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P A R T  I I I .—A N ATOM Y .

INTRODUCTION.

T he collection of Pteropoda, preserved in  alcohol, brought home by the  Challenger, 
includes specimens of all th e  know n genera except Cym buliopsis and  Clione.

This collection having  been placed in  m y hands for purposes of system atic study, I 
was, when th is p a rt of the work was concluded, in  an exceptionally favourable position 
for undertaking a  monographic exam ination of th e  organisation o f th is  group o f animals. 
Since the  publication of S o u ley e ti memorable work, th e  anatom y of th e  P teropoda has 
been studied alm ost exclusively b y  m eans of European species, an d  th is is th e  first tim e 
since th a t  epoch th a t  such an im portan t collection as th e  present one has been made, 
including, as i t  does, forty-four species o u t of th e  six ty-three actually  known, and 
specimens of nearly  all th e  genera.

Hence although th e  tim e a t  m y  disposal was very lim ited, I  could n o t allow an oppor­
tun ity  to  escape which w ould probably n o t soon occur again.

By adding to  th e  Challenger collection some specimens o f Clione lim acina  which 
Mr. John  M urray placed a t  m y  disposal, and  a  specimen o f Cymbuliopsis of m y  own, I  
was able to  investigate all th e  known genera o f P teropods, so th a t  th e  conclusions a t 
which I  have arrived have n o t been draw n from th e  organisation o f a  few species only,
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b u t from th a t of the entire group, each genus, and  usually several species of each genus, 
having been studied.

As the conclusion of these researches an analytical exposition of the whole organisa­
tion of each genus m ight be expected, b u t th is would have extended th e  present Report 
beyond reasonable dimensions, and would have occasioned much repetition, since several 
of the genera of Pteropods arc very closely related, and the  num ber of d istinct types is 
fai' from large. Besides, as I  have already rem arked, the lim ited tim e a t  m y disposal did 
not perm it me to  enter upon an anatomical monograph, and  indeed, even if  a  longer 
period had been available, the  following considerations would .have deterred me from 
such a  course :—

1. W e already possess a  very considerable acquaintance w ith num erous points in  the 
organisation of the Pteropoda, thanks to  the  general works, based upon several different 
genera, of van  Beneden,1 Souleyet,2 and  G egenbauri and  to  the special memoirs, trea ting  
only of a  single form, of E schrich t4 an d  W agner.6 In  m any respects an  anatom ical 
monograph would sim ply be a  rep rin t of w hat has been published b y  these authors.

2. The system atic position of the Pteropods is the  subject o f  much discussion, and 
their phylogenetic relationships have been very variously interpreted.

For several years® I  have followed Spcngel,7 along w ith G robben8 and B oasi in  the 
opinion, no t shared by m ost zoologists, th a t the  P teropoda do no t constitu te a  distinct 
class among the  Mollusca, comparable with the Cephalopoda, Gastropoda, Scaphopoda, 
aud Pelecypoda. Further, I am, like Boas, of opinion th a t  even w ithin th e  Gastropoda 
they  do no t constitute a  prim ary division, b u t only a  group of much lower rank among 
th e  Opisthobranchiata division of th e  Tectibranchiata Eutliyneura.

This opinion, i t  m ust be added, is no t new ; i t  was expressed during  th e  first half of 
th is century by de Blainville.10 S ou leyet11 was th e  first, and  indeed th e  only, inves­
tigator who has attem pted to  give any  proof of it, and  he was n o t very  successful,

1 Exercice« Zootomiques, Mém. Acad. Sei. Bruxelles, t  x ii., 1839 ; M ém oire s u r  la  L im acina arctica, op. cit., t  xiv.f
1841.

7 Voyage de la Bonite, Zoologie, t. ii. pp. 37-288, 1862.
9 U ntersuchungen über P teropoden und  H eteropoden, 1855.
* Anatom ische Untersuchungen über dio Cliona borealis, 1838 ; in  D anish , A natom iske U ndersögclser over Clione 

borealis, K . dantk. Vidensk. Sclsk. A fhandl., 7 D eel, p. 327.
6 D ic Wirbello8on des weissen Meeres, Bd. L pp. 89-120, 1885.
0 D ic Gcruch8organe u n d  das N ervensystem  d er M ollusken, Zeitschr. f .  wiss. ZooL, Bd. xxxv. p . 373, 1880.
7 T h e  ceplmlic appendages of th o  Gynmosomatous Pteropoda, Quart. Jouru. M icr. Sei., N .S ., vol. xxv. p . 606, 

1885. Description d’u n  Nouveau genre de Ptöropode Gymnosoma, B ull. Sei. Dép. Nord, p . 220, 1880. Recherches sur 
le Système N erveux des Ptéropodes, Arch, de Biol., t  vii. p. 127, 1886.

• Morphologische S tud ien  über den H arn- und  Geschlechtsapparaten sowie die Leibesböhlo d e r  Cophalopoden, 
Arb. Zool. Inst. W ien, Bd. v. p. 246, 1884.

0 Spolia atlantica, B idrag t i l  Pteropodernes Morfologi og System atik , &c., K . dantk. Vidensk. Sclsk. Skriv., 
Raekkc 0, Bd. iv . p. 12.

10 Manuel de Malacologie, p. 480.
u  Voyage de l a  Bonite, Zoologie, t  ii.
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because he had opposed to  him the  dogmatic views of Cuvier, which were then  all- 
powerful. Recently, however, the authors above mentioned have returned to  an opinion 
closely resembling th a t of de Blainville ; b u t in  order to  place th is upon a  firm basis, 
further dem onstration is still necessary. . . ; :

On these grounds I  have proposed to  make the  present Report a  comparative 
anatomical s tudy  of these animals ra ther than a  descriptive anatomical monograph, and 
shall a ttem p t mainly to  throw light- upon th e ir  system atic position ; and by the per­
mission of Mr. John  M urray to  conclude th is th ird  part of m y Report upon the  Pteropoda 
by an exposition of m y views regarding their relations to  the  o ther groups of Mollusca.

Having thus defined th e  object o f  the  present work and  the  sp irit in which it is 
conceived, I  m ay say a  few words regarding the m ethod which has been followed in its 
elaboration and the m anner in  which I  have divided it.

The first portion of this R eport bears upon the  descriptive anatom y of the Pteropoda, 
taken genus by genus, trea ting  first of the Thecosomata, then  of the  Gymnosomata. As I 
have indicated above, no attem pt will here be made to  discuss the whole organisation of 
each genus, b u t I  shall study especially—

1. Tlie points neglected or m isinterpreted b y  previous authors, in order, if  possible, 
to  elucidate them.

2. T he points which seem to me to  have an im portan t bearing upon the  relations and 
systematic position of the  Pteropoda.

In  th is portion I  shall no t attack the question of the  embryonic developm ent of the 
Pteropoda. Too few embryos were collected b y  the  Challenger to  furnish any  new facts 
which m ight serve as a  basis for a  discussion of th is  special subject. T he histology of the 
Pteropoda, too, will only occupy an unim portant place in  our discussion, for the  specimens 
collected b y  the  Challenger were no t preserved with a  view to  histological examination. 
Hence, in  order to  fill up th e  numerous lacunæ which will occur in  th e  present work, I 
hope to  publish hereafter the  results of m y exam ination of fresh specimens a t the Naples 
Zoological Station.

In  the second p a rt i t  is proposed to  s tudy  the relations and  affinities of th e  group of 
Mollusca called Pteropoda by a  comparison of th e ir  organisation (as ascertained by the  
investigation described in  the  first p a rt)  w ith th a t of o ther Mollusca.
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I .  O R G A N I S A T I O N  O F  T H E  P T E R O P O D A .

I propose to  study the  Thecosomata an d  the  Gym nosomata separately, and  as I  have 
enum erated th e  differential characters of these two divisions in  th e  System atic R eport on 
Gymnosomata,1 there is no need to  repeat them  here. The phylogenetic origin of the  
two groups will be examined in  the  sequel.

I. THECOSOMATA.

W e shall now proceed to  examine in  succession each of th e  genera recognised in  the  
System atic Report on th e  Thecosomata.2

Fam ily  I . L i m a c i n i d æ .

The knowledge of the  organisation o f the Lim acinidæ is of th e  u tm ost consequence 
in  the morphological s tudy  o f the Pteropoda, because the tru e  phylogenetic relations 
of th e  typical Thecosomata (Cavoliniidæ) are en tire ly  concealed by an  adventitious 
modification upon which w e shall enlarge hereafter. This masks th e ir  tru e  relationship, 
and if the  Limacinidæ did no t exist a t  th e  present tim e i t  would probably be impossible 
to  explain th is  modification, and  consequently very difficult to  establish th e  real affinities 
of the Thecosomata.

The only inform ation we possess regarding th e  organisation of the  Limacinidæ is to  
be found in  the  memoir of van  Beneden on L im acina  arctica ( = helicina),1 and  in  the 
ra ther brief anatomical s tudy  of th e  “  genus ”  S p iria lis , published b y  Souleyet in  the  
Voyage of th e  “ Bonite.”4 These tw o works, however, in  addition to  being brief, include 
numerous gaps and several inaccuracies, which defects I  shall endeavour to  remedy.

L im acina  helicina (L im acina arctica,), th e  species studied  b y  v an  Beneden, is o f  large

1 ZooL OhalL E xp ., p a r t lv iii. pp . 4 -6 . » ZooL C h a ii  Exp., p a rtlrv .
* M inu  Acad. Sei. B ruze lia , t  x iv . « V oyage d e  la  B onite, Zoologie, t. ii. pp . 208-215.
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dimensions, whilst Lim acina australis, which was the subject of Soulc}*et’s investigations, 
is one of those small forms classed by him under the generic name S jn ria lis . He 
recognised, however, their close relationship to  the  larger Limacina?, the only difference 
which lie stated to exist between them — th e  absence of th e  operculum in  L im acina— has 
been found to  have no foundation, for i t  is only th a t  th e  adu lts  in the Large forms have 
lost the operculum. In  consequence of the  small size of his specimens a  num ber of points 
in their organisation have escaped him.

In  the Challenger collection there was only one specimen of a  large Lim acina  (Lim acina  
antarctica) which I have therefore been compelled to  preserve in tac t ; b u t since Mr. John 
M urray has placed in m y hands a  num ber of specimens of L im acina  helicina  from H udsons 
S trait, I  have been able to  study a  great part of the  organisation of the genus, upon a 
large species and  upon small forms (L im acina  lesueuri and L im acina  austra lis), which 
la tte r have served more especially for special points and  for purposes of comparison.

Lastly, as regards the genus Peraclis, the  form studied is P eraclis reticu la ta  ; b u t as 
specimens of th is genus are very rare, I have only been able to  make use of two, and 
hence have not been able to  push m y researches so far as I could have wished.

In all the Limacinidæ the shell is sinistral, and  hence the anim al is coiled in a  left- 
handed direction ; bu t although tw isted in  th is m anner, in  all its  organisation the  animal 
is dextrorsal, th a t is to  say, th a t  in the  asymm etrical disposition the rig h t side pre­
dominates ; i t  is here th a t are found the anus, the genital aperture, and  the  copulatory 
organ.

This is a  fact opposed to  the  usual condition in  the  sinistrorsal Gastropods. In  
Physa, for example, the spiral (and hence the shell) is sinistral ; the  anus, th e  genital 
aperture, and the  copulatory organ are all placed on the left side, and  hence i t  is th is side 
which predominates in  the asym m etry of the  animal. Thus the  direction of the  spiral 
corresponds with the  kind of asym m etry observed in th is Mollusc.

The difference between these two cases shows, however, th a t  the  mode of asym m etry 
in  a  Mollusc is in  no way dependent upon the  direction of its coil. In  P h ysa  there is 
a complete situs inversus; and  i t  is th is which has brought about the left-handed 
tw isting of the animal and the  sinistra! character of its  shell, fo r we arc acquainted with 
no Gastropod which has acquired a left-handed asym m etry of organisation, an d  had at 
the  same tim e preserved a  dextral shell. In  th is case, then, th e  sinistral coiling appears 
to be only one of the  consequences o f the  situs inversus.

On the  contrary, as we see in  the Limacinidæ, an anim al w ith dextral organisation 
m ay be coiled sinistrally. The case of th e  Limacinidæ, too, does no t seem to  be unique, 
since, according to  Bouvier,1 the genus Lanistes (A m p u lla ria  w ith  left-handed spiral) also 
has a  dextral organisation.

The direction of the  spiral, then, does no t perm it us to  determ ine the mode of the
1 S u r le système nerveux typ ique dee P rosobranches dex tres ou «¿neatrès, Comptes rendus, t. ciii. p. 1270, 1886.
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asymmetry of th e  Mollusc, auy  more than  th is la tte r enables us to  determ ine the 
direction of the spiral (in contradistinction to  th e  opinion of Lacaze D u th ic rs1) ;  hence 
an animal with dextral asym m etry m ay be tw isted directly or inversely, or m ay not. 
be tw isted a t all (Patelloid Gastropoda).

Besides, the  direction of the spiral m ust be of very slight morphological im portance, 
since in  th e  same genus (Neptunea, P yru la , Vertigo, &c.) there are some species which 
are dextral, and  others which are normally sinistral.

1. Lim acina.

The H ea d  is distinct, surrounded on each side by the  fins, which reach to  th e  dorsal 
aspect, where is found a  pa ir of tentacles.

These la tte r  arc asymmetrical, the left being much less developed th an  the rig h t ; in 
Lim acina helicina  and Lim acina  an tarctica  i t  is alm ost completely atrophied, and is 
situated ra ther posteriorly to  the right. In  L im acina  in fla ta  and  L im acina  lesueuri it 
is somewhat larger. In  all the  Limacinæ the  rig h t tentacle is very  long when fully 
developed (PI. I. fig. 1 , a), and is surrounded a t th e  base b y  a  short everted sheath, 
such as is found in certain Nudibrauclis. This sheath also occurs in  the sm aller forms 
(,lSp iria lis"), where Souleyet2 did no t succeed in  finding it.

The Foot.— The fins form  a t the anterior ex trem ity  of th e  body a  na ta to ry  surface, 
oblique with respect to  th e  transverse plane of the  body, the ventral m argin being lower 
than the dorsal. On th is surface th e  m outh opens, and  a t  the  lig h t, near the dorsal 
m argin outside the  lip, is the  orifice of the copulatory organ, to  which the  sem inal groove 
leads, passing from the  righ t side of the  cervical region over the dorsal border of the  fin.

On the dorsal m argin of th e  fin, near the  middle, is a  little  tcntaculiform  lobe, which 
differs in  structure from the  rem ainder of the  fin, and  contains the  term ination of a 
slender nerve ; probably i t  is a  tactile organ. This lobe or papilla does n o t exist in  
all species. I  have only dem onstrated its  presence in  Lim acina  helicina, L im acina  
antarctica, and  L im acina  austra lis;  i t  is w anting on th e  other hand in  Lim acina  
bulimoides, L im acina trochiformis, L im acina  lesueuri, and  L im acina  inflata.

This little  lobe corresponds to  an analogous organ found 'in th e  subgenus Creseis, of 
the  genus Clio. Van Beneden8 regarded i t  as a  tentacle, and  H uxley4 identified i t  w ith  
the  long cephalic appendage of Halopsyche. These two opinions are  both erroneous.

The fins arc continuous and  un ited  ventrally  by the posterior lobe of th e  foot, which 
is slightly notched in  the middle of its  ventral border, and carries tho  operculum. I  have

1 D u  système nervoux des G astropodes pulmonds aquatiques, A rcL  de Zool. E xp ir., sér. 1, t. i. p. 402.
3 Voyage de la  Bonite, Zoologie, t . ii. p. 200.
3 Mémoire su r la  L im acina arctica, p . 3, Mdm. Acad. Sei. Bruxellee, t  xiv.
* On th e  Morphology of th e  Cephalous Mollusca, P hil. Trant., 1863, p . 41.
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already said th a t in  Lim acina  helicina  and  L im acina  an tarctica  th e  operculum is caducous 
in  fully-grown specimens, a  fact which explains how i t  is th a t these species have often 
heen regarded as lacking th is organ.

The M antle  is open dorsally, and  united to  the  body behind th e  foot (on th e  ventral 
surface of a  spread ou t Lim acina). Its  m argin is simple ; i t  presents, on th e  r ig h t side, 
a  little  ventrally, a  ra ther narrow  lobe, term inating in a  point, and  called the “  balancer.” 
the considerable development of which perhaps enables i t  to  play th e  p a rt of a  counter­
poise during swimming, the  coiled Pteropods no t being symm etrical like the  stra igh t 
forms. Possibly th is lobe is also sensory, as its  whole surface is ciliated.

The dorsal portion of the  m antle which covers the palliai cav ity  presents a  ra ther thick 
glandular area, corresponding to  the  “ shield ” of the Cavoliniidæ. The structu re  o f this 
organ is already known and is practically the  same in  L im acina  as in  th e  Cavoliniidæ : 
bu t in the present case i t  is asymmetrical (PI. I. fig. 5, a )  and  uniform  in  structure 
throughout its extent.

The Digestive Tract.—The mouth opens in  the natatory  plane formed by th e  tw o fins 
enveloping the cephalic region ; i t  is situated towards the  dorsal border of th is  plane and 
bounded by two lips, united dorsally and separating towards th e  o ther side.

The mouth is succeeded by a  buccal mass, the cavity  of which encloses two lateral 
jaws, such as have already been described by Sars.1 The num ber of folds presented 
by these jaws varies in  different species. The disposition of the radu la  agrees w ith th a t  of 
all the  odon tophorus Mollusca, b u t the  ribbon is very short, the  num ber of transverse 
rows being b u t small. The num ber of longitudinal series is three, as in  all the  Theco­
somata.

On either side of the  radula opens a  salivary gland. These organs have escaped the 
attention of th e  different naturalists who have studied L im acina  (van Beneden,2 Souleyet3). 
According to  Gegenbaur4 they are w anting in  all Thecosomata, nevertheless all these are 
provided with them. In Lim acina  these glands are small, short, oval, and  w ithout a 
differentiated duct.

The cesophagus, ra ther long and longitudinally plicated w ithin, leads in to  an enlarge­
m ent of the  digestive tube called the stomach, which here, as in  all Thecosomata, is in 
reality  a  masticatory gizzard. I ts  walls have about the centre a  large m uscular transverse 
band, which actuates a  num ber of hom y plates situated  w ithin it.

These masticatory plates are four ín  num ber and  are placed sym m etrically (two 
ventral and two dorsal) ; a  fifth has no t been observed b y  the anatom ists, although the 
embryologists have recorded its  existence (K rohn,6 F o lfl). The four symm etrical plates

1 Mollusca regionia arctica* Norvegixu, p i. xv i. fig. 17. * M émoire s u r  la  L im acina arctica, loe. cit.
3 Voyage de la  Bonite, Zoologie, t  ii. p. 210.
4 U ntersuchungen ü ber Pteropoden u n d  H eteropoden, p . 10.
& Beiträge zu r Entwickelungsgeachichte d e r P teropoden und  Heteropoden, p. 42.
0 S u r le  développement de» Ptéropodes, Arch, de Zool Expér., eér. 1, t. iv . p. 162.
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are of a  rectangular outline, elongated in  the  direction of the axis of the  digestive tube, 
the dorsal pair being a  little  shorter th an  th e  ventral. T heir free surface bears a  ra ther 
sharp prom inent crest. The fifth plate is situated behind the o ther four, between the  two 
dorsal ones; its form is almost triangular, one of the  angles being directed forwards. 
These masticatory plates have a  structure resembling th a t of the  “ shell” of the Cymbuliidae, 
b u t are ra th e r more dense ; s triæ  of grow th m ay be observed in  them , and  they  are 
covered by the  gastric epithelium.

Behind the  muscular band th e  stomach gradually narrows to  pass in to  the intestine, 
and in to  th is h inder portion of the organ on the left side opens the bile-duct.

H u x ley 1 asks with respect to  th e  Limacinidæ “ w hether the  first flexure o f the 
intestine is also dorsal” (like the  palliai cavity) “  or whether, as in  all o ther Pteropods, i t  is 
ventral.” In  L im acina  from its  origin the intestine bends towards the  rig h t and  dorsally, 
and  eventually opens a t the rig h t side of th e  palliai cavity. I ts  flexure is thus th e  same 
as th a t called “  dorsal ” or “  hæmal ” among the  Gastropods (PI. I . fig. 3).

The Circulatory a n d  E xcretory Organs.— T he h eart is situated a t  th e  posterior end 
of the palliai cavity, and  is even visible, owing to  the transparency of the m antle, behind 
the  shield. I t  presents an  auricle directed towards the left and  a  ventricle lying 
posteriorly, both contained in  a  pericardium, which is quite  excluded from the circulation. 
In  front of th e  heart is th e  elongated, thin-walled kidney, arising from the  pericardium, 
with the  cavity  of which i t  communicates. I t  enlarges anteriorly in  such a  way as to  
form an elongated triangle whose base is forwards, and  opens in to  the palliai cav ity  by a 
small narrow aperture.

The Generative Organs.—The gonad, which in  th is case is a  herm aphrodite gland, 
occupies all the in itial portion of th e  visceral mass. The efferent d u c t arises anteriorly 
at the ventral aspect of the  gland, and  then  passes forwards across the  intestine and  to  the 
righ t of the oesophagus. This duct (PI. I. fig. 3, j )  is very  th in  a t its  origin b u t expands 
about its  middle, where its  walls become g landular ; i t  then  contracts again  and reaches the 
accessory glands (albuminiparous and  muciparous glands) and th e  receptaculum  seminis.

The genital aperture is situated  a t th e  rig h t side of the  cephalic region, and  is protected 
by a  kind of little  operculum. A t th is  opening commences th e  sperm atic groove (PI. I. 
fig. 3 , 1), formed b y  a  fold of skin, which is directed tow ards the dorsal surface of the  head, 
passes to  th e  righ t side of the  rig h t tentacle, and  reaches the  anterior surface of the fins, 
where i t  term inates a t  the opening of th e  copulatory organ. This is the  same disposition 
as th a t  already known to  exist in the Cavoliniidæ. W hen pro truded  the copulatory organ 
divides in to  two branches, for instance in  L im acina  lesueuri (PI. I . fig. 2, c).

Nervous System .— The nervous centres are un ited  around the  oesophagus behind the 
buccal mass. The cerebral ganglia (PI. I. fig. 7, c) are situated  a t  the  sides o f  the 
oesophagus, and connected by a  long supra-cesophageal or dorsal commissure.

1 On the  M orphology o f  th e  Cepholous M oll uaca, loc. cit., p. 43.
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The infracesopkageal portion of the nervous centres (PI. I. fig. 8) consists of two 
portions : an anterior, pedal, and a  posterior, visceral. T he pedal group (6) is composed 
of two large symmetrical ganglia, pressed one against the  o ther and  in  jux taposition  with 
the  corresponding cerebral ganglia. On the  posterior margin of each is an otocyst (e).

The visceral group consists of two ganglia, each of which is also approxim ated to  the 
cerebral ganglion of its  own side ; they  are, however, asym m etrical, inasm uch as the 
right ganglion (c) is much larger than  the left (d), and  the  groove which separates them  
does no t lie in  the m iddle line of th e  body, b u t is displaced towards the  left. The rule 
of Lacaze D uthiers,1 according to  which, in sinistrorsal Gastropods, th e  le ft ha lf of the 
visceral commissure is the more developed, does no t therefore hold good in  the 
present case.

This asym m etry was unobserved by van  Beneden and Souleyet, an d  has no t since been 
recorded, although i t  is very strik ing ; van Beneden2 figures two sym m etrical ganglia, 
and Souleyet3 a  single symmetrical ganglionic mass as in  Cavolinia.

(1) Cerebral Ganglia.— From the anterior portion of these ganglia proceed the
nerves which supply the  head and  tentacles (PI. I. fig. 7, i). They probably 
also give origin to  the auditory nerves which proceed to  the  octocysts, as 
is observed in all o ther Mollusca, and  as I  have also seen in  certain 
Thecosomatous and Gymnosomatous Pteropods, as I shall show further 
on ; I  have not, however, been able to  make ou t th is  nerve in  Lim acina.

(2) Pedal Ganglia .— These give origin a t  their anterior aspect to  large nerves
passing to  the foot and the fius (PI. I. fig. 8 , / )  ; a branch of the nerve to 
each fin goes to  the  little  lobe which is found on its  anterior border in 
certain Lim acina.

(3) Visceral Ganglia .— These ganglia are asym m etrical n o t only in p o in t of size
b u t also in the  nerves which proceed from them  ; from the  large ganglion 
on tlie rig h t proceed three nerves, only one from th a t  on the left.

(i.) R igh t Ganglion.— The outer nerve (1) passes to  th e  rig h t side of the 
m antle and to  the osphradium, and  is probably homologous w ith the 
branchial nerve of Gastropods ; the two median nerves (2, 3) supply the 
viscera (heart, kidney, and generative organs).

(ii.) L e ft Ganglion.—The single nerve (4) goes to  th e  left side of the 
mantle.

The preceding description relates to  Lim acina  helicina. In  th e  small forms 
(“  Spiria lis " of Souleyet) the  disposition of the nerve centres is the same. Souleyet4

1 D u système nerveux dea Gastéropodes pulm onés aquatiques, Arch, de Zool. Expér., aér. 1, t  i. p. 494, No. 13.
* Mémoire su r la  Limacina arctica, Mém. Acad. Sei. B ruzelia ,  t. xiv. p i. v. figs. 7, 13.
8 Voyage d e la  Bonite, Zoologie, Mollusque«, p i. xi. fig. 21.
* Ibid., t . ii. p. 213.
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describes the visceral ganglia in  “ S p ir ia lis  ” austra lis  as like those of C avolinia, th a t  is 
as forming a  single mass. I  have had the  opportunity  of studying  th is form as well as 
Lim acina helicina, and  can state th a t in  it, as well as in  L im a c in a  lesueuri, L im acina  
trochiformis, and  L im acina  in fla ta , th e  ganglia of the  visceral commissure are  disposed 
in  the same asymmetrical fashion. The d istribution of the  nerves is also certainly 
identical, b u t  i t  is difficult to  distinguish th is  in  th e  case of sueli small animals.

The enteric or stom ato-gastric nervous system  includes a  pa ir of buccal ganglia, 
united b y  a  thick and ra ther long commissure. These ganglia are placed in  contact with 
the oesophagus below the  pedal ganglia ; each of them  is joined to  the corresponding 
cerebral ganglion by a  th in  connective. They give off anteriorly the  nerves to  the  
buccal mass, and  posteriorly two filaments which pass along the oesophagus to  the  
stomach, where they  ram ify and  anastomose, so as to  form  a  plexus whose appearance 
varies a  little  in  different individuals. Some ganglionic thickenings are observed in 
the  plexus.

