phorozoo id  —> 8 m m , length o f  gonozooid  —> 15 
mm.

DISTRIBUTION: species know n from  the three oceans but 
seem s to p refer w arm er w aters than D. gegenbauri, som e­
tim es in w arm  sum m ers up to Faroe and N orth  Sea, m issing 
in the M editerranean , p resen t in the G u lf o f  ‘A qaba.

D olch in ia  m irabilis  KOROTNEFF 1891 
D olio letta  m irabilis  (KOROTNEFF 1891)

D olchin ia  m irab ilis  KOROTNEFF 1891, p. 187, p i. 12, fig. 1 
(phorozooid),
D olchin ia  m irab ilis  KOROTNEFF 1904. p. 480. pi. 19, fig. 1 
(trophozooid),
D oliolum  (D olio letta ) m irabile  NEUMANN 1913 b, p. 17-18, 
D olchin ia  m irab ilis  = D oliolum  chuni F e d e l e  1923, p. 152- 
158,
D olioletta  m irab ile  GARSTANG 1933. p. 216, text-fig . 5, p. 
230-221, text-fig . 6-7 (D olio letta  m ira b ilis : phorozooid , 
gonozooid),
D oliolum  (D olio letta ) m irab ile  H a r a n t  &  VERNIÈRES 1938, 
p. 49,
D oliolum  (D olio le tta ) m irabilis  FRASER 1947, p. 2 text-fig. 
(gonozooid),
D olio lum  (D olio le tta ) m irab ilis  SEWELL 1953, p. 53-55, 
text-fig. 16-17 (phorozooid , gonozooid),
D olioletta  m irab ilis  T r ÉGOUBOFF & ROSE 1957, vol. I. p. 
568 , Vol.II, pi. 205, fig. 6,
D olioletta  m irab ile  GODEAUX 1972 (phorozooid , gono­
zooid),
D olioletta  m irab ilis (chun i? ) GODEAUX 1998 a, p. 282-283 
(gonozooid),
D olioletta  m irab ilis  ESNAL & DAPONTE 1999, p. 1415, fig.
3.1 a ,b (gonozooid), m ap 2 (d istribution).

R e m .: A ccord ing  to FEDELE (1923), D olio letta  chuni and D. 
m irabilis  are a single species.

L a r v a , OOZOOID and n u r s e : unknow n, but possib ly  sim ilar 
to those o f  D olio letta  gegenbauri T he p ieces o f  the dorsal 
spur observed  by KOROTNEFF (1891. 1904) attest o f  the great 
length  o f  this append ice  (—» 45 cm ?).
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TROPHOZOOID: sim ila r to  the trophozooid  o f D olioletta  
g eg en b a u ri; num erous gili slits (up to 42 , KOROTNEFF), no 
w ings on the stalk. H eight: 8 m m .

PHOROZOOID and GONOZOOID : sim ilar, thin tunic, slender 
m uscles w idely  separated , M  V I open or very narrow  
ventrally, brain behind  M  III, short endosty le  ex tending  from  
short before M III to m idw ay betw een M IV and M V, V- 
shaped branchial sep tum  starting  from  M II dorsally, tres­
passing M V I in the rear and end ing  close to  M II ventrally, 
up to 70 gili slits, testis co iled  on the left side o f  the d igestive 
tube, betw een M  IV and M V I, ovary in front o f M V II, very 
long and th ick  stalk  in phorozooid . L ength  —> 8 m m .

D is t r ib u t io n : species p resen t in N aples, tropical A tlantic  
O cean, Indian O cean , south  o f  the A rabian  Sea, southern  P a­
cific O cean  (north  o f  N ew  Z ealand). N o recent records.

D olioletta  valdiviae  KRÜGER 1939, p. 133, m ap 82, 
D olioletta  valdiviae  G o d e a u x  1972, p. 268,
D olioletta  valdiviae  GODEAUX 1998a, p. 282-283, fig. 17. 12 
d (gonozooid),
D olioletta  valdiviae  E s n a l  &  DAPONTE 1999, p. 1415, fig. 3. 
2 (gonozooid). m ap 2 (distribution).

