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A REVISION OF THE SEGUENZIACEA VERRILL, 
1884 (GASTROPODA: PROSOBRANCHIA). I. 

SUMMARY AND EVALUATION OF THE SUPERFAMILY

A bstract.— A. sum m ary  o f  the  superfam ily Seguenziacea is com piled  from  the 
literatu re  and  unpublished  observations, and  a com plete  b ib liography is presented. 
A taxonom ic  résum é o f  seguenziacean genera is given. A  p re lim inary  classification 
o f  the superfam ily  includes 74 nom inal species and  subspecies in  seven genera 
and four species-groups w ith in  Seguenzia . T he  know n characters o f  the  shells and 
anatom y are review ed. T h e  superfam ily  Seguenziacea is show n to  be d is tinc t from  
any o ther know n archaeogastropod  o r m esogastropod superfam ily . T h is  super
fam ily is characterized  by: nacreous shells o f  archaeogastropod u ltrastructure , 
often com plexly  scu lp tu red  w ith  0 -3  (usually 2 o r 3) labral sinuses; m odified 
rh ip idoglossate radu la  (form ula 12-4.1.1.1.4-12); paucisp ira l corneous operculum ; 
epipodial tentacles; m onopectina te  c tenidium ; long in testine  w ith an  an te rio r loop; 
specialized structu res in the  rep roductive  trac t (e.g., a well developed penis); and 
m odification  o f  the  m an tle  edge to  form  d istinc t in cu rren t and  excurren t siphons. 
C ontents o f  the  in testine  o f  Seguenzia  sp. cf. S. eritim a  Verrili ind ica te  th a t 
Seguenzia  is a detritivore .

Ancistrobasis  is know n from  the  Eocene, Pliocene, and  R ecent; Seguenzia  occurs 
from  the  M iocene to  the  R ecent; all o ther genera are unknow n as fossils. A lthough 
probably derived  from  the  T rochacea, no d irect link  w ith  any know n fossil or 
living p rosob ranch  group  has yet been established. T he superfam ily  Seguenziacea 
is here considered  to  be an  iso lated  offshoot o f  the T rochacea, independently  
acquiring  advanced  an a tom ica l features o f  a m esogastropod n a tu re  as a conse
quence o f  ex trem ely  sm all body  size and  in response to a deep-w ater habita t.

The en igm atic  superfam ily  Seguenziacea com prises a group  o f  very sm all (usu
ally 5 m m  o r less in  height), trocho id -like  prosobranchs o f  w orld-w ide d istribu tion . 
A lthough a few species have been recorded  from  ou ter con tinen ta l shelf or abyssal 
plain dep ths, by far the  m ajo rity  o f  know n species have been described from  the 
continen ta l slopes. Because o f  th e ir  deep-w ater hab ita ts , in fo rm atio n  concerning 
seguenziacean species has been largely confined to  original species descrip tions 
and records published  in reports  o f  m ajo r national exploratory  expeditions. Very 
few species are  rep resen ted  in collections by large series o f  specim ens, an d  even 
fewer have been  collected alive. As a result, the taxonom y and  system atic position  
o f  the Seguenziacea have rem ained  in states o f  confusion and  debate. As a first 
step tow ards resolving the sta tus and  relationsh ips o f  th is  group, a review  o f  all 
in fo rm ation  in  th e  lite ra tu re  is p resented, augm ented by original observations.

T he observations sum m arized  here suggest th a t seguenziaceans are archaeo- 
gastropods w hich have acqu ired  anatom ical specializations m ore  typical o f  a 
m esogastropod  organization . A rchaeogastropod affinity is ind ica ted  by the n a 
creous shell, p ro toconch , ep ipodial tentacles, an terio r loop o f  the in testine, and
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m odified  rhip idoglossate radula . F eatu res in c o m m o n  principally  w ith  mesogas- 
tro p o d s include a m onopectinate  c ten id ium , specia lized  rep roductive  system  in 
cluding d eve lopm en t o f  a penis, and  functional m odifica tion  o f  the m an tle  edge 
to  form  d istin c t incurren t an d  excurren t siphons. A  sim ilar co m bina tion  o f  ch ar
acteristics is n o t found in any o ther know n g astro p o d  group, and  the  argum ent 
for a separate  superfam ily, the  Seguenziacea, as suggested by K een (1971), G olikov 
an d  S tarobogatov  (1975), G oryachev  (1979), Q u in n  (1981, 1983a, b), M cLean 
(1981), and  M arshall (in press), is supported . A ltho u g h  a p robable  origin w ith in  
the  T rochacea is postu lated , phylogenetic re la tio n sh ip s  o f  the  Seguenziacea are 
still unclear.

S eventy-four nom inal species are here assigned to  seven  genera plus four species- 
groups w ith in  Seguenzia  w ith in  th e  Seguenziacea a n d  a pre lim inary  classification 
is p resen ted  (Table 1). N o a ttem p t to  de te rm in e  species synonym ies was m ade 
since th a t task  is properly the  p rov ince  o f  a full m onograph ic  review. Such a 
m onograph  will be published as tim e  and  m ateria l p e rm it. H ow ever, consideration  
o f  shell m orphology  and  rad u la r characters in d ica tes  th a t several ra th er discrete 
species-groups exist w ith in  Seguenzia  sensu lato. T h ese  species-groups, no t fo r
m ally  defined here, are referred to  in the  tex t an d  T ab le  1 as Seguenzia  G roups 
I- IV , designations used here for convenience o f  d iscussion  and  as an  ind ication  
o f  areas requ iring  close a tten tio n  in  fu tu re  studies. Species nam es are used in  the  
tex t w ithou t c ita tion  o f  date o f  descrip tion  as th is in fo rm ation  m ay be found  in 
T ab le  1. A  synopsis o f  the h isto ry  o f  the  supraspecific  taxa is presen ted  and  a 
com plete  b ibliography is included in the  L ite ra tu re  Cited.

T axonom ic  R esum é

Seguenzia  w as proposed  a lm ost sim u ltaneously  in 1876 by the B ritish m ala- 
cologist J. G. Jeffreys and the Ita lian  paleon to log ist G. Seguenza. It appears th a t 
Jeffreys’ p ap er (15 June  1876) was pub lished  p rio r  to  Seguenza’s (M ay-June  1876), 
b u t there  is still som e d oub t as I have been unab le  to de term ine  an exact da te  o f 
pub lica tion  for Seguenza’s paper; therefore, pend ing  acqu isition  o f  fu rther in fo r
m ation , Jeffreys is here considered  the  a u th o r o f  Seguenzia . A lthough Jeffreys 
an d  Seguenza agreed on the n am e fo r th e  genus, th ey  disagreed strongly on its 
supposed  system atic  position . Seguenza (1876) assigned the  group to  the T ro ch i
dae. Jeffreys (1876), on the o th e r hand , th o u g h t th a t  Seguenzia  was m ost closely 
re la ted  to  the  Solariidae ^ A rc h ite c to n ic id a e )  and  la te r em phatically  resta ted  th a t 
op in ion  (Jeffreys 1879) after W atson  (1879a) erec ted  the  second seguenziacean 
genus, Basilissa, and  allocated  it, along w ith  Seguenzia , to  the T roch idae  on the 
basis o f  th e  nacreous shells.

V errili (1884) was the first to  exam ine the  rad u la  o f  Seguenzia , w hich he de
scribed as taenioglossate. O n th a t ev idence he erected  the  fam ily Seguenziidae, 
included  b o th  Seguenzia  and  Basilissa, an d  placed the  fam ily near Aporrhais 
(S trom bidae). Based on specim ens from  the  collections o f  the B lake  Expedition , 
D ali (1889b) defined Ancistrobasis as a subgenus o f  Basilissa, and  placed bo th  in 
the  T roch idae . D ali assigned F lu x in a  discula  to  th e  Solariidae ^ A rc h ite c to n ic i
dae) an d  placed the  Seguenziidae n ear the  T rich o tro p id ae , approx im ating  T ry o n ’s 
(1887) a llocation  o f  Seguenzia . D au tzenberg  and  F ischer (1897a) defined Basi-
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lissopsis for a sm all, d istinc tive ly  shaped  seguenziacean w hich they included  in 
the  T rochidae.

S chepm an  ( 1908, 1909) co n trib u ted  perhaps the  m ost in fo rm atio n  o f  any au th o r 
to  d a te  to  the understand ing  o f  the  Seguenziacea. In his 1908 report, Schepm an 
described  and  illustrated  radu lae  o f  Basilissa  and  his new  genus, Guttula, and  
a lthough he reta ined  these tw o genera in the  T rochidae, he com m en ted  on the 
un iqueness o f  the ir rad u la r form ulae. In  the  second p a rt o f  his rep o rt (1909), he 
illu stra ted  the radu la  o f  Seguenzia  melvilli, the  first accurate descrip tion  an d  clear 
illu stra tion  o f  a radu la  o f  Seguenzia . H e speculated  th a t Seguenzia  w ould  even
tually  be recognized as belonging to  a rh ip idoglossate  group  also encom passing 
Basilissa, although he follow ed T ryon  (1887), D ali (1889b), and  explicitly Pel- 
seneer (1906), in placing the  Seguenziidae n ear the T richo trop idae . D ali (1925) 
inc luded  his new subgenus, Orectospira, in  Basilissa, b u t H abe (1955a, b) has 
show n th a t Orectospira is tu rrite llid  ra th e r th an  seguenziid.

R eflecting the  h iatus in  research on the  deep sea, it w as n o t un til 1971 th a t 
an o th e r generic taxon  was established. Thelyssa  Bayer, 1971, was erected  for a 
species described from  U niv ersity  o f  M iam i collections o f  deep-w ater C aribbean 
m olluscs. Thelyssa  is very  sim ila r to , an d  m ay  eventually  be considered  a subgenus 
of, Basilissa. The m o st recently  defined genus, M ioseguenzia  N ordsieck, 1973, 
w as in tro d u ced  for Jan th ina  cim brica  Sorgenfrei, a M iocene fossil from  D enm ark , 
an d  tw o new  taxa, M . cim brica recens an d  M . conica. D r. P h ilippe B ouchet (in 
litt.) has in form ed m e th a t his ex am in a tio n  o f  N o rd s ie c k i specim ens revealed 
th em  to  be larval shells o f  the  C ypraeacea. F ro m  Sorgenfrei’s illustra tion , it  appears 
th a t M . cim brica  is also a larval form , th u s  excluding M ioseguenzia  from  the 
Seguenziacea.

T h e  genus F luxina  D ali, 1881, has been used for a n u m b er o f  seguenziaceans 
(D ali 1889b; Schepm an 1909; Bayer 1971) an d  recently included  in a list o f 
seguenziacean genera (Boss 1982); how ever, M errill (1970a) has show n th a t the 
type-species o f  F luxina, F. brunnea  D ali, is a  C alliostom a  (T rochidae). F luxiella  
(O ku tan i, 1968, 1974) is a n om en  n u d u m , an d  F. vitrea O ku tan i, is here assigned 
to  Seguenzia  G roup  IV. Q u inn  (1983b) recently  erected C arenzia  for the  S e 
g uenzia  carinata  species-group, and  M arshall (in press) is trea ting  the species- 
g roups referred  to herein  as Seguenzia  G ro u p s II and IV , as well as th ree o ther 
new  genera.

Shell M orphology

Species o f  the Seguenziacea, a lthough n o t uncom m on  in collections o f  deep- 
w ater m olluscs, are rarely represen ted  by large suites o f  shells, and  even few er by 
live-co llected  specim ens. R esulting  iden tifications and classifications have been 
based  a lm ost solely on shell characters. T h e  taxonom ic  value o f  shell characters 
has n o t been critically evaluated , and  au th o rs  have labo red  under considerable 
uncerta in ty  as to w hich v a ria tio n s are m erely  intraspecific, and  w hich actually 
rep resen t specific differences. T h is  inadequacy  is perhaps best illustra ted  by the 
follow ing com m ents o f  W. H. D ali (1889b:269): “ In exam ining  the  specim ens o f 
Seguenzia  . . .  I find m yse lf in  a d ilem m a. E ither each separa te  ind iv id u a l is to 
be regarded as a species o r the variab ility  o f  the  shells is very  great. P ersisten t
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T ab le  1. —P re lim in a ry  c lassifica tion  o f  th e  Seguenziacea.

Seguenziacea V errili, 1884 

S eguenziidae V errili, 1884

Seg u en z ia  Jeffreys, 1876
T y p e-species .— S eg u en z ia  fo rm o sa  Jeffreys, 1876;

G ro u p  I {Seguenzia  s.s.)
S', fo rm o sa  Jeffreys, 1876 
S . fo rm o sa  var. l in ea ta  W atso n , 1879 
S . fo rm o sa  var. n itida  V errili, 1884 

IS . m onocingu la ta  Seguenza, 1876 
fS . m onocingu la ta  v a r . e legans  Seguenza, 1876 
t*S. m onocingu la ta  v a r . e la ta  Seguenza, 1876 

S . er itim a  V errili, 1884 
S. elegans  Jeffreys, 1885 
S. elegans v a r . b icarina ta  L ocard , 1898 
S. occidentalis  D ali, 1908 
S . stephanica  D ali, 1908 
S . costulifera  S ch ep m an , 1909 
S’, dautzenberg i S ch ep m an , 1909 
S. m elvillii S ch ep m an , 1909 
S. certom a  D a li, 1919 
S. g iovia  D ali, 1919 
S. cervola  D a li, 1919 
S . ca liana  D ali, 1919 
S. antarctica  T h ie le , 1925 
S. su m a tren sis  T h ie le , 1925 
S. orien ta lis  T h ie le , 1925 
S . f lo r id a n a  D ali, 1927 

fS . hapa la  W o o d rin g , 1928 
S . hosyu  H ab e , 1953 
S. louiseae  C larke , 1961 

‘IS. fa tig a n s  B a rn a rd , 1963 
S. soyoae  (O k u tan i, 1964)
S. m irab ilis  O k u tan i, 1964 
S. nipponica  O k u ta n i, 1964 
S . m egaloconcha  R o k o p , 1972 

tS .  dona ld i L add , 1982

G ro u p  II

S. ionica  W atso n , 1879 
S. lam pra  (W atso n , 1879)
S. po lita  V erco , 1906 
S. sykesi S ch ep m an , 1909 
S . ca z io ti D au tzen b e rg , 1925 
S. rush i D ali, 1927

G ro u p  III

S . siberutensis T h ie le , 1925 
S. s im p le x  B a rn a rd , 1963

G ro u p  IV

S. discula  (D ali, 1889)
IS . d a lliana  (M elv ill an d  S tan d en ,

1903)
S. m a ra m a ra  (S ch ep m an , 1909)

by  m o n o ty p y .

N E  A tla n tic  O cean
W  A tla n tic  O cean
N W  A tla n tic  O cean
P lio cen e , Italy
P lio cen e , Italy
P lio cen e , Italy
N W  A tla n tic  O cean
N E  A tla n tic  O cean
N E  A tla n tic  O cean
N E  P acific  O cean
N E  Pacific  O cean
C elebes, Indonesia
C elebes, In d o n esia
C elebes, In d o n esia
N E  Pacific  O cean
N E  Pacific  O cean
N E  P acific  O cean
N E  Pacific  O cean
S o f  K erguelen , S o u th e rn  O cean
SW  o f  S u m atra , In d ia n  O cean
E o f  K enya, In d ian  O cean
W  A tla n tic  O cean
M io cen e-R ecen t, W  A tlan tic  O cean
T o sa  B ay, S h ikoku , Ja p a n
SE A tla n tic  O cean
S o f  M adagascar, SW  In d ia n  O cean
O ffT o ris h im a  Is., Ja p a n
O ff A o g a-sh im a Is., Ja p a n
Sea o f  E n sh u -N ad a , Ja p a n
N E  Pacific O cean
P le istocene , N ew  H eb rid es

N W  A tlan tic  O cean 
E o f  Ja p a n , N W  Pacific O cean  
S o f  S o u th  A ustralia  
B a n d a  Sea, Indonesia  
N E  A tla n tic  O cean 
N W  A tlan tic  O cean

SW  o f  S u m atra , In d ian  O cean  
O ff C a p e  P o in t, S ou th  A frica

N W  A tlan tic  O cean 
N  In d ia n  O cean

B a n d a  Sea, Indonesia
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T ab le  1 . — C on tinued .
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S. troch iform is  (S chepm an , 1909) C eram  Sea, In d o n esia
5 . s tenom pha la  (M elv ill, 1910) N  In d ian  O cean
S . gelida  (B arnard , 1963) W  o f  C ap e  P o in t, S o u th  A frica
?S. so larium  (B arnard , 1963) S o f  M adagascar, SW  In d ian  O cean
5. vitrea  (O ku tan i, 1968) S o f  B oso P en in su la , H o n sh u , Ja p an

C a ren z ia  Q u in n , 1983

T y p e-sp ec ies .—S eg u en z ia  ca rin a ta  Jeffreys, 1877; by  orig inal designation .

C. carina ta  (Jeffreys, 1877) W  an d  N E  A tlan tic  O cean
C. trisp inosa  (W atson , 1879) W  A tlan tic  O cean
C. in erm is  (Q uinn , 1983) N E  Pacific O cean

B asilissa  W atson , 1879

T y p e-sp ec ies .—B asilissa  superba  W a tso n , 1879; by  su b seq u en t design a tio n , C o ssm an n , 18

B. a lta  W atson , 1879 N W  A tlan tic  O cean
B. a lta  var. o x y to m a  W a tso n , 1879 N W  A tlan tic  O cean
B. s im p le x  W atson , 1879 SW  A tlan tic  O cean
B. m u n d a  W atson , 1879 E A tlan tic  O cean
B. superba  W atson , 1879 N  o f  A u stra lia , SW  Pacific O cean
B. sibogae  S chepm an , 1908 C elebes, In d o n esia
B. w atson i D ali, 1927 N W  A tlan tic

A ncistrobasis  D ali, 1889

T y p e-sp ec ies .—B asilissa  costu la ta  W a tso n , 1879; by  su b seq u en t d es ignation , D ali, 1927.

t A . reticulata  (P h ilip p i, 1844) P liocene, Italy; ?R ecen t, N E  
A tlan tic

A . costu la ta  (W atson , 1879) N W  A tlan tic  O cean
A . lusitan ica  (F ischer, 1882) N E  A tlan tic  O cean
A . depressa  D ali, 1889 N W  A tlan tic  O cean

? fA . rad ia lis (T ate , 1890) E ocene o f  S o u th  A u stra lia
f A. co ssm a n n i {T ate , 1894) E ocene o f  S outh  A ustra lia

A . com psa  M elvill, 1904 N  In d ian  O cean
? U -  b ilix  (H edley , 1905) E o f  A ustra lia , SW  Pacific O cean

A. b o m b a x  (C o tton  a n d  G od frey , 1938) S o f  A ustra lia
U -  pacifica  L add , 1970 E ocene o f  T onga, SW  Pacific O cean

B asilissopsis  D au tzenbe rg  a n d  F ish er, 1897

T y p e-sp ec ies .—Basilissopsis w a tson i D au tzen b e rg  an d  F ischer, 1897; by  m ono typy .

B. oxytrop is  (W atson , 1879) S A tlan tic  O cean
B. w atson i D au tzen b e rg  a n d  F isher, N E  A tlan tic  O cean

1897
B. rhyssa  (D ali, 1927) N W  A tlan tic  O cean

T helyssa  B ayer, 1971

T ype-species . — T helyssa  callisto  Bayer, 1971; by orig inal designation .

T. callisto  Bayer, 1971 N W  A tlan tic  O cean

G uttu la  S chepm an, 1908

T ype-species . — G uttu la  sibogae  S ch ep m an , 1908; by  m onotypy .

G. sibogae  S chepm an , 1980 N  o f  N ew  G u in ea , W  Pacific O cean
G. b landa  B arnard , 1963 O ff C ape P o in t, S. A frica
G. ga la theae  K n u d sen , 1964 K erm ad ec  T ren ch , SW  Pacific O cean

f  =  species described  fro m  fossil m ate ria l. 
? =  p ro v is io n a l p lacem ent.
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study o f  th e  specim ens has convinced m e th a t the la tte r  is the tru e  so lu tion , and  
th a t the m o st ev iden t characters, such as the  u m b ilicu s  (in som e ad u lt specim ens) 
m ay be p resen t o r absent; th a t the num ber o f  sp ira l th reads, th e ir  strength and  
sharpness on  the  basal disk , are entirely  in co n stan t, and , w hile in the typical 
fo rm osa  the  ridge next to  the  suture is w aved o r g ranu la te , in  m any  it is perfectly 
p lain .”

Indeed, th is  is the im pression  ob tained  w hen only a few specim ens are exam ined , 
especially w ith in  Seguenzia  G roup  I. H ow ever, m y ex am in a tio n  and  com parison  
o f  a large n u m b e r o f  specim ens and  species ind ica te  th a t shell characters are no t 
as variable as thought; indeed , several appear to  b e  o f  considerab le im portance  
in separating species.

Shell shape. — Shell shapes m ay be trocho id , tu rb in a te , conoid , o r lenticular. 
O utlines o f  som e m a jo r species-groups are given in Figs. 1-14. All seguenziacean 
groups except S eguenzia  G ro u p  III, Ancistrobasis, a n d  G uttula  are d istinctly  car
ínate, a t least a t the periphery . C arenzia  and  Basilissopsis  often hav e  a m id-w horl 
ridge or angu la tion  m ark ing  the  abapical edge o f  th e  posterior labral sinus (Figs. 
4, 12), w hich m ay  ap p ro ach  the  strength o f  the co rrespond ing  carina o f  Seguenzia  
G roups I an d  II (Figs. 1-3 , 5, 6). T he la tte r tw o species-groups, in  ad d itio n  to 
peripheral and  m edial carinae, have a basal, and  o ften  a subsutural, carina. M ajor 
intraspecific v a ria tio n  in  shell shape is conferred by changes in  heigh t-w id th  ra tio  
w ith a co n co m itan t increase o r decrease in re la tive  sp ire  height.

Sculpture. — G uttula  an d  Seguenzia  G roups III an d  IV, and  C arenzia  are a lm ost 
devoid  o f  sculpture, h av ing  at m ost fine spiral s triae  (Figs. 4, 7, 10, 11, 14). 
Basilissa, Thelyssa, an d  Basilissopsis usually  have co llab ra l grow th lines slightly 
th ickened a t regular in tervals, p roducing weak, sigm oid , axial rib lets, often crossed 
by fine sp ira l th reads (Figs. 9, 12, 13). C o n tin u a tio n  o f  axial scu lp ture  onto  the 
peripheral carina often p roduces a crenulated  o r scalloped  periphery. Seguenzia  
G roup  II species usually hav e  ra th er strong spiral basal cords in ad d itio n  to carinae 
and fine spiral striae (Fig. 3).