2. Peraclis. x

The H ea d  is qu ite  differently shaped from th a t of L im acina  ; i t  is  quite  d istinct, as 
I  have already had  occasion to  poin t ou t in  the  system atic p a rt of th is  Report ; i t  has 
the  form of a  short proboscis issuing from the dorsal m argin o f the  fin (PI. I. fig. 9, a), 
the two lips uniting  dorsally and ventrally  ; the  two tentacles are sym m etrical, and have 
no sheath. I t  is th is proboscis which in Costa’s  figu re1 m ight easily be taken for th e  
ventral lobe of the foot, which would be notched in  the middle of its  free margin.

The Foot.— The fins have no tentaculiform  lobe ; the  ventral lobe of th e  foot is 
no t notched in  the  m iddle of its  free margin, b u t is broader a t the base than  a t  th is 
margin.

The M antle  has on its rig h t m argin, a  little  ventrally , an  appendage in  th e  form  o f a 
triangular lobe, analogous to  th e  balancer o f Lim acina. The dorsal palliai gland 
(shield) is shorter th an  in  Lim acina. I t  is n o t homogeneous, as in  the case of this 
latter, which resembles th a t  of Clio (subgenus Creseis), b u t presents alternating  transverse 
bands (PI. I. fig. 10). I t  is  asymm etrical like th a t  of Lim acina.

The Digestive Tract agrees with th a t  of Lim acina , both in  the relative position of its 
constituent parts and in  th e ir  shape. As in  L im acina  there  are tw o lateral jaws, two 
little  salivary glands, and  five large m asticatory gastric plates, o f  which four are  sym ­
metrical, and the  fifth triangular, posterior, and  dorsal. Furtherm ore, as in  Lim acina, 
the bile-duct opens in to  the  left of the digestive trac t, and  the  flexure o f the intestine 
is dorsal and to  the right.

The visceral anatom y of Peraclis is otherwise very sim ilar to  th a t  o f  Lim acina, and

1 Illustrozionc delia  Spirialia recurvirostra, A nn. Afta. Zool R. Univ. d» N apoli, anno  iv. p i. iv . fig. 12.
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I have scarcely been able to  establish an y  notew orthy differences either in  the  principal 
parts of the  circulatory and excretory apparatus, or in the  organs of generation. As in 
Lim acina , there are a t the end of the herm aphrodite duct a  large muciparous gland, ail 
albuminiparous gland, and  a  rcccptaculum  seminis (PI. I. fig. 11).

Nei'vous System .— The cerebral and  pedal ganglia are disposed as in the  case of 
L im acina  and  all Thecosomata ; th a t is to  say, the  former, united by a  long cerebral 
commissure, give origin to  the nerves of the  head and tentacles, and  the la tte r to  the 
nerves of the  fins and posterior lobe of the  foot.

B u t th a t  which distinguishes the central nervous system of Peraclis  from th a t of 
L im acina  is the arrangem ent of the  visceral commissure. Instead of the  two asym­
m etrical ganglia we have here three ganglia, the  two lateral of which are symmetrical, 
and a  little  sm aller than  th e  central one (PI. I. fig. 12, c, d , e).

This disposition is identical with th a t which I have already indicated as occurring 
in  C ym bulia , l  and which, as will appear in  th e  sequel, is characteristic of the  whole 
family Cymbuliidae

In  an animal so small as P eraclis  i t  is very difficult to  distinguish clearly the  nerves 
issuing from the ganglia. I  have seen, nevertheless, the nerve (1 ) proceeding from the 
rig h t visceral ganglion, and a  larger (genital) nerve (J) proceeding from the median 
ganglion, comparable with the  corresponding nerves in  Cymbulia. Further, I cannot 
doubt th a t  th e  visceral nerves in  Peraclis  have a  disposition identical with th a t  found 
in  all the Cymbuliidae ; th a t  is to  say, each lateral ganglion gives off a  palliai nerve, of 
which I  have made ou t th a t  on the  right, and  the  large median ganglion gives off 
from its rig h t side a  slender visceral nerve in  addition to  the large genital one.

The buccal or stom ato-gastric ganglia are similar in  form and arrangem ent to  the 
corresponding p arts  in  Lim acina.

Fam ily II. C a v o l i n i i d æ .

These are the  typical Thecosomata, the forms which have been m ost frequently 
studied, an d  which are consequently th e  best known. Their visceral anatom y being 
tolerably well known, there are certain points over which I  may pass rapidly.

I t  has already been show n2 th a t  th is family contains th ree genera, namely, Clio, 
Cuvierina,, an d  Cavolinia, and  furtherm ore, th a t  the  first of these includes divisions of 
subgeneric value, Creseis, H yalocylix , and  Stylio la , which differ from each other in 
certain points of their organisation. W e shall examine th e  three genera o f th is family 
in  succession, and  during th e  discussion of the  genus Clio we shall have occasion to 
dem onstrate some characters which distinguish its different sections.

1 Recherches s u r  le  systèm e nerveux des Ptèropodes, Arch, de B io l,  t . v i l  p. 117, p i. iv . fig. 18.
* Zool. ChalL Exp., p a r t lxv . p . 41.
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1. Clio.

The H ead  in  Clio resembles th a t of L im acina , b u t Creseis has the  left tentacle very 
little  developed, as in Lim acina, w hilst in the  others (H yalocylix , S tylio la , and  Clio, 
s. str.) i t  is alm ost as large as the  right.

I t  has also been shown above, as a  distinctive character, th a t in Creseis th e  fins are 
provided w ith a  little tentacular lobe on the  dorsal m argin, as iu Lim acina. In  H ya lo ­
cylix  the  arca on the m argin of th e  fin devoid of m uscular fibres is situated towards 
the dorso-lateral augle. In  Stylio la  and  Clio (s. str.) th is area is found towards the 
middle of the lateral margin.

The Foot has the  posterior lobe ra ther short in Creseis, short in  H yalocylix , and  long 
in Styliola  and Clio (s. str.).

The M antle  is quite open in fron t in  Creseis, H yalocylix , and Stylio la , w hilst in  
Clio (s. str.) its  margins arc slightly united a t  th e  sides, so th a t the  aperture of the 
m antle is narrower than  th a t  of th e  shell. Iu  all four subgencra the lateral lobe of the 
m antle (balancer) is less developed than  in  the  Limacinidæ, and  is s ituated  on the  left 
side.

The palliai g land (shield) is bilaterally  symm etrical in  all cases, bu t presents a 
different appearance in th e  different subgenera. In  Creseis i t  is homogeneous, like th a t  of 
Lim acina. In  H yalocylix  (PI. II. fig. 4) a  transparent transverse band divides i t  in to  an 
anterior and a  posterior portion, the  former of which fu rther exhibits on each side a  small 
distinct triangular patch. In  Clio (s. str.) (e.g., Clio ¡pyramidata, PI. I I . fig. 2), in  the 
anterior portion, in  the  centre of a  more transparen t space, is a  m edian rhomboidal trac t, 
on each side of which are  two ra ther narrow bands.

The palliai cavity, which is ventral in contradistinction to  the Limacinidæ, extends 
ra ther far backwards, owing to  the  generally elongated form of th e  genus Clio.

The Digestive Tract.— The m outh, lips, and the  whole buccal m ass are disposed as in 
Limaciyia. The jaw s are firmer ; they  and the radula have been described and  figured 
so often th a t i t  is no t necessary to  dwell upon them  further.

All forms of the genus Clio  possess very appreciable salivary glands, which are ra ther 
short, ovoid, and w ithout any  differentiated duct.

The œsophagu8 varies in  length , beiug ra th e r short in  Clio (s. str.)  and Stylio la , long 
in  H yalocylix  and  Creseis, and  of inordinate length in  Clio (Creseis) virgula  ;  i t  is 
strongly folded in  the  direction of its  length.

The stomach possesses, as in  th e  Limacinidæ, five large m asticatory plates, four 
quadrangular and symmetrical (PI. II. fig. 1 ,  g), like the  corresponding plates of b irm cin a , 
and  a  fifth triangular, situated on th e  ventral aspect, posterior to  the  preceding (PL II. 
fig. 1,  h). The two ventral quadrangular plates are shorter th an  th e  two dorsal (PI. II. 
fig. 5).
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But, in  addition to  the five large plates, several species have in  fro n t of them double 
the  number of small plates (PI. II. fig. 5, b) ; these la t te r1 arc triangular, and  are  situated  
in  front of the four large symmetrical plates and of the intervals between them . They 
alternate in size, the  four which are situated in  fron t of the large p lates being smaller 
than the  others.

In  m ost species of Clio a  narrow cæcum of varying length opens in to  th e  posterior 
portion of the stomach.

The liver agrees in form  and situation w ith th a t of L im acina , b u t its  duct opens into 
the  posterior p art of the  stomach on the right side (PI. II. fig. 1). Clio (Creseis) acicula  
retains in this respect a  prim itive disposition, the p a rt corresponding to  th e  liver in  the 
adults of o ther species being b u t slightly  developed.

The intestine is ben t to  the left and ventrally  ; 2 its  term ination is a t a  greater or less 
distance forward, according to  the  subgenus in question ; in  Creseis and  H ya lo cy lix  (PI. 
IL  fig. 1 ) the anus is placed very far back in consequence of th e  great length of the 
oesophagus ; in  Styliola  th e  (esophagus is no t so long, and th e  intestine term inates further 
forwards; lastly, in  Clio (s. str.) th e  anus is s ituated  far forwards, n o t far from the 
aperture of the  mantle (PI. II. fig. 7, e).

In  the palliai cavity, close to  the  anus, between th e  m antle and  th e  intestine, is a 
flattened gland, somewhat triangular in  form and somewhat sim ilar in structu re  to  the 
shield (palliai gland). This organ (PI. II. fig. 7 , / ) ,  which I  propose to  call the  “ anal 
gland," does not appear to  have been mentioned b y  any  previous author.

The Circulatory a n d  E xcretory Organs.— The disposition of th e  central circulatory 
organ is well known (PI. II. fig. 8) ; i t  is situated  on th e  v en tra l surface in  fron t of the  
genital gland ; the  auricle (b) is behind and the ventricle (a) in  front. B oth  are ra ther 
elongated, and situated  in  a  very long pericardium  (c).

The kidney is placed close to  th e  la tte r  (PI. I I . fig. 8, d) ; i t  is flattened, w ith  th in  
almost transparent walls, and  has the  form of an elongated m ore or less recurved triangle, 
the apex being directed backwards. I t  communicates (through ƒ  ) w ith  th e  pericardium 
and opens in to  the palliai cavity  b y  a  narrow  orifice (c), s ituated  tow ards the  left, 
angle a t the  base of th e  triangle. This orifice escaped th e  notice of Souleyet,8 so th a t  he 
was unable to  in terp re t the  kidney correctly.

As to  the  gills, they  are entire ly  absent in  Clio as well as in  Lim acina. The organs 
which have been regarded b y  previous w riters (van Beneden,4 Souleyet,8 &c.) as gills are 
merely folds of th e  m antle in  specimens preserved in  spirit.

1 They a re  visible even in  the  lorvto; com pare F ol, S u r le  développem ent des Ptéropodea, Arch. d. ZooL Exp&r.,
eér. 1, t  iv . p i  v i. fig. 8, tp.

* G egenbeuris m istaken when h e  depicta (U ntersuchungen ü b e r  P teropoden und  H eteropoden, p i.  ii. fig. l , y )  the 
in testine as curved dortally i n  Olio (Orcuu) acicula.

• Voyage de l a  Bonite, Zoologie, t  ii. pp . 108, 169. 4 Exercices zootom iques, p o rt ii. p . 42.
5 Voyage d e  la  Bonite, Zoologie, t  ii. p . 170.
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The Generative Organs.— The genital gland (PI. II. fig. 1 , k) occupies th e  posterior 
part of the visceral mass. The duct (¿) issues from i t  dorsally, passes to  the left side of 
the alim entary canal and  then to  its  ventral surface, and  term inates by opening a t  the 
righ t side of the cephalic mass (o).

A t the distal extrem ity of the  genital duct are s ituated  th e  accessory genital glands 
(PI. I I . fig. 1, m). In  Clio (Creseis) acicula  I  have sought in  vain for th e  receptaculum 
seminis w ith a  long duct, figured by G egenbauri In  Stylio la  only the  receptaculum 
seminis is a  little  elongated. G enerally (Creseis, H yalocylix) there is a  swelling (pro- 
bably glandular) near the origin of the genital duct.

The genital aperture is connected b y  a  ciliated sperm atic groove with th e  orifice of 
the penis (PI. II. fig. 1, q), which is placed as in  Lim acina.

The. N ervous System .— In all species of Clio th e  cerebral and  pedal ganglia agree in 
structure and position with those of Lim acina.

I f  the nervous system  of Clio be exam ined by a  series of transverse sections, it is 
found (PI. II. fig. 9) th a t though each cerebral ganglion is outw ardly single, y e t i t  con­
tains two distinct centres ; the  pleural ganglion (h) is fused with the  cerebral ganglion 
proper (a), and  is no t recognisable on superficial examination. The same is the  case in 
all Thecosomata, except as we shall see in  C uvierina, in which the  pleural ganglion is ju st 
noticeable externally.

In  Clio, as in  all the  o ther Cavoliniidae, the ganglionic elem ents of th e  visceral com­
missure do no t form a  bilaterally symmetrical mass as has been usually represented, and 
as indeed I  myself have previously figured in  a  somewhat diagram m atic sketch of the 
central nervous system of Cavolinia .2

The left half of the  visceral ganglionic mass is always larger th a n  the  rig h t ; and  in 
the case of Clio th is  is particularly prom inent in  th e  subgenus Creseis. This shows 
clearly that, as in  L im acina , the ganglion called “ abdom inal” is fused w ith one of the 
anterior visceral ganglia (in  all th e  Cavoliniidæ this is th e  subintestinal), for th e  visceral 
nerves (that is to  say, those of the abdominal ganglion, viz., the visceral nerve supplying 
the heart and  the  kidney, and  the genital nerve) and the  left palliai nerve issue from 
the  left portion of the  visceral ganglionic mass, w hilst from th e  r ig h t ha lf of thiB maas 
there issues only the rig h t palliai nerve, which supplies the r ig h t ha lf of th e  m antle and 
the 0 8phradium.

The description given b y  S tu a r t8 of th e  nervouB system  o f Clio (Creseis) acicula  is 
so strange and inaccurate th a t  i t  would require too long  to  a ttem p t to  correct i t  here.

The enteric or stom ato-gastric nervous system  is composed of th e  same elements as 
th a t of Lim acina, and only differs from i t  in  the fact th a t  the  tw o buccal ganglia are 
approximated to  each o ther instead of being separated and  joined b y  a  commissure.

1 U ntersuchungen ü b e r P teropoden u n d  H eteropoden, pL i i  fig. 3, c, d.
* Recherches su r le  système nerveux  des Ptéropodes, Arch, de B io l,  t v i i . p l . i v .  fig. 11.
» U eber das N ervensystem  von  Creseis acicula, Zexttchr. f  to ia . ZooL, Bd. xxL  pL  xxiv. a .
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The otocysts are situated on the  ventral face of the  central nervous system , between 
the  pedal and visceral ganglia; each of them encloses a  num ber of o to liths (PI. II. 
fig. 9, d).

Osphradium.— The righ t palliai nerve ( i ,  in the  figures of the central nervous 
system) bifurcates shortly after its  origin. Its  posterior branch leads to  a  ciliated pad, 
situated on the  inner face of the m antle. This pad, nervous in  its  nature , is the 
osphradium, which has the  same position and structure in Clio as has been represented 
by Gegcnbaur in  Cavolinia. Its  deeper portion is a  ganglionic band w ith  numerous 
cells, w hilst the superficial portion consists of an epithelium  w ith  ciliated columnar 
cells.

2. Cuvierina.

The H ea d  a n d  Foot.— In  th is genus the head and  tentacles agree w ith those of 
Stylio la  and H yalocylix, and  the fins with those of Stylio la  and  Clio (s. str.). The 
posterior lobe of the foot resembles th a t in  the two la tte r subgenera, b u t is somewhat 
notched in  the centre of its free border (PI. II. fig. 6, b).

The M antle.— The mautlc-opeuiug, like th a t of Clio (subgenus Clio, s. str.)  is as large 
as the opening of the  shell, the m argins of the m antle being entire ly  separated.

The shield (palliai gland) is long, and  is divided in to  two halves b y  a  transparent 
transverse band, like th a t of H yalocylix , b u t i t  does no t exhibit th e  two small latero- 
anterior portions o f this la tter. As for the  lateral lobe of the  m antle (balancer), situated 
here, as in all Cavoliniidæ, on the  r ig h t side, i t  is somewhat reduced, an d  does no t arise 
from the very border of the m antle b u t a  little  w ithin i t  ; on the o ther side, in  an almost 
symmetrical position, is another appeudage somewhat sim ilar to  i t  and  of alm ost the  same 
size. The columellar muscle is very large.

The Digestive Tract.— A n examination of th is  p a rt of th e  body shows th a t  the jaws, 
closely resembling those of other Cavoliniidæ, are well developed, and  th a t  th e  radula is 
proportionally longer than  in  o ther Thecosomata. T he salivary glands resemble in  shape 
those of other Cavoliniidæ, b u t arc much larger.

The cesophagus, a t  a  little  distance from th e  buccal mass, traverses a  partition 
(PI. II. fig. 6, ƒ  ) which exists indeed in  all Pteropoda. The stom ach an d  liver are like 
those of Styliola  and  Clio (s. str.), b u t I  have seen no gastric cæcum.

The flexure of the  intestine is lateral in  Cuvierina, as in  all Thecosomata, and  to 
such an extent th a t th e  cesophagus and intestine are here alm ost in  th e  same longitudinal 
plane, and no t a t all in the  same sagittal plane.

The anus is situated far forward, near the m antle-opening, as in  Clio  (5. str.). I t  
presents an anal gland as in  other Cavoliniidæ.

The Circulatory a n d  E xcretory Organs.— Cuvierina  has no gili any  more than  Clio,
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and further, there do no t exist between Clio and C uvierina  any  differences in  the form 
and disposition of the heart and kidney.

The Generative Organs.— The genital duct has no vesicula seminalis in  its  course. The 
accessory genital glands resemble those of Clio, b u t th e  genital aperture is characterised 
by the  frequent presence of a  long flattened appendage, s ituated  on its  ventral aspect. 
This organ is narrow  a t its  base, and  divides further on in to  two branches, of which the 
righ t term inates in  a  point, whilst th e  left enlarges as i t  proceeds, expands in to  the  form 
of a  fan, and  is truncated a t its  ex trem ity  where i t  ends in  a  pad. This appendage, like 
th e  whole cervical region, is innervated by  the  pedal ganglion. Its  function is no t h itherto  
known with certainty. Several naturalists have erroneously taken  i t  for th e  penis (the 
penis of Cuvierina  is situated in  the  same position as th a t of o ther Cavoliniidæ, and  is 
of the same form) ; b u t i t  seems probable th a t i t  is an accessory copulatory organ, and 
assists the  two individuals in  coitu  in  m aintaining th e ir attachm ent to  each other. 
The somewhat frequent absence of th is appendage and its  variable degree of develop­
m ent lead me to  th ink  th a t i t  is a  tem porary organ.

The Nervous System  of Cuvierina  is on the  whole constituted like th a t  of other 
Cavoliniidæ. The cerebral and pedal ganglia resemble those of Clio, and  give origin to  
the same nerves.

The pedal ganglia show clearly a small second commissure in  fron t of the  first 
(PI. III. fig. 1, e).

The pleural ganglia, which were discovered in  Clio b y  transverse sections of the 
nervous system, are here recognisable externally, as distinct from the  th ree o ther ganglia 
of the same side (PI. II. fig. 10, c).

The visceral ganglia, which in  Clio were seen to  form a  mass, composed of two asym ­
metrical b u t no t separate halves, form here two ganglionic masses, closely approximated 
bu t still distinct, as in L im acina , w ith th is difference, th a t  the  larger ganglion is on the 
left and the  smaller on the  right.

The large ganglion corresponds to  the  larger ha lf of the  visceral ganglionic mass 
of Clio ; in  fact the  same nerves issue from i t  : th e  left palliai nerve (PI. III. figs. 1, 4), 
and the  nerves of the  “abdominal ” ganglion (genital, 3, an d  visceral, £) ; w hilst from 
the  rig h t ganglion issues only th e  rig h t palliai nerve (7) which also supplies the 
osphradium.

There are no differences in  the form  and position of th e  otocysts and  the osphradium 
between Cavolinia  and  Clio.

3. Cavolinia.

I t  has already been pointed ou t th a t  th is genus consists of two groups :— (A) formed 
b y  Cavolinia tiñspinosa  and Cavolinia quadridenta ta  ; (B) including th e  o ther six species
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adm itted in the systematic portion of th is Report. These two groups, although agreeing 
in their essential characters, differ iu certain points to  which allusion will afterw ards be 
made.

The H ead, iu all species of Cavolinia, resembles th a t  of Clio (s. str.). Both tentacles 
are well developed, the righ t especially attain ing  large dimensions.

The Foot is of different form in  the two groups. In  group A (Cavolinia trisjnnosa  
aud Cavolinia quadridentata) the  fins arc like those of Clio (s. str.), as also the posterior 
lobe of the foot, which is long.

Iu group B (typical Cavoliniiv) the fins arc no t so narrow dorso-ventrally , and  they 
form a  muscular surface, almost undivided, with the  posterior lobe of the  foot. This 
latter is very short and  almost as broad as the united fins, from which i t  is scarcely 
separated.

The M antle  iu Cavolinia has a  form quite peculiar to  the  genus, which givcä i t  its 
most striking character, aud is reflected iu the disposition of the shell.

The mantle-opening is narrow dorso-ventrally ; morphologically indeed i t  extends as 
far as the  posterior extrem ity of the  lateral slits of the  shell, for i t  is up to  th is poin t 
th a t the opening of the la tte r extends. The m argins of the  rnautle, however, arc 
united together by a narrow transverse membrane, as far as in front of the  closing 
apparatus of the shell. These margins are prolonged beyond th is  united m em brane, and 
may extend outwards by the lateral slits in the shell, ju s t  as the separate m argins extend 
through the anterior aperture of the shell, in  such a  way as to  cover during  the  life of 
the  anim al alm ost the  whole external surface of the shell (in the  typical C a vo lin ia e .g ., 
Cavolinia tridentata).

Besides th is in the Cavolinia*, in a  restricted sense ( th a t is, excluding Cavolinia tr i­
spinosa and Cavolinia quadridentata), there arises between th e  m argins of the mantle 
thus prolonged beyond the  uniting membrane, on either side posteriorly, a  very  extensile 
appendage, which m ay be double or trip le according to  the species and according to  the 
sta te  of development, and may float ou t behind. These appendages possibly correspond 
to the  two symmetrical appendages on the  m argins of th e  m antle of Cuvierina.

Cavolinia trispinosa  and Cavolinia quadiiden ta ta , which do no t possess these 
symmetrical appendages, are provided on the  left side w ith a  lateral lobe (balancer) like 
th a t of Clio.

The palliai gland, symmetrical as in all the Cavoliniidæ, presents transverse opaque 
and transparent bands of unlike histological nature. T he columellar muscle, which is 
rather broad, is situated dorsally as in all the  Cavoliniidæ, and only directed ventrally  a t 
the anterior portion where i t  bifurcates, passing on either side of the  oesophagus to  be 
distributed to  the  fina and  posterior lobe of the  foot. This muscle, however, is no t really 
symmetrical, th a t is to  say, situated exactly in  the  median line ; i t  is oblique, and  th is is 
especially visible in Cavolinia longirostris (PI. III. fig. 2), where the insertion of the
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muscle in to  the  shell, instead of being in  the centre of the posterior truncation, is in  its 
righ t hand angle.

The Digestive Tract.— The anterior portion (buccal mass, cesophagus) resembles th a t 
of the other Cavoliniidæ already examined. The stomach, like th a t of Clio , possesses 
a  fifth large triangular m asticatory plate, situated behind the four others, and on the 
ventral side.

A ll the  species of Cavolinia have a posterior gastric cæcum, such as has already been 
described iu some species of Clio.

The liver in the  typical C avolinia  is like th a t  of the preceding genus in shape, and 
its duct opens a t the  righ t side of the hinder portion of the stomach. In  the group A 
(Cavolina trispinosa  and  Cavolinia quadriden ta ta , PI. III. fig. 3) th is organ has an 
arrangem ent unique among the  Thecosomata ; i t  is composed of two lobes, quite separated, 
aud  having each its own duct. These two lobes of the liver are placed to  the  rig h t and 
left of the stomach, and their ducts open separately on either side of the  gastric cæcum, 
the duct of the righ t lobe being much longer than  th a t of the  left.

In  all Cavoliniæ  the  anus opens alm ost dorsally, quite behind the liver. Close to  the 
anus is a  flattened anal gland, as in  o ther members of the  family.

The Circulatory a n d  E xcretory Ch'gans.—T he h eart is s ituated  on the  righ t beside 
the genital gland. The kidney is towards the  ventral aspect of the  la tte r  and  behind 
it, disposed alm ost transversely. In  Cavolinia the  kidney is no t a t  all spongy ; its 
structure is the  same as th a t found in  o ther Cavoliniidæ.

In all the  typical Cavoliniæ (i.e., the six species included in group B) there is a  gili, as 
Boas1 has already pointed out. In  Cavolinia in flexa  i t  is  sm aller than  in  th e  o ther forms.

The form and structure of th is organ are well known, since Souleyet described and 
figured i t  in  Cavolinia tridentata. I  will only rem ark th a t  th e  gili of Cavolinia  is not 
symmetrical, as m ight be imagined. The rig h t hand  portion is m ore developed than  the 
left, for i t  extends farther forwards, besides which i t  is more dorsal in  position. I t  
corresponds to  the anterior p art of th e  gili in  the  Gastropoda.

The Generative Ch'gans.— A  consideration of th e  generative organs as a  whole shows 
th a t some differences exist between the typical Cavoliniidæ and th e  tw o species included 
in group A.

In the la tte r th e  genital gland is quite  ventral in  position, and  i t  is developed equally 
on the righ t and left sides. In  th e  typical Cavoliniæ, on the o ther hand, th e  gland is 
quite asymmetrical, and largely developed on th e  left side.

The genital duct in  group A presents an elongated swelling on its .course, which is 
lacking in  the typical form s; these, however, are provided w ith a  vesicula seminalis 
which has the form of a  long cæcum, w ithout any  dilatation a t i ts  extrem ity, and  coiled 
several times upon itself (PL III . fig. 2, h). Cavolinia in flexa  has an  ovoid vesicula

1 Spolia a tlan tica , p . 207.
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seminalis, w ith a  very short duct (PI. III. fig. 4, c). Cavolinia longirostris appears to 
form a  transition between th is arrangem ent and th a t  observed in th e  other typical 
Cavolinia, for in  th is species the  vesicula seminalis has the  form of a  long cæcum, 
towards the  extrem ity of which is a  swelling, which is w anting in the  o ther species of 
Cavolinia (s. str.).