L a r v a , o o z o o id , n u r s e  and t r o p h o z o o id : probably sim i­
lar to those o f  D olioletta  gegenbauri.

PHOROZOOID and GONOZOOID: sim ilar, less developed tunic, 
s lender and w idely separated m uscles, brain behind M III, 
endosty le  extending from ju s t behind M II to before M  V. V- 
shaped branchial septum  front M III dorsally, to M VI in the 
rear and M V ventrally, up to 75 gili slits, sausage-shaped 
closely  coiled  testis, ovary in front o f  M V II, phorozooid  
stalk  short and broad. Length —> 6 m m .

D olioletta  c h u n i  NEUMANN 1906

D oliolum  C huni NEUMANN 1906, p. 221, pi- 14, fig. 3 
(gonozooid),
D oliolum  (D olio le tta ) chun i NEUMANN 1913 b. p. 17. 
D olchin ia  m irab ilis  = D olio le tta  chun i FEDELE 1923, p. 152- 
158,
D olioletta  chuni = D o lio le tta  m irab ile  GARSTANG 1933, p. 
219-220, fig. 5,
D olioletta  chuni = D o lio le tta  m irabilis  T r ÉGOUBOFF & 
ROSE 1957, Vol. I, p. 568, Vol. II, pi. 205, fig .6.

L a r v a , o o z o o id , NURSE and TROPHOZOOID: unknow n but 
possibly sim ilar to those o f  D o lio le tta  gegenbauri.

P h o r o z o o id  and g o n o z o o id : sim ilar, th in  but firm  tunic, 
slender m uscles, brain  beh ind  M  III, endosty le  ex tending  
from  before M  III to the m idw ay betw een M IV and M V, 
branchial sep tum  strong ly  curved  from  behind M  III to be­
hind M  VI in the rear and to the m idw ay betw een  M IV and 
M V ventrally , up to 90 gili slits, tubular testis bent close to 
the left ventral side o f  the d igestive  tube, short and broad 
ventral s ta lk  in pho rozoo id . L eng th  o f  gonozooid: —> 7 m m .

D is t r ib u t io n : species rarely observed  in the A tlantic  and 
Indian O ceans (NEUMANN 1906, 1913).

D olio lu m  va ld iviae  NEUMANN 1906,
D olio letta  va ld iviae  (NEUMANN 1906).

D oliolum  va ld iviae  NEUMANN 1906. p. 219-220. pi. 24, fig. 2 
(gonozooid),
D oliolum  (D o lio le tta ) va ld iv iae  NEUMANN, 1913b, p. 17, 
D olio letta  va ld iv iae  G a r s t a n g  1933, p. 219, text-fig . 5 
(gonozooid),
D oliolum  va ld iv iae  NEUMANN 1935. p. 324, text-fig . 251 
(gonozooid),

DISTRIBUTION: species observed in great num bers in the 
I southern  A tlantic O cean, w estw ards o f C ape Tow n 

(NEUMANN, K r ü g e r ) and also  in the M ozam bique C hannel 
(G o d e a u x  &  M e u r ic e ).

B) F a m il y  D o l io p s o id id a e . Three sp ecies.

- G enus D oliopsoides

Type species: D oliopsoides m eteori KRÜGER 1939.

O nly b lastozooids are know n.

D escrip tion  o f  the genus: barrel-shaped  body, thin tunic, fla t­
tened ectoderm , siphons at both  ends o f  the m ain axis, buc­
cal siphon provided w ith Haps, M I, M  II, M III and M VIII 
as com plete  hoops, M  V ventrally  open, and dorsally  united  
w ith M  V I in a characteristic  dorso-la teral arch, M  V I and M  
V II crossing  ventrally ; a longitud inal sub-endosty lar thin 
m uscle, a thin m uscle laterally  uniting M  IV and M  V, five 
nervous roots and an an terior thread ending at the cilia ted  
funnel, am ple pharyngeal cavity, endosty le  ex tend ing  from  
M  II to M  V, peripharyngeal bands running  behind M  II, and 
dorsally  uniting into a vibratile organ in front o f  the brain, 
card iopericard ium  close to  the rear o f  endosty le , transversal 
tw isted  branchial septum  w ith a series o f  horizontal gili slits 
on both  sides o f  the oesophagus, U -shaped  and bent forw ards 
d igestive  tube com prising  oesophagus, stom achal pouch , in­
testine and pyloric gland, anal aperture  in front o f  atrial s i­
phon, herm aphroditic  gonads below  the d igestive tube, no 
stolon.
L ife cycle probably  m etagenetic , oozooid  unknow n, 
b lastozooids develop ing  on a lace.

G enus D oliopso ides  ESNAL &  DAPONTE 1999. p. 1916-1417, 
f  ig. 3.9, m ap 2.
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Fig. 12. a gonozooid of Doliopsoides meteori (after KRÜGER 1939; size unknown). I» gonozooid of Doliopsoides horizoni (after
T o k io k a  & B e r n e r  1958a; scale bar 500 pm). c. gonozooid of  Doliopsoides atlanticum  (after G o d e a u x  & H a r b i s o n  in press; 
scale bar 1 pm).

27 - M II and M II bound by
a thin sub-endostylar m u sc le ....................................................................................................................... D oliopso ides m eteori (Fig. 12a)

M III and M IV bound by a thin
sub-endostylar m uscle, stomachal caeca............................................................................................................................................................28

28 - siphons devoid o f  lobes, testis behind and above ovary, M VII overlapping M V I  D oliopso ides horizoni (Fig. 12b)

siphons provided with lobes, testis in front o f  ovary, M VII passing below  M V I   D oliopso ides atlanticum  (Fig. 12c)

D oliopso ides m eteori KRÜGER 1939

Tlie drawing is not very good and gives little details o f  the 
anatomy; it responds to the genus description.
Brain in front o f  M III. peripharyngeal bands united behind 
M III. thin sub-endostylar m uscle uniting M II and M III. 
straight lateral m uscle uniting M IV and M V. M VI com plete  
ventrally. M VII open ventrally; endostyle extending from M 
I I '4 to M I V  6. branchial septum divided into tw o parts, with 
10 dorsal gili slits and 20 ventral gili slits on each side, d iges­
tive tube in the 6th muscular interspace, pyloric gland absent 
?. pear-shaped testis in front o f  the ovary.

D i s t r i b u t i o n : 12 gonozooids collected  with closing nets in 
11 stations in the Atlantic Ocean (one in front o f  Cape Verde, 
the others between 28 and 42° S), m ostly below  400  m depth 
( K r ü g e r ).

D oliopso ides h orizon i TOKIOKA &  BERNER 195 8

Siphons deprived o f flaps, thin sub-endostylar m uscle unit­
ing M III and M IV. thin lateral sigm oid m uscle uniting M IV 
and M V, M VI open ventrally, M VII passing above  M VI 
and its free extrem ities projecting in the ventral stalk o f  the 
sole known phorozooid, endostyle extending from M II to M
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V, large b ranchial septum  in tw o parts, 30 to 40 gili slits, d i­
gestive tube bent forw ards, stom achal pouch provided  w ith 
caeca, b ilobated  testis beh ind  and below  the ovary. L ength  —>
5.2 m m

D is t r ib u t io n : several gonozoo ids and a single phorozooid  
collected  in eastern  tropical Pacific  O cean (S hellback  E xpe­
dition 1952). D epth  o f catches and w ater tem perature  not 
given.