O nly Seguenzia  G ro u p  I and  Ancistrobasis ex h ib it strong scu lp tural pa tterns 
(Figs. 1, 2, 5, 6, 8). A ncistrobasis  has reticulate scu lp tu re  o f  subequal axial and  
spiral cords w ith  nodules p roduced  at the in tersections, and  the base bears strong, 
obscurely nodu lous o r undu la te  spiral cords. T he in trica te  sculpture o f  Seguenzia  
G roup  I is by far the m o s t strik ing o f  all seguenziaceans. In  ad d itio n  to the  th ree 
or four spiral carinae  prev iously  described, the shell bears strong basal cords, fine 
spiral th reads betw een carinae, and  collabral rib lets. T he ab ru p t changes in di-

Figs. 1 -12 . S eguenziacean  shells: 1, 2, 5, 6, Seg u en zia  G ro u p  I; 3, S . G roup  III; 4, C a ren zia ; 7, 5. 
G ro u p  IV; 8, A ncistrobasis ; 9, T h elyssa ; 10, 11, Guttula', 12, Basilissopsis. 1, S e g u e n z ia  n . sp ., P h il
ipp ines, U S N M , SEM , 20 x ;  2 , S . hapala, o ff W est F lo rid a , F D N R , SEM , 33.5 x ;  3, S . rushi, off 
P u erto  R ico , U S N M , SEM , 1 3 .4 x ;  4 , C arenzia  carinata, S tra its  o f  F lo rida , U M M L , SEM , 1 3 .4 x ;  5, 
Seg u en zia  sp. cf. S . elegans, o ff Y u ca tan , U M M L , SEM , 1 3 .4 x ; 6, S', lineata, o ff  Y u ca tan , U M M L , 
SEM , 2 0 x ;  7, S . siberutensis, P h ilip p in e s, U S N M , SEM , 1 3 .4 x ; 8, Ancistrobasis  n . sp ., o ff W est 
F lo rida , F D N R , SEM , 1 3 .4 x ;  9, T helyssa  callisto, W  o f  G rea t Inagua Is., B aham as, U S N M , heigh t 
5.8 m m ; 10, 11, G uttu la  sibogae  (from  S ch epm an  1908, pi. II, fig. 7); 12, B asilissopsis w atson i (from  
D au tzenbe rg  1927, pi. V I, fig. 36). (U S N M  =  U .S . N atio n a l M u seu m  o f  N a tu ra l H isto ry ; F D N R  = 
F lo rid a  D e p a r tm e n t o f  N a tu ra l R eso u rces, M arine  R e search  L abo ra to ry ; U M M L  =  R osenstie l S chool 
o f  M arine an d  A tm o sp h e ric  Science, U n iv e rs ity  o f  M iam i.)
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Figs. 13, 14. S eguenziacean  shells: 13, B asilissa  a lta , S tra its  o f  F lo rid a , U M M L , S E M , 6.5 x ;  14, 
Seg u en zia  G ro u p  IV , Seg u en z ia  discula, S tra its  o f  F lo rid a , U M M L , SEM , 6.5 x . (U M M L  =  R osenstie l 
School o f  M a rin e  a n d  A tm o sp h e ric  Science, U n iv e rs ity  o f  M ia m i).

rection  o f  the  collabral lirae reflect the  positions o f  the  th ree  labral sinuses char
acteristic  o f  th is  group.

L abra l sinuses.—R em in iscen t o f  m any P leu ro to m ariacea  and  T urridae , a lm ost 
all Seguenziacea are characterized  by the presence  o f  usually tw o, often  three, 
sinuses in  th e  o u te r lip. G uttula  alone exhib its an  en tire  lip (Fig. 10). All o ther 
groups hav e  a shallow  to  deep subsu tural (= ana l) s inus and  a shallow  sinus in the 
peripheral p a rt o f  the basal lip. A th ird , very  n a rro w  sinus occurs in the  an te ro 
lateral p a rt o f  th e  lip o f  Seguenzia  G roup  I, co rrespond ing  to  the periphera l carina, 
and  has been repo rted  to occur in Seguenzia  G ro u p  II (W atson 1879a; 1886). In 
groups w ith  a strong, flange-like peripheral carina  (Seg u en zia  G roup  IV  and  C ar
enzia, Basilissa, Basilissopsis, and  Thelyssa), th e  an te ro la te ra l sinus is represen ted  
by a channel correspond ing  to  the  carina. T he o u te r  lip descends from  the suture, 
defining the  edge o f  the  subsutural sinus w hich m ay  be J- (Figs. 15, 17), reversed 
L- (Fig. 16), o r V- o r U -shaped  (Fig. 18), th en  ab ru p tly  swings forw ard perpen
d icu lar to the  axis o f  coiling (as far as w horl in  som e species o f  Seguenzia  
G roup  I), re trea ts  to  the  an tero la tera l sinus, advances again for a  sh o rt d istance, 
re treats again to  form  the  basal sinus, and  finally arcs forw ard slightly to the 
co lum ellar region. In  undam aged  specim ens o f  species o f  Seguenzia  so far ex
am ined , the  edges o f  the  th ree  sinuses are usually  distinctly  flared and  often 
strongly p ro d u ced  in to  a spout-like process, especially  the  anal sinus. T he “ sinus” 
at the base o f  the  co lum ella m ay be m ore an  a rtifac t o f  developm ent o f  the 
colum ellar to o th  ra th er th an  p rim arily  o f  functional significance, a lthough there  
is a shallow , pap illa te  em b ay m en t o f  the  m an tle  edge in Seguenzia  sp. cf. S. 
eritim a  (see A n a to m y  section). T he basal sinus is analogous to the  an te rio r (in 
halent) siphonal canal o f  m any  higher gastropods, and  the  subsutural sinus co r
responds to  the  anal, o r excurren t, sinus o f  m an y  p rosobranchs, m o st no tab ly  the 
p leu ro tom ariaceans and  the  T urridae . T he subsu tu ra l sinus apparen tly  appears 
im m edia te ly  after te rm in a tio n  o f  the p ro toconch  (Figs. 25-29  herein; see also 
Bandel 1979, pi. 1, Figs. 2, 4). T he slightly s in u o u s o r straight subsu tu ra l riblets 
descend a lm ost perpend icu larly  before ab rup tly  sw inging forw ard to  becom e con 
fluent w ith  the m id-w horl carina. T h is configuration  is very  sim ilar to th a t seen 
in  ad u lt shells (Figs. 15-17), and  seem s to  c o n trad ic t B andel’s s ta tem en t th a t no 
subsu tu ra l sinus is p resen t p rio r to  the th ird  teleoconch  w horl (B andel 1979:52).
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Figs. 15 -1 8 . SEM  m ic ro g rap h s o f  surface sc u lp tu re  o f  S eg u en z ia  a n d  C a renzia  species, 134 x  (s =  
su tu re): 15, S . hapala-, 16, Seg u en z ia  n. sp.; 17, S. lineata-, 18, C. carinata.

C olum ellar to o th .— A lthough  the  co lum ellae o f  several seguenziacean groups 
end  in  b lun t, obscure denticles, only  S eguenzia  G roups I and  II, and  som e A n 
cistrobasis species, have p ro m in en t to o th  developm en t. T h e  teeth  in these groups 
are basically  o f  th ree types. T h e  T ype I too th , presen t in Ancistrobasis and  a few 
Seguenzia  G roup  I species (Figs. 19, 20), appears as a low  to  m odera te  ridge or 
sw elling m idw ay dow n the colum ella. T h is  ridge m ay represen t the  true te rm i
n a tio n  o f  the colum ella, w ith  the  vertical p a rt o f  the basal lip  th ickened  to  form  
an effective co n tin u a tio n  o f  the  co lum ellar structure. T h e  T ype II, or patu lous, 
to o th  (Fig. 21) occurs in Seguenzia  G ro u p  II an d  occasionally  in  G ro u p  I. It form s 
a very  strong, tongue-like pro jec tion  ex tending  in to  the apertu re  and  term inating  
a strongly  concave colum ella. In  som e species the  p ro jection  is no t so pronounced
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Figs. 19 -2 4 . SEM  m icro g rap h s o f  a p e rtu re s  o f  S eg u en z ia  a n d  Ancistrobasis: 19, S . hapala, 50  x ;  
20, A ncistrobasis  n. sp ., 25 x ;  21, S . flo r id a n a , 25 x ;  22 , S eg u en z ia  sp. 50 x ;  23, »S. lineata , 50 x ;  24, 
S eg u en z ia  n. sp., 50 x .

(Figs. 22, 23). The basal lip  descends from  th e  o u te r edge o f  the  to o th  well back 
from  the  tip  (Fig. 21). T he T ype III too th  (Fig. 24) is also strongly projecting, bu t 
form s a  fairly acute to o th  ra th e r th an  a b road  shelf. In  th is type, the basal lip 
jo in s  along the inner side o f  th e  tip . A lthough usually  easily d istinguishable  in 
specim ens in w hich th ey  are fully developed , tee th  o f  Types II and  III are often 
ind istinguishable  during  ontogeny. In  ad d itio n , the  too th  m ay  appear a t different 
tim es w ith in  the  sam e species, or even w ith in  the sam e popu lation . T h is usually 
presen ts little p roblem  in  iden tification ; how ever, it does pose p roblem s in m aking 
accurate  and  consisten t m easu rem en ts  o f  shell height, since the collum ellar to o th  
is m ore often preserved th an  any  p a rt o f  the  fragile basal lip.

Protoconch .—T he seguenziacean p ro toconch  is perhaps the m ost conservative 
shell feature w ith in  the  group, varying only in size and  relative prom inence. I t  is 
very  sim ilar to  the trochacean  p ro toconch , consisting  o f  about one w horl, so m e
tim es sm ooth , bu t usually  scu lp tu red  w ith  m icroscopic  granules th a t usually co
alesce in to  irregular ridges, an d  ending  in a slightly th ickened rim  (Bandel 1979; 
Figs. 2 5 -3 0  herein). B andel (1979) also show ed th a t the m ineralogical u ltrastruc
tu re  o f  th e  pro toconch  w as typically  a rchaeogastropodan  (see discussion o f  shell 
struc tu re  below). Size (betw een 275 p m  an d  400 pm  in  all specim ens so far 
exam ined) and m orphology o f  the  seguenziacean protoconch ind icate  d irect or 
lecitho troph ic  developm ent (see B ouchet 1976; B ouchet and  W arén 1979). Size
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Figs. 2 5 -3 0 . SEM  m ic ro g rap h s  o f  p ro to c o n c h s  o f  Seg u en zia , C arenzia , Ancistrobasis, a n d  B asi
lissa, 1 0 0 x : 25, S . hapala-, 26, S eg u en z ia  sp. cf. S. elegans-, 27, A ncistrobasis  n. sp.; 28 , B. alta-, 29, 
C. carinata-, 30, C. trispinosa.

o f  the p ro toconch  is very consisten t w ith in  a species, and  m ay be used  w ith som e 
confidence to d istingu ish  betw een m orphologically  sim ilar species.

Sh e ll structure.—T w o stud ies o f  the  u ltrastructu ra l o rganization  o f  Seguenzia  
have been published  recently  (Bandel 1979; B arskov et al. 1980). B andeFs study 
investigated  all aspects o f  shell s truc tu re  from  all parts o f  the  shells o f  S. m egalo
concha  R okop  and  S. flo rid a n a  D ali (as S. m onocingulata  Seguenza), w hile B ar
skov et al. concen trated  on the  nacreous layer n ear the  apertu re  o f  a shell o f 
Seguenzia  “ sp. 3”  from  the  Pacific [possibly the  species cited  as 5. ellegans (sic) 
in B arsanova (1966)].

P ro toconchs o f  S. m egaloconcha  an d  S. flo ridana  have a very th in  periostracum  
through w hich crystallites o f  the  ou te r acicu lar p rism atic  layer p ro trude , form ing 
nodules and  irregular ridges, an  o rganization  typical o f  m ost archaeogastropods 
(except the N eritacea), b u t n o t found  in  m esogastropods o r neogastropods (Bandel 
1979). Beneath the  acicu lar p rism atic  layer are  added, in o rd er from  o u te r to 
inner; g ranular, dend ritic , dissected  crossed acicular, and  blocky prism atic  layers. 
T he g ranular and  d en d ritic  layers d isappear in the post-p ro toconch  shell, w ith 
the dissected crossed acicu lar layer form ing the  en tire  ou te r p rism atic  structure  
beneath  the  ou ter ac icu lar layer in S . flo rid a n a ; in S. m egaloconcha  the dissected 
crossed acicular o rgan iza tion  is replaced by “ spheru lite  sectors w ith  m arginal 
needles dissecting each o th e r” (B andel 1979:51).

The nacreous layer appears only after the first tw o post-p ro toconch  w horls, and  
is sandw iched betw een the  o u te r  dissected  crossed acicular (o r spherulitic) and  
inner blocky p rism atic  layers, except in the last w horl o f  actively  grow ing in d i
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viduals w here the in n er blocky prism atic  layer is  absent. T h e  nacreous layer 
com prises n u m ero u s lam ellae o f  closely packed, generally rh o m bo ida l tab lets 
(Bandel 1979; B arskov  et al. 1980), an d  form s th e  m a jo r s truc tu ra l u n it o f  the 
adu lt shell (B arskov et al. 1980). Insertion  o f  th e  nacre tab lets in to  the  ou ter 
p rism atic  layer m ay  be o f  tw o types: a sta ir-step  a rrangem en t found  in the  w horl 
walls, an d  co lu m n ar stacks o f  tab lets found  on the  co lu m ella r wall (Bandel 1979). 
Fully deve loped  nacre, how ever, is the co lu m n ar nacre  typical o f  the  P leuroto- 
m ariacea an d  T rochacea (Bandel 1979).

B arskov et al. (1980) reported  th a t the shell o f  Seg u en zia  “ sp. 3 ,”  w hich from  
th e ir Fig. 1 appears very  sim ilar to  5*. m egaloconcha, was constructed  in tw o 
layers: 1) an  o u te r p rism atic  layer w ith  a th ickness o f  abou t 0.02 m m , the structure  
o f  w hich they  d id  n o t describe, and  2) an  in n er n acreous layer ab o u t 0 .20 m m  
thick. A bsence o f  an  in n er prism atic  layer ind ica tes th a t the specim en w as no t 
fully grow n because th e  last w horl o f  actively grow ing specim ens exam ined  by 
Bandel (1979:52) also lacked the  inner layer. B arskov  e t al. (1980) described  in 
som e detail the  struc tu ra l arrangem ent o f  the  nacreous layer: generally rhom bo idal 
tablets, 2 0 -3 0  p m  long, 15-20 g m  w ide, and  4 -6  ¿un high, closely packed in to  
lam ellae, w ith  the  edges o f  a tab le t offset from  th o se  above and  below  it. T h is 
a rrangem en t resu lts in a  stair-step , o r “ b rickw ork ,” pa ttern  o f  tab le t stacking 
w hich is s im ila r to th a t characteristic  o f  som e b ivalves, bu t no t p rev iously  know n 
in gastropods (B arskov et al. 1980; also see W ise 1970, and  E rben 1972). B arskov 
et al. in te rp re ted  th is as d istinguishing Seguenzia  from  all o ther know n gastropods. 
H ow ever, the  “ b rickw ork” pattern  described and  figured by B arskov et al. appears 
v irtually  iden tical to  th e  transitional sta ir-step  n acre  described an d  illu stra ted  by 
Bandel (1979:51, pi. 3, fig. 7) w hich he found  near th e  edge o f  the  aperture . Since 
the  shell ch ip  exam ined  by B arskov et al. was tak en  from  near the  ou ter lip  o f 
the ir specim en, it  seem s m ore probable  th a t they on ly  observed  B andel’s transition  
nacre and  m issed  the  typical gastropod  type o f  nacre  found  by Bandel. A lso, if  
the  fracture  p lane is n o t ju s t right, it  is very difficult to  d istinguish  betw een the 
different types o f  nacre  constructions (Dr. Roger B atten , pers. com m .). Therefore, 
ra ther th an  Seg u en zia  being to tally  different in shell struc tu re  from  all o ther 
gastropod  groups, as c la im ed by B arskov et al., i t  bears strong sim ilarity  to  the 
shell struc tu res o f  the  P leuro tom ariacea  and  T rochacea  as dem o n stra ted  by Bandel 
(1979).

A perture.— T h e  ap ertu re  in Seguenzia  G ro u p  I is roughly auricu late , th a t o f 
G uttula  ovate , and  in the  o ther seguenziacean genera m ore o r less quad ra te . The 
basic shape o f  the  ap e rtu re  is often d isto rted  by re la tive  developm ent of, o r lack 
of, a co lum ellar to o th , and  by the  claw -like ex tension  o f  the o u te r lip, especially 
in Seguenzia . Ancistrobasis  is the  only defined seguenziacean group  w hich d e 
velops ap e rtu ra l lirae, consisting  o f  a th ickened  ridge crenulated  by several short, 
low, rounded  ridges, an d  located at the ab ap ertu ra l edge o f  the posterio r labral 
sinus (Fig. 20). H ow ever, several species o f  Seguenzia  develop a ridge sim ilar to 
th a t in Ancistrobasis, b u t w ithou t the  crenulations.

O perculum  and  A natom y

O perculum . — In  all species for w hich the opercu lum  has been described (e.g., 
Bayer 1971: 124, 126, Fig. 7A), it has been characterized  as th in , corneous,
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paucispiral w ith  subcentral nucleus, and  auricu liform . Figure 35 show s the oper
culum  o f  an  undescribed  Seguenzia  species. Superficially, it appears m ore sim ilar 
to  m any m esogastropod  opercu la  th an  to the  m u ltisp ira l opercula o f  m o st oper- 
culiferous archaeogastropods. H ow ever, it is perhaps unw ise to a ttrib u te  phy lo 
genetic significance to  th is  struc tu re  since there  are som e archaeogastropods w ith  
sim ilar opercula (e.g., E uchelus  Philippi), and  m esogastropods w ith  m ultisp ira l 
opercula (e.g., E ch in in u s  C lench and  A bbott). M oreover, the  oligogyrous cond ition  
m ay be the  resu lt o f  the  extrem ely  sm all size o f  seguenziaceans.

A n a to m y .—A lthough  m o st shell characters o f ap p aren t phylogenetic signifi
cance (e.g., nacreous layer, pro toconch) ind icate  th a t seguenziaceans are archaeo 
gastropod  in affinity, the  incom pletely  know n an a to m y  o f  these an im als shows 
an in triguing co m bina tion  o f  characters often used to distinguish  archaeogastro 
pods from  m esogastropods. T here  is only one pub lished  account o f  the  anatom y  
o f  a seguenziacean (G uttula galatheae ; K nudsen 1964); how ever, D r. P hilippe 
B ouchet (in litt.) has in fo rm ed  m e th a t anatom ical w ork on C arenzia carinata  
(Jeffreys) is in progress. T o  K n u d sen ’s rem arks, Dr. Jam es M cLean has generously 
allow ed m e to  add  observations he m ade on a partia l dissection  o f  Seguenzia  
m egaloconcha  R okop  from  the eastern  Pacific, and  I hav e  added  a com m en tary  
on m y own dissection o f  Seguenzia  sp. cf. 5. eritim a  V errili (hereafter S. “ eri
tim a ” ). K nudsen’s descrip tion  o f  the external anatom y  is as follows (K nudsen 
1964:128): “ T he foot is b road  and  has a d istinc t m ed ian  ridge. A well developed 
p ropod ium  is present. T h e  posterio r p a rt o f  the  foo t is rounded . A n ep ipod ium  
is present, hav ing  3 -4  tentacles. T he cephalic tentacles are well developed , and 
poin ted . N o eyes could  be observed. T he m antle edge has a finger-shaped tentacle 
located on the  right side. T he anus is situa ted  on a rounded  lobe projecting from  
the extrem e right side o f  the  m antle  edge. T he penis is extrem ely  well d eve loped .” 
M cLean adds the  follow ing com m en tary  on Seguenzia  m egaloconcha : “ T he foot 
is con tracted  so th a t its shape canno t be described n o r the  ep ipodial tentacles 
counted, though there  seem  to be six on the  right and  a t least three, p robably  6, 
on the left. In  the term inology  o f  C risp (1981) the ep ipodial tentacles are papilla te  
like the cephalic tentacles. T h e  foot is too  con tracted  to  tell w hether o r no t there 
are epipodial sense organs. Eyes and  optic  tentacles are lacking; the  cephalic 
tentacles are long, pap illa te , and  evenly tapered, the  greatest d iam ete r a t the  base 
4 tim es b ro ad er th an  the  b lu n t tips, the  a ttachm en t to the  head  constric ted  to  h a lf  
the m ax im u m  basal d iam eter. T he right cephalic ten tacle  has the  righ t subocular 
peduncle projecting  from  the  th ickened  basal area. T h ere  are no neck lobes or 
cephalic lappets. T h e  penis is longer th an  the cephalic tentacles, n o t papillate, 
evenly tapered , the  tip  n arro w er in d iam ete r th an  the tip s o f  the  cephalic ten tacles, 
the basal d iam eter exceeding the  d iam ete r o f  the bases o f  the cephalic tentacles. 
T he snou t is lh  the length o f  the  cephalic ten tacles, the m o u th  a vertical slit under 
an upper lip. T he gili is a ttached  to  the  m antle  sk irt an d  is pectin ib ranch  w ith 
about 30 triangu lar filam ents, w ith  no evidence o f a free b ipectina te  tip  o r the 
transverse  palliai ve in  o f  the  T rochacea. T he edge o f  the m an tle  sk irt is finely 
fringed, bu t the  palliai ten tac le  on the righ t side o f the  m antle  sk irt is relatively  
sm all.”

T he following descrip tion  is based on m y study o f  a m ale specim en o f  S. 
“eritim a” : A lthough strongly con trac ted , the  foot appears to  be tru n ca ted  an te 
riorly, tapering  gradually  to a b road ly  rounded , possibly b ilobed , posterior; there
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Figs. 3 1 -3 4 . A n im a l o f  Seg u en z ia  "eritima"-. 31, a n im a l re m o v e d  from  shell, r igh t side; 32, sam e, 
left side; 33, m a n tle  reflec ted  to  righ t show ing h ead  a n d  a n te r io r  p o rtio n  o f  palliai cav ity ; 34, dorsal 
v iew  o f  in te s tin e  a n d  k idney . Scale b a r  =  1 m m  for F igs. 31, 32; 1.5 m m  for Figs. 33, 34. A bb rev ia tio n s: 
a, anus; ap , accessory  cephalic  process; as, anal sinus; bs, basa l sin u s; cl, la tera l p rocesses o f  snou t; 
cm , co lu m ella r  m uscle ; es, co lu m ella r sinus; ct, c te n id iu m ; dg, d ig es tiv e  gland; et, ep ip o d ia l ten tacle; 
ev , efferent b ra n c h ia l v e in ; f, foot; i, in testine ; k, k idney ; It, le f t ceph a lic  ten tacle; m , m o u th ; op, 
o p e rcu lu m ; p , pen is ; r, rec tu m ; rt, righ t cephalic  ten tac le ; sop , su b o c u la r  peduncle; s t, sto m ach ; t, 
testis .

is a sm all, sh o rt ten tac le  a t each an tero la tera l corner. T here appear to  be four 
pa irs o f  ep ipod ia l ten tacles w hich increase in size from  an terio r to posterior. 
E pipodial sense organs appear to  be lacking. E pipodial tentacles (Fig. 32, et) are 
like those  described  by C risp (1981). T he opercu lum  is very th in , corneous, w ith 
a subcentral nucleus and  abou t four or five rapidly  expanding w horls.

The sn o u t is very  short, bu t p rov ided  w ith  long, triangular, lateral extensions 
(oral lappets?; Figs. 32, 33, cl). T he m o u th  is transversely  elongate, su rrounded  
by an o u te r lip w hich is in te rrup ted  m id-ven tra lly . T h e  cephalic tentacles (Figs. 
3 1 -3 3 , rt, It) are long, papillate, and  tap ered  from  a b road  base to a b lun t tip. 
T he right ten tac le  bears a p rom inen t subocu la r peduncle (Figs. 31, 33, sop) on
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the  base. T here  are no eyes o r op tic  tentacles. A  very  long, slender penis (Figs.
31, 33, p) arises from  the right side o f  the  head  lateral an d  posterio r to the right 
cephalic tentacle; a c iliated  sperm  groove ru n s along the  ven tra l side o f  the  free 
part o f  the penis, becom ing la tera l a t the  base w here the sem inal duct opens in to  
the  groove. Tw o sm all accessory tentacles are s itua ted  ju s t  p o ste rio r to  the  base 
o f  the  penis. A  large cephalic process (Figs. 31, 33, ap) arises dorsal and  posterior 
to the  left cephalic tentacle, crosses the head  obliquely  to the  right, and  curves 
forw ard to the  right o f  the right cephalic tentacle. It is a ttached  to  the head for 
ab o u t h a lf  its  length, becom es free b eh ind  th e  right ten tacle  and  projects forw ard 
betw een the tentacle and  penis.

T he m an tle  edge bears tw o deep and  tw o shallow  pap illa te  em baym ents, or 
m an tle  sinuses, w hich correspond in position  to the  shell sinuses. O ne o f  the  m ajo r 
em baym en ts, corresponding to  the  basal s inus o f the  shell, is located over the 
base o f  the  left cephalic ten tacle  and undoub ted ly  acts as the  p rim ary  incurren t 
siphon  (Fig. 32, bs). T h is  em b ay m en t is pap illa te  along the  en tire  edge, and a 
ridge o f  m uscle is located  ju s t  back  o f  the  edge, ind ica ting  th a t th is  area  can be 
expanded  to  som e extent. T he o th e r large em b ay m en t functions as the excurrent, 
o r anal, siphon , and  is in the ex trem e righ t p a rt o f  the  m an tle  edge (Figs. 31, 33, 
as). I t  too  is pap illa te , bu t only  along the  p o ste rio rm o st edge. T he m edial edge of 
th is m an tle  sinus is strongly folded, ind ica ting  th a t considerab le extension is 
possible, fo rm ing  a baffle o r p seudosiphon  d irecting  the exhalen t cu rren t to  the 
right. T h e  tw o sm aller em baym ents, one located  on the ex trem e left (Fig. 32, es) 
and  the  o th e r m id-dorsally , are b o th  papillate; the o ther areas o f  the m an tle  edge 
are sm oo th . T here  are no palliai tentacles.

T h e  c ten id iu m  (Figs. 32, 33, ct) is m on o p ec tin a te , w ith  ab o u t 30 triangular 
lam ellae, extending  in a cu rve  from  a postero la tera l position  m edially  and  an te 
riorly  to  end  ju s t to the right o f  the  large left m an tle  sinus. N eith er osphrad ium  
n o r hypobranch ia l gland w as observed . T h e  in testin e  (Figs. 3 1 -3 4 , i) is p rom inen t, 
convo lu ted , arising from  the style sac o f  the  stom ach , ru nn ing  forw ard to  about 
the accessory cephalic process, tu rn ing  to  the  left an d  runn ing  back to  the  m iddle 
p a rt o f  the  stom ach , and  finally tu rn ing  fo rw ard  along the righ t to  the  anus which 
is on a sm all papilla. T he in testine  was filled w ith fine d etrita l m ateria l (m ostly 
m ud , fo ram in iferan  tests, and  d ia to m  frustules) w hich w as consolidated  in to  a 
co n tinuous fecal string w hich had  an ov o id a l cross section  and  a generally dorsal 
long itud inal groove. T he p reservation  o f  the  large, th in -w alled  stom ach  (Figs. 31,
32, st) was no t adequate  for detailed  study  o f  the  in ternal m orphology. T he left 
kidney  (Fig. 34, k) is located  above the  s tom ach , above an d  w ith in  the posterior 
bight o f  the  in testine. T here  appears to be no  righ t kidney. T he circu latory  system  
is app aren tly  o f  m o n o to card ian  layout. T h e  h ea rt is located  dorso laterally  to the 
right o f  the an te rio r end  o f  the  stom ach . T h e  single auric le  receives the long 
efferent b ranch ia l vein  and  the  ventric le  is n o t penetra ted  by the in testine. The 
aortae em erge and  run  along the  right side o f  the body.

T h e  above descrip tions, a lthough o f  differing com pleteness, have several ele
m en ts in  com m on. T he ep ipod ium , ep ipod ia l tentacles, and  penis are shared by 
all th ree  species. A palliai ten tacle  is p resen t in both  G uttula galatheae  and  S e 
guenzia  m egaloconcha. A lthough by no m eans conclusive, these sim ilarities, along 
w ith radu la  and  shell characters, ten d  to  su p p o rt m y inclusion  o f  G uttula  in the 
Seguenziacea.
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T he descrip tions o f  Seguenzia  m egaloconcha  a n d  5". “ eritim a”  agree in m o st 
respects, bu t there  are a few obv ious differences in ex ternal m orphology betw een 
the  tw o species. T he palliai ten tac le  o f  5". m egaloconcha  is ab sen t in S. “ eritim a ,” 
and  there  is no  basal constric tion  o f  the cephalic ten tacles in  S. “eritim a .” P resence 
o f  palliai tentacles in one an d  n o t an o th er species o f  the sam e genus is also seen 
in the rissoacean genera C ingula  and  O noba  (F re tte r and  G rah am  1978b). T h is 
s itua tion  m ay also be found  in  ind iv id u a ls  o f  the  sam e species (e.g., O noba se m i
costata ; F re tte r and  G rah am  1978b: 165). T h e  basal constric tion  o f  the  cephalic 
tentacles in  S. m egaloconcha  m ay  no t have any significance b u t bears investigation  
in o ther species. The lateral ex tensions o f  the  snou t in S. “eritim a ,” no t found  in 
S. m egaloconcha, are o f  functional im portance  b u t are o f  unknow n taxonom ic  
significance at present. T he ex tensions are p robab ly  prim arily  sensory in natu re , 
supplem enting the  cephalic tentacles, bu t m ay be used  in feeding, e ither by stirring  
up the substrate , or by aid ing  in the  m o v em en t o f  food in to  the m outh .

T he m ost striking difference betw een 5*. m egaloconcha  and  S. “eritim a” is the  
large accessory cephalic process w hich lies obliquely  across the  head  o f  S. “eri
tim a ,” b u t is to ta lly  absen t in S. m egaloconcha. I t  is a conspicuous structure , 
arising from  the  head b eh ind  the  left tentacle, rem ain ing  attached  to  the do rsu m  
beh ind  the  right tentacle, and  finally projecting  forw ard as a finger-like process 
to the right o f  the  right tentacle. T h e  in ternal struc tu re  o f  th is  process has no t yet 
been determ ined , although it  appears to be solid  and  m uscular; its function  is no t 
im m ediately  ev ident, and  I have  not been able to  locate any  reference in the  
literatu re  to  a sim ilar struc tu re  occurring  in any  o th e r prosobranch. T he penes o f  
S. m egaloconcha  an d  S. “eritim a ” o rig inate a t different positions. T h a t o f  S. 
m egaloconcha  arises from  the  do rsu m  o f  the  head n ear the m id line, and  th a t o f 
S. “eritim a” arises from  the  righ t side. T he significance o f  th is difference is unclear 
to  m e. T h e  location  o f  the  an te rio r and  p o ste rio r ao rtae , on the righ t side o f  the  
an im al, is apparen tly  un ique  am ong  coiled gastropods. All accounts I have been 
able to locate have described  th e  ao rtae  being on th e  left side. K now ledge o f  the 
anatom y  o f  o ther seguenziacean species is needed  before the system atic signifi
cance o f  these anatom ical struc tu res can be inferred .

R adula

T he d istinctive seguenziacean radu la  com bines features o f  rh ip idoglossate and  
taenioglossate radu lar types, b u t fits ne ither type. All seguenziaceans for w hich 
radulae have been illustrated  (Figs. 3 9 -4 8 ) have the  central p a rt o f  the radu la  
com prised  o f  a rhach id ian  (Figs. 37, 38, rh) flanked by a single p a ir  o f  laterals 
(Figs. 37, 38, 1), and  the o u te r p a rt o f  4 -1 2  pairs o f  m arginals w hich com pletely  
cover the central p o rtio n  in th e  folded, non-w ork ing  condition  (Fig. 36). It thus 
appears to be a m odification  o f  th e  rh ip idoglossate radula, derived by reduction  
o f  num ber o f  laterals and  m arg inals to the  p o in t w here, in Seguenzia  G ro u p  I, 
the  radula bears a strong superficial s im ilarity  to  the  taenioglossate state (Fig. 46). 
In  fact, m any o f  the  species in  the fam ily T ripho ridae  have rad u la r form ulae 
(Triphorinae, 30-9.1.1.1.9-30; M astoniinae, 8-5.1.1.1.5-8; see Kosuge 1966) w hich 
are sim ilar to th a t o f  the  seguenziaceans (12-4 .1 .1 .1 .4-12). H ow ever, the tee th  o f  
the  tw o rad u la r types are to ta lly  different s tructurally , and there is little  resem 
blance in shell o r an a to m y  betw een trip h o rid s  and  seguenziaceans. T here  is little
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Figs. 3 5 -3 8 . SEM  m icro g rap h s o f  o p ercu lu m  a n d  ra d u la  o f  S eg u en z ia  sp.: 35 , o p ercu lu m , 47 x ;  
36, in ta c t ra d u la r  rib b o n  w ith  m arg in a ls  fo lded  o v e r  cen tra l p a rt, 268 x ;  37, in d iv id u a l tee th  teased  
ou t o f  r ib b o n , 570 x ;  38, rh a c h id ia n  an d  la tera l tee th , 1 3 4 0 x ,

d o u b t th a t these tw o groups are unrelated , and  fu rther com parisons are unnec
essary. T here are a  large n u m b er o f  m odified radu lar types in  the  archaeogastro 
pods, especially in  deep -w ater groups, and  use o f  th is struc tu re  to infer re la tio n 
ships should  be m ade w ith  care.

S eg u en zia .— (Figs. 3 6 -3 8 , 4 6 -4 8 ). T he Seguenzia  radu la  consists o f  the  rhach 
id ian , a single pair o f  laterals, and  (as far as is know n) four pa irs o f  m arg inals per 
row. T he rhach id ian  is pyriform  w ith a basal a ttachm en t process and  a single, 
den ticu late  cusp. T h e  la teral has a bro ad , ra th er triangular base w ith  a  long, slender, 
finely denticu late  cusp  n ear the  p rox im al corner. T he first m arginal is larger than  
the rest, b lade-like, and  den ticu la te  on b o th  sides near the  tip . The rem ain ing  
m arginals are long, very  slender, w ith  a few fine, sp inular tee th  slightly rem oved  
from  the tip , and  a  rh o m b o id a l base. B oth Schepm an (1909) and  B arnard  (1963c) 
illustra ted  Seguenzia  rad u lae  {S. m elvilli and  S . sim p lex ; Figs. 47 and  48, re
spectively) show ing rh ach id ians w ithou t the  basal process and  cuspless laterals. 
In  S. melvilli, S chepm an  m ay  have sim ply m issed the basal process o f  the  rh ach 
id ian , and  the cusp o f  the  la tera l m ay have been w orn or b roken  off. B arn ard ’s 
species, S’, sim plex, m ay  n o t be congeneric w ith  Seguenzia  sensu stric to , although 
the sam e considera tions as those  m en tio n ed  for S. m elvilli m ay also apply  here. 
Scanning electron m icrographs presen ted  by Bandel (1979) an d  H ickm an  (1980) 
o f  the radula o f  S. m egaloconcha  are a lm ost ind istinguishable  from  those  p re 
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sented  here (Figs. 3 6 -3 8 , 46) o f  the radu la  o f  an  u n d esc rib ed  species from  the 
P h ilipp ines. Schepm an (1908) also described  the  ra d u la  from  a syntype o f  Basilissa  
lam pra  W atson , w hich he m istakenly considered  th e  type o f  Basilissa. H ow ever, 
th a t radu la  (Fig. 45) is m ore sim ilar to those  described  for S eguenzia  (Figs. 4 6 -  
48) th an  to  those  o f  true  Basilissa  (Figs. 40, 41). T h e  shell shape o f  B. lam pra  is 
s im ilar to  those  o f  Seguenzia  G roup  III, so it is p ro b ab le  th a t th is species is a 
Seguenzia  sensu lato  ra th e r than  a Basilissa. T h ie le  (1925) described  the  radu la  
o f  F lux ina  trochiform is  Schepm an, in w hich he fo u n d  a single, b road  lateral, a 
single, ra th e r  w ide in n er m arginal, and  five ou ter m arg inals den ticu la te  on the 
d istal edges. T hiele  therefo re  transferred  F. trochiform is  to  Basilissa. T his species 
bears a strong  conchological resem blance to  F. d iscula  D ali, w hich  has recently 
been assigned to  Basilissa  (M errill 1970b; Q u inn  1979). H ow ever, F. discula  and  
F. trochiform is  are here  referred  to  Seguenzia  G ro u p  IV pend ing  descrip tion  o f  
th a t group  as a new  genus by M arshall (in press).

Basilissa .— (Figs. 40, 41). T he radu la  o f  Basilissa  differs from  th a t o f  Seguenzia  
sensu stric to  in  having  6 -7  m arginal tee th  (Bayer 1971) and  a  larger, m ore tr i 
angular cusp  on the lateral tooth.

Ancistrobasis. — (Fig. 39). T he radu la  o f  A ncistrobasis  has no t been previously  
illu stra ted  or described. It is m ore trocho id  th an  th a t o f  e ith e r Seguenzia  or 
Basilissa, h av ing  a ra th e r large, rectangular rh ach id ian  w ith  den ticu la te  cusp, a 
large, su b q u ad ra te  la tera l w ith  an  inw ardly d irec ted  cusp  den ticu late  on bo th  sides, 
and  tw elve slender m arg inals finely den ticu late  n e a r  the tip.

G u ttu la .—(Figs. 4 2 -4 4 ). T he radulae o f  all th ree  nom inal species o f  G uttula  
have been described  an d  illustrated , and  ind ica te  an  affinity w ith  m ore typical 
seguenziaceans. T he rhach id ian  is b ro ad , ra th e r rectangular, w ith  a  denticu late  
cusp. T h e  la teral is large, broad , and  rectangular, w ith  or w ithou t a  cusp. T here  
are a “ few ”  m arg inals (no one has given a specific num ber, a lthough B arnard  
(1963c:266) states “ no t m ore th an  ten ” ). T h e  leng th  o f  the radu la  o f  G. sibogae  
Schepm an  is ab o u t 1 m m  and  its w id th  ab o u t 0.3 m m  (Schepm an 1908). Schep
m an  cou n ted  ab o u t 20 row s o f  teeth , B arnard  (1963c) abou t 22.

Fossil R ecord

As far as is know n, the Seguenziacea are re la tive ly  young, possib ly  originating 
som etim e during  the  late C retaceous or early  T ertia ry , and  at least one group 
(.Ancistrobasis) a tta in ed  its m odern  form  by the  Eocene. O ver 20 fossil species 
have been described, m o st o f  w hich were assigned to  Basilissa, b u t less th an  h a lf  
o f  these taxa are true  seguenziaceans (Tables 1, 2).

T he earliest occurrences o f  the  Seguenziacea in the  geological record  are S e 
guenzia  radialis  T a te  (T ate  1888, 1890) and  Basilissa  cossm anni T a te  (Tate 1894) 
from  the Eocene o f  South  A ustralia, an d  Basilissa  (Ancistrobasis) pacifica  L add  
(L add 1970) from  th e  Eocene o f  Tonga. All th ree  tax a  are here considered  A n 
cistrobasis species. Ancistrobasis also occurs in  the  P liocene o f  Sicily (S o larium  
reticu la tum ; P h ilipp i 1844; Jeffreys 1885). T he first know n occurrence o f  S e 
guenzia  is S. hapala  W oodring  from  the  m idd le  M iocene o f  sou thern  M exico 
(Perrillia t 1972). Specim ens o f  th is species hav e  also been collected from  the  basal 
P liocene o f  the  D om in ican  R epublic (G urabo  F o rm atio n ; H . E. Vokes, in litt.), 
the  upper P liocene-basal Pleistocene o f  Jam aica  (B ow den F orm ation ; W oodring
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4 4

Figs. 3 9 -4 8 . D iag ram a tic  ske tches o f  seguenziacean rad u lae , no t to  scale: 39, A ncistrobasis d e 
pressa-, 40 , B asilissa  a lta  (a fte r B ayer 1971 ); 41 , B. sibogae  (a fter S ch ep m an  1908); 42 , G uttu la  sibogae  
(a fter S ch ep m an  1908); 43 , G. b landa  (a fter B a rn ard  1963); 44 , G. ga la th ea e  (a fter K n u d sen  1964); 
45 , S eg u en z ia  lam pra  (a fte r S ch ep m an  1908); 46 , S eg u en z ia  sp .; 47 , S . m elv illi (a fte r S ch ep m an  1909); 
4 8 , S . s im p le x  (a fter B a rn a rd  1963).

1928), and. the  R ecent th roughou t the  G u lf  o f  M exico and  C aribbean  [Treece, 
1977, 1980 (as S. formosa)-, T reece 1979 (as S. m onocingulata ); Q u inn  u n p u b 
lished data]. Seguenza (1876, 1877, 1879) recorded  S. m onocingula ta  from  the 
Pliocene o f  Italy. M ioseguenzia  N ordsieck, 1973, described w ith a M iocene type- 
species, is cypraeacean (Bouchet, in litt.), no t seguenziacean. Som e m em bers o f  
the  Paleozoic-M esozoic fam ily  O m phalo troch idae  K night, 1945, b ear a superficial 
resem blance to  Basilissa, b u t, as discussed below , th is  sim ilarity  is p robably  
convergent and  no t an  ind ica tio n  o f  relationship .

O ther allocations o f  fossil species to Basilissa  (C ossm ann 1888; N oetling  1901; 
O ppenheim  1906, 1923; Y okoyam a 1922; K operberg  1931; R iedel 1932; R avn  
1933, 1939) followed C o s s m a n n i (1888) erroneous concept o f  the  genus. M ost 
o f  these species appear to  be referrable to the T roch idae  (Table 2).
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T ab le  2 .—T a x a  re jec ted  from , o r o f  d o u b tfu l in c lu s io n  in , th e  Seguenziacea.

O R IG I N A L  B IN O M E N

S eg u en z ia  tricarina ta  Jeffreys, 1885 N assa riid  p ro toconch
S . la xa  Jeffreys, 1885 In d e te rm in a te

f B asilissa  bou tillie ri C o ssm an n , 1888 ?

B. p a tu la  v o n  M arten s , 1901 C allio trop is
t-S. lo rio liana  N oetling , 1901 ?

B. o tto i v a r . c h u n i  v o n  M a rten s , 1903 C allio tropis
^T ro c h u s  (B asilissa ) libycus O p p en h e im , 1906 ?

B. babelica  D a li, 1907 O rectospira
B. n ice ter iu m  H ed ley  and  M ay, 1980 C allio s to m a

t B. 1 laeviuscula  Y o k o y am a, 1922 P roconulus?
T rochus  (B asilissa ) lukava tzensis  O p p en h e im , 1923 ?

fi? . lem o in e i  K operberg , 1931 ?

t¿?. a n tiq u a  R ied e l, 1932 ?

JR . tricincta  R a v n , 1933 cf. B a th y b e m b ix
fi? . o d u m i  R a v n , 1939 cf. B a th y b em b ix
t ü .  (O rectospira ) nen o ka m ien s is  K a n n o , 1958 O rectospira

B . b icarina ta  H a b e , 1961 C alliotropis

M io seg u en z ia  N o rd sieck , 1973

T y p e-sp ec ie s .—Ja n th in a  cim brica  Sorgenfrei, 1958; b y  o rig ina l designation .

t M . c im brica  (Sorgenfrei, 1958) C y p raeacean  larval 
shell

M . c im brica  recens  N o rd sieck , 1973 C y p raeacean  larval 
shell

M . con ica  N o rd sieck , 1973 C y p raeacean  larval 
shell

t  =  species d esc rib ed  fro m  fossil m aterial. 
? =  affin ities un certa in .

R elationsh ips

Speculations on re la tionsh ips o f  the  Seguenziacea to  o ther p rosobranch  groups 
have been, an d  rem ain , inconclusive. Jeffreys (1876, 1879) strongly  advocated  
assignm ent o f  Seguenzia  to  the  Solariidae (= A rchitecton icidae), b u t th is  view  has 
never gained acceptance. Follow ing Seguenza’s (1876) lead, m any  au thors have 
placed Seguenzia  in  th e  T roch idae  (W atson 1879a, 1886; T hiele  1925, 1929; 
W enz 1938; C o tton  1959; K een and  Cox 1960; B arnard  1963c; K nudsen  1964; 
B arsanova 1966; Bayer 1971; A b b o tt 1974). T hese au thors also considered  B a s
ilissa  an d  G uttula  to  be trochids. Seg u en zia  has also been inc luded  in  the  P leu
ro to m ariid ae  (T ryon  1883), H a lio tidae  (von  M artens 1881; T ate  1888), and  Scis
surellidae (L ocard  1898), principally  because o f  th e  posterio r sinus in  the ou ter 
lip . V errili’s (1884) es tab lishm en t o f  the  Seguenziidae, including  Seguenzia  and  
Basilissa, an d  p lacem ent in  the  M esogastropoda n ear the  genus Aporrhais  was 
fo llow ed by G olikov  an d  S tarobogatov  (1975). T h e  Seguenziidae hav e  also been 
p laced  near, or included  in , the  T rich o tro p id ae  (T ryon  1887; D ali 1889b, c; T ate  
1890; p rov isionally  by Schepm an 1909), n ea r the  T rip h o rid ae  (D ali 1927; W ood
ring  1928; T ay lo r an d  Sohl 1962), betw een the  A rchaeogastropoda and  M eso
g astropoda  (K een 1971), and  near the  T ro ch id ae  (C larke 1961 ,1962; Bandel 1979; 
Q uinn  1979, 1981; Boss 1982). R ecently  G oryachev  (1979) p roposed  inclusion
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T ab le  3. —C o m p ariso n  o f  shell an d  an a to m ica l fea tu re s o f  th e  T ro ch acea , Seguenziacea, a n d  R is
soacea. C h a rac te rs  o f  the T ro ch acea  an d  R issoacea  tak en  from  F re tte r  an d  G ra h a m  (1962).

S tr u c tu re T ro c h a c e a S eg u en z iace a R isso a cea

Shell N acreo u s o r  po rcella
neous

N acreous P o rcellaneous

P ro to c o n ch A rch aeogastropod A rch aeo g astro p o d M esog astro p o d

R a d u la R h ip id o g lo ssa te M odified  rh ip id o g lo s
sate

T aen iog lossa te

E p ip o d iu m P resen t, w ith  ten tac les 
a n d  sense organs

P resen t, w ith  ten tac les A bsen t

R e p ro d u c tiv e N o  co p u la to ry  organs; P en is an d  closed  gon- P en is  p resen t; g lan d u la r
system gam etes shed  

th ro u g h  righ t k id 
ney; fe rtiliza tio n  ex
ternal

o d u c t p resen t; fer
tiliza tio n  in te rn a l

gono d u c ts  w ith  acces
sory  s tru c tu res  in  fe
m ale; fe rtiliza tio n  in 
ternal

C ten id iu m B ipec tina te  (rarely 
m o n o p ec tin a te )

M o n o p e c tin a te M o n o p e c tin a te

Palliai
ten tac les

A bsen t P resen t in  a t leas t 2 
species

O ften  p resen t

C ircu la to ry
system

D io to ca rd ian , w ith  
tran sv e rse  palliai 
vein

M o n o to c a rd ian  (?), 
w ith o u t tran sv e rse  
pallia i vein

M o n o to c a rd ian

K idneys B oth  righ t an d  left 
p resen t

R ig h t k id n ey  lo st (?) R ig h t k idney  lost

In te s tin e Long, w ith  a n te rio r  
loop ; rec tu m  pass
ing th ro u g h  v e n tr i
cle

Long, w ith  a n te rio r  
loop ; rec tu m  free o f  
ven tric le

S h o rt, w ith o u t an te rio r  
loop ; rec tu m  free o f  
ven tric le

o f  the  Seguenziidae in the  P ro to p o d a  F isher, 1884 [sensu G olikov  and  Starobo- 
gatov (1975) =  T urrite llacea +  V erm etacea] o r possibly in a separate order. In 
view  o f  d a ta  p resen ted  here, b o th  proposals seem  very unlikely. These assignm ents 
w ere m ad e  principally  on  the  evidence o f  shell and, occasionally , rad u la r char
acters. T herefo re, features o f  the  anatom y  an d  shell m orphology  detailed  in  this 
paper p e rm it a  m ore critical exam ination  o f  the possible affinities o f  the Seguen
ziacea th an  has yet been possible.

T h e  first p rob lem  in assessing the  p robable  re la tionsh ips o f  the  Seguenziacea 
is to d e te rm in e  the  p ro p er p rosobranch  suborder, A rchaeogastropoda o r M eso
gastropoda, to  w hich the  group should  be assigned. T ab le  3 presen ts a sum m ary 
o f  the know n characters o f  the  Seguenziacea in  com parison  w ith  corresponding 
tra its  o f  the  T rochacea  an d  R issoacea, as rep resen ta tives o f  the  A rchaeogastropoda 
an d  M esogastropoda, respectively. I f  the use o f  the te rm  “ m esogastropod” is 
restric ted  to  describe a certa in  level o f  an a tom ica l o rganization  ra th e r th an  as a 
discrete tax o n o m ic  en tity  (F retter et al. 1981), the  Seguenziacea m ust be in te r
p reted  as m esogastropodan . H ow ever, as will be argued below , m ost o f  the Se- 
g uenzia -m esogastropod  (the taxon) sim ilarities a re  p robably  convergent, and  m ay 
no t be ind ica tive  o f  any  phytogenetic re la tionsh ip . T herefo re, I p ropose th a t the 
Seguenziacea are highly m odified  and  specialized archaeogastropods w hose an
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a tom ical advances are consequences o f  extrem ely  sm all body  size and  ad ap ta tion  
to  life in the  deep-sea.

Tw o seguenziacean characters w hich are the m o st in d ica tive  o f  archaeogastro
p o d  affinity are the  shell and radu la . N acreous shells are know n in the M on o p la
cophora  and  som e low er groups o f  the  B ivalvia, C ephalopoda , and  G astropoda, 
leading to the assum ption  th a t nacre is a p rim itiv e  ch a rac ter w ith in  the  M ollusca. 
Besides the Seguenziacea only tw o groups o f  living gastropods, the P leuro tom ar- 
iacea and  m ost T rochacea (bo th  archaeogastropod), have nacreous shells. N acre 
has n o t been noted  in any m esogastropod  o r h igher group. T he seguenziacean 
radu la  seem s to  be a m odification  o f  the rh ip idog lossate  radula . V errill’s (1884) 
descrip tion  o f  the radula o f  S. eritim a  as taen ioglossate  has ind u ced  m any  au thors 
to  assign Seguenzia  to  the M esogastropoda. T h e  seguenziacean radu la  does re
sem ble the taenioglossate radu la  superficially, p rincipally  in having  only a single 
la teral and  a reduced n u m b er o f  m arg inals in each  rad u la  half-row . O f the  m eso 
gastropod fam ilies discussed by Boss (1982), only  tw o were recorded as having 
m ore  th an  tw o m arginal teeth, the  T u rrite llidae  (3-0 .1 .1 .1 .0-3) and  the  T rip h o r
idae (30-9 .1 .1 .1 .9-30 or 8-5 .1 .1 .1 .5-8), and  ne ith er fam ily is in any  way sim ilar 
to  seguenziaceans in shell or anatom y. M oreover, th e  two m arginals o f  the  typical 
taenioglossate radu la  are very sim ila r to  each o th e r in  shape an d  size. Seguenzia
cean m arginals are m orphologically  different, the  in n e rm o st to o th  being ra th er 
large and  robust and  the ou te r w hisker-like, a  s itua tion  rem in iscen t o f  several 
rh ip idoglossate  ground plans in w hich the  m arg inals m ay be d iv id ed  in to  tw o or 
m ore  d istinc t m orphological groups, w ith  th e  in n erm o st usually m uch stronger 
th an  the  outer. It has been suggested to m e th a t th e  m ultip le  m arginals o f  the 
seguenziacean radu la  m ight have been p roduced  by repeated splitting  o f  the  tae- 
nioglossan m arginals. W hile th is  rem ains a possib ility , especially in view  o f  the 
observations o f  Shim ek and  K o h n  (1981) on the T urridae , the apparen t affinity 
o f  the Seguenziacea w ith  archaeogastropods such as the  T rochacea (discussed 
below) suggests th a t the seguenziacean rad u la  is m erely  a m odification  o f  the 
rh ip idoglossate  radula , and  is ad ap ted  fo r sw eeping particu la te  m a tte r from  the 
b o tto m  and  conveying it to  the  esophagus.

O ther tra its  o f  the  Seguenziacea w hich suggest archaeogastropod  affinity are a 
long in testine  w ith  an  an te rio r loop, a subocu lar peduncle on the base o f  the right 
cephalic tentacle, and  an ep ipod ium  w ith  ep ipod ia l tentacles. T he in testine follows 
a course sim ilar to  th a t o f  the T rochacea, bu t the seguenziacean an te rio r loop 
(perhaps n o t hom ologous w ith th a t o f  the  T rochacea?) is m uch longer, and  the 
in testin e  does no t penetra te  the  ventricle. T h e  subocular peduncle has been noted  
in  several species o f  T roch idae  (C risp 1981), bu t to m y know ledge is n o t know n 
in  any o th e r prosobranch  group, except, perhaps, th e  Fissurellacea (M cLean, in 
litt.). T h e  ep ipod ium  and  associated  ten tacles have been generally considered  an 
archaeogastropod  tra it (F re tter an d  G rah am  1962), bu t epipodial tentacles are 
also know n in som e m esogastropods [e.g., L itiop idae  and  D ialidae (H oubrick  
1980; see also T hiele 1929)]. Even the  fecal string  o f  Seguenzia  resem bles th a t o f 
the  T rochacea, although there  is no  liver string  (see F re tter and  G rah am  1962).

Several seguenziacean features show  progression  in to  an advanced  grade o f 
organization . H ow ever, m ost o f  the  ad v an cem en t m ay be a ttrib u ted  to ad ap ta tion  
to  a sm all body size and  for increased  functional efficiency. T he radu la  has already 
been discussed. T he o ther p rincipal m odifications include the developm ent o f  an
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advanced  reproductive  tract, a m onopectina te  c ten id iu m , and  functional inhalen t 
an d  exhalen t palliai siphons.

A lthough no in -dep th  anatom ical ex am in a tio n  o f  the  seguenziacean rep ro d u c
tiv e  system  has yet been m ade, presence o f  a  w ell-developed penis suggests o ther 
m odifications o f  the  tract, such as possib le accessory structu res in the fem ale 
ov iduct. I hav e  no t exam ined  any fem ales, b u t D r. A nders W arén (pers. com m .) 
has ind ica ted  th a t such m odifications m ay  be p resen t in fem ale C arenzia carinata  
from  th e  no rtheaste rn  A tlantic . M y ex am in a tio n  o f  the  m ale o f  S. “ eritim a” 
ind icates a sim ple sperm  duct, w ith o u t p rosta te  g land, w hich opens in to  a ciliated 
sperm  groove on the  penis. Penial s tructures, e ith e r as m odifications o f  a cephalic 
tentacle o r de novo  structures, are rare, bu t no t unknow n in the archaeogastropods. 
P erhaps the  best know n situa tion  is in  the  N eritacea, in w hich a true  cephalic 
penis has been developed (see F re tte r and  G rah am  1962; F re tte r 1965). Several 
o th e r archaeogastropod  groups also have  been reported  to have a penis: Coccu- 
linacea (Cocculina  and  A ddison ia ; see D ali 1889b, 1890); T roch idae  [Solariella  
(=Calliotropis) an d  Turcicula {=Bathybembix)-, D ali 1889a, b, 1890]; F issurellacea 
(.R im u la  and  Fissurella ; D ali 1889b); and  the  recently  described  N eom phalacea 
(.N eom phalus; M cLean 1981; F re tte r e t al. 1981). T he Cocculinacea and  N eo m 
phalacea each have a m odified  cephalic ten tac le  (the fo rm er the  right, and  the 
la tte r th e  left tentacle), b u t the function  as a penis is undoub ted . T he “ pen is” 
described  by D ali (1889b) in the F issurellacea w as found  to  be solid by O dhner 
(1932) w ho referred  to  the struc tu re  as a “ sexual c irru s .”  T he ru d im en ta ry  “ pen is” 
repo rted  in th e  T roch idae  (D ali 1889a, b, 1890) has no t been investigated  sub
sequently . M cLean (in litt.) considers the  penis-like structures o f  the fissurellaceans 
and  tro ch id s  to  be the  right subocular peduncle. Since all a rchaeogastropod groups 
w ith  an  u n d o u b ted  penis except the  N eritacea (C occulinacea, N eom phalacea , and  
Seguenziacea) are principally  deep-sea form s, an d  m ost are ex trem ely  sm all (less 
th an  10 m m , except N eom phalus fre tterae  M cL ean, 1981, w hich m ay  be as m uch 
as 30 m m  in d iam ete r and  w hich lives in  a u n ique  situa tion , the  G alápagos Rift), 
energy conserva tion  is a p rim ary  concern . In te rna l fertilization  severely reduces 
the  w astage o f  gam etic p roducts, and  evo lu tio n  o f  copulatory  structu res w ould be 
the m o st efficient solu tion  to  th a t problem .

A m onop ec tin a te  c ten id ium  is generally associated  w ith a m esogastropod, or 
higher, grade o f  organization , and  has no t been reported  prev iously  in any  a r
chaeogastropod  except U m bonium  (F re tter 1975; M cLean 1981). P resence o f  such 
a c ten id iu m  in the Seguenziacea m ay well be an  ad ap ta tio n  for econom y o f  space 
in the palliai cavity  o f  these sm all an im als. A  m o nopectina te  c ten id ium  provides 
m ore efficient use o f  space and  e lim inates any  circu latory  dead  spots w hich are 
found  in m o st b ipectinate  c tenidia. F low ever, the  change from  b ipectina te  to 
m onop ec tin a te  cond itions m u st require  som e com pensation  for the  decrease in 
strength  o f  the  ciliary cu rren ts flowing th rough  the palliai cavity  caused by re
duction  o f  the  n u m b er o f  cten id ial leaflets; therefore, the  Seguenziacea, like m any 
m esogastropods and  v irtually  all neogastropods, have m odified  the  m antle  edge 
to form  in h a len t and  exhalen t siphons. H ow ever, seguenziacean siphons are p a 
pillate em b ay m en ts  in, ra th e r  th an  extensions of, the m an tle  edge. T he papillae 
m ay au g m en t the cten id ial cilia in producing  the  inhalen t an d  exhalent currents, 
and  the  siphons undoub ted ly  enhance the  efficiency and  d irec tionality  o f  the 
curren ts. T h e  seguenziacean siphons are apparen tly  analogous to those  o f  m eso-
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gastropods and  neogastropods, bu t a re  de novo struc tu res derived  in con junction  
w ith evo lu tion  o f  a m onop ec tin a te  c ten id ium . In ad d itio n , in  at least one species 
(S. “ eritim a”), a cephalic process fo rm s a baffle across the  opening  o f  the m an tle  
cavity  w hich probably p reven ts w a te r from  en tering  or exiting the  m an tle  cavity  
except th rough the siphons.

Since the  know n features o f  the  Seguenziacea are e ith e r  clearly archaeogastropod  
in nature o r can be derived  from  archaeogastropod  structu res as ad ap ta tio n s for 
sm all body  size and  life in the  deep-sea, it  seem s m o s t p ru d en t to  consider the  
Seguenziacea the  end o f  a long-separated  evo lu tio n ary  lineage o f  archaeogastropod 
deriva tion , w hich has developed  m esogastropod-like ad ap ta tions in d ep en d en t o f  
any m esogastropod lineage. In  th is  regard, the Seguenziacea are sim ilar to  the 
N eom phalacea (M cLean 1981) an d  N eritacea (F re tte r and  G rah am  1962; F re tte r 
1965).

I f  Seguenziacea are indeed archaeogastropods, as argued  here, then  w hich group 
m ight be considered seguenziacean precursors? Solely on the basis o f  shell shapes 
and  position  o f  anal sinuses, tw o possib ilities exist. F irst is an  origin in a euom - 
phalacean  group such as the  O m ph alo tro ch id ae  K nigh t, 1945, especially O m - 
phalotrochus K night, 1945, O recopia  K night, 1945, and  B abylonites Y ochelson, 
1956. E arlier (Q uinn 1981) I suggested th a t the  Seguenziacea m ight have been 
derived  from  such o m p h a lo troch ids based  on the  subsu tu ra l sinus and  channeled , 
claw -like extension o f  the  o u te r lip , w hich are ap p a ren t hom ologues o f  the anal 
an d  basal sinuses o f  the seguenziacean shell. M cL ean (1981) has since po in ted  
o u t th a t the O m phalo troch idae  are n o t know n to  have  nacreous shells, and  th a t 
a  reversion to the nacreous co n d itio n  w ould be unlikely. In  ad d ition , there  is a 
gap o f  ab o u t 200 m illion  years betw een the ex tinc tion  o f  the O m phalo troch idae  
(M iddle Perm ian) and  th e  earliest know n seguenziacean (Eocene). T herefore, an 
O m phalo trochidae-S eguenziacea lineage is no t supported .

T he o ther, and  m ore p robab le  origin, involves a derivation  from  w ith in  the 
P leu ro tom ariacea-T rochonem atacea-T rochacea  lineage. It has been hypothesized  
th a t the P leuro tom ariacea  gave rise to  the  T rochonem atacea  (K night et al. 1960), 
w hich in  tu rn  were ancestral to  the  T rochacea (F re tter and  G rah am  1962). All 
th ree superfam ilies have nacreous shells an d  the P leu ro tom ariacea  and  T ro ch o 
nem atacea  b o th  have lab ral sinuses. W e know  the  anatom y  o f  living P leu ro to 
m ariacea and  T rochacea from  w hich we m ay infer possib le re la tionsh ip  w ith the 
Seguenziacea, b u t inferences ab o u t th e  ex tinc t T rochonem atacea  are purely  spec
ulative. T he P leuro tom ariacea  are gastropods re ta in ing  such p rim itiv e  cond itions 
as paired palliai organs, s im ple  rep roduc tive  system  and  in testine penetra ting  the 
ventricle [see F re tte r an d  G rah am  (1962) and  F re tte r (1964, 1966) for sum m ary  
o f  o ther features]. F rom  the position  o f  the  shallow  anal sinus o r channel, the 
T rochonem atacea  were p robab ly  d ib ranch ia te , w ith  the  right cten id ium  possibly 
being lost in the la ter fo rm s (K night et al. 1960). T he T rochacea have lost the 
righ t c ten id ium  and  o sp h rad iu m , b u t re ta in  the  o ther paired palliai structures, 
th e  in testine is long, w ith  an  an te rio r loop , bu t still penetrates the  ventricle, and  
the  rep roductive  system  rem ains rela tively  unspecialized (Fretter and  G raham  
1962). T h e  P leuro tom ariacea  and  T rochacea  have rhip idoglossate radu lae, a l
though com paratively  reduced  in  the  la tte r group, an d , in m ost o ther anatom ical 
regards, the  T rochacea and  P leu ro tom ariacea  are also rem arkably  sim ilar (F retter 
and G raham  1962; F re tte r  1964, 1966; G rah am  1965). A lthough sim ilar to the
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T rochacea  and  P leuro tom ariacea  in hav ing  nacreous shells, rhip idoglossate rad- 
ulae (although m odified), ep ip o d iu m  an d  epipodial tentacles, and  an an te rio r loop 
o f  the in testine, the  Seguenziacea have  highly m odified  rep roductive  and  circu
la tory  system s and  a m o n opec tina te  c ten id iu m , w hich ind icate  a long-standing 
separa tion  from  the m ain stream  o f  archaeogastropod  evo lu tion . M y conten tion  
th a t the  seguenziaceans are m ore  likely to  have had  th e ir  origin w ith in  the  T ro 
chacea rests p rim arily  on the  fact th a t it seem s m ore plausible to  derive  the 
seguenziacean organization as m odifica tions o f  a tro ch o id  organization th an  o f  a 
zeugobranch cond ition , and  secondarily  on  the  radu la , trocho id -like fecal-string, 
and  cephalic ten tacles, especially the  presence o f  a subocu lar peduncle on the right 
tentacle. A dm itted ly , th is is ra th e r  tenuous ev idence from  w hich to  draw  a con 
clusion, b u t m ay serve as a w orking hypothesis for fu rther research.

Since the  anatom y  o f  no seguenziacean is fully know n, only  th ree having  been 
partly  described, and  the fossil record  is so scanty, no  d iscussion  o f  re la tionsh ips 
w ith in  the  superfam ily  is now  possible, n o r is it possib le to  de term ine  w hether 
the  anal sinus is a p rim itiv e  ch a rac ter w hich was in herited  from  som e ancestor 
or an  in n o v a tio n  o f  the seguenziaceans. In  v iew  o f  the  tendency  o f  m any  o ther 
p rosobranchs to develop sim ila r s tructures, I believe th e  la tte r to be true, thus 
reinforcing m y belief th a t the  seguenziaceans are d eriv ed  from  som e holosto- 
m a to u s ancestor, i.e., a trocho id . It is p robab le  th a t ad d itio n a l fam ily-group taxa 
m ay be requ ired  as fu ture  system atic  stud ies are com pleted . Indeed, the  m ono- 
phyly o f  the  Seguenziacea m ay  even now  be questioned . F o r exam ple, it  could 
be argued th a t the genera w ith  labral sinuses m ay hav e  evolved  from  the  T ro 
chonem atacea , G uttula  m ay hav e  arisen  independen tly  from  the T rochacea, and  
the  selective pressures o f  s im ila r h ab ita ts  subsequently  p roduced  sim ilarly  con 
structed  organism s. H ow ever, the  presence o f  a penis, ep ipod ium  and  epipodial 
tentacles, an d  radulae and  shells s im ila r to  som e u n d o u b ted  seguenziaceans, sug
gest th a t G uttula  should  be included  in the  Seguenziacea.

T herefo re, the  Seguenziacea, as here  defined, com prise  the  genera Seguenzia, 
Carenzia, Basilissa, Basilissopsis, Ancistrobasis, Thelyssa, and  Guttula. T he  su
perfam ily  is characterized  by nacreous shells, generally w ith  labral sinuses, m o d 
ified rh ip idoglossate radula , and  an an a to m y  retain ing som e archaeogastropod 
tra its  (ep ipodium  w ith ten tacles, long an te rio r loop o f  the  in testine, and  subocular 
peduncle) bu t a tta in ing  several m esogastropod  features (penis in  m ales, m o n o 
pectina te  c ten id ium , and  m o n o to ca rd ian  circu latory  system ). T h is com bination  
is so different from  o ther know n prosob ranchs th a t there  can be little d o u b t th a t 
recognition  o f  a separate superfam ily  as suggested by K een (1971), G olikov  and  
S tarobogatov  (1975), G oryachev  (1979), Q u inn  (1981, 1983a, b), M cLean (1981), 
and  M arshall (in press) is necessary. T he Seguenziacea are here re ta ined  w ithin 
th e  A rchaeogastropoda as an  in d ep en d en t offshoot o f th e  P leuro tom ariacea-T ro- 
chonem atacea-T rochacea  lineage, w ith the  T rochacea as the  m ost p robable  an 
cestral stock.
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