On the other hand, there are in all C avolinia , a t the  distal ex trem ity  of th e  genital 
duct, the  same accessory glands as in  o ther Thecosomata ; a large muciparous gland 
and smaller albumen-gland close together. In  group A, however, there  is a  pyriform 
receptaculum seminis a t  the  end of a  long duct, a  little  in  fron t of these glands.

The genital aperture (PI. III. fig. 4, e), the  ciliated seminal groove (ƒ ), and the  orifice 
of the  penis, are situated as are the  corresponding parts of o ther Cavoliniidæ. The penis 
encloses a  horny sty let (e.g., in Cavolinia trisjnnosa, PI. I II . fig. 5), which Souleyet1 did 
no t notice in  the  genus.

The Nervous System .— In Cavolinia, as in all o ther Thecosomata, th e  cerebral ganglia 
are situated a t the sides of th e  cesophagus, and  connected by a  long supracesophageal 
commissure. They are in  reality  cerebro-plcural ganglia, for each encloses a  pleural 
centre within it.

The pedal ganglia, as in Cuvierina, and  probably all o ther Thecosomata, have a 
second small anterior commissure, which is readily visible in a  series of transverse sections 
of the central nervous system.

As in  the  case of Clio the  visceral mass is form ed of two asym m etrical halves, the 
righ t being the  smaller of the two. A ll the figures, therefore, which represent th is mass 
as symmetrical are incorrect.

Thus in  th e  typical C avolinia  the visceral ganglia are disposed as in  Clio, and  the 
nerves take origin in  the same manner. The two pallia! nerves (1 and  4 in  the figures of 
the nervous system ) are very strong in  th is  species, in  correlation w ith th e  presence of the 
palliai appendages and  of the extensible m argins of th e  m antle. In  Cavolinia in flexa  the 
two halves of th e  visceral ganglionic mass are ra ther further separated, b u t still asym ­
metrical.

In  the forms included in group A (Cavolinia trispinosa  and  Cavolinia quadridentata) 
the ganglionic elements of th e  visceral commissure are clearly separated, as in  Cuvierina, 
into two asymmetrical ganglionic masses (the righ t being the smaller), b u t to  a  less extent 
than in  Cuvierina. The nerves take origin in  a  m anner sim ilar to  th a t  described in  the 
la tte r genus.

This clear separation of the  ganglia in  group A shows beyond doub t th a t  these species 
are the  m ost archaic of the  living forms o f th is genus— a view which is supported by the 
presence of the balancer, as in  Clio, and  the  less specialised character of th e  foot.

On the  other hand, the absence of a  gili, the  characters of the  m antle, of th e  genital
1 Voyage d e  la  B onite, Zoologie, t  ii. p . 126.



REPORT ON TH E PTEROPODA. 21

organs, and  of the  embryonic shell, show also th a t these two species are m ost nearly allied 
to  Clio, which is a  more ancient genus than Cavolinia. F inally , the  presence o f a  liver 
divided in to  two separate lobes distinguishes them  from  the  other typical species of 
Cavolinia.

These differences, upon which I did no t lay sufficient stress in m y system atic Report 
on the Thecosomata, lead me to  regard the group A  as a  subgenus of Cavolinia , aud  the  
uame D iacria, Gray, 1842, created for th e  species Cavolinia trispinosa , appears to  me 
suitable for it.

Fam ily I II . C y m b ü l i i d æ .

The animals of th is  family differ greatly, in  appearance a t least, from those contained 
in the  two preceding families. The disposition of the various parts of the. body, as com­
pared with other Thecosomata, has already been explained.1

W hen a  member of the  Fam ily Cymbüliidæ and another form, one of the  Cavoliniidæ 
for example, arc placed iu  corresponding positions, i t  is easy to  see th a t th e ir  organisation 
is similar in all essential respects.

The three genera of th is fam ily will now be examined in  succession.

1 . Cymbulia.

The H ead, as we have had occasion to  indicate when speaking of Peraclis, differs 
from th a t of the above-mentioned Thecosomata, in  the fact th a t i t  is distinct, s ituated  a t 
the dorsal side of the  fin, and  flattened down upon th is la tte r  w ithout being free, as in  
Gleba.

I t  is further characterised b y  its  two symmetrical tentacles, of equal size and w ith no 
sheath a t their base, as well as by the  position of the  orifice of the  copulatory organ, 
which is in  the  m iddle line of th e  dorsal surface of the  head, a  little  behind the  
tentacles.

As regards the  la tter, G egenbaur2 throws doubt upon th e  existence of a  nerve in  the 
interior of these sensory organs. As we shall see, however, a  nerve is distributed there, 
and terminates in  a  little  ganglionic enlargement.

The Foot is in  the form of a large undivided natato ry  disc, extending ventrally  as far 
as the  head, which is ben t backwards.

The ventral lash-like appendage is no t homologous w ith the posterior pedal lobe of 
the Cavoliniidæ and Limacinidæ. This la tter, which also bears the operculum in  the 
Limacinidæ, corresponds to  the  posterior operculigerous p a rt o f  the foot of the  Gastro­
poda. On the  contrary, the filiform appendage of Cymbulia  and  of th e  larva of Gleba  is

1 ZooL ChalL Exp., p a r t  lxv. pp. 96, 97.
* U nterauchang en  uber Pteropoden und  Heteropoden, p . 46.
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situated in  fro n t  of the  lobe which bears the operculum.1 ( I t  has already been remarked 
th a t the larval Cym bulia  have an operculum.2)

So far as I  can judge, th is appendage seems to  be m ost properly comparable w ith the 
middle part of the foot of the Heteropoda which carries the  sucker, and  is called by 
G robben3 “ rudim entär Sohle des Protopodium s.” These two portions occupy strictly  
corresponding situations.

I  do not, however, agree w ith Fol4 th a t th is appendage of the Cym büliidæ corresponds 
with the posterior lobe of the  foot of the Gymnosomata. I  th ink  ra th e r th a t th is  last 
is homologous with the central and  posterior parts of the foot of th e  Aplysioidea.

The M antle  extends ventrally, and also a  little  dorsally, much further th an  in  the 
Cavoliniidæ, in order to form the cartilaginous “ shell,” which is in  fact no th ing  more nor 
less than an induration of the subepithelial dermic layer of th e  m antle.

The palliai gland (PI. III. fig. 8, a  ; PI. IV. fig. 7), which is a  modification of the 
internal epithelial layer of the  m antle, differs from th a t  of the  Cavoliniidæ in being 
obviously asymmetrical, th e  rig h t portion being the larger. I t  is divided in to  anterior 
and posterior parts by a  transparent band, which is itself asym m etrical (see PI. III. 
fig. 8).

Since Cym bulia  does no t possess a  true shell, the  columellar muscle, corresponding 
to th a t of the Limacinidæ and Cavoliniidæ is entircl)* wanting.

The space between the  fin and  the “ sh e ll” (PI. IV. fig. 1 , d) is freely open and  leads 
into the palliai cavity. On removing or cu tting  through the fin (PI. I II . fig. 7, e) the 
opening of the  m antle-cavity is seen to  be asym m etrical, thus differing from th a t of the 
Cavoliniidæ ; th is opening is in  fact decidedly tu rned  to  the right.

In  consequence of the reduction of the dorsal surface of th e  anim al th e  palliai cavity 
appears to  extend along th e  dorsal side to  ju s t below the  h eart (PI. IV. fig. 1 , n) between 
the kidney and th e  visceral m ass (A) (digestive an d  generative organs),6 which 
appears to  hang freely in to  th e  m antle-cavity. I t  m ust be noticed th a t  th e  aboral 
extrem ity of th is  visceral mass almost corresponds to  th e  v en tra l prom inence of th e  same 
mass in  Cavolinia gibbosa, for example, where there  is a  tendency to  the  dorso-ventral 
elongation so pronounced in  Cymbulia.

Thus the  ventral surface of Cym bidia  reaches a  little  fu rther than th is  aboral ex­
trem ity of the  visceral mass.

On either side of the  visceral mass there m ay be seen on the  in n er wall of the  m antle 
rather large m uscular bundles, arising where the fin jo ins w ith th e  visceral mass and

1 K rohn, Beitrüge zu r E n tw ick lungsgesch ich te  d er P teropoden u n d  H eteropoden, p i. i. fig. 13, d.
* Zool. Chaii. Exp., p art lxv. p i. ii. fig. 14.
* Z ur Morphologie dea Fusees d e r Heteropoden, Arb. Zool. Inst. W ien, t  vii. p. 224.

• • S u r le  développem ent dea Ptéropodes, Arch. d. Zool. Expér., eér. 1, t  iv . p. 193.
* T h is is  d e a r ly  show n in  fig. 1 of m y  system atic R eport on th e  Thecosom ata (ZooL ChalL Exp., p art lx r. 

p. 97).
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extending in to  the  mautle. These muscles are probably constrictors of the palliai cavity  ; 
aud they  have perhaps an influence on the  successive dilatations of th e  kidney. I t  was 
these muscles which van  Beneden1 took for gills ; bu t, as will subsequently  appear, 
Cymbulia, like Clio, is destitute of these organs.

The Digestive Tract.—The m outh is no t as in  the Cavoliniidæ and Limacinidæ 
(except Peraclis) bordered by lateral lips ; here th e  lips are dorsal and  ventral, an d  are 
produced along the  sides of the proboscis to  u n ite  and become continuous with th e  dorsal 
margin of the fin.

The horny portions of the  buccal m ass have already been described, notably by 
Troschel ; i t  is only necessary to  note th a t  the two jaw s are situated  more ventrally  than  
in the Cavoliniidæ.

In to  the buccal cavity open the  two salivary glands (PI. IV. fig. 2, c) which, though 
readily visible, have no t been noticed b y  any previous author.

The cesophagus is very large (PI. IV. fig. 2, cl), aud scarcely d istinctly  separable from 
the stomach (e). This la tte r  contains w ithin i t  th e  same large m asticatory plates as in 
the Cavoliniidæ ; the fifth posterior plate, though still triangular, differs a  little  in  form, 
being very elongated.

The stomach does n o t present a t its  posterior ex trem ity  a  tru e  cæcum like th a t  of 
Cavolinia  aud  some species of Clio, b u t only a  large and n o t very deep cul de sac. The 
intestine does no t arise a t the  posterior ex trem ity  of the  stomach b u t a  little  anterior 
to  it.

The liver is constituted like th a t  of th e  typical C avolinix ; according to  Gegenbaur* 
i t  opens into the stomach b y  from three to  six canals. I  have only been able to  see, 
however, tw o o f these hepatic ducts. This m ultip licity  of ducts among the  Thecosomata 
is an archaic character, which the  Cym büliidæ have retained.

The intestine is longer and m ore coiled th an  in  the preceding forms of Thecosomata, 
bu t morphologically th e  curvature is the  same as in  th e  Cavoliniidæ. The intestine is 
entirely enveloped in the liver, only the extrem e portion of the  rectum  being free. The 
anus is no t situated so far to  th e  left as in  th e  Cavoliniidæ, scarcely passing the 
median line, b u t the  term inal p a rt o f  th e  in testine is directed d istinctly  towards the  
left side.

The Excretory a n d  C irculatory Organs.— T he kidney is s ituated  on the dorsal aspect 
of the visceral mass, a t  the bottom  of th e  pallia! cavity. I t  is  alm ost symm etrical in 
form and extends along the m antle, across bo th  sides o f the visceral cavity, in  such a 
m anner th a t when looked a t  in  profile b y  reason of its  transparency  th e  lum en appears 
almost circular (PL IV. fig. 1, h). The walls o f  th is organ are  exceedingly th in  and  
transparent as in  Clio. I t  opens in to  th e  palliai cav ity  b y  an  oval aperture (m) surrounded

1 Exorcices Zootomiques, pL L fig. x ii. b.
* U ntersuchungen über P teropoden u n d  H eteropoden, p . 48.
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by a  sphincter, on the rig h t side. On the  other hand i t  opens in to  th e  pericardium 
as in all Mollusca.

The heart (PI. IV. fig. 1, ?i), w ithin its  large pericardium, lies a t th e  base of the  palliai 
cavity under the  penis, above th e  kidney, and on the dorsal surface o f the visceral mass.

As was remarked above, gills are entirely wanting. V ery probably in  the Cym­
buliidae, as in all the  abranchiate Thecosomata (Clio, Cuvierina , &c.), respiration is 
carried on by some parts of the integum ent.

The Generative Organs.— The genital gland (PI. III. fig. 9, a) is sligh tly  asymm e­
trical, its left side being more developed than  the rig h t ; i t  is somewhat excavated in 
front to  receive the  accessory glands and the genital duct. This la tte r  (b), very th in  at 
its  origin, enlarges rapidly throughout its middle portion, and  then narrows again till it 
reaches the accessory glands. I t  is no t very  long and  surrounds these latter.

They form a large mass situated  anteriorly and  a  little  to  the  righ t, and  include a 
large muciparous gland (c/) and  a  small albuminiparous gland (e) ou the  rig h t side of the 
duct. These two glands, along with an ovoid receptaculum  sem inis (c) w ith a  short 
duct, open in to  the distal enlarged portion of the  genital duct.

The genital aperture (ƒ )  is situated in fron t ou the rig h t of the  visceral mass (PI. IV. 
fig. 1 ,/) .  A sperm atic groove, ciliated, proceeds from i t  towards the dorsal surface on 
the righ t side ; a  little  posterior to  the genital opening, th is groove becomes transform ed 
in to  a  canal b y  the fusion of its  m argins (PI. IV. fig. 1). This canal opens in to  the 
cavity occupied by the  copulatory organ.

This la tter, as I  have already had  occasion to  rem ark, is s ituated  on the  dorsal 
surface of the head. I t  has the same structure as in  o ther Thecosomata ; b u t the posi­
tion of its  orifice is different, being situated in the m iddle line of th e  dorsal surface of 
the head (k), a  little  behind the  tentacles.

The N ervous System .— The central nervous system  (PI. IV. fig. 1, o) is placed a  little  
farther back than in  the  preceding forms.

As regards the  cerebral and pedal ganglia the central nervous system  of C ynth ilia  
resembles th a t of other Thecosomata (compare figs. 1 and 10, PI. I I I .) ,  as was recognised 
b y  van Beneden, Gegenbaur, and  Souleyet. T hat is to  say—

1. The cerebral ganglia are situated a t the sides of the cesophagus (PI. I II . fig. 11, a), 
and  united by a  long supracesophageal cerebral commissure (e).

2. The pedal ganglia (b) are situated  below the  cesophagus, approxim ated to  each 
other and to the  cerebral ganglia ; th ey  arc n o t fused w ith th e  visceral ganglia, however, 
as is represented in  the  figure of von Jhering .1

These la tte r  have been th e  subject of g reat disagreem ent am ong the  four anatomists 
who have studied th e  genus Cym bulia, and especially between th e  figures and  descrip­
tion of one of them.

1 V ergleichende A natom ie dea N ervensystem ea und  Phylogenie d er M olluaken, p i. v . fig. 19.
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The figure of the  nervous system  of C ym bulia  given by Souleyet1 shows th ree 
ganglionic enlargem ents on the visceral commissure, w hilst the  te x t s ta tes only th a t  “  la 
disposition d u  systèm e nerveux est la  même que chez les autres Ptéropodes testacés.”1 
Now i t  has been shown th a t in these la tte r the ganglia of the visceral commissure form 
a  mass composed of two asymm etrical halves, m ore or less clearly separated.

On the  o ther hand, van B eneden3 describes th e  elements of the  visceral commissure 
as “ une paire de ganglions,” w hilst G egenbaur4 agrees with Souleyet in saying th a t  the 
nervous system of Cym bulia  resembles th a t of typical Thecosomata. F inally , von 
Jhering, the last who has studied these organs, describes and figures6 th e  elem ents of 
the visceral commissure as fused with the pedal ganglia in  such a  way as to  form  two 
large symmetrical infraeesophageal ganglionic masses, upon which the  otocysts are 
placed.

The investigation which I  have made of the nervous system  of C ym bu liac has shown 
th a t S ou leyeti figure is b y  no means complete with respect to  the nerves which proceed 
from the visceral ganglia, b u t i t  is absolutely accurate  as regards the  num ber and dis­
position of the ganglionic enlargements, th a t is to  say, th a t there are three closely placed 
visceral ganglia, separated only by  constrictions, and  of which the  outer are approxim ated 
to the cerebral ganglia (PI. I II . fig. 10, c, d , e).

The two outer ganglia are sym m etrical, the  median is the  largest (fig. 1 0 , cl). I t  
may further be seen (figs. 10 and  11) th a t  the visceral ganglia are quite d istinct from 
the pedal ganglia (b), in  contradiction to  w hat is s ta ted  by von Jhering. T he central 
nervous system of C ym bulia , seen from the  ventral surface, can only present th e  appear­
ance a ttribu ted  to  it by the last-nam ed author, before the  surrounding connective-tissue 
has been removed from it.

The nerves which arise from the  visceral ganglia are four in  number, as follows,— one 
springs from each lateral ganglion ( l  and  4), and two (not one only as depicted by 
Souleyet) which issue from the  im paired median ganglion ( 2  and  3). The stronger of 
these la tte r proceeds from the left of the  ganglion, the  more slender on the  righ t 
side.

The nerves of the lateral ganglia ( l  and  4) supply the m an tle ; th e  nerves from 
the  median ganglion proceed to  the genital (3) and  to  the  circulatory and excretory 
organs (2).

The nerves from the  other ganglia are distributed in  the following m anner :—
From each cerebral ganglion arise three nerves (and n o t two as I  s ta ted  form erly7); 

an incipient transverse segmentation, which recurs more clearly expressed in  Gleba, m ay 
be observed in  the cerebral ganglia (PI. III. fig. 11). From  the  dorsal segment proceeds

* Voyage de la Bonite, Zoologie, Mollusques, pi. xv. bia, fig. 38.
* Ibid., t. ii. p. 239. * Exercices Zootom iques, p . 11 .
* U ntersuchungen über Pteropoden u n d  Heteropoden, p. 44. 6 Loc. cit., p i. v. fig. 19.
* Recherches su r  le  système nerveux des Ptéropodes, Arch, d» B io l , t  vii. p. 117. 7 Ibid., pL iv. fig. 13.
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tbe tentacular nerve (the existence of which was doubted b y  Gegenbaur) ; th e  two nerves 
from the ventral segment supply th e  cephalic region (proboscis, lips, &c.).

From each pedal ganglion two large cords proceed laterally  to  innervate the  fin, 
w ithin which they are very widely ramified.

The enteric or stomato-gastric system  is constituted as follow s:—T he buccal ganglia 
(PI. IV. fig. 2, g) are connected to  th e  cerebral ganglia by very sh o rt cords, in  contra­
diction to  th e  condition figured by von Jhering .1 These ganglia are closely approximated, 
and no t separated b y  a  long commissure as is indicated b y  the figure of th is author.

The buccal ganglia give off in  fron t and a t  the sides threads which innervate the 
buccal mass and the salivary glands. Posteriorly, a  strong  nervous cord (“ n e rf  stomacal ” 
of Lacaze D uthiers) extends over th e  oesophagus as far as the  stomach (PI. IV . fig. 2, h), 
where these two nerves form a  gastric plexus ( i).

This exhibits considerable regularity, and is composed of two nervous rings, one on 
the  anterior and  one on the posterior portion of the stomach ; these arc un ited  by four 
threads passing between the four m asticatory plates. A t the  points of junction  between 
these threads and the rings there are  small ganglionic enlargements.

This regular gastric plexus probably exists in  all the Thecosomata, b u t  the  small size 
of the stomach in  other species renders its  dem onstration difficult, w hilst in  Cymbulia, 
where the  stomach is larger and the  nerves thicker, i t  is much m ore easily seen.

A n identical arrangem ent has recently been recorded in  the  Tcctibranchiate Opistho- 
branchs by Lacaze Duthiers.* In  these anim als (e.g., P h iline)  the  two “ nerfs stom acaux” 
lead to  the regular gastric plexus formed b y  an an terio r and  a  posterior gastric  nervous 
ring, which are  un ited  by threads passing between the m asticatory plates.

The otocysts are situated posteriorly on the v en tra l surface of the  pedal ganglia, 
Form erly I  s ta ted3 th a t von Jh erin g  was in  error in  representing an  aud ito ry  nerve 
leading from the otocyst to  the cerebral ganglion. I  now recognise th a t  I  was m istaken ; 
since th a t  tim e I  have had  an  opportunity  of studying  the  same species as von Jhering, 
Cymbulia pei'oni, in  which the  otocysts are  deeply coloured w ith dark  brow n pigm ent, 
which extends along th e  auditory nerve, and  thus renders i t  very  easy o f detection.

2. Cymbuliopsis.

. In  the sum  to ta l of its  external characters (form of the  fin, proboscis, «fee.) th is  genus 
resembles Gleba ra th e r than  Cymbulia, bu t the shape of th e  hardened portion of the 
m antle differs widely from  the  corresponding p a rt of Gleba.1

1 Vergleichende A natom ie dea N ervensystem cs und  Phylogenio dor M ollusken, p i .  v. fig. 19.
* Considérations su r le  systèm e nerveux des Gastéropodes, Comptes rendus, t . ciii. p . 585.
3 Recherches su r le  système nerveux des Ptéropodcs, Arch, de B ioL , t  v ii. p . 110, noto 6.
4 Compare th e  system atio R eport o n  th e  Thecosomata, Zool. ChnlL E xp ., p art lx v . fig. 2, p. 100 (Cymbuliopsis), 

and  fig. 3, p . 102 (Cieba).
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The M antle.— The palliai gland, so far as I  was able to  observe on the badly pre­
served specimen a t m y disposal, presents the  same appearance as th a t  of Gleba. I t  is 
clearly asymmetrical, and is divided by a  transverse band, also asymmetrical, as in  the  
other Cymbuliidæ.

The aperture of the  palliai cavity also exhibits th e  asymm etrical disposition already 
noticed in Cymbitlia , and the  palliai cavity has the same ex ten t as in  th is la tte r genus.

The Digestive a n d  Generative Organs.— As in Gleba, neither a  buccal mass nor 
horn)' structures in  the  mouth are to  be found. The digestive aud generative organs 
are sim ilar on the whole to those of Gleba , and consequently to  those of Cymbidia. The 
term inal portion of the  intestine is clearly directed towards th e  left side of the  median 
line.

The visceral mass, which as in  these two genera is suspended freely in  the  palliai 
cavity, presents a t its  aboral aspect a  ra ther th in  prom inent ring. I t  resembles a  sucker 
in  form, and  I am unable to  give any  adequate explanation of its  function.

The Circidatory a n d  E xcretory Organs.— The h eart and  the  kidney have the  same 
situation and m utual relations as in  th e  other genera of the family.

The Nemjous System  also is disposed as in  C ym bulia  and  Gleba , th a t is to  say, the 
visceral commissure is composed of three closely-placed ganglia. This special conforma­
tion of th e  visceral commissure, then , is a  very definite character of th e  family Cymbu- 
liidæ, and is only shared b y  the genus Peraclis.

The cerebral ganglia are slightly segm ented as in  Cym bulia , and  th e  pedal ganglia 
do no t differ from those of th is genus. The otocysts too are disposed in  the  same 
manner, and  the  innervation o f the  various organs is qu ite  similar.

3. Gleba.

The H ead  differs from th a t  o f  C ym bulia  in  being free, and  projecting in  th e  form of 
a  m ore or less elongated proboscis in  fron t of th e  fin. T he tentacles are quite  sim ilar 
to  those of C ym bulia , and  are situated  in  the same position, so th a t  in  those forms which 
have an elongated proboscis they  are a  long way behind the mouth.

As in  the  preceding genera, th e  opening of th e  copulatory organ is situated a  little  
posterior to  the tentacles and  in  th e  m iddle line in  th e  adu lt, w hilst in  very young 
individuals i t  is placed a  little  towards th e  rig h t side (PI. I II . fig. 12, b).

The Foot forms a  very large natatory  disc w ith even margins, and  having n either a 
space devoid of m uscular fibres a t the lateral ex trem ity  of th e  dorsal m argin, as in 
Cym bulia , nor a  ventral appendage. D uring development th is  appendage exists and  is 
very long, b u t i t  becomes much reduced in  the older larvae (PI. I II ., fig. 12, c), and 
disappears entirely in  the  adult.

The M antle  has on th e  whole th e  same disposition as in  Cym bulia, except th a t  the
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hardened portion, commonly known as the “ cartilaginous shell," is n either so much 
developed nor so thick.1

The palliai gland is asymmetrical (PI. IV. fig. 3, « )  and divided in to  an anterior and 
a  posterior portion by an asymmetrical transparent band, which presents near its middle 
a narrow more opaque band.

Neither buccal mass, jaws, radula, nor salivary glands arc to  be found ; the oesophagus 
is very extensile. As regards the rest of the visceral anatom y, all th a t  has been noticed 
in Cymbulia holds good here also, and I have nothing to  add to  w hat has been published 
by previous authors (van Beneden, delle Chiajc, and  chiefly Gogenbaur).

The Central N ervous System  (PL IV. fig. 4) is constructed on the  same plan as th a t 
of Cymbulia, b u t i t  m ay be noted th a t the  segm entation of th e  cerebral ganglia (a) is 
more marked than  in th is la tte r  genus. Besides this, each of the two segm ents has on 
its posterior aspect a  little  globular swelling, of the  same structu re  as th e  superficial layer 
of the  ganglia, th a t is to  say, composed of large nervous cells. N o nerves arise from these 
swellings.

The ganglionic elem ents of the  visceral commissure (c, d) are disposed in  the same 
manner as in the typical genus of the  family, there being three closely approximated 
ganglia.

The innervation is quite similar to  th a t  of Cym bulia. From  each cerebral ganglion 
a nerve (i) passes to  the  tentacle, where i t  expands into an olfactory or rhiuophoral 
ganglion. From each pedal ganglion are given ofi* laterally  the  two large nerves which 
ramify in  the  fin, and anteriorly a more slender nerve (h) which innervates th e  retractor 
muscle of the  proboscis.

Finally, the nerves from the  visceral ganglia are disposed as in  C ym bulia  (3, 4).

P h y l o g e n e t i c  R e l a t i o n s  o f  t h e  T h e c o s o m a t a  t o  E a c h  O t h e r .

From a  comparative study of the organisation of th e  different Thecosom ata we ought 
to  be able to  ascertain which form has preserved the  m ost traces of th e  prim itive struc­
ture of the  group, th a t is, which of the  recent species is the  m ost nearly related to  the 
ancestral form from which all the  other Mollusca of th e  group Thecosom ata have been 
derived.

I t  is our ignorance of th is actual prim itive form which has led to  false conclusions 
regarding the  affinities of the Pteropoda. The knowledge of th is form  will perm it us to 
attem pt the solution of the problem (which we shall do in  the second p a rt of th is  Report) — 
which of the recent Mollusca are th e  m ost nearly related to  those forms which have given 
origin to  the  group Thecosomata.

x Compare th e  systematic R eport, ZooL ChalL E xp ., p a r t  Ixv. fig. 1, p . 07 (Cymbulia), and  fig. 3 , p . 102 (Gleba).
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The m ost prim itive form among the living Thecosomata has scarcely been sought for 
in any special manner, and opinions differ very  greatly  on th is sub jec t; some th ink  th a t 
i t  is to  be found among the  Cavoliniidae (Clio, subgenus Creseis), others are  of opinion 
th a t i t  belongs to the  family Limacinidae.

In order to arrive a t a  positive result on th is question we shall s tudy  the  mutual 
relations of the  three groups of Thecosomata (Limacinidae, Cavoliniidae, Cymbuliidae), 
comparing their organisation.

These relations are no t very easy to  explain, taking in to  consideration the great 
apparent differences presented by the three above-named families— differences which have 
no t been sufficiently considered h itherto  in the relationships which the  three groups bear 
to  each other.

1. I f  in the  first place we consider the Cymbuliidæ, we find th a t  their affinities are 
very obscure. Boas1 seems to  regard them as specialised Cavoliniidae, and  for m y own 
part, before I had had the  opportunity of studying the organisation of the genus Peraclis, 
I was in a  sta te  of the m ost complete uncertainty regarding th e ir  relationships. The 
knowledge of this genus, however, has throw n some ligh t upon their affinities.

Apart from the presence of the “  cartilaginous shell,” which has no homology with 
the  calcareous shells of other Thecosomata, we m ay see th a t the Cymbuliidæ differ from 
the  Cavoliniidæ by very definite characters, particularly in the shape of the  head, which, 
in the  former, is very distinct and quite symmetrical as regards the  tentacles, which have 
no sheath, and in the  arrangem ent of the  central nervous system, which has th ree visceral 
ganglia instead of two closely placed as in the Cavoliniidæ.

On the other hand, we have seen th a t among the  Limacinidae, Peraclis, which, in  all 
other respects resembles the  Cymbuliidæ quite as much as does any of the  Cavoliniidæ, 
has a  distinct head agreeing with th a t of the  older larvæ  of the  Cymbuliidæ in  its general 
form and also in  the  sym m etry of its  tentacles, which are fu rther devoid of a  sheath ; 
besides this th e  nervous system is constructed on th e  same ty p e  and  has th ree visceral 
ganglionic masses arranged in  the  same manner.

Of all other Thecosomata, then, Peraclis  is the  one which m ost closely resembles the 
Cymbuliidæ, and with which th is family has the closest affinity.

2. On the other hand, the  Cavoliniidæ, as well as the Cymbuliidæ, have undoubted 
affinities to  the  Limacinidæ, b u t these are w ith the genus Lim acina, which presents 
numerous resemblances to  the subgenus Creseis of Clio. The head is indistinct and  has 
the  same asymmetrical arrangem ent as regards the  tentacles and penis ; besides which 
the  fins in Creseis present the small tentacular lobe which is found in  m any Limacinœ.

If, however, the Cavoliniidæ and Cymbuliidæ, which are no t d irectly  connected with 
each other, have each of them close affinities w ith the  Limacinidæ (L im acina  or 
Peraclis), these relations between th e  straight Thecosomata (Cavoliniidæ and Cymbuliidæ),

1 Spolia atlantica, p. 188.
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and the coiled Thecosomata (Limacinidæ) are not rendered any  the  less easy of explana­
tion, in consequence of the fundam ental difference existing between th e  two groups : 
namely, th a t the palliai cavity is dorsal in  th e  coiled and ventral in the s tra ig h t forms, 
and th a t the  anus is on the righ t side in  the former and on th e  left side in  the  latter.

Souleyet1 and Grobben2 have endeavoured to  explain these differences by the coiling 
of the Limacinidæ, bu t th is explanation is insufficiënt, for if one im agine a  Clio  of the 
subgenus Creseis coiled in  the  same m anner as a  Lim acina, the  relative position of the 
dorsal surface of th e  head and the  palliai cavity  cannot change.

Huxley3 foresaw th a t  the  difference is no t so g rea t as i t  appears, when he said, “  I  
cannot th ink  th a t any real variation will be found to  occur am ong closely allied 
forms, in  a  m atter so fundam entally connected w ith th e ir  whole structu re  and mode 
of development.” H e had not, however, qu ite  grasped the  real cause, for he 
thought th a t the  displacement of the palliai cavity  to  the  dorsal surface in  the 
Limacinidæ is only a  continuation of the  process which carries th e  anus to  the  left 
in the  Cavoliniidæ.

Boas4 was the  first to  give a clear and simple explanation of th is  apparently  deep- 
seated difference. H is explanation may be summarised as follows :—

The anterior or cephalic p a rt (including the buccal mass, central nervous system, 
genital aperture, and  copulatory organ) is so disposed to  the  o ther p a rt in  one of these 
great groups th a t it would require to  be tw isted  through 180 degrees in  order to  assume 
the position found in  the  other.

By th is means all the differences which exist between the  s tra ig h t and the coiled 
Thecosomata are readily explicable, and  the  two groups them selves m ay be referred to  a 
common type.

In  favour of this hypothesis of “  partial rotation ” several argum ents have been 
adduced by Boas, and I  am able to  add others which render th e  explanation still more 
satisfactory. Indeed, the sum  to ta l of these argum ents allows us to  dem onstrate with 
almost mathematical certain ty  th e  above-mentioned rotation.

In fact we m ay see (PI. III. fig. 6) th a t—
1. The palliai cavity, which is dorsal in  th e  Limacinidæ, is on th e  opposite aspect, 

th a t is to  say, is exactly ventral, in  the  stra igh t Thecosomata.
2. The lobe of the  m antle-m argin, which is a t the rig h t side in  th e  Limacinidæ, is on 

the  left in those stra igh t Thecosomata which possess it.
3. The osphradium (olfactory organ of Spengel) is situated  on the  rig h t in  th e  straight 

Thecosomata and on the left in  the  Limacinidæ.
4. The retractor (columellar) muscle, which is dorsal in  the  s tra ig h t Thecosomata,

1 Voyage de la  Bonite, Zoologie, t. ii. pp. 208-210.
8 Morphologische S tudien  über den  H am - u n d  QeachlechUapparat sowie «lie Leibeahöhle d er Cephalopoden, Arb. 

Zool. liu i, W ien, t. v. p . 63.
3 On the  Morphology of the  Oephalous M ollusca, Phil. T rant., 1863, p . 43. 4 S polia  atlantica, p. 184.
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is ventral in th e  Limacinidæ (the Cymbuliidæ, in  which the calcareous shell falls off a t 
the  end of embryonic development, have of course no retractor muscle.)

5. The fifth large gastric plate, which is dorsal in  the Limacinidæ, is ventral in  all 
th e  stra igh t forms.

6. The aperture of the  bile-duct, which is a t th e  rig h t in  all the  s tra ig h t Thecosomata, 
is a t th e  left in the  Limacinidæ.

7. The intestine, which ends a t the  rig h t of th e  palliai cavity  in th e  Limacinidæ,
ends a t  the left of the  same cavity in  th e  stra igh t forms.

8. The genital duct, which arises from the  dorsal edge of the gland in  th e  straight
Thecosomata, springs from the  ventral side in  the  Lim acinidæ ..

9. The shell, in  those stra igh t forms which have any  curvature, is ben t towards the 
dorsal surface, w hilst in the  Limacinidæ the  shell is tw isted vcntrally.

Thus on comparing these two groups i t  appears th a t, tak ing  one of them  as a 
standard, the  anterior p art of the  other has ro tated  upon the  posterior p a rt through a 
half revolution ( 1 8 0  degrees) upon the  longitudinal axis or vice versâ.

Now since we have seen th a t each of the  two families of s tra ig h t Thecosomata has 
clear affinities w ith th e  Limacinidæ, w ithout their exhibiting any relationship to  each 
other, we have still to  show which of the  three families is th e  m ost prim itive, and  what 
has been th e  line of th e ir  descent.

I . A s regards the  Cymbuliidæ and Limacinidæ, there can be no doubt th a t  the 
Limacinidæ are the  more prim itive and have given origin to  th e  Cymbuliidæ. The 
development of the la tte r furnishes in support of th is  view excellent argum ents which 
have no t hitherto been sufficiently appreciated :—

1 . The embryonic shell of the  Cymbuliidæ is a  coiled one, whence these forms are
classed b y  F o l1 among his “ Campyloconques ” in  opposition to  the Cavoliniidæ, 
which he term s “ Orthoconques ” ; b u t neither K ro h n 5 nor F o l3 sta te  w hether the 
shell is dextral or sinistra!, and  i t  is impossible to  ascertain th is from  th e  figures 
given b y  Krohn.4 I  have seen m any embryonic shells both of C ym bulia  and 
Gleba? and  all were sin istral like th e  shells of the  Limacinidæ.

2 . I n  th e  older embryos, which y e t bear shells, th e  palliai cavity  is d o rsa l0 and  the
anus to  the right,7 ju s t  as in  th e  coiled Pteropods.

3. These same embryos then  carry an operculum on th e  foot, which is m ultispiral as
has already been pointed ou t b y  K rohn,8 who, however, d id  no t notice the 
direction of the spire. The exam ination of numerous specimens with th e  oper­
culum in  situ  enables me to  affirm th a t its  spire is always sinistral. Now this

1 S u r le développem ent de« Ptéropodes, Arch, d  Zool. Expér., sér. 1, t  iv . p . 178.
• B eiträge zu r Entwickelungsgeaohichte d er P teropoden und  Heteropodeu.
» Loc. cit. 4 Loc. cit., pi. L figs. 12, 14.
* Zool. C haii. Exp., p a r t lxv . pL iL figs. 14 ,17 . g K rohn , loc. cit., p . 19.
» K rohn, loc. cit., p . 20. 1 K rohn , loo, cii., p i. L fig. 15.
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is precisely what is observed in  Peraclis , whose operculum closely resembles th a t 
of the young Cymbuliidæ.

4. Besides this i t  has been pointed o u t th a t the older larvæ  of the  Cymbuliidæ, in 
which the  proboscis is not y e t rcflcxed in fron t of the  fin, have th e  head shaped 
exactly like th a t of Peraclis  (compare for example Gleba, PI. I I I . fig. 1 2 ) ; i t  is 
quite symmetrical as regards the  tentacles, w ith  the same small prom inent 
proboscis, th e  penis even being also situated  on the  rig h t side. F urther, in 
Peraclis, as in  all the  Cymbuliidæ, the  central nervous system  has three visceral 
ganglia.

We m ay say then th a t the  Cymbuliidæ have descended from “ Limacinoid ” ancestors, 
and  th a t among the  recent Limacinidæ Peraclis  is the form which m ost closely resembles 
those ancestors.

II. I t  now remains, then, for us to ascertain which of the  two families, Limacinidæ 
and Cavoliniidæ, is the  more prim itive ; th a t is to  say, are  the  Cavoliniidæ descended 
from the Limacinidæ or have they given origin to them  ? V ery numerous argum ents 
speak in  favour of the former hypothesis, and show th a t  the  ro tation of 180 degrees, 
which has been alluded to  above, has taken place from rig h t to  left in  a  Limacinoid type 
to give rise to  the Cavoliniidæ, whilst the converse is impossible.

1. L et us consider first the  relations of the digestive tra c t an d  genital duct. We sec
(PI. I. fig. 3) th a t in the  Limacinidæ the duct arises on the ventral side of the 
gland and passes directly to  the rig h t side of the  body, m aking a  quarter of a 
revolution (90 degrees) round the  digestive trac t (see PI. I II . fig. 6). In  the 
Cavoliniidæ (PI. I I . fig. 1) the duct arises on th e  dorsal edge of the  genital 
gland, and  instead of proceeding d irectly  to  the  rig h t side of the  body where the 
genital aperture is situated, i t  passes by the  left side, then  ventrally , and finally 
reaches the rig h t side, having thus made three-quarters of a  revolution (270 
degrees) around th e  digestive tra c t (see PI. I II . fig. 6). I t  is clear th a t  of these 
two routes th e  shorter (th a t is, 90 degrees) is th e  m ore prim itive. I t  follows then 
th a t in the Cavoliniidæ, considering th e  genital apertu re  which is in  the head as 
fixed, the visceral portion where the  genital gland is s ituated  along w ith the  
origin of the genital duct, has made a  half ro tation from  rig h t to  left around 
a  longitudinal axis, which explains why th e  genital duct m akes a  h a lf revolution 
(180 degrees) round the  tube m ore than  in the Limacinidæ.

2 . A large num ber of events in  the developm ent prove beyond all possibility of
contradiction th a t  the  Cavoliniidæ spring from Limacinoid ancestors b y  the 
relative displacement of the  visceral and  cephalic portions of th e  body.

A. In  stating  his theory of rotation in th e  Cavoliniidæ, Boas rem arks th a t the 
anterior or cephalic portion has performed a  ro ta tion  of 180 degrees relatively to 
the  posterior part, or vice versâ. This m anner of expressing th e  process does
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n o t seem  to  m e q u ite  accurate, a lthough  i t  ind icates co rrectly  th e  p rac tica l re su lt 
o f  it. T h e  tru th  is ra th e r  th a t  each p a r t  (cephalic o r visceral) h as  perform ed 
a  q u a rte r  of a  ro ta tio n  arouud  th e  lo n g itu d in a l axis, th e  cephalic p o rtio n  from  
left to  r ig h t an d  th e  visceral portion  in  th e  c o n tra ry  d irection . A  s tu d y  of 
th e  re trac to r m uscle show s th a t  such has been  th e  case.

In  som ew hat advanced larvæ  of C avoliniidæ  th is  m uscle m ay  be seen to  be 
in serted  a t  th e  r ig h t side of th e  shell. In  th e  a d u lt  condition  i t  is  alw ays 
in serted  dorsally  close to  th e  m iddle line, in  such  a  m an n er th a t  th en  th e  m uscle 
is en tire ly  dorsal and  parallel to  th e  axis of th e  body , w h ils t in  th e  la rv æ  i t  is 
v e ry  oblique. A ccording to  Boas, o f  th e  tw o  subdiv isions o f th e  re tra c to r  
m uscle, th a t  w hich passes o n  th e  r ig h t side o f th e  œ sophagus w ould be a  new 
form ation .1 T h e  exam ination of Fol's  figure above referred  to  show s th a t  
i t  is no th in g  of th e  k ind , and  th a t  th is  r ig h t b ran ch  is th e  m ore p rim itive , 
since i t  passes to  th e  r ig h t side o f  th e  head  an d  to  th e  tw o  fins, w h ils t the 
le ft branch, which passes along th e  o th er side o f  th e  œ sophagus a n d  on ly  
supplies th e  le ft side o f th e  head, is secondary.

B. T he palliai cav ity  orig inates on th e  r ig h t side ;* in  th e  ad u lts  i t  is q u ite  
ventral.

C. T he anus is displaced tow ards th e  le ft ;8 in  th e  ad u lt i t  is s itu a te d  q u ite  
a t  th e  left.

D. T he shield  (palliai g land), w hich is q u ite  sym m etrical in  th e  a d u lt 
Cavoliniidæ, is s till asym m etrical and  oblique in  th e  o lder larvæ ,4 its  r ig h t 
side being th e  m ore developed, w hich indicates th a t  i t  o rig inates on th is  side 
an d  is displaced tow ards th e  left.

E. T he em bryos o f th e  Cavoliniidæ, on th e  appearance o f th e  apex o f the 
shell, curve in  order to  follow th e  m ore rap id  developm ent of. th e  r ig h t side ; 
th ere  is th en  a  ten d en cy  tow ards th e  s in is tra l coiling o f th e  Limacinidæ,® a  
coiling w hich s till appears in  th e  developm ent of th e  C ym buliidæ , in  w hich 
th e  uncoiling is n o t b rough t abou t so soon as in  th e  Cavoliniidæ.

3. Facts are observed even in  th e  ad u lts  w hich p rove th e  ro ta tio n  w hich has b rough t 
about the  difference betw een th e  coiled an d  th e  s tra ig h t Thecosom ata—

A. T he dorsal groove o f Clio (S ty lio la ) subula. This groove is n o t parallel 
to  th e  axis of th e  shell, b u t  oblique ; i t  commences a t  th e  le ft a n d  te rm inates  
in  th e  m iddle line dorsally ; i t  th u s  describes a  q u a rte r  of a  circle an d  conse­
q u en tly  indicates all th e  successive positions o f th e  dorsal side du rin g  th e  
q u arte r of a  ro ta tion  perform ed b y  th e  visceral po rtion  of th e  body  from  left 
to  r ig h t (regarding  th e  anim al from  th e  dorsal side).

1 S polia  a tlan tica , p. 185, no te 3. •  F o l, loe. cit., p . 176. » Ib id ., p . 146.
* Ib id ., p i  v . fig. 2, vib. » Ib id ., p . 197.
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B. The columellar muscle of Cavolinia longirostris (PI. I I . fig. 3). This 
muscle is not inserted in the  middle line of the  dorsal side of the shell but 
a t the right hand angle of its truncaturc.

C. The central nervous system of Lim acina  (PI. I. figs. 7, 8). Wc have 
already remarked th a t in  th is genus the ganglionic elements of the  visceral 
commissure are united into two asymm etrical masses : the  rig h t large and the 
left small. This asym m etry is easily explained by the  fact th a t the  “  abdominal ” 
ganglion (the fused posterior visceral ganglia) has united w ith the “ supra- 
in testina l” ganglion (right anterior visceral) ; the  cause of the  union is th a t  in 
the  asymmetrical Thecosomata i t  is the right-hand half of the visceral portion 
which is th e  best developed, th a t side of each se t of organs having alone 
persisted. On examining the central nervous system  of the  Cavoliniidæ it is 
seen on the contrary th a t the  left-hand portion of the  single ganglionic 
visceral mass, or the left half, if the two halves are distinguishable, is the 
larger (Cuvierina , PI. III. fig. 1 ) ; th is la tte r mass encloses th e  abdominal 
ganglion and the  subintcstinal (left anterior visceral), and  in fact gives origin 
to  the  nerves of the  “ abdominal ” ganglion, which arise in L im acina  from the 
large righ t ganglion. Thus the  abdominal ganglion has followed the  viscera 
which i t  innervates (genital gland, kidney, heart, &c.) in their ro tation from 
righ t to  left (regarding the animal from the ventral surface).

I t  is impossible, then, to  deny the existence of th is rotation converting th e  Lima­
cinoid type in to  straight Thecosomata, or the  descent of these la tte r  from the  coiled 
Thecosomata.

In the  Cymbuliidæ the rotation has no t been so complete as in the  Cavoliniidæ. The 
palliai cavity is no t so decidedly ventral, its apertu re  being less symmetrical, a  little 
oblique and more open towards the rig h t side (PI. I II .  fig. 7), showing clearly th a t i t  has 
originated on th is side and been displaced towards the left. Besides, the  anus has been 
transported no t so far to  th e  left as in  the  Cavoliniidæ, and is s ituated  only a  little  to  the 
righ t of the  middle line. The shield (palliai gland), like the  orifice o f th e  palliai cavity, 
is still asymmetrical (PI. III. fig. 8), as in th e  Limacinidæ, and  n o t sym m etrical, as in 
the Cavoliniidæ.

Supposing, then, for a  moment, th a t the  cephalic portion has rem ained immovable, the 
visceral portion of the  Cymbuliidæ has made a  littlo  less th an  a  ha lf ro tation about 
its longitudinal axis. From  this poin t of view, then, the  Cym buliidæ are a  little  less 
specialised than  the Cavoliniidæ.

The phylogenetic relations of the  different genera of Thecosomata m ay be expressed 
graphically by means of the following table :—
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C uvierina  C avolin ia  Gleba
I___________________ !

C lio  C ym buliopsis

L im a cin a  C y m b u lia
I_______________________________ I

Peraclis

1. We have thus explained the  affinities of the Cymbuliidæ and Peraclis. We 
m ay say, then, th a t the  Cymbuliidæ arise from Limacinidæ resembling P eraclis  which 
have lost their calcareous shell towards the end of embryonic development, and the  two 
halves of which (cephalic and visceral) have each performed in  opposite directions a  little  
less than  a  quarter of the  rotation about their antcro-posterior axis, and, lastly, which 
have acquired by a  subepithelial thickening of the palliai integum ent a  “  cartilaginous 
shell,” which makes up for the  loss of the  calcareous shell.

Gleba is more specialised than  C ym bulia  and Cym buliopsis, and  in its  developm ent 
passes through a  stage closely resembling Cym bulia , w ith  a  short proboscis and long 
appendage to  the foot ; th is appendage shortens and  disappears, w hilst the  proboscis 
elongates ; further, in  passing from C ym bulia  to  Gleba the  cartilaginous shell diminishes 
in  importance.

In  the  same way Cymbuliopsis is m ore specialised than  Cym bulia , as shown in  its 
more prom inent proboscis and th e  disappearance of the  pedal appendage. The shell has 
retained more importance than  in Gleba.

2. L im acina  is m ore specialised than  Peraclis ; th e  head has become less distinct, 
and the tentacles have lost their sym m etry ; the  nervous system  is m ore concentrated, 
the abdominal ganglion, which is quite d istinct and  separate in  P eraclis  (PI. I. fig. 12, d), 
having fused with the “  sup ra-in tcstinal” ganglion (PI. I. fig. 8). The Lim acinæ  have 
become specialised in  two different directions— firstly, b y  elongating th e  spire of the  shell 
in  such a  m anner as to  a tta in  the  extrem e form of L im acina  bulimoides.

This mode of specialisation cannot, however, be very favourable, th e  m ost advantageous 
arrangem ent for a swimming anim al being perfect sym m etry, which cannot be realised by 
a  coiled shelL Hence, specialisation in  another direction is brought about— th e  uncoiling 
of the  spire in such a  way as to  give rise to  the stra igh t forms, which, though sym ­
metrical only as regards their external appearance, are thus adapted b e tte r for pelagic life. 
Their sym m etry is thus secondary, for th e ir  prim itive asym m etry rem ains real, complete, 
and profoundly impressed upon all their in terna l organisation.

This uncoiling m ust have acted like th a t  of the caducous embryonic shell of Gleba , a  
large p a rt of which is stra igh t and separated from  th e  spire.1 This uncoiling m ust have

1 ZooL C h a ii Exp., p a r t  lxv. p i  ii. fig. 17.
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been accompanied by the loss of the operculum ; in the large adu lt Limacina; (in Lim acina  
helicina , for example) the tendency is already observed to lose the  operculum , and even 
the partially uncoiled embryonic shell of Gleba has none, nor have the  embryonic shells of 
the  Cavoliniidæ.

3. The most prim itive o f the  stra igh t Thecosomata (subgenus Creseis of Clio) arc 
circular in section, and have retained certain tra its  of the  Lim acina:; thus Clio virgula  
has the initial p art of the  shell coiled dorsally, indicating a form er coiling. These forms 
of Clio have also on the dorsal margin of each ñ u  the  same small ten tacular lobe as is 
found in certain Limacina}. I t  is easy to  see how the  forms compressed dorso-vcntrally 
and with lateral keels (Clio properly so called) have originated from these species of 
Clio which are circular in  section.

4. From these la tte r the Cuvierime have arisen by constriction behind the  aperture, 
and by the formation of a diaphragm about the middle of the shell, behind which the 
initial part of the shell m ay become lost.

5. Finally, those forms of Clio which are compressed dorso-ventrally, in  which (as in 
Clio cuspidata , for example) the lateral m argins have diverged alm ost in  opposite direc­
tions, the aperture being produced into a  narrow slit a t c ither side, have given rise to 
the most prim itive Cavolinia?, which, as in the  case of Cavolinia trispinosa  and  Cavolinia  
quadndenta ta , still retain  some of the characters of Clio or o ther prim itive characters, 
such as a well-marked embryonic shell, fins distinct from the  ra th er narrow  v en tra l lobe 
of the foot, ganglionic elements o f the  visceral commissure still separated in to  two halves, 
&c.; and from these forms the  passage is easy to  all the  o ther Cavolinia?. Embryology 
confirms the  view th a t the Cavolinia} are th e  m ost specialised in  th is  sense; in  fact 
F o l1 remarks in  th is  connection, . . les Hyaléacées sont un extrêm e.”

This account of the phylogeny of th e  Thecosomata, draw n up from  comparative 
anatom y and based upon embryology, is also found to  agree w ith palæontology, which 
gives i t  additional support. W e find L im acina  in the m ost ancient T ertia ry  deposits, 
and  also forms resembling Clio, w ith  circular transverse section (Euchilotheca), as well 
as nearly related forms which lead on to  Cuvierina (Tibiella). Clio, properly so called, 
however, and  Cavolinia, do n o t appear un til the  Miocene. As for the Cymbuliidæ, i t  is 
hardly possible th a t  their “  cartilaginous shells ” should be preserved.

As regards the fossils considered to  be P rim ary  Thecosomata (Creseis, Cleodora , &c.), 
and the  larval shells of Cymbuliidæ described by Ehrenberg, we shall soon see the  slender 
basis on which rests the  system atic position assigned to  them.

From w hat has been s ta ted  above, i t  is easy to  see th e  im portance of th e  position 
occupied b y  the Limacinidæ in  the  morphology of th e  Thecosomata. By means of the 
knowledge of Pei'aclis they  enable us to  understand th e  relations of the  Cymbuliidæ, 
wbich were extremely difficult. W agner2 even considered them  as th e  m ost prim itive

1 Loc. cit., p. 206. 1 D ie W irbellosen des weissen Meeres, Bd. L p. 119.



REPORT ON THE PTEROPODA. 37

o f the  Pteropoda, and as derived from the  Heteropoda ! On the o ther hand, L im acina  
explaina the  relatione of the  Cavoliniidæ, which if the Limacinidæ no longer existed 
would never have been understood, in  spite of the existence of fossil Limacinidæ ; for the 
morphological results obtained from the  s tudy  of fossil shells are exceedingly small, and 
render those who devote themselves exclusively to  th is s tudy  liable to  singular m is­
conceptions.

Finally, thanks to  the  Limacinidæ, i t  will be possible, as we shall shortly  see, to  trace 
ou t the  affinity of the Thecosomata to  the  other Molluscs, and to  determ ine th e ir phylo­
genetic origin.

S u m m a r y  o n  t h e  T h e c o s o m a t a .

The Thecosomata possess only one pair of cephalic tentacles.
The fins embrace th e  head as far as its  dorsal surface.
The m antle presents on the floor of the  palliai cavity  a  large palliai gland.
All the Thecosomata, except Gleba and  Cymbuliopsis, have a radula, th e  form ula of 

which is 1 : 1 : 1 ,  two jaws placed laterally, and, contrary to  the assertions of Gegenbaur, 
a pair of short salivary glands.

The stomach is a m asticatory gizzard with muscular walls, and exhibits four large 
symm etrical m asticatory plates (never two, as stated  by H uxley,1 and copied from him 
b y  Woodward and Tryon), a  fifth posterior plate, and generally eight small anterior 
plates. The liver does no t pour its  secretion in to  the  gizzard, b u t in to  the  posterior part 
of the stomach, in to  which i t  opens by a  very small num ber of apertures.

A t the anus is generally situated an anal gland.
The copulatory organ is situated on the  anterior dorsal p a rt of th e  head near the 

tentacles.
The cerebral ganglia are situated a t the sides of the œsophagus and  un ited  b y  a  long 

8upraoesophageal commissure ; the pleural ganglia close beside th e  cerebral, and  seem 
united with them.

II. GYMNOSOMATA.

As m ay be seen from the  system atic Report upon th is  group,“ I  divide these animals 
into five families, one of which (Pneumonoderm atidæ) includes three genera, w hilst the  
others (Clionopsidæ, Notobranchæidæ, Clionidæ, and  Halopsychidae) include only one each.

O f the  family Notobranchæidæ I  was n o t able to  obtain a  single specimen for 
anatomical investigation, so th a t  m y researches refer only to  the o ther divisions.

1 O n th e  Morphology o f  the  Cephaloua M ollusca, p. 42, P hil. T ram ., 1853.
• Zool. C haii. Exp., p a r t M ii .  p . 11.



38 THE VOYAGE OF H.M.S. CHALLENGER.

Fam ily I. P n e u m o n o d e r m  a t  i d  æ .

The three genera which make u p  th is  fam ily resemble each o ther very closely in  their 
general internal organisation, since th e ir  principal zoological differential characters are 
external, taken from the  buccal acetabuliferous appendages and the  gills.1 I  think, 
therefore, th a t the  best course will be to  exam ine these three genera simultaneously 
rather thau separately, in  order to  avoid numerous repetitions ; I shall m ention in  each 
case, however, the  points in which I  have observed differences betw een Dexiobranch.ua, 
Spongiobranchaea, and Pneumonoderma.

The H ead  in the Pneum onodermatidæ is somewhat elongated. I t  presents anteriorly 
the buccal opening, dorso-ventral in  direction, and  the two an terio r or labial tentacles, 
situated on either side of i t  and dorsally ra ther than  vcntrally . These tentacles arc  more 
or less elongated ; those of Spongiobranchaea are more elongated thau  in others. They 
are not the seat of a  special sense b u t of general sensibility ; th e ir d istal ex trem ity  
encloses elongated nervous cells.

On the  dorsal surface of the  cephalic region, near the m iddle of its  length, is a  pair of 
posterior or nuchal tentacles, which arc quite symm etrical b u t only slightly  prom inent. 
Each of them receives two cerebral nerves, each of which is swollen a t  its  distal extrem ity 
within the tentacle, an arrangem ent which perhaps led Souleyct to  believe th a t  they  are 
bifid.2

These tentacles are difficult to  discover when retracted in  preserved specimens, bu t 
are readily found from w ithin owing to  the  presence of the nerves. W e shall shortly 
see th a t these are the  optic and olfactory nerves, and  their d istal enlargem ents are the 
rudim entary eye and  the olfactory ganglion or rhinophorc.

The Foot is sim ilarly shaped in  all th ree genera, as has been already described in  the 
system atic portion of th is Report. The plicated tubercle a t  the  base of the posterior 
lobe is glandular in function. All th e  ventral surface of the  foot is ciliated.

The visceral envelope, continuous w ith th a t  of the  head, has several k inds o f sparse 
unicellular glands scattered all over i t .  The m ost considerable are aggregated in  the 
middle line on the dorsal surface, where they  form a  depression known as th e  dorsal 
patch. A transverse section through th is (PI. IV. fig. 7) shows the presence of two kinds 
of glands— ( l)  the peripheral or lateral glands (b), which are very  large cells; (2) the 
median glands (c), small in  size and whose secretion is of a  b righ t colour.

The Digestive Tract.—The anterior portion from the  m outh, as far as th e  buccal mass, 
constitutes an cvaginable proboscis of th e  acrembolic type. This has been figured in  three 
genera in the system atic p a rt of th is  Report ; i t  is least developed in  Dexiobranchæa.

On the  anterior part of the  retracted proboscis (posterior p a rt when i t  is evaginated) are
‘ Compare tho system atic R eport on tlie Gymnosomata, Zool. C haii. E xp ., p a r t lviiL pp. 11-32.
* Voyage d e  la  Bonite, Zoologie, t. ii. p . 260.
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situated the acetabulifcrous appendages, and I wish to  lay special stress on the  fact th a t 
they originate on th e  proboscis and  have no connection with the  foot. The form of these 
appendages varies in  different, genera, as was shown in the  system atic Report on the 
Gymnosomata. In  the different known species of Pncum onodermatidæ these appendages 
have attained different degrees of development, varying from the condition in  which the  
suckers arc directly inserted on the proboscis (D cxiobm ncluta sim plex) to  th a t  in which 
they  are carried on two long symmetrical stems (Spongiobranchaea and  Pneumonoderma).

The structure of these suckers has been studied by Niciniec,1 and by m yself; i t  differs 
essentially from th a t of the suckers of Cephalopods, also studied by Colasanti,3 b y  Niemicc, 
and  by Paul Girod.3

A t the posterior end of the proboscis is the  buccal mass, in such a  m anner th a t  it is 
carried quite forwards, along with the  horny pieces which i t  encloses, when the  proboscis 
is evaginated.

In this buccal mass (PI. IV. fig. G) are contained,as wc have seen, two jaw s united in the  
middle line (6), a  powerful radula (c), and  the organs known under the name of hook-sacs; 
these last are also seen of all degrees of developm ent in the Pncum onoderm atidæ , from 
Dexiobranchaea where they form only two small depressions enclosing short hooks (a), to 
Pneum onoderma  where they  form long cvaginablc sacs (a ') w ith a wall covered w ith hooks.4

From th e  fact th a t the proboscis is cvaginablc, i t  follows th a t when i t  is expanded 
i t  m ust contain the anterior part of the œsophagus doubled u p  w ithin i t  ; th is la tte r  then 
m ust increase in  length with the  proboscis, always being longer than  it. The œsophagus 
is rather extensible and ciliated throughout its  whole length as in o ther Pteropoda. I t  
is ra ther short and  traverses a  membranous diaphragm like th a t  which we have seen in 
the Thecosomata (C iivienna , &c.), and  which we shall also find in all the  Gymnosomata. 
This diaphragm divides the  general body-cavity into a  cephalic portion, enclosing the 
buccal mass, the central nervous system , the  penis, &c., and  a  posterior visceral portion.

The œsophagus, in  its passage through th is diaphragm , is accompanied by the salivary 
glands, which open in the  usual position, are much elongated, and  do n o t present a  marked 
separation between the  secreting and conducting portions. T hey have been figured by 
van Beneden6 as united by their posterior parts. I  have alw ays found, however, both in 
the  various species of Pneum onoderm a  which I  have exam ined, and  in  o ther genera, th a t 
the two salivary glands are free and  distinct throughout th e ir  whole extent.

The stomach forms a  large pouch, with slightly m uscular walls, entirely surrounded 
by the  liver, which pours its  secretion in to  i t  b y  numerous apertures ; th is arrangem ent 
is observed in all Gymnosomata.

1 Recherches morphologiques su r les vontouses dans le règne anim al, Recueil Zool. Sitiae, t  i t  1885.
* Riccrchc anatom iebe e fisiologiche sopra il braccio dei Cefalopodi, A U i R . Accad. d. Innesi, ser. 2, t. i i i .p t .  2, 187C.
* Recherches su r la  peau des Cèpholopodcs, Areh. de Zool. Expér., sèr. 2 , L ii-, 1884.
* Compare the System atic R eport on tho Gymnosomata, Zool. Chaii. Exp., p o rt Iviii. fig. 1, p . 6 , 1.
* Recherches anatomiques su r le  Pneum oderm on violaceum, d ’Orb., M im . Acad. Sei. B ruze lia , L x i  pL i. figs. 4, 9.
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The intestine »arises from the posterior p art of the stom ach ; i t  is short .and passes 
directly without any flexure to  the rig h t side, where the  anus is situ.atcd. Thus the 
curvature of the digestive tr.act is l.ater.al and  to  the righ t, and  no t neural. I f  i t  appear 
a  little ventral th is is in  consequence of the g rea t reduction of the  pedal surface. I t  
opens into a  cloacal depression, like th a t of Clionopsis (PI. IV. fig. 10), where is also 
found the opening of the kidney.

The Respiratory a n d  E xcretory Organs.— T he situ.ation and  structu re  of the  gills 
hiive been already described in  three genera in the system atic portion of th is Report. 
The primitive gili is the  lateral one, which »aiso is nearest to  the  auricle of th e  heart, this 
la tte r being posterior. For the  rest the heart is shaped as in  th e  Thecosomata. The 
arterial system  is more easily followed than  in  these la tte r  ; b u t i t  does n o t present any 
speci.al or interesting disposition.

The kidney, whose existence was suspected by G cgenbaur,1 is an organ with th in  
walls, not very obvious, and  difficult to  demonstr.ate b y  dissection. I t  is made up, as in 
Clionopsis and Clione, of a flattened s.ac, s ituated  between the  visceral mass and the 
lateral gili, and opening anteriorly in to  the clo.ac.al depression near the anus.

The Generative Organs.— The genital gland (PI. IV. fig. 8, a) occupies th e  posterior 
part of the visceral cavity. I t  forms a comp.act mass, presenting lobes m ore or less 
distinctly separated. The genital duct (b) arises from the an terio r p a r t  of the  gland, a 
little ventrally ; i t  is ra ther th in  a t  its  origin, b u t dilates as i t  proceeds as far as the 
middle of its course.

This duct, somewhat coiled, reaches the accessory genital glands, which are situated 
ventrally a t the anterior end of the  visceral m.ass ; am ong these m.ay be distinguished a 
coiled muciparous gland (c), and  a  small album en gland (d), s ituated  on th e  back of the 
other and to  some ex ten t embedded in  it.

After these two glands the  genital duct presents a  receptaculum  seminis (e) rather 
long and ovoid in  shape ; then i t  opens on th e  rig h t side of the cervical region behind the 
posterior m argin of the  fin of th a t side. A t the  genital apertu re  ( ƒ )  commences a 
ciliated spermatic groove, parallel to  the  fin, and passing forwards in fron t of th e  anterior 
border of the  fin to  the orifice of the  penis, which is situated  on th e  anterior aspect of 
the righ t side of the  foot. The penis, which is coiled u p  in  a  cavity  of the  head, is rather 
long, and has the same form as in  the  o ther Gymnosomata, such as Clione}

The N ervous System .— The only information we possess regarding th e  nervous 
system of the  Pneumonoderm.atidæ is derived from the researches of Cuvier,8 van Beneden,4 
Souleyet,® and Gegenbaur,0 and is based upon the  study of the  genus Pneum onode mna alone.

1 Untersuchungen ü b e r  Pteropoden und  Heteropoden, p. 86. a Zool. Clmll. E xp ., p a r t  lviii. p . 47.
s  Mémoire su r l'H yale e t la Pneuraoderm e, A n n . Mus. H ist. N a t. Paris, t  iv . p. 225, pi. lix. B, fig. 9.
4 Recherches anatom iques su r le Pneum oderm on violaceum, d’Orb., Aíém. Acad. Sei. Bruxelles, i. x i. p. 43, pL i. fig-2*
6 Voyage d e  la  Bonite, Zoologie, t  ii. p. 267, pi. xv. figs. 29-38.
• U ntersuchungen über Pteropoden und  Heteropoden, p . 97.
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The first two authors have lim ited themselves to  a  description of th e  ganglia, w ithout 
noticing th e  various nerves which proceed from them  ; th e  last has given no figure. 
Cuvier recognised the  four pairs of ganglia which make up the  central nervous system  of 
Pncumonodei'ma ; b u t nothing further is to  be learned from his description and figure. 
Van Beneden has given a better figure of the central nervous system, w ithout, however, 
distinguishing the cerebro-pleural and  cerebro-pedal connectives, which he regards as 
forming only a  single trunk. Gegenbaur confines him self to  a  very  b rief description, in 
the course of which he remarks th a t the acetabuliferous appendages are innervated by 
the pedal ganglia ! Lastly, the description of Souleyet is much more exact, and m y own 
researches on the nervous system of Pneumonodei'ma  have shown th a t his figures are 
exceedingly accurate.

On the  other hand, the comparative exam ination which I  have made o f th e  genera 
Dexiobranchæa, Spongiobranchaea, and  Pneum onoderm a  has dem onstrated th a t  the 
central nervous system  is essentially similar in  composition in  these th ree genera ; so 
much so, indeed, th a t  to  describe one of them  is to  describe all.

The cephalic portion of the  Pneumonodermatidæ being somewhat elongated (see PI. V. 
fig. 1), as also the  anterior p art of the digestive trac t, the  central nervous system  is 
situated relatively farther back than  in  the other G ym nosom ata A s in  all these i t  is 
composed of eight ganglia (PI. V. fig. 1) disposed in  pairs. For inform ation regarding 
the  form and relative dimensions of these ganglia I  m ay refer to  the  figures, from  which 
i t  m ay be obtained more readily than  from even a  long description.

Three of the  pairs of connectives— cerebro-pleural (PI. V. fig. l ,e ) ,  cerebro-pedal ( f ) ,  
and  pleuro-visceral (g) are here ra ther long, in  such a  m anner th a t  th e  four pairs of 
ganglia are less concentrated than  in  other families. I t  is in  Dexiobranchæa  th a t  the 
connectives (especially the  cerebro-pleural and  cerebro-pedal) are th e  longest, and  th a t 
the concentration of the  ganglia is least m arked ; th is  agrees well w ith th e  o ther archaic 
characters of th is genus.

I. The cerebral ganglia (PI. V. fig. 1,  a) are slightly  elongated transversely, and  almost 
in  apposition. In  Spongiobranchaea there  is a  small cerebral commissure, m ore appre­
ciable than  in  Pneumonoderma.

From each cerebral ganglion issue three connectives— cerebro-pleural (PI. TV. 
fig- / )»  cerebro-pedal (g), and cerebro-buccal (i), th e  first being th e  strongest. The 
last is the  m ost slender, and arises from th e  cesophageal face of th e  ganglion (see PI. IV. 
fig. 9, i,  and PI. V. fig. 3, j ) ,  w hilst th e  cerebro-pleural and cerebro-pedal connectives 
issue from the  lateral surface, one behind the  other, th e  la tte r  being the  anterior.

The anterior p art of each cerebral ganglion gives rise to  th ree nerves, or more 
correctly to  two, for th e  two lateral nerves (PI. V. fig. 1 t j  and &) arise b y  a  common 
trunk.

1. The median nerve (I) passes to  the  proboscis, th e  buccal opening, and  the  lips.
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2. The lateral nerve, which is the  strongest of those springing from  th e  cerebral 
ganglion, divides alm ost imm ediately in to  two branches—

(i.) The one nearer th e  middle line (_;) innervates th e  suckers s ituated  on the 
wall of the proboscis (whether they be disposed as in  D exiobranchæa  or as in  the 
other genera of the  family), and ramifies in  the  sucker-bearing appendages.

(ii.) The lateral branch (A) supplies the  anterior or labial tentacle.
3 and 4. Two nerves (PI. V. fig. 1 , h  and  i )  spring from the  dorsal surface of the 

cerebral ganglion, and proceed to  the  posterior or nuchal tentacle of each side.
The more anterior and  m edian of these nerves (h),  which is also the 

stronger, is the  tentacular nerve properly so called, or olfactory nerve ( it has been 
wrongly regarded as the optic nerve by van Beneden). This nerve ends in  a  gan­
glionic enlargem ent, the olfactory ganglion or rhinophore, from which arise many 
small very ramified nerves, d istributed  to  the  term inal surface of the  tentacle.

As for the  tru e  optic nerve, i t  is the second dorsal nerve (¿), which arises more 
posteriorly and to  the  side, near the  origin of th e  pedal connective. A t the 
origin of th is nerve there is found, as in  many Gastropods, a  small ganglionic 
enlargement, which I  have seen especially well m arked in  Spongiobranchæa. 
The rudim ent of th e  eye forms, a t the  ex trem ity  of the  optic nerve, an enlarge­
m ent almost contiguous to  th e  rhinopore.

In a  large num ber of Gastropods th e  ten tacu lar (olfactory) nerve arises by a 
common trunk  with the optic nerve. In  the  present case each has its  own origin, 
bu t they show an  anastomosis which recalls the  condition seen in some Gastro­
pods (for example, Timncatella).1

Finally, th e re  arises a t  the side of the  optic nerve, still nearer to  th e  origin of 
the pleural and  pedal connectives, a  slender nerve which passes ven tra lly  between 
the two connectives ju s t  m entioned to  the  otocyst. I  have observed th is disposi­
tion  very clearly in Spongiobranchæa  (PI. V. fig. 3, i),7 and  I  cannot doubt th a t it 
exists also in  other genera.

II. The pedal ganglia (b) are united by a  strong posterior and  b y  a  second anterior 
commissure (PL IV. fig. 9, Z), more difficult of observation, which I  have found in  all 
Gymnosomata, b u t which has n o t h itherto  been recorded. The homologue of th is  second 
commissure is found in a  large num ber of Opisthobranchia (A p lys ia ?  for example), 
where i t  arises near the  nerves of the  foot, or even from one of those nerves.

Each pedal ganglion is united to  the corresponding cerebral ganglion b y  a  connective 
((?) which arises from its lateral part. The pleuro-pedal connective is invisible, the  pleural 
ganglion being in  close juxtaposition to  th e  pedal.

I Vaysaière, É tu d e  su r l’organisation d e  la  T runcatella  trunca tu la , J o u m . de ConchyL, 1886, p i  xiii. fig. 18, S ' .
I I  am  indebted  to  Profeasor Spengel fo r the  specim ens o f Spongiobranchæa w hich I  have dissected.
* Compare von Jhering , V ergleichende A natom ie des N ervensystem es und  Phylogenie d e r M ollusken, p i. iv. fig. K  

pa. pe, co.
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The pedal ganglia are the largest of all, and somewhat triangular in  form. A large 
num ber of nerves arise from them— seven in  Pneum onoderm a  (PI. IV. fig. 9)— two 
anterior, two lateral, and  three posterior.

1. The more median of the anterior nerves (i) passes forward and innervates the
foot.

2. From the  ventral surface of the ganglion, near the an ten o r m argin, arises the  large
nerve (n ) which passes to  and  ramifies in  the fin.

3 and 4. The two lateral nerves (i i i  and rv), of which the  anterior is the stronger, pass 
forward to  innervate the parts situated between the  foot and th e  integum ents of 
the  head.

5, 6, and 7. The three posterior nerves (v, v i, and v n )  proceed to  the  p a rt of the 
envelop of the body situated dorsally to  the  foot, behind th e  head, and  in front 
of the  visceral sac. These nerves arc also found with th e  same d istribution in 
the other Gymnosomata, and  are incontestably homologous w ith those which 
Lacaze D uthiers has described under the name “  nerfs cervicaux.” 1

The outermost of ’these nerves (v) anastomoses w ith  the  nerve ( j )  which 
springs from the pleural ganglion. Elsewhere I  have only observed th is  anasto­
mosis in  A p lys ia  where i t  was no t noticed by Lacaze Duthiers.* I  have found i t  
in all the  typical Gymnosomata, in which i t  has no t h itherto  been seen except in 
Pneum onoderm a  b y  Souleyet.8

The plexus formed b y  these two nerves contributes to  the innervation of the 
so-called “  cervical ” region. The details of its  composition m ay vary  according 
to  the  genus and even according to  the species; its  general disposition is, 
however, always the same.

To the  posterior border of the pedal ganglion, near the  origin of the  middle 
cervical (v i) and near th e  p o in t where th e  pedal ganglion is approxim ated to  the 
pleural ganglion, is situated  the otocyst (PI. V. fig. 3, k), which is ju s t  in 
contact w ith the  pleural ganglion ; as has been m entioned above, its  nerve (i ) is 
derived from th e  cerebral ganglion.

III. The pleural ganglion (c) is th e  sm allest of those which make u p  the  central 
nervous system, and is ovoid in  form. I t  gives origin laterally  to  th e  nerve (PI. IV. fig. 
9 , j )  which unites w ith the  outerm ost of the cervico-pedal nerves (v )  in  order to  form the 
cervical plexus above described. The law of Lacaze D uthiers, according to  which the 
pleural ganglion never gives off nerves,4 m ust therefore be restricted to  th e  aquatic 
Pulm onata.

1 D u  système nerveux des Gastéropodes pulm onía aquatiques, Arch. d. Z oo l Expér., sér. 1, t  i. p. 493, 6*.
* Systèm e nerveux des Gastéropodes ( type A plysie), Compta» rendu», t. ov. pp . 078-982.
5 Voyage de la  Bonite, Zoologie, Mollusques, p i  xv. fig. 37.
4 D u systèm e nerveux des Gastéropodes pulmouéa aquatiques, loe. c i* ., p . 494, 12*.
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From the anterior ex trem ity  o f the pleural ganglion issues the cerebro-pleural con­
nective, and from its  posterior ex trem ity  th e  pleuro-visceral connective (somewhat 
elongated in  Pneum onoderm a), which leads to  the  corresponding ganglion of the  fourth 
pair.

IV. This fourth pair is composed of two ganglia (PI. IV. fig. 9, d )  in  close 
apposition and alm ost spherical. H itherto  we have seen in  the  nervous system  of the 
Pneumonodermatidæ an absolute sym m etry in  the  size of th e  two ganglia of th e  same 
pair (cerebral, pleural, and  pedal ganglia), and  in  the num ber of nerves which th ey  give 
off. Now, however, th is sym m etry ceases.

An a tten tive  examination shows th a t these two ganglia are  sligh tly  unequal, the 
left being the larger. B u t the  asym m etry becomes more strik ing  when we consider the 
nerves given off from them . The rig h t ganglion only gives origin to  one nerve, while 
three spring from the  left hand  one, a  lateral nerve and two posterior alm ost median 
nerves.' This asym m etry is found in all th e  Gymnosomata, and  has only been noticed 
by Souleyet, who, however, did no t a ttach  any  im portance to  it. S pengel1 is wrong in 
attem pting to  modify Souleyeti figure so as to  render the  visceral nerves sym m etrical in 
their origin.

1. The nerve from the  righ t visceral ganglion (2), which is sym m etrical with 
the  lateral nerve of the  left ganglion, supplies the r ig h t h a lf of the  visceral sac 
and the  osphradium. This is constitu ted  as in  Clionopsis (PL IV. fig. 10, a)  by 
a  ganglionic pad  occupying the an tero-lateral angle of th e  cloacal depression ; a 
divided branch of th e  nerve (2) passes to  it.

2 and 3. The two posterior nerves of the  r ig h t ganglion (2  and  3) innervate the 
viscera (genital organs, heart, kidney) and  the gills.

4. Finally, the lateral nerve of the  left ganglion (4) arises near th e  connective, and 
supplies the left h a lf of the  visceral sac.

V. The buccal ganglia, seen for the  first tim e b y  van  Beneden, are s ituated  below the 
œsophagus, between th e  two hook-sacs, a  little  behind the p o in t where th e  salivary 
glands open. They are in  close juxtaposition , and  each of them  gives origin anteriorly 
to  a  filam ent on which is situated an  accessory ganglion ; these threads innervate the 
salivary glands.

The other nerves which arise from the buccal ganglia are five in  num ber, as is shown 
in  the  figures of Souleyet and  van  Beneden— one azygous an terio r nerve arising from 
the point where th e  two buccal ganglia are in  contact, and  innervating the radula ; and 
also a  lateral and a  posterior nerve from each ganglion. T he form er supplies the  walls 
of the buccal mass, and  the la tte r  the hook-sacs.

1 D ie GeruchsorRone und  dae Nervensystem  d e r  M ollusken, Zeitschr. f .  ioiu. Z ool, Bd. x x r r .  pL xvix. fig. 10.
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The proboscis of the  Pneumonodermatidæ being ra ther elongated, the anterior p a rt 
of the digestive trac t is capable of considerable displacement. The cerebro-buccal con­
nectives are also long in  th is family (PI. IV. fig. 9, i).

Fam ily II. C l i o n o p s i d æ .

The family includes only the single genus Clionopsis.
The Cephalic Region  is less elongated in  th is  fam ily th an  in  the preceding. The 

anterior or labial tentacles are short and  shaped as in  all th e  Gymnosomata. T he pos­
terior or nuchal tentacles are more conspicuous th an  in  m ost of these, and are  especially 
well developed in Clionopsis h 'ohni. Like those of th e  Pneum onoderm atidæ , th ey  each 
receive two nerves, each term inating in an enlargement.

The Foot of Clionopsis is characterised by th e  absence of a  posterior lobe ; i t  presents, 
howeveF, a  plicated tubercle, having the  same structu re  as in  o ther Gymnosomata.

The Visceral Sac  exhibits also th e  g landular dorsal patch, already described in  the 
case of the preceding family.

The Digestive Tract.— As regards these organs, Clionopsis only differs from  the  
Pneumonodermatidæ in  its  anterior portion. Indeed th e  stomach, liver, an d  in testine 
are disposed identically in  the two families, an d  the anus also opens in to  a  cloacal 
depression near the aperture of the  kidney ; th is depression is lim ited  anteriorly and to  
the  righ t by the  osphradium (PI. IV. fig. 10).

The anterior part, however, of the digestive tra c t of Clionopsis is characterised by 
the great elongation of the  proboscis and  of the œsophagus (the evaginated proboscis of 
Clionopsis has been figured in  the system atic portion of th is  Report).1 T he elongation 
of the  œsophagus is a  necessary consequence of th a t of th e  proboscis, since i t  has to  be 
folded up w ithin the la tte r  when i t  is everted.

The proboscis is further characterised by the  absence of buccal appendages, which is 
explained by the  law o f compensation in  th e  organs ; th e  grow th of th e  proboscis in 
length renders useless th e  presence o f organs of prehension a t  i ts  base.

The Respiratory Organs consist, as I  have already sta ted  in  m y system atic Report, 
of a  terminal gili in  the  adult sta te , alm ost analogous to  th a t of Pneum onoderm a  ;  the 
lateral gili is absent.

The Excretory a n d  Circulatory Organs.— O f all th e  Gymnosomata, Clionopsis is the 
one in  which the  form of the renal apparatus and  its  relations w ith th e  central circulatory 
organ are the  m ost readily recognisable, owing to  th e  transparency of the  integument. 
I ts  structure and relations have already been accurately described b y  Gegenbaur.

The Generative Organs of the  Clionopsidæ are  qu ite  sim ilar to  those of the 
Pneumonodermatidæ (PL IV. fig. 8).

1 ZooL C haii. Exp., p a r t lv iii. pL i i i  fig. 1.
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The Nervous System  of Clionopsis has been described and  figured by T roschel1 and 
by G egenbauri b u t only in  a  sum m ary fashion.

Troschel represents th e  nervous system  as formed of three pairs of ganglia, which 
may be regarded as cerebral, pedal, and visceral. H e d id  n o t observe the pedal com­
missure,3 and only saw nerves issuing from th e  cerebral ganglia. A m ong these is to 
be noted as a curiosity a  nerve which, according to  Troschel, runs from the  posterior 
or nuchal to  the anterior or labial tentacle. Gegenbaur was the  first to  see th e  pleural 
ganglia of Clionopsis, b u t as regards the  nerves he only saw some issuing from the 
pedal ganglia.

According to  m y own observations4 the  central nervous system  of Clionopsis is con­
stitu ted  in  the same m anner as th a t  of Pneum onoderm a ; th a t  is to  say, i t  is composed 
of four pairs of ganglia, disposed as in th is last, th e  plcuro-pedal connective being quite 
evanescent as in  all Gymnosomata.

The cerebral ganglia are close together, and  are shaped like those of the  Pneum ono­
dermatidæ. As regards the nerves given off from these ganglia, the  chief difference 
from the preceding forms is dependent upon the absence of the buccal appendages. From 
the anterior side of each ganglion proceed two large nerves.

1. The lateral, which passes to  th e  an terio r tentacle.
2. The median, which soon ramifies freely, and  is d istribu ted  to the large proboscis,

and then to  the  buccal opening and the  lips.
3 and  4. From th e  dorsal surface of th e  ganglion arise, as in  th e  preceding genera, 

two nerves for the  posterior o r  nuchal tentacles. These two nerves were seen 
and  figured by Troschel, b u t h e  erroneously represented th e  left optic nerve as 
anterior to  the  olfactory nerve. As for T roscheli nerve from one tentacle to  the 
other, I  can positively assert th a t i t  does no t exist, and  suppose th a t  th e  retractor 
muscle of the  anterior tentacle has been taken b y  him  for a  nervous thread.

The description given of the pedal and  pleural ganglia o f Pneum onoder­
m atidæ is also applicable to  th e  Clionopsidæ. The pedal ganglia also have the 
second small commissure, and  the lateral cervical nerve also anastomoses with 
the  nerve of th e  pleural ganglion in order to  contribute to  th e  innervation of 
the  neck.

The tw o visceral ganglia are characterised, as in  all the typical Gymnosomata, 
by their asym m etry ; th a t  of the  rig h t side is sm aller th an  th e  other, and  only

1 Beiträge zu r K enntn iss d e r  P teropoden, Archiv f .  N a tu r  gesch., Ja h rg . xx. p. 228, p i. x. ßg. 9, r.
1 U ntersuchungen über P teropoden und  Heteropoden, p . 70, pL v. ßg. 13.
• I t  is strange th a t  the  pedal commissures o f  the  G ym nosom ata, w hich are  the  only tru e  com missures, for the 

cerebral ganglia os w ell os those o f the  visceral commissures a re  in  jux taposition , have passed unnoticed, even w here they 
are especially strong. T h u s  Cuvier h as  not figured the  pedal com m issures in  Clione, nor h as  8ou leyet in  Halopsyche, 
nor Gegenbaur in  Clionopsis.

1 Recherches su r  le  systèm e nerveux des Ptèropodes, Arch, de B io l,  t . vii. pp . 102-104, pi. iv. fig. 6.
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gives origin to  one, w hilst three nerves spring from the left ganglion, which are 
distributed in  a  m anner precisely similar to  the  corresponding nerves in  the 
Pneumonodermatidæ. The nerve from the righ t ganglion innervates the righ t 
side*of the  visceral sac, one of its branches subdivides to  supply the  osphradium, 
which has the  form of a  ciliated nervous band, situated in  the  antero-lateral 
angle of the  cloacal depression (PL IV. fig. 10).

There is no difference between the  stom ato-gastric nervous system  of 
Clionopsis and  th a t of th e  Pneumonodermatidæ.

Family I II . C l i o n i d æ .

The H ea d  of the  Clionidæ differs from th a t of the Pneum onoderm atidæ and 
the  Clionopsidæ in  its anterior extrem ity, which is swollen and separated from the  
body b y  a  “ neck.” The anterior tentacles are long, and  have th e  same structure as 
those of the Pneumonodermatidæ. The posterior are situated on the  m argin of the 
distended portion of the head towards the neck, and are shaped as in  the  two preceding 
families.

The buccal aperture is capable of opening widely, and its  m argins separate when the 
anterior portion of the  digestive tra c t is evaginated (PI. V. fig. 4). W hen the  evaginable 
parts are retracted, the  margins of the buccal opening close upon each o ther like two 
half hoods over the buccal cavity.1

The Foot is shaped alm ost exactly as in  the  Pneum onoderm atidæ, b u t does no t 
exhibit the plicated tubercle a t  the base of the  posterior lobe. The visceral sac has no 
dorsal glandular patch as in  the preceding families.

The Digestive Tract.— The anterior evaginable portion  or proboscis is m uch shorter 
than  in  the Gymnosomata already examined (see PI. V. fig. 4, a). A t the base of th is 
evaginable proboscis are conical buccal appendages (to the num ber of two or th ree pairs, 
symmetrically disposed on either side), and  known as buccal cones or cephaloconi (PI. V. 
fig. 4, c). I  have already3 described th e ir structure, and now lim it m yself to  m entioning 
the points which were then  dem onstrated :—

1. T hat they do no t bear suckers of an y  kind.
2. That they present special nervous term inations, and  enclose in  their in terior long 

unicellular glands collected in to  follicles.
I  m ust add, however, th a t  m y sections were made from contracted cones from 

specimens killed in  alcohol, so th a t the  groups of colum nar epithelial cells surrounding

1 See Pelseneer, T h e  cephalic appendages o f  th e  Gymnosomata u s P teropoda, Quart. Journ. M icr. Set., 1885, 
vol. XXV. pL XXXV. f ig s .  4 ,  2 .

* Ibid., pp . 495-600, pL xxxv. figs. 11-22.
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the  nervous terminations are pressed closely against each other, w hilst in  the  living 
animals these groups are spaced as shown in the  following figure :—

F i o .  1 . — D iagram  m o tic  rep re sen ta tio n  o f  a  p a r t  o f  oue o f  tb o  cones o f  C lione, a ,  ep ith e liu m  ; b , e lo n g a ted  e p ith e lia l cells 
su rro u n d in g  th e  nervous te rm in a tio n  (c) ; d ,  lo n g itu d in a l m u sc u la r  f ib re s ;  e ,  c irc u la r  m u sc u la r  fib re s  ;  / ,  u n ice llu la r  
g lan d s , t h e  secre tio n  o í  w hich  [g)  Bpreads o u tw ard s, th ro u g h  th e  e lev a ted  e p ith e lia l ce lls (b).

The secretion of the  glands contained in  the cones serves to  attach  th e  prey of Clione, 
as has been observed by W agner.1

A t the  base of the  buccal cones th e  digestive trac t, th a t  is the  anterior portion of the 
retracted proboscis, is contracted by two symm etrical lip-like pads, which I  have called 
false lips ; they close the alim entary canal when the  two halves o f  th e  cephalic hood are 
turned back, in  order to  uncover the buccal cones.

The radula is shaped on the same plan as in  th e  preceding families. There are no 
jaws. The hook-sacs, which are small in  Clionopsis as in  Dexiobranchæa , are here 
similar to  those of Spongiobranchaea.1

The rem ainder of the  digestive trac t (including the accessory glands) is comparable 
with th a t of the Pneum onodermatidæ, except th a t the salivary glands do n o t exhibit the 
swelling prior to  their term ination observed in  th is  la tte r  family. T he anus opens in  the 
same place, b u t n o t in  a  cloacal depression common to  i t  and  th e  orifice of th e  kidney 
as in  the preceding genera.

Several of th e  visceral openings are very difficult to  distinguish from th e  exterior in 
Clione. PI. V. fig. 5 shows th e  various orifices in  their relative positions.

In  addition to  the diaphragm  traversed b y  th e  œsophagus there is another posterior

1 Di© W irbellosen de« weissen Meeres, B d. i  p . 93.
• Compere PL V. fig. 4, a, w ith  fig. 2 on p. 19 of th e  system atic R eport on the  G ym nosom ata, Zool. C haii. E x p , 

part lsiiL
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to  the  viscera, separating the  visceral cavity  from a  th ird  cavity, which occupies the 
caudal region.

Gills are entirely absent in Clione. According to  W agner the  body-wall presents a 
hollow space in  its thickness, in which the venous blood probably becomes oxygenated, 
and whence i t  m ay return  in to  the auricle by an orifice, which would place th is  la tte r  in 
communication with the space in  question. I have never seen th is orifice, b u t perhaps 
i t  is very difficult to  discover i t  in  preserved specimens.

The kidney occupies the  same position as in the  Pncum onodermatidæ and Clionopsidæ, 
and  its relations w ith the  pericardium are similar. W agner1 has been unable to  find the 
reno-pericardial orifice, which may, nevertheless, be discovered by exam ining serial trans­
verse sections of the kidney. The external opening of th is organ is near th e  anus 
(PI. V. fig. 5, ƒ ) ,  b u t i t  does no t occupy a  common depression w ith the latter.

The Generative Ch'gans are disposed as in  the  two preceding families, and do not 
offer special characters.

The Nervous System  of Clione lim acina  has been particularly  studied by E schrich ti 
Souleyet,3 von Jh e rin g i aud Wagner.6 Cuvier’s contribution to  th is  particular subject 
is almost no th ing ; his figure shows th ree pairs of ganglia, of which th e  median 
(corresponding to  the pedal ganglia) are no t united by a  commissure, w hilst the  
other two pairs (cerebral and  visceral) arc  said to  be both un ited  b y  subœsophageal 
commissures.

E schrich ti description is equally brief, b u t more correct. H is figure is too small, and 
in  some points inexact.

Souleyeti figures arc undoubtedly better ; unfortunately th ey  have no explanatory 
letters, and the accompanying te x t refers only to  th e  cerebral and  buccal ganglia.

As to the  draw ing given by von Jhering , no less than  tw enty  years after th a t  of 
Souleyet, i t  is a  complete anachronism, being incomplete, inaccurate, and  highly diagram ­
matic.

Lastly, the  illustrations published b y  W agner are very  detailed, b u t th ey  indicate 
several arrangem ents which m y researches6 seem to  me to  refute.

The general arrangem ent of th e  nervous system  of Clione resembles th a t  of all the  
preceding genera, the  pleural ganglia being paired, in  contradiction to  w hat is stated  by 
von Jhering.

The nerves given off by each cerebral ganglion are five in  num ber ; th ree springing 
from the  anterior and  two from th e  dorsal part.

1 Dio W irbellosen dos weissen M eeres, Bd. i. p i. ix. fig. 2, x.
* Anatom ische U n te r s u c h u n g e n  ü b e r  d ie  Cliono b o r e a l i s ,  p. 6 , pi. iii. ßg. 28.
* Voyage de ln  Bonite, Zoologie, t  ii. p. 283, pi. xv . b is  figs. 10, 17.
* Vergleichende A natom ie des N or vc »systèmes u nd  Phylogenio d e r M ollusken, p. 239, p i. r .  fig. 20.
* D ie W irbellosen des weissen Meeres, Bd. i. pp. 98-105, pi. xi. fig. 4, pi. xii. fig. 1.
8 Recherches su r le système nerveux des Ptdropodes, Areh. da Biol., t  vii. pp. 96-101, pi. iv. figs. 1 -4
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1. Of the three first nam ed th e  one nearest the  m iddle lin e  is directed forwards and
divides in to  two principal branches which innervate the dorsal and  middle 
cones.

2. The middle nerve as soon as i t  issues from th e  ganglion gives origin to  a  strong
thread passing to  th e  anterior tentacle. F arth e r on a  m ore slender branch 
springs from th is  nerve and gives off two branches, which innervate th e  lateral 
parts of th e  head and  the retractor muscles of th e  buccal cones and  of the 
auterior tentacle.

The m ain trunk  fu rther gives off a  branch d istribu ted  to  th e  hood covering 
the  head, to  the lips, and  finally to  the  ventral eone ; before en tering  which it 
exhibits an anastomosis w ith th e  nerve to  the  m iddle eone.

Von Jhering  describes th e  nerves of th e  buccal cones as having  each a 
ganglion united b y  commissure w ith th e  nerves of th e  two neighbouring cones ; 
th a t is to  say, they have a  disposition identical with th a t observed in  th e  brachial 
nerves of the  Cephalopoda. This is, however, q u ite  erroneous ; no t one o f the 
nerves to  th e  cones presents a  ganglion on its  course. As for th e  “ commissures ” 
said to  exist between these ganglia, I have never been able to  observe anything 
more than the anastomosis indicated above between th e  ventral and  middle 
cones ; th is is oblique and  has none of th e  characters of a  regular commissure.

3. The lateral nerve, more slender than  the  preceding, passes round th e  buccal mass,
and innervates the  false lips, a  pair of swollen pads s ituated  a t  the  base of the 
buccal cones.

4 and 5. The two nerves which arise from th e  dorsal surface of the  cerebral ganglion 
and pass to  the  posterior tentacle, behave like the  corresponding nerves of other 
Gymnosomata ; th a t  is, they  are optic and  olfactory nerves, each ending in  an 
enlargement.

W agner1 regards th e  term inal enlargem ent o f the  optic nerve as the  olfactory 
ganglion. Now th e  constitution o f the  swelling a t  th e  end  o f th e  other nerve 
shows th a t  i t  is th e  olfactory ganglion or rhinophore ; in  fact i t  gives rise to  a 
ra ther large num ber of small nerves which become lo st in  the ex trem ity  of the 
nuchal tentacle ; th is  is well known to  be a  character o f  th e  olfactory ganglion 
of the  Gastropoda. Op the  o ther hand, th e  o ther swelling is comparable with 
the  corresponding enlargem ent in  the  o ther Gymnosomata, in  which, especially 
in Pneum onoderm a , m ay be recognised the  com ponent p arts  of a  rudi­
m entary eye.*

The pedal ganglia are constituted as in  the  preceding G ym nosom ata T heir second

1 D ie W irbellosen dea weiasen Meerea, Bd. i. pi. xii. fig. 2, gn.£.
2 Pelseneer, T h e  Cephalic Appendages o f  th e  Gyum osom atous Pteropoda, Q u a rt Jo ttm . M ier. Sei., 1885, pp.
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anterior commissure arises a t  the base of the  median nerve o f the foot. The cervical 
plexus formed by the  anastomosis of the  cervical nerve and  the nerve from  th e  pleural 
ganglion agrees w ith th a t  of the  preceding genera. The pleural ganglia are paired as in 
all Gymnosomata.

The visceral ganglia resemble those of all the o ther genera h itherto  studied , being 
characterised by the asym m etry of their nerves.

Eschricht and von Jhering have represented these nerves as sym m etrical, an d  W agner 
has figured 1 one of them  as taking origin between th e  two ganglia, which is quite 
con trary  to  fact.

As a  m atter of fact, and  as Souleyet alouc has accurately depicted, though w ithout 
description, only one nerve springs from the rig h t gauglion, w hilst three nerves issue 
from the left,— a lateral one, corresponding to  the nerve from  the  rig h t ganglion, and  two 
others alm ost median.

According to  W agner2 th e  lateral nerve of the left ganglion sometimes arises fr o m  
the peda l ganglion ! I  have never observed such an arrangem ent in  a n y o n e  of the  
numerous specimens of Clione which I  have dissected, and  i t  seems to  m e almost 
impossible.

The nerve from the rig h t ganglion behaves like the corresponding nerve in  other 
Gymnosomata. One of its  branches supplies the osphradium, situated  between th e  anus 
and  the  genital aperture (PI. V. fig. 9). The osphradium  is circular in  form  and its 
structure recalls th e  corresponding organ of the  Thecosomata,' for i t  is formed of a  mass 
of ganglionic cells, covered b y  columnar ciliated epithelium  (PI. V. fig. 7).

The buccal ganglia do no t present an y  characters different from those o f o ther genera ; 
the cerebro-buccal connective always arises from the cesophageal face of the cerebral 
ganglia, and never, as in  von J h e r in g i  figure,8 from their an terio r border by a  tru n k  
common to  the  cerebral nerves.

Fam ily IV . H a l o p s y o h i d æ .

The specimens which I  had  the opportunity  o f studying  were n o t in  a  condition 
favourable to  delicate anatomical investigation. T he alcohol had n o t penetra ted  well 
through the thick envelop of the  body, so th a t  th e  viscera were badly  preserved.

Hence, as regards a large portion o f the  visceral anatom y, I  have only been able to  
control and confirm the  greater p a rt of the b rief description of Souleyet, and  to  rectify 
some of his statem ents which were incorrect.

The H ead  is cylindrical and  very sm all in  proportion to  th e  body  of th e  animal. In

1 D ic W irbellosen dea weisecn M eeres, Bd. L p i. x ii. figs. 1, 12.
•  Ibid., p . 100, p i  xi. figs. 4 ,1 1 .
9 Vergleichende A nn to  m ie des N erransjstem ea und  Phylogenie d e r M ollusken, pL ▼. fig. 20 , 1. ,
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m y systematic Report on th e  Gymnosomata, I  have s ta te d 1 how in  H alopsyche  the 
absence of a cephalic hood, shaped like th a t  of Clione, is  due to  the g rea t development 
of the buccal appendages ; and how, in  consequence of th is, the buccal opening of 
Halopsyche corresponds w ith the false lips of the la tte r  genus and th e  an terio r tentacles 
are situated upon a  common base with the buccal appendages. As regards th e  posterior 
tentacles, I  m ay refer to  the  same work.

I have also, in th a t p a rt of m y Report, described the  form of the foot, which exhibits 
the same ports as the corresponding organ in  other Gymnosomata. I ts  two antero­
lateral symmetrical lobes, s ituated  vcntrally to  the m outh, were regarded by Souleyet.,3 
Owen,3 and  others as tentacles. B ut since they  are innervated b y  the pedal ganglia, 
they clearly belong to  th e  foot, as H u x ley 4 was the  first to  poin t out.

The envelop of the  body presents a  thickening which has n either th e  same structure 
nor the  same morphological value as th a t which is known as the  “  cartilaginous shell ” 
in  the  Cymbuliidæ, since i t  is situated in  th e  visceral sac and not in  th e  m antle, which 
Is entirely w anting in H alopsyche as in  all the  Gymnosomata. From th is  poin t of view, 
therefore, as from any other, there is nothing to  justify  an  approxim ation of Halopsychidæ 
to  the Cymbuliidæ.

The Digestive Tract.— The absence of th e  proboscis is explained b y  the  great 
development of the buccal appeudages in  the  sarae way as the con trary  fact is explained 
in Clionopsis. The m outh opening leads then d irectly  in to  th e  buccal mass, which is 
constructed on th e  same plan as in  o ther Gymnosomata, except as regards the  hook-sacs, 
whose absence is due to  the lack of the proboscis.

The salivary glands, somewhat elongated, appear in  transverse sections of th e  head. 
The stomach resembles in  form th a t  of all th e  Gym nosomata, and  has no m asticatory 
organs whatever, a  fact which shows clearly th a t H alopsyche has no relation with the 
Thecosomata. The intestine is a  little  longer than  in  the preceding genera, b u t ends on 
the righ t s ide6 in  the  same position as in  them.

The R espiratory an d  Circulatory Organs.— Souleyet regarded the buccal appendages 
as two gills, b u t as a  m atter of fact, branchiæ are en tire ly  w anting  in  H alopsyche as in 
Clione. I  suppose th a t  respiration m ust be brought as in Clione according to  W agner, 
for the  structure of the  body wall, as seen in  transverse sections, is the  same as he 
represents in  the  case of Clione.'1

The heart, according to  Souleyet,7 is situated in  the  m iddle line, a t  th e  base of the 
cephalic appendages, which he regarded as gills. N othing of th e  kind is th e  case. On

1 Znol. C haii. Exp., p art Ixv. p. 53. 9 Voyage d e  la  Bonite, Zoologie, t  ii. p. 243, p i. xv . fig. 3, L
* Mollusca, Encyclopaedia B ritannica, 8 th  cd., vol. xv. p. 301, fig. 40, d.
* O n the  Morphology of the  Ceplmloua Mollusca, Phil. Trans., 1853, p . 41, p i. iv . fig. 3 , ms.
* N o t on the  le ft aide, na said by H uxley, loc. cit., p. 41.
0 Die Wirbellosen dea weiaaen Meerea, Bd. i. pL x . fig. 3.
T Voyage de l a  B onite, Zoologie, t .  i l  p . 247.
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th e  rig h t side, a  little  further forward than  in  the  Pneum onodermatidæ, are certain very 
delicate organa (which I  was no t able completely to  isolate in the  badly  preserved speci­
mens examined) which I  regard a3 the  heart and kidney.

The Generative Organs.—These resemble those of all the other Gymnosomata, the  
genital gland and duct being disposed in  the same fashion. The hard body situated  on 
the  rig h t of the  visceral mass, whose relations Souleyet was n o t able to  make ou t, is 
nothing else than  the  muciparous-gland, which, as in  some other Mollusca, becomes 
strongly hardened by alcohol. The receptaculum  seminis is like th a t o f  o ther genera.

The genital aperture, as m ay be dem onstrated by transverse sections, is s ituated  in 
th e  usual position, behind the base of the  righ t fin, and  no t as represented by Souleyet,1 
who probably mistook the opening of the penis for it. This la tte r opens a t  the base of 
the righ t lateral lobe of the foot, and for the rest does n o t differ from th a t  of other 
Gymnosomata.

The Nervous System  of Halopsyche is very  difficult to  s tudy  by dissection. The 
ganglia are so exceedingly small (the length of the whole anim al being scarcely more 
than  4 mm.), th a t  they are crushed by the  points of the  finest needles, and  can only be 
properly distinguished by the  aid of compound lenses of short focus.

Further, of the  three zoologists who have treated  of the  organisation of H alopsyche ,* 
two have no t mentioned the  nervous system. Souleyet is the  only one who has described 
and figured it, and even he does so inaccurately, his representation being defective—

1. In the  num ber of commissures (he shows only the  pedal commissure) ;
2. In  the num ber of ganglia (he records eight, w hilst in  reality  there  are only seven).
The arrangem ent of th is nervous system, like the  rest of th e  organisation, supports

the  view th a t the genus H alopsyche  belongs to  the  Gymnosomata, for i t  is constructed 
on a  plan very different from th a t  of the  Thecosomata, w hilst i t  agrees in  its general 
disposition with th a t  of the  Gymnosomata.

The cerebral ganglia, instead of being placed a t the  sides of the oesophagus and 
connected b y  a  long supraœsophageal commissure, as in  the  Thecosomata (PI. I. fig. 7 ; 
PL II. fig. 10 ; PI. III. fig. 11), are approxim ated to  each o ther and  situated  above the  
oesophagus (PI. V. figs. 9, 10, 1 1 , a).

Each of them  gives origin to  two principal nerves :—
1. A lateral nerve (PI. V. fig. 1 0 , / ) ,  soon swelling in to  an  elongated ganglion, which 

occupies the  nuchal tentacle. The optic and olfactory nerves of th e  preceding Gym no­
somata are no t then  to  be distinguished in  the  present instance, a  fact which is due to 
the atrophy of the eye.

1 Voynge de la  Bonite, Zoologie, M ollusques, p i. xv. ßg. 3 , o'.
• H uxley (On th e  Morphology o f  the  Cephalous Mollusca, P h i l  Trans., 1853, p. 4 0 ); M acdonald (O n th e  A natom y 

of E urybia gaudichaudi, Trans. L in n . Soc. L ond , voL xxiL p . 245); Souleyet (Voyage d e  la  Bonito, Zoologie, t. ¡i, 
p. 260). Von Jh e rin g  (Vergleichendo A natom ie des Nervensystem cs und  Pbylogonie d e r  M ollusken, p . 242) only 
republishes, in  a  few lines, th e  dato o f  Souleyet, including the  inaccuracies.
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2. A median nerve (e) innervating the buccal appendage (which Souleyet regarded as 
a  gili, and to  which he a ttribu ted  a  visceral innervation ')  and  the anterior tentacle.*

Each cerebral ganglion is connected to  two iufraœsophngcal ganglia. The more 
anterior of the  two is united with i t  b y  a  ra th e r sh o rt connective, which is easily 
distinguished by its transparence from the opaque w hite ganglia ; the  posterior ganglion 
is almost iu coutact with the  cerebral ganglion.

The anterior subcesophagenl ganglion (PI. V. fig. 10, b) is the  pedal ganglion. I t  is 
connected with its fellow by a  commissure as short as th a t which counects the  cerebral 
ganglia. In  addition to  th is principal commissure, which does n o t appear in  Souleyeti 
figure, there is a  second very slender one (PI. V. figs. 8, 9, ƒ  )  analogous to  the 
second pedal commissure observed in the  preceding families.

Each pedal ganglion gives origin to  th ree nerves (PI. V. fig. 8, I, m ), which supply 
the  foot and  the  fius. On the  posterior m argin of the pedal ganglia are  situated  the 
otocysts (i).

The smaller of the  two subœsophageal ganglia (c) which are connected to  either 
cerebral ganglia is connected posteriorly with a  large nzygous m edian subœsophageal 
ganglion. I t  follows hence th a t th is little  ganglion m ust be either the  pleural ganglion 
or perhaps a  ganglion of the visceral commissure.3

I t  cannot, however, be the  pleural ganglion, for the  pedal ganglion of the  same 
side is not united to  i t  by a  connective ; on the  con trary  i t  is qu ite  separated from 
i t  (see PI. V. figs. 8, 10) ; i t  is, therefore, a  ganglion of th e  visceral commissure, as 
is shown also by the  nerves which arise from i t  and  innervate th e  visceral envelope.

The azygous median ganglion (d) is elongated transversely  and is larger than  the 
two lateral ganglia (c and e). The two nerves which spring  from i t  supply  the viscera.

The buccal ganglia (PI. V. fig. 9, c), which were no t observed b y  Souleyet, arc 
situated under the  œsophagus. T he ccrebro-buccal connective (e) is ra th e r strong, and 
arises from the posterior m argin of th e  cerebral ganglion on its  œsophageal surface. The 
two buccal ganglia a ie  close together, and  situated between th e  oesophagus and  the pedal 
gauglia.

The arrangem ent of the  nervous system  of H alopsyche , as I  have described and 
figured it, differs in  some particulars from S ou leyeti account, especially as regards the 
constitution of the visceral commissure.

In his description Souleyet supplied “ par l’analogie ” those details which he could

1 Voyoge de lo  Bonite, Zoologie, t  ii. p. 260.
* Compare the  disposition ol’ the buccal appendage a n d  the  an terio r ten tacle in  th e  system atic R eport on the 

Gymnosomata, Zool. Chaii. Exp., port Iviii. p. 63, fig. 4.
* I  differ from Lacaze D nthiere in  n o t regarding th e  p leu ra l ganglia os a  p a r t o f  the  visceral commissure. Tho 

distinctive character o f th e  com ponents of th is  com missure in  th e  asym m etrical Mollusca is  th a t  they  ore devoid of 
symm etry, th a t is to  say, they  ore individually  unpaired  even w hen th e  visceral com m issure is  paired  as regania tho 
numbeT of its  ganglia, o r they  are  asym m etrical even w hen th e y  a re  in  pairs. T h e  p leural ganglia, on the  other hand, 
ore always in  pairs and  equal to  each other.
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not clearly make o u t ;* hence he mistook the  smallest of the ganglia connected w ith the 
cerebral for th e  homologue of the  pleural ganglion of other Gymnosomata, and  figured i t  
as connected w ith the  pedal ganglion ; in  the same way he indicates two large ganglia 
between these two small ganglia, and a t th e ir  left side he makes th ree nerves proceed 
from them  as in  Pneum onoderm a  and Clione. N othing of the  kind, however, exists in 
Halopsyche.

M y drawings were made after the  examination of a  large num ber of specimens, and  
in  order to  control m y dissections I  made a  series of transverse sections of the central 
nervous system. The sections, which pass through the visceral ganglia (PI. V. fig. 11), 
show beyond all doubt th a t these are three in  num ber (6, c, d).

S u m m a r y  o n  t h e  G y m n o s o m a t a .

The Gymnosomata possess two pairs of cephalic tentacles— th e  anterior or labial and 
the posterior or nuchal, to  which the  optic and olfactory nerves are distributed.

The fins, or lateral margins of the  foot, are separated from its  middle portion  (am bu­
latory  sole), and do no t enclose the  cephalic region.

The m antle is entirely  wanting, and consequently the shell and  palliai cavity.
The anterior p art of the digestive trac t is evaginable (except in  Halopsyche) in  such 

a way as to  produce a  proboscis of the  acrembolic type. The outer part (in évagination) 
is tegum entary in  origin ; i t  extends as far as the jaws, radula, and  hook-sacs, which mark 
the commencement of the  digestive tract. A t the anterior p a rt of th is proboscis (except 
in  Clionopsis) there are buccal appendages, which are innervated b y  the  cerebral ganglia, 
and carry suckers or sensory and  secretory organs. On the  wall of th e  proboscis two 
longer or shorter evaginable sacs are developed, the surface of which bears horny hooks. 
These organs were taken for jaws b y  Escbricht, and  b y  Lankestcr for an appendage o f the 
“  fore foot.” K rohn showed by a  study of their developm ent th a t  th ey  are évaginations 
of the œsopkageal walL*

The jaws (except in  Clione, where they  are w anting) are un ited  ventrally  in  the 
middle line.

The salivary glands are long, w ith no distinction between th e  duct an d  the  gland.
The stomach is an entirely unarm ed digestive sac, and  is entirely surrounded by the 

acini of the liver, which open in to  i t  by numerous apertures.
The intestine is short, as in all carnivorous animals, and  has a  stra igh t course from 

the stomach to  the  anus ; i t  opens to  the rig h t and  dorsally w ith respect to  the foot.
The penis is situated anteriorly, and issues a t the  rig h t side of the  foot.

1 Voyage de l a  Bonite, Zoologie, t  ii. p . 851.
* Beitrüge t u r  Entwiokelungegeschichte d e r  Pteropoden und  Heteropoden, p . 7.
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The central nervous system is formed of eight ganglia, except in  H alopsyche, where 
there are only seven. The cerebral ganglia arc closely approxim ated to  each other, and 
are the only supraœsophageal ones ; I  lay  stress on th is  point, because so recently as 
1877 Garner has s ta te d 1 th a t Clione possesses six ganglia, of which, in  contradistinction 
to  the arrangement in  Pneum onoderm a , four arc above the œsophagus. The pleural 
ganglia, distinct from the  cerebral, are close to  the  pedal.

I II . SUMMARY ON T H E  PTEROPODA.

In  the Pteropoda the lateral portions of the foot are all modified in to  fins. The jaws 
are lateral and  paired. There are salivary glands. The stom ach has “ horny ” plates in 
the adu lt condition, or only during the larval stages (Gymnosomata). The radula has in 
the same transverse row lateral teeth , which resemble each o ther in  form, differing only 
in  size.

The flexure of the  intestine is no t neural, b u t resembles th a t of th e  Gastropods, which 
is improperly called dorsal, and  would be m ore correctly term ed lateral.

The heart is lateral and the excretory organ azygous. Tho pericardium is isolated from 
the circulation. This is a  statem ent of im portance, because even in  1882 C laus’ stated 
th a t w ater enters the  circulatory system by the  kidney and  pericardium  ; and  because 
this same author states th a t in the  Pteropoda the  blood goes from the  respiratory organs 
to  the heart by way of the  pericardial “ sinus,” even though so long since as 1857 
Herman Müller showed the  absence o f corpuscles in  the  fluid of the  pericardium.

The herm aphrodite genital gland has a  single efferent duct and  a  single common 
genital aperture, from which a  seminal groove leads to  the  copulatory organ, situated  in 
the cephalic region.

The nervous system is characterised by the  asym m etry o f th e  visceral portion. The 
podal ganglia have a  double commissure.

The Pteropoda are thus essentially characterised by tho  asym m etry of th e ir internal 
organisation, combined with the  sym m etry of th e ir  external form.

» Molacological Note», A nn. and  Marj. NaL UisL, »er. 4 , t o L x ix . pp . 372, 373.
* G rundlüge d er Zoologie, t  ü .  p. 37, 1882.



Ü.  A F F I N I T I E S  A N D  P H Y L O G E N E T I C  R E L A T I O N S H I P S
OF  T H E  P T E R O P O D A .

I. HISTORICAL.

Although the Pteropoda have been known for a  considerable period,1 i t  is only during 
the present century th a t their system atic position has been seriously studied.

The opinions on th is head m ay be divided in to  two principal groups :—
1. The Pteropoda form a  distinct class among the  Mollusca, of the same value as the 

Cephalopoda, Gastropoda, Scaphopoda, and Pelecypoda.
2. They m ay be placed w ithin one of two o u t of these four classes of Mollusca 

(Cephalopoda or Gastropoda).
1. Since the tim e of Cuvier,’ who established the “  classe des Ptéropodes,” th e  former 

view has always been the  more in  credit, and  i t  is still the  m ost w idely spread a t the 
present day. Indeed, we find i t  adopted in the  general tcxt-books of zoology which now 
serve for the elem entary education of naturalists, thanks to  the  numerous translations 
which have been made.3

Further, the  “ class ”  Pteropoda is generally placed, in  th e  system atic arrangem ent, 
beside the Cephalopoda, and  stress is generally laid upon th e  affinity which these two 
groups bear to  each o ther ; and when i t  happens th a t th e  au thor who emphasises these 
44 affinities ” has himself studied th e  P teropoda (as in  the case of Gegenbaur), th e  opinion 
acquires b y  th is  means additional weight.

The view, then, th a t  the Pteropoda and Cephalopoda are intim ately related  is a  very 
deep-rooted one, and there is scarcely a  general zoological text-book or a  special treatise 
on the Mollusca in  which i t  is no t stated.

Von Jhering, who was form erly an active supporter of th is  theory,4 has since 
abandoned it,® bu t he still considers -the P teropoda as constitu ting a  distinct class.0

1 So early as 1670 M artens described and  figured a  Pteropod w liich was no o ther th a n  Cliona lim acina  (Spitzbein 
gische oder grönländische Reisebeschreibung, p . 169, p i. P ,  fig. ƒ).

1 Mémoire su r l'H yale e t le  Pneum oderm e, A nn. Mua. H ist. N at. Paria, t. iv . p . 232.
* H uxley, A  M anual o f th e  A natom y of Inverteb rated  A nim als, 1877, p . 434 ;  Gegenbaur, G rundriss d e r ver­

gleichenden Anatom ie, 2 ed., 1878, p . 335; Claus, Grundzüge d er Zoologie, 4 ed., 1882, t. ii. p . 66.
4 Vergleichende anatom ie des Nervensystem es und  Phylogenie d e r M ollusken, p . 272, &c., 1876.
* U eber d ie  V erwandtschaftsbeziehungen d er Cepholopoden, Zeittchr.f. ta i« . Zool., Bd. x x x v .  p. 4 ,  1880.
* Q ibt es O rthoneuren?, Zeittchr.f. toits. Z ool, Bd. xi v. p . 626, 1887. '
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2A. But it is in the second group of interpretations of the system atic position of the 
Pteropoda— th at is to  say, among those which place them  along w ith some other 
Molluscan class—th a t we find the idea of their connection w ith the  Cephalopoda carried 
to  the  furthest extreme. This view consists in  regarding the  P teropoda as Cephalopoda, 
and in simply ranking them  w ithin th is  group. I t  was long since defended by Oken 1 
and by Eschscholtzi More recently  i t  has been adopted by R ay L ankesteri

2B. We now come to  th e  th ird  hypothesis, according to  which th e  P teropoda should 
be placed among the  Gastropoda.

In  this connection i t  is interesting to  poin t ou t th a t  Cuvier, who established the 
“ class” Pteropoda, remarked in  his memoir on Clio borealis* th a t  th is  animal exhibits 
“ aucun des caractères des Céphalopodes,” b u t th a t  on the  con trary  i t  “  offre beaucoup 
de rapports avec les Gastéropodes.” In  1800, in his Leçons d ’anatom ie comparée, he even 
placed Clio ( =  Clione) among the  Gastropoda, which, however, d id  no t p reven t him  four 
years later from creating a  distinct class for the  Pteropoda.

I t  m ust be noted, however, th a t  certain im portant points in  the  morphology of the 
Pteropoda were incompletely understood by C uvier; thus he m isunderstood the  foot 
(that is the  median part of the  foot) of the  Gymnosomata. This organ was compre­
hended only by de Blainville, who with remarkable insight affirmed th a t  the relations of 
the Pteropoda were with the Opisthobranchia (“ Bulléens ”), a t  th e  same tim e reducing 
the  group Pteropoda to  its proper rank, and abstracting  from i t  th e  foreign forms 
(Heteropoda, Nudibranchia, Coelenterata) which had  been introduced b y  Péron and 
Lesueur, with the  exception of P hylliroeS

I  m ust adm it, however, th a t the two hypotheses which I have placed in  the  second 
main group have no t had  very favourable receptions. I  have already sta ted  th a t  Oken’6 
interpretation, th a t  the  P teropoda are Cephalopoda, is  only defended a t the  present day 
by R ay Lankester. De B lainv ille i in terpretation, th a t  th e  Pteropoda are Gastropods 
nearly related to  the  Bulloidea, which was so ably defended b y  th e  lam ented Souleyet,® 
who died in  1852, has also fallen in to  oblivion.

Spengel, however, in  his s tudy  of the nervous system  of th e  Mollusca, places the 
Pteropoda among the Euthyneurous Gastropoda, as a  group of the same rank  as 
the  Opisthobranchia and  Pulm onata,7 though s till w ith a  certain am ount of reser­
vation.8

1 Lehrbuch d er Zoologie. 3 Zoologischer Atina.
• Mollusca, E ncyclopedia B ritannica, 9 th  ed., vol. xvi. • * A n n . M us. H ist. N a t. Paris, 1802.
• I t  was Souleyet and  n o t L euckart w ho firet recognised th e  tru e  affinities o f Phylliroe. H is  w ork  dates from  1846 

(Comptes rendus, t  xxiL p. 473), w hila t th a t  o f L cuckort w as on ly  publißhed in  1861 (A r c h iv /.  Naturgesch., Jah rg . xvi». 
p. 139).

• Voyage de l a  Bonito, Zoologie, t  i t ,  1862.
7 D ie Qeruchsorgane und  dns N ervcnaystem  d er M ollusken, ZeiU chr.f. wiss. Zool., Bd. xxxv. p . 373.
■ Ibid., p. 381.
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G robben ' also affirms th a t  the  Pteropoda ought to  be included in  the. class G astro­
poda, bu t w ithout deciding to  which group they  are related.

In  1885 I pointed out, when treating  of the  cephalic appendages, th a t  th e  affinities 
of the  Pteropoda arc w ith the Euthyneura (Pulm onata and Opisthobranchia),2 an d  since 
then I have defended their precise affinities with th e  Opisthobranchia,3 aud  especially 
with the Tcctibranchia.4

Lastly, Boas, in  the  morphological introduction to  a work system atic in  the m ain,6 
has followed ou t rigorously the view of de Blainville, and  i t  is to  be regretted th a t  this 
part was no t more extensive, and  th a t he did no t give a t  full length a  dem onstration 
of the affinities of the P teropoda with the Tectibranchiate Opisthobranchs, and  of the 
genealogical relations of the  two groups.

There are no other instances of avowed adhesion to  th is view. T he “  class ” Pteropoda 
still keeps its  position everyw here; and  its  so-called affiuities w ith th e  Cephalopoda 
are m aintained by the powerful support of tim id souls, who no t being able to  make up 
their minds to  modify the Cuvierian system, and having really no opinion of their own, 
retain the  generally received ideas as a  m atter of prudence.

From th is rapid historical sketch, i t  appears th a t there are three different theories 
regarding the system atic position of the Pteropoda.

1. They form a  distinct class.
2. They are Ccphalopods.
3. They arc  Gastropods.

We m ust therefore attem pt to  answer the following questions :—

1. A re the Pteropoda Ccphalopods Î
2 . A re the  Pteropoda Gastropods ?

I f  we obtain a  negative answer to  these two questions, th en  we m ust clearly retain
the Pteropoda as a  distinct class, b u t if e ither of them  be answered in  th e  affirmative, the
“ class ” Pteropoda m ust be abandoned.

In order to  answer th e  two questions we shall compare th e  Pteropods successively 
with the Cephalopoda and  the Gastropoda, on the  basis of those anatomical characters 
which are common to  th e  Thecosomata and  Gymnosomata.

1 Morphologische S tud ien  über den  H orn- und  Geschlechtsapporat sowie d ie  Leibeahöble d e r Cephalopoden, Arb. 
ZooL Inst, W ien, B d. v. p. 240.

* O n the  Cephalic Appendages of the  Qymnosomalous Pteropoda, Quart. Jo u m . M ier. S d .,  voL x x t . ,  N. S., p. 506.
•  Recherche« s u r  le  système nerveux dea Ptéropodea, Arch, de B io l,  t . v ii. p .  127.
* Description d’u n  nouveau genre de Pteropoda Gymnosoma, B u ll  Sei. Ddp. Nord, 1886, p . 226.
• Spolia atlantica, Ac., K . d a n ik  V ideruk S t l t k  Skriv., 6 Raekke, Bd. iv . p .  1 2 .
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II. ARE T H E  PTEROPOD A CEPH A LO PO D A  ?

Id the organisation of the  P teropoda certain  points m ay be seen which indicate a 
resemblance to  th e  Cephalopoda.

1. The ventral position of the  palliai cavity  of certain  Thecosom ata (Cavoliniidæ and 
Cymbuliidæ).

2. The “ ventral ” flexure of the  alim entary canal in  th e  same groups.
3. The presence of acetabuliferous appendages in  some Gym nosom ata (Pneumono- 

dermatidæ).
I t  is impossible, however, to  show, as H y a t t1 m aintains, th a t  “  th e  general aspect, the 

arrangem ent and  position of the oral region, and the disposition o f  the in terna l organisa­
tion are similar in  both ” (Pteropoda and Cephalopods). This is, indeed, a  heresy, and 
one m ust never have dissected a Pteropod to be able to  make such an assertion.

I t  has been said th a t there are three points in which resem blance m ay be traced 
between the  Cephalopoda and Pteropoda. W e shall soon see how much foundation these 
resemblances have ; bu t in the meantime it m ay be rem arked th a t  in  not a  single point 
o f  their organisation can a true resemblance be found which would ju s tify  th e  assertions 
which have been made regarding the affinities of the two groups, nor even explain the 
position which has been assigned to  the  P teropods in  th e  neighbourhood of the 
Ccphalopods.

A. The digestive tract and its  appendages m ay be first exam ined :—
a. Retractile Proboscis.— This organ, so well developed in  th e  Gymnosomata,

does no t exist in  the  Cephalopoda.
b. R adu la .— Woodward,2 speaking of th e  Cephalopoda, rem arks— “ The odonto-

phore somewhat resembles th a t of th e  Pteropods ”— a sta tem en t which, 
though quite incorrect, has been copied in to  o ther text-books of 
Conchology.

As a  m atter of fact th is  radula of the  Cephalopoda is characterised 
b y  its  uniform ity ; i t  always has the form ula 3 -1 -3 , or m ore accurately 
1 -2 -1 -2 -1 , th a t  is to  say, there is a  central tooth , and, on either 
side, two lateral teeth  and a m arginal too th  ; th is last differs from the 
two lateral teeth  by its  general form  and by its narrow er basilar piece. 
The only exceptions known to  th is formula, 3 -1 -3 , are Gonatus 
(belonging to  the family Onychii) and N autilus. The former has no

1 On the  parallelism  between th e  ind iv id u al and  orders in  T etrabranchiato  Cephalopoda, Mem Boston Soc. N at. 
H ui., vol. i. p t  ii. p. 208.

1 A  M anual of the  Mollusca, p. 448, 1866.
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marginal teeth , and, according to  Sars,1 its  form ula is 2 - 1 - 2  ; w hilst 
in  N autilus, according to  K eferstein,2 there are two m arginal tee th  on 
each side, so th a t  th e  radular form ula is 2 - 2 - 1- 2 - 2 .

In  the Pteropoda, on th e  o ther hand, the  radula varies w ithin wide 
lim its (the extrem e formulas being 1 -1 -1  and 1 7 -1 -1 7 ), and  besides 
is characterised b y  th e  uniform ity of all the  lateral teeth , which differ 
only in  their respective dimensions, their form n o t distinguishing, among 
them , so-called m arginal teeth.

c. M andibles.— In  all the Cephalopoda these are dorsal and  v en tra l ; in  the
Pteropoda, on the o ther hand, they  are lateral, sometimes situated 
ventrally  side b y  side (Gymnosomata).

d. Sa livary  G lands.— In  the  Cephalopoda there are generally two pairs of
these, which consist of two d istinct portions, viz., th e  d istended glandular 
mass and the  narrow  excretory duct. In  th e  P teropoda there is never 
more th an  one pair of salivary  glands, which vary  in  leng th  and do not 
exhibit any  distinction between duct and  gland.

e. Œ sophagus.— A crop is present in  the  Cephalopoda bu t n o t in  the  Pteropoda. 
f  Stomach.— This organ in  th e  Cephalopoda never possesses any  m asticatory

plates, even in  the embryonic condition ; on the  contrary, th e  Theco- 
somatoiis P teropoda have them  always, and  according to  K ro h n 8 the 
Gym nosomata have them  during their larval development. The 
Cephalopoda have a  gastric caecum into  which the  ducts o f  the  liver 
open ; upon these la tte r  is s ituated  th e  gland commonly know n as a 
“  pancreas.” T he Pteropoda have n either such a  cæcum nor “  pancreas.”

g. Intestine.— In  th e  Cephalopoda th is  organ term inates in  the m iddle line, 
w hilst in  the  coiled Thecosomata (Limacinidae) and in  th e  Gymnosomata 
i t  ends on the rig h t side (in the Gym nosomata i t  appears to  be ventral 
in  consequence of the  reduction of th e  pedal face ; in  reality  i t  would be 
quite lateral if  th is last were of larger size) ; in  th e  s tra ig h t Thecosomata 
(Cavoliniidae and Cymbuliidæ) i t  term inates on the  left side, in  conse­
quence of th e  rotation which was explained a t  the  end of th e  first part 
of th is anatomical Report. •

B. I f  we consider the organs o f  circulation , respiration, and  excretion, we see th a t  in 
the  Pteropoda the  heart is asym m etrical, as is also th e  gili when i t  exists, w hilst in  the 
Cephalopoda these organs (heart and gills) are qu ite  symmetrical. In  the same m anner

1 Mollusca regionis orcticœ Norvegiœ, pL xvii. fig. 2 ; eee also S teenatrup, Ovvrtigl k. Dansk. VitL Seltk. Far­
ra n d i ,  1880, p . 10.

* Dic Klassen u n d  O rdnungen des T hierreichs, Bd. iii. p i. cxv. fige. 2 , 3.
3 Beitroge zur E n tw ick lungsgesch ich te  d er P teropoden u n d  H ctcropoden, pp . 6, 14.
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.the kidney of the Pteropoda is azygous and asymmetrical, w hilst in  th e  Cephalopoda 
there are two (four in  N autilu s)  symm etrical kidneys, isolated or iii communication.

C. As regards the genita l organs, we m ay first rem ark th a t  the  Ccphalopods are 
diœcious, whilst the Pteropods arc hermaphrodite.

The genital ducts differ very widely in  the two groups— in the Cephalopoda the genital 
gland is isolated in a  kind of cœlomic spaco, and has no d irect continuity  w ith the  genital 
duct, which is only continuous with the wall of th e  cavity ju s t  m entioned. In  the 
Pteropoda, on the contrary, the  genital duct is continuous with the  envelope of the  gland, 
and, further, these anim als have only a  single asymmetrical genital duct, whilst in the 
Cephalopoda there arc numerous indications of paired sym m etrical ducts— in N a u tilu s  in 
hoth sexes,1 in the  females of the Octopoda and of Ommatostrephes ; and  finally in 
Rossia  and S p iru la , the oviduct is on the rig h t (as is the  functional oviduct in N autilus), 
whilst in  the  other Decapoda i t  is on the left, which proves th a t originally i t  was bilaterally 
symmetrical.

Lastly, the copulatory organ of the P teropoda is situated on th e  head, far from the 
genital aperture, and is not morphologically comparable with the penis of the  Cephalopoda.

D. Nervous System .— The nervous system  of the P teropoda differs from th a t  of the 
Cephalopoda m ainly in the  absence of sym m etry in the  visceral portion. W hen there is 
an apparent sym m etry in the disposition of the  ganglionic visceral nervous elements, there 
is real asym m etry in the origin of the  nerves. Furtherm ore, there is in  the  Cephalopoda 
a  concentration of the  central nervous system, so great th a t  the  commissures and con­
nectives havo alm ost disappeared ; and there exists iu  all these anim als a  pair of

brachial ” ganglia which arc entirely  w anting in  th e  Pteropoda. As regards the 
nervous system, as in  o ther groups there is no indication of d irect relation between the 
Pteropods and Cephalopods.

The osphradium (Spengel’s olfactory organ) is paired in  those Cephalopoda which 
possess i t  ;* i t  is unpaired in  the  Pteropoda.

The otocysts of the  Cephalopoda (except N autilu s)  enclose a  ßingle otolith ; in  all 
the Pteropoda there are m any otoliths.

E. The Cephalopoda have two symmetrical columellar muscles (formed by the  union 
of the retractor capitis and  retractor pedis of either side), w hilst the  P teropoda have only 
a  single median columellar muscle.

F. Ontogeny.— If  after examining tho adult anim al we consider its  ontogenetic 
development com paratively in  the two groups, we find constant and clear differences. 
The segmentation of th e  ovum, which is complete in the P teropoda, is only partial in the 
Cephalopoda. In  the original developm ent of th e  P teropoda there is observed a t the 
commencement the  prim itive sym m etry of all Mollusca, b u t during  the  whole larval

1 Ray U n k ea ta r and  Bourne, O n  th e  E xistence o f Spengel'e O lfactory O rgan and  of P aired  G enital Ducta in  the 

PcArl/N » u Ü lu » , Quart' J o m  M icr• Sc¿ » voL xx ili '  N - 9 > P- 345, • ••
'  Ibxd., p. 340 ; see aloo Zernoff, U eher dae GeruchaoTgtvn dor Cephalopoda«, B ull. Sao. N at. Moicou, I860, p. 71,pi*. >•. '»•
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life the complete asym m etry is very distinct ; and if  in  the  adu lt we have an apparent 
external sym m etry, there  is a  real in ternal asym m etry. And, on the  contrary, in the 
Cephalopoda the  complete prim ordial sym m etry never disappears for a  m om ent from 
the youngest embryonic stage to  th e  perfect ad u lt state.

I t  is not, however, only in the  above facts (anatomical and  embryological) th a t  we fail 
to find traces of affinities betweeu the  two groups. Even in  the  th ree points already 
mentioned, as indicating resemblances between them , we shall show th a t the  likenesses 
are not real bu t m erely superficial.

1 and 2. T he flexure of the  intestine and  the  position of the palliai cavity  certainly 
constitute one of th e  m ost im portan t and  m ost often quoted argum ents in  favour of 
the relation between the  P teropoda and  Cephalopoda.1 I t  is asserted th a t the flexure is 
“ neural” in  th e  Cavoliniidæ and in  the  Cymbuliidæ, and th a t the  anus opens in  them, 
as in the Cephalopoda, in to  a  ventral palliai cavity.

The form of th e  argum ent is perfectly fair, b u t y e t the conclusion is entirely false, 
because of the inaccuracy of the premises. The flexure of the intestines and the position 
of the palliai cavity  in  the  s tra ig h t Thecosomata, though apparently sim ilar to  those of 
the Cephalopoda, are really due to  quite a  different process, and th a t which is prim itive 
in the Cephalopoda is secondary in  the Pteropoda, as Grobben ’ perceived, so th a t  th e  two 
are not strictly comparable.

The fact is, th a t  a  tru ly  prim itive neural flexure of the  intestine and  a  prim itive 
ventral palliai cavity only ex ist in  the  th ree classes— Cephalopoda, Scaphopoda, and 
Pelecypoda. This flexure is brought about b y  a  displacement (considerable in  the 
Cephalopoda and  Scaphopoda) of th e  posterior p a rt of the  body— a displacement resulting, 
in its turn , from a  partia l ro tation in  the neural direction about a  transverse axis.

As regards a  hæmal flexure, i t  m ay be said with tru th  no t to  exist. In  the Gastropods, 
where the  palliai cavity  is dorsal, the flexure of the  intestine is always lateral, in  conse­
quence of a  m ovem ent of ro ta tion  (quite different from th a t observed in  the  Cephalopoda), 
of the  posterior p a rt about a  short dorso-pedal axis, which has been especially studied by 
Spengel.3 Further, th e  term inal branch of the  digestive trac t m ay end either above the 
œsophagus (as in  m any Gastropods), which gives the  appearance of a  hæmal flexure, or on 
the same level with i t  (as in  a  good m any Opisthobranchs), or even below the  oesophagus, 
which would bring  about alm ost a  neural, b u t still always lateral, flexure.

As regards the  Pteropoda, they  have the same lateral flexure of th e  intestine as the  
Gastropods, th e  anus opening on th e  righ t, below the  oesophagus in  the Gymnosomata, in 
consequence of the  reduction of th e  pedal surface, and  about on th e  same level w ith  it, or

1 H uxley, O n  th e  M orphology of th e  Oephalous M ollusca, P hil. Trans., 1853, p . 44 ; Gegenbaur, G rundriss der 
vergleichenden A natom ie, p. 370, fig. 190,1878.

* Morphologische studiën , &c., Arb. Z oo l Inst. W im ,  Bd. v. p. 241.
• Die Qeruchsorgane und  das N ervensystem  d er M ollusken, ZeiUchr.f. toiss. Zool., Bd. x x x v .
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a little  above in the Limacinidae Even if the  flexure appear neural in the straight 
Thecosomes (the figure of Creseis given by G egenbaur1 is inaccurate in th is particular), 
it is always in reality lateral, since the  anus opens to  the  left ; and  we have seen th a t 
th is difference from the Limacinidae has been caused b y  the  process of ro tation already 
explained, and th a t among the  Thecosomata the prim itive form is the la tera l flexure 
found in the Limacinidae, as also in  the Gymnosomata, and differing in  both from 
the true neural median flexure of the Cephalopoda.

In  the same way, as regards the palliai cavity  of the Thecosomata, i t  has been shown 
th a t the prim itive form is the dorsal cavity of the  coiled Thecosomata, and  th a t  th e  ventral 
position of the  palliai cavity  in the  stra igh t forms is due to  a  process quite  different from 
th a t which has brought about the  aualogous situation  in  the  Cephalopoda, and  hence that 
the two arrangem ents are no t at all comparable.

Consequently there is no proof to  be found here of any  connection between the 
Cephalopods and  the Pteropods.

3. The m ajority of authors have traced a homology between the buccal appendages of 
the Gymnosomata and the arms of the Cephalopoda. I m ay specially mention R. 
L euckarti Lovén,3 von Jhering,4 Gegenbaur,6 Grcnacher,6 Brooks,7 Ray Laukesler,8 and 
Grobben.9 Huxley alone,10 even when declaring him self in favour of th is  interpretation, 
has maintained a certain reservation regarding the innervation of the appendages of the 
Gymnosomata.

If, however, these authors agree as to the homology o f these two sets of organs, they 
differ entirely regarding their morphological value.

Huxley11 and Ray Lankester17 consider them  to  belong to  the  foot, w hilst, on the  other 
hand, von Jhering13 and Grobben,14 &c., regard them as cephalic organs.

Now, I have shown from their innervation th a t the  appendages o f the Gymnosomata 
are cephalic in  their nature.

W hat, then, is the morphological value of the arm s of the  Cephalopoda ? This 
question, which has been so often discussed, is of g reat importance. Indeed, i t  is upon 
the pretended homology between the  appendages of the Gym nosomata and  the  arms of

I U ntersuchungen über Ptcropoden und  Heteropoden, p i .  ii. fig. 1 ,g .
* U cber dic Morphologie und  die Vcrwnndtschnftsverhaltnisse d e r wirbellosen Thiere.
3 B idm g t il  K iinnedom  oni u tveckling a f  Mollusca Acephala L am ellibranchiata, K . Svensk. Vetensk. AkaiL Handi., 

1848. « Vergleichende anatom ie des N ervcnsystem esund Phylogenie d er Mollusken.
6 G rundriss der vergleichenden Anatomie.
8 Z ur Entwickelungsgeschicht© d e r  Cephulopoden, Zeitschr.f. vnts. Zool., Bd. xxiv.
7 Development of the  Squid , Loligo Pealii, A nn iv . Menu Boston Zoe. N a t. H ist., 1880.
• Mollusca, Encyclopaedia B ritannica, 9th cd . vol. xvi.
9 Z u r K enntniss d e r Morphologie und  d e r  Verwnndtsclmfteverhtiltnissc d e r  Cephalopoden, Arb. Zool. Inst. 

Wien, t . viL On the  Morphology of the Ccphalous Mollusca, Phil. Trans., 1863, p. 40.
II Loc.cH. pi. v . fig. 5. 18 Mollusca, Encyclopœdia B riluunica, Oth cd. voL xvi. p . 6G4.
13 Vergleichende Anatomie des N ervensystem cs und  Phylogenie d e r M oUuskeu.p. 269.
" Z u r  K enntnisa d er Morphologie und  d er Verwandtschafteverhaltnisso d er Cephalopoden, Arb. Zool. Inst. Wien, 

▼ii. p. 71.
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the Cephalopoda th a t  reliance has generally been placed in  classing these two groups near 
together (Claus, Fischer, &c.), or even including them  in th e  sarae class (Ray Lankestcr).

This question of the  morphological value of the arms of the Cephalopoda has always 
been tho subject of anim ated discussion. I t  m ay be laid down a t the  outset th a t  there 
arc two hypotheses to  be considered :—

1. The arms are pedal in nature ; this is especially the  opinion o f the English 
naturalists, H uxley, Ray Lankcster, &c.

2. The arms are cephalic in  nature ; a  view m aintained particularly b y  naturalists of 
the  German school (Grenachcr, von Jhering , Grobben).

In  investigating this disputed poin t we m ay adopt the  following m ethods:— (l)  
comparative anatom y, (2) embryology.

(1) I f  the arms of the  Cephalopoda are, like th e  appendages of th e  Gymnosomata, 
cephalic in origin, their nerve supply ought a t once to  make th is clear to us.

Topographically there is no difference of opinion regarding the part of the  nervous 
system which gives off’ nerves to  the  arms of the  Cephalopoda ; viz., the  anterior infra- 
cesophageal or brachial ganglia (“  ganglion de la  p a tte  d ’oie ” of Cuvier).

B ut as regards the morphological value of these ganglia there is the  same difference of 
opinion as regards the  arms.

These arc pedal ganglia, say the  English naturalists.
They arc cerebral or cephalic, m aintain the Germans.
Tlie solution of the question as to  the  morphological value of the  arm s is to  be found 

then by solving th is other question :— W hat is th e  morphological value of the brachial 
ganglia of the Cephalopoda ?

A few words are necessary here to  explain how such differences of opinion can exist 
regarding an organ whose topographical anatom y is so well known.

The central nervous system  of th e  Cephalopoda is entirely  concentrated in  the head, 
around the  œsophagus, and resting  in  the cephalic cartilage in  th e  D ibranchia ; a  little  
less protected in the Tetrabranchia

In spite of th e  g rea t concentration of the  com ponent parts th e  following separate 
elements may be recognised externally  in  th is  central nervous system  :—

1. A supraœsophageal mass.
2. A subœsophageal mass, including :—

(i.) An anterior mass.
(ii.) A middle mass.

(iii.) A posterior mass.
The supraœsophageal mass gives off the  optic and  olfactory nerves, and  innervates 

the whole cephalic region ; there is no disagreem ent regarding its  nature, all recognising 
iu  i t  the fused cerebral ganglia.
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The anterior subœsophageal mass gives off the nerves to  the  arm s, an d  hence has been 
called “  brachial.”

The middle subcesophageal mass, from which arise the  nerves of th e  siphon, has been 
universally regarded as constituted by the pedal ganglia.

Lastly, the posterior subcesophageal mass innervates the m antle an d  th e  viscera; 
hence i t  corresponds with the  combined visceral ganglia of o ther Mollusca.1

The supraœsophageal mass (cerebral ganglia) is united to  th e  infracesophageal masses 
by two connectives on either side ; tho anterior is ra th e r th in  and  passes to  th e  brachial 
ganglion ; the  posterior is very  large and thick, and  joins th e  cerebral ganglion to  the 
two posterior infracesophageal masses, th a t is th e  pedal and  visceral ganglia.

I t  has already been sta ted  th a t  all observers arc  agreed as to  th e  in terpretation  of 
the  supraœsophageal and the  two posterior subcesophageal masses. The disagreement 
relates only to  the  brachial ganglia, which are regarded by one p a rty  as pedal and  by the 
other as cerebral. W e shall now proceed to  discuss th is  point.

Those zoologists who m aintain th a t  the brachial ganglia are p a rt of the cerebral 
ganglia explain th e ir  position below the  oesophagus b y  saying th a t  on e ither side a  part 
of the cerebral ganglia has been displaced from the upper to  th e  lower surface of the 
oesophagus, still remaining united to  the cerebral ganglion, and  th a t  these two nervous 
masses have fused below the oesophagus and  form ed th e  brachial ganglia. In  this 
m anner the brachial ganglia are cerebral in  origin, and  the arm s which th ey  innervate 
are similarly cephalic.

A gainst this in terpretation th e  following argum ents m ay be adduced :—
I. I t  is em inently unlikely th a t  in  order to  innervate th e  crown o f arms which 

surrounds the buccal aperture on a ll sides (ilateral and  dorsal as well as ventral) a 
portion of the  cerebral ganglia should have descended on e ither side to  th e  lower aspect 
of the cesophagus, and  th a t  i t  should be ju s t  th is  particu lar p a r t  o f  th e  cerebral ganglia 
situated entire ly  below th e  cesophagus th a t  innervates th e  arm s situ a ted  dorsally to  and 
a t  either side of th e  latter.

I f  the arms were really  cephalic in  origin, the nervous m ass which innervates them 
would no t have descended entirely  to  the  lower Burface of the  digestive tract, and those 
arms, which are situated above th e  cesophagus, would surely be supplied directly from 
the supraœsophageal cerebral mass, even if all were no t so innervated  as in  the  case of 
the six cones of Clione.

I f  the  muscular mass of the  arms had  all been displaced from  th e  upper aspect of the 
head in order to  locate itself en tire ly  below th e  m outh, th en  i t  would bo reasonable to 
suppose th a t a  portion of the  cerebral ganglia had  followed th is  m ovem ent, and  descended 
on either side of the  digestive trac t. B u t nothing o f th e  k ind  is tho  case. On the

1 Bee P eu l Peiseneer, Recherches su r  le système nerveux  des P léropodes, A rth , d* B io l ,  t  v ii. p. 181.
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contrary, the dorsal half of the mass of the  arms is sometimes m ore voluminous than  the 
ventral mass (compare, for example, N autilu s), but, nevertheless, the  nervous centre 
which innervates the whole brachial mass is situated  exclusively on the lower surface  of 
the cesophagus. This shows clearly th a t th e  brachial m ass does no t originate from the 
dorsal, b u t in  the ventral parts of the  animal (th a t is from the  foot), and  th a t  its  two 
halves have been fused above the  head ; th is view is confirmed, as we shall see in  the 
sequel, by the  embryology of these organs.

II. Grobben 1 states th a t the  arms of the Cephalopoda were prim itively lateral to  the 
m outh, as are the cones of Clione. In  the la tter, however, all the cones, both ventral 
and dorsal, are innervated by the  supraœsophageal ganglia. If, then, the arms of the 
Cephalopoda and the cones of Clione were morphologically homologous, i t  would be 
impossible to  understand why, the  disposition of these organs being similar, the  disposition 
of their innervating organs should be different. B ut I have shown th a t  the  cones of 
Clione and  the  buccal appendages of th e  o ther Gym nosomata are organs formed on the 
inner wall of the evaginable proboscis, which is made u p  of the  anterior portion of the 
digestive tract, and  whose cephalic nature is therefore indisputable. The relation of the 
arms of the Cephalopoda to  the  anterior part of the  digestive trac t is entire ly  different.

Supposing, however, th a t  the  arms are really cephalic appendages, prim itively  situated 
a t the  sides of the  buccal opening, we m ight compare them  with the  absolutely identical 
arrangem ent which we see in  A m pullaria . Here we find on either side o f th e  m outh 
(no t more dorsally than ventrally) a  large conical appendage, elongated, voluminous, and 
relatively as large as several arms of a Cephalopod.

How then  are these appendages innervated ? By the  supraœsophageal or cerebral 
ganglia.2 These appendages probably correspond w ith th e  labial palps of certain  Pul­
monata (H elix, G landina, &c.), whilst the appendage situated in  fron t of th e  eye 
corresponds with the nuchal tentacle or rhinophore of the E uthyneura , inasm uch as it 
encloses the  highly ramified olfactory nerve.8

III. In  Vermetus, on the  other hand, we find between th e  m outh and  the  foot two 
long appendages (buccal tentacles of d 'O rbigny ; tentacular or antibuccal filam ents of 
Quoy and Gaimard), which stand  precisely in  th e  same position as the ventral arms of the 
Cephalopoda, and  as far separated from th e  pedal disc as these arms are from th e  funnel, 
upon the  pedal origin of which no doubt has ever been thrown.

How then are these appendages innervated ? By the anterior subœsophageal or p ed a l 
ganglia, as has been shown b y  Lacaze D uthiers,4 an d  as I  have been able to  convince 
myself in th e  case of Vermetus gigas.

1 Z ur K enntn iw  der Morphologie, &c., loc. cit., pp . 68, 70.
3 Anatom ie Von A m pullaria urceus, Archiv f .  NaXwguch., Jahrg . x i. p. 200, pi. viii. fig. 3, b.
s  Ibid., p i  viii. fig. 3, d.
* Mémoire su r  l’anatomie e t l'em bryogénie dea V e ra e ts , A nn. à. Sei. N at.¡  Zoologie, sér. 4, t . x iii . p . 238, p i  v i  

f i g .  4, ï .
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I f  i t  be adm itted th a t cephalic appendages m ay surround the  buccal aperture and 
unite below the alimentary canal (as is demanded by the  argum ents of von Jh erin g  and 
of Grobben), then i t  ought also to  be allowed th a t pedal appendages, such as those of 
Vermetus, m ay encroach upon the sides of the m outh aud un ite  above the  cesophagus, 

and  embryology teaches us th a t  th is is what m ust have taken place in the  case of the 
Cephalopoda.

IV. If, now, these appendages should undergo great development, i t  is natural th a t 
a pair of special ganglia (the brachial ganglia) should be formed for their innervation 
a t the expense of th e  pedal ganglia. The formation of accessory ganglia in  consequence 
of the  g reat development of certain organs is often observed in  the Mollusca, and here we 
find a  case alm ost identical with th a t of the Cephalopoda.

In two groups of Gastropoda we find th a t the head carries a  m uscular mass as large 
in proportion as the brachial mass of the  Cephalopoda; these are the Bullidæ (“  Acères” 
of Cuvier) and the Naticidæ.

1. In  the Bullidæ there is a  “ cephalic hood,” which seems to be analogous to  the 
hood of the N autilus  and  to  the dorsal arms of the D ibranchia ; i t  arises from the 
fusion of the four tentacles (two labial and two nuchal) of th e  E uthyncura , and 
assists these animals in  digging. The cephalic nature  o f the hood is thus beyond 
doubt.

Is then the  nervous system of the  Bullidæ sim ilar to  th a t  of th e  Cephalopoda, and  do 
we find there in front of the pedal ganglia o ther subœsophageal ganglia which innervate 
th is cephalic m ass? By no means. Here, as in  A m pullaria ,, the  innervation of this 
mass has its source in  the supraœsophageal or cerebral ganglia.

On other grounds, too, i t  is impossible to  regard the  arm s of th e  Cephalopoda as 
similar in origin to  the cephalic tentacles of the  Gastropoda. F o r even if  the  tentacles 
do no t any  longer exist in the adult D ibranchia, I  m ay poin t o u t th a t they  are s till present 
in  N autilus  (which is incontestably more prim itive), though th e ir  homology has not 
hitherto been perceived. The structures in  question are the  ophthalm ic tentacles, situated 
in  front of and behind each eye ; as a  m atter of fact these tentacles are innervated by 
the supraœsophageal ganglia,1 w hilst all the  o ther appendages (whose m ass corresponds 
morphologically to  the  arms of th e  Dibranchia) are innervated b y  th e  anterior iufra- 
œsophageal ganglia, which also give off the  nerves to  the  funnel.

2. In  N a tica  the  m uscular mass which covers the  head can be reflected in fron t so 
as to expose the  buccal opening. I t  is the  anterior p a rt of the foot, b u t physiologically 
is the same p art as the  cephalic hood of the Bullidæ, and like i t  aids in  burrowing.

1 Valenciennes, N ouvelles recherches su r  le N au tile  flamhó, Archives M us. H ist. N a t. Paris, t . ii. p. 288, pi. viii. 
figs. 2, 3, C and 7. I t  is inaccurate io  slate , as does von Jh e rin g  (Vergleichende A natom ic, &c>, p . 262), th a t  the  anterior 
ophthalm ic tentacle is  innervated  by the  an terio r infracesophageal ganglion, as also th e  olfactory organ. I ts  nerve 
issues from the  extrem e la teral p a r t  o f th e  supraœsophageal ganglion. Com pare the  figures o f V alenciennes above 
quoted.
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Wc find in  N a tica  th a t the disposition of the  anterior subœsophageal ganglia resembles 
th a t seen in  the Cephalopoda. In  front of each pedal ganglion, in the  position occupied 
by the brachial ganglion of the Cephalopoda, there is 
another corresponding subœsophageal ganglion, and th is W  \ j  L
propedal ganglion innervates the voluminous mass which ^  \  /  ^
covers the  head. I  m ay here remark th a t the figures of K. y A  ............
the nervous system  of N a tica  given by Souleyet,1 which /  
are the only original figures kuown to  me, are inverted, 
th a t is to say th a t the  upper (dorsal) surface is indicated 
as the  lower (ventral) surface, and vice versa. I t  fol­
lows from this th a t the peculiarity of the  nervous system 
of N a tica  in possessing propcdal ganglia has not h itherto  ’

r  o  r  r  O  O  Fl0 2.—TIic pe<lnl ganglia o f  Natica, a, pedal
been observed. ganglia; A, pro pedal ganglia; c, pedal com-

The formation of these propedal ganglia and  th e ir  n,lssure- 
separation from the  pedal ganglia are evidently due to  the  g rea t developm ent of the 
anterior p art of the  foot, which has become transform ed in to  a  cephalic shield. Some­
th ing  of the same kind m ust have taken place in th e  Cephalopoda, where the  formation of 
the brachial ganglia has been brought about b y  the  great developm ent of th a t  p a rt of 
the foot which has entire ly  surrounded the head and produced the  arms.

I t  m ust not be concluded from w hat has ju s t been said th a t I  regard the  shield of
N a tica  and the arms of Cephalopods as exactly homologous ; I  only wish to  draw from
these facts the following conclusions :— In N a tica  we observe th e  formation o f a  pair of 
propedal ganglia in  consequence of g reat developm ent of the  anterior p a rt of th e  foot ; 
in Cephalopoda we observe th e  same propedal ganglia ; we m ay conclude, therefore, th a t 
the organs which they innervate are a  portion of the foot situated anteriorly, which has 
taken on considerable development.

In  N a tica  th is anterior p art of th e  foot covers th e  head b y  its  anterior border, hence 
the coalescence with the  head could no t proceed further, because th e  m outh could 
not have rem ained open. In  the  Cephalopoda, on th e  o ther hand, i t  is the  lateral 
margins of the  foot which have invaded th e  head, leaving the buccal opening free ; the  
two halves have m et on the dorsal aspect of the  head, concrescence has taken  place, and 
the head has thus become entirely  surrounded by a  pedal mass.

Where, then, is the  head ? asks von Jhering.8 T he postero-lateral portions of i t  are 
to  be seen in  N autilus, w ith th e  eye, th e  olfactory groove, and  the two tentacles ; and 
between the pedal appendages is seen the buccal mass. I f  the head bo to  a  large extent 
concealed, i t  is n o t therefore non-existent

V. We have already seen how those naturalists who defend the  views whicji regard

1 Voyage d e  la  Bonite, Zoologie, M ollusques, p i .  x x x v i .  figs. 1 3 ,  1 4 .

1 Vergleichende A natom ie dea Nervensystemea u n d  Phylogenie d er M ollusken, p .  2 6 8 .
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the  arms of Cephalopoda as cephalic structures, in terpret the nervous system , and 
especially the brachial ganglia of the  animals. W e will now exam ine th e  value of this 
interpretation.

From the  poin t of view of these zoologists, which was briefly sta ted  above, i t  is 
evident :—

1. T hat the  union of each brachial ganglion to  the  corresponding pedal ganglia is a 
secondary disposition.

2. T hat the cerebro-brachial connective m ust be a  prim itive structure, since i t  would 
represent the means b y  which the  brachial ganglion would rem ain in  connection with 
the cerebral ganglion from which i t  arose.

We will now consider each of these conclusions separately.
1. If, instead of regarding the nervous system of the Decapod D ibranchiates such as 

Sepiola  and  Ommatostrephes, which, so far as the  present question is concerned, form the 
end of the series, we refer to the nervous system  of th e  Octopoda, we shall find th a t in 
Octopus the  brachial ganglia are only separated from the pedal ganglia by a  very slight 
external constriction ; and in  d in o teu th is , which in certain respects (notably in  the 
presence of fins) is a more prim itive Octopod than  Octopus, the  brachial ganglia are in 
such close contact th a t the  nerves to  the funnel (which in Octojms arise from the pedal 
ganglia) have their origin quite close to  th a t of the nerves to  the ventral a rm s 1 (which 
in Octopus spring from the brachial ganglia).

And if, in  addition to  w hat has been s ta ted  above, we do no t confine ourselves to  a 
macroscopic examination of the  exterior of the nervous system  of th e  Cephalopoda, but 
study i t  also, as I  have done, by serial microscopic sections, we shall find th a t  in Octopus 
the  central substance formed by the  prolongations of th e  cells and  giving origin to  the 
nerves is quite continuous between the pedal and  brachial ganglia.

I f  now we pass to  the Decapoda and study  n o t only the adu lts  b u t also the embryos 
in  all stages of development (in Sep ia  for example), we shall see th a t in  the  youngest 
forms the central substance of the  pedal and  brachial ganglia is in  free communication, 
and  th a t i t  is only little  b y  little, in  th e  subsequent stages, th a t  they  become separated 
as in  the  adult, where their central masses only communicate by a  very slender bridge.*

From this poin t of view then, th e  Decapod central nervous system  passes in  the 
course of its  development through an  Octopod stage. These facts show clearly th a t the 
brachial ganglion results from the  transverse segm entation of the  pedal ganglion, and 
consequently th a t  the union of each brachial ganglion with the corresponding pedal 
ganglion is no t a  secondary disposition.8

1 R einhardt og Proscb, Om Sciadephorus Miillori, K. daiuk. Viderxsk. Seltk. A fhandl., t . v. p. 19, p i. v . fig. 2.
* 8tieda, U ntersuchungen über d en  B au d er Cephalopoden, Z ñ U c h r .f  in u .  Zool., Bd. xxiv. pi. x iii. fig. 6.
* T h is subject will b e  treated  a t greater length and  w ith  iiluslrotions in  a  pnpor w hich I  propose to  publish in  the 

Arch. d. Biol., t  viii., under the following title,—“ S u r  la  v a leu r m orphologique dea b ras dea Céphalopodes e t su r la 
composition de leu r système nerveux central.*
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2. The cerebro-brachial connective m ay be either (i.) adventitious or (ii.)'prim itive.
(i.) I t  is impossible to  deny the  tendency of neighbouring ganglia, w hen they  

are homonymous or successive, to  become un ited  b y  nervous threads. On 
considering, for example, a  large num ber of S trep toneura, i t  w ill be seen 
th a t  th e  left anterior visceral ganglion (subintestinal, left palliai, o r  parietal 
ganglion) is united b y  a  connective to  the  rig h t pleural ganglion, w ith which 
i t  has really nothing to  do (e.g., C assidaria).1

In  N a tica  the  propedal ganglion is no t un ited  to  th e  cerebral ganglion ; 
in  the female N a u tilu s  th e  ganglion which innervates the  in terna l labial 
tentacles2 (which does n o t represent, i t  is true, th e  whole brachial ganglion of 
a  Dibranchiate, b u t nevertheless corresponds to  a  p a rt o f  it) has also no 
cerebral connective. I t  m ight possibly be said, then , th a t  the cerebro- 
brachial connective of th e  D ibranchia is on ly  an adventitious arrange­
ment.

(ii.) This connective may, however, be a  prim itive structure, an d  represen t an 
anterior p a rt of th e  original cerebro-pedal connective, w hich the brachial 
ganglion has carried along w ith i t  on its  separation from the pedal gan­
glion.

G robben3 regards th is connective as a  detached p a r t  of the  prim itive 
cerebro-pedal connective, and I share his opinion ; b u t  I  m ay  rem ark  th a t  
there is a  contradiction in  Grobben’s  view, according to  which th e  brachial 
ganglion should be a  detached p a rt of th e  cerebral ganglion, since then  two 
parts of the  cerebral ganglion would be joined b y  a  cerebro-pedal connective.

If, however, I  regard th e  union of th e  brachial and  cerebral ganglia of a  
D ibranchiate as prim itive in  the  same way as th e  union of the brachial 
and  pedal ganglia, I  m ust rem em ber th a t  th e  first union is b rought about 
by a  simple connective and  the  second by the central ganglionic substance, 
which is a  very  different m atter.

VI. G reat importance has been a ttribu ted  to  th e  supraœsophageal commissure which 
connects the  two brachial ganglia in  Eledone ,4 and i t  has been regarded as a  clear proof 
th a t the brachial ganglia were prim itively supraœsophageal.6

This commissure has only been recorded b y  D ietl, and only in  Eledone. I  have seen 
i t  neither in Sepia, Loligo, nor o ther Decapods ; and  I  m ay fu rther rem ark th a t  th e  infra­
cesophageal commissure between th e  brachial ganglia existing in  a ll Cephalopoda is much

1 Spengcl, D ie Qeruchsorgone und  dus N ervensystem  dor M ollusken, ZeiUchr. f. t m .  Zool., Bd. xxxv. p i. xvii.
fig. 4, ¿ . » Owen, M emoir on tlie  Peorly N au tilus, p i. vii. fig. I , 8.

» Z ur Kenntn¡88 d er Morphologie und  d er Verw andtschaftaverbältnisse d e r  Cephalopoden. A rb. ZooL In tL  W ien, 
Bd. vii. p. 69.

4 D ietl, U ntersuchungen ü b e r  d ie  O rganisation des G ehirns w irbelloser T hiere, Sitzungsb. à  k  Akad, W iss. W ien,
Bd. lxxvi. pL v. fig. 23, d r .  •  G robben, loo. cit., p. 69.
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more im portant by reason of its  volume than  the th in  supraœsophageal thread m entioned 
by Dietl in  Eledone alone.

I  will also add th a t probably in  all the Opisthobranchia (Bullidæ,1 Um brellidæ,3 
Pleurobranchidæ,8 Aplysiidae,4 m any Nudibranchia,6 &c.), as well as in  the  Gymno- 
8omatous Pteropoda,0 there is an  infracesophageal cerebral commissure, which von Jhering 
has called subcerebral. I t  is much m ore slender than  the supraœsophageal cerebral com­
missure, bu t no one has ventured to  suggest in  consequence of th is, th a t  in  the  Opistho­
branchia the  cerebral ganglia were prim itively subœsophageal.

So far as 1 can see, the supraœsophageal brachial commissure of Eledone  is of no more 
morphological value than  the subœsophageal cerebral commissure of the  Gastropods ju st 
mentioned.

N othing is further from complete dem onstration than  the hypothesis according to 
which the brachial ganglia are cerebral in origin. On the  o ther hand, m any proofs show 
th a t they  are only a  segmented part of the  pedal ganglia.

Such transverse segmentations of ganglia are no t rare among the Mollusca. In  addi­
tion to  the instance already quoted of the  pedal ganglia of N a tica  and  those of the 
Marseniidæ,7 we may m ention the  siphonal ganglia of Cyprwