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IN T R O D U C T IO N

T h e  p r e s e n t  s t u d y  s ta rted  w ith th e  taxonom ic  rev iew  of 
som e of th e  species d ea lt w ith  h e re in . Soon it  becam e 
a p p a re n t th a t n o t o n ly  a full-scale taxonom ic  rev is io n  of 
a ll th e  species w o u ld  be th e  only  satisfactory  answ er to 
sev e ra l tax o n o m ic  an d  nom en c la to ria l p rob lem s, b u t tha t 
th e  tax o n o m ic  significance of th e  organs com m only  u tilised  
fo r classification , i  e., shell, o p ercu lum , pen is , ra d u la  and 
spaw n , h a d  to  be re-assessed. T h is  goal p ro m p te d  a review  
of th e  fu n c tio n a l m o rp h o lo g y  and  th e  adap ta tio n a l value 
to  th e  an im a l of a  g iven  fea tu re . T h o u g h  m uch  is left to  do  
to answ er such questions satisfactorily, th e re  are ind ications 
th a t s im ila r  ecological p ressu res a re  p ro n e  to  gen era te  
h o m o eo m o rp h ic  p ro p e r tie s  in  closely re la te d  species (i. e., 
re la te d  on  th e  g enus and  fam ily  level), and  to  recognise  
th is, tax o n o m y  m ust take account of as m any  o rgans and 
th e i r  p ro p e r tie s  as possible.

I t  m ay  be w orthw hile  to  recall the h is to rica l deve lopm en t 
of th e  tax o n o m ic  classification  of o u r  species. In  th e  e a r l ie r  
p a r t  of th e  19th cen tu ry , all species w ere p laced  in  the 
g e n u s  Littorina. A lread y  in  these early  days, all nodu lose  
she lls  w ere g ro u p e d  together, a lth o u g h  th is  was n o t always 
ex p ressed  in  th e  g en e ric  classification (e.g., P h i l i p p i , 1846- 
48; R e e v e , 1857-58). L a te r th e  g enus Littorina s. lat. was sp lit 
in  v a rio u s  ways; w ith o u t e n u m era tin g  these taxonom ic 
a rg u m en ts , it m ay  be said th a t th e  classification p a tte rn  
co m m o n  to  all of th em  was to p u t th e  sp ira lly  scu lp tu red

species in  Littorina, a n d  a ll nodu lose-species in  Tectarius, 
excep t Echininus cum ingi because of its m u ltisp ira l o p e r­
cu lu m  (e.g., T r o s c h e l ,  1856-63; T r y o n , 1887; T h i e l e , 1929; 
W e n z , 1939; C l e n c h  & A b b o t t , 1942). O n ly  A b b o t t  ( 1954a) 
re co g n ised  th e  c lo se  r e la tio n sh ip s  b e tw een  n o d u lo se  
Nodilittorina an d  som e of th e  sp ira lly  sc u lp tu re d  "Littorina” 
species an d  he  sep a ra ted  Tectarius an d  Nodilittorina. B u t up  
to now  all g en e ric  an d  su b g en eric  d e fin itio n s  of litto r in id  
g en e ra  an d  subgenera  co incide  w ith  th e  occurrence , resp. 
absence of no d u lo se  o r  g ran u lö se  scu lp tu re  ( A b b o t t , 1954, 
1974; R o s e w a t e r , 1970-73, 1981), in  sp ite  of th e  fact that 
th e  ana tom ica l d a ta  d escribed  by these au th o rs  suggest 
m any  close re la tio n sh ip s  across th e  lim its  based u p o n  shell 
scu lp tu re .

T h e  species concepts of W est A tlan tic  N o d ilitto rin ae  
reflect th e  d e v e lo p m en t from  a shell classification  to  a 
b io log ica lly  o r ie n te d  species c lassification  a n d  m ay  be 
illu s tra ted  by th e  sp ira lly  scu lp tu red  Nodilittorina species. 
In  th e  19th cen tu ry , all new  species w ere p ro p o sed  upon  
shell (an d  o p ercu lu m ) ch aracters a lone. As th e  d ifferences 
w ere re la tiv e ly  s lig h t a n d  v a riab ility  in ev itab ly  p e rc e p ­
tib le , B e q u a e r t  (1943) u n ite d  all n o m in a l species in  "Lit­
torina ziczac, ” e x p la in in g  som e of th e  shell v a ria tio n s  by 
sexual d im o rp h ism  of a s in g le  species; th is  in te rp re ta tio n  
p ro v ed  to  be e n tire ly  specu lative. I t  was no t u n ti l 1969 
w hen  B o r k o w s k i  & B o r k o w s k i  (1969) sp lit "Littorina ziczac” 
in to  th re e  species, u tilis in g  rad u la  an d  spaw n ch aracters 
fo r th e  f irs t tim e in  th is  g ro u p . By th e  sam e c r ite r ia ,
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B a n d e l  ( 1974) recognized  a fo u rth  species, th e n  cau tiously  
n a m e d  “Littorina sp.”. In  th is paper, B e q u a e r t ’s  “Littorina 
ziczac” is show n to be  com posed of seven  species, th re e  of 
w hich can  be d is tingu ished  only  by  ra d u la  characters, w hile 
th e  re m a in in g  fo u r a re  also recognized  by  th e ir  shells, 
an d  in  som e instances also by spaw n an d  o p e rc u lu m  ch ar­
ac teristics. Also, it p ro v ed  th a t n early  a ll species w ere 
in a d e q u a te ly  nam ed , w hich was d u e  to  u n re so lv ed  tax o ­
n o m ic  p ro b lem s as w ell as to  m isid en tifica tio n s of type  
m a te r ia l and  to n o m encla to ria l com plications.

A C K N O W L E D G M E N T S

Explanations: A n  a s te risk  in  synonym y  lists d eno tes  the 
in tro d u c tio n  of a n e w  nam e o f th e  species g ro u p  applicable 
to  th e  species d e a lt  w ith. L ocalities in  th e  “M ate ria l ex­
a m in e d ” p a ra g ra p h s  a re  p ro v en  by  ra d u la  exam ination  
un less o therw ise s ta ted .

In  th e  p la te  ex p lan a tio n s , “F N ” d en o tes  th e  p h o tog raph  
n u m b e r of a  SEM p h o to g ra p h  taken  an d  filed  in  th e  Insti­
tu te  fo r P a leo n to lo g y  of th e  U n iv ers ity  of B onn.
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m ore), A . Z ilch  (SM F) ; M rs. Ch. H e m m e r (B onn) m a d e  the 
SEM  p h o to g ra p h s . F in an c ia l su p p o r t  of th e  D eu tsch e  
F o rschungsgem einschaft fo r one of th e  au th o rs  (K. B.) is 
g ra te fu lly  acknow ledged . We th an k  especia lly  P rof. D r. H . 
K. E rb en  (P aleon to log ica l In s titu te , U n iv e rs ity  of B onn, 
W. G e rm an y ) fo r his su p p o rt.
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G eneral Remarks: T h e  an a tom y  of Littorina littorea was 
d escribed  in  g rea t d e ta il  by F r e t t e r  & G r a h a m  (1962). 
T h ese  au tho rs  based th e i r  d e sc rip tio n  on  the  accounts p u b ­
lished  by L i n k e  ( 1933) a n d  J o h a n s s o n  ( 1939) on th e  anatom y 
of Littorina littorea, L. obtusata and  L. saxatilis. M a r c u s  & 

M a r c u s  (1963) d issec ted  “Littorina ziczac” (— Nodilittorina 
lineolata) from  Brazil a n d  com pared  th e ir  anatom ical da ta  
w ith  those  of Johansson , F re tte r  an d  G rah am , an d  o th e r  
au tho rs . W ith ex cep tio n  of th e  m o rp h o lo g y  of th e  pen is, 
M a r c u s  & M a r c u s  h av e  n o ted  n o  fu n d am en ta l d ifferences 
in  th e  anatom y of Littorina littorea an d  Nodilittorina lineolata.

Penis: T h e  species of th e  genus Nodilittorina  described  in  
th is  p a p e r  possess, w h ere  know n, a s le n d e r verg e  w ith  an 
open , b u t d eep ly  fo ld ed  sp e rm id u c t an d  w ith  one large 
g lan d  at its o u te r  side. A  basal en la rg em en t is always 
p resen t.

T h e  p en is  g lan d  was described  in  d e ta il by M a r c u s  & 

M a r c u s  ( 1963, fig. 16). T h e y  fo und  th a t it con ta ined  g la n d ­
u la r  cells lin in g  a cen tra l cav ity  w ith  a d is ta l o p en in g . T h e  
g lan d  is sim ila r in  m o rp h o lo g y  to  th e  n u m ero u s  g lands d e ­
scribed  in  the  g en e ra  Littorina s. str., Tectarius an d  Echininus. 
T h e  g en e ra  Littoraria, Cenchritis, Fossarilittorina and  Melar­
haphe do  n o t have  th is o rg an .

T h e  p en is  m o rp h o lo g y  of W est A tlan tic  species is no t 
su ffic ien tly  know n to  a llow  su b g en eric  g ro u p in g s  in  the 
g enus Nodilittorina. A vailab le  d a ta  a re  d ep ic ted  in  F igures 
1A- ID . In fo rm a tio n  p u b lish ed  so fa r on  A tlan tic  and  Indo- 
Pacific species suggests a six-fo ld  subd iv ision  of th e  genus 
Nodilittorina. N o consisten t co rre la tio n  betw een p en is  m o r­
p h o lo g y  and  o th e r  p ro p e r tie s  of th e  species em erges from  
th is, b u t very  close re la tio n sh ip s  betw een no d u lo se  and 
n o n -n o d u lo se  species can be  assum ed:

G ro u p  1 (F igures 1A-1C): P en is w ith  basal en la rg em en t, 
adhesive flagellum  (“H aftlap p en ” M a r c u s  & M a r c u s  ( 1963)) 
an d  one  g lan d  (ra re ly  n o n e  o r  two) s tan d in g  u p rig h t on
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F i g u r e  1

P e n is  M o rp h o lo g y

A) N odilittorina  (N odilittorina) lineolata  (O rb ig n y )  a f te r  M a r c u s  & 

M a r c u s , 1963 ("Littorina ziczac,” Säo  P a u lo )

B ) N odilittorina  (N odilittorina) sp . a f te r  A b b o t t ,  1954a ("Littorina zic­
zac” f ro m  th e  B a h a m a s ; m a y  be N . ziczac (G m e lin )  s.str., N. angustior 

(M ö rc h ) o r  N. m o r d a x  spec , nov.)

C ) N o d ilitto r in a  (N o d ilitto r in a ) tubercula ta  (M e n k e) a f te r  A b b o t t ,  1954a

D ) N odilittorina (Tectininus) antoni ( P h i l ip p i)  a f te r  A b b o t t , 1954a 

("Echininus nodulosus”)

E) N odilittorina  (N odilittorina) pyram idalis  (Q u o y  & G a im a rd )  a fte r 

R o s e w a t e r ,  1 9 7 0

F) N odilitto rina  (N odilittorina) praeterm issa  (M a y ) a f te r  P o n d e r  k 
R o s e w a t e r , 1979 (p e n is  p ro b a b ly  s t ro n g ly  co n tra c te d )

G ) N o d ilitto r in a  (N od ilitto rina ) sundaica  (R e g te re n -A lte n a )  a f te r  

P o n d e r  & R o s e w a t e r , 1 9 7 9

H )  N odilittorina (N odilittorina) acutispira (E . A . S m ith ) a f te r  P o n d e r  

k  R o s e w a t e r , 1979
I) N odilittorina  (Liralittorina) striata (K in g  & B ro d e r ip i  a f te r  R o s e - 

w a t e r , 1981

th e  d is ta l en d  of th e  basal en la rg em en t. C aribbean  species 
on ly : Nodilittorina tuberculata, N. lineolata and  N. spec. dub. 
(“Littorina ziczac” of A b b o t t , 1954a).

G ro u p  2 (F igu re  IE): P en is w ith  basal en la rg em en t, and 
one  g lan d  recu m b en t o n  it; an  ad h esiv e  flagellum  is not 
alw ays described : Indo -P ac ific  an d  E astern  A tlan tic  n o d ­
u lose species p laced  by  R o s e w a t e r  (1970, 1981) in  the

su b g e n e ra  N . (Nodilittorina) a n d  N. (Granulilittorina): N. 
pyramidalis, N. millegrana, N . granosa, N. helenae.

G ro u p  3 (F igures 1F-1G): P enis w ith  basal en la rg em en t 
an d  o n e  g lan d  in c o rp o ra te d  in  its  d is ta l p a rt. A p p a re n tly  
no  adh esiv e  flagellum : Ind o -P ac ific  a n d  E astern  A tlan tic  
n o n -n o d u lo se  species p lace d  b y  R o s e w a t e r  (1970, 1981) 
an d  P o n d e r  & R o s e w a t e r  ( 1979) in  Littorina (Austrolittorina):
N. sundaica, N. unifasciata, N. knysnaensis, N. praetermissa,
N. cincta, N. punctata, N. africana.

G ro u p  4 (F igure  1H): P en ia l g la n d  o n  a long , u p r ig h t 
p ro je c tio n  in se rtin g  n e a r  outer, p ro x im a l end  of pen is ,
i. e., a t  th e  sam e p lace as th e  basal en la rg em en t of g ro u p s 
1, 2, 3, 5; a p p a re n tly  n o  ad h esiv e  flage llum : the  A ustra lian  
N. acutispira on ly  ( P o n d e r  & R o s e w a t e r  (1979)).

G ro u p  5 (F igure  ID ): P en is  w ith  basal en la rg em en t; 
sing le  g la n d  rem o te  from  i t  o n  th e  d is ta l p a r t  of th e  verge, 
su rro u n d e d  by “n u m ero u s , sm all, fleshy, opaque-w hite  
p a p illa e ” ( A b b o t t , 1954a: N. (Tectininus) antoni, th e n  nam ed  
Echininus nodulosus).

G ro u p  6 (F igu re  II): P en is slender, w ith o u t any  a p p e n d ­
ages: th e  W est A frican  N. (Liralittorina) striata o n ly  ( R o s e - 

w a t e r ,  1981).
T h e  firs t th ree  g ro u p s  a re  m ost closely  re la ted  to  each 

other. If  th e  d ifferences of th e  C arib b ean  species (g ro u p  1) 
p ro v e  to  be  sig n ifican t a n d  co n sis ten t th ro u g h o u t th e  
species n o t ye t inves tiga ted , th ey  w ou ld  be  re la te d  m ore  
closely  to  each o th e r  th a n  to  Indo -P ac ific  species (g roups 
2, 3, 4), reg a rd less  of th e  p resence  o r  absence of n o d u lo se  
scu lp tu re , d ifferences in  o p e rcu lu m  m o rp h o lo g y  an d  the 
co n sid e rab le  m od ifica tions of th e  ra d u la  in  Nodilittorina 
tuberculata an d  N. mordax. In  th e  Indo-Pacific , how ever, 
shell sc u lp tu re  seem s to  be co rre la ted  w ith  a p en is  fea tu re , 
b u t e v en  so th e  Indo -P ac ific  species of g ro u p s  2 a n d  3 
w ou ld  h av e  m ore  p en is  characters in  com m on th an  they  
h av e  w ith  th e  C arib b ean  form s. T h e  su b g en e ric  nam e 
Echinolittorina H ab e , 1956 is ava ilab le  fo r the  latter, and  
sh o u ld  fu r th e r  anatom ical ev idence p ro v e  th a t such species 
as N. tuberculata, N. lineolata etc. a re  m o re  closely  re la te d  
to  each  o th e r  th an  to  th e ir  a p p a re n t Pacific analogues, 
e.g., N. pyramidalis, resp . N. paytensis, th ey  w ould  h av e  to  be 
classified  accordingly .

T h e  fo u r th  g ro u p  is p robab ly  re la te d  to  th e  th i rd ;  th e  
p ecu lia ritie s  can be  seen  as m od ifica tions of th e  ch aracters 
of th e  th ird  g ro u p .

T h e  fifth, m onospecific g roup  is sufficiently  d ifferen t from  
th e  re s t to  w arran t th e  re te n tio n  of a  p a rtic u la r  subgenus, 
Nodilittorina (Tectininus) C l e n c h  & A b b o t t , 1 9 4 2 .

T h e  six th  g ro u p , also m onospecific, has been  ra ised  to 
su b g en eric  ra n k  recen tly  ( R o s e w a t e r ,  1981). T h e  p en is  
ch a rac te rs  fu lly  ju s tify  this, w h ile  ra d u la  and  shell p ro p e r ­
ties a re  w ell w ith in  th e  range observed  in  g ro u p s  1-4.

T h e  d ifferences betw een the fo u r first-m en tioned  g ro u p s 
a p p e a r  to  be  m ino r, an d  in  v iew  of th e  n u m b e r of species
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no t yet investigated , an d  the  im possib ility  in  th e  C aribbean 
species of co rre la tin g  these  p en is  p ro p e r tie s  consisten tly  
w ith  o th e r  m orpho log ica l features, these  g ro u p s  a re  u n ited  
in  th e  subgenus Nodilittorina (Nodilittorina) M artens, 1897. 
Synonym s of th is are  Echinolittorina H ab e , 1956a, Granuli­
littorina H ab e  & K osuge, 1966 and  Austrolittorina Rosew ater, 
1970.

L ittle  is know n abou t th e  functional m o rp h o lo g y  of the 
p en is  appendages. I t  h as  been  suggested  th a t th e  g lan d  
and th e  flagellum  secu re  th e  ad h esio n  of the d is ta l p a rt 
of the p en is  in  th e  m an tle  cavity  of th e  fem ale d u rin g  
co p u la tio n  ( L i n k e  1933, 1934: “K leb d rü sen ” =  “stick ing  
g lan d s” in  Littorina littorea; M a r c u s  & M a r c u s  1963: “H aft- 
lap p en ” =  “adhesive v e lu m ” in  Nodilittorina lineolata).

R adula: T r o s c h e l  ( 1856-63: 129) n o te d  as a  co nstan t ch ar­
acter of rep resen ta tives  of th e  L itto rin ae  (in T ro sch e l’s 
te rm in o lo g y  u n itin g  th e  fam ilies L acu n id ae  an d  L itto r in i­
dae  of T h i e l e ’s  (1929-35) te rm ino logy ) a low an d  wide 
la tera l too th  w ith  a ch aracteristica lly  ex ten d e d  g u tte r-like , 
o u te r  p o s te rio r c o rn e r connected  to  an  em baym en t of the 
o u te r  p o s te rio r edge. T roschel exp ressed  th e  o p in io n  tha t 
g eneric  d ifferences in  th e  L itto rinae  of his te rm in o lo g y  
show ed u p  in  the shape of th e  cen tral too th . So, fo r exam ple, 
th e  m em bers of th e  g enus Lacuna a re  charac te rized  as ty p ­
ical rep resen ta tiv es of th e  L itto rin ae  by th e  m o rp h o lo g y  1 

of th e ir  la te ra l teeth , an d  as b e lo n g in g  in  th e  g enus Lacuna 
by th e  hexagonal o u tlin e  of th e  cen tra l teeth .

W ith in  th e  genus Littorina T roschel d iffe ren tia ted  3 sub­
g en era : Littorina, “Tectus” (=  Tectarius) an d  “N ina” (= Echi­
ninus). In  o rd e r  to do  so he  used  as characters th e  m o r­
p h o lo g y  (num ber of w horls) of th e  o p e rcu lu m  and  the 
leng th -w id th  re la tio n sh ip  of the cen tra l too th  of th e  radu la . 
In  h is schem e T roschel cam e to th e  a ssum ption  th a t Nodi- 
littorina pyramidalis b e lo n g ed  to th e  sub g en u s Tectus of the 
g enus Littorina a long w ith  o thers, as fo r exam ple , Cenchritis 
muricatus.

T h i e l e  (1929: 124-127) inc ludes Nodilittorina  as subgenus 
in  th e  genus Tectarius (subgenus Tectus of Troschel). Tectarius 
is ch aracterised  by T h ie le  in  reg a rd  to  its ra d u la  m o rp h o l­
ogy in  such g en era l te rm s th a t it c an n o t be d iffe ren tia ted  
w ith  these features from  m em bers of th e  genus Littorina 
(subgenus Littorina of T roschel) in  c o n tra s t to T ro sch e l’s 
e a r l ie r  p roposa l. T h ie le  h e ld  th e  m em b ers of bo th  g en era  
Tectarius an d  Littorina a p a r t  o n ly  by d iffe rences in  th e  
n u m b e r of w horls p re sen t on  th e  o p e rc u lu m  and  by p re s ­
ence o r absence of n o d u la r  scu lp tu re  of th e  shell.

P o n d e r  ( 1976) and A r n a u d  & B a n d e l  (1978) have found  
in  th e ir  stud ies of ra d u la e  of A n tarc tic  L itto rin id ae  th a t 
th e re  a re  m an y  features to  be fo und  tran sitio n a l betw een 
L acun idae  and L itto rin id ae . T r o s c h e l ’s  ( 1856-63) assum p­
tion  tha t th e  g ro u p  L itto rin ae , en com passing  both L acun i­

dae and  L itto rin id ae  of T h ie le ’s classification, ho lds closely 
re la te d  species w h ich  can best be  d iffe ren tia ted  an d  classi­
fied  by  th e ir  ra d u la  m o rp h o lo g y , was con firm ed  by the ir 
stud ies. T h u s , n o  c lea r d iv id in g  line m ay  be draw n between 
T h ie le ’s fam ilies L itto rin id ae  on one  side an d  L acunidae 
on th e  o th e r  side. A r n a u d  & B a n d e l  (1978) no ted  a tran si­
tio n  from  th e  ra d u la  m o rp h o lo g y  of m em bers  of th e  genus 
Laevilitorina  to  th a t  ty p ica l fo r th e  g e n u s  Lacuna. T he  
m em b ers  of th e  species of Laevilitorina s tu d ied  show  a 
ra d u la  m o rp h o lo g y  sim ila r to  typ ical rep resen ta tiv es  of 
th e  g enus Littorina in  th e  b road  sense, in c lu d in g  such shapes 
as a re  p re se n t in  th e  ra d u la  of Nodilittorina pyramidalis.

O u tsid e  of th e  A n ta rc tic 'reg io n , as, fo r exam ple , in the 
C arib b ean  a rea , L itto rin id ae  a re  re s tric ted  to  th e  in te r­
tid a l an d  su p ra tid a l zones. In  con trast to  th is circum stance 
in  th e  A n ta rc tic  reg io n , Laevilitorina lives con tinuously  
below  water. T h e re  is a  tran sitio n  of m orpho log ica l features 
from  th e  ra d u la  p re s e n t in  Laevilitorina to  rad u lae  typical 
fo r rep re sen ta tiv e s  o f th e  genus Lacuna of th e  n o rth e rn  
h em isp h e re  to  be fo u n d  in  th e  so u th e rn  reg io n . A r n a u d  

& B a n d e l  (1978) suggested  th a t th is m o d e  of life is, th ere ­
fo re , n o t to  be co n sid e red  as secondary  ad ap ta tio n  but 
reflects the  m o d e  of life  of th e  ancestors of th e  in te rtid a l 
litto r in id s . H ow ever, as th e  taxonom ic and  phy logenetic  
re la tio n sh ip s  of th e  n u m ero u s  taxa of the  N ew  Z ealand 
a n d  A n tarc tic  reg io n  a re  n o t suffic ien tly  know n, and  as 
the  p resen ce  of Littoraria-like  species as ea rly  as the  Ceno- 
m a n ia n  p o in ts  to  an ea rly  ad ap ta tio n  to  th e  in te rtid a l 
h ab ita t, it  is n o t show n w hich taxa  ex h ib it m o re  p rim itive  
p ro p e r tie s . I t  is ev en  conceivable  th a t in  A n tarc tic  w aters 
species ad ap te d  seco n d arily  to  su b tid a l hab ita ts , forced by 
th e  fo rm a tio n  of in la n d  a n d  pack ice.

T h e  ra d u la e  of 18 species of L itto rin id ae  from  th e  A tlan ­
tic, th e  C aribbean  Sea an d  th e  M e d ite rra n e a n  Sea were 
d esc rib ed  by B a n d e l  (1974). H e  d if fe re n tia te d , by the 
ra d u la  fun c tio n  and  th e  ra d u la  m o rp h o lo g y  d e riv e d  from  
th a t function , tw o d iffe ren t g ro u p s  of li tto r in id  species. 
T h e  first of these g ro u p s was ex em plified  by th e  rad u la  
of Littorina littorea (F igure  2B), th e  fun c tio n  of w hich has 
been  d escribed  an d  analysed  in  d e ta il by  A n k e l  (1936, 
1937). R eview s of these stud ies a long w ith new  observations 
w ere p re sen ted  by F r e t t e r  & G r a h a m  (1962), R i c h t e r  

(1962) an d  R o s e w a t e r  (1980), w ho d iv id ed  th is g ro u p  in 
four, u s in g  d e ta ils  of ra d u la  m orpho logy : “rhom boidal, 
h o oded , m o d era te  and  pick.” In to  th e  first g ro u p  of Bandel, 
a n u m b e r  of m em bers of th e  g enus Nodilittorina can be 
in c lu d ed , as fo r exam ple  th e  ty p e  species of th e  genus 
Nodilittorina, N. pyramidalis an d  also N. ziczac, N. lineolata, 
N. interrupta, N. dilatata, N. vermeiji, N. glaucocincta, N. angustior 
an d  N. riisei. T h is  rad u la  can be considered  to  be closely 
lin k ed  in  its g en e ra l m o rp h o lo g y  to the assum ed o rig inal 
li t to r in id  ra d u la  still found  in  som e A ntarc tic  rep resen ta -
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F ig u r e  2 

R a d u la e

A ) N odilittorina  (N .) pyram ida lis  (Q u o y  & G a im a rd ) , In d o -P a c if ic ;
B) Littorina (L.J littorea  (L in n a eu s ) , E u ro p e a n  A tla n tic  coast

tives of th is  fam ily  th a t live  below  th e  in te r t id a l zone. It 
is fo u n d  am o n g  m ost litto r in id s  m od ified  o n ly  in  sm all, 
b u t ch a rac te ris tic  de ta ils . T h is  ty p e  of d e n titio n  is used to 
rak e  in  d e tr itu s , b ite  off p la n t m ate ria l, to  scrape algal 
crusts an d  sh o v e l loose m a te ria l in to  th e  m ou th . I t  can be 
co n sid ered  as an  a ll-p u rp o se  in s tru m en t.

T h e  second  g ro u p  of ra d u la e  described  by B a n d e l  ( 1974) 
in c lu d es o n ly  a few  species of th e  g enus Nodilittorina, as fo r 
exam p le  Nodilittorina tuberculata, N. mordax an d  N. antoni. 
H e re  th e  la te ra l te e th  hav e  lost th e i r  shovel-like, concave 
shape an d  hav e  becom e solid , m assive cusps, la rg e r  and 
lo n g e r th a n  a ll o th e r  te e th  in  each tran sverse  row  of th e  
ra d u la  r ib b o n . T h e  cen tra l to o th  is red u ced  in  size to  such 
a d eg ree  th a t it  has lost its function . T h is  ra d u la  is used 
m a in ly  fo r sc rap in g  a n d  sc ra tch ing  o v e r rock surfaces. 
Food m a te ria l w ill be  scra tched  from  surfaces m a in ly  w ith  
th e  la te ra l tee th  a n d  o n ly  the  tra n sp o rt of loosened  food 
m a te ria l to  th e  ra d u la -m id lin e  is a id ed  by th e  sh o rte r  
m a rg in a l teeth .

B oth g ro u p s  o f ra d u la e  fo und  w ith in  th e  g enus Nodilit­
torina a re  co n n ec ted  to each o th e r  by  in te rm ed ia te  form s 
m ost p ro b a b ly  n o t fo rm in g  one  lin e  of descen t but, at 
least, two (F ig u re  5).

T h e  ty p e  species of th e  g e n u s  Nodilittorina, N . pyramidalis 
(F igu re  2A) has a ra d u la  th a t  in  a ll e ssen tia l fea tu res  is 
like th a t of N. ziczac. T h e  c e n tra l to o th  is ab o u t 2 tim es 
h ig h e r  th a n  w ide. Its  a n te r io r  fro n t is ev en ly  concave and  
th e  a n te r io r  co rners  a re  ro u n d e d  fo rm in g  th e  base o f th e  
2 f lank ing  cusps th a t accom pany  th e  so lid , m u ch  larger, 
cen tra l, m a in  cusp. A b ro ad  c e n tra l sw e llin g  of th e  basal 
p la tfo rm  of th e  cen tra l to o th  is co n tin u o u s  in to  th e  m ain  
cusp. T h e  an te r io r co rners  o f  th e  ce n tra l to o th  a re  ex ­
te n d e d  in to  narrow , w ing -like  s tru c tu re s  th a t fo rm  th e  
a n te r io r  p o r t io n  of th e  s tra ig h t m arg in s  of th e  to o th . In  
th e  p o s te r io r  h a lf  of the  basal p la tfo rm  th e  cen tra l sw elling  
w idens to  fo rm  th e  ro u n d e d  p o s te r io r  co rn e rs . T h e  la te ra l 
w ings a re  in  contac t w ith  th is  sw elling  in  th e  p o s te r io r  
th ird  of th e  m arg in s. T h e  p o s te r io r  ed g e  o f th e  cen tra l 
too th  is fo rm ed  by  the  ro u n d e d  co rn e rs  an d , be tw een  them , 
an  even ly  concave em b ay m en t w ith  a ro u n d e d  o r  p o in ted  
cen tra l to n g u e  p ro jec tin g  fro m  it.

T h e  cen tra l too th  an d  th e  la te ra l te e th  of each  row  are  
h in g e d  to  each o th e r  in  such a  way th a t the  in n e r  ra ised  
m arg in s of the  la te ra l tee th  re s t in  th e  concav ities fo rm ed  
by  th e  m arg in a l w ings and  th e  cen tra l sw elling  of th e  
cen tra l too th . O n th e  o th e r  h a n d  th e  so lid , ro u n d e d  p o s­
te r io r  co rn e rs  of th e  cen tra l to o th  p ro jec t o v e r and  rest 
on  th e  lower, w ing-like in n e r  m a rg in  of th e  la te ra l teeth . 
W hen  th e  tee th  are  e rec ted  a t the m o m en t th e  ra d u la  
r ib b o n  is d raw n  over th e  fro n t of th e  o d o n to p h o re , the 
m o v em en t of th e  cen tra l an d  th e  la te ra l tee th ,b ecau se  of 
th e ir  b e in g  h in g ed  w ith  each o ther, occurs in  p h ase  w ith 
each other.

T h e  la te ra l tee th  also m ake u p  th e  la rg es t tee th  in  each 
tran sv e rse  row  of tee th  in  th e  ra d u la . I t  show s a w ide 
c u ttin g  edge on  its a n te r io r  fron t, d o m in a ted  by two solid , 
cen tra l cusps. T h e  in n e r  of these  cusps fo rm s a n  ang le  
la rg e r  th a n  90° w ith  th e  basal p la tfo rm  of th e  to o th , w hile 
th e  o u te r  cusp  form s an  ang le  of ab o u t 90° w ith  it a n d  in  
the  fo lded  ra d u la  stands u p  vertically . B oth  cen tra l cusps 
co n tin u e  w ith  th e ir  bases in to  a so lid  cen tra l sw elling  of 
th e  basal p la tfo rm  th a t becom es n a rro w est in  th e  p o s te rio r 
cen te r of th e  basal p la tfo rm . T h e  sw elling  w idens again  
a t its a p p ro a c h  to  th e  p o s te r io r  edge. H e re  it fo rm s a 
so lid , sh o rt, th u m b -lik e  p ro jec tio n  o r  d en tic le  o n  th e  in n e r  
side th a t also form s th e  in n e r  p o s te r io r  co rner. O n  the 
o th e r  side th e  p o s te r io r  end  of the  cen tra l sw elling  ends 
w ith o u t p ro jec tio n  befo re  the  o n se t of a d e e p  in d e n ta tio n  
of th e  p o s te r io r  edge. T h is  in d e n ta tio n  fo rm s th e  o u te r  
p o rtio n  of th e  p o ste rio r edge betw een th e  cen tra l sw elling  
an d  th e  p ro jec tin g  o u te r  corner. T h e  la tte r  is th e  en d  of 
th e  o u te r  m a rg in  th a t con tinues in to  th e  c u ttin g  edge. N ear 
its ou ter, p o s te rio r en d  th is m arg in  is fo ld ed  u p , and , 
th e re fo re , th e  basal p la tfo rm  betw een cen tra l sw elling  and  
o u te r  m a rg in  is of gu tte r-lik e  shape  and  d e e p ly  concave.
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T h e  two m a in  cusps of th e  cu ttin g  ed g e  of the  la tera l 
to o th  a re  acco m p an ied  on bo th  sides by one  sm a lle r d e n ­
tic le . T h e  in n e r  o f these  den tic les is co n tin u o u s in to  a 
sh o u ld e re d  w in g  w ith  a ra ised  in n e r  rim . I t  is th is  w ing 
th a t rests on  th e  w ing -like  m arg in  of the cen tra l tooth. 
T h e  sh o u ld e r  is fo u n d  o n ly  in  th e  an te r io r p o rtio n  of the 
in n e r  m arg in . Its  ra ised  rim  ends at abou t h a lf  of the 
len g th  of th e  m a rg in , an d  a low, w ing-like s tru c tu re  is 
p re s e n t from  r im  en d  to  th e  thum b-like , inner, p o s te rio r 
co rner. O n to  th is  p o s te r io r  p o rtio n  of th e  in n e r  w ing of 
th e  la te ra l to o th  th e  so lid , sw ollen bases of th e  cen tra l 
to o th  a re  re s tin g  in  th e  re lax ed  rad u la .

T h e  o u te r  ra ise d  m a rg in  of th e  la te ra l too th  w ill p ro jec t 
o v e r th e  o u te r  m a rg in  of th e  in n e r  m arg in a l too th  in  the 
re lax ed  ra d u la . T h e  in n e r  m arg in a l too th  rests w ith in  th e  
g u tte r-lik e , ou ter, concave p o rtio n  of th e  la te ra l too th . 
I t  is a ttach ed  to  th e  ra d u la  rib b o n  in  such a way th a t its 
c u ttin g  ed g e  w ith  its  fo u r cusps can be re s ted  on  the  la teral 
to o th  against th e  s lope  fo rm ed  by its two o u te r  cusps and 
th e ir  co n tin u a tio n  in to  th e  cen tra l sw elling. T h e  in n e r  
m a rg in a l to o th  show s a c u ttin g  edge w ith  p o in ted , u p ­
tu rn e d  cusps, th e  second  o u te r  of w hich is th e  largest. 
T h e  c u ttin g  ed g e  a n d  th e  u p p e r  p o rtio n  of th e  basal p la t­
fo rm  form  a sp o o n -lik e  concavity . T h e  p o s te rio r p o rtio n  
of th e  p la tfo rm  is sh a p e d  like  th e  so lid , b ila te ra lly  flat­
te n e d  shaft of th is  spoon . T h e  in n e r  an d  th e  o u te r  m arg in s 
a re  s tra ig h t an d  th e re  m ay  be a basal knob  p re se n t a t the 
p o in te d  p o s te r io r  edge.

T h e  o u te r  m a rg in a l too th , in  th e  re lax ed  rad u la , rests 
u p o n  th e  u p p er, f la t s ide  of th e  in n e r  m a rg in a l too th . Its 
u p tu rn e d  c u ttin g  ed g e  th e n  is fitted  in to  th e  spoon-like 
cav ity  of th e  in n e r  m a rg in a l too th . T h e  o u te r  m arg in a l 
to o th  is claw -like in  sh ap e  an d  m ay  be  q u ite  v a riab le  
b e tw een  species w ith  o therw ise  v e ry  s im ila r teeth . T h e  
n u m b e r  of cusps o n  th e  c u ttin g  edge is ch arac te ris tic  for 
species, an d  in  th is  g ro u p  a ro u n d  th e  ty p e  species of the 
g en u s  Nodilittorina it  co u n ts  betw een  6 and  9. T h e  in n e r­
m ost of th e  cusps is th e  la rg es t an d  com m only  of tr ia n g u la r

o u tlin e . T h e  o th e rs  a r e  p o in te d  an d  narrow . T h e  cen tra l 
shaft is so lid , s tra ig h t and  th ick en ed  by a r id g e . T h e re  
a re  w ing-like  lam ellae  p re se n t b o th  o n  th e  in n e r  an d  on 
th e  o u te r  m arg in . T h e  lam ellae  a re  n o t co n tin u o u s in to  
th e  claw -like ap ica l re g io n  of th e  to o th ,b u t en d  in  in d e n ­
ta tio n s  befo re  re a c h in g  it. T h e  in n e r  lam ella  is n a rro w  and 
li tt le  p ro m in en t, w h ile  th e  o u te r  form s a  w ide, p ro jec tin g  
w ing  on  th e  low er h a lf  of th e  shaft. T h e  p o s te rio r co rn e r 
is p o in ted . W ith  the in n e r  m a rg in a l lam ella  th e  base of 
th e  o u te r  m a rg in a l to o th  is h in g e d  to  th e  in n e r  m arg in a l 
to o th . T h is  lam ella  fits  in to  th e  d ep ression  p re se n t on 
th e  base of th e  in n e r  m a rg in a l too th . T h e  m arg in a l tee th  
a re  n o t o n ly  e re c te d ,b u t also sp re a d  sidew ays w hen  the 
ra d u la  rib b o n  is p u lle d  o v e r th e  edge  of the o d o n to p h o re .