D oliopsoides a tla n ticu m  GODEAUX 1996

Buccal siphon w ith  1 8 - 2 0  flaps, atrial siphon w ith 20 e lo n ­
gated flaps, s lender m uscles (m axim um  14 fibres), M  VI 
open ventrally  and ending  under the atrial siphon, M  V II 
passing  below  M  V I, thin sub -endosty lar m uscle  w ith  an ex ­
change o f  2 fib res betw een  M  III and M  IV, thin lateral sig ­
m oid  m uscle  un iting  M  IV  and  M  V  w ith exchange o f 2 fi­
bres, v ibratile  organ dorsal, s tra igh t endosty le ex tend ing  
from  behind  M  II to before  M  V, branchial sep tum  tw isted  
w ith 20 and 30 gili slits on each  side, oesophagus prov ided  
w ith a spiral fo ld  ending  at the stom achal pouch, stom achal 
pouch prov ided  w ith num erous scattered  caeca, py loric  
gland o f  variab le  form , b ilobate  testis in front o f  ovary, co m ­
m on genita l pore  behind  ovary, p ro togyny? L ength  —> 8m m .

DISTRIBUTION: T hree gonozoo ids in excellen t condition , co l­
lected in situ  at th ree c lose  sta tions in the north -w estern  A t­
lantic O cean in the B aham as at > 700 m  depth, tem pera tu re  >

10° C (Johnson Sea Link, W oods Hole, date: 1984).

REM.: a sole gonozooid  observed in the Indian O cean (38°S), 
s im ilar to D oliopsoides a tlanticum  (GODEAUX &  M e u r i c e  
1978).

|5) S u b o r d e r  D o l io p s id in a

D e s c r ip t io n  a n d  d is t r ib u t io n  o f  t h e  s p e c ie s

C )  F a m i l y  D o l i o p s i d a e

- G enus A nch in ia  ESCHSCHOLZ 1835 
D oliopsis  V o g t  1854

Type species: D oliopsis rubescens  VOGT 1852.
A single genus w ith three species. Only b lastozooids are 
know n.

D escrip tion  o f  the genus: g lobulous body, h igher than longer, 
tunic less adhering, especially  th ick  ventrally, w ith w ide­
spread  starlike cells, thin ectoderm , five m uscles M  I, M  II, 
M  IV and M  V  as com plete hoops, short, sigm oid M  III, nar­
row  lobated siphons at both ends o f  the horizontal axis, brain 
an tero-dorsal, v ibratile  organ beh ind  the brain and M  III, oc­
cupy ing  the top o f the anim al, U -shaped digestive tube, go­
nads below  the digestive tube, rem ains o f  the fixative stalk  

) re tracted  inside the tunic in old specim ens, p igm ented  spots 
j p resen t or not on living specim ens.

29 - M  I = buccal sphincter, M  II a little  beh ind , both annu lar hoops, M  III incom plete, sigm oid on the
flanks, M  IV  at the level o f  the atrial cavity, M  V = atria l sphincter, annu lar hoop, gonads m is s in g .....................................  30

- sim ilar appearance, gonads c lose  to  the d igestive  t u b e ........................................................................................................................... 31

30 - short endosty le , p igm en ted  p ap illa  above the buccal sphincter, starlike  red  spot in front 
o f the branch ia l septum , long  p igm ented  process above the atrial siphon,
gonads m issing  (a b o r t iv e ? ) ..........................................................................................  “phorozoo id” o f D oliopsis rubescens  (Fig. 13a)

sim ilar appearance, long endosty le , no p rocess above the atrial siphon, large cluster
o f red p igm ent below  the d igestive  tube, gonads m is s in g   “trophozoo id” of D oliopsis rubescens  (Fig. 13b)

31 - long endosty le , p igm ented  pap illa  above the buccal siphon, starlike red  spot in front 
the b ranchial septum , long p igm ented  process above the atrial s iphon , hand-like testis
against the in testine, ovary  below  the d igestive t u b e ................................................ gonozooid  o f  D oliopsis rubescens  (F ig. 13c)

- endoderm ic  fold along M  III, spiral whorl along the oesophagus, no process 
above the atria l siphon, red -o range p igm ent on the d igestive  tube, no 
starlike red spot in fron t o f  the branchial septum , I to 5 tubu lar testis caeca
along the ascend ing  in testine, ovary  below  the d igestive  t u b e .........................  gonozoo id  o f  D oliopsis  baham ensis  (Fig. 13d)

bud tied  to stolon (F ig .l3 e )

DISTRIBUTION: D oliopsis  rubescens  was d iscovered  in 
V illefranche sur M er (N ice). L a te r on diverse  nam es w ere 
given : A n ch in ia  sav ign iana  HUXLEY 1851a, D oliopsis  
rubescens  VOGT 1852, A n ch in ia  rubra  VOGT 1854, 
G E G E N B A U R  1856, D oliopsis  rubra  GROBBEN 1882, 
A nchin ia  rubra  KOWALEVSKY &  BARROIS 1883, A nch in ia

sp. KOROTNEFF 1883, 1884, D olio lum  (A nch in ia )
savignianian  ULJANIN 1884, A n ch in ia  rubra  WAGNER 1884, 
1885, A n ch in ia  rubra  BARROIS 1885, D oliopsis rubescens  
B r ie n  1948.
Sam e nam es w ere given to  specim ens co llec ted  ou t o f  the 
M editerranean: e.g. A nch in ia  rubra  BEDOT 1909 (roads o f
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Fig. 13. a. “phorozooid” o f Doliopsis rubescens (after Barrois 1885 modified), b. “trophozooid” o f  Doliopsis rubescens (after Barrois 
1885 modified), c. gonozooid of Doliopsis rubescens (after Kow alevsky  & Barrois 1883; scale bar 1 mm), d. gonozooid of 
Doliopsis bahamensis (after GODEAUX & Harbison  in press; scale bar 500 pm). e. bud of a young gonozooid of Doliopsis 
bahamensis still attached to the stolon (scale bar 10 pm).
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A m boina, Indonesia), A n ch in ia  rubra  IHLE 1910 (o ff Island 
o f  C elebes), A n ch in ia  savign iana  NEUMANN 1913a,b (South  
A tlantic O cean), D oliopsis  savign iana  KRÜGER 1939 (South 
A tlantic O cean), D oliopsis rubescens  van  SOEST 1975 (B er­
m udas), D oliopsis rubescens  ESNAL &  DAPONTE 1999 
(South A tlantic  O cean).
The species seem s to live preferab ly  in depth  but m ay be 
caught near the surface.

REM.: the “ phorozoo id  ” o f  D oliopsis  rubescens  cou ld  ju s t 
be an abortive gonozoo id  as in D oliolidae.

D) F a m il y  P a r a d o l io p s id a e

- G en u s P arado liopsis  GODEAUX 1996.

A  single genus w ith a sing le  species know n up to now.

Type species: P arado liopsis  h arb ison i GODEAUX 1996.

D escrip tion  o f  the genus: rec tan g u la r body, th ick  tunic, e sp e ­
cially above the buccal siphon, less adhering  to  the thin 
ectoderm , siphons at both  ends o f  the m ain axis, buccal s i­
phon bnoadly  open, p ro v id ed  w ith 24 tunical lobes, brain

dorsal with four pairs o f  nervous roots, five m uscles, M I, M 
II and M V com plete hoops, M I and M II at both ends o f  the 
buccal vestibule, M III long, sigm oid, open at both ends with 
dorsal extrem ities overlapping behind the brain, a longitud i­
nal endoderm ic fold along M III, M IV open ventrally, 
endosty le  running above a cloud o f w ithish pigm ent, two 
clusters o f  w hite pigm ented cells at its fore-end, peripharyn­
geal bands running behind M II, and uniting in an vibratile 
organ beh ind  brain  and M  HI, and sh ifted  on the right side  of 
the body (as in all the few  specim ens collected), ciliated  fun­
nel tied to the left peripharyngeal band, sim plified endostyle 
struc tu re  (as in D oliolidae), card iopericard ium  at the rear of 
the endosty le , tw isted branchial septum , m ore than 60 gili 
slits in a series disrupted  at m idw ay by a narrow  epithelial 
zone, U -shaped  digestive tube, reddish  p igm ent on the 
oesophagus provided o f  tw o spiral w horls, yellow -gold  p ig ­
m en t at the end o f  the organ, on stom achal pouch and de­
scend ing  intestine, herm aphoditic  anim al, 4 slender testicu ­
lar caeca, tw o stretching upw ards along the digestive tube, 
tw o  running  dow nw ards uniting  at the genital pore close to 
the ovary (protogyny?), ventral stalk  in the rear o f the free 
ends o f  M  IV, and bearing a developed  bud, younger buds 
p resen t on the stalk, stolon m issing. G onophorozooid .

32 -Type species: rec tan g u lar body, 2.2 x 1.9 cm , th ick  tunic, M  I and M  II at both ends o f 
a buccal vestibu le , M  III on the flank, long, sigm oid  , M  IV at the level o f the atrial cavity,
M  V as atrial sph incter, ovary, 4  less developed  testicu la r caeca, no s to lo n ........................P aradoliopsis harb isoni (Fig 14a)

Paratype specim en: s ligh tly  different: 2.5 x 2.3 m m ., four 
testicu lar caeca  w ell dev e lo p ed  (Fig. 14 b), tw o runn ing  along 
the d igestive  tube, tw o run n in g  dow nw ards, un iting  at the 
genital pore, ovary  m issing , ven tral stalk  bearing  a S -shaped 
series o f  young buds (m ax im um  size 400 pm ).

T hree o ther iso lated  and w ell iden tifiab le  buds (Fig. 14c) 
w ere also  collected , p robab ly  detached  from  the adults dur­
ing handling.

DISTRIBUTION: T w o  adu lt specim ens and four develop ing  
buds w ere cau g h t at tw o w idely  separated  locations, the first 
individual w ith tw o buds near G eo rg e’s Bank, the second one 
also w ith tw o buds near the D ry Tortugas, in the G u lf o f 
M exico, at s im ilar dep ths (700m ) and in cold  w aters (5.7 and 
4.8° C). T hen  the d is tribu tion  reveals ex tended  (Johnson- 
Sea-F ink, W oods H ole, date: A ug. 1987).
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Fig. 14. a. left side of a gonophorozooid of Paradoliopsis harbisoni with weakly developed gonads (after GODEAUX 1996; scale bar 
5 mm), b. follicular testis o f  a gonophorozooid of Paradoliopsis harbisoni, right side (after GODEAUX & HaRBISON in press), 
c. right side of  a bud of Paradoliopsis harbisoni (after GODEAUX & HaRBISON in press; scale bar 10 (im).

Abbreviations: I V, I-VIII, and I-1X: muscle hoops, a: anal aperture, am: anterior muscle, A.S.: atrial siphon, B: brain (nervous 
ganglion), b: bud, Br: branchial septum (gills), B.S: buccal siphon, ch: chord, C.V: caudal vesicle, D: digestive tube, d: 
diverticulum, D.Sp: dorsal spur, E: endostyle, end.: endoblast, F: follicular envelope, fp.: faecal pellets, F.S.: fixation stalk, ga: 
gonad anlage, gp: genital pore, H: heart, mes.: mesoblast, na: neural anlage, oe: oesophageal opening, p: pigment clusters, pg: 
pyloric gland, pm: posterior muscle, St: stolon, T: testis, Tl: tail, tm: transverse muscle, Tr: trunk, Tz: trophozooid, V.O.: vibratile 
organ, w: wings, x: ventral attachment of the branchial septum.
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