T h e  ra d u la  typ ical o f Nodilittorina, as described  above, 
show s m an y  s im ila ritie s  to  th e  typ ica l ra d u la  of Littorina 
as p re sen t in  L. littorea (F igu re  2). B u t th e re  a re  also suffi­
c ien t d ifferences in  m o rp h o lo g y  as w ell as in  o th e r  organs 
to  be seen to  sep a ra te  b o th  g en era . T h e  cen tra l too th  of 
L. littorea is h in g e d  w ith  th e  la te ra l to o th  ju s t as described  
above fo r Nodilittorina. B u t in  co n tra s t to  th e  la t te r  the 
cen tra l too th  of L. littorea is m u ch  w id e r an d  of m ore 
re c ta n g u la r  shape . T h e  la te ra l to o th  is very  s im ila r to  th a t 
of N. pyramidalis w ith  o n ly  th e  excep tion  th a t th e  m arg in  
of th e  in n e r  w ing  show s less u p tu rn e d  a n te r io r  shou lders. 
T h e  in n e r  m a rg in a l to o th  also is v e ry  s im ila r in  L. littorea 
a n d  th e  d iscussed  g ro u p  of Nodilittorina. I t  also rests in  the 
g u tte r-lik e  g ro o v e  p re se n t on  th e  o u te r  p la tfo rm  of the 
la te ra l too th . T h e  o u te r  m arg in a l too th  of L. littorea, in 
con trast, is q u ite  d iffe ren t from  th a t of Nodilittorina. In  L. 
littorea th e  base o f th e  o u te r  m a rg in a l too th  is tw isted  off 
from  th e  m a in  shaft an d  form s a separa te  w ide base for 
a ttach m en t o n  th e  m em brane. A side from  th is base fo rm ing  
an  ang le  w ith  th e  shaft th e  la tte r  is ro u n d e d  an d  show s no 
m arg in a l lam ellae . Its claw -like apex  on ly  has five cusps.

So m a jo r d ifferences betw een  Nodilittorina pyramidalis, 
N. ziczac, N. lineolata and  N. interrupta o n  th e  o n e  h a n d  and  
Littorina littorea o n  th e  o th e r  m ay  be fo u n d  in  th e  shape  of

E x p lan a tio n  of F ig u res 12 io 17

T h e  e a r ly  o n to g e n e tic  sh e ll

F ig u r e  12: N odilittorina  (N .) m illegrana  (P h i l ip p i ,  1848) P o r t  S u d a n , 
R e d  Sea.
(a) O v e rv ie w ; X 100 F N  1714/22
(b) O v e rv ie w ; X 170 F N  1714/17
(c) S c u lp tu r e  o f  la rv a l  s h e l l ;  X 500 F N  1714/23
F ig u r e  13: N odilittorina  (N .) tuberculata  (M en k e , 1828) FN  1165/6A

Nodilittorina  (N.) ziczac (G m e lin ,  1791)
F ig u r e  14: E m b ry o n ic  sh e ll ;  X 290 F N  1168/33A
F ig u r e  15: S c u lp tu r e  o f  la rv a l s h e ll ;  C o lo m b ia , S a n ta  M a r ta ;

X 650 F N  2150/13 
Nodilittori?ia (N .) interrupta  (C. B. A d a m s  in  P h i l ip p i ,  1847) 

F ig u r e  16: O v e rv iew . C o lo m b ia , S an ta  M arta . X 175 FN  2180/2
F ig u r e  17: E m b ry o n ic  sh e ll. X 450 FN  903/29



[B a n d e l  & ä 'a d o l s k y ]  F igures 12 to  17
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th e  cen tra l to o th  w hich is w id e r a n d  m o re  so lid  in  L. 
littorea, an d  in  th e  shape of th e  o u te r  m a rg in a l too th . T h e  
la tte r  show s a tw isted  off, w ide, fla tten ed  base, a  ro u n d e d

I m ain  shaft w ith o u t m arg in a l lam e llae  an d  few er cusps 
p re sen t o n  th e  cu ttin g  edge. Such characteristics as p resen t 
in  L. littorea can also be n o ted , fo r exam p le , in  L. saxatilis, 
L. obtusata, Littoraria angulifera, Fossarilittorina meleagris and  
also in  Cenchritis muricatus (see B a n d e l , 1 9 7 4 ) .

W ith in  m em b ers  of th e  g en u s  Nodilittorina th e  rad u la  
m o rp h o lo g y  as p resen t in  N. pyramidalis, N. ziczac, N. lineo­
lata a n d  N. interrupta is v e ry  close to th a t com m only  p re sen t 
w ith in  th e  L itto rin id ae  in  g enera l. B u t in  o th e r  m em bers 
of th e  g en u s  Nodilittorina th e  tee th  of the  ra d u la  becom e 
co n tin u o u sly  m ore  m od ified  u n til a ra d u la  m o rp h o lo g y  
is reach ed  th a t resem bles th a t of Nodilittorina antoni.

In  Nodilittorina antoni th e  cen tra l to o th  has dev e lo p ed  
in to  a ru d im en tary , very  narrow  ro d  th a t is no t solid enough  
to serve  a fu n c tio n  in  th e  use of th e  ra d u la . I t  lies alm ost 
co m p le te ly  h id d e n  betw een th e  tw o la te ra l tee th . H e re , on  
th e  in n e r  m a rg in  of the so lid , h am m er-sh ap ed  la te ra l tee th  
a g roove  is p re se n t in to  w h ich  th e  narrow , flexible, cen tra l 
to o th  can be  fitted  w ith its p o s te rio r two th ird s . T h e re fo re , 
o n ly  th e  u p p e rm o st p o rtio n  of th e  cen tra l to o th  is v isib le 

( w ith  its sm all, ru d im en ta ry , m ain  cusp. M em bers of th is
species from  San S alvador an d  H a iti , usually , show  a b e tte r 
d e v e lo p e d  cen tra l too th  th a n  m em bers of th is species from  
th e  B aham a Is lands, w here  cen tra l teeth , in  g en era l, are  
m o re  ru d im en ta ry .

T h e  la te ra l tee th  have becom e th e  d o m in a tin g  features 
in  th e  ra d u la  of Nodilittorina antoni. T h e y  a re  la rg e  and  
so lid  an d  w ith  th e  w idth of th e ir  a n te r io r  p o rtio n s  they  
also re p re se n t th e  w id th  of th e  w ho le  ra d u la  ribbon . T h e  
cen tra l to o th  is, as we have  seen above, h e ld  in  a g roove 
o n  th e ir  in n e r  m arg in s. T h e  in n e r  and  o u te r  m arg in a l 
tee th , in  th e  re lax ed  ra d u la , a re  rested  in  the  pockets 
fo rm ed  by th e  lower, p o s te r io r  p o rtio n  of th e  o u te r m arg in . 
T h e  in n e r  m a rg in a l rim  is p re se n t o n ly  as a n arrow  ru d i­
m e n ta ry  p ro jec tio n  on  th e  in n e r  side of th e  m a in  cusp. 
T h e  o u te r  p o s te r io r  corner, in  its typical li tto r in id  m o r­
p ho logy , has d isa p p e a re d  an d  th e re  is o n ly  a narrow  
low er te rrace  th a t follows th e  o u te r  m arg in . O n  th is te rrace  
th e  m a rg in a l tee th  m ay be res ted . T h e  cu ttin g  edge is 
fo rm ed  m a in ly  by a very  so lid , m ain  cusp th a t s tands 
ve rtica lly  o n  the  an te r io r p o rtio n  of th e  too th . T h e re  is 
an  ad d itio n a l sm alle r o u te r  cusp th a t p ro jec ts sidew ays 
an d  fo rm s th e  p o in t of th e  g rea test w id th  of the ra d u la  
in  each  tran sv e rse  row  of tee th . T h e  p o s te rio r ed g e  of the 
la te ra l to o th  is ro u n d e d  an d  fo rm ed  by the en d  of the 
so lid , sw ollen  basal p la tfo rm . T h e re  is no  trace of a basal 
den tic le . A side  from  the lo n g itu d in a l g roove  a crescentic 
d ep ress io n  is p resen t on  the  fla t, v ertical in n e r  m arg in

L _

of the  too th . T h is  g ro o v e  serves no  a p p a re n t function . 
T h e  p o ste rio r en d  of e a c h  la te ra l to o th  fits in to  a g roove  
p resen t below  th e  c u tt in g  edge of th e  p o s te r io r ly  fo llow ing  
row  of teeth .

T h e  m arg in a l tee th  a re  v e ry  s le n d e r  w ith  s tra ig h t shaft 
an d  v ertica lly  u p tu r n e d  cusps. T h e  in n e r  m a rg in a l too th  
is m ore  so lid  th an  th e  o u te r  m a rg in a l to o th  and  shows 
o n ly  one  so lid  cusp. T h e  p o s te r io r  e n d  is p o in te d  and  
fla ttened . T h e  o u te r  m a rg in a l to o th  show s 2-3 cusps a n d  a 
slender, ro u n d e d  shaft. In d iv id u a ls  from  S an  S a lvado r and 
H a iti , h e re  again , show  less re d u c tio n  a n d , usually , 3 cusps 
o n  th e  o u te r  m a rg in a l to o th . T h o se  re p re se n ta tiv e s  of th is 
species collected  a t N assau  show  2 to  3 cusps.

In  action  th e  te e th  o f th e  Nodilittorina antoni ra d u la  w ill 
sp read  o n ly  v e ry  little  a n d  th e  sc rap in g  ac tion  is ca rried  
o u t by the  d o m in a tin g  la te ra l  tee th , w h ile  th e  cen tra l too th  
is w ithou t fun c tio n  a n d  th e  m a rg in a l te e th  can  o n ly  aid  
in  ca tch ing  m ate ria l sc rap ed  off by  th e  ac tion  of th e  laterals. 
S trong  w ear of th e  m a in  cusps of th e  la te ra l tee th  is the 
re su lt of th is  activity, w h ile  th e  in n e r  m a rg in a ls  show  less 
w ear an d  th e  o u te r  m a rg in a l tee th  n o  wear.

T h e  d ev e lo p m en t of th e  m o rp h o lo g y  of te e th  as p re sen t 
in  Nodilittorina antoni can  be traced  s tep  by  s tep  in  in te r­
m ed ia te  species s ta r tin g  w ith  th e  ty p e  of ra d u la  p re se n t in  
N. pyramidalis. B u t the  ra d u la  tee th  m o rp h o lo g y  o f d iffe r­
en t species does n o t show  o n e  d irec t tr e n d  to  d ev e lo p  th is 
m od ified  ra d u la  type . I n  d iffe ren t species, d if fe re n t tee th  
acqu ire  new  fea tu res  w h ile  o th e rs  m ay  show  conservative  
trends.

In  the  d iffe ren tia tio n  a n d  re d u c tio n  o f th e  cen tra l too th  
we can trace a  lin e , as follow s. T h e  a lre a d y  ( in  com parison  
w ith  m ost o th e r  li tto rin id s) s le n d e r  te e th  of Nodilittorina  
pyramidalis, N. ziczac, N. lineolata an d  N. interrupta  show  all 
typ ical fea tu res, as, fo r ex am p le , so lid  m a in  cusp  of th e  
cu ttin g  edge accom pan ied  o n  its sides by sm a lle r  cusp, 
w ing-like u p p e r  m arg in s, a n d  a  sw elling  ex te n d e d  in to  the 
p o ste rio r basal p la tfo rm . In  N. vermeiji th e  g e n e ra l shape 
of the  cen tra l to o th  has re m a in e d  like  th a t of th e  fo rm er 
species b u t th e  m a rg in a l w ings have becom e narrow er. In  
th e  case of N. dilatata an d  N. angustior, in  a d d it io n , the  
too th  becom es m o re  e lo n g a ted  an d  is now  h ig h e r  th an  
tw ice its w idth . In  IV. riisei th e  m a rg in a l cusps of th e  cu tting  
edge h av e  m ig ra te d  p a r tia l ly  to  th e  fro n t o f th e  cen tra l 
cusp  and  have  sp lit in to  sm a lle r  cusps. T h e  la te ra l w ings 
a re  ex trem ely  n a rro w  h e re  and  th e  basal ed g e  betw een 
p o ste rio r cu rves an d  cen tra l to n g u e  is no  lo n g e r  concave. 
In  N. glaucocincta a  fro n ta l r im  has d e v e lo p e d  w hich carries  
th e  m arg in a l cusps in  such a w ay th a t th ey  fo rm  a raised  
rim . T h e  la te ra l w ings a re  lost and  th e  c e n tra l to o th  has 
becom e ab o u t 3 tim es h ig h e r  th a n  w ide. In  a d d it io n , th e re  
is no  m o re  h in g in g  betw een cen tra l a n d  la te ra l tee th  of
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each  row. In  N. mordax these ten d en c ies  hav e  increased . 
A  p o in te d  long  rim  w ith  ra ised  m arg in s  fo rm s th e  a n te r io r  
fron t. In  con trast to  N. tuberculata, N . mordax s till show s 
ro u n d e d  basal co rners, w hile in  N. tuberculata these co rners  
a re  angu lar. In  N. mordax and  N. tuberculata th e  low er 
m arg in s  of the cen tra l too th  can be fitted  in to  furrow s 
p re s e n t on  th e  in n e r  m arg ina l flanks of th e  la te ra l tee th . 
In  N. antoni, finally , th e  cen tra l to o th  is a lm ost h id d e n  in  
these  fu rrow s of th e  n e ig h b o u rin g  la te ra l tee th .

W e can  also trace th e  dev e lo p m en t of th e  chisel-like 
la te ra ls, as p re sen t in  N. antoni, step  b y  step . T h e  la te ra l 
tee th  of N. ziczac, N. lineolata, N. interrupta an d  N. pyramidalis 
re flec t th e  shape  w hich is gen era lly  fo u n d  am o n g  litto ri- 
n id s . T yp ica l fea tu res  a re  seen in  th e  w ide  in n e r  r im  an d  
th e  m a rg in a l lam ella , the cen tra l sw elling  w hich  co n tin u es 
in to  th e  m ain  cusps of th e  cu ttin g  edge, an d  th e  basal 
th ic k e n in g  of th e  in n e r  p o ste rio r edge fo rm in g  th e  th u m b ­
like  in n e r  com er. T yp ical is also th e  ex te n d e d  o u te r  c o rn e r 
w ith  u p tu rn e d  o u te r m arg in  and  d eep  in d e n ta tio n  betw een 
th is c o rn e r  and  th e  en d  of th e  cen tra l sw elling.

In  Nodilittorina dilatata, N. vermeiji, N . angustior an d  N  
riisei th e  tw o m a in  cusps of th e  la te ra l  to o th  becom e 
s tre n g th e n e d  and  m o re  p ro m in en t. T h e  len g th -w id th  re ­
la tio n sh ip  changes in  favou r of th e  len g th  of th e  too th . T h e  
th u m b -lik e  p ro jec tio n  of th e  in n e r  p o s te r io r  c o rn e r  is less 
p ro n o u n c e d  th an  in  the  fo rm er g ro u p  of species. In . N. 
glaucocincta th e  la te ra l too th  has a cq u ired  a  g re a te r  len g th  
th a n  w id th  an d  th e  cen tra l cusps have  in c reased  in  s tren g th  
ev en  m ore . T h e  m a jo r  d ifference from  th e  g ro u p  w ith  N. 
dilatata lies in  N. glaucocincta in  th e  fo rm a tio n  of th e  in n e r  
flank  of th e  too th . H e re , th e  m a rg in a l r im  an d  w ing  is 
p re s e n t o n ly  in th e  a n te r io r  p o rtio n  of th e  in n e r  m arg in . 
T h e  p o s te r io r  p o rtio n  of th is m arg in a l flank  show s a deep  
fu rrow  w ith o u t lam ella . A  thum b-like , in n e r  base of th e  
cen tra l sw elling  is p re se n t no  longer.

In  Nodilittorina mordax  m arg ina l cusps have  d isap p ea red  
on th e  c u ttin g  edge of th e  la te ra l too th . Nodilittorina tuber­
culata no  lo n g e r  show s a  ra ised  r im  of th e  o u te r  m arg in , 
w hich  co u ld  h o ld  th e  in n e r  m arg in a l to o th  a t its p lace of 
rest, as is p re se n t in  a ll o th e r  species m e n tio n e d  before. 
It is o n ly  a sh o rt step  aw ay from  th is still w ide lam ella  of 
th e  o u te r  m a rg in  of N. tuberculata to  th e  narrow , te r ra c e ­
like o u te r  m arg in  of N. antoni. In  th e  latter, th e  cu ttin g  
edge of th e  la te ra l to o th  has becom e m o re  h am m er-lik e  in  
shape.

In  re g a rd  to  th e  in n e r  m arg ina l too th  v e ry  little  d iffe r­
ence can  be seen in  m ost of th e  Nodilittorina  species d is ­
cussed h ere . A red u c tio n  of th e  n u m b e r of cusps is no ted  
from  th e  u su a l fo u r to  th ree  in  N. glaucocincta, two to  th ree  
in  N. mordax and  1 cusp  on ly  in  N. antoni.

T h e  o u te r  m a rg in a l to o th  aga in  show s a d iffe ren t lin e  of 
m orp h o lo g ica l d ev e lo p m en t. T h e  la rgest n u m b e r of cusps 
is observed  in  Nodilittorina ziczac (8-9) an d  N. vermeiji (9). 
T h e  fo rm er sp ec ie s  has w ide m arg in a l lam ellae  w hile in 
N. vermeiji th ese  lam ellae  a re  narrow . Nodilittorina interrupta 
and  N. dilatata sh o w  7-8 cusps; N. lineolata, N. angustior and  
N. riisei h ave  6-7 cusps. H e re , N. lineolata an d  N. angustior 
show w ide m a rg in a l lam ellae  w hile N. riisei has narrow  
lam ellae. Nodilittorina glaucocincta an d  N. mordax have 5-6 
cusps, N  tuberculata and  N. antoni 2-3 cusps. A ll these species 
show  no  m a rg in a l lam ellae.

T h e  d iffe ren ce  of d ev e lo p m en t of these  tee th  d em o n ­
strates th a t th e  d iscussed  species a re  n o t re la te d  to each 
o th e r  in  a  s tra ig h t lin e  o f descen t. T h e  rep resen ta tiv es of 
th e  g en u s  N odilittorina  from  th e  C arib b ean  Sea can be 
considered  as b ran ch es  of one  ph y lo g en e tic  lin e  w ith th e  
ten d en cy  to d ev e lo p  a ra d u la  w ith a sc rap in g  function  
ra th e r  th an  a ra k in g  and  b itin g  fu nc tion  as is p resen t in 
litto rin id s  in  g e n e ra l. T h is  c ircum stance  enab les us to  d if­
fe ren tia te , by  r a d u la  fea tu res, species w hich o therw ise 
show  very  little  d ifferences. Since we can  still trace the 
d iffe ren t steps o f th e  d ev e lo p m en t tow ards th e  rad u la  of 
N. antoni in  o u r  liv in g  fau n a  w ith in  th e  g en e ra l area of 
th e  C aribbean  Sea, it  is q u ite  p ro b ab le  th a t th is  d ev e lo p ­
m e n t re flec ts  a  r a th e r  new  p h y lo g e n e tic  ach ievem en t, 
re s tric ted  to  th e  C arib b ean  a rea . T h is  w ou ld  exp la in  th e  
absence of s im ila r  ra d u la  fea tu res  in  th e  Indo-P acific  area. 
T h e  ra d u la  type  p re s e n t in  Nodilittorina pyramidalis an d  th e  
g ro u p  a ro u n d  N. ziczac, w hich m ust be con sid ered  as th e  
p oo l from  w hich  o u r  species d ev e lo p m en t of th e  sc rap ing  
ra d u la  has a risen , is com m only  fo und  am ong  trop ica l and 
sub trop ical litto r in id  species from  the A tlan tic  (see B a n d e l , 

1974) and  th e  Ind o -P ac ific  (see R o s e w a t e r , 1970).
T h is  closely  lin k in g  ch a in  of d ev e lo p m en t of the m o r­

p h o lo g y  of ra d u la  tee th  dem o n s tra te s  th e  close re la tion  
betw een th e  C arib b ean  species of th e  g enus Nodilittorina, 
even  th o u g h  th e  ex trem es, seen  iso lated , seem  to  be quite 
ap a rt. I t  is, th e re fo re , con sid ered  to  be of n o  value to 
co nstruc t a su b g en eric  d iffe ren tia tio n  of these species on 
ra d u la  charac te rs  a lone, ev en  th o u g h  it w ou ld  be a sim ple 
task  to do so w ith  th e  h e lp  o f the  ra d u la  characters dem ­
o n stra ted  above. R ad u la  charac te rs  h av e  d e v e lo p e d  in 
d iffe ren t lin es to  s im ila r shapes; lin es  th a t a re  d iffe ren ­
tia ted  from  each  o th e r  by  shell characters an d  m o rp h o lo g y  
of th e  egg capsu les (F igu re  5).

Spawn (F igu re  5): W ith in  th e  fam ily  L itto rin id ae  th ere
exists q u ite  som e d iv e rs ity  of th e  m o rp h o lo g y  and con ­
sistency of th e  egg masses. T h e re  a re  species w ith gela tinous 
egg  m asses, w ith  young  h a tch in g  as m in ia tu re  adu lts  from
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a b ro o d  pouch , w ith  yo u n g  h a tch in g  as v e lig e r la rv ae  from  
a b ro o d  p o u ch  an d  w ith concrete , un a ttach ed , floa ting  
egg capsules re leased  in to  th e  w ater of the  sea. M i l e i k o v s k y  

( 1975) has rev iew ed  d a ta  o n  39 species of litto rin id s  from  
v a rio u s  reg ions o f th e  w orld  re g a rd in g  th e  types of larval 
d ev e lopm en t. A ll m em bers of th e  genus Nodilittorina listed 
by  th is a u th o r show  a com plete ly  pelag ic  d ev e lopm en t of 
th e i r  larvae.

E gg capsules o f m em bers  o f th e  genus Nodilittorina w ere 
described  by  L e b o u r  ( 1945), T o k i o k a  & H a b e  (1953), H a b e  

( 1956b), K o j i m a  ( 1957), W h i p p l e  ( 1965), S t r u h s a k e r  ( 1966), 
B o r k o w s k i  & B o r k o w s k i  (1969), R o s e w a t e r  (1970), B o r ­

k o w s k i  (1971), B a n d e l  (1974), R o b e r t s o n  (1974). B a n d e l  

(1974) has also p re sen ted  a  gen e ra lised  schem e to  show  
li tto r in id  spaw n as know n from  th e  li te ra tu re . H e re  it 
becom es ev id en t, th a t spaw n is to  be considered  as of 
res tric ted  taxonom ic  value w ith in  th e  litto rin id s in  general. 
T h e  closely re la te d  species Littorina littorea, L. obtusata and 
L. saxatilis, fo r exam p le , h a tch  from  very  d iffe ren t egg 
m asses. InX . littorea free flo a tin g  egg  capsules are p ro d u ced  
fro m  w hich v e lig e rs  w ill h a tch  w ith  a long  free larval life. 
In  L. obtusata g e la tin o u s egg  m asses a re  g lu ed  to algal 
substrates. F rom  these  craw ling  y o u n g  w ill h a tch  after a 
co m p le ted  m etam o rp h o sis  w ith in  th e  egg masses. In  L. 
saxatilis (s.I.) c raw lin g  y o u n g  w ill hatch  after com pleted  
m etam o rp h o sis  w ith in  th e  b ro o d  p o u ch  of th e  fem ale.

M em bers of th e  g enus Nodilittorina, as fa r as is know n at 
p re sen t, on ly  p ro d u c e  spaw n consisting  of free floating  egg 
capsu les h o ld in g  u su a lly  one  egg only. D ifferences can be 
observed  aga in  w ith in  th e  f lo a tin g  egg  capsules p roduced  
by m an y  litto rin id s . T h ese  m ay  be g ro u p e d  in  two ways, 
th e  firs t of w hich is by  co n ten t: M any  o r  few eggs p e r 
capsu le , as, fo r exam ple , in  Littorina littorea, and 1 egg 
p e r  capsu le , as, fo r exam ple , in  th e  know n rep resen ta tives 
of Nodilittorina. W ith in  such species h av in g  one egg capsule 
only, the  shape of the  capsules d ifferen tia tes several g roups 
(see B a n d e l , 1974). T h e  egg capsu les of species of the 
g enus Nodilittorina a re  characterized  by a basal, watch-glass- 
sh ap ed  o r  flat w all an d  an  u p p e r  cu p o la  p ro jec tin g  over 
th e  base w ith  a m o re  o r less w ide  rim . T h e  cupo la  is scu lp ­
tu re d  by ridges an d  m ay show  q u ite  d iffe ren t o rn am en ta ­
tio n  and  shape, w h ich  cou ld  p ro v e  to  be of taxonom ic value 
w ith in  th e  g enus Nodilittorina.

Nodilittorina interrupta, N. lineolata, N. ziczac and  N. dilatata 
capsu les show  a b ro ad , v ertica l, u n scu lp tu red , basal p o r­
tio n  in  th e ir  u p p e r  cu p o la  an d  a species-specific n u m b er of 
rid g es  on  th e  to p  of the  cupo la . In  N. tuberculata and N. 
angustior th e  cu p o la  ex tends in to  th e  basal rim , and  a large 
n u m b e r of step -like  ridges is p re sen t. In  N. riisei and  N. 
antoni the vertica l basal p o rtio n  of th e  cupo la  shows a d d i­
tiona l, in c lin ed , tran sv ersa l stripes .

E gg  capsu les fro m  P acific  rep re sen ta tiv e s  of th e  genus 
Nodilittorina  re sem b le  th o se  from  th e  C aribbean  Sea. T h e  
capsu les of N. picta  ( W h i p p l e ,  1965, S t r u h s a k e r  & C o s t l o w , 

1969) fro m  H aw aii (=  N. hawaiiensis R osew ater & K adolsky) 
a re  s im ila r to  those fo u n d  in N. ziczac. Nodilittorina millegrana 
( H a b e ,  1956 (as picta)-, T o k i o k a  & H a b e ,  1953; R o b e r t s o n , 

1974) show s a  s tr ia ted  basal p o rtio n  and , th ere fo re , re sem ­
b les th e  egg  capsu les of N. antoni; N. pyramidalis egg capsules 
( T o k i o k a , 1950; R o b e r t s o n ,  1974) resem ble  aga in  those  of 
N. ziczac.

Each spaw n of Nodilittorina  consists of a  la rg e  n u m b e r  of 
egg  capsules. S t r u h s a k e r  & C o s t l o w  (1969) h av e  counted  
betw een  10 an d  1000 eggs p e r  spaw n on  N. picta (= N. 
hawaiiensis). T h e  egg  m asses m ay  show  som e m in o r  v aria ­
tio n  in  th e  o rn a m e n ta tio n  of in d iv id u a l capsu les w hich  is 
n o t so la rg e  as to  d o m in a te  th e i r  species characteristics. 
Spaw n of N. ziczac from  F lo r id a  ( B o r k o w s k i  & B o r k o w s k i , 

1969) is q u ite  lik e  th a t of m em b ers  of th is  species from  
C olom bia  ( B a n d e l , 1974).

S H E L L

G eneral Rem arks: T h e  N odilittorina  species d e a lt w ith
h e re  can (all b u t th ree) be d is tin g u ish ed  by th e ir  shell 
ch aracters. T h e  d ifferences a re  som etim es sub tle , b u t are 
alw ays c o rro b o ra ted  by m o re  o bv ious d ifferences of o th e r 
organs. O n ly  Nodilittorina riisei, N. glaucocincta an d  N. mordax 
h av e  v ir tu a lly  id en tica l shells, b u t v e ry  d is tinc t radu lae . 
As in  th is  case th e  shell was phy lo g en e tica lly  m o re  con­
se rv a tiv e  th a n  th e  rad u la , it  seem s th a t shell ch aracters 
a re  n o t alw ays th a t v ariab le  an d  h en ce  of m in o r taxonom ic  
s ign ificance as is som etim es exp ressed  in  lite ra tu re . O b­
v iously , lu m p in g  of seven n o n -n o d u lo se  species an d  two 
n o d u lo se  species in to  one each, as fo r exam ple , B e q u a e r t  

( 1943) an d  C l e n c h  & A b b o t t  ( 1942) d id , respectively , gave 
th e  illu s io n  of h ig h ly  variab le  shell characters of these  as­
sum ed  “species.” C erta in ly , as a ll species estab lished  in  the 
19th cen tu ry  w ere defined  by  sh e ll characters a lone , it was 
science a t its best to  question  th e  im portance  p laced  on 
sh e ll charac te rs , un less ana to m ica l d a ta  co n firm e d  th e  

' “concho log ica l” concept. T h e  d a ta  now  availab le  show  that 
m an y  of th e  anc ien t species h av e  b een  co rrec tly  p roposed . 
I t  is n o tew orthy  th a t a sim ila r p rocess of reco g n itio n  oc­
c u rre d  in  E u ro p e a n  l i tto r in id s , w hen  H e l l e r  (1975a) 
rea lised  th a t a t least fou r species h a d  been  lu m p e d  u n d e r 
th e  n am e  of Littorina saxatilis (O liv i), aga in  re s u ltin g  in 
th e  decep tive  p ic tu re  of a “species” w ith  ex trem e  shell 
variab ility .

Shell Sculpture: In d iv id u a l spec ies m ay  f re q u e n tly  be
d is tin g u ish ed  by th e i r  scu lp tu re . T h e  n u m b e r of p rim ary ,
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secondary  an d  te r tia ry  sp ira ls , th e  p ro file  of sp ira l ridges 
an d  furrow s, th e  occurrence, sh ap e  an d  s tre n g th  of n o d u ­
lose beads an d  th e  way they  m erg e  o r  stay a p a r t  o r  d iv id e  
them selves a re  useful c rite r ia . In  th e  g enus Nodilittorina, 
how ever, th e  existence of n o d u lo se  sc u lp tu re  can n o t be 
consisten tly  lin k ed  to  o th e r  p ro p e r tie s  of th e  species, e.g., 
rad u la , pen is , op e rcu lu m  o r  spaw n characters. In  fact, all 
anatom ical an d  even  concho log ica l charac te rs  a p a rt from  
th e  scu lp tu re , th e  nodu lo se  species p ro v e  to  be  v e ry  closely 
re la ted  to  the  non-nodulose species classified by R o s e w a t e r , 

1 9 7 0  as Littorina (Austrolittorina), w h ile  no  p a r tic u la r  re la ­
tio n sh ip s to  o th e r  L itto rin id  g e n e ra  w ith  n o d u lo se  scu lp ­
tu re  can  be recogn ized . F u r th e rm o re , in  som e species 
(Nodilittorina australis (G ray), N. millegrana (P h ilip p i), N. 
hawaiiensis R osew ater & K adolsky, N. cinerea (Pease), N. 
quadricincta (M ühlfe ld ), N. striata (K ing & B rod erip )) the 
in fraspecific  v a riab ility  of sc u lp tu re  ran g es  from  sp ira lly  
s tria ted  to  g ranóse  o r  nodu lo se . A  rev iew  of th e  en tire  
fam ily  L itto r in id a e  show s th a t n o d u lo se  s c u lp tu re  has 
o rig in a ted  severa l tim es in d ep en d e n tly , as taxa  show ing 
th is p ro p e r ty  h av e  e ith e r  close re la tio n sh ip s  to  n o n -n o d u - 
lose species o r  n o  p a rtic u la r  re la tio n sh ip s  at a ll, n o t even 
to  o th e r n o d u lo se  taxa. T h ese  g ro u p s  of no d u lo se  species 
a re  (for g enus defin itions, see T ab le  1):

1. Tectarius: an  Indo -P ac ific  g ro u p  w ithou t close allies 
( R o s e w a t e r , 1 9 7 2 - 7 3 ,  as Tectarius (Tectarius)).

2 .  Echininus: a n o th e r Ind o -P ac ific  g ro u p  w ith o u t close 
a llies ( R o s e w a t e r ,  1 9 7 2 ,  as Echininus (Echininus)).

3 .  Cenchritis: com prises one  C arib b ean  species o n ly ; pos­
sib ly  re la te d  to  Littoraria ( A b b o t t ,  1 9 5 4 ,  as Tectarius (Cench­
ritis); P . H .  F i s c h e r , 1 9 7 1 ) .

4 .  Nodilittorina: w o rld w id e , tro p ic a l a n d  su b tro p ica l; 
close ana tom ica l re la tio n s  to  n o n -n o d u lo se  species do  no t 
ju s tify  a su b g en eric  sep a ra tio n  of no d u lo se  species; even 
th e  nodu lo se  species in  th is g enus m ay  be of p o ly p h y le tic  
o rig in , as th ey  form  five g ro u p s  w hich  d id  n o t necessarily  
o rig in a te  from  a com m on n o d u lo se  ancestor: (a) N. pyra- 
midalis-miliaris (-dilatata?) g ro u p , (b) N. tuberculata, (c) N. 
millegrana g ro u p , (d) IV. (Tectininus) antoni, (e) N. (Liralit-

' torina) striata.

5. Littorina aleutica D a li, 1872: A  n o d u lo se  species p rob ­
ab ly  re la te d  to  Littorina sitchana (P h ilip p i), L. atkana D ali 
an d  L. obtusata (L innaeus) (see P. H . F i s c h e r , 1967a).

6. Littorina brevicula (P h ilip p i, 1844): A  species w ith 
sp ira l o rn a m e n ta tio n  som etim es g ro w in g  rugose  o r  no d u ­
lose; n o t closely  r e la te d  to  L. aleutica, a lth o u g h  to  be placed 
in  th e  sam e genus.

7. Melarhaphe nodulifera  (K adolsky, 1973): a E u ropean  
O ligocene fo rm  o rig in a te d  from  th e  sym patric  M. obtus­
angula (Sandberger, 1859) w hich  is e n tire ly  sm ooth , as are 
a ll o th e r  species of Melarhaphe.

T h ese  exam ples d em o n s tra te  th e  im possib ility  of u tilis­
in g  th e  no d u lo se  sc u lp tu re  by  itse lf in  li tto r in id  taxonom y; 
how ever, co m b ined  w ith  o th e r  shell an d  anatom ical fea­
tu res  it  m ay  be  h e lp fu l to  recogn ise  re la te d  g ro u p s of 
species, hence  g e n e ra  and  su b g en e ra  (com pare T able 1).

Colour Pattern: H ig h ly  v ariab le  co lo u r p a tte rn s  in  some 
G astropods (e.g., th e  lan d  snail Cepaea) led  to  th e  con­
c lu s ion  th a t co lo u r p a tte rn s  can be  assigned  no  o r  little 
taxonom ic  value. A lso, th is  s tu d y  has b een  conducted  d is­
re g a rd in g  co lo u r p a tte rn s  of Nodilittorina. H ow ever, once 
th e  species w ere d e fin e d  u tilis in g  o th e r  shell characters 
as w ell as o p e rcu lu m , ra d u la  a n d  spaw n  characters, they  
tu rn e d  ou t to have  also fa irly  characteristic  co lou r patterns. 
T h e re  is co n siderab le  v a ria tio n ; in  o u r  g ro u p , the  most 
v a riab le  fea tu res  a re  th e  inconstancy  of ziczac lines which 
easily  tu r n  in to  s tra ig h t o r  o n ly  s lig h tly  b en t lines, and 
th e  ex ten t of th e  d a rk  brow n p ig m e n te d  zone in  th e  m idd le  
of the  w horls: som etim es be in g  o n ly  a d a rk e r  shade, som e­
tim es seen  in  fu ll in ten s ity  on th e  o u te r  surface, i t  m ay 
also v a ry  con sid erab ly  in  w idth .

In te resting ly , o n ly  sp ira lly  scu lp tu red  an d  w eakly g ra n ­
u lóse  species of Nodilittorina  seem  to  d ev e lo p  co lo u r m ark ­
ings, as s trong  n o d u les  certa in ly  w ill obscure any  m arkings. 
T h is , an d  th e  fact th a t th e  ran g e  of co lo u r p a tte rn s  in  each 
species is re la tiv e ly  sm all, suggest th a t each  p a rticu la r 
co lou r p a tte rn , o r  m o re  g en era lly  speaking, th e  appearance 
of th e  shell su rface (thus in c lu d in g  obvious sculptures) 
is b io log ically  m ean in g fu l in  a g iven  h ab ita t. Its  value in

E x p lan a tio n  of F igu res 18 to 22

Nodilittorina  (N.) ziczac ( G m e l i n ,  1 7 9 1 )

F ig u re  18: M a r tin iq u e . B M N H  1854. 10.4.13.; le c to ty p e  o f  Litorina
d o r b ig n y a n a  P h i l i p p i ,  1 8 4 7 ;  p r o b a b l y  o r i g i n a l  o f  O r b i g n y , 1 8 4 2

(n i t  15, figs. 5, 8). S h e ll:  24 .2X  1 4 .0 m m . R a d u la :
' P  ’ 6  X 280 FN  1465/11

F ig u r e  19: L o c a lity  u n k n o w n . B M N H  1968.222. L e c to ty p e  o f  Lit­
torina debilis P h i l ip p i ,  1846. S h e ll:  9 .2 X 6 .4 m m . R a d u la :

a) X 280 F N  1600/30
b) X 280 F N  1600/28

Nodilittorina  (N.) lineolata (O rb ig n y , 1840)
F ig u re  20: R io  d e  J a n e iro ,  p a r t .  B M N H  1854.12.4. 363. L ec to type . 
S h e ll:  8 .2 X 5 .1 m m , R a d u la :  X 480 FN  1465/63
F ig u r e  21: R io  d e  J a n e i ro ,  H a p u c a  in  N ite ro i .  S M F  110777. Shell: 
9 .6 X 6 .7 m m , R a d u la :  X 370 F N  1600/1A
F ig u re  22: Säo V ic e n te  n e a r  S an tos . M arcu s  & M a rcu s  leg . U SN M  
749802. S h e ll:  7 .9 X 4 .1m m
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- T ab le  1

Synopsis of the  characters of the genera

G en u s 
(with ty p e  species)

Shell

Size, Shape C o lo u r P a tte rn S cu lp tu re Penis O pere

Littorina
Ferussac, 1822 

(Turbo littoreus 
L innaeus, 1758)

L arge  to m ed ium ; 
ovate to  conical

U niform  o r  b road  sp ira l 
bands, o r chessboard  
p a tte rn ; in te r io r  brow n, 
no  w hite zones; co lum ella  
w hite

E levated  sp ira l 
striae, m ay  becom e 
very  fa in t o r 
nodu lo se

O p en  sperm oduct; 
n u m ero u s  g lands

H o rn y , 
paucisp  
types A 
B

Littoraria
G ray in  G riffith  
& P id g eo n , 1834 

(Littorina pulchra  
Sow erby, 1832)

L arge, ra re ly  
m ed iu m  o r sm all; 
ovate-conical, 
p e r ip h e ry  often 
angu la te

B row n dots and  ob lique  
axial o r  zigzag bands, 
often on yellow  b ackg round ; 
in te rio r and  co lum ella  
only  s lig h tly  p ig m en ted

Elevated  o r  
fla ttened  sp ira l 
striae

S perm oduct m ostly  
open , ra re ly  
closed; no  g lands, 
often an  accessory 
flagellum

H o rn y , 
paucisp  
ty p e  A

Cenchritis 
M artens, 1900 

(Turbo muricatus 
L innaeus, 1758)

L arge; 
ovate ly  to p ­
shaped ;
p seudum bilica te .

Surface w hite w ith  ru d i­
m en tary  brow n dots; 
in te rio r d a rk  brow n; 
colum ella  w hite

Rows of ro u n d e d  
nodu les; 3 
p rim ary , equal 
rows

S p erm o d u ct o p en ; 
no  g lan d s n o r 
appendages

H o rn y , 
paucisp  
ty p e  B

Tectarius
V alenciennes
1832

(Tectarius coronatus 
V alenciennes, 
1832)

L arge, conically 
top -shaped ; 
th ick en in g  at 
co lum ella , in te r io r  
w ith  ra ised  sp ira l 
ridges

Sparse b row n  dots or 
bands; co lum ella  and 
in te rio r ligh t-co lou red

Rows of sp in y  to 
ro u n d e d  tu b e r­
cules; 1 p rim a ry  
row

S perm oduct open ; 
n u m ero u s  g lands 
on  la tera l edge; 
p ap illo se  surface 
on  opposite  edge

H o rn y ,
m esosp

Echininus C lench  
& A bbott, 1942 

(Trochus cum ingi 
P h ilip p i, 1844)

L arge, top -shaped , 
um b ilica ted ; 
in te r io r  w ith raised  
sp ira l ridges

As in  Tectarius As in Tectarius S perm oduct open , w ith 
in te rn a l fo ld ; n u m e r­
ous g lands n ear base; 
sw elling  a t base

C alcare

Nodilittorina 
M artens, 1897 

(Littorina pyra­
midalis Q uoy  Sc 
G aim ard , 1833)

M ed iu m  sized, 
ovate-conical, 
p e r ip h e ry  often 
ang u la te

U niform , o r  chessboard  
pa tte rn , o r  ax ial zigzag 
lines; often d a rk  m ed ian  
zone on w horls; co lum ella  
and  in te r io r  dark  brow n, 
one ligh t band  on um bilical 
side, occ. severa l m ore

Incised  sp ira l 
lines o r rows of 
g ranu les o r 
nodu les; p rim a ry  
rows unequal

S perm oduct open ; 
usua lly  w ith basal 
en la rg em en t and  one 
p en ia l g lan d , occ. 
a flagellum , ra re ly  
no ap pendages

H o rn y , 
paucisp  
ty p es A 
B, o r  
m esosp;

Rissolittorina 
Ponder, 1966 

(Zelaxitas alta 
Powell, 1940)

V ery sm all, 
ob tuse ly  conical

U niform  brow n, w hite band  
on um bilical side

Sm ooth S perm oduct 
unknow n; 1 long 
and s le n d e r  
‘filam ent’

H orny , 
paucisp  
type A

Melarhaphe 
M ühlfe ld  in 
M cnke, 1828 

(Turbo neritoides 
L innaeus, 1758)

Sm all, ovate-conical, 
p e r ip h e ry  angu la te ; 
co lum ella  and 
p a rie ta l m arg ins 
con tinuous

U niform  brow n, w hite band  
on um bilical side

Sm ooth, rare ly  
ro u n d ed  nodu les

S perm oduct p a rtly  
closed; no  
appendages

H orny , 
paucisp  
ty p e  A

Fossarilittorina 
Rosewater, 1981 

(Phasianella
meleagris Potiez 
& M ichaud, 
1838)

Sm all, ovate- 
conica l, p e rip h e ry  
an g u la te ; 
pseudum bilicu s

W hite dots, flam m ules and 
stripes on d a rk  brow n back­
g ro u n d ; in te r io r  dark  
brow n, w hite band  on 
um bilical side

Spiral scu lp tu re S perm oduct closed; 
no ap pendages

H o rn y , 
paucisp  
ty p e  A



T able 1

Synopsis of the charac ters of the  genera  of the fam ily L itto ri

ienus
■pe species)

Shell

Size, Shape C o lou r P a tte rn Scu lp tu re P en is O percu lum Spaw n, O ntc

ae, 1822 
loreus 
ius, 1758)

L arge  to m edium ; 
ova te  to  conical

U nifo rm  o r b road  sp ira l 
bands, o r  chessboard  
p a tte rn ; in te r io r  brow n, 
no  w hite zones; co lum ella  
w hite

E levated  sp ira l 
striae, m ay becom e 
very  faint o r 
nodu lose

O pen  sp e rm o d u c t; 
n u m ero u s  g lands

H orny , 
pauc isp ira l 
types A  and 
B

Pelag ic  egg  cap 
w ith  n u m ero u s  
veliger h a tch in  
egg m asses o r  c 
v iparous w itho  
ve liger s tage

n G riffith  
jeon, 1834 
pulchra 
ay, 1832)

L arge, ra re ly  
m ed iu m  o r  sm all; 
ovate-conical, 
p e r ip h e ry  often 
ang u la te

B row n dots an d  ob lique 
axial o r  zigzag bands, 
often on yellow  background ; 
in te r io r  and  co lum ella  
on ly  sligh tly  p ig m en ted

E levated  o r 
fla ttened  sp ira l 
striae

S p erm o d u c t m ostly  
o pen , ra re ly  
closed; n o  g lands, 
often an accessory 
flagellum

H orny , 
paucisp ira l 
ty p e  A

Pelag ic  eg g  caj: 
w ith one egg, f 
shape, v e lig e r  1 
ing  o r o v o v iv ij

is, 1900
uncatus
•us, 1758)

L arge; 
ovate ly  to p ­
shaped ;
p seu d u m b ilic a te .

Surface w hite  w ith  ru d i­
m en ta ry  brow n dots; 
in te r io r  d a rk  brow n; 
co lum ella  w hite

Rows of ro u n d e d  
nodu les ; 3 
p rim ary , equal 
rows

S p erm o d u ct open ; 
no  g lands n o r  
ap pendages

H orny , 
p auc isp ira l 
ty p e  B

As in Littoraria

:iennes

coronatus
:iennes,

L arge, conically 
to p -shaped ; 
th ick en in g  at 
co lum ella , in te rio r 
w ith  ra ised  spiral 
ridges

Sparse brow n dots o r 
bands; co lum ella  and 
in te r io r  ligh t-co loured

Rows of sp iny  to 
ro u n d e d  tu b e r­
cules; 1 p rim ary  
row

S p erm o d u c t open ; 
n u m ero u s  g lands 
on la tera l edge ; 
pap illo se  surface 
on  opposite  edge

H orny ,
m esospiral

U nknow n

• C lench 
ott, 1942 
:umingi 
pi, 1844)

L arge, top-shaped, 
um b ilica ted ; 
in te r io r  w ith  raised  
sp ira l ridges

As in  Tectarius As in  Tectarius S p erm o d u ct o pen , w ith 
in te rn a l fo ld ; n u m e r­
ous g lands n e a r  base; 
sw elling  at base

C alcareous; U nknow n

ina
is, 1897 
pyra- 
Q uoy  & 
rd , 1833)

M ed iu m  sized, 
ovate-conical, 
p e r ip h e ry  often 
ang u la te

U nifo rm , o r chessboard  
pa tte rn , o r  ax ial zigzag 
lines; often d a rk  m edian  
zone on w horls; co lum ella  
and  in te r io r  dark  brow n, 
one ligh t band  on  um bilical 
side, occ. several m ore

Incised  sp ira l 
lines o r rows of 
g ranu les o r 
nodu les; p rim a ry  
rows unequa l

Sperm oduct o p en ; 
usua lly  w ith  basal 
en la rg em en t and  one 
p en ia l g land , occ. 
a  flagellum , ra re ly  
no  appendages

H orny , 
paucisp ira l 
types A and 
B, o r
m esospiral

Pelagic egg cap 
w ith one egg , o 
flat, the o th e r  c 
w ith sp ira l ridt> 
ve liger h a tch in

ina
r, 1966 
alta 
, 1940)

V ery sm all, 
ob tuse ly  conical

U nifo rm  brow n, w hite band  
on um bilical side

Sm ooth S perm oduct 
unknow n; 1 long 
an d  slender 
‘filam en t’

H orny , 
paucisp ira l 
type A

U nknow n

he
•Id in 
, 1828 
ritoides 
us, 1758)

Sm all, ovate-conical, 
p e r ip h e ry  angulate; 
co lum ella  and 
p a rie ta l m arg ins 
co n tin u o u s

U niform  brow n, w hite band 
on um bilical side

Sm ooth, ra re ly  
ro u n d ed  nodu les

S perm oduct p a rtly  
closed; no 
appendages

H orny , 
paucisp ira l 
type  A

Pelagic egg cap  
flat, w ith o n e  et 
ve liger h a tch in

irina
iter, 1981
Ila
ris Potiez 
laud.

Sm all, ovate- 
conical, p e rip h e ry  
an g u la te ; 
p seudum bilicu s

W hite dots, flam m ules and 
strip es  on d a rk  brow n back­
g ro u n d ; in te r io r  dark  
brow n, w hite band  on 
um bilical side

Spiral scu lp tu re S perm oduct closed; 
no  appendages

H orny , 
paucisp ira l 
ty p e  A

Pelagic egg cap 
w ith one  egg. o 
flat, the  o th e r  c 
w ith sp ira l r id e  
v eliger h a tch in



T ab le  1

:ters of the  genera  of the  fam ily L itto rin idae s.str.

lis O percu lum Spawn, O ntogeny R adu la
S hell s tru c tu re  
and  m in e ra lo g y D is trib u tio n , R em arks

loduc t;
;lands

H orny , 
pau c isp ira l 
types A and 
B

Pelag ic  egg capsule 
w ith  n um erous eggs, 
ve liger ha tch ing ; o r 
egg masses o r  ovovi- 
v iparous w ithou t 
veliger stage

C en tra l too th  b road , w ith  3 
cusps in  one level; cusps of 
la te ra l an d  m arg ina l teeth  
show  m in o r size 
d iffe ren tia tio n

M ain lay e r calc itic : 
ir re g u la r  p r ism  sectors 
w ith variab le  o r ie n ta ­
tion  of p rism s; in n e r  
lay e r of a rag o n itic  
cross lam ellae  m ay be 
p resen t

N o rth e rn  H em isp h ere , 
m o d era te  and  cold zones. 
S ubgeneric  d iv ision  possible

t mostly

;lands,
:essory

H orny , 
pauc isp ira l 
ty p e  A

Pelagic egg capsule 
w ith  one egg, flat 
shape, v e lig e r ha tch ­
in g  o r ovov iv iparous

B road  cen tra l too th  w ith  3-5 
cusps an d  usually  a “cocks­
com b” at its d ista l end  
(“h o o d e d ” type  of Rosewater, 
1981); very  little  size 
d iffe ren tia tio n  in  cusps of 
la te ra l and  m arg in a l teeth

C rosslam ellae;
aragon ite

W orldw ide, trop ic  and 
su b tro p ic  seas. Subgeneric 
d iv is ion  in c lu d in g  Littorinopsis 
M örch necessary, p en d in g  
anatom ical da ta  on  the type 
species, pulchra Sowerby 
(=  zebra D onovan , 1825)

t open; 
o r

H orny , 
pauc isp ira l 
ty p e  B

As in Littoraria S im ila r to Littorina C rosslam ellae;
aragon ite

C aribbean .
P robab ly  re la ted  to Littoraria

t open; 
çlands 
dge; 
irface 
edge

H orny ,
m esospiral

U nknow n N arrow  cen tra l too th ; la tera l 
an d  m arg in a l w ith low 
n u m b er o f cusps

C rosslam ellae;
aragon ite

Indopacific , trop ica l seas

t open, w ith 
d; num er- 
aear base; 
base

C alcareous; U nknow n As in  Tectarius C rosslam ellae;
aragon ite

Indopacific , trop ica l seas

t open; 
i basal 
t and one 
d, occ.
, ra re ly  
.ges

H orny , 
paucisp ira l 
types A and 
B, o r
m esospiral

Pelagic egg capsule 
w ith  one egg, one  side 
flat, the o th e r  convex 
w ith sp ira l ridges; 
ve liger h a tch ing

C en tra l too th  narrow , occ. 
red u ced , its 2 la te ra l cusps 
o vertop  the cen tra l cusps; 
cusps of la teral and in n e r 
m arg ina l teeth  of m arked ly  
d iffe ren t size

C rosslam ellae;
a ragon ite

C ircum trop ica l; sub trop ical 
and tro p ica l seas.
T h re e  subgenera : Nodilittorina 
s.str, Tectininus and 
Liralittorina

t
long

H orny , 
p auc isp ira l 
ty p e  A

U nknown C en tra l too th  b road , 5 
cusps; cusps of all teeth 
show very  little size 
d iffe ren tia tio n

U nknow n New Z ea lan d , m odera te  zone

t partly H orny , 
paucisp ira l 
ty p e  A

Pelagic egg  capsule 
flat, w ith one  egg, 
ve liger h a tch ing

C en tra l tooth b road , w ith 
basal den tic les

C rosslam cllae;
aragon ite

E urope, sub trop ica l to 
m odera te  seas

t closed; 
ges

H orny , 
p auc isp ira l 
type  A

Pelagic egg capsule 
w ith one egg, one  side 
flat, the o th e r convex 
w ith sp ira l ridges; 
ve liger ha tch ing

C en tra l tooth m oderately  
b road , w ith 3 cusps, the 
la tera l ones not o v e rto p p in g  
the cen tra l cusps; cusps of 
la teral and m arg inal teeth 
sim ila r to p rim itive  
Nodilittorina teeth

C rosslam ellae;
aragon ite

A tlan tic ; p rob . A m erican 
Pacific coast and  G alapagos; 
trop ical
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n a tu ra l se lection , how ever, is at p re sen t n o t fu lly  u n d e r ­
stood. H e l l e r  (1975b) dem o n stra ted  th a t re d  sh e lls  of 
Littorina nigrolineata G ray  and  L. rudis (M aton) are s ign ifi­
can tly  m o re  fre q u e n t o n  red -b row n  cliff rocks th an  on  
o thers, th u s  ac ting  as cam ouflage against v isual selection  
by p red a to rs . A lso in  th e  W est A tlan tic  species, p ro tec tio n  
against v isual selection  p red a to rs  could  be m ore  im p o rta n t 
th a n  p ro te c tio n  ag a in s t desiccation  by en h an ced  sh e ll 
reflectiv ity , as th e re  seem s to  be n o  co rre la tio n  betw een 
lig h t-co lou red  shells an d  th e ir  su p ra tid a l hab itat.

E ven on  th e  g enus level, som e elem ents of th e  co lo u r 
p a tte rn  a re  co nstan t in  Nodilittorina: T h e  m a jo r p o rtio n  
of th e  sh e ll’s in te r io r  is p ig m en ted  d a rk  brow n  excep t a 
narrow  band  o n  th e  um bilical side. In  th e  fam ily  L it to r­
in idae , th e  g en e ra  Melarhaphe and  Fossarilittorina h av e  th is  
sam e co lo u r p a tte rn , b u t Melarhaphe is very  d iffe ren t in 
every  o th e r  respect, w hile Fossarilittorina ap p ea rs  to  be 
m ore  closely  re la te d  to  Nodilittorina in  re la tio n  to its spaw n 
and , to  som e d eg ree , its ra d u la  characters. Yet th e re  is no  
su p p o r t in  th e  fossil re co rd  to  confirm  th e  h ypo thes is  th a t 
Melarhaphe, Fossarilittorina and  Nodilittorina share  a com m on 
ancestor w ith  th e  sam e co lour pa tte rn , a lthough  th is canno t 
be ex c lu d ed  w ith  certain ty .

A n o th e r  c o lo u r  ch a rac te r in d ica tin g  re la tio n sh ip s  of 
Nodilittorina species is p robab ly  th e  fact th a t ex te rn a l co lou r 
m ark ings in  sp ira lly  scu lp tu red  species a re  p re sen t o n ly  in  
species liv in g  on A m erican  and  A frican  coasts; th ey  are 
m issing  in  th e  A u stra lian  an d  Pacific species, excep t in  
N. acutispira (E. A. Sm ith), w hich d iffers in  p en is  charac te rs  
from  th e  o th e r  Pacific and  A ustra lian  species.

In  sum m ary , if th e  ran g e  of co lour pa tte rn s is considered , 
th ey  m ay be o f d iagnostic  va lue  fo r both  species an d  su p ra- 
specific g ro u p s , b u t th ey  canno t be u tilised  iso lated  from  
o th e r  characters.

Embryonic and Larval Shells (F igures 12-17): T h e  em b ry ­
o n ic  shell of th e  C arib b ean  rep resen ta tives of Nodilittorina 
does n o t d iffe r  in  g en e ra l from  such em bryon ic  shells 
fo und  am o n g  o th e r  litto rin id s  w ith  young  h a tch ing  as ve l­
iger la rv ae  ( B a n d e l ,  1975a,b; R i c h t e r  & T h o r s o n , 1975). 
A ll em b ry o n ic  sh e lls  s tu d ie d  u p  to  now  show  w eakly  
tu b e rcu la ted  to m o re  coarsely tu b ercu la ted  shells, w hich 
m ay o r  m ay  n o t show  grow th  lines. T h e  em bryon ic  shell 
of th e  H aw a iian  N. picta (= hawaiiensis) is no  excep tion  
( S t r u h s a k e r ,  1968) and  also dem onstrates a fine ly  g ra n u la r  
scu lp tu re .

T h e  la rva l shell, secre ted  by th e  free sw im m ing pe lag ic  
la rva  d u r in g  its life  as a m em ber of th e  p lan k to n , in  co n ­
trast to  the  em b ry o n ic  shell, shows m ore  characteristics in 
its sc u lp tu re  th a t m ay  p ro v e  to  be of h igh  taxonom ic  value, 
if m o re  species a re  s tu d ied . U p  to  now on ly  the  larval 
shell of Nodilittorina hawaiiensis (by S t r u h s a k e r , 1968, as

picta), N. striata an d  N . miliaris (by R o s e w a t e r , 1981: p it. 6, 
figs. E, F), N. millegrana, N. striata, N. ziczac and  N. interrupta 
(own studies) a re  k n o w n  from  m em bers of Nodilittorina. 
T h e  la rva l shell o f Littorina littorea was recen tly  s tu d ied  by 
B a n d e l  (1975b) a n d  th a t of “Littorina” neritoides (=  Melar­
haphe neritoides) by  R i c h t e r  & T h o r s o n  (1975). T h e  larval 
shell of Littoraria angulifera  was also s tu d ied  by us to  serve 
fo r com parison  w ith  Nodilittorina.

C om m on to  all L itto r in id a e  species m e n tio n e d  w ith a 
free  liv in g  v e lig e r p h ase  is the  change in  th e  course of 
g row th  lines after h a tch in g . W hile  in  th e  em b ry o n ic  shell 
th e  a p e rtu ra l lip s w e re  s tra ig h t and  show  n o  un d u la tio n s , 
th e  la rva l shell dev e lo p s , r ig h t from  firs t sh e ll secretion  
onw ards, a h o o k ed  o u te r  lip  of th e  a p e rtu re . G row th  lines 
now  are  s itua ted  fo llow ing  th e  o u tlin e  of th e  ap e rtu re  
w ith  a stro n g  sa d d le  betw een a shallow  u m bilica l lobe and 
•deep ap ica l lobe a t th e  a p e rtu ra l lip . W hile  the  em bryonic 
w horl of th e  shell is p lan isp ira lly  a rra n g e d , th e  1 or 1.5 
la rv a l w horls now  show  a c lea r co n isp ira l co iling .

G row th  lines in  th e  em bryon ic  shell u su a lly  a re  weak 
and  d ifficu lt to  trace . W ith th e  onset of th e  g row th  of the 
la rv a l shell g row th  lines becom e m o re  p ro m in e n t. T h e  
la rv a l shell shows a  d eep  and  w ide um bilicus. A side from  
th e  m o re  p ro n o u n c e d  g row th  lin es  a n d  th e i r  s in u o u s 
course  also a m o re  charac te ristic  scu lp tu re  is to  be seen on 
th e  larval shell in  co m p ariso n  to  the  em b ry o n ic  shell. T h is  
scu lp tu re , in  th e  case of Littorina littorea, consists of tubercles 
of ab o u t 1/im w id th  th a t a rra n g e  them selves in to  7-8  sp ira l 
row s ( B a n d e l ,  1975b). In  Melarhaphe neritoides tubercles at 
firs t fo rm  rows, la te r  fuse p a r tly  to  fo rm  1-2 ¡am w ide d is­
co n tin u o u s sp ira l r id g es  o n  a sm ooth  su rface ( R i c h t e r  & 

T h o r s o n , 1975, a n d  own observations). T h e  larval shell 
h e re  shows tuberc les o n  th e  ap ica l p o rtio n  of each w horl 
an d  d isco n tin u o u s  rid g es  o n  th e  um b ilica l s ide  of th e  
la rv a l w horl.

T h e  la rv a l she ll of Littoraria angulifera encom passes 3.6 
w horls an d  is s tro n g ly  scu lp tu red  by 6-7 sp ira l ridges sep ­
a ra ted  from  each o th e r  by  even , ro u n d e d  g rooves betw een 
them . T h e  sp ira l r id g es  them selves a re  u n d u la t in g  in  th e ir  
course  o r  stra igh t.

T h e  la rva l shell am ong th e  stud ied  m em bers  of the genus 
Nodilittorina could  be  fo und  best p rese rv ed  in  the species 
N. millegrana from  th e  R ed  Sea (F igure  12). I t  consists of 3 
w horls w ith  a s tro n g  ap ica l sinus in  th e  o u te r  lip . G row th  
lines, th ere fo re , show  a d eep  apical lobe  a n d  a w ide, h ig h  
sad d le  um bilically . F o llow ing  th e  em b ry o n ic  shell, th a t is 
scu lp tu red  like those  of th e  C aribbean  rep re sen ta tiv e s  of 
th e  genus ( B a n d e l , 1975a), a lo n g  w ith the  a b ru p t change 
in  th e  course of the  grow th  lines from  s tra ig h t to lobed, a 
ra p id  change in  scu lp tu re  is observed . O n  th e  first ha lf 
w horl p ro d u ced  by th e  free  sw im m ing  la rv a  8-9 sp ira l rows 
consisting  of stro n g  tuberc les a re  p resen t. In  th e  follow ing
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larval shell th e  tuberc les a re  fused to  fo rm  zic-zac shaped  
ridges, 7-10 on each w horl. T h e re  a re  q u ite  strong  in d i­
v idual d ifferences to  be n o ted  in  th e  n u m b e r and  th e  shape 
of these ridges. T h ey  m ay  have a re g u la r  zic-zac course, o r  
they m ay  break  up in to  row s of tubercles w ith sh o rt inclined  
ridges in c luded , also g iv in g  a zic-zac appea ran ce  in  the 
whole sp ira lly  a rran g ed  o rn am en ta l s tru c tu re .

Nodilittorina ziczac a n d  N. interrupta from  S anta M arta  
(F igures 14-17) show a la rv a l o rn am en ta tio n  very  m uch 
like th a t seen in  N. millegrana. B ut th e  p re se rv a tio n  of the 
stu d ied  m ate ria l from  th e  C aribbean  Sea was no t as good 
as tha t from  the R ed  Sea. T h e  n u m b e r of th e  w horls of 
the la rva l shell of in d iv id u a ls  re ad y  to  m e tam orphose  is 
2.5-3 in  th e  case of N. ziczac. T h e  o rn am en ta tio n  consists 
of ziczac rid g es  as in  th e  case of N  millegrana, and  also 
7-10 such  sp ira l ridges a re  p re sen t o n  each w horl. In  the 
larval sh e ll of N. interrupta th e  zic-zac p a tte rn  is n o t as 
strong ly  dev e lo p ed  as in  N. ziczac, b u t still well traceable.

T h e  la rv a l shell of N. striata from  G ra n  C anaria  (C anary  
Islands) also shows a sc u lp tu re  very  m uch  like th a t of the 
th ree  o th e r  rep resen ta tiv es of th e  g enus Nodilittorina, thus 
d em o n s tra tin g  its close affin ities to th is  g roup .

S t r u h s a k e r  (1968, fig . 8 )  d e sc rib ed  an d  p re se n te d  a 
d raw ing  of the  larval shell of Nodilittorina picta (— hawaiiensis 
R osew ater & K adolsky) fro m  H aw aii. T h e  a u th o r  had  
found  th a t th e  larval life  lasts 3-4 weeks from  spaw ning  to 
se ttling ; 3.5 w horls a re  p re s e n t befo re  th e  larvae  settle  and 
before the  an im al fin ishes its  m etam o rp h o sis  from  ve liger 
to  th e  craw ling  young. T h e  larval sh e ll of N. picta, accord ­
ing  to  S truhsaker, show s a  m ore  o r  less coarse sp ira lly  
a rran g ed  zic-zac rib b in g , s im ila r to th a t of th e  m em bers of 
the g enus Nodilittorina d escribed  above.

Shell S tructure: T h e  sh e ll s tru c tu re  o f a ll m em bers of the 
genus Nodilittorina h e re  s tu d ie d  is a rag o n itic  in  com posi­
tion. T h e  needle-like biocrystals are a rran g ed  in the crossed 
lam ella  s tru c tu re  as is d esc rib ed  in  d e ta il by  B a n d e l  ( 1979). 
I t is also like tha t of A n tarc tic  li tto r in id s  as described  by 
A r n a u d  & B a n d e l  (1978).

T h e  s tru c tu re  of th e  sh e ll of C aribbean  litto rin id s  is like 
tha t of m ost m arine  m esogastropods. U sually  two layers of 
th e  crossed lam ellae s tru c tu re  a re  a rra n g e d  in  such a way 
th a t the  p la n e  of th e  lam e llae  of th e  first o rd e r  of the 
o u te r lay e r form s a lm ost a r ig h t an g le  w ith  th e  p la n e  of 
th e  lam e llae  of the first o rd e r  of th e  in n e r  layer. N o d if­
ferences in  shell s tru c tu re  en ab lin g  th e  d iffe ren tia tio n  of 
species w ere found in  th e  g enus Nodilittorina.

O p ercu lu m

Characters: T h e  com m on  characters of a ll Nodilittorina 
o p e rc u la  a re : O p e rc u lu m  sp ira lly  co iled , com posed  of 
b row n  o rg a n ic  m atter, ed g es 'th in  and  flexible, g row th  edge 
p o s itio n  op p o site  th e  p a rie ta l wall, sp ira l p a r t  opposite  
the  c o lu m e lla r  m arg in .

A cco rd in g  to  th e  ty p e  of coiling , th ree  o p e rcu la  types 
a re  re co g n ised  am ongst W est A tlan tic  species (F igure  3):

T y p e  A: O p e rcu lu m  pau c isp ira l, e longate , last w horl
v e ry  la rg e , its w id th  is m o re  th a n  ha lf of th e  opercu lum  
le n g th ; Nodilittorina ziczac, N. interrupta, N. lineolata, N. riisei, 
N. mordax; o p e rcu lu m  n o t seen: N. glaucocincta.

T ype B: O p e rcu lu m  p auc isp ira l, m ore  circular, w id th
of last w h o rl equa l o r  less th a n  ha lf of o p e rcu lu m  length: 
Nodilittorina angustior, N. dilatata, N. tuberculata, N. vermeiji.

T y p e  C: O p ercu lu m  m esosp ira l, n ea rly  c ircu lar, w idth
of las t w h o rl ab o u t one  fifth  of op e rcu lu m  len g th : N odi­
littorina (Tectininus) antoni.

Functional Morphology: I t  has been  suggested  ( S t a n l e y ,

1979) th a t in  G astropod  p h y lo g en y  the  acqu is ition  of the 
o p e rcu lu m  affo rd ed  an  im p ro v ed  p ro tec tio n  against p re d ­
a tors. In  th e  in te r tid a l and  su p ra tid a l hab itats , however, 
th e  p ro tec tio n  against desiccation  m ay becom e a m ore 
im p o rta n t task fo r th e  o p e rcu lu m  ( V e r m e i j , 1973). O ne 
im p o r ta n t m easu re  to  accom plish  th is is th e  acqu isition  of 
th e  th in  a n d  flex ib le  ed g e  of th e  opercu lu m : w hen  the 
o p e rc u lu m  is s tro n g ly  w ith d raw n  in to  th e  sh e ll in terio r, 
th is  ed g e  b en d s  ou tw ards an d  p ro v id es  an  im p ro v ed  clos­
ure . T h e  flex ib le  p o rtio n  is la rgest a t th e  ad ap ica l side of 
th e  o p e rcu lu m  and  least at th e  abapical side, so the o p e r­
cu lu m  can  be  w ithd raw n  fu r th e r  on  its adap ica l side.

M uscle  im pressions on  th e  in te r io r  side of the  opercu lum  
suggest th a t ab o u t half of its surface is on ly  loosely  a ttached  
to  th e  flesh  an d  th a t th e  re tra c to r  m uscle inserts  on  th e  side 
ad jacen t to  th e  co lum ella  and  th e  p a rie ta l w all. T h e  in ser­
tio n  a re a  is oval w ith  a  c en tra l constric tion , whose tip  
po in ts  to  th e  n uc leus of th e  op e rcu lu m  (F igu re  3B). D u rin g  
grow th , th is  im pression  m ig ra tes  in  a ro ta tin g  sense, m ark ­
in g  its p re v io u s  positions by  in te rn a l g row th  lines, which 
a re  p e rp e n d ic u la r  to  th e  ex te rn a l grow th lines. A pparen tly  
a d d it io n a l o p e rcu lu m  m a te ria l is accreted  on  th e  edge of 
th e  re tra c to r  m uscle scar ad jacen t to th e  p a la ta l w all of 
th e  shell. T h ic k e n in g  of th e  op e rcu lu m  can  be  achieved 
best if th e  ro ta tio n  of th e  m uscle  scar and  th e  subsequent 
m a te ria l accre tion  occur as o ften  as possib le. W ith th e
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l a s t  w h o r l  

w i t h  g r o w t h e x t e r n a l  g r o w t h  

l in e s
r e t r a c t o r
m u s c l e

s c a ri n t e r n a l  g r o w t h  

l i n e s  's

s p i r a l  p a r t nucleus

f l e x ib le  r i m

1 m m

1 m m

S .

F ig u re  3

O p e rc u la  o f Nodilittorina  sp ec ies

A ) N . lineolata (O rb ig n y ) :  p a u c isp ira l ,  w id e ly  c o ile d  (ty p e  A). P e r ­
n a m b u c o  (B M N H )

B) A’, tuberculata (M en k e): p a u c is p ir a l ,  n a r ro w ly  c o ile d  ( ty p e  B). 
S a n ta  M a r ta ,  C o lo m b ia  (B /K )

C ) N . (Tectininus) antoni (P h i l ip p i) :  m e s o s p ira l  ( ty p e  C). N assau , 
B ah a m a s  (B /K ); le ft: o u te r  su rfa c e ; r ig h t :  in n e r  su rfa c e ; be low : 
s id e  v ie w  w ith  in n e r  s id e  p o in tin g  u p w a rd s

a p e r tu re  size te n d in g  to  becom e sm alle r in  h ig h  su p ra tid a l 
species as com pared  to low su p ra tid a l ones, th is  can on ly  
be accom plished  by n a rro w in g  th e  o p e rcu lu m  w horls to 
leave space fo r m o re  gyrations. In  fact, th e  m ost dense ly  
co iled  Nodilittorina species, N. antoni, has th e  th ickest o p e r­
cu lum . Its flex ib le  edge has becom e v e ry  narrow , b u t as

it  is m a rk ed ly  concave on th e  e x te r io r  a n d  convex  o n  the 
in te r io r  surface, it  w ill s till p ro v id e  a  go o d  closure.

T h e  ten d en c y  of h ig h  su p ra tid a l species to b u ild  a  sm al­
le r  an d  m o re  c ircu la r a p e rtu re  co incides w ith  th e  increase 
of th e  n u m b e r of o p e rcu lu m  w horls, w hich cause th e  o p e r­
cu lu m  to  acqu ire  a m o re  c ircu la r shape. So in  th e  fam ily 
L itto rin id ae  th e  dense  op e rcu lu m  co iling  is a d o u b le  p u r ­
pose adap ta tion : to  fit in to  a  c ircu la r a p e r tu re  an d  to  enable 
th e  an im al to  th icken  th e  o p ercu lum . In  o th e r  G astropod  
taxa liv in g  subm erged , e.g., m an y  T rochacea  (m arine) and 
V alvatacea (freshw ater), th e  m u lti-sp ira l o p e rcu lu m  ap ­
pea rs  to  be ju s t an  ad ap ta tio n  to  fit in to  a  c ircu la r ap e rtu re .
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As a th ird  m easure  to p rev en t desiccation , th e  o p ercu lum  
m ay  becom e calcified, as it  is ‘in  th e  Indo -P ac ific  genus 
Echininus.

Taxonom ic significance: A m ongst m a r in e  L itto rin id ae  s.
lat., a p a rt from  th e  above-m en tioned  W est A tlan tic  species, 
th e  p au c isp ira l ty p e  A was fo u n d  in : Littoraria angulifera 
(L am arck), L. flava  (K ing & B ro d erip ), L. pintado  (W ood), 
L. glabrata (P h ilip p i), L. nebulosa (L am arck), L. undulata 
(G ray), L. tesselata (P h ilip p i), L. scabra (L innaeus), L. cingu­
lifera (D unker) ; Fossarilittorina meleagris (Potiez & M ichaud); 
N odilittorina miliaris (Q uoy  & G a im a rd ) , N. millegrana  
(P h ilip p i) , N  peruviana (Lam arck), N. punctata (G m elin ), 
N. striata (K ing & B ro derip ); Littorina littorea (L innaeus), 
L. obtusata (L innaeus); Melarhaphe neritoides (L innaeus); 
Laevilitorina johnstoni (Cotton) ; Macquariella kingensis (M ay) ; 
Rissolittorina alta (Pow ell); Laevilacunaria bennetti (P reston).

T h e  p au c isp ira l op e rcu lu m  type  B was observed  in  N odi­
littorina granosa (D unker), N. pyramidalis (Q uoy  & G aim ard ), 
N. subnodosa (P h ilip p i) ; Littorina saxatilis (O liv i) g ro u p ; 
Risellopsis varia (H u tto n ); Cenchritis muricatus (L innaeus) 
( t r a n s i t io n a l to  m eso sp ira l); A lgam orda newcombiana 
(H em p h ill) ; Rufolacuna bruniensis (B eddom e); Macquariella 
hamiltoni (E. A. Sm ith).

T h e  m esosp ira l op e rcu lu m  (type C) is know n from  th e  
g en u s  Tectarius and  th e  m u ltisp ira l o p e rcu lu m  from  th e  
g e n e ra  Echininus an d  Peasiella.

In  som e instances, species w ith  d if fe re n t o p e rcu la  have  
been  p laced  in  th e  sam e genus (see Nodilittorina, Littorina 
an d  Macquariella), d u e  to  a  com b ined  ev a lu a tio n  of shell, 
ra d u la , pen is , spaw n an d  o p e rcu lu m  characters. F rom  th e  
co n sid e ra tio n s  on th e  functional m o rp h o lo g y  and  eco­
log ica l ad ap ta tio n s  of the op e rcu lu m  it  is conceivable  th a t 
from  a stock of o rig in a lly  type A  o p e rcu la ted  litto r in id s  
th e  ty p es B, C and  th e  m u ltisp ira l o p e rcu lu m  evo lved  
rep ea ted ly , acco rd ing  to  the  p re ssu re  th e  su p ra tid a l en v i­
ro n m e n t ex erted . So again , in  taxonom y  th e  o p e rcu lu m  
ch a rac te rs  m ay  be  v e ry  m islead in g  w hen  con sid ered  iso­
la ted  from  o th e r  p ro p e r tie s  of th e  species, bu t in  com ­
b in a tio n  w ith  as m any  o th e r  fea tu res  as possib le  they  will 
p ro v e  usefu l in  recogn ising  species g ro u p s  and  hence, 
su b g en e ra  an d  genera .

T h e  subfam ilies E ch in in in ae  R osew ater, 1972 and  T ec­
ta r iin a e  Rosew ater, 1972, founded  so le ly  on  o p e rcu lu m  
ch arac te rs , a re  thus con sid ered  unnecessary : As o p e rcu la  
can n o t have  m o re  w eigh t in  taxonom y  than  an y  o th e r  
o rgans , these subfam ilies e ith e r have  to  be w ithd raw n  or, 
fo r th e  sake of a consisten t classification, n u m ero u s  su b ­
fam ilies, each co m p ris in g  o n ly  one  o r  a very  few g enera , 
w ou ld  h av e  to  be crea ted  (p robab ly  one  subfam ily  fo r each 
g en u s  as d efin ed  in  T able  1). So it is p re fe rre d  to p o st­
p o n e  a  sub fam ilia r d iv is ion  of th e  fam ily  L itto rin id ae  u n ti l 
fu r th e r  anatom ical d a ta  a re  know n. T h e  R ise llidae  and  
L acu n id ae  an d  th e  n u m ero u s  taxa  re s tric ted  to th e  S o u th ­

e rn  Pacific a r e a  (no t m en tio n ed  in  T ab le  1) w ould  have  
to  be c o n s id e re d  in  such  a reclassification .

In  the  g e n u s  Nodilittorina, th e  m eso sp ira l N. antoni con ­
stitu tes th e  su ffic ien tly  w ell d e fin ed  subgenus Tectininus. 
T h e  p a u c isp ira l o p e rcu lu m  ty p e  A occurs in  m ost sp ira lly  
s tria ted  and  in  th e  g ran u lö se  species, fo r w hich th e  su b ­
g en e ra  Austrolittorina  Rosew ater, 1970 an d  Granulilittorina 
H ab e  & K osuge, 1966 have been  p ro p o sed . H o w ever the  
p en is  of th e  sp ira lly  s tr ia ted  ones seem s to  d iffe r be tw een  
Indo-P acific  p lu s  A frican  species o n  th e  one h a n d  and  
W estern A tla n tic  species on  th e  o th e r ; an d  th e re  is th e  
sp ira lly  sc u lp tu re d  N. angustior w ith  op e rcu lu m  ty p e  B. 
T h ese  facts suggest th a t a  subgenus Austrolittorina in c lu d in g  
all sp ira lly  s tr ia te d  N o d ilitto rin ae  w ould  no t re p re se n t 
na tu ra l. g r ö u p ih g s rT h e  p au c isp ira l op e rcu lu m  ty p e  B is 
fo und  in  N. angustior and  in  all m o re  s tro n g ly  n o d u lo se  
species (Nodilittorina s.str.). I t  seem s to  be p re m a tu re  to  
a ttem p t fu r th e r  su b g en eric  subd iv is ions based on shell an d  
o p e rcu lu m  c h a ra c te rs  befo re  m o re  anatom ical d a ta  on  
Nodilittorina species a re  available.

E cology  an d  M o rp h o lo g ica l A dap ta tion  

(F igu re  4)

A ll species tre a te d  h e re  live on  th e  sh o re lin e  above m ed iu m  
h ig h  w ater leve l on  h a rd  substra ta , m a in ly  rocks. T h e y  
rem a in  qu iescen t d u r in g  d ry  p e rio d s  and  becom e active 
w hen  w etted  w ith  seaw ater sp ray  by  w ave action. T h e n  they  
feed  u p o n  film s a n d  crusts of algae, lichens, and  p ro b ab ly  
also fu n g i a n d  m icroscopic anim als. A ll species p ro d u ce  
pelag ic  egg capsu les; thus, even  those  liv in g  m ost d is ta n t 
from  th e  w ate r level hav e  to descend  fo r spaw ning; co rres­
p o n d ing ly , th e  ju v en ile s  o r ig in a tin g  from  th e  p lan k to n ic  
v e lig e r la rv a  have  to  craw l u p w ard s  from  th e  sea level 
to  th e  usual liv in g  a rea  of th e  an im al.

F igure 4 dep ic ts the  re la tiv e  levels of hab ita t. N o absolute 
he igh ts can be  g iv en  as these v a ry  acco rd ing  to the  coast 
to p o g rap h y  an d  th e  h y d ro g ra p h ic  cond itions; e.g., tid e  
and  w ave action . A lso th is  zonation  w ill be found  valid  
o n ly  on  sea cliffs w ith  a certa in  a m o u n t of slope, as on 
fla t rock benches bo th  h ig h  an d  low su p ra tid a l species 
m ay  live to g e th e r ( B a n d e l , 1974a: C uraçao). F or reference  
purposes, Cenchritis muricatus (L innaeus) is also show n in  
F igu re  4 as th is is th e  li tto r in id  species liv in g  m ost rem o te  
from  th e  sea level.

Several p ap e rs  deal w ith the  m orp h o lo g ica l ad ap ta tions 
of litto rin id s  to  su it th e  su p ra tid a l h ab ita t. V e r m e i j  (1973) 
described  from  severa l localities a ll o v e r th e  w orld  g ra d i­
en ts of li t to r in id  shell m o rp h o lo g y  re la te d  to th e  d is tance  
of th e  liv in g  areas from  th e  sea level; i.e., re la ted  to  the 
d eg ree  of desiccation  an d  h ea t resistance  of the anim als. 
As a g en e ra l tre n d , h e  recogn ised  th e  increase of shell 
o rn am en ta tio n  an d  sh e ll size an d  th e  decrease of th e  rela-
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F ig u r e  4

S u p ra t id a l  zo n a tio n  o f  W est A tla n tic  sp ec ie s  o f N odilittorina  
a n d  th e i r  m o rp h o lo g ic a l  a d a p ta t io n s  to  d r o u g h t  a n d  h e a t

i t  c a n n o t  b e  c o m p a re d  a c c u ra te ly  to  h a b ita ts  o f  th e  o th e r  sp ec ies. 
O p e rc u lu m  ty p e : A ) p a u c is p ir a l ,  la s t w h o r l  w id e r  th a n  s p ira l  p a r t ;
B) p a u c is p ir a l ,  la s t w h o r l  n a r ro w e r  th a n  s p ir a l  p a r t ;  C) m e so s p ira l. 
T h e  a p e r tu r e  size in d e x  is  th e  R a t io  a p e r tu r e  su rfa c e  : sh e ll su rface . 
S h e ll su rfa c e  a p p ro x im a te d  as e o n e  s u rfa c e  w ith  b ase  d ia m e te r  =  
sh e ll w id th ,  eo n e  h e ig h t  =  s h e ll  h e ig h t ;  a p e r tu r e  su rfa ce  a p p ro x i ­
m a te d  as  e ll ip s is  w ith  lo n g  a x is  =  m o u th  h e ig h t,  s h o r t  ax is  =  
m o u th  w id th

T h e  r e la t iv e  h e ig h ts  o f th e  sp e c ie s  h a b ita ts  a re  in d ic a te d  by  re f­
e re n c e  to  th e  m e a n  h ig h  w a te r  lev e l a n d  to  th e  zo n es  o f  N . ziczac, 
N. angustior  a n d  Cenchritis m uricatus  (L in n a eu s ) . T h e  la t te r  sp ec ies  
is u n re la te d  to  N odilittorina  a n d  in c lu d e d  o n ly  fo r  re fe re n c e , as it 
is th e  l i t to r in id  l iv in g  h ig h e s t  a b o v e  sea  le v e l. N o t sh o w n  a re : 
N . glaucocincta  (m ay  liv e  in  th e  s a m e  zo n e  as N. ziczac, if  “Littorina  
lineolata” o f  V e rm e ij, 1973 fro m  Jam a ic a  is th is  sp ec ies), a n d  N. 
lineolata. N o te  th a t  N. verm eiji is  th e  so le  sp ec ies  in  its  h a b ita t ,  th u s

tive  m o u th  h e ig h t w ith in c rea s in g  d is tance  of th e  h ab ita t 
from  th e  sea  level. H e in te rp re te d  th is  as an  ad ap ta tion  
to  desiccation  and  o v e rh ea tin g , as a sm all a p e r tu re  capable 
of b e in g  closed by an o p e rcu lu m  and  a low specific surface

I

(ach ieved  by size increase) w ill m in im ise  desiccation , and 
te m p e ra tu re  in take  w ill be m in im ised  by av o id in g  the 
contact o f the  foot sole w ith  th e  substra tum , by av o id in g  
c rea tio n  o f m etabo lic  h e a t d u r in g  d ry  p e rio d s  and  by m in i-
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m ising  th e  shell su rface ex p o sed  to  ra d ia tio n ; coo ling  of 
the  an im al body  is m ax im ised  by  a s tro n g  scu lp tu re  w hich 
increases th e  surface exposed  to  w ind  convection  w ithou t 
increasing  th e  su rface liab le  to  ev ap o ra tio n  and  to  recep ­
tio n  of rad ia tion .

S im ilarly , S t r u h s a k e r  ( 1 9 6 8 )  show ed th a t  th e  nodulose 
m o rp h  of Nodilittorina hawaiiensis R osew ater & K adolsky 
( -  Litorina picta P h ilip p i, 1 8 4 6 ,  n o n  Litorina obtusata picta 
M enke, 1 8 4 5 )  liv in g  o n  s teep  cliff slopes is la rg e r than  the 
sm o o th er m o rp h  an d  is b e tte r  ad ap te d  to  dryness, h igh  
tem p e ra tu re s  an d  h y p e rsa lin ity , w hile th e  sm ooth  m o rp h  
liv ing  on  shallow  benches is m u ch  m o re  capab le  of w ith ­
s tan d in g  strong  su rges and  subm ersion . In  th is species 
w ave action  is obv iously  a n o th e r  re le v a n t selective factor 
no t d ea lt w ith by  V erm eij. _____

In  th e  R ed  Sea, one  of th e  au th o rs  (K .B.) observed  th e  
h ab ita ts  of the  nodu lose , to p -sh ap ed  Nodilittorina subnodosa 
(P h ilip p i) w ith  o p e rcu lu m  ty p e  B and  of N. millegrana 
(P h ilip p i), w hich has a re la tiv e ly  la rg e r  ap e rtu re , an o p e r­
cu lum  type  A and  o n ly  beads of fa in t n o d u le s  (ra th er: 
g ranu les). C o n firm in g  the  tr e n d s  observed  by V erm eij and  
S truhsaker, N. subnodosa lives in  th e  su p ra tid a l zone above 
th e  usual sp lash  zone an d  is th e re fo re  ra re ly  active; N. 
millegrana, how ever, lives in  th e  low er p a r t  of th e  su p ra ­
tid a l zone, w hich is f req u en tly  w etted  by w ave splash , dow n 
to  the  u p p e r  p a r t  of th e  p e rm a n e n tly  w et zone, en ab ling  
the  an im als to  be m o re  fre q u e n tly  active.

H e l l e r  ( 1 9 7 5 b )  in d ica ted  th e  im p o rtan ce  of th e  cam - 
oúflage effect of th e  shell c o lo u r in  Littorina nigrolineata 
G ray  an d  L. rudis (M aton), su g g es tin g  th a t p ro tec tio n  
against v isual se lection  by p re d a to rs  is a n o th e r  essential 
selection  m echanism .

C e rta in ly  th e re  a re  m a n y  se lec tion  m echan ism s; the  
litto rin id s  have to  cope, fo r exam p le , w ith  desiccation, 
h ig h  and  low  tem p era tu res , h y p e rsa lin ity  a n d  fresh  water, 
w ave action, gain  of food, f in d in g  of sexual p a rtn e rs , m a in ­
tenance  of a  su ffic ien t fe r til ity  ra te , p ro tec tio n  against 
p red a to rs , resistance against p aras ite s  and  ep idem ics. Also, 
each se lection  fac to r possib ly  can be tack led  in  several

ways. A s a re su lt, th e  m o rp h o lo g ica l fea tu res  of a  species 
a re  b o u n d  to  re f le c t a com plex  p a tte rn  o f adap ta tion . It 
w ill take  y ea rs  o f  re sea rch  to  e lu c id a te  som e of these 
adap ta tions, as S tru h sa k e r’s stud ies  on  Nodilittorina hawaii­
ensis h av e  show n. E very  s im p listic  ap p ro ach  to  explain  
m o rp h o lo g ica l fe a tu re s  by  ad ap ta tio n  to  a  certa in  factor 
of th e  e n v iro n m e n t m ay  be v a lid  w ith in  narrow  ranges, 
bu t canno t be g en e ra lised , as th e  fo llow ing  exceptions to 
V erm eij’s an d  S tru h sa k e r’s fin d in g s d em onstra te :
• In  E u ro p e , th e  li tto r in id  species liv in g  h ighes t above 
sea level, M elarhaphe neritoides (L innaeus), is n early  the 
sm allest E u ro p e a n  species, c e rta in ly  the  least scu lp tu red  
one and  has still an  u n u su a lly  la rg e  ap e rtu re .
• In  th e  Indo-P acific , n o d ilitto r in e s  a re  described  as liv ing  
in te r t id a lly  a n d  s u p ra tid a lly  ( R o s e w a t e r , 1 9 7 0 ) .  A m ongst 
the  in te r t id a l species, th e re  a re  severa l no d u lo se  and  g ra n ­
u löse ones (Nodilittorina quadricincta quadricincta (M ühlfeld , 
1 8 2 4 )  (syn. N  leucosticta (P h ilip p i, 1 8 4 7 ) ) ,  N. quadricincta 
biangulata (M artens), N. nodosa (G ray), N. australis (G ray), 
w hile n o n -n o d u lo se  species freq u en tly  live su p ra tid a lly  
(N. unifasciata (G ray), N. punctata (G m elin ), N. praetermissa 
(M ay), N. africana (P h ilipp i)) .
• T h e  co lo u r p a tte rn  of W est A tlan tic  n o d ilitto rin es  ap ­
pears n o t to  be o p tim a l fo r te m p e ra tu re  inso lation , as it 
is m ostly  fa ir ly  d a rk . H ow ever, th e  in te r t id a l A ustra lian  
N. australis a n d  th e  n o t p a rt ic u la r ly  h ig h  liv in g  C aribbean 
N. ziczac h av e  v e ry  lig h t-co lo u red  shells. T h e  unexpected ly  
low  v a ria b il ity  o f c o lo u r p a tte rn s  suggests th a t they a re  
p re fe re n tia lly  selected , o n ly  leav ing  a  lim ited  varie ty  of 
them  to  su rv ive . P ro b ab ly  the  p ro tec tio n  against p red a to rs  
is an  e n v iro n m e n ta l fa c to r e x e rtin g  s tro n g e r  selective 
p ressu re  th a n  th e  re flec tiv ity  of th e  shell.

F ig u re  4  show s also som e of th e  p ro p e r tie s  p robab ly  
re la te d  to  desicca tion  resistance . T h e  tre n d s  no ted  by 
V e r m e i j  ( 1 9 7 3 )  are  c learly  v isib le: T h e  a p e rtu re  becom es 
re la tiv e ly  sm aller, an d  n o d u lo se  sc u lp tu re  is m ore fre ­
q u en tly  fo u n d  in  species liv in g  h ig h  above w ater level. 
Also, th e  o p e rcu lu m  ten d s to  becom e m o re  narrow ly  coiled. 
H ow ever, th e  m an y  excep tions from  th is  tre n d  can be seen

E x p lan a tio n  of F igures 23 to  29

N odilittorina (N.) interrupta  (C . B. A d a m s  in P h i l ip p i ,  1847) ' 
F ig u r e  23: “A n tille s .”  M H N G  1 0 9 6 /8 7 /2 . P a r a ty p e  o f Phasianella  
lineata L am arck , 1822. S h e ll: 1 4 .3 X 8 .4 m m , R a d u la :

X 360 FN  1599/14
F ig u re  24: J a m a ic a , M C Z  186123. T o p o ty p e  o f Litorina ziczac inter­
rupta  C. B. A d a m s  in  P h i l ip p i ,  1847 ( f ig u re d  b y  C l e n c h  & T u r n e r , 

p it. 38 , fig . 18). S h e ll:  7 .8 X 6 .0 m m , R a d u la :  X 400 FN  1599/18
F ig u r e  25: L e sse r A n tille s , St. T h o m a s ,  Z M K : L e c to ty p e  o f Littorina  
(M elaraphe) floccosa M ö rc h , 1876. S h e ll:  1 1 .7 X 7 .5 m m , R a d u la :

X 420 FN  1394/2

F ig u r e  26: L e s se r  A n tille s , St. V in c e n t. B M N H . H e ig h t ,  16 .0m m . 
R a d u la : X 330 U n iv e rs i ty  E r la n g e n - N ü r n b e r g  FN  1491

N odilittorina  (N.) angustior (M ö rc h , 1876)
F ig u re  27: C u b a , H a v a n a . Z M K . L e c to ty p e  o f  Littorina (Melaraphe) 
angustior M ö rc h , 1876. S h e ll:  1 0 .4 X 5 .2 m m
F ig u re  28: C u b a . B M N H  1854.10.4.128. L e c to ty p e  o f Littorina cari­
nata O rb ig n y , 1842. 11.6X  7 .0 m m
F ig u re  29: C u ra ç a o , C o rn e lis b a a i.  U S N M  749809. S h e ll: 11.6X  6.8 
m m , R a d u la :  X 280 FN 1903/26
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as well: Nodilittorina interrupta seem s to  have  n o  ad ap ta tion  
at a ll to  its e leva ted  h ab ita t, an d  N. dilatata seem s to  live 
too close to  th e  w ate r level, accord ing  to  th e  c rite r ia  o u t­
lin ed  above.

TA X O N O M Y  

T h e  G en u s Nodilittorina M artens, 1897 
in  th e  W estern  A tlan tic  

D iagnosis.

Shell ovate to  conica l, so lid ; la rval shell 2.5 to  3 obtusely  
conical w horls w ith  sp ira l ziczac lines; po stla rv a l shell 
scu lp tu red  w ith  sp ira ls  o r  sp ira lly  a rran g ed  rows of n o d ­
ules, tuberc les o r  g ran u le s ; w horls m o re  o r  less angu la te  
at p e rip h e ry  (m ay be su p e rsed ed  by nodu les); in te r io r  of 
shell p ig m en ted  b row n  w ith  a  colourless o r  yellow  band  on 
th e  um bilica l side, m ore  u n p ig m e n te d  bands m ay  be p res­
en t; o u te r  su rface  u n ic o lo u re d , o r  w ith  a b ro ad  d a rk  
m ed ian  zone o r  ax ial b row n  strip es o r b o th ; n o  um bilicus; 
a crescen t-shaped  a rea  of th e  o u te r  shell surface ad jacen t 
to th e  co lum ella  m a rg in  m ay  be red isso lved . O percu lum  
p a u c isp ira l to  m eso sp ira l, h o rn y , b row n . R ad u la  w ith  
narrow  cen tra l too th , w hose m arg in a l cusps rise  above the 
cen tra l one. P e lag ic  egg capsu le  is a  c ircu la r disc, o n e  side 
flat, th e  o th e r  one  convex  w ith  sp ira l ridges, each capsule 
con ta in ing  o n e  egg. P en is w ith  o p en  sp e rm id u c t; presence 
and co n figu ra tion  of accessory organs are u tilised  and 
described  in  th e  su b g en u s d iagnoses.

As discussed above, a t p re se n t it  is n o t ju s tified  to  sep­
arate  on  a su b g en u s level sp ira lly  s tria ted  species from  
those w ith  a g ran ó se  o r  n o d u lo se  scu lp tu re . T h e  re la tio n ­
ships betw een Nodilittorina as d e fin ed  h e re in , an d  o th e r 
nodu lose  taxa  as w ell as th e  g enus Littorina a re  show n in 
Table 1. T h e  n o n -n o d u lo se  species of Nodilittorina u sed  to 
be classified in  Littorina; how ever, th e  low deg ree  of re la ­
tionsh ip  can easily  be seen. In  T able  1, th e  o p p o rtu n ity  is 
seized to  p ro p o se  a new  d e fin itio n  of th e  genus Littorina 
in  its accustom ed sense, sp littin g  the  g enus as u n d ers tood  
in c u rre n t li te ra tu re  in to  th e  fo u r g en e ra  Littorina s.str., 
Littoraria, Fossarilittorina, an d  Melarhaphe, the  ra tio n a le  of 
w hich is con sid ered  to  be obvious.

T h re e  su b g en era  of Nodilittorina  are  recognised :
Nodilittorina (Nodilittorina): P en is w ith one  (ra re ly  none 

o r 2) p en ia l g lands, a t a v a riab le  d eg ree  in  contact w ith 
the basal en la rg em en t; th is  subgenus com prises th e  bulk  
of th e  species, i. e., w ith  n o d u lo se , g ran ó se  an d  sp ira l 
scu lp tu re ; o p ercu la  ty p e  A  an d  B; ra d u la  types “m odera te ,” 
p ick ” and “v es tig ia l” of R o s e w a t e r , 1 9 8 0 .

N odilittorina (Tectininus) C lench  & A bbo tt, 1942: O ne 
p e n ia l g la n d  w idely  a p a r t  from  basal e n la rg e m e n t and  
su r ro u n d e d  b y  p ap illa e ; o p e rc u lu m  m esosp ira l (type  C); 
ra d u la  ex trem ely  vestig ia l. O n ly  one  species: N. (T.) antoni 
(P h ilip p i)  (=  Echininus nodulosus A uct.)

Nodilittorina (Liralittorina) R osew ater, 1981: P en is w ith o u t 
appendages; shell, ra d u la  a n d  opercu lum  characters w ith in  
ran g e  of N. (Nodilittorina). O n ly  one  species: N. (L.) striata 
(K ing  & B roderip ).

K ey to  Shell Id en tif ic a tio n  (F ig u re  5)
( i n c l u d i n g  Nodilittorina helenae)

1. -Shell w ith  n o d u lo s e  s c u lp t u r e r r - .  ......................................................... 2
S h e ll s p ir a l ly  s c u lp tu re d  o n ly ;  6-8 p r im a r y  s p ira ls  o n  v is ib le

p a r t  o f  w h o r ls .................................................................................................6
2. O p e rc u lu m  m e so s p ira l, 5-6  v o lu tio n s ;  sh e ll to p -s h a p e d , n o t

c o n ic a l  d u e  to  c o n v ex  a n d  n o d o s e  w h o rls ; a p e r tu r e  re la tiv e ly  
s m a ll;  n o d e s  s tro n g ly  d e v e lo p e d , 2 n d  a n d  3 rd  ro w  (c o u n te d
fro m  a d a p ic a l  row ) d is ta n t  fro m  each  o t h e r ...................................

N. antoni, p . 34
O p e rc u lu m  w ith  m a x im a l 4 .5  v o lu tio n s , p a u c is p ir a l;  s h e ll  s h a p e  

m o re  r e g u la r ly  c o n ic a l ............................................................................. 3
3. T h e  tw o  p r im a r y  ro w s  o f  n o d u le s  d is ta n t  f ro m  e ac h  o th e r,

s t ro n g ly  u n e q u a l ..........................................................................................4
T h e  tw o  p r im a r y  row s o f  n o d u le s  c lo se r  to g e th e r, su b e q u a l. . .  5

4. A p ic a l a n g le  a b o u t 4 5 ° ; l ig h t  b a n d s  a t  th e  s u tu re ,  th e  p e r ip h e r y
a n d  th e  u m b ilic a l  s id e  s e e n  e x te r n a l ly .............N. helenae, p . 37

A p ic a l a n g le  50-60°; n o  w h ite  e x te rn a l b a n d s  e x c e p t o n  th e  
u m b ilic a l  s id e , b u t n o d u le s  w h i te .................... N . verm eiji, p . 31

5. C o lu m e lla  a b a p ic a lly  o f te n  d ila te d , so m e tim e s  a p s e u d o u m ­
b ilic u s ; n o d u le s  r o u n d e d  to  s p in o s e .................. N. dilatata, p . 29

C o lu m e lla  n o t  d i la te d ;  n o d u le s  r o u n d e d .............................................
N . tuberculata, p . 33

6. P r im a r y  s p ira ls  d is t in c tly  in c is e d ; n o  o r  s p o ra d ic  in te rc a la t io n s
o f s e c o n d a ry  s p i r a l s ....................................................................................7

P r im a r y  s p ira ls  m o re  o r  less r e g u la r ly  d o u b lin g ,  p r im a r y  a n d  
s e c o n d a ry  s p ira ls  b e c o m in g  e q u a l ,  o n  la s t w h o rl o f te n  d is a p ­
p e a r in g ;  in te r io r  w ith  2 n d  l ig h t  b a n d  n e a r  th e  s u t u r e  8

7. S h e ll  s h a p e  s tr ic tly  c o n ic a l; w h o r ls  g ra d u a l ly  in c re a s in g , c o n ­
to u rs  s t r a ig h t ;  h e ig h t  o f a p e r tu r e  less th a n  h a lf  o f s h e l l  h e ig h t;  
o c ca s io n a lly  2 n d  l ig h t  in te r io r  b a n d ; o p e rc u lu m  ty p e  B .  . . .

N . angustior, p . 25
S h e ll  s h a p e  o v a te -c o n ic a l; w h o r ls  m o re  r a p id ly  in c re a s in g , 

s l ig h t ly  c o n v ex ; h e ig h t  o f a p e r tu r e  m o re  th a n  h a l f  o f  sh e ll
h e ig h t ;  o p e rc u lu m  ty p e  A ......................................... N. riisei, p . 26;

N . glaucocincta, p . 27; a n d  N. m ordax, p . 28 
T o  b e  d is t in g u is h e d  b y  r a d u la  c h a ra c te rs  o n ly

8. L ast w h o r ls  w ith  15-20 v e ry  f in e  s p ira ls  ab o v e  th e  s u tu re ,  o ften
e x t in g u is h in g ;  k e e l re d u c e d ;  n a rro w  ziczac lin e s , n o t  c o n ­
f lu e n t ..................................................................................... N. ziczac, p . 19

L ast w h o r ls  w ith  7-17 s p ira ls  a b o v e  th e  s u tu re ,  m o re  in c is e d  th a n  
a t ziczac; k e e l s o m e w h a t m o re  p ro n o u n c e d ;  c o lo u ra t io n  m o re  
e x te n s iv e .......................................................................................................... 9

9. S h e ll  u p  to  1 0 m m  lo n g , s len d e r, c o n ic a l; d a rk  b ro w n  m e d ia n
zo n e  o n  w h o rls  v a ria b le , a b se n t to  c o n s p ic u o u s ; 2 n d  in te r io r  
lig h t- c o lo u re d  b a n d  ab sen t to  p r e s e n t  N. lineolata, p . 21
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N o d ilitto r in a
an ton ii

N o d ilitto r in a
m ordax

ié )

N o d ilitto r in a
tu b ercu la ta

N o d ilitto r in a
d ila ta ta

N o d ilitto r in a
verm eiji

N o d ilitto r in a
g la u co c in c ta

N o d ilitto r in a
riisei

N o d ilitto r in a
in te r ru p ta

N o d ilitto r in a
angustior

N o d ilitto r in a
ziczac

F ig u re  5

T h e  W est A tla n tic  sp ec ie s  o f N odilittorina

C o m p ila tio n  o f sh e ll ,  r a d u la ,  e g g  ca p su le  a n d  o p e rc u lu m  m o rp h o ­
lo g ic a l fe a tu re s . A r ra n g e m e n t  o f  sp ec ies  a c c o rd in g  to  s im ila r i ty  o f 
c h a ra c te rs  d o es  n o t n e c e s sa rily  im p ly  p h y lo g e n e tic  re la tio n s h ip s .  
I n  th e  v e rtic a l d ire c t io n ,  th e  a r r a y  fo llow s th e  ra d u la  ch a rac te rs :

a t th e  b o tto m  spec ies w ith  a  p r im it iv e  N od ilitto r ina -lype  r a d u la  
(e.g., N. ziczac) a re  to  be fo u n d , w h ile  to w ard s  th e  to p  r a d u la  charac te rs  
a p p ro a c h  th o s e  o f Nodilittorina (Tectininus) antoni; (a fte r A b b o t t ,  

1954a; B a n d e l ,  1974; B o r k o w s k i ,  1971; B o r k o w s k i  & B o r k o w s k i ,  

1969; M a r c u s  & M a r c u s ,  1963; a n d  new )

lineolata
N od ilitto r ina



Vol. 25; No. i THE VELIGER Page 19

S h e ll a b o u t 1 5 m m  lo n g  (ave rage), b ro a d e r  c o n ic a l; d a rk  b ro w n  
m e d ia n  zo n e  o n  w h o rls  a lw ays b ro a d  a n d  s tro n g ly  d e v e lo p e d ;  
in te r io r  a lw ays w ith  tw o lig h t b a n d s  N . interrupta, p . 23

K ey to  R ad u la  Id en tifica tio n  (F igure  5)
( in c lu d in g  Nodilittorina helenae)

1. T e e th  o f  m o d e ra te  (“n o rm a l”) size, in n e r  m a rg in a l  w ith  4  cusps,
o u te r  m a rg in a l  w ith  7-9 c u s p s .............................................................. 2

C e n t r a l  to o th  m o re  o r  less re d u c e d ; c u sp  n u m b e r  o f re m a in in g  
te e th  re d u c e d ,  t. e., i n n e r  m a rg in a l  w ith  1-3 cusps , o u te r  m a r ­
g in a l  w ith  3-6 cu sp s; o n e  c u sp  o f b o th  la te ra l  a n d  in n e r  m a r ­
g in a l  to o th  g re a tly  e n la r g e d ................................................................ 9

2. B asa l p la tfo r m  o f c e n t ra l  to o th  w id e ..................................................... 3
B asa l p la tfo r m  o f c e n t ra l  to o th  n a r r o w ................................................ 6

3. M a rg in s  o f b a sa l p la tfo rm  co n v ex , th u s  la rg e s t  w id th  o f  b a sa l
p la tfo rm  re m o te  fro m  its  p o s te r io r  e n d ..............N. ziczac, p . 19

a n d  N. helenae, p . 37
M a r g in s  o f b a sa l p la tfo rm  s t r a ig h t ......................................................... 5

5. T r a n s i t io n  fro m  th e  p o s te r io r  p o r t io n  o f  th e  b a sa l p la tfo rm  to
its  a n te r io r  p o r t io n  in  th e  c e n t ra l  to o th  r o u n d e d .......................

N  angustior, p . 25
T r a n s i t io n  a n g u la te  N. lineolata, p .  21

6. L a rg e s t  w id th  o f th e  c e n tra l  to o th  n e a r  th e  p o s te r io r  e d g e  of
th e  b a sa l p la tfo rm ; le n g th /w id th  r a t io  o f  c e n t ra l  to o th  1.7-2.2

N. interrupta, p. 23
L a rg e s t w id th  o f c e n t ra l  to o th  re m o te  fro m  th e  p o s te r io r  e d g e  

o f  th e  b a sa l p la tfo rm ; o r  b asa l p la tfo rm  r e c ta n g u la r ...............7
7. O u te r  m a r g in a l  to o th  w ith  8 cu sp s; le n g th /w id th  r a t io  o f c e n tra l

to o th  n o t  e x c e e d in g  2 .5 ............................................................................ 8
O u te r  m a rg in a l  w ith  7 c u sp s; le n g th /w id th  r a t io  o f  c e n t ra l  to o th  

2 .5 -2 .8 ..................................................................................... N . riisei, p . 26
8. L e n g th /w id th  r a t io  o f c en tra l to o th  2 .1 -2 .3 .........................................

N . dilatata, p . 29
L e n g th /w id th  r a t io  o f  c en tra l to o th  2 .3 -2 .5 .........................................

N. verm eiji, p .  31
9. L a te ra l  to o th  w ith  4 c u s p s ......................................................................... 10

L a te ra l  to o th  w ith  1-3 c u s p s ..................................................................... 11
10. O u te r  m a rg in a l  to o th  w ith  6 cu sp s; le n g th /w id th  r a t io  o f  c e n tra l

to o th  5 -6 ..................................................................N. glaucocincta, p . 27
O u te r  m a rg in a l  to o th  w ith  7 cu sp s; le n g th /w id th  r a t io  o f  c e n tra l

to o th  5.6-6 .5 ; th i r d  cu sp  o f la te ra l  to o th  v e ry  l a r g e ...................
N . tuberculata, p . 33

11. L a te ra l  a n d  in n e r  m a rg in a l te e th  w ith  3 cu sp s  each , o u te r  m a r ­
g in a l  to o th  w ith  5-6 cusps; c e n t ra l  to o th  6-12 tim es  lo n g e r
th a n  w id e  N. m ordax, p . 28

L a te ra l  a n d  in n e r  m a rg in a l te e th  w ith  o n e  v e ry  la rg e , m ass iv e  
c u sp  e ac h , o u te r  m a rg in a l to o th  w ith  3 c u sp s ; c e n t ra l  to o th  
tin y , w ith  o n e  c u s p ........................................................N . antoni, p . 34

S ubgenus Nodilittorina (Nodilittorina) M artens, 1897

*  N odilittorina  M a r te n s , 1897: 204. T y p e  sp ec ie s : Littorina p y ra ­
m idalis  Q u o y  & G a im a rd , 1833 (S D /A b b o t t ,  1954a: 451).

*  Echinolittorina  H a b e , 1956a: 96, 98-. T y p e  sp ec ie s  b y  M  : Litorina  
tuberculata  M e n k e , 1828.

*  Granulilittorina  H a b e  & K o su g e , 1966: 313, 328. T y p e  sp ec ies  
b y  M : Granulilittorina p h ilip p ia n a  H a b e  & K o su g e , 1966 ( =  Litor­
ina m illegrana  P h i l ip p i ,  1848).

*  Austrolittorina  R osew ater, 1970: 467. T y p e  s p e c ie s  b y  O D : L it­
torina unifasciata G ray , 1827.

Nodilittorina (Nodilittorina) ziczac (G m elin , 1791) 

(F igures 5, 6, 14, 15,  18,  19,  45)

* Trochus ziczac C h em n itz , 1781: p i t .  166, figs. 1599a-b  (h e re  
re p ro d u c e d  F ig u re  45) (“S u g a r  Is la n d s ” in  th e  W est In d ie s ;  
re je c te d  w o rk , n o t b in o m in a l) .

*  Trochus ziczac G m e lin ,  1791: 3587, n o . 122 (T y p e  lo c a lity  des. 
B e q u a e r t , 1943): B a rb a d o s . T y p e s  p r o b a b ly  lo s t; lecto type 
(h e re in ) :  o r ig in a l  o f C h e m n itz ,  1781, p i t .  166, fig . 1599b).

*  Littorina zigzag “C h e m n itz ” O rb ig n y  in  R a m o n  d e  l a  S a g r a ,— 
1842: 210-, p it.  15, figs. 5, 8 (e m e n d a t io n  o f  ziczac G m e lin , 
1791) (h e re  F ig u re  18).

*  Littorina debilis P h i l ip p i ,  1 8 4 6 :  1 4 0  (n o  lo c a lity  g iv e n ; lectotype 
h e re in :  B M N H  1 9 6 8 .2 2 2 ,  h e r e  F ig u re  19). P h i l i p p i , 1 8 4 7 :  47, 

p it .  Litorina  6 , fig . 7. R e e v e , 1 8 5 7 :  n o . 7 0 ,  p it. 1 4 , fig . 7 0 .  

K ü s t e r , 1 8 5 6 :  2 2 - ,  p it. 3, f ig s . 9 - 1 1 .
*  Litorina  d ’Orbignyana  P h i l ip p i ,  1847: 162, p it .  Litorina  3, fig. 12 

( in c lu d e s  zigzag O rb ig n y , 1842; th e re fo re  O rb ig n y ’s o r ig in a l ,  
B M N H  1854.10.4.130, is h e re b y  d e s ig n a te d  lectotype, F ig u r e  18 
h e re in ;  ty p e  lo c a lity : M a r tin iq u e ) .

* Litorina ziczac, P h i l i p p i , 1 8 4 7 :  1 6 2 - , p i t .  Litorina  3 , f ig s .  1 3 -1 4 . 

K ü s t e r , 1 8 5 6 :  2 2 - ,  p i t .  3 ,  f i g s .  6 -8 . W e i n k a u f f , 1 8 8 2 :  3 2  ( p a r t ) .

* Littorina ziczac, R e e v e , 1857: n o . 57, p it .  11, fig. 57. A b b o t t  

1954b: 132, p it. 19, fig . E. P L e w i s , 1960: 415- (p a rt) , figs. 11G, 
H  (spaw n). A b b o t t , 1968: 82, ? fig. 81 (p e n is , sp aw n ), fig. 83.3 
(she ll). K a u f m a n n  & G ö t t i n g , 1970: 348-; fig. 34. B o r k o w s k i  & 
B o r k o w s k i ,  1969: 408-413; fig . 4c (sp aw n ), p it .  66, figs. 5-6 
(she ll). B o r k o w s k i  1971: 827-836, fig. 2  (sp aw n ). B a n d e l , 1974: 
93-113, figs. 8 (sh e ll); 15A -B , 17 (spaw n), 18-21, 45-46 ( r a d u la ) . 
F l o r e s , 1973a: 13-, p it .  2, figs. 1-5. B o r k o w s k i , 1975: 369-376; 
fig . 1C  ( r a d u la ) . B a n d e l , 1975: 15; p i t .  1, figs. 1-3 (e m b ry o n ic  
shell).

*  Littorina (M elaraphe) zic-zac “C h e m n itz ” M ö rc h , 1876: 137-, no. 
321 (e m e n d a tio n  o f  ziczac G m e lin ,  1791).

« Littorina (M elaraphe) ziczac, T r y o n , 1887: 251 (p a rt) , p i t .  45, fig.
5 ( c o p y  R e e v e , 1857).

* Littorina (M elarhaphe) ziczac, M a r t e n s , 1 9 0 0 :  577 , 5 8 3  ( p a r t ) .

B e q u a e r t , 1 9 4 3 :  1 4 - 1 8 ;  p i t .  5 , f ig s .  1 -4  ( p a r t ,  m o s t  s y n o n y m s  

a n d  r e m a i n i n g  f i g u r e s  t o  b e  e x c l u d e d ) .  A b b o t t ,  1 9 5 4 a :  4 5 0 :

? fig . 55j (p e n is ), fig . 55k (s p a w n )(p a rt: a ll s p ir a l ly  s c u lp tu re d  
C a r ib b e a n  sp ec ies  in c lu d e d  h e re ) .  A b b o t t , 1964: 65 (p a rt) .

*  Littorina zigzac, L e b o u r , 1945: 465; figs. 5a-d  (sp aw n , v e lig e r)
(e m e n d a tio n  o f ziczac G m e lin ,  1791).

* Littorina (Littorina) ziczac, R o s e w a t e r , 1970: 423. A b b o t t , 1974:
68; fig . 556.

Description: S he ll o va te -con ica l, 15-20m m  lo n g , w ith
sligh tly  convex, reg u la rly  increasing  w horls, th e  last b lu n t­
ly  a n g u la r at th e  p e rip h e ry ; no  um bilicus. Embryonic 
shell: one  p la n isp ira l w horl, w ith  fine ly  g ran u lö se  scu lp ­
tu r e  an d  g row th  lines; d iam e te r 0.15 m m ; a p e r tu re  sligh tly
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N o d ilitto r in a  ziczac

F ig u r e  6  ~

D is t r ib u t io n  o f N odilittorina  (N .) ziczac (G m e lin ,  1791)

h ig h e r  th a n  w ide. L arval shell n o t observed . Teleoconch: 
sc u lp tu re  com m ences w ith  5-6 v isible, incised  sp ira l lin es  
sep a ra ted  by  fla tten ed  ridges; a fter ap p rox im ate ly  2 w horls 
th e  n u m b e r  dou b les ; la te r  m ore  sp ira ls  m ay  in te rca la te , 
b r in g in g  th e  n u m b e r of sp ira ls  above th e  su tu re  u p  to  15- 
20. U m b ilica l s ide  w ith  sim ilar, b u t m o re  closely  spaced  
sp ira ls . B lu n t an g le  at th e  p e r ip h e ry  m ade  up  by th ick en ­
in g  of th e  sh e ll w all. Colour at firs t b row n , th e n  g rad u a lly  
b eco m in g  w h itish  w ith  th in  axial an d  ziczac m ark in g s a l­
ways a t ang les  to  th e  g row th  lines; in te r io r  of shell b row n  
ex cep t a lig h t b a n d  a ro u n d  th e  um b ilicu s an d  ano ther, 
less s h a rp ly  d e fin e d  o n e  n e a r  the  su tu re ; e x te r io r  p ig ­
m e n ta tio n  m ay  be  la rg e ly  red u ced , p ro d u c in g  a n ea rly  
w hite shell. A perture ovate, angu la te  adap ica lly ; colum el- 
la r  e d g e  m o d e ra te ly  b ro ad , sligh tly  concave, m ore  o r  less 
b row n , a d ap ic a lly  th ick en in g , sm oo th ing  th e  tran s itio n  to 
th e  p a r ie ta l w all by  a ca llus w ith  a  s tra ig h t in te r io r  edge. 
P a rie ta l w all w ith  th in  brow n shell layer. O u te r  lip  sim p le . 
E x te rn a l sh e ll su rface ad jacen t to  co lum ella  n o t re d is ­

solved. O p e rc u lu m  horny , brow n, p au c isp ira l, last w horl 
b ro ad e r th an  h a l f  of o p e rcu lu m  leng th .

R adula: basic Nodilittorina  ty p e  (F igu re  18, also 1 t e l ,

1974).

Spawn: L e b o u r , 1945; ? L e w is , 1960 (figs. 11G-H only, 
how ever s l ig h tly  d iffe ren t from  th e  figu res of o ther au ­
thors); B o r k o w s k i  & B o r k o w s k i , 1969; B o r k o w s k i , 1971; 
B a n d e e , 1974; s e e  F igure  5.

Penis: A b b o t t  (1954a) f ig u red  a p en is  o f  “Littorina ziczac” 
from  the  B aham as. As at th a t tim e a ll sp ira lly  scu lp tu red  
Nodilittorina spec ies w ere u n ite d  u n d e r  th e  nam e of ziczac, 
th is  m ig h t be a p en is  of N. angustior o r  N. mordax as w ell.

Types: G m e lin ’s Trochus ziczac was fo u n d e d  on  figu res a n d
d esc rip tio n  of C h em n itz  only. Dr. K n u d sen  (K dbenhavn) 
k in d ly  in fo rm e d  us th a t C hem nitz  h ad  th re e  collections at 
h is  d isposal: h is  ow n, S p en g le r’s an d  th a t of C oun t M oltke. 
T h e  two la s t-n am ed  a re  in  th e  U n iv ers ite ts  Z oologiske 
M useum  of K dbenhavn , b u t th e  location  of his own is n o t 
know n. C h em n itz  sta ted  h is  specim ens to  be  p resen t in  h is  
co llection , a fac t b e in g  consisten t w ith  Dr. K nudsen ’s s ta te ­
m en t th a t th e re  is n o  m a te ria l in  K dbenhavn . As th e  species 
is easily  recogn izab le  in  C hem nitz’ fig u res (here re f ig ­
u red ) , th e  d e s ig n a tio n  of fig. 1599b (F igu re  45) to re p re se n t 
th e  lectotype is c o n s id e red  to  be su ffic ien t to  s tab ilise  
no m en cla tu re .

P h il ip p i’s Littorina debilis p ro v ed  to  be a half-grow n spec­
im en  of Nodilittorina ziczac w ith  a red u c e d  co lo u r p a tte rn . 
T h e  h e reb y  d es ig n a ted  lectotype h ad  p a r ts  of the ra d u la  
p rese rv ed .

In  1847 P h ilip p i d is tin g u ish ed  a m o re  d is tinc tly  scu lp ­
tu re d  Littorina d ’Orbignyana an d  a “tru e ” L. ziczac w ith  re ­
du ced  scu lp tu re  an d  m o re  p ro n o u n ced  ax ial co lour lines. 
Such d ifferences a re  o ften  en co u n te red  in  p o p u la tio n s and  
a re  of in trasepc ific  rank ; th e  ra d u la  exh ib its  no  differences. 
P h il ip p i’s types m ay  be in  B e rlin  (East), b u t as h e  in c luded

E x p lan a tio n  of F igu res 30 to  36

N odilittorina  (N .) riisei (M ö rch , 1876)
F ig u r e  30: C u b a . Z M K . L e c to ty p e . S h e ll: 9 .6 X 7 .O m m , R a d u la :

X 680 FN  1394/43 
F ig u r e  31: C u b a . SM F. S h e ll :  7 .5 X 5 .6 m m , R a d u la :

X 370 FN  1615/1 
N odilitto rina  (N .) glaucocincta  (M ö rc h , 1876)

F ig u r e  32: L e sse r  A n til le s ,  St. J e a n . Z M K . H o lo ty p e  o f Littorina  
(M elaraphe)floccosa  v a r .glaucocincta M ö rch , 1876. S h e ll: 1 3 .1 X 8 .4 m m , 
R a d u la :  *) X 350 FN  1382/19

b) ( in n e r  a n d  o u te r  m a rg in a l te e th )  X 570 FN  1382/20

F ig u re  33: Ja m a ic a . M C Z  156162. P a ra ty p e  o f Littorina jamaicensis 
C .B . A d am s, 1850. S h e ll:  1 1 .5 X 7 .4 m m , R a d u la :

X 370 FN  1599/4 
D o u b tfu l  spec ies, p o ss ib ly  Nodilittorina glaucocincta  (M ö rch , 1876) 

F ig u re  34: Jam a ic a . M C Z  186133. L e c to ty p e  o f Littorina jamaicensis 
C. B, A d am s, 1850. 16.9X  10 .6 m m
F ig u re  35: A n tille s . Z M K , la b e l le d  “L ittorina  glaucocincta  B eck.” 
10.1 X 6 .8 m m  (c o m p a re  F ig u re  32)
F ig u re  36: M a r tin iq u e . B M N H  1854.10.4.139. L e c to ty p e  o f Littorina  
(M elaraphe) angustior va t. fasciata M ö rc h , 1 8 7 6 ;  o r ig in a l  o f  O r b i g n y , 

1842, p it.  14, fig. 25. S h e ll: 1 4 .3 X 8 .7 m m
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th e  “zigzag” of O rb igny , 1842, in  h is  L. dorbignyana, th is 
o rig in a l specim en  was th e  on ly  ava ilab le  o n e  a n d  is desig ­
n a ted  to  be  th e  lectotype of L. orbignyana P h il ip p i, 1847.

Relationships. Nodilittorina lineolata a n d  N. interrupta are  
closely  a llied , b u t d iffe r in  th e  s lig h tly  low er n u m b e r  of 
m o re  p ro n o u n ced  sp irals , a  m o re  p ro n o u n ced  an g u la tio n  
a t th e  p e r ip h e ry ; th e  egg capsule of b o th  N. interrupta and 
jV. lineolata has fo u r  sp ira l ridges in s tead  of 5. Nodilittorina 
lineolata also is sm aller, m ore  s len d e r; b o th  species have 
m ore  in ten s iv e  co lou r m ark ings a n d  th e  ten d en cy  tow ards 
a d a rk  brow n  m ed ian  zone on  th e  w horls. Nodilittorina 
ziczac a n d  N. interrupta  a re  sy m p a tric  in  th e  S o u th e rn  
C aribbean , w here  N. interrupta in h ab its  a  h ig h e r  su p ra tid a l 
zone th an  N. ziczac; N  lineolata is geo g rap h ica lly  sep a ra ted  
from  b o th  N. ziczac and  N. interrupta a n d  cou ld  be  reg a rd ed  
as a geo g rap h ica l race  of, p referab ly , N. interrupta.

Range. B erm u d a , F lo rida , all C arib b ean  is lands, C o lom ­
bia, V enezuela; occu rrence  o n  th e  coast of M id d le  A m erica  
m a in lan d  p ro b ab le , b u t n o  m a te ria l availab le .

M ate ria l e x am in ed . B e r m u d a  (L e b o u r , 1945, ( s p a w n ) ; B M N H  
(she lls)). F lo r id a :  M ia m i; B oca  R a to n ; K ey  B isca y n e  (n o  ra d u la ) .  
B ah am as : S. B im in i;  San  S a lv a d o r  (U S N M  749794 th r o u g h  749797). 
C u b a  (S M F ). H is p a n io la :  P o r t-a u -P r in c e , C ac iq u e  I s la n d  (U S N M  
749798). A n ti l le s :  M a r t in iq u e  (lectotype o f  L. dorb ignyana  P h i l ip p i ,  
1847, B M N H  1854.10.4.130); B arb ad o s  ( ty p e  lo ca lity , n o  m a te r ia l 
seen ) u n ty p ic a l  sp aw n  f ig u re s  by  L e w i s , 1960, fig . 1 1 G -H ; C u raçao , 

C o rn e l is b a a i  (U S N M  749799). C o lo m b ia :  S a n ta  M a r ta  (U S N M  
749800, 749801). V e n ezu e la : L a  G u a ira  (R M N H L ); C a r u p a n o  (S M F 
209798). N o  lo c a lity : S M F  196010 (coli. H e lm , 1817, w ith  p re s e r v e d  
ra d u la ) ;  lectotype L. debilis (B M N H  1968.222).

Nodilittorina (Nodilittorina) lineolata (O rbigny, 1840) 

(F igures 1A, 3A, 5, 7, 20-22)

•  Littorina lineolata O rb ig n y , 1840: 392- (P o r t  o f  R io  d e  J a n e iro ;  
lectotype B M N H  1854.12.4.363, F ig u r e  20  h e re in )  ( p a r t ,  sy n o ­
n y m s  ex c lu d ed ) .
Littorina lineata, O r b i g n y , 1842: 208; n o . 120 (p a r t ,  excl. figs. 
a n d  s y n o n y m s) . B o r k o w s k i , 1975: 369, 371 (p a r t ,  o n ly  s y n o n y m  
"brasilensis" — m is s p e ll in g  fo r brasiliensis V e rm e ij & P o r te r , 1971) 
(n o t Phasianella lineata L a m arck , 1822).

•  L ito rin a  pusilla  P h i l i p p i ,  1847: 164; p i t .  L itorina  3, fig . 23 
(“ B ra s il ia  o r  S a n d w ic h  Is la n d s ” ty p e  lo c a lity  r e s tr ic te d  to 
B ra s il ia  h e re in ;  ty p es  n o t a v a ilab le , m ig h t b e  in  B e r l in  (East)) 
(n o t Littorina pusilla  M ’Coy, 1844: 32, p i .  5 fig. 26). K ü s t e r , 

1856: 11; p i t .  1, figs. 20-22.
• Littorina (M elaraphe) lineolata, M ö r c h , 1876: 138, n o . 323.
• Littorina (M elaraphe) pusilla, M ö r c h , 1 8 7 6 :  1 4 0 , n o .  3 2 8 .  I r y o n , 

1 8 8 7 :  2 5 1 ;  p i t .  4 5 ,  f ig .  8  ( c o p y  K ü s t e r , 1 8 5 6 ) .

Littorina (M elaraphe) s p . n  ( o r  pusilla  v a r .? ) ,  M ö r c h , 1 8 7 6 :  1 4 0 -, 

n o .  3 2 9 .
• Littorina (M elaraphe) ziczac, B e q u a e r t , 1943: 15, 17 (p a r t ,  figs. 

excl.). M a t t h e w s , 1968: 184, fig. 1. R ios, 1970: 33 (n o t Trochus 
ziczac G m e lin ,  1791).

•  Littorina ziczac, M a r c u s  & M a r c u s , 1963: 7-33, figs. 1 (shell),
3 ( ra d u la ) ,  9 ( o s p h ra d iu m ) ,  15-16 (p e n is ) , 24-25 (fem a le  g e n i­
ta lia ) , 28-29 (sp aw n ), 30 (y o u n g  sh e ll) .

*  Littorina ziczac brasiliensis V e rm e ij & P o r te r ,  1971: 448 (new  n am e  
fo r  Litorina pusilla  P h i l i p p i ,  1847, n o t  M ’C oy, 1844). V e rm e ij, 
1973: 324.

Description: S hell o v a te  conical, ab o u t 10m m  long , w ith 
slig h tly  convex, r e g u la r ly  in c reas in g  w horls, th e  last angu ­
la r  a t the  p e r ip h e ry ; n o  um bilicus. A pex  v e ry  o ften  heav ily  
co rro d ed  by algae.

Teleoconch: S c u lp tu re  com m ences w ith  7 v isib le incised 
sp ira l lines sep a ra ted  b y  fla tten ed  rid g es ; th is  n u m b e r  m ay 
do u b le  later. U m b ilica l side w ith  sim ilar, b u t m o re  closely 
spaced sp irals . A ng le  a t  th e  p e r ip h e ry  of v a riab le  streng th , 
m ad e  u p  by th ic k e n in g  of th e  shell. C o lo u r  a t ap ex  brow n, 
th en  g rad u a lly  b eco m in g  w hitish  w ith  ax ia l and , in  large 
specim ens, ziczac m a rk in g s  alw ays a t ang les  to th e  grow th  
lines; a  consp icuous d a rk  brow n m e d ia n  band  is ra re ly  
seen  on  the  w horls; sh e ll  in te r io r  d a rk  b row n  w ith  a ligh t 
band  o n  th e  um b ilica l side an d  occasionally  (in  about 
ha lf of specim ens) a second , less d is tin c t lig h t band  n ear 
th e  su tu re . A p e rtu re  ovate , an g led  adap ica lly ; colum el- 
la r  m a rg in  b ro ad , v e ry  s l ig h tly  concave , d a rk  brow n, 
ad ap ica lly  th ick en in g , sm o o th in g  th e  tra n s it io n  to  the 
p a rie ta l w all by  a ca llu s  w ith  s tra ig h t in te r io r  edge. P a rie ­
ta l w all w ith  brow n  sh e ll layer. O u te r  lip  sim ple . E x terna l 
sh e ll su rface a d jac en t to  co lu m e lla  som etim es sligh tly  
red isso lved .

Operculum : h o rny , p a u c isp ira l, w id th  of its  last w horl
m ore  th an  h a lf  of th e  re m a in d e r  of th e  op e rcu lu m .

Radula: is of th e  basic  Nodilittorina  ty p e , w ith  th e  tran s i­
tio n  from  th e  p o s te r io r  p o rtio n  of th e  basal p la tfo rm  of the 
cen tra l to o th  to  its a n te r io r  p o r t io n  an g u la te .

Spawn: ( M a r c u s  & M a r c u s , 1963) a cupo la -shaped  capsule 
w ith one egg, one  side fla t, op p o site  s ide  convex w ith 4 
sp ira l ridges, sep a ra ted  from  fla t s ide  by a steep-sloped  
sm ooth  zone.

Relationships: Nodilittorina ziczac is la rg e r  th an  N  lineolata,
its sp ira l scu lp tu re  is w eaker a n d  com m ences w ith  5-6 
sp ira ls  w hich m ay  d o u b le  tw ice; alw ays tw o lig h t bands in  
th e  in te r io r ; egg  capsu le  w ith  5 ridges. N. interrupta is also 
larger, b u t alw ays has a  consp icuous d a rk  brow n m ed ian  
zone o n  w horls a n d  tw o lig h t in te r io r  bands, an d  shells 
of equa l size a re  g en e ra lly  b ro a d e r  in  N. interrupta. N. 
interrupta an d  N. lineolata a re  p ro b ab ly  m ost closely  re la ted , 
b u t they  a re  geo g rap h ica lly  w idely  sep a ra ted . T h e  shell of 
N. angustior m ay  be  v e ry  s im ila r to  N. lineolata, b u t th is 
is reg a rd ed  as h o m o eo m o rp h o u s  as b o th  species a re  suffi­
c ien tly  d is tin g u ish ed  by th e ir  spaw n an d  o p e rcu lu m  char­
acteristics to  be  reg a rd ed  as n o t closely  re la ted .
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* Nodilittorina interrupta

Nodilittorina lineolata

F ig u re  7

D is tr ib u t io n  o f  N odilittorina  (N.J lineolata  (O rb ig n y , 1840) a n d  N. (N.) 
in terrupta  (C. B . A d a m s  in  P h i l ip p i ,  1947)

N om enclature. In  re c e n t years, th e  n am e  lineolata O rb igny  
has b een  a p p lie d  to a m ix tu re  of species encom passing  
N odilittorina interrupta, N. glaucocincta, N . riisei and  N. 
mordax. H ow ever, fro m  O rb ig n y ’s o r ig in a l d iagnosis  it is 
o bv ious th a t he  c o n s id e re d  lineolata to  be a m e re  va rie ty  
of “Littorina lineata L am arck ” (=  N. angustior a cco rd ing  to 
h is 1842 figu res, b u t p ro b a b ly  N. interrupta of h is  in ten tio n ), 
d e m o n s tra tin g  th a t h e  d id  n o t confuse th e  nam es lineata 
an d  lineolata:

“C ette  espèce, que  n o u s co n sid é ro n s  com m e u n e  
v a rié té  de  la  Littorina lineata des A n tilles , est beaucoup  
p lu s  p e tite . Avec les m êm es cou leu rs, e lle  est q u e lq u e ­
fois m o ins anguleuse, m ais ne  n o u s p a ra î t pas en 
d iffé re r spécifiquem ent.”

T h e  1840 pub lica tion  of O rb ig n y  is co n sid e red  to  be the 
o rig in a l pub lica tion  of the nam e Littorina lineolata, although  
th e  a u th o r  c ited  an o th e r p u b lica tio n  of th e  nam e lineolata
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in  a p a p e r  en title d  “M ollusques des A ntilles.” N o w ork 
w ith  such  a ti tle  has been  p u b lish ed ; an d  as th e  num bers 
allocated  to  Littorina lineolata an d  to  L. columellaris in  th e  
synonym y c ita tions of 1840 a re  th e  sam e as pub lished  fo r 
I  lineata an d  L  columellaris in  1842, it  is assum ed that 
“M ollusques des A ntilles” is a  m anuscrip t title  subsequently 
d ro p p e d  w hen  th e  ac tua l m an u sc rip t was p u b lish ed  in  
R am on de  la  Sagra’s accoun t of th e  Is le  of C uba ( O r b ig n y , 

1842).
By its ty p e  locality  an d  by  its  p re se rv ed  ty p e  specim ens 

the id en tif ica tio n  of th is species is b eyond  doubt. O rb igny  
him self, in  a  la te r  s tu d y  (1842) co n tr ib u ted  fu r th e r to  the 
confusion  ab o u t Nodilittorina lineolata, in  th a t he  in c luded  
h is lineolata in  “Littorina lineata,” even  c itin g  it  as “lineata.” 
Since 1847, th e  n am  e pusilla P h il ip p i, 1847 cam e in to m o re r 
frequen t use; i t  was p ro p o sed  for in d iv id u a ls  w ith a heav ily  
co rro d ed  sp ire . A lth o u g h  i t  is p reo ccu p ied , th e  substitu ­
tion  nam e brasiliensis V erm eij & Porter, 1971 is unnecessary  
as th e  n am e  lineolata is w ithou t d o u b t availab le  fo r the 
Brazilian species. B e q u a e r t  (1943: 17) selected “B arbados,” 
one of th e  tw o so-called  “S ugar Is lands” c ited  in  C hem nitz’ 
references as ty p e  locality  fo r bo th  N. ziczac an d  N. lineolata; 
th is se lection  is re jec ted  fo r N. lineolata because it  is based 
on O rb ig n y ’s re fe ren ce  to  C h e m n i t z  (1781: p it. 166, figs. 
1600a-b (re fig u red  F ig u re  45 h e re in )) only, w hich is n o t 
conspecific w ith 'th e  m a te ria l O rb ig n y  ac tua lly  described; 
the selection  of a  lectotype (here in ) su p ersed es th is an d  any 
possible o th e r  re s tr ic tio n  of the  use of th e  nam e lineolata 
(Art. 74 a(ii) IR Z N ).

Distribution. S ou th  A m erica : B razil a n d  U ruguay.

M aterial studies. B raz il: D e s te r ro  (SMF, n o  ra d u la ) ,  P e rn a m b u c o  
(B M N H ), Sao V ic en te  n e a r  S a n to s  (U S N M  749802); Prov. R io  d e  
J a n e iro ,  P r a in h a  (IR S N B ); R io  d e  J a n e i r o  (L ec to ty p e , B M N H  1854. 
12.4.363; SM F), Sao  P a u lo  (SM F, n o  ra d u la ) .  U ru g u a y : C abo P o lo n ia , 

R o ch a  (SM F).

Nodilittorina (Nodilittorina) interrupta 

(C. B. A dam s in  P h il ip p i, 1847)

(F igures 5, 7,16, 17, 23-26)

• Phasianella lineata L a m a rc k , 1822: 54 (A n til le s ;  p a rt,  n o t th e  
le c to ty p e  w h ich  is Littoraria tesselata (P h i l ip p i ,  1847); 3 p a ra -  
ty p es  in  M H N G  1 096 /87 /2 -4 , F ig u re  23  h e re in )  (no t Buccinum  
lineatum  G m e lin ,  1791, w h ic h  is  Littoraria (Littorinopsis) scabra 

(L in n a eu s , 1758)).
Littorina m arnat P o tie z  & M ic h a u d , 1838: 279 (p a rt) ; p it. 28, 
figs. 9 -10  (St. T h o m a s ;  s y n o n y m y  e x c lu d e d  is N. punctata  
(G m e lin , 1791): lectotype h e re b y  d e s ig n a te d : o r ig in a l of Trochus 
marnat A d a n so n , 1757 (p it. 12, fig . 1) =  h o lo ty p e  o f Trochus 
punctatus  G m e lin ,  1791, r e f ig u r e d  b y  F i s c h e r - P i e t t e , 1942: p it. 
10, figs. 2a -b , f ro m  S en eg al).

Littorina  lineata, O r b i g n y , 1842: 208 (p a r t ,  ex c l. figs.)
* Litorina  lineata. P h i l i p p i , 1847: 163-; p i t .  Litorina  3, fig . 18. 

K ü s t e r ,  1856: 23-; p it.  3, f ig s . 12-13.
*  L itorina  ziczac var. in terrupta  C. B . A d a m s  in  P h i l i p p i , 1847: 

164 (su b  Litorina lineata) (n o  lo c a lity  g iv e n ; m a te r ia l  in  th e  
C . B . A d a m s  c o lle c tio n  fro m  Jam a ic a , M C Z  186124, h e re  
F ig u r e  24).

*  Littorina  jamaicensis C . B . A d a m s, 1850: 71 (le c to ty p e  d e s ig n , 
b y  C l e n c h  & T u r n e r , 1950: 296-, 380; p it.  38, fig. 19, h e re in  
r e f ig u r e d  F ig u re  34; n o m e n  dub ium  d u e  to  lack  o f  r a d u la ;  
p a ra ty p e s  a re  N. in terrupta  (F ig u re  24) a n d  N. glaucocincta  (F ig ­
u r e  33)).
Litorina  lineata var. interrupta, K ü s t e r , 1856: 24; p it .  3, figs.
14-15.

*  Littorina  (M elaraphe) floccosa  M ö r c h , 1876: 138, n o . 322 (L esser 
A n til le s ,  St. T h o m a s ; lec to type Z M K , F ig u re  25 h e re in ) .
Littorina  (M elaraphe) angustior  var, a fasciata M ö r c h , 1876: 139, 
n o . 324a (re fe rs  to  Littorina  lineata O rb ig n y , 1842: p it.  14, fig. 
25; M a r t in iq u e ;  holotype, B M N H  1854.10.4.139, h e re in  f i g u r e  
36. S p ec ies  id e n tif ic a tio n  d o u b tfu l  d u e  to  lack  o f  r a d u la ,  th u s  
n o m en  d u b iu m ; n o t Littorina fasciata G ray , 1839).

• Littorina  lineata var. interrupta, C l e n c h  & T u r n e r , 1950: 294, 
380; p i t .  38, fig. 18 ( in v a l id  p a ra ty p e  d e s ig n a tio n , fig . 18, M C Z  
186 123; in v a l id  le c to ty p e  d e s ig n a tio n , p. 294).
Littorina  lineolata, K a u f m a n n  & G ö t t i n g , 1970: 349; fig . 35 (n o t 
o f O rb ig n y , 1840).
Littorina  sp . B a n d e l , 1974: 93-113; figs. 9 (sh e ll), 16A, 17 (spaw n), 
18-21, 46-47 (rad u la ) . B a n d e l ,  1975: 14-, p it .  1, figs. 4-6 (em ­
b ry o n ic  shell).

Description. S hell e lo n g a te  ovate-conical, ab o u t 15 m m  
long ; w h o rls  s lig h tly  convex , slow ly a n d  re g u la r ly  in ­
c reasing , th e  last b lu n tly  a n g u la r at th e  p e r ip h e ry ; no  
um b ilicu s. Embryonic shell: one  w horl, p la n isp ira l, fine ly  
g ra n u la te d , w ith  grow th  lines; shell d ia m e te r  0 .13m m ; 
a p e r tu re  slig h tly  h ig h e r  th a n  w ide, its m a rg in  w ith  shallow  
sinuses a t th e i r  sides. L arval shell 2.5 w horls scu lp tu red  
w ith  a p p ro x . 7 sp ira lly  a rra n g e d  row s of g ran u le s  m ostly  
fu s in g  to  ziczac ridges; grow th  lines p re sen t an d  a te rm in a l 
v a rix  w ith  a  d eep  adapical sinus (F igures 16, 17).

T e le o c o n c h :  E arlie s t sc u lp tu re  n o t p re se rv ed ; o n  la te r
w horls scu lp tu re  consists of 10 incised  sp ira l lin es  above 
th e  su tu re , separa ted  by  fla ttened  ridges; th ree  m o re  sp irals 
below  su tu re ; on ly  o n  last w horl sp ira ls  m ay  d o u b le  and  
sim u ltan eo u sly  becom e obsolete; um bilica l side w ith  s im i­
lar, b u t m o re  closely spaced sp irals . B lu n t an g le  at the 
p e r ip h e ry  m ad e  u p  by  th ick en in g  of the  shell. C o lo u r of 
apex  b row n ; a  b ro ad  brow n m ed ian  zone o n  th e  v isib le 
p a rts  of th e  w horls and  an o th e r narrow  brow n  zone abapical 
to  th e  p e r ip h e ra l  ang le  p ers is t th ro u g h o u t g row th ; w id th  
an d  in te n s ity  of these zones vary , they  m ay be less in tense  
th a n  ax ia l and  ziczac m ark ings be in g  a t an g le  w ith  the 
g row th  lines. In te r io r  b row n b u t fo r n arrow  lig h t bands 
n e a r  th e  su tu re , o n  th e  um bilica l side and  at th e  p e r ip h e ra l 
ang le , th e  la tte r  b e in g  the least d is tinc t an d  m ost n arrow
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one. A p e rtu re  ovate, an g led  adap ica lly ; co lum ella r edge 
b ro ad , v e ry  s lig h tly  concave, m o re  o r  less brow n, ad ap ica l­
ly  th ick en in g , sm o o th in g  th e  tra n s itio n  to  th e  p a rie ta l w all 
by  a ca llus w ith  s tra ig h t in te r io r  edge. P arie ta l w all w ith  
l ig h t b row n ish  sh e ll layer. O u te r  lip  sim ple . E x te rna l shell 
su rfa c e  a d jac en t to  c o lu m e lla  so m etim es v e ry  s lig h tly  
red isso lv ed . O p e rc u lu m  ho rn y , p au c isp ira l, las t w horl 
b ro a d e r  th an  ha lf of o p e rcu lu m  len g th .

R adula: Basic Nodilittorina ty p e ; c e n tra l too th  sligh tly
n a rro w ed , the sides of th e  basal p la tfo rm  are ro u n d ed .

Spawn ( B a n d e l , 1 9 7 4 ) :  C u p o la-sh ap ed  egg capsule w ith
fo u r  ridges on  to p  of th e  convex  side  an d  sm ooth , sligh tly  
concave s teep-sloped  flank.

Relationships: Nodilittorina ziczac d iffers in  size, scu lp tu re ,
a n d  co lo u r p a tte rn , an d  the  cen tra l too th  of th e  ra d u la  
h as a b ro a d e r  basal p la tfo rm  w ith  s tro n g ly  convex la tera l 
edges. N. lineolata h as  som etim es a  s im ila r co lour p a tte rn , 
b u t is also d iffe ren t in  size, scu lp tu re , de ta ils  of the  cen tra l 
to o th  an d  also in  th e  o p e rcu lu m . Nodilittorina glaucocincta, 
also liv in g  in Jam aica , an d  its allies N. riisei and  N. mordax 
u su a lly  have b ro a d e r  shells w ith  a la rg e r  apertu re , s tronger 
sp ira l scu lp tu re  an d  w ith o u t th e  adap ica l ligh t-co loured  
in te r io r  band . H o w ev er th e re  m ay  be  shell varie ties w hich  
a re  m o re  slender, less in ten se ly  scu lp tu red  and  show ing  a 
w eak  adapical in te r io r  ban d ; these  shells canno t be d is­
tin g u ish e d  from  som e in d iv id u a ls  o f N. interrupta w ith  an 
eq u a lly  s trong ly  scu lp tu red  sh e ll (e.g., F igu re  26) w ithou t 
s tu d y in g  the ra d u la  a n d  th e  spaw n. T h e  rad u la  of N. inter­
rupta is s im ila r o n ly  to  th e  one  of N. riisei, bu t th e  egg 
capsu les are v e ry  d iffe ren t.

N om encla ture: Phasianella lineata L am arck : T h e  ty p e
sa m p le  is com posed  of th is species an d  Littoraria tesselata 
(P h ilip p i, 1 8 4 7 ) ;  B e q u a e r t  ( 1 9 4 3 :  1 3 )  selected th e  on ly

in d iv id u a l b e lo n g in g  to  the  la tte r  species to  be  th e  lec to ­
type. F o r  fu l le r  d iscussion  see ap pend ix .

Littorina marnat Potiez & M ichaud : T h e  fig u red  specim en, 
said  to  be  fro m  St. T h o m as, can  be d e te rm in e d  as N. inter­
rupta because a d d it io n a l m ateria l from  th is locality, con ­
s titu tin g  th e  lec to ty p e  an d  p a ra ty p es  of floccosa M örch, 
1 8 7 6 ,  p ro v e d  th e  specific id en tity  w ith  N. interrupta. T h e  

! species nam e o f  Potiez & M ichaud , be in g  th a t of A danson , 
1 7 5 7 ,  fo r  th e  W est A frican  fo rm  know n as N. punctata  
(G m elin , 1 7 9 1 ) ,  is tak en  as an  in d ica tio n  of the  au th o rs ’ 
in te n t as to  w h ich  p o p u la tio n s they  considered  to be typ ical 
of th e i r  n o m in a l species, and  th e  lecto type is designated  
accord ing ly .

Littorina interrupta: P h i l i p p i  ( 1 8 4 7 )  m en tio n ed  an d  d e ­
fin ed  th e  specific  n am e  “interrupta C. B. A dam s” the first 
tim e; how ever, he  co n sid e red  th is a co lou r varie ty  o f his 

; “Litorina lineata” n o t w orthy  of a nam e even on the va rie ty  
level; i.e., th e  n am e  interrupta is p u b lish ed  as a synonym  

; h ere . S u b seq u en tly  th e  nam e has b een  accepted  fo r a taxon  
o n ly  once  ( K ü s t e r , 1 8 5 6 ) ,  b u t th is sh o u ld  satisfy the  re ­
q u irem en ts  of av a ilab ility  of nam es p u b lish ed  p rim a rily  
in  synonym y  (A rt. 1 1  (d), IR Z N ). In  case th is in te rp re ta ­
tio n  sh o u ld  be re jec ted , th e  species d ea lt w ith  h ere  w ould  
re ta in  th e  specific n am e  “interrupta, ” bu t th e  a u th o rsh ip  
h ad  to  be  c red ited  to  K ü s t e r , 1 8 5 6 .  As P h ilip p i h im self 
d id  n o t in te n d  to  p u b lish  th is nam e valid ly , he  should  n o t 
be c ited  as th e  au tho r, b u t C. B. A dam s instead .

T h e  ty p e  of th e  n o m in a l species “interrupta” has to  be 
se lected  from  th e  p u b lish ed  specim ens; i.e., from  those 
P h il ip p i h ad  a t h a n d ; th u s  th e  se lec tion  o f para types from  
th e  C. B. A dam s c o lle c tio n  (M useum  of C o m p ara tiv e  
Zoology, C am bridge , M ass.) and  of the  figs. 1 4 - 1 5  of p it. 3  

of K ü s t e r  ( 1 8 5 6 )  as lec to type  is in v a lid . A lso the c ita tion  
of th e  n am e  as of “P h ilip p i, 1 8 5 6 ”  is incorrect. N ev e rth e ­
less, th e  specim ens o f th e  C. B. A dam s collection, exh ib it-

E xp lana tion  of F ig u res  37 to 41

N odilittorina (N.) m ordax  B an d e l & K a d o lsk y , sp ec . nov. 
F ig u r e  37: B ah a m as , N assau , P a ra d is e  I s la n d ,  H o lo ty p e . U S N M  
749813. S h e ll: 11 .8 X 8 .9 m m , R a d u la :  X 410 F N  931/1
F ig u r e  38: C u raçao , C o rn e lis b a a i. P a ra ty p e . U S N M  749816. S h e ll: 
1 0 .9 X 7 .6 m m , R a d u la  ( f ig u re d  b y  B a n d e l ,  1974 (figs. 50-51, as 
jamaicensis)) X 290 F N  1903/19
F ig u r e  39: S. B im in i, S u n s h in e  In n .  P a ra ty p e .  U S N M  749815.
S h e ll:  7 .6 X 5 .6 m m , R a d u la :  a) X 710 F N  1427/13

b) X 710 F N  1427/15
Littoraria tesselata ( P h i l ip p i ,  1847)

F ig u r e  40: A n tille s . M H N G  1096/87/1 . L e c to ty p e  o f Phasianella lin­
eata L am arck , 1822, a n d  o f Littorina tesselata P h il ip p i,  1847. S h e ll: 
16.6 X 11 .0m m . P a ra ty p e  f ig u re  see  F ig u r e  23 
F ig u r e  41: H a i t i ,  P o r t-a u -P r in c e , C ac iq u e  Is l., Ibo  B each . U SN M  
749825. S h e ll:  14.9 X  1 0 .5 m m , R a d u la :  X 440
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ing  the  co lo u r v a rie ty  described  by P h i l i p p i  ( 1847) (see F ig­
u re  24), w ere v e ry  useful to  id en tify  th e  nam e “interrupta.” 

Littorina jamaicensis C. B. A dam s, 1850, has to  be consid ­
e red  as a d o u b tfu l nam e, as th e  lecto type, designated  by 
C l e n c h  & T u r n e r , 1950, no  lo n g e r con ta ined  the radu la . 
P ara types p ro v e d  to  be N. interrupta an d  N. glaucocincta, 
w hich  can secu re ly  o n ly  be sep a ra ted  by th e ir  ra d u la  (and 
p robab ly  spaw n) p ro p e rtie s . T h e  lecto type is a s len d er 
shell w ith  a sm all a p e rtu re  an d  s tro n g  sp ira l scu lp tu re ; 
th e  two firs t-n am ed  characters are m o re  typical for N. 
interrupta, w h ile  th e  la tte r  occurs m ore  frequen tly  in  N. 
glaucocincta.

Distribution: S o u th e rn  C arib b ean  Sea, from  Jam aica and 
H isp an io la  to  C olum bia.

M aterial exam ined. J a m a ic a  (p a ra ty p e s  o f L. jamaicensis C. B. A dam s, 
1850, M C Z  186123 ,186124; o th e r  m a te r ia l, SM F); H is p a n io la , H a iti ,  
St. M are  (S M F). L e sse r  A n til le s :  St. T h o m a s  (le c to ty p e  a n d  50 p a ra ­
ty p es  o f L. floccosa  M ö r c h , 1876, Z M K ); St. V in c e n t (B M N H ); St. 
C ro ix  (1 p a ra ty p e  o f  floccosa, Z M K ). C o sta  R ica : L im ó n  (SM F). 
C o lu m b ia :  S a n ta  M a r ta  (U S N M  749803). L o c a lity  u n k n o w n : 3 
p a ra ty p e s  o f Phasianella lineata L a m arc k , 1822, M H N G  1096/87/2-4. 
D oubtfu l m a te ria l (n o  r a d u la ) :  M a r t in iq u e  (le c to ty p e  o f Littorina
angustior fasciata M ö r c h ,  1876, (B M N H  1854.10.4.139).

Nodilittorina (Nodilittorina) angustior 

(M örch, 1876)

(F igures 5, 8, 27-29)

« Littorina lineata, O r b ig n y , 1842:208; p it. 14, figs. 24 ,26 , 27 (no t fig. 
25, n o t Phasianella lineata L am arck , 1822). B o r k o w s k i & B o r k o w s k i, 

1969: 409-414; fig . 4B (sp aw n ), p it.  66, figs. 1-2 (she ll). B o r ­

k o w s k i , 1971: 827-836; fig. 2  (spaw n). F l o r e s , 1973: 14-; p it. 2, 
figs. 6-10. B o r k o w s k i , 1975: 369-376; fig . 1A (rad u la ).

•  Littorina carinata O rb ig n y , 1 8 4 2 :  2 0 9 ;  p i t .  1 5 , figs. 1 -4  (C uba; 
lectotype (B M N H  1 8 5 4 .1 0 .4 .1 2 8 ,  h e re  F ig u re  28) (no t D elphinula  
carinata W o o d w a rd , 1 8 3 3  n o r  Turbo carinatus W o o d w ard , 1 8 3 3 , 

w h ich  a re  b o th  fo rm s  o f  Littorina littorea (L in n a eu s , 1 7 5 8 )) .  

R e e v e , 1 8 5 7 :  n o . 5 0 , p i t .  8 , fig . 5 0 .

• Litorina carinata, P h i l i p p i , 1 8 4 7 :  1 6 3 ;  p it. Litorina  3, f ig .  19. 

K ü s t e r , 1 8 5 6 :  1 9 ;  p it. 2 , f ig s .  2 8 -2 9 .

•  Littorina (M elaraphe) angustior  M ö r c h ,  1876: 139, no . 32 ( ty p e  
lo c a lity  (h e re b y  d e s ig n a te d ) :  H a v a n a ,  C u b a ; lectotype (h e re b y  
d e s ig n a te d ) :  M ö r c h  c o lle c tio n , Z M K , h e re in  F ig u re  27).

• Littorina (M elaraphe) carinata, M ö r c h , 1 8 7 6 :  1 3 9 , n o . 3 2 5 .

• Litorina  ziczac, W e i n k a u f f , 1882: 32 ( p a r t ,  n o t fig s .; n o t o f 
G m e l i n , 1791).

• Litorina angustior, W e i n k a u f f , 1882:67-, p it.  8, fig. 15 (p a ra ty p e ) .
• Littorina (M elarhaphe) lineata, M a r t e n s , 1900: 577, 583 (n o t o f 

L am arc k , 1822).
• Littorina (M elarhaphe) ziczac, B e q u a f . r t , 1943: 15; p it. 5, fig. 5 

(p a rt,  n o t  o f G m e l i n , 1791). W a r m k e  & A b b o t t , 1962: 52- (p a rt) , 
p it. 9, fig . L.
Littorina lineolata, A b b o t t , 1964: 65 (p a r t ,  n o t o f O rb ig n y , 1840). 
A b b o t t , 1968: 82; fig. 83 .1 ./ F l o r e s , 1973: 15-, p it. 2, figs. 11-15.

Nodilittorina angustior

207.

10*

F ig u re  8

D is tr ib u tio n  o f N odilittorina  (N.) angustior (M ö rc h , 1876)

• Littorina (Austrolittorina) lineata, R o s e w a t e r , 1970: 423.
• Littorina jamaicensis, B a n d e l , 1974: 95, 99, 103; figs. 10 (she ll),

17 (sp aw n ) (n o t th e  r a d u la  w h ich  is fro m  N odilittorina  m ordax  
spec.nou; n o t jam aicensis  C. B .  A d a m s , 1850).

• Littorina (Austrolittorina) angustior, A b b o t t , 1974: 68-; fig . 560.

D escription: S h e ll .conical, ab o u t 10-15m m  lo n g , w ith  
n e a rly  s tra ig h t b u t s te p p e d  con tours of th e  w horls, th e  last 
a n g u la r  to  b lu n tly  k ee le d  a t th e  p e r ip h e ry ; n o  um bilicus.

Protoconch: A b o u t 3 w horls, brow n, w orn .

Teleoconch: S cu lp tu re  consists of 6-7 inc ised  sp ira l lines 
sep a ra ted  by fla tten ed  rid g es; n o  o r  o n ly  sp o ra d ic  in te r­
ca la tions o f secondary  sp ira ls . U m bilical side w ith  sim ila r 
b u t w eaker sp irals . A ng le  o r  keel a t p e r ip h e ry  m a d e  u p  by 
sh e ll m ate ria l.

Colour: O n  ea rly  w horls a  ligh t zone at th e  ad ap ica l su tu re  
a n d  a b row n  zone abap ica lly  of it; th is  b row n zone m ostly  
d is a p p e a rs  d u r in g  g row th  b u t m ay  so m etim es pers ist; 
ob lique , closely  spaced  brow n ax ial m a rk in g s  co v er all 
w horls . In te r io r  b row n  except two n a rro w  b an d s  n e a r  the 
su tu re  an d  o n  th e  um bilica l side ; a  th ird  b a n d  a t the 
p e r ip h e ra l  an g le  is b lu rre d , n a rro w er an d  o ften  obsolete.

A perture: Sm all, ovate, ang led  adap ica lly . C o lu m e lla r
ed g e  b ro ad , s lig h tly  concave, brow n, p ass in g  w ith o u t an 
an g le  to  th e  p a rie ta l w all w hich  is covered  b y  a  brow n 
sh e ll layer. O u te r  lip  sim ple . Som etim es fa in t ind ica tions 
of red isso lv in g  of the ex te rn a l shell su rface ad jacen t to 
th e  co lu m e lla r  m arg in .

Operculum : H o rn y , pau c isp ira l, its last w horl n a rro w er
th an  its sp ira l p a rt.

R adula: O f basic Nodilittorina type; in  th e  ce n tra l tooth
th e  la te ra l edges a re  ro u n d e d  at th e  tran s itio n  from  the 
p o s te r io r  to  th e  an te r io r p o rtio n  of th e  basal p la tfo rm .
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Spawn ( B o r k o w s k i  & B o r k o w s k i , 1969; B o r k o w s k i , 1971): 
C apsu le  cupola-shaped , w ith  sp ira l ridges o v e r th e  w hole 
convex  side dow n to  th e  edge of th e  flat side.

Relationships: By its s le n d e r  conical fo rm , th e  re la tive ly
sm all a p e rtu re , th e  shape of th e  egg capsu le  and  th e  n a r­
row ly  coiled  opercu lum , th is species ap p ea rs  to  be isolated 
am ongst the W estern A tlan tic  sp ira lly  scu lp tu red  species 
of Nodilittorina.

Nomenclature: M any au th o rs  c red ited  th e  specific nam e
“lineata" to O rbigny, 1842. H ow ever, O rb ig n y  re fe rred  to 
Phasianella lineata Lam arck, 1822 w hich is no t conspecific: 
th e  lecto type is Littoraria tesselata (P h ilip p i, 1847) w hile 
th e  th re e  para types belong  to  Nodilittorina interrupta (C. B. 
A dam s in  P h i l i p p i , 1847). Possib ly  O r b ig n y  (1842) con­
sid e red  his Littorina lineata to  be N. interrupta b u t h is figures 
show  N. angustior and  N. cf. interrupta, an d  his refe rence  to 
R io  de  Ja n e iro  specim ens in c lu d es N. lineolata.

T h e  nam e “carinata O rb ig n y , 1842” was re jec ted  by 
B e q u a e r t  ( 1943), B o r k o w s k i & B o r k o w s k i  ( 1969) and  o thers 
as a  p resu m ed  hom onym  of Turbo carinatus J. Sowerby, 
1819. As th is species does n o t b e lo n g  to  th e  L itto rin id ae , 
it  is n e ith e r  a p r im a ry  n o r  a seco n d ary  h o m o n y m  of 
Littorina carinata O rbigny. H ow ever, tw o a b e rra n t fossil 
v arie tie s  of Littorina littorea (L innaeus), described  by W o o d ­
w a r d  ( 1833) as Delphinula carinata and  Turbo carinatus, m ake 
L. carinata, O rbigny, 1842 rea lly  afte r a ll a secondary  ju n io r  
hom onym .

T h e  d is tinc tion  of “lineata O rb.” ( =  angustior M örch  5 . str. ) 
an d  carinata O rb. is based  on  th e  existence of an  angu la te  
o r  keeled  p eriphery , respectively . T h is  character, how ever, 
is v ariab le  w ith in  the  species. “L. lineata” was som etim es 
id en tif ied  w ith  N. interrupta, e.g., by P h i l i p p i , 1 8 4 7  and 
K ü s t e r ,  1 8 5 6 .

Range: T h e  w hole C aribbean  Sea, as fa r sou th  as V ene­
zuela, as far no rth  as F lo rida .

M ate ria l exam ined : F lo r id a :  K ey  B isc a y n e  (n o  r a d u la ) ;  M iam i 
(U S N M  749804); Boca R a to n  (749805); B ah am as: S. B im in i (749806); 
S an  S a lv a d o r (749807). C u b a : L e c to ty p e  a n d  p a ra ty p e s  o f Littorina  
carinata O rb ig n y , 1842, (B M N H  1854.10.4.128); H a v a n a  (le c to ty p e  
a n d  1 p a ra ty p e  o f L. angustior  M ö rc h , 1876, Z M K ); d to . (SM F). 
J a m a ic a  (SM F). H is p a n io la  H a i t i ,  St. M are  (SM F). A n tille s : St. 
T h o m a s  (Z M K : 6 p a ra ty p e s  o f L. angustior M ö rc h , n o  ra d u la ) ;  St. 
T h o m a s , n e a r  B uck  I s la n d  (Z M K : 6 p a ra ty p e s  o f L. angustior M ö rc h ); 
St. M a r tin  (Z M K : 5 p a ra ty p e s  o f  L. angustior  M ö rc h , n o  ra d u la ) ;  
G u a d e lo u p e ,  E. t ip  o f G ra n d e  T e r r e ,  P o in te  d e s  C h â te a u x  (749 808); 
C u ra ça o , C o rn e lisb aa i (749809). C o lo m b ia : S a n ta  M arta  ((749810).

Nodilittorina (Nodilittorina) riisei 

(M örch , 1876)

(F igu res  5, 9, 30, 31)

*  Littorina (M elaraphe) R iise i  M ö rc h , 1876: 140, n o . 327 (C uba; 
lecto type (h e re b y ) : Z M K , F ig . 30 h e re in ) .

• Littorina  lineolata, B o r k o w s k i  & B o r k o w s k i , 1969: 408-414; fig. 
4A  (sp aw n ), p it .  66, figs. 3-4 (sh e ll). B o r k o w s k i , 1971: 826-840; 
figs. 1A, B (n u rse  ce lls) , 2  (spaw n). B a n d e l , 1974: fig. 17 (spaw n) 
(p a rt) . B o r k o w s k i , 1975: 369-376; fig. IB  (r a d u la ) .  (N o t lineolata 
O rb ig n y , 1840).

Description: Shell ovate-conical to  conical-ovate, u p  to
17 m m  long , w ith  s lig h tly  convex, re g u la r ly  increasing  
w horls, th e  las t b lu n tly  k ee led  at th e  p e rip h e ry .

Protoconch: P robab ly  p auc isp ira l, brow n (only w orn  parts
p reserv ed ).

Teleoconch: S cu lp tu re  consists of 6 n a rro w  sp ira l furrow s
sep a ra ted  by  fla tten ed  e lev a ted  rid g es; in  la rg e  specim ens 
th is  n u m b e r  m ay  rise  to  9 by in te rca la tio n  of a few m ore 
fu rrow s of eq u a l size; fu r th e r, sm all sp ira l ridges of second 
ra n k  m ay  show  u p  in  these  furrow s. P e rip h e ra l keel m ade 
u p  b y  th ick en in g  of th e  she ll; um bilica l s ide  w ith n u m e r­
ous closely  spaced  inc ised  sp ira l lines.

Colour: A t firs t b row n, th e n  d ev e lo p m en t of a lig h t zone 
a t th e  ad ap ica l su tu re ; b row n  m id d le  zone p ersists  on  all 
w horls in  v a riab le  w id th  an d  in ten s ity ; an o th e r  narrow  
brow n  zone abap ica lly  of th e  p e rip h e ra l keel. In te r io r  
d a rk  b row n  except a  n a rro w  b an d  o n  th e  um bilica l side; 
n e a r  th e  su tu re  a less in ten se ly  p ig m en ted  zone.

Aperture: O vate, ang led  adap ica lly ; co lum ella r m arg in
b ro ad , s lig h tly  concave, b row n, passing  w ith o u t fo rm ing  
an  ang le  in to  th e  p a rie ta l m arg in  by  a  callus w ith  stra ig h t 
in te r io r  m a rg in ; p a rie ta l w all w ith  th in  b row n  shell layer; 
o u te r  lip  sim ple . A sm all p a r t  of th e  ex te rn a l shell surface 
ad jacen t to th e  co lu m ella r m a rg in  is reg u la r ly  red isso lved .

Operculum: H orny , brow n, paucisp ira l, w idth  of last w horl
la rg e r th an  w id th  of th e  sp ira l p a rt.

R adula: C lose to  th e  basic Nodilittorina ty p e , b u t cen tral
too th  fa irly  narrow , an d  o u te r  m a rg in a l w ith  7 cusps only  
(in stead  of 8 as in  m an y  species).

Spawn: ( B o r k o w s k i  & B o r k o w s k i , 1969; B o r k o w s k i , 1971): 
a h ig h  cupo la -shaped  capsule w ith  sp ira l r id g es  on  the 
convex  side, and  o b liq u e  s triae  on  th e  steep  and  sligh tly  
concave sides.

J
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Relationships: Nodilittorina glaucocincta an d  N. mordax have 
v ir tu a lly  id en tic a l shells an d  a re  on ly  to  be d is tin g u ish ed  
by th e ir  ra d u la  characters: in  N. mordax th e  cen tra l too th  
is m u ch  n a rro w e r th an  in  N  glaucocincta, and  th e  o th e r  
teeth  re d u c e  th e ir  cusp n um bers , w hile one  cusp  in  th e  
la tera l a n d  in  th e  in n e r  m arg in a l too th  increases in  size. 
Nodilittorina interrupta, N . angustior an d  N  lineolata m ay  
have s im ila r  co lo u r p a tte rn s , b u t d iffer in  o th e r  shell ch a r­
acters, in c lu d in g  th e  p resen ce  of a second lig h t-co lou red  
band  in  th e  in te rio r, as w ell as by th e ir  p rim itiv e  ra d u la  
and d if fe re n t egg  capsules.

Range: F lo r id a  and  C uba.

M aterial exam ined : F lo r id a :  M ia m i (U S N M  749811); B oca R a to n
(U S N M  749812); K ey  B iscay n e  (B /K ). C u b a  (le c to ty p e  a n d  1 p a r a ­
ty p e , Z M K ; o th e r  m a te r ia l, SM F).

■30;

Nodilittorina
riisei .Nodilittorina m ordax

Nodilittorina 
. glaucocincta

20/.

10*

F ig u r e  9

D is tr ib u tio n  o f  N odilittorina  (N .) riisei (M ö rc h , 1876), glaucocincta  
(M örch , 1876) a n d  m ordax  sp ec . nov. F ro m  B a rb ad o s  (lo ca lity  m a rk e d
(1 ))  sp aw n  s im i la r  to  th a t  o f  N . riisei was d e sc r ib e d  ( L e w is , 1960)

Nodilittorina (Nodilittorina) glaucocincta 

(M örch, 1876)

(F igures 5, 9, 32, 33)

*  Littorina jam aicensis  C. B . A d am s, 1850: 71 (Ja m aica ; le c to ty p e  
S .D ., b y  C l e n c h  & T u r n e r , 1950; 296-, 380; p it. 38, fig. 19; 
M C Z  186 133; o f  d o u b tfu l  spec ies id e n t i ty  d u e  to  lack  o f ra d u la ,  
r e f ig u r e d  h e re in  F ig u r e  34; p a ra ty p e s  w ith  r a d u la  p a r tly  con - 
sp ec ific  w ith  L. glaucocincta  (F ig u re  33), a n d  p a r t ly  w ith  L. 
interrupta  (F ig u re  24). N o m e n  dubium ).

*  Littorina (M elaraphe) floccosa  var. a  (Littorina glaucocincta B eck), 
M ö rc h ,  1876; 138, n o . 322a (St. J e a n ;  holotype Z M K , F ig u re  
32 h e re in ) .

D escription: T h e  shell is e s s e n tia lly  th e  sam e as th a t 
described  fo r Nodilittorina riisei an d  th a t of N. mordax. T h e  
ra d u la  is ch aracterised  by  a  v e ry  n a rro w  cen tra l too th , a 
la te ra l too th  w ith  the second c u sp  (coun ted  fro m  th e  cen tre  
of th e  radu la ) en larged , th e  in n e r  m arg in a l to o th  w ith  th ree  
cusps th e  cen tra l of w hich is e n la rg e d , an d  th e  o u te r  m a r­
g in a l w ith  6 cusps only.

Relationships: Nodilittorina glaucocincta can be d is tingu ished  
from  N. riisei and  N. mordax b y  its ra d u la  ch arac te rs  only. 
A  fu ll d iscussion  is g iv en  u n d e r  N. mordax. T h e  shell of 
N. interrupta u su a lly  is m o re  slen d e r, th e  sp ira l scu lp tu re  
w eaker and  th e  adapical lig h t-co lou red  zone in  th e  ap e rtu re  
is m ore  p ro n o u n ced , b u t som e in d iv id u a ls  m ay  be in d is ­
tin g u ish ab le  by  shell ch a rac te rs  a lone.

Remarks: M any  lite ra tu re  re fe ren ces  c an n o t be  allocated  
w ith  ce rta in ty  to  the sy n o n y m y  lists o f e i th e r  Nodilittorina 
riisei, N. glaucocincta, N. mordax o r  N. interrupta, d u e  to  lack 
of d a ta  o n  th e  ra d u la  and  spaw n  characters. A m ongst them  
is th e  lec to type  of Littorina jamaicensis C. B. A dam s, 1850, 
w h ile  p a ra ty p es  p ro v ed  to  b e lo n g  to  N. interrupta an d  to 
N. glaucocincta. A n o th e r one  is th e  n o m in a l tax o n  “Littorina 
angustior fasciata M örch, 1876,” w hich is ten ta tiv e ly  in c luded  
in  N. interrupta, as the shell resem b les th is  species sligh tly  
m ore  th an  N. glaucocincta. L e w is  depicts an  egg capsule from  
B arbados (1960: figs. 11E-F, as “Littorina ziczac”) v e ry  s im ila r 
to  those  o f N. riisei. If th e  assum ed  close re la tio n sh ip  be­
tw een N. riisei, N. glaucocincta a n d  N. m ordax  is co rrec tly  
assum ed, it  m ig h t be th e  egg  capsu le  of e i th e r  N. glauco­
cincta o r  N. mordax  w hose p ro v e n  d is tr ib u tio n  is c loser to 
B arbados th a n  th a t of N. riisei.

Types: T h e  lecto type an d  p a ra ty p es  o f Littorina jamaicensis
C. B. A dam s a re  p rese rv ed  in  th e  C. B. A dam s collection  
in  th e  M CZ. T h e  ra d u la  of a  p a ra ty p e  c o u ld  be exam ined .

T h e  h o lo ty p e  of Littorina floccosa glaucocincta M örch  is 
k ep t in  th e  M örch  co llection  in  th e  Z M K ; it  s till con ta ined  
th e  rad u la . T h e  ty p e  d e s ig n a tio n  was som ew hat difficult, 
as in  th e  o rig in a l p u b lic a tio n  M örch  n am ed  o n ly  one  
locality, St. Jean . In  th e  co llection , how ever, th e  on ly  sam ­
p le  from  St. Jean  was labelled  “Littorina...” w hile a n o th e r 
sam ple  w ith o u t a p ro p e r  locality  (“in te r  testas m in u ta s  ex 
Ins. A ntill.”) was d e te rm in ed  as “Littorinaglaucocincta Beck.” 
T h e  two sam ples co n ta in ed  ra th e r  s im ila r shells (F igures 
32 an d  35). P ro b ab ly  th e  specim ens w ith o u t exact locality  
w ere the  o rig in a l "Littorina glaucocincta” of Beck, a m a n u ­
scrip t nam e befo re M örch, 1876, w ho id e n tif ie d  w ith  th is 
th e  St. Jean  specim en  he  h ad  rece ived  from  U nger. Fie 
p ro b ab ly  fa iled  to  no te  th is d e te rm in a tio n  o n  th e  label, 
and  he  d id  n o t m en tio n  th e  Beck specim ens because of 
th e ir  vague locality. As o n ly  th e  St. Je a n  specim en was
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in c lu d e d  in  the o r ig in a l descrip tio n , it  becom es au to m at­
ica lly  th e  ho lo type .

R ange: Jam aica; V irg in  Islands.

M a te r ia l  ex am ined : J a m a ic a  (p a ra ty p e s  o f  L. jam aicensis, M C Z  
186133). V irg in  I s la n d s . S t. J e a n  (h o lo ty p e  o f glaucocincta, Z M K ). 
D o u b tfu l  m a te r ia l  (n o  r a d u la ) :  “A n tille s ” (Z M K , la b e l le d  Littorina  
glaucocincta  B eck). J a m a ic a  (le c to ty p e  L. jamaicensis, M C Z  186133).

Nodilittorina (Nodilittorina) mordax 

B ande l s.- K adolsky, spec. nov.

(F ig u res  5, 9, 37-39)

_ -Littorina jamaicensis, B a n d e l , 1974a: 95-108 (p a r t) ;  figs. 18-21, 
50-51 (r a d u la )  (n o t th e  s h e ll  d e s c r ip t io n  a n d  f ig u re  w h ic h  is 
N . angustior; n o t jam aicensis  C. B. A d a m s, 1850).
L ittorina  lineolata, B a n d e l ,  1974a: 95-108; figs. 11 (sh e ll) , 36-38 
( r a d u la )  (p a rt,  n o t  lineolata  O rb ig n y , 1840). B a n d e l , 1974b: 13; 
fig . 6D  (faeces).

Holotype: B /K  (U S N M  749813), Fig. 37 (shell, rad u la ).

Paratypes: B /K  (U SN M  749814 th ro u g h  749816).

Type locality: B aham as, N assau, P a rad ise  Is lan d ; B ande l 
co llec ted  1970.

Etymology: m ordax  (L at.): b iting , because of th e  la rg e  
la te ra l teeth .

Diagnosis: A  species o f Nodilittorina w ith  a sp ira lly  scu lp ­
tu re d  sh e ll id en tica l w ith  those  of N. riisei (M örch, 1876) 
an d  N. glaucocincta (M örch , 1876), b u t charac te rized  by 
ra d u la  p ro p e rtie s : T h e  cen tra l too th  is so m u ch  red u ced  
th a t it  h as lost its fu n c tio n ; th e  th ird  cusp of bo th  th e  
la te ra l an d , to a le s se r ex ten t, th e  in n e r  m a rg in a l too th  
(co u n ted  from  the  c e n tre  of th e  rad u la ) a re  ex trem ely  
large , w h ile  th e  re m a in in g  cusps a re  v e ry  sm all, th e  m a r­
g in a l o n es  b e in g  ob so le te  o r  n early  so. T h is  ra d u la  is v e ry

sim ila r to  the o n e  of Nodilittorina tuberculata (M enke, 1828), 
in  w hich how ever, th e  o u te r  m arg in a l too th  has 7 cusps 
in s tead  of 5-6 in  N . mordax.

Description of the shell: C om pare Nodilittorina riisei (M örch, 
1876); see also B a n d e l ,  1974, p . 99f, as “Littorina lineolata”; 
fo r th e  d e sc rip tio n  of th e  rad u la  see B a n d e l ,  1974 p .  108 
(as “L. jamaicensis” from  C uraçao an d  “L . lineolata” from  
P a rad ise  Is land , B aham as). O p ercu lu m  pau c isp ira l, w id th  
of its  last w horl la rg e r  th an  th a t of th e  sp ira l part.

Relationships: T h e  ind istingu ishab le  shells found in  N odi­
littorina riisei, N. glaucocincta and  N. m ordax suggest very  
close re la tio n sh ip s ; i. e., evo lu tion  from  a com m on ancestor 
p ro b ab ly  by geo g rap h ica l separa tion , as these species a re  
now  allopatric . N  interrupta has v e ry  ..sim ilar shell ch a r­
acters, b u t m ostly  a w eaker scu lp tu re  an d  a  second ligh t- 
colour.ed band  in  th e  in te r io r ; the sh ap e  of th e  egg  capsule 
a n d  th e  ra d u la  d em o n s tra te  tha t th is  species is no t p a r ­
ticu la r ly  closely re la te d  to  any  species o f the  N  glaucocincta 
g ro u p . N  tuberculata has a rad u la  v e ry  s im ila r to  tha t of 
N. mordax, bu t d iffe rs  in  every  o th e r  character. Som e r a d ­
u la  p ro p e rtie s  of th e  species m e n tio n e d  above m ay be 
co m p iled  in  T able  2:

Table 2

R ad u la  ch arac te rs  of som e Nodilittorina  species.

L e n g th /w id th  C u sp  n u m b e r  o f
r a t io  ___________________________________

C e n tra l  L a te ra l I n n e r  O u te r
to o th  to o th  m a rg in a l  m a rg in a l

N . in terrupta 1 .7 -2 .2 4 4 7 - 8
N . riisei 2.5 - 2.8 4 (5 ) 4 7
N . glaucocincta 3 .7 - 5 4 4 6
N . m ordax 7 - 8 3 - 4 2 - 3  5 - 6
N . tuberculata 6 .9 - 7 .5 3 3 7
N . antoni ( re d u c e d ) 1 1 3

E x p lan a tio n  of F ig u res  42 to 45

N odilittorina  (N .) dilatata (O rb ig n y , 1842)
F ig u r e  42: C u b a , H a v a n a .  B M N H  1845.10.4.126. L e c to ty p e . 13.9 
X 10.7 m m
F ig u r e  43: B ah am as , N a ss a u , P a ra d is e  Is la n d . U S N M . R a d u la  fig ­
u r e d  b y  B a n d e l , 1974 (f ig s . 48, 49)
F ig u r e  44: M iam i. U S N M  749817. S h e ll: 1 3 .1 X 9 .4 m m , R a d u la :

X 290 FN  1406/4
F ig u r e  45: N odilitto rina  s p e c ie s  f ig u re d  b y  C h e m n i t z , 1781. P it .  
166, figs. 1 5 9 9 a ,b : L e c to ty p e  f ig u re  o f Trochus ziczac G m e lin ,  1791 
( =  N odilittorina  ziczac (G m e lin ,  1791)). P re s u m a b ly  fro m  B a rb ad o s  
( B e q u a e r t , 1943). H e ig h t  o f o r ig in a l  f ig u re s : a) 1 6 m m , b) 15 m m . 
P it. 166, figs. 1 6 0 0 a ,b : I n d iv id u a l  c ite d  in  th e  o r ig in a l  p u b lic a tio n

o f  Trochus ziczac G m e lin ,  1791 (var. ß), Phasianella lineata L am arck , 
1822, a n d  Littorina lineolata O rb ig n y , 1840. P re s u m a b ly  from  B a r­
b a d o s  ( B e q u a e r t , 1943); d o es  n o t c o n s ti tu te  a ty p e  f ig u re ; d o u b tfu l  
sp ec ie s  id e n ti ty ,  m ig h t be  e i th e r  N odilittorina interrupta  (C . B. A d a m s  
in P h i l ip p i ,  1847), N . jamaicensis (C. B. A d a m s, 1850), N. glaucocincta 
(M ö rc h , 1876), N . n ïse i'(M ö rc h , 1876) o r  N . m o rd a x  spec. nov. H e ig h t  
o f o r ig in a l  f ig u res : a) 1 2 m m , b) 13m m
P it .  163, figs. 1545-1546: L e c to ty p e  f ig u r e  o f  Trochus nodulosus  
G m e lin ,  1791 (d e s ig n a te d  b y  C l e n c h  & A b b o t t , 1942: 3) from  th e  
P ac ific . H e ig h t  o f o r ig in a l  f ig u re : 18m m . T h e  C a r ib b e a n  ''L ittorina” 
tuberculata  M en k e , 1828, was e s ta b lish e d  by c o m p a r is o n  to  th is  f ig u re  
a n d  a c c o m p a n y in g  d e s c r ip t io n , b e in g  d i f f e r e n t ia te d  by  its  s m a lle r  
s ize o n ly
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O bviously, th e  rad u lae  of Nodilittorina riisei, N. glauco­
cincta an d  N. mordax re p re se n t th ree  stages of increasing  
m od ifica tion  of th e  basic Nodilittorina-type ra d u la  as ex­
em p lified  by N. interrupta. T h e  ra d u la  of N. tuberculata 
is in d eed  v e ry  s im ila r to 'th a t  of N. mordax, b u t a  close 
re la tio n sh ip  is h ig h ly  im probab le : it  w ou ld  im p ly  th a t 
d u rin g  th e  w hole process of ra d u la  d iffe ren tia tio n  in  the 
N. glaucocincta g ro u p  th e  shell and  o p e rcu lu m  characters 
h ad  rem a in e d  constant, u n ti l the p ro p e r tie s  of N. mordax 
had  deve loped , and th en  all of a  su d d en  th e  shell and 
op e rcu lu m  ch aracters tu rn e d  in to  those of N. tuberculata. 
T h e  egg  capsu le  of N. tuberculata is also very  d ifferen t 
from  th a t of N. riisei, w hile the  egg capsu les of N. glauco- 
cincta an d  N. m ordax  are n o t yet know n. In te resting ly , the 
egg capsule of N. antoni, w here  th e  process of ra d u la  m o d i­
fication  is m ost advanced , shows som e resem blance  to the 
one  of N. riisei, p a rticu la rly  th e  o b liq u e  s tria tio n s  on the 
deep  flank  of th e  cupola . Shell an d  o p e rcu lu m  of N. antoni, 
however, a re  ex trem ely  d ifferen t from  N. riisei o rN . mordax. 
M ore ana tom ica l da ta  a re  re q u ire d  to  trace possib le  re la ­
tionships in  m ore  detail; i t  em erges already  now  th a t several 
p ro p ertie s , in  p a rtic u la r  th e  ra d u la r  m odifica tions tow ards 
a red u ced  cen tra l too th  and  th e  rem a in in g  tee th  having- 
one v e ry  large  cusp, have  d ev e lo p ed  re p e a te d ly  in  the 
West A tlan tic . T h e  subgenus Echinolittorina H ab e , 1956, 
based o n ly  o n  th e  ra d u la  characters of N. tuberculata, is of 
no use in  classification, as it w ould  have  to  inc lude  N. 
mordax, a  species ce rta in ly  n o t closely  re la te d  to  N. tubercu­
lata, b u t to  N. glaucocincta an d  N. riisei. A  subgenus Echino­
littorina thu s w ould  have to  com prise  th e  two last-m entioned  
species, p lu s  N. mordax an d  N. tuberculata; b u t n o  reasonable  
defin itio n  of a g ro u p  so com posed  cou ld  be m ade.

Range: B aham as and  C uraçao.

M aterial exam ined : B ah am as: S. B im in i, S u n s h in e  I n n  (C. E d w ard s  
leg.; U SN M  749815) (3 p a ra ty p e s); N assau , P a ra d is e  I s la n d  (K. B an d e l 
leg. 1970; U S N M  749813-749814; h o lo ty p e  a n d  30 p a ra ty p e s . C uraçao , 
C o rn e lisb aa i (K. B a n d e l leg. 1971; U S N M  749816; 22 p a ra ty p e s) .

Nodilittorina (Nodilittorina) dilatata 

(O rb igny , 1842)

(F igures 5, 10, 42-44)

*  Littorina dilatata ( O r b i g n y , 1842: 207; p it.  14, figs. 20-23 (ty p e  
lo c a lity : C u b a , H a v a n a ;  lectotype: B M N H  1854.10.4.126, Fig. 
42 h e re in ) .  R e e v e , 1857: n o . 9, p it .  2, fig . 9.

• Litorina dilatata, P h i l i p p i ,  1 8 4 6 : 1 4 5 ;  p i t .  L itorina  2 , f ig .  13.

• Littorina (Tectus) dilatata, M ö r c h , 1876: 133-, n o .  312.
* Litorina (Tectarius) dilatata, W e i n k a u f f , 1882: 47; p it .  5, figs.

17-19; p it.  12, figs. 1, 4.

• Tectarius nodulosus, T r y o n , 1 8 8 7 :  2 5 8  ( p a r t ) ;  p i t .  4 7 , f ig .  60 
( c o p y  R e e v e , 1 8 5 7 ) ,  p i t .  4 8 ,  f i g .  7 4  ( c o p y  O r b i g n y , 1 8 4 2 :  f ig .  

2 1 )  ( n o t  o f  G m e l i n ,  1 7 9 1 ) .

•  Echinella nodulosa  var. m atanzensis  R ic h a r d s , 1935: 257; p it.  25, 
figs. 26, 30, 31 ( ty p e  lo c a l i ty :  C u b a , M a ta n z a s  P ro v in c e , 6.5 km  
N E  S a b a n illa  in  M a ta n z a s  B ay ; s t ra tu m  ty p ic u m : lo w e st m a r in e  
te r ra c e  o f M ata n z a s  B ay , u p  to  7 .6 m  e le v a tio n , Q u a te r n a r y ;  
h o lo ty p e : o r ig in a l  o f  R ic h a rd s ’ fig . 30, 1 3 :1 1 m m , C a rn e g ie  
M u se u m , P i t ts b u r g h ,  P e n n s y lv a n ia ) .

• Tectarius (N odilittorina) tuberculata  “W o o d ,” C l e n c h  & A b b o t t , 

1942: 2- (p a r t) ,  p i t .  2, f ig s . 1-2 (n o t o f W o o d , 1828 n o r  o f  M en k e , 
1828).

• Echinella trochiformis, L e b o u r , 1945: 466; fig . 7 (sp a w n , v e lig e r) 
(n o t o f D illw y n , 1817).

• N odilittorina  tuberculata, A b b o t t , 1954a: 451- (p a r t) ;  figs. 551 
(spaw n , a f te r  L e b o u r , 1945), 56a (d is t r ib u t io n ,  p a r t ly ) .  A b b o t t , 

1954b: 134; p i t .  19, f ig . J . B o r k o w s k i , 1971: 827-836; fig. 2 
(spaw n). B o r k o w s k i , 1975: 369-376; fig. 2B (r a d u la )  (n o t Litorina  
tuberculata M en k e , 1828).

• . N odilittorina (Echinolittorina) tuberculata, A b b o t t , 1974: 70 (p a rt) ,
fig. 570 (sh e ll, o p e rc u lu m )  (n o t o f  M e n k e , 1828).

» N odilittorina  dilatata, B a n d e l , 1974: 95-113; figs. 12 (sh e ll) , 17 
(spaw n), 18-21, 48-49 ( ra d u la ) .

• N odilittorina  (G ranulilittorina) dilatata, R o s e w a t e r , 1981: 33.

Description: S hell b ro a d ly  conica l, u p  to  1 8  m m  lon g , w ith 
s lig h tly  convex, re g u la r ly  in c rea s in g  w horls; o u tlin e  of 
shell co n tro lled  by  n o d o se  sc u lp tu re ; som etim es a pseu- 
dum bilicus.

Protoconch: P ro b a b ly  p a u c is p ira l,  l ig h t b ro w n  (w orn
p arts  on ly  p reserv ed ). D ia m e te r  of em b ry o n ic  shell 0 . 1 0 -  

0 . 1 3 m m  ( L e b o u r ,  1 9 4 5 ) .

Teleoconch: S cu lp tu re  com m ences w ith  th re e  sp ira l rows 
of nodes; th e  ad ap ica l one  is th e  sm allest, th e  tw o o th e r 
ones a re  of ab o u t equa l s tren g th , w ith  a  sm all p a r t  of the 
abapical one covered  by  th e  su cceed ing  w horl. T h e  en tire  
surface is from  an  e a rly  stage o n  co v e red  w ith  subequal 
sp ira l th read s  (sp ira l e lem en ts  of 2nd o rd e r); d e lica te  sp i­
ra ls  of 3 r d  o rd e r  a re  p re se rv ed  o n ly  on  la te r  w horls, w here 
the  sp ira ls  of 2 n d  o rd e r  becom es n o d u lo se ; u m b ilica l side 
w ith  2 - 3  sm a lle r n o d e  row s, a n d  sp ira ls  of 2 n d  an d  3 r d  o rd e r 
as o n  th e  ap ica l side ; g ro w th  lines red u c e d  in  n u m b e r  and 
stren g th , the  s tro n g e r ones squam ose, b u t n e v e r  p rev a ilin g  
o v e r 3 r d  o rd e r  sp ira ls . M a in  n o d es  w ith  m o re  o r  less 
rh o m b ic  base, acute , o ften  te n d in g  to  c h a n n e lle d  spines 
w hen  th e ir  ap e rtu re -w ard s  flan k  is n o t com p le te ly  filled 
w ith  shell m aterial!

C olour: B row n p ig m e n t d is tr ib u te d  th ro u g h o u t  shell,
lack ing  in  nodes, 2nd o rd e r  sp ira ls  an d  in  th e  narrow  
b an d  in  th e  um bilica l s id e ; e x te r io r  ap p ea rs  b lu ish  g rey  
w ith  w h ite  scu lp tu re , in te r io r  b row n.
Aperture: R ou n d ish , an g led  ad ap ica lly ; co lum ella  m ar­
g in  v e ry  b ro ad , brow n, b u t in  the  ab ap ica l tip  p lane;
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Nodilittorina 
■ dilatata

Nodilittorina tuberculata

Nodilittorina ' ' 0  

vermeiji

F ig u re  10

D is tr ib u t io n  o f  N odilitto rina  (N.) dilatata  (O rb ig n y , 1842), verm eiji 
spec , nov., a n d  tuberculata  (M e n k e , 1828)

ab ap ica lly  concave, ex p an d ed , s lig h tly  recessed  a n d  p ro ­
tru d e d  abapical-w ards (this ch arac te r in tensifies w ith  age); 
p la n e  of co lum ella  m a rg in  reced ed  against e x te rn a l shell 
su rface , fo rm in g  in  ad u lts  a p seu d u m b ilicu s of v ariab le  
size, som etim es v e ry  la rg e  and  d eep ; co lu m ella  m a rg in  
passes in to  a th ick  brow n p a rie ta l callus, b o th  fo rm in g  a 
sing le , gen tly  cu rv ed  arc. O u te r lip  sim ple, w ith ch an n e lled  
tip s  w h ere  nodes a re  accreted, as th e  accre tion  p roceeds 
from  th e  ex te r io r to  th e  in terio r. Shell su rface ad jacen t 
to  th e  p seu d u m b ilicu s  sp o rad ica lly  red isso lv ed , n o d es  
o f u m b ilic a l s ide  a d ja c e n t to  p a r ie ta l  w all re g u la r ly  
red isso lved .

O perculum : H o rn y , pau c isp ira l, w id th  of las t w h o rl less
th a n  h a lf  of op e rcu lu m  leng th .

R adula: Basic Nodilittorina  type; cen tra l too th  n a rro w  (see 
key  p. 19).

T h e  pe lag ic  egg capsule is cupo la-shaped , it b ea rs  five 
sp ira l rid g es  on  its convex  side an d  has a sm oo th  zone 
a d jac en t to  its fla t side.

Synonymy: T h e  form  described  by O rb igny  is q u ite  easily
id e n tif ie d  by its p seu d u m b ilicu s  and  its locality , w hich is 
rem o te  from  th e  a rea  of th e  sim ila r Nodilittorina tuberculata. 
T h e re fo re , no  u n ce rta in ty  arises because of th e  lack of the 
ra d u la  of th e  lecto type.

T h e  form  n am ed  by R ic h a r d s  ( 1935) is c e rta in ly  conspe- 
cific as ju d g ed  fro m  th e  figu res and  th e  locality  w hich is 
in s id e  th e  estab lished  d is tr ib u tio n  a rea  of N  dilatata and 
fa r  away from  th a t  of o th e r  species; e.g., N. tuberculata. 
R ich a rd ’s d iagnosis, how ever, con trad ic ts  h is figures; be­
sides, it  is n o t c lea r w hat he  u n d e rs to o d  to  be  “Echinella 
nodulosa’’ (cited w ith o u t au tho r); 4 species can  be h id d e n  
u n d e r  th is nam e:

(1) N odilittorina (Nodilittorina) pyram ida lis  (Q u o y  & G a im a rd , 
1 8 3 3 ) , sy n o n y m o u s  w ith  Trochus nodulosus  G m e lin , 1791  

(p re o c c u p ie d  b y  S o l a n d e r ,  1 7 6 6 ) .
(2) N odilittorina (Tectininus) antoni ( P h i l ip p i ,  1 8 4 6 ) , m is id e n ti-  

f ie d  by  P f e i f f e r  ( 1 8 3 9 )  as  “Litorina  nodulosa” of G m e lin , 
th is  m is in te rp re te d  s u b se q u e n tly  to  c o n s ti tu te  th e  in tr o ­
d u c tio n  o f a  n e w  sp ec ies  “Litorina nodulosa  L. P feiffe r, 1 8 3 9 .” 

F o r  a  d e ta i le d  e x p la n a tio n  o f  sy n o n o m y  a n d  n o m e n c la tu re  
see  below .

(3) Nodilittorina (Nodilittorina) tuberculata  (M e n k e , 1828), w h ich  
was in c lu d e d  in  o r  co n fu se d  w ith  N . nodulosa (G m e lin ) 
( =  N. pyram idalis) by  so m e  a u th o rs  (see sy n o n y m y  below ).

(4) N odilittorina (Nodilittorina) dilatata (O rb ig n y , 1842), as in ­
c lu d e d  in  N . tuberculata a n d  w ith  th is  sp ec ies  in  N. pyramidalis.

In  each  case, the  “carinae” a re  n o t m o re  p ro n o u n ced , the 
re m a in in g  carinae  n o t reduced , the  lip  is n o t “sm alle r” 
th an  th a t of any one  of the 4 species, ju d g in g  from  R ichard ’s 
figures.
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Relationships: T h e  shell is q u ite  s im ila r to th a t of Nodi­
littorina tuberculata; how ever, in  N. dilatata the  tuberc les are 
often m o re  acute, th e  shape  is s lig h tly  broader, th e  last 
w horl larger, an d  th e  co lum ella  abap ica lly  m ore  strongly  
d ila ted  in  ad u lt specim ens; in  a d d itio n  a pseudum bilicus 
enc irc led  by a ledge m ay  ap p ea r; th e  m ost im p o rtan t d if­
ference is found in  th e  rad u la , w hile m in o r differences 
occur in  spaw n m orpho logy , too . F o r d iscussion  of o ther 
species see u n d e r  N. tuberculata.

Range: F rom  B erm u d a  an d  F lo r id a  in  th e  N o rth  to the 
n o r th e rn  Lesser A n tilles  (St. T hom as) in  the  South.

M ateria l exam ined: B e r m u d a  (B M N H ; sp aw n  f ig u re d  b y  L e b o u r , 

1945). F lo r id a :  M iam i (U S N M  749817); L o n g  K ey, K ey  W est (SM F 
189493); C u b a : H a v a n a  (le c to ty p e , B M N H  1854.10,4,126, sh e ll on ly ); 
M atanzas Bay, Q u a te rn a ry  (Echinella nodulosa matandensis o f R i c h a r d s , 

1935); C ien fu e g o s  (SM F 167803). B ah a m a s : N assau , P a ra d is e  Is lan d s  
(U S N M  749818); C a t Is l., A r th u r ’s T o w n  (R M N H L ). H is p a n io la :  
Pla 'iti (S M F). J am a ic a  (SM F). L esse r A n tille s : St. T h o m a s  (SM F 
209754).

Nodilittorina (Nodilittorina) vermeiji 

B andel & K adolsky, spec. nov.

(F igures 5, 10, 46-48)

• N odilitto rina  (E chinolittorina) tuberculata helenae, M a t t h e w s , 

1968: 185; fig. 4 (n o t tuberculata M e n k e , 1828, n o r  helenae  E. A. 
S m ith , 1890). R ios, 1970: 33; p it .  6.

• N odilittorina helenae ssp ., V e r m e i j , 1973: 325 (n o t helenae  E. A. 
S m ith , 1890).

•  N odilittorina  (G ranulilittorina) miliaris, R o s e w a t e r , 1975: 10-. 
R o s e w a t e r , 1981: 34-35 (p a r t ,  lo c a lity  F e rn a n d o  d e  N o ro n h a  
o n ly ;  n o t miliaris Q u o y  & G a im a rd , 1833).

Holotype: B /K  (U SN M  749819) F igu re  46; le n g th  9.7m m , 
w idth 7.5 m m .

Type locality: Isla F e rn an d o  de  N o ro n h a , B aia de  Sueste 
(540 km  N E  Recife, N E. Brazil).

Etymology: G. J. V erm eij p ro v id e d  us w ith 27 specim ens.

Diagnosis: A new  species of Nodilittorina s.str. w ith  a shell 
of m o re  o r  less b ro ad ly  conica l shape , in tensive ly  brow n 
p ig m en ted  w ith  w hite, large, ro u n d e d  n o d u le s  a n d  a sp ira l 
angle of abou t 50-60° ; th e  two m a in  rows of n o d u les  becom e 
d is tan t and  u n eq u a l d u r in g  on togenesis, the  abapical row 
being s tro n g e r an d  som etim es b ip a r tite ; ra d u la  sim ila r to 
tha t of N. dilatata (O rb igny , 1842); a d ifference  from  N. 
helenae an d  N. miliaris is fo u n d  in  th e  cen tra l too th , w here 
th e  tran s itio n  betw een basal p la tfo rm  an d  th e  “neck” su p ­
p o rtin g  th e  cen tra l cusp is a n g u la r  in  N. vermeiji, and 
ro u n d ed  in  N. miliaris an d  helenae. O p e rcu lu m  coiled  n a r­
row ly paucisp ira l.

Description: Shell m o re  o r  less b ro a d ly  conica l, so lid ,
14.3m m  h ig h  at m ax im u m ; w horls s lig h tly  convex, a p e r­
tu re  less th a n  h a lf  of shell h e ig h t. C o lo u r in ten siv e  brow n 
ex te r io r ly  a n d  in te r io r ly  excep t fo r a  yellow  band  on  th e  
um b ilica l s ide  an d  th e  w h ite  nodules .

Sculpture: A pex  ca. 2.5 brow n  w horls; th e n  3 p rim a ry  
sp ira ls  o rig in a te , th e  s tro n g est s itu a ted  in  th e  m id d le  of 
th e  n o t o v e rlap p ed  p a r t  of th e  w horls, th e  abapical one  is 
ha lf o v e rla p p e d  by  the  succeed ing  w horl. T h ese  sp ira ls  a re  
a t firs t u n ifo rm ly  brow n; n o d u le s  d e v e lo p  first o n  th e  
m id d le  row  an d  o n ly  la te r  o n  th e  o th e r  sp ira ls ; th ey  are  
opaque-w h ite . P ro b ab ly  sim u ltan eo u sly  w ith  the  p rim a ry  
sp ira ls  seco n d ary  sp ira ls  d eve lop , b u t th ey  cou ld  n o t be 
observed  befo re  th e  th i rd  w horl d u e  to  co rro sion . T h e  first 
an d  second  p rim a ry  row  (coun ted  from  th e  apex) rem a in  
closely  to g e th e r  an d  m ay  a tta in  equa l s tren g th  o n  the 
last w h o rl; th e  th ird  p r im a ry  row, w h ich  is V2  to  % o v e r­
lap p ed  by  sp ira l w horls, rem ains free  on ly  in  th e  last 
w horl w h ere  it  is s itu a ted  a t th e  p e rip h e ry , its n o d u les  
b e in g  now  la rg e r  th an  those of the  ad ap ica l rows; som e­
tim es th is  p e r ip h e ra l  row  m ay sp lit in  tw o row s of nodu les , 
w hich can  be  seen  on ly  on  the  last w horl. O n  th e  um bilica l 
side, th re e  ir re g u la r  row s of w eaker n o d u les , sep a ra ted  by 
a  b ro a d e r  in te rv a l w ith o u t n o d u les  o r  g ran u le s  from  th e  
m ain  row  o f nodu les , a re  deve loped . If  th e  sp ira l m ain  
row s a re  classified as sp ira ls  of firs t o rder, sp ira ls  of second 
an d  th i rd  o rd e r  a re  p re sen t, too: th e  sp ira ls  of second o rd e r  
cover tu b e rc le s  an d  in terstices , w ithou t fo rm in g  nodu les , 
an d  a re  them selves covered  by sp ira ls  o f th ird  o rd e r ; the 
la t te r  a re  o n ly  v is ib le  a t a t least 20 X m agn ifica tion ; they  
a re  u n d u la te  an d  form  a  fine shag reen  w ith  th e  g row th  
lines w hich  a re  of th e  sam e w idth. T h e  a p e rtu re  is ro u n d ish  
w ith  fo u r  b lu n t ang les a t ( 1) th e  ju n c tio n  o u te r  l ip /p a r ie ta l  
w all, (2) a t th e  ju n c tio n  p a rie ta l w a ll/c o lu m e lla  m arg in , 
(3) at th e  tra n s itio n  c o lu m e lla /o u te r  lip , (4) at th e  o u te r  
lip , w here  th e  abapical p r im a ry  row  of n o d u les  m eets it. 
T h e  o u te r  lip  is sim p le  an d  sh a rp , w ith  fa in t tip s w here 
n o d u les  a re  accreted , th e  co lum ella  is b ro ad  an d  som ew hat 
deep en ed , concave, an d  sligh tly  in c lin ed  inw ard , an d  at 
th e  base s lig h tly  p ro n o u n ced  abapicalw ards, concave an d  
receded .

R adula: A  “n o rm a l” Nodilittorina rad u la : th e  cen tra l too th  
is n a rro w  b u t n o t red u c e d  and its la te ra l cusps o v e rto p  
th e  cen tra l cusp; th e  la te ra l and in n e r  m a rg in a l tee th  have  
fo u r  cusps each, th e  th i rd  (counted  from  th e  cen tre) be in g  
th e  la rgest; th e  o u te r  m a rg in a l has e ig h t cusps.

Operculum : H o rn y , b row n, narro w ly  co iled , pau c isp ira l,
w id th  of last w horl equals tha t of the  sp ira l p a rt; en tire  
m a rg in  th in  an d  flexib le.

Spawn: N o t know n.
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Relationships: Nodilittorina verm eiji b e lo n g s possib ly  to 
th e  S o u th e rn  A tlan tic  Nodilittorina miliaris g ro u p , w hich is 
ch arac te rised  by its scu lp tu re : th e  second an d  th ird  p r i ­
m a ry  row  of nodu les a re  m ark ed ly  d is ta n t an d  in  m ost 
cases unequa l (un like N. dilatata, N. tuberculata, N. pyramidalis 
etc.), th e  abapical one be in g  s tro n g est a n d  freq u en tly  b i­
p a rtite ; th e re  is also a ten d en cy  to  d e v e lo p  ad d itio n a l 
beads. T h e  rad u la  is th e  “n o rm a l” Nodilittorina  radu la . 
W ith in  th is  g roup , N. helenae (E. A. S m ith , 1890) is m ore  
s le n d e r  (apical ang le  abou t 45°), th e  n o d u le s  a re  co loured  
w ith  brow n an d  th e  adap ica l ones are  m u ch  sm aller. Nodi­
littorina miliaris (Q uoy & G a im ard , 1833) from  A scension 
Is lan d  has sm aller, m ore  n u m ero u s  a n d  m o re  elevated  
nod u les ; th e  abapical p r im a ry  row  is re g u la r ly  b ipartite , 
an d  seco n d a ry  rows of n o d u le s  a re  com m on . Nodilittorina  
vermeiji', however, differs from  bo th  N. miliaris an d  N. helenae 
a p a rt from  scu lp tu re  and sh ap e  also by th e  opercu lum , 
w hose last w horl is m ore  n a rro w ly  co iled  (cf. F ig u re  5; for 
N. miliaris and  N. helenae see R o s e w a t e r , 1981: p it. 3, figs. 
F, I) an d  by deta ils  of the  cen tra l too th  of th e  rad u la : the 
tran s itio n  from  the basal p la tfo rm  to  th e  “n eck ” su p p o rtin g  
th e  cen tra l cusp is an g u la r in  N. vermeiji (F ig u re  47), w hile 
it is ro u n d e d  in N. miliaris (Fig. 49) an d  in  N. helenae 
(Rosew ater, 1981: p it. 4, fig. E).

Range: R estric ted  to  F e rn an d o  de  N o ro n h a , off th e  coast 
of Brazil.

M ateria l exam ined : F e rn a n d o  d e  N o ro n h a  (B M N H : 11 p a ra ty p e s , 
nos. 1889.2.21.63-6, 88.6.27.52-5, 87.2.9.1831-3); d i t to ,  B a ia  d e  S ueste  
(V e rm e ij leg. 27.6.1969 a t h ig h  w a te rm a rk ; h o lo ty p e  a n d  6 p a ra ­
ty p e s , (U S N M  749819-749820); d i t to ,  P ra ia  d a  A ta la ia  (V e rm e ij leg. 
28.6.1969, 20 p a ra ty p e s ;  U S N M  749821).

Nodilittorina (Nodilittorina) tuberculata (M enke, 1828) 

F igures 1C, 3B, 5, 10,13, 52-55

» D e r  k le in k n o tig e  K ra u se i C h e m n i t z , 1781: 42 (p a r t ,  o n ly  th e  
s m a l le r  “sp ec ies”).

Trochus nodulosus  [var.] G m e lin ,  1791: 3582, no . 98 (“ . . .m a r i  
A m e ric a m  m e r id io n a le m  a l lu e n te ” ; b ased  o n  C h e m n i t z , 1781). 
Litorina tuberculata  M e n k e , 1828: 25 (b a sed  o n  G m e l i n , 1791 
o n ly ; ty p e s  o f  C h e m n itz  p ro b a b ly  lost. N eotype h e re b y  d e s ig ­
n a te d : F ig . 52, f r o m  G u a d e lo u p e ,  d e p o s ite d  in  U S N M  749822). 
M en k e , 1830: 44  (n o t M e n k e , 1829: 10, w h ic h  is b ased  o n  
Trochus nodu losus  G m e l i n , 1791 ( =  N odilittorina  pyram idalis  
(Q u o y  & G a im a rd ,  1833)).
Litorina thiarella  A n t o n , [1838]: 53, n o . 1922 (no  lo c a lity  g iven , 
ty p e s 'p ro b a b ly  lo s t) .
Littorina nodulosa, O r b i g n y , 1842: 205; p it. 14, figs. 11-14 (B M N H  
1854.10.4.124, h e r e  F ig u r e  53) (n o t o f G m e l i n , 1791).
Litorina trochiformis, P h i l i p p i ,  1846b: 143; p i t .  Litorina  2, figs. 
12, 14 ( p a r t ,  n o t fig . 15; n o t Turbo trochiform is  D illw y n , 1817). 
Litorina trochiform is  var. m in o r  P h i l i p p i ,  1846b: 143 (based  on  
re fe re n c e  to  L itorina  thiarella  A n to n , [1838] on ly ).
? L itorina trochoides, P h i l i p p i , 1847: 159; p it.  Litorina  3, fig. 3 
(n o t Littorina  trochoides  G ra y , 1839).
Littorina (Tectus) tuberculata, M ö r c h , 1876: 133.
Littorina (Tectus) tuberculata, var. minor, M ö r c h , 1876: 133 (re f­
e re n c e  to  L itorina  thiarella  A n to n , [1838]).
Litorina (Tectarius) thiarella, W e i n k a u f f , 1882: 45-; p it. 5, figs. 
9-11 (G u a d a lo u p e ) .
Tectarius (N odilittorina) tuberculatus “W o o d ,” C l e n c h  & A b b o t t , 

1942: 2 -; ? p it.  2, figs. 3-5 (p a r t ,  Nodilittorina  dilatata (O rb ig n y , 
1842) in c lu d e d  in  th is  sp ec ie s ; n o t Turbo tuberculatus W ood, 
1828).
N odilittorina  tuberculata, A b b o t t , 1954a: 451-; figs. ?55b (shell), 
55d (foo t), 55f (o p e rc u lu m ) , 55h (faeces), 55n (p en is), 56a (d is­
tr ib u t io n  in  p a r t) ,  57b ( r a d u la ) .  A b b o t t , 1954b: 134 (p a rt, n o t 
fig .). A b b o t t , 1968:82 ; figs. 81 (p en is), ? 83.10 (she ll). K a u f m a n n  

& G ö t t i n g , 1970: 350; fig . 38. F l o r e s , 1973a: 10-, p it.  1, figs. 
1-4. B a n d e l , 1974a: 93-113; figs. 13 (sh e ll) , 16B, 17 (spaw n),
18-21, 39-41 (rad u la ). B a n d e l , 1974b: 13; fig. 6E  (faeces). B a n d e l , 

1975: 17-; p i t .  2, figs. 3, 5 (e m b ry o n ic  sh e ll) .
N o d ilitto r in a  (E ch ino littorina) tuberculata, H a b e , 1956a: 98-. 
W a r m k e  & A b b o t t ,  1962: 54; fig. 12a (o p e rc u lu m ) , p i t .  9, fig. 
R  (sh e ll). ? R o s e w a t e r , 1970: 424; p i t .  326, figs. 10, 12. A b b o t t , 

1974: 70  (p a r t ;  figs. a n d  sy n . dilatata =  N odilittorina dilatata 
(O rb ig n y , 1842); sy n . trochiform is D illw y n  =  N . pyram idalis 
(Q u o y  & G a im a rd ,  1833)).
Tectarius tuberculatus “W o o d ,” L e w i s , 1960: 414-; figs. 10A, B 
(spaw n), 10D  (v e lig e r) (n o t Turbo tuberculatus W ood , 1828, n o t 
fig. 10C).

E x p lan a tio n  of F igures 46 to  51

Nodilittorina  (N.) verm eiji B a n d e l & K ad o lsk y , spec . nov.
F ig u r e  46: Is la  F e rn a n d o  d e  N o ro n h a , B aia  d e  S u e s te , 54 0 k m  N .E . 
R ec ife , N .E . B raz il. H o lo ty p e  9 .7 X 7 .5 m m . U S N M  749820 
F ig u r e  47: d ito .  P a ra ty p e . U S N M . S h e ll: 7 .0 X 5 .3 m m , R a d u la :

X 370 FN  1901/7 
F ig u r e  48: d i to . P a ra ty p e . B M N H  1889.2.21.63. H .  8 .9 m m  

N odilittorina  (N .) miliaris (Q u o y  & G a im a rd , 1833)
F ig u r e  49: A sc e n sio n  Is la n d , M a c -A rth u r  P o in t . J . R o s e w a t e r  leg . 
10.7.1976 U S N M  749825. S h e ll: 9 .5 X 6 .9 m m . R a d u la :  a) X 800

b) X 930
F N  U n iv e rs ity  E r la n g e n - N ü r n b e r g  4926, 4918 

F ig u r e  50: L e c to ty p e  o f Littorina lemniscata P h i l ip p i ,  1846. B M N H  
1968.216. S h e ll:  8 .4 X 5 .7 m m . E r ro n e o u s ly  r e p o r te d  fro m  C uba 

N odilittorina  (N.) helenae  (E. A . S m ith , 1890)
F ig u re  51: St. H e le n a . B M N H  1889.10.1.2546. P a ra ty p e  11.6X  7 .0 m m
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Description: S hell conical, 13-18m m  long, w ith  sligh tly
convex, reg u la rly  inceasing  w horls; o u tlin e  of shell d o m i­
n a te d  by nodose scu lp tu re ; no  um bilicus. Embryonic shell: 
one  sligh tly  co n isp ira l w horl, colourless excep t th e  red  
um bilicus, coarse ly  g ran u la ted ,' grow th  lines in  its d istal 
p a r t; d iam e te r 0 .11m m . Larval shell: abou t 2.5 con isp ira l 
w horls scu lp tu red  w ith  ap p ro x . 7 sp ira lly  a rran g ed  rows 
of g ranu les, o ften  fu s in g  to  ziczac lines (F igure  13).

Teleoconch: S cu lp tu re  of e a rlie s t w horls n o t p reserved ; 
ea rlie s t p rese rv ed  scu lp tu re  consists of th ree  sp ira lly  a r ­
ra n g e d  row s of p ro m in e n t n odes of w hich th e  adapical 
one  is sm alle r th a n  and  m ore  d is tan t from  th e  two m id d le  
rows of nodes. N odes an d  in terstices a re  covered  by su b ­
equal sp ira l th read s; in  la te  w horls one  th read  in  each 
interstice betw een th e  th ree  rows of nodes becomes stronger, 
ind istinc tly  n o d u lo se  an d  ra re ly  grow s in to  nodes of equal 
s tren g th  as the  m a in  nodes. T h e  nodes a re  e levated  bu t 
m ore o r less ro u n d e d  and  c ircu la r to  e longated  in  the sp ira l 
d irec tion . W here  o n ly  fa in t g row th  lines and  no  attack 
of cyanophyceans occur, a th ird  o rd e r  scu lp tu re  of de licate  
sp ira l th read s is seen , co v e rin g  th e  m ain  n odes and  sp ira ls  
of 2nd order. T h e  u m b ilica l s ide  is covered  by th ree  rows 
of sm aller nodes, and  sp ira l th re a d s  of 2nd and  3rd o rd e r  
as in  th e  re m a in d e r  of th e  shell.

Colour: A  brow n  p ig m e n t is p re se n t th ro u g h o u t the shell 
bu t in  the m ost e leva ted  e lem en ts  of th e  scu lp tu re , i.e., 
the nodes and  in  la te r  w horls in  the  second o rd e r  sp irals ; 
in te r io r  u n ifo rm ly  b row n  b u t fo r a lig h t band  in  the 
um bilical side.

Aperture: R o u n d ish , an g led  adap ica lly ; co lum ella  m ar­
g in  b road , b row n, s tra ig h t, abap ica lly  s tro n g ly  expanded , 
concave (th is obso lete  in  ju v en iles), recessing; adap ica lly  
passing w ithou t ang le  in to  th e  p a rie ta l m arg in ; parie ta l 
and p ro tru d in g  abap ica l w all w ith  brow n shell layer; o u te r  
lip  sim ple, b u t in  ju v en ile s  w ith  channe led  tip s w here  the 
nodes are accre ted  (the  e x te rn a l p a rt of a node  before the 
in n e r  p a rt b e in g  secreted). E x te rn a l shell surface ad jacen t 
to the co lum ella  reg u la r ly  red isso lved .

Operculum: H o rn y , p au c isp ira l, w id th  of last w horl about 
Vs of leng th  of op e rcu lu m .

N omenclature and types: T h e  nam e tuberculata M enke,
1828, which has been in  g en e ra l use on ly  since 1954 (A b b o t t ) 

for the species h e re  d ea lt w ith , and  fo r Nodilittorina dilatata 
(O rbigny), w hich was re-recogn ized  as a  d is tinc t species 
only  in  1974 ( B a n d e l ), is based  on a ra th e r  dub ious li t­
e ra tu re  reference: M e n k e  (1828) re fe rred  to  Trochus nodu­
losus, var. “m in o r” of G m elin , 1791, w hich is en tire ly  based 
on C h e m n i t z ’, 1781 u n fig u re d  v a rie ty  of h is p it. 163, figs. 
1545-1546, h e re  re f ig u red  F ig u re  43. T h ese  a re  the lectotype 
figures of Trochus nodulosus G m elin , 1791 (non S o l a n d e r , 

1766) (designated  by C l e n c h  & A b b o t t , 1942: 3; invalid)

ty p e  locality : C uba, H a v a n a ; C hem nitz : “köm m t d u rc h  d ie  
C ookische Seereisen  aus d en  S ü d län d e rn ” (comes by  C ook’s 
ex p ed itio n s  from  th e  so u th e rn  coun tries, [¿ e., th e  Pacific])), 
w hich can  easily  be id e n tif ie d  w ith  Nodilittorina pyramidalis 
(Q uoy  & G a im ard , 1833) (P. H . F i s c h e r , 1967b; R o s e w a t e r , 

1970). T h e  expression  u sed  by  G m e lin , “Trochus nodulosus 
. . .H a b i ta t  in  océano  au stra lo , e t (m inor) m ari A m ericam  
m e rid io n a le m  a llu e n te . . . , ” is in te rp re te d  no t as th e  in tro ­
d u c tio n  of a v a rie ty  n am ed  “m in o r” b u t as a  descrip tive  
te rm  w ith o u t n o m en c la to r ia l status. C hem nitz  d if fe re n ti­
a ted  h is  “k le in e re  A r t . . .  au s  W estind ien” (sm aller “species” 
from  th e  W est Ind ies) o n ly  by  its sm a lle r size. T h is  “d iag ­
nosis” co n ta in s  n o t th e  least factual substance to recognise 
any  p a r t ic u la r  Nodilittorina  species: C hem nitz ’ fig u re  is 
18 m m  h ig h , b u t Nodilittorina pyramidalis varies be tw een  5 
an d  2 4m m  shell h e ig h t ( R o s e w a t e r , 1970), w h ile  N. tuber­
culata in  its accustom ed sense is u su a lly  betw een 11 and  16 
m m  h ig h . F u rther, N. tuberculata h as a well d ev e lo p ed  row  
of n o d u le s  ad jacen t to  th e  su tu re  w hich is —as C hem nitz ’ 
fig u re s  c learly  show —absen t o r  v e ry  w eak in  N. pyramidalis. 
If co n sid e red  a nom en nudum , N. tuberculata w ou ld  gain  
n o m en c la to ria l sta tus n o t befo re  M ö r c h , 1876; th e  nam e 
w ould  th en  be unavailab le  because of subjective hom onym y 
w ith  Turbo tuberculatus W ood, 1828 (=  Nodilittorina (Tec­
tininus) antoni (P h ilip p i)) an d  th e  species d e a lt w ith  h ere  
w o u ld  h av e  to  be  n am ed  N. thiarella (A n ton , [1838]). 
A lth o u g h  in  th e  o rig in a l d iagnosis  of “Litorina” thiarella 
no  locality  is g iv en  an d  the  types a re  lost, th e  d esc rip tio n  
is su ffic ien t to  recognize N. tuberculata (d iagnosis tran s la ted  
from  th e  G erm an):

“O v a te -co n ica l, s p ire  a cu te , five  w h o rls  w ith  s t ro n g ly  s te p p e d  
c o n to u rs ,  e ac h  w ith  a d o u b le  ro w  o f c lo se ly  sp ac e d  n o d es  
s e p a ra te d  b y  a  sh a llo w  fu rro w , b a se  f in e ly  g ra n u la te d ;  b lu is h  
g rey , n o d e s  w h ite ;  n o n -u m b ilic a te ;  c o lu m e lla  fa ir ly  n a rro w , 
o v e r to p p in g  th e  b ase  a n d  d i la te d ;  a p e r tu r e  r o u n d is h .  W id th  
2 .5 " ',  h e ig h t  3 " '. ”

As th e  n am e  thiarella, how ever, has  n o t been  used  in  the 
m o re  re c e n t li te ra tu re , as opposed  to  tuberculata, it is p ro ­
posed  to  m a in ta in  th e  nam e tuberculata M enke, 1828, in  its 
accustom ed sense an d  as d escribed  h ere . T h e  o rig in a l p u b ­
lica tio n  is co n stru ed  as follows: th e  refe rence  to  C hem nitz ’ 
pu b lica tio n  is reg a rd ed  as a refe rence  to  a form al diagnosis, 
in d ic a tin g  th a t th e  West In d ia n  species is sm a lle r th an  the 
lec to type  fig u re  of nodulosus; i. e., sm a lle r th a n  18m m . T h e  
p ro v en an ce  allow s a choice betw een Nodilittorina dilatata 
an d  N. tuberculata auct. In d iv id u a ls  sim ila r to  C hem nitz ’ 
fig u res of nodulosus are fo und  o n ly  am ongst N. tuberculata 
auct., a lth o u g h  th e  subsu tu ra l row  of n o d u les  is still m ore  
p ro m in e n t th a n  in  N. pyramidalis. Such an in d iv id u a l from  
G u a d e lo u p e  (F igu re  52) is p ro p o sed  to be th e  neotype of 
“Litorina” tuberculata M enke, 1828.

Relationships: R ad u la  an d  spaw n characteristics allow  a
co n v in c in g  d is tin c tio n  betw een Nodilittorina dilatata and  
N. tuberculata; she ll p ro p e rtie s  a re  less usefu l, a lth o u g h
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N  dilatata p roved  often to  d ev e lo p  a sp in y  sc u lp tu re  an d  a 
re la tiv e ly  b road  shell, an d  th e  abap ical row  of n o d u les  is 
m ore  freq u en tly  covered  by  th e  succeed ing  w horl; also, in  
N. dilatata th e  co lum ella  o ften  is m o re  d ila ted , d ev e lo p in g  
a  g roove  in  th e  um bilica l re g io n  (p seudum bilicu s). I t  is 
rem ark ab le  th a t th e  ra d u la  is ex trem ely  d iffe ren t from  the 
one  of N. dilatata, an d  a lm ost id en tica l w ith  th e  one of N. 
mordax; it is ou tlined  u n d e r  th is species, th a t th e  rad u la  
fea tu res  in  com m on are  m ost lik e ly  h om oeom orphs. C on­
sequently , th e  subgenus Echinolittorina H ab e , 1956, based 
solely on these rad u la  characters, in  N. tuberculata, is rejected. 
T h e  tru e  re la tionsh ips of N. tuberculata a re  d ifficu lt to assess; 
th e  G a lapag ian  N. galapagiensis (S tearns, 1893) is sim ila r 
in  shell p ro p ertie s , b u t ra d u la  and  spaw n a re  n o t know n. 
T h e  Indo-P acific  N. pyramidalis (Q uoy  & G a im ard ) has a 
ra d u la  m ore  sim ila r to  th e  o n e  of N. dilatata, w hile the  
shell d iffers from  bo th  N. dilatata a n d  N . tuberculata in  th a t 
th e  beads of nodu les a re  la rg e ly  red u ced  except th e  two 
m a in  p e r ip h e ra l ones; an d  th e  egg  capsu le  is in su ffic ien tly  
d escribed  ( H a b e , 1956b). In  th e  S o u th e rn  A tlan tic , several 
closely  re la ted  species, co llec tive ly  n am ed  th e  Nodilittorina 
miliaris g ro u p , show  no p a r tic u la r  re la tio n sh ip  to  N. tuber­
culata o r  N. dilatata.

Range: C aribbean  Sea, from  P u e rto  R ico to  C olom bia
and  V enezuela.

M aterial exam ined: P u e r to  R ico : R in c o n  L ig h th o u se  ( A b b o t t ,  1954a, 
ra d u la  fig ’d). A n tille s : M a r tin iq u e , Sta. L u c ia  (B M N H  1854.10.4.124, 
o r ig in a l  o f  O r b i g n y ,  1842); B a rb a d o s  ( L e w i s ,  1960, sp aw n  f ig ’d ); 
G u a d e lo u p e ,  E. t ip  o f G ra n d e  T e r r e ,  P o in te  d e s  C h â te a u x  (U S N M  
749822 , V e rm e ij  leg.; n eo ty p e); C u ra ç a o ,  C o rn e l is b a a i  (U S N M  
749823). C o lo m b ia : S ta. M a rta  (U S N M  749824).

S ubgenus Nodilittorina (Tectininus) C lench  & A bbott, 1942

• Tectinius C le n ch  & A b b o tt, 1942: 4. T y p e  sp ec ie s  by  m o n o ty p y : 
E chininus (Tectininus) nodulosus  “ P fe if fe r” C le n c h  & A b b o tt, 1942 
( =  Litorina antoni P h i l ip p i ,  1846; n o n  Trochus nodulosus G m e lin , 
1791 w h ic h  is A'. (N.) pyramidalis).

Nodilittorina (Tectininus) antoni (P h ilip p i, 1846) 

(F igures ID , 3C, 5, 11, 56-59)

•  Turbo tuberculatus W o o d ,  1828: 57; p it.  6, fig. 30 (n o  lo c a lity  
g iv e n ;  lectotype B M N H  1887.4.26.13, F ig u re  56 h e re in )  (n o t 
Turbo tuberculatus P e n n a n t ,  1777, n o r  Litorina tuberculata M en k e , 
1828).
Litorina scabra A n to n , [1838]: 53, n o . 1920 (n o  lo c a lity  g iv e n ; 
ty p e s  u n k n o w n ) (n o t H e lix  scabra L in n a e u s , 1758).

• Litorina nodulosa, L. P f e i f f e r , 1839: 537- (n o t o f G m e lin ,  1791; 
n o t in te n d e d  as th e  in t r o d u c t io n  o f  a  n e w  sp ec ie s , b u t o f a 
n ew  c o m b in a tio n  ex  Trochus nodulosus  G m e lin ) . P h i l i p p i , 1846: 
144; p it.  Litorina  2, fig. 11 (c ite s  P fe if fe r  as a u th o r  o f  th e  sp ec ies  
n a m e ; n o t o f G m e lin , 1791). P h i l i p p i , 1847: 159; p it.  Litorina  
3, fig. 2 (copy  O rb ig n y , 1842).

• Littorina tuberculata, O r b i g n y , 1842: 206; p it. 14, figs. 15-19 
(C uba , H a v a n a ;  B M N H  1854.10.4.125, F ig u r e 5 7 h e re in .  Lecto­
type (h e re b y )  o f Litorina  Pfeifferiana  W ein k au ff, 1882 a n d  holo­
type o f  E chininus (Tectininus) nodulosus  C le n ch  & A b b o tt, 1942). 
P h i l i p p i , 1847: 159; p it.  Litorina  3, fig . 1 (co p y  W ood , 1828).

•  L itorina  A n to n ii  P h i l i p p i , 1846: 145; p it.  Litorina  2, fig. 18 
(Litorina scabra A n to n , [1838] in c lu d e d  in  sy n o n y m y , b u t n o t 
e x p re ss ly  p r o p o s e d  as a  s u b s ti tu tio n  n a m e . L o ca lity : A n tille s ; 
ty p e s  u n k n o w n .) .

• N ina  tuberculata, M ö r c h , 1876: 132-, no . 310 (n o t M en k e , 1828).
•  L itorina (Tectarius) Pfeifferianus W e i n k a u f f ,  1882: 46; p i t .  5, figs.

15-16 (b a sed  o n  r e fe re n c e  to  L. P f e i f f e r  (1839), P h i l i p p i  (1846: 
Litorina  nodulosa) a n d  O r b i g n y  (1842) o n ly ;  lectotype h e re b y : 
o r ig in a l  o f  O r b i g n y , 1842, figs. 16-17, B M N H  1854.10.4.125, 
F ig u r e  57 h e r e in .  T y p e  lo c a lity : C u b a , H a v a n a ).

• Litorina  (N ina) A n to n i, W e i n k a u f f , 1882: 89-; p it .  5, figs. 13-14. 
W e i n k a u f f , 1883: 227 (in  sy n .: pfeifferiana  W ein k au ff, 1882).

• Echinella nodulosa, D a l l , 1889: 146-147 (n o t G m e l i n , 1791).
•  E chininus (Tectininus) nodulosus “L . P fe if fe r ,” C l e n c h  & A b b o t t , 

1942: 4 ; p i t .  3, f ig s . 1-5 (h o lo ty p e : o r ig in a l  o f  O r b i g n y , 1842, 
p it.  14, fig . 17, B M N H  1854.10.4.125, h e re  F ig u re  57; ty p e  lo ­
c a lity : C u b a , H a v a n a )  (n o t Trochus nodulosus  G m e lin ,  1791, 
w h ic h  is N odilittorina  (N .)pyram ida lis  (Q u o y  & G a im a rd , 1833)). 
A b b o t t , 1954a: 458-; figs. 55a (sh e ll) , 55c (foo t), 55e (o p e r­
c u lu m ), 55g (faeces), 55p-q  (p en is ), 56b (d is tr ib u tio n ) ,  57a ( ra d ­
u la ). A b b o t t , 1954b: 135; p it. 19, fig . H .  W a r m k e  & A b b o t t , 

1962: 54; fig . 12B (o p e rc u lu m ) , p it.  9, fig . O  (sh e ll) . R o s e w a t e r , 

1972: 510; p it.  388, figs. 18-20, p i t .  390, figs. 13-15. A b b o t t , 

1974: 70; fig. 572.
• E chininus nodulosus, A b b o t t , 1968: 82; fig . 83.9 B o r k o w s k i , 

1971:827-836; fig . 2 (spaw n). V e r m e i j , 1973:321. B a n d e l , 1974a: 
95-113; figs. 17 (sp aw n ), 18-21, 42-44 ( r a d u la ) . B o r k o w s k i , 1975: 
371-; fig . 2D  ( ra d u la ) .

• E chininus (Tectininus) antoni, K a d o l s k y ,  1971: 192.

Description: S hell b ro ad ly  conical, u p  to  20m m  long  w ith
sligh tly  convex , re g u la r ly  increasing  w horls; o u tlin e  con­
tro lled  by  n o dose  sc u lp tu re ; n o  um bilicus.

Protoconch: P robab ly  paucisp ira l, b row n (only  w orn parts 
p reserved ).

* Nodilittorina antoni

10*

F ig u re  11

D is tr ib u t io n  o f  N odilittorina (Tectininus) antoni ( P h i l ip p i ,  1846)
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T e le o c o n c h :  S c u lp tu re  com m ences w ith  th re e  row s of
nodes, o f w h ich  th e  adap ica l one  is sm all, th e  m id d le  one 
is la rge  a n d  sp iny , an d  th e  abapical one is la rge ly  covered  
by th e  su cceed in g  w horl. S p ira l e lem en ts of 2nd o rd e r  
only  p re se rv e d  o n  la te r  w horls: n u m ero u s  subequal sp ira l 
ridges co v e rin g  n odes an d  in terstices, becom ing  th em ­
selves n o d u lo se  on  th e  la test w horls. A  cover of d e lica te  
sp ira l th re a d s  of th ird  o rd e r  is developed  w here  g row th  
lines a re  fa in t; o therw ise  th e  surface is densely  covered  
by th read -sh ap ed  to  squam ose g row th  lines. T h e  sequence 
of in c reas in g  w id th  of scu lp tu re  e lem ents is: sp ira ls  of 
3rd o rd e r  - g ro w th  lines - sp ira ls  of 2nd o rd e r  - n o d e  row s. 
U m bilical s ide  w ith  2-3 sm a lle r node  rows, sp ira ls  of 2” d 
o rd e r an d  g ro w th  lines as on  th e  ap ica l side of th e  shell; 
sp irals of 3rd o rd e r  o n ly  n ea r the  p e rip h e ry .

Colour: B row n  sh e ll p ig m e n t u n ifo rm ly  d is tr ib u te d ,
lacking o n ly  in  th e  nodes, n o d u les  an d  in  a  b an d  on  the 
um bilical side ; e x te r io r  surface ap p ea rs  in  g reen ish  g rey  
to b lu ish  grey.

Aperture: Subcircular, ang led  adapically . C o lum ella  m ar­
g in  m o d e ra te ly  b ro ad , e x p a n d e d  abap ica lly , concave, 
recessing  a n d  s lig h tly  p ro tru d e d  abapically ; o u te r  edge  of 
co lum ella  passes w ith  an  angle , in n e r  edge w ith  a w ide 
arc in to  th e  p a rie ta l m arg in . P a rie ta l w all w ith  th in  brow n  
shell layer. A  crescen t-shaped  p o rtio n  of th e  ex te rn a l shell 
surface cen tred  a t th e  ju n c tio n  of th e  co lum ellar and  parie ta l 
edge is red isso lved . O u te r  lip  sim ple b u t fo r ch an n e lled  
tips w here  n o d es  a re  accreted  as the  nodes a re  accreted 
from  th e  e x te r io r  to  th e  in terio r.

Operculum: Subcircular, hom y , brow n, m esospiral ; th icker 
th an  in  o th e r  Nodilittorina  species; ex te rn a l side concave, 
in te rn a l s ide  convex.

T h e  radu la  has 7 te e th  in  a  tran sverse  row, w hich are  
ex trem ely  m od ified : th e  cen tra l to o th  is a  v e ry  narrow  
ru d im e n t w ith o u t any  func tion ; th e  la te ra l too th  is very  
large, b e a rin g  one  la rg e  and  m assive cusp an d  a sm alle r 
one on  its  e x te r io r  side ; the  in n e r  m arg in a l is sm all and 
narrow , b e a rin g  on ly  o n e  re la tiv e ly  la rg e  and  m assive 
cusp; th e  o u te r  m a rg in a l is sm all, n arrow  a n d  has th ree  
sm all cusps.

T h e  pe lag ic  egg capsule is cupo la -shaped  a n d  bears wavy 
sp ira i rid g es  on  the  convex  top  and  w avy ob lique  lines on 
the steep sides. ( B o r k o w s k i ,  1 9 7 1 ) .

T h e  penis is la rg e  an d  shows a basal en la rg em en t and 
on its d ista l p a r t  a p en is  g lan d  su rro u n d e d  by sm all pap illae  
( A b b o t t , 1954a).

Relationships: T h e  p en is  g lan d  b e in g  v e ry  d is tan t from  
the basal en la rg em en t, the  p resence  of p ap illa e  on  the 
pen is and  th e  m eso sp ira l o p e rcu lu m  d e m o n s tra te  th is

species to  be  u n re la ted  to  o th e r  Nodilittorina species. T h e  
re te n tio n  of th e  subgenus Tectininus C l e n c h  & A b b o t t , 

1942, d e fin ed  by  these ch a rac te rs , is c e rta in ly  justified . 
T h e  sc u lp tu re  pa tte rn , th e  ab ap ica l co lum ella  expansion  
an d  th e  p ig m en ta tio n  p a tte m  a r e  id en tica l to  th a t of o th e r 
nodose  Nodilittorina species; th e  egg capsule co n ta in s m o r­
p h o lo g ica l e lem en ts ob serv ed  in  N. riisei Tectininus has 
been  a ttr ib u ted  subgenerically  to  the Indo-P acific  Echininus 
o n ly  by  its  o p e rcu lu m  c h a ra c te rs . H ow ever, Echininus 
o p e rcu la  a re  calcified and  m o re  narro w ly  co iled  (tru e  m u l­
tisp ira l type): T h e  w id th  of th e  last w horl is 10% of the 
o p e rcu lu m  leng th , w hile in  N . antoni it is 20%. T h is  com ­
p ares  b e tte r  w ith  the o p e rc u lu m  of Tectarius, w here  the 
fig u re  is 18-277o. Such o p e rc u la  are n am ed  m esosp ira l by 
R o s e w a t e r  ( 1972). T h e re  a re  suffic ien t d ifferences betw een 
Echininus, Tectarius and  Tectininus in  a shell, p en is  and 
ra d u la  charac ters to  exclude c lo se  re la tionsh ip s .

N om enclature and types: K a d o l s k y  ( 1971) p o in te d  o u t th a t 
L. P f e i f f e r  (1839) (cited as a u th o r  of “Echininus nodulosus” 
as constan tly  as erroneously), w ho  m isiden tified  specim ens 
of the  species d ea lt w ith  h e re  w ith the  Pacific Trochus 
nodulosus G m elin , 1791 [now Nodilittorina pyramidalis (Q uoy 
& G a im ard , 1833)), con sid ered  h im self as a u th o r  o n ly  of 
th e  co m b in a tio n  “Litorina nodulosa.”A s  a  new  species nam e, 
th e  n am e  “nodulosa”has n o t b een  va lid ly  estab lished  u n til 
1942, w hen  C l e n c h  & A b b o t t  nam ed  “Litorina nodulosa 
L. P fe iffe r” as th e  ty p e  species of th e ir  new ly p ro p o sed  
subgenus Echininus (Tectininus). T hese  au th o rs  expressly  
excluded  from  th e ir  synonym y lis t the synonym s associated 
by  L. P fe iffer w ith  his “Litorina nodulosa.”T h u s, th ey  have 
in te n tio n a lly  used  L. P feiffer’s m is id en tifica tio n  as a  nam e 
fo r a type  species of a new subgenus. A cco rd ing  to  artic le  
70(b) of th e  IR Z N  this constitu tes th e  in tro d u c tio n  of a new 
no m in a l species, Echininus (Tectininus) nodulosus C lench  & 
A bbott, 1942. T h e ir  desig n a tio n  o f a lecto type fo r “Litorina 
nodulosa L. P feiffer” has to be in te rp re te d  as a ho lo ty p e  
d e s ig n a tio n  fo r Echininus (Tectininus) nodulosus C lench  & 
A bbott, 1942. T h e  ho lo type  is f ig u red  by  O r b i g n y , 1 8 4 2  

on  p it. 14, figs. 16 and  17, b u t n o t 19 w hich show s th e  
op ercu lum .

A lth o u g h  w idely  used , th e  n am e  nodulosa C lench  & 
A bbo tt c an n o t be m a in ta in ed  fo r th is species, because of 
tw o ava ilab le  sen io r synonym s: antoni P h ilip p i, 1846 and  
pfeifferiana W einkauff, 1882. In  ad d itio n , Nodilittorina (Tec­
tininus) nodulosus (C lench & A bbott, 1942) w ould  be a ju n io r  
secondary  hom onym  of Trochus nodulosus G m elin , 1791, 
w hich  is now  classified as Nodilittorina (Nodilittorina) pyra­
midalis (Q uoy  & G aim ard , 1833).

A n  o ld e r  n am e  p roposed  fo r th is  species, scabra A n ton  
[1838] is n o t availab le  because of secondary  hom onym y  
w ith  H elix  scabra L innaeus, 1758. P h i l i p p i  ( 1846) seem ing ly
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in tro d u ced  Litorina A n ton ii as a rep lacem en t nam e for scabra 
A n ton , as he  in c lu d ed  b o th  scabra L innaeus and  scabra 
A n to n  in  th e  g enus “Litorina.” A lth o u g h  a h o m onym y  no  
longer exists, since scabra A n ton  is>attributed to  Nodilittorina 
(Tectininus), w hile scabra L innaeus is a Littoraria (Littorinopsis), 
nam es re je c te d  as seco n d a ry  hom onym s p r io r  to  1961 can ­
n o t be re in s ta ted . T ypes o f scabra A n ton  and  antoni P h ilip p i 
are n o t know n, b u t th e  d iagnoses and  P h il ip p i’s figu re  
ag ree  w ell w ith  th is  spec ies. T h e  ty p e  o f pfeifferiana  
W einkau ff was se lec ted  fro m  th e  o rig in a l m a te r ia l of 
O rb ig n y  as W einkauff re fe rre d  to lite ra tu re  on ly ; thus 
pfeifferiana W einkauff a n d  nodulosa C lench  & A bbott a re  
abso lu te  synonym s as based  on  the  sam e ty p e  specim en.

Range: B etw een F lo r id a  in  the  N o rth  an d  H isp an io la
and  Jam aica  in  th e  S ou th .

M ateria l exam ined : F lo r id a :  M ia m i (U S N M  749826). B ah a m a s : San
S a lv a d o r  (U S N M  749827); N a ss au , P a ra d is e  I s la n d  (U S N M  749828). 
C u b a : H a v a n a  (O rb ig n y , 1842, le c to ty p e  o f pfeifferiana  W e in k au ff, 
1882 a n d  h o lo ty p e  o f  nodu losa  C le n c h  & A b b o tt, 1942; B M N H  
1854.10.4.125); C ie n fu e g o s  (S M F  167803). H is p a n io la :  H a i t i ,  St. 
M are  (S M F ). J a m a ic a  ( C l e n c h  & A b b o t t , 1942). P u e r to  R ic o : R in c o n  
L ig h th o u s e  ( A b b o t t , 1954a; p e n is  a n d  r a d u la  fig ’d). B ay  o f H o n ­
d u ra s :  S w an  I s la n d  ( C l e n c h  & A b b o t t , 1942). N o  lo c a lity : le c to ty p e  
o f Turbo tuberculatus  W o o d , 1828 (B M N H  1887.4.26.13 (no  ra d u la ) ) .

A P P E N D IX

Species in co rrec tly  associated 
w ith  W estern  A tlan tic  Nodilittorina  species

Nodilittorina  spec ies e rro n eo u sly  reco rded  
from  th e  W estern  A tlan tic

Nodilittorina (Nodilittorina) miliaris (Q uoy & G a im ard , 1833) 

(F ig u res  49, 50)

*  Littorina  m iliaris Q u o y  & G a i m a r d , 1833: 484; p it.  33, figs. 16-19 
(A sce n s io n  I s la n d ; h o lo ty p e  M H N P , f ig u r e d  b y  R o s e w a t e r , 

1970: 494-; p it.  381, figs. 1-2; a n d  R o s e w a t e r , 1981: p it.  2, fig.

J)-

*. Litorina echinata A n t o n , [1838]: 53 (no  lo c a lity  g iv e n ; ty p es  
u n k n o w n ; p la c e d  in  s y n o n y m y  o f  N odilitto rina  m iliaris  by  
P h i l i p p i , 1847: 160; p i t .  Litorina  3, fig. 5).

*  Littorina  granularis G r a y , 1839: 140 (no  lo c a lity  g iv e n ; h o lo ty p e  
B M N H  87.4.26.9, r e f ig u r e d  by  R o s e w a t e r , 1970: 494; p it.  381; 
figs. 3-4, “e a s te rn  A tla n tic ” ).

*  Littorina lemniscata P h i l i p p i , 1846a: 139 (“C u b a ,” e rro n e o u s  
lo c a lity ; lectotype B M N H  1968.216, F ig u r e  50 h e re in ) .  R e e v e , 

1857: n o . 6, p it .  2, fig . 6. W e i n k a u f f , 1882: 91-; p it.  13, figs. 
5, 8 . ’

Remarks: P resen t know ledge of th is species suggests its
re s tr ic tio n  to  A scension Is la n d  in  th e  S ou th  A tlan tic . T h e  
fo rm  liv in g  on  th e  coasts of F e rn an d o  d e  N o ro n h a , 300km  
off th e  B raz ilian  coast an d  2000 km  W of A scension, has 
been  id e n tif ie d  w ith  Nodilittorina miliaris by  R o s e w a t e r , 

1975 a n d  1981 an d  w ith  th e  N. helenae by  M a t t h e w s , 1968 
and  V e r m e i j , 1973. T h e  d ifferences a re  o u tlin ed  u n d e r  
N. vermeiji, spec. nov.

Littorina lemniscata P h ilip p i, 1846, was o rig in a lly  recorded  
from  C uba, b u t has n o t b een  red iscovered  th ere  o r  any­
w here  else in  th e  w orld . E xam ination  of the  lectotype, 
p re se rv e d  w ithou t th e  ra d u la , led  to th e  conclusion to 
p lace  th is fo rm  in to  th e  synonym y  of Nodilittorina miliaris. 
A vailable d a ta  on  th e  form  of A scension Is lan d  ( R o s e w a t e r , 

1970, 1975 an d  1981, an d  specim ens rece ived  by courtesy  
of J. R osew ater) in d ica te  th a t N. lemniscata is som ew hat 
m o re  s le n d e r  and  lacks secondary  row s of nod u les ; bu t 
these  d ifferences a re  sligh t, an d  even  if one  objects to 
r e g a rd in g  th em  as b e in g  conspecific, N. miliaris w ould  be 
th e  m ost closely  re la ted  species to N. lemniscata, so far 
know n. P a rticu la rly  th e  n u m ero u s, sm all b u t p ro m in en t, 
ro u n d e d  n o d u le s  seen in  N. lemniscata d is tin g u ish  also 
N. miliaris from  re la ted  species, such as N . vermeiji spec, 
nov., N. helenae (E. A. Sm ith, 1890) and  JV. natalensis (Philippi, 
1847).

T h e  o p p o rtu n ity  is seized to  p ropose  also th e  synonym y 
of Litorina echinata A n ton , [1838 an d  Littorina miliaris Q uoy 
& G a im ard , 1833, a lth o u g h  th e  first-nam ed h ad  nev er been 
c o n s id e re d  as a W est A tla n tic  species. P h i l i p p i  (1847) 
a lre ad y  id en tif ied  it w ith  Nodilittorina miliaris, b u t la ter

E x p lan a tio n  of F ig u res  52 to 59

N odilittorina  (N .) tuberculata  (M e n k e , 1828)
F ig u re  52: G u a d e lo u p e , E . t ip  o f G ra n d  T e rre ,  P o in te  des C h â tea u x . 
N e o tv p e . U S N M  749822. S h e l l :  1 3 .0 X 9 .5 m m , R a d u la :

^  X 210 FN  1641/7A
F ig u re  53: M a r tin iq u e . B M N H . 1854.10.4.124. O r ig in a l  o f  O r b i g n y , 

1842 (p it .  14, figs. 11-13). S h e ll :  14.1 X 11 .2m m
F ig u re  54: M a r t in iq u e .  B M N H  1854.10.4.124. O rb ig n y  c o lle c tio n . 
S h e ll: 1 3 .0 X 9 .3 m m , R a d u la :  x  265 FN  1599/23
F ig u re  55: C o lo m b ia , S a n ta  M a rta . U S N M  749824. S h e ll:  1 3 .0 X 
9 .5 m m , R a d u la :  *  205 FN  956/14

N odilittorina (Tectininus) antoni ( P h i l ip p i ,  1846)
F ig u re  56: L o c a lity  u n k n o w n . B M N H  1887.4.26.13. L ec to ty p e  of 
Turbo tuberculatus W. W ood , 1828. 13.OX 10 .8 m m  
F ig u r e  57: C u b a , H a v an a . B M N H  1854.10.4.125. P ro b a b ly  o r ig in a l  
o f  O r b i g n y , 1842 (p it. 14, figs. 16-17, as tuberculata); le c to ty p e  o f 
Litorina Pfeifferiana  W einkau ff, 1882; h o lo ty p e  o f Echininus (Tectininus) 
nodulosus  “ P fe if fe r” C len ch  & A b b o tt, 1942. 23.1 X 14.4 m m  
F ig u re  58: B ah a m as , S an  S a lv ad o r. U S N M  749827. S h e ll: 15.7X 
1 1 .1 m m , R a d u la :  X 130 FN  1920/6
F ig u re  59: S a m e  as F ig u r e 58: U S N M  749827. S h e ll:  11.9 X  10.1 m m , 
R a d u la :  *  212 FN  1465/7
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Litorina echinata A n ton  was fo rgo tten . T h e  o rig in a l d iag ­
nosis m a y b e  cited in  tran sla tion  from  th e  G erm an  orig inal: 

“Obliquely conical-pyramidate, five whorls, the last fairly 
bulgy, 3/r> of the whole, with nine rows of fairly distantly placed 
spines (Stacheln); in the middle of the whorl with a thread­
shaped brown circlet, greyish white, spines white, the ones 
of the base brown; columella broad, curved; non-umbilicate; 
aperture long-oval, brown, with two white stripes. One 
[specimen].

Variety : much narrower, last whorl half the size of the whole, 
less bulgy. Unicolored red-brown, with a yellow stripe. Width 
4.5"', height 7"'. One [specimen].” [9.8 : 15.3mm].

A nalysis of the  d iagnosis show s th a t in  fact it co rresponds 
best w ith  Nodilittorina miliaris: N ine  row s o f “sp in es” o n  the 
last w horl ind icate  th a t beads of 2nd o rd e r  a re  p resen t, 
and th a t the  no d u les  canno t be as la rge  as, say, in  N. dilatata; 
the  expression  used, “S tacheln ,” ind ica tes th a t th ey  m ust 
be e longa ted  an d  p o in ted ; the  co lo u r p a tte rn  is peculiar, 
bu t ex te rn a lly  visible ligh t-co lou red  zones a re  seen in  the 
lecto type of Littorina lemniscata and  in  th e  closely  re la ted  
N  helenae, th u s  it is conceivable th a t in  an  ex trem e  co lou r 
va ria tion  on ly  a narrow  d a rk  circlet is le ft in  th e  m id d le  
of the w horls.

Nodilittorina (Nodilittorina) helenae (E. A. S m ith , 1890) 

(F igure  51)

* Littorina helenae E. A. S m i t h ,  1890: 283; pit. 21, fig. 19 (St. 
Helena; lectotype BMNH 1889.10.1.2546-54, refigured by 
R o s e w a t e r ,  1981: pit. 2, fig. L; paratype Figure 51 herein).

V e r m e i j  (1973) id en tif ied  th e  Nodilittorina p o p u la tio n  of 
F ernando  de  N oronha w ith  th is endem ic  fo rm  of St. H elena. 
T h e  d ifferences are  o u tlin ed  u n d e r  N. vermeiji spec. nov. 
Nodilittorina helenae, N. vermeiji an d  N. miliaris a re  ce rta in ly  
closely a llied  b u t d is tinc t en o u g h  to  d is tin g u ish  them  as 
separate  species. T h e  d is tin g u ish in g  ch arac te rs  of N odi­
littorina helenae a re  the  s len d e r conica l shell, th e  lack of 
convexity  of th e  w horls, th e  weak, nodu lo se  scu lp tu re , the 
presence of two ex te rn a lly  v is ib le  yellow ish bands, one  at 
the  p e rip h e ry , the o th e r  on  th e  um bilica l side, th is  one 
fo rm ing  th e  in te rn a l lig h t b an d  know n in  all Nodilittorina 
species; n o d u le s  p ig m en ted  yellow ish , n o t w hite , th e  two 
adapical p r im a ry  rows v e ry  w eak, th e  abapical one  stro n g  
and  b ip a rtite , th u s  th e  2nd an d  3rd row  be in g  ex trem ely  
unequal. R adu la , p en is  an d  o p e rcu lu m  w ere described  
and  fig u red  by R o s e w a t e r , 1981.

Nodilittorina (Nodilittorina) unifasciata unifasciata 

(G ray, 1827)

*  Litorina mauritiana  v a r. crassior P h i l i p p i , 1847, A b b . Beschr. 
C o n ch y l. 2: 165; p i t .  Litorina  3, figs. 15, 17a ( ty p e  loc a lity : 
“C u b a ” (fig . 15 o n ly )  is e r ro n e o u s ,  c o r re c te d  b y  R o s e w a t e r  

(1970) to  A u s tra lia ) .
*  Litorina  cubana  W e i n k a u f f , 1882, S yst. C o n ch .-C a b . 2 

(140): 68; p it.  9, figs. 2-3 ( ty p e  lo c a lity : “ C u b a ” is e r ­
ro n e o u s , correc ted  hereby  to  A u s t r a l ia ;  ty p e s  n o t  k n o w n ).

* Littorina (M elarhaphe) ziczac, B e q u a e r t , 1943, J o h n s o n ia  1 (7): 
15 ( p a r t ,  o n ly  t h e  s y n o n y m s  crassior P h i l i p p i  a n d  cubana  
W einkau ff).

* Littorina (Austrolittorina) unifasciata unifasciata, R o s e w a t e r  1970, 
In d o -P a c if ic  M o ll. 2 (11): 467-480; p it.  325, fig . 17-18; p it.  326, 
fig . 5; p it .  259, figs. 1-5; p i t .  360, figs. 1-4; p it .  361, figs. 1A 
(r a d u la ) , 1C (p en is).

Remarks: T h e  nam es crassior P h il ip p i an d  cubana W ein­
kauff re fe r to  shells o f Nodilittorina  w ith  sp ira l scu lp tu re  
a n d  w ith o u t c o lo u r  m a rk in g s  ex cep t of a b ro a d  and  
b lu r re d , s lig h tly  d a rk e r  zone ad ap ic a lly  of th e  p e rip h e ry . 
N o w estern  A tlan tic  fo rm  has th is  co lo u r p a tte rn ; th ey  are 
typ ical, how ever, of th e  A u stra lian  N. unifasciata unifasciata.

Nodilittorina (Nodilittorina) knysnaensis (P h ilip p i, 1847)

*  ? Turbo dispar M o n t a g u , 1815, T ra n s .  L in n e a n  Soc. L o n d o n  
11(2): 195; p i t .  13, fig. 4 ( ty p e  lo c a lity  P o o le , E n g la n d , is 
e r ro n e o u s ; ty p e s  n o t  fo u n d  in  th e  E x e te r  M u se u m  n o r  in  th e  
B r it is h  M u se u m  (N a tu ra l  H is to ry ) ;  nom en  d u b iu m  et oblitum , in ­
c lu d e d  in  s y n o n y m y  o f  "Littorinaziczac  (G m e lin )” b y  B e q u a e r t , 

1943 ( J o h n so n ia  1(7): 15) a n d  A b b o t t , 1964 (N a u ti lu s  N.S. 
78:65)). B r o w n  1844, I llu s tr . r e c e n t  c o n ch o l. G r e a t  B r i ta in  a n d  
I r e l a n d . . . (2 n d  e d it io n ) :  16; p i t .  10, fig . 22.

*  ?Littorina  dispar, B r o w n , 1844, I l l u s t r a t io n s  o f  th e  R ec e n t 
C o n ch o lo g y  o f  G re a t  B r i ta in  a n d  I r e l a n d . . . (2 n d  e d it.) :  128. 
J e f f r e y s  1865, B r it is h  C o n c h o lo g y . . .3:376.

*  Litorina knysnaensis P h i l i p p i ,  1847, A b b . B esch r. C o n ch y l. 2: 
196; p it.  L i to r in a  4, fig . 4 (S o u th  A fric a : C a p u t B o n a e  S p e i ad  
re g io n e m  f lu m in is  K n y sn a ). K r a u s s  1848, D ie  s ü d a f r ik .  M o l­
lu s k en : 102.

*  Littorina picea  R e e v e , 1857, C o n ch , ico n . 10: n o . 83, p i t .  15, 
fig. 83 (no  lo c a lity  g iv e n ; le c to ty p e : R o s e w a t e r  1970, p it. 364, 
figs. 19-20, B M N H  1968.320).

* Littorina (Austrolittorina) knysnaensis, R o s e w a t e r , 1970, In d o - 
P ac ific  M o ll. 2(11): 478-; p it.  364, figs. 17-23 (s h e ll) ,  p it .  365, 
fig . D  (p en is), p it.  369 (d is tr ib u tio n ) .

B e q u a e r t  (1943) and  A b b o t t  (1964) in c lu d ed  Turbo dispar 
M on tagu , 1815, in  Nodilittorina ziczac (sensu lato). T h e  o rig inal
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d esc rip tio n  an d  figu re , how ever, show  a shell b ro a d e r  th an  
N. ziczac, in ten siv e ly  d a rk  p igm en ted , w ith  a w hite band  
n e a r  th e  co lum ella , an d  sp ira l furrow s. T h is  p roves th e  
species be longs to  Nodilittorina, b u t th e  d a rk  co lou r p a tte rn  
w ith o u t p e rcep tib le  m ark ings is q u ite  anom alous fo r a 
W estern  A tlan tic  species. Turbo dispar is m ore like ly  sy n ­
onym ous w ith  Litorina knysnaensis P h ilip p i, 1847, as th e re  
is a p a r t ic u la r  s im ila rity  to th e  specim en  w hich constitu tes 
th e  lec to type  of L. picea Reeve, 1857; the  n um erous sm all 
lig h t-co lo u red  do ts re p o r te d  fo r N. knysnaensis m ig h t have  
been  obso lete  o r  overlooked  in  Turbo dispar. As types are  
n o t p re se rv ed , th e  id en tity  of Turbo dispar M ontagu , 1815 
canno t be estab lished  w ith  certa in ty ; th u s  it is p re fe rre d  
to  co n sid e r it a do u b tfu l and  fo rgo tten  nam e.

W est A tlan tic  species 
e rro n eo u sly  a ttrib u ted  to Nodilittorina

Littoraria tesselata (P h ilip p i, 1847)

(F igures 40-41)

*  Phasianella lineata L a m a r c k , 1 8 2 2 : 5 4 ,  n o . 6  (A n tille s ; le c to ty p e  
S D  B e q u a e r t , 1 9 4 3 :  1 3 :  o r ig in a l  o f  D e l e s s e r t , 1 8 4 1 : p it. 3 7 ,  

figs. l l a - b ;  M H N G  1 0 9 6 /8 7 /1 ,  h e re  F ig u re  40) (n o t B uccinum  
lineatum  G m e lin ,  1 7 9 1 , w h ich  is Littoraria scabra (L in n a e u s , 
1 7 5 8 )) .

*  Littorina  undulata  O r b i g n y ,  1 8 4 2 : 2 1 2 ;  p it .  15 , figs. 1 2 -1 4  (M a r­
tin iq u e )  (n o t Littorina undulata  G ray , 1 8 3 9 ) .

• Littorina  lineata, D e s h a y e s  i n  L a m a r c k ,  1 8 4 3 : 2 4 3 - ,

*  Litorina  [ziczac v a r.] undulata  “M en k e ” P h i l i p p i , 1847: 163 (no  
lo c a lity  g iv e n ; n o t  o f  G ray , 1839).

*  Litorina  tesselata P h i l i p p i ,  1 8 4 7 : 2 2 6 ;  p it. Litorina  5 , fig. 2 6  (M a r­
t in iq u e ;  n ew  n a m e  fo r  Littorina undulata  O rb ig n y , 1 8 4 2 ) .

• Littorina (M elarhaphe) nebulosa tesselata, B e q u a e r t ,  1943: 13; 
p i t .  4, figs. 8-10.

• Littorina  (Austrolittorina) tesselata, R o s e w a t e r , 1 9 7 0 : 4 2 3 .

• Littorina  (Littoraria) tesselata, R o s e w a t e r ,  1 9 8 1 : 2 6 .

L a m a r c k  ( 1822) possib ly  in te n d e d  to  describe Nodilittorina 
interrupta (C. B . A dam s in  P h i l i p p i , 1847) u n d e r th e  nam e 
of Phasianella lineata, as th e  th ree  p a ra ty p es  belong  to  th a t 
species (see F ig u re  23). H ow ever th e  only  specim en  of 
Littoraria tesselata in  th e  ty p e  lo t has been f ig u re d  by  
D e l e s s e r t  (1841); D e s h a y e s  (1843) restric ted  L am arck’s 
spec ies to  th a t f ig u re d  by D e lesse rt; and  ev en tu a lly , 
B e q u a e r t  (1943) desig n a ted  th is  fig u re  as lecto type. T h e  
o rig in a l is re f ig u re d  (F igure  40) h e re in  and c learly  shows 
its id e n tity  w ith  L. tesselata P h ilip p i. O th e r au th o rs  con ­
fused  L am arck ’s lineata w ith  N. interrupta, N. angustior and  
N. glaucocincta g roup  (see th e  synonym y lists of these species).

T h e  a ttr ib u tio n  of Littoraria tesselata to Austrolittorina by 
R o s e w a t e r  ( 1 9 7 0 )  is ce rta in ly  inco rrec t, as L. tesselata shows

no  in te r io r  of th e  sh e ll p ig m en ted  w ith  brow n, 1 1 0  ligh t- 
co lo u red  basal b a n d , an d  the cen tra l too th  of th e  rad u la  
is no t narrow ed , its  la te ra l cusps a re  o n  th e  sam e level 
w ith  th e  cen tra l c u sp  (F igu re  41). F u r th e r  th e  p en is  has a 
basal “flap ” w ith o u t g lan d s ( R o s e w a t e r , 1981). Ju d g in g  
from  shell and  ra d u la  characters a lone , L. tesselata appears 
to  be m ost closely  r e la te d  to  L. undulata  (G ray, 1839) from  
th e  Pacific. T h e  id e n ti ty  of th e  specific nam es undulata 
of G ray  (1839), O rb ig n y  (1842) an d  P h ilip p i (1847) is by 
coincidence.

C O N C L U S IO N

E v o lu tio n  of th e  genus Nodilittorina 
in  th e  W estern A tlan tic

FO SSIL  R E C O R D :

N o su itab le  ev id en ce  to  shed lig h t o n  the  ev o lu tio n a ry  
h is to ry  of th e  g en u s  Nodilittorina in  th e  W est A tlan tic  has 
em erg ed  so far. R i c h a r d s  (1935) re p o r ts  N. ziczac (or p e r­
haps any o th e r “sm o o th ” species) an d  N. dilatata (u n d e r the 
n am e  of Echinella nodulosa matanzensis n . var. ) from  a P le isto ­
cene ra ised  beach (25 ') of M atanzas Bay, C uba. F rom  the 
P a ran á  Form ation  o f A rgen tina , B o r c h e r t  (190Í) describes 
“Littorina” paranensis an d  “Littorina” únicos talis. T h e  first- 
n am ed  h e  com pares w ith  Nodilittorina angustior ( M ö r c h ) 

a n d  Nodilittorina ariesensis (F on tannes, 1879/82), th e  la tte r 
w ith  “Littorina”paranensis only. A lth o u g h  p ro b ab ly  belong­
in g  to  Nodilittorina, th e  descrip tio n s a n d  figu res  a re  not 
d e ta iled  enough  to  ascerta in  th e  re la tio n sh ip s  of these 
species.

R E C E N T  E V ID E N C E :

T h e  p ro p ertie s  o f th e  liv ing  W estern  A tlan tic  species of 
th e  g enus Nodilittorina  a re  v isualised  in  F ig u re  5. A nalysis 
of th e  p ro p e r tie s  so fa r  know n has rev ea led  th a t two m ajo r 
fea tu res  in  the  ev o lu tio n  of the  Nodilittorina  species can 
be recognized: spécia tion  by geo g rap h ica l sep ara tio n  and  
hom oeom orpho logy .

T h e  spécia tion  by  (o r du rin g ? ) g eo g raph ica l iso la tion  is 
show n in  th ree  species g roups:

1) Nodilittorina interrupta (S. C aribbean ) and  N. lineolata 
(B razil);

2) Nodilittorina riisei (F lo rida , C uba), N. glaucocincta (Ja­
m aica, Lesser A ntilles), and N. mordax  (B aham as, C uraçao);

3) Nodilittorina vermeiji (F ern an d o  de  N oro n h a), N. m il­
iaris (Ascension), N. helenae (St. H e len a ), N. natalensis (S.
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and  E. Africa) (the th ree  las t-nam ed  a re  n o t in c lu d ed  in 
F igure  5 as be ing  no t W estern  A tlantic).

As negative ev idence of th e  above, less closely re la ted  
species overlap  m o re  o r  less in  th e i r  geog raph ica l d is tr ib u ­
tion: Nodilittorina ziczac an d  N. interrupta in  th e  S ou thern  
C aribbean ; N. angustior and  N. ziczac in  th e  en tire  C aribbean  
Sea; possibly A. tuberculata an d  N. dilatata at th e ir  n o rth e rn , 
respectively, so u th e rn  a rea l b o u n d a rie s  in  th e  a rea  of 
P u erto  R ico/S t. T hom as.

H om oeom orpho log ies occur w orldw ide in  th e  fam ily 
L itto rin idae  and are d ea lt w ith  in  th e  chap te rs  on  the 
taxonom ic im portance  of th e  d iffe ren t organs. H o m o eo ­
m orphologies in  W estern A tlan tic  species m ay  be com ­
piled  here:

1) opercu lum  type  B (pauc isp ira l, n arro w ly  coiled) in 
(a) Nodilittorina angustior, (b) th e  conica l, s trong ly  nodu lo se  
Nodilittorina species like N  tuberculata, N. dilatata etc.

2) (possible h o m oeom orphs:) s tro n g ly  nodu lo se  species 
w idely d iffering  in  anatom y: (a) Nodilittorina dilatata, N. 
pyramidalis, N. miliaris g ro u p  etc., (b) N. tuberculata, (c) N. 
antoni (a com m on o rig in  of all these species is still possible, 
but no t well conceivable w ith  th e  ev idence  at hand).

3) egg capsule: cupo la -shaped , e n tire  convex s ide  cov­
e red  by sp ira l rid g es: (a) N odilittorina angustior, (b) N. 
tuberculata.

4) egg capsule: o n ly  to p  p o r t io n  of th e  convex  side 
covered by sp ira l ridges, and  s teep  flanks w ith oblique 
striae: (a) Nodilittorina riisei (and  p ro b ab ly  also th e  closely 
re la ted  N. glaucocincta and  N. mordax), (b) N. antoni.

5) R adu la  w ith  red u ced  cen tra l too th , o th e r  tee th  w ith 
reduced  n u m b er of cusps, one  cusp  in  bo th  th e  la tera l 
and the in n e r  m arg in a l tee th  v e ry  la rge : (a) Nodilittorina 
glaucocincta and  N. mordax, (b) N. tuberculata, (c) N. antoni.

Strangely  enough , d o u b le  h o m o eo m o rp h o lo g ies  occur 
repeated ly  in  the West A tlan tic  n o d ilitto r in e s : Nodilittorina 
angustior and  N. tuberculata (item s 1 and  3), N. tuberculata 
and N. antoni (2 an d  5), N. m ordax  an d  N. antoni (4 and  5). 
T h is  c ircum stance w ould  cast d o u b t as to  w h e th e r the 
p e rtin en t p ro p e rtie s  a re  rea lly  h o m o eo m orpho log ies  in ­
stead of hom ologies, if n o t th e  sum  of all th e ir  characters 
w ould dism iss any close re la tio n sh ip . A pparen tly , w hen 
in te rp re tin g  the re la tio n sh ip  an d  ev o lu tio n  of th is g roup  
of anim als, one is faced w ith  th e  p ro b lem  of recogn ising  
num erous and rep ea ted  ho m o eo m o rp h o lo g ies  evo lv ing  
from  a rep e rto ire  of ch aracters lim ited  en ough  to n o t allow  
a fu r th e r separa tion  of th e  p e r t in e n t species in to  several 
genera. T h e  p rob lem  is a t p i'esen t in tensified  by th e  lim ited  
know ledge of anatom ical data.

F or exam ple , th e  ava ilab le  da ta  o n  the  p en is  m orpho logy  
suggest th a t Nodilittorina tuberculata, N. lineolata and  N. zic­
zac auct. (i. e., e ith e r  N. ziczac s. str., N. angustior o r  N. m ordax) 
h ave  charac te rs  in  co m m o n  w hich d is tin g u ish  them  from  
bo th  sp ira lly  sc u lp tu re d  a n d  no d u lo se  species of th e  Indo - 
Pacific a rea . I f  these  d iffe rences p ro v e  to  be consistent 
in  th e  species n o t y e t in v es tig a ted , th e  conclusion  w ould 
be possib le  th a t a ll C a rib b ean  N o d ilitto r in a e  h ad  evo lved  
from  a com m on source  d if fe re n t from  th e  ancestors of the 
Indo -P ac ific  species, th u s  d e m o n s tra tin g  any  characters 
th ey  m ay  sh a re  w ith  th e  Indo -P ac ific  species to  be h o m o ­
eom orpho log ies . O n  th e  o th e r  h a n d , th e re  m ust be close 
affin ities betw een  A tlan tic  an d  Pacific M id d le  A m erican  
species, as the A tlan tic  an d  Pacific O cean w ere disconnected 
in  th is a re a  o n ly  in  geo log ica lly  fa irly  recen t tim e.

In  sum m ary , th e  g enus Nodilittorina seem s to  have  u n ­
d e rg o n e  a ra p id  ev o lu tio n  in  recen t tim es (app rox im a te ly  
since th e  b eg in n in g  of th e  M iocene). O ne d riv in g  m ech­
an ism  of th is  e v o lu tio n  is obv iously  g eo g rap h ic  iso lation ; 
an o th e r  one  m ay  be  ecological sep a ra tio n  as show n in  
th e  two m o rp h s  of N . hawaiiensis R osew ater & Kadolsky. 
In  th e  species d e a lt w ith  h e re , th e  first-nam ed  m echanism  
can be d em o n s tra ted  in  severa l species g roups . T h e  o rig in  
of these  species g ro u p s , th e i r  h is to rica l d ev e lo p m en t and  
possib le  m ig ra tio n  paths, how ever, c an n o t yet be traced 
d u e  to  th e  lim ited  a m o u n t of anatom ical d a ta  of the  liv ing  
species an d  th e  ex trem ely  p o o r fossil reco rd .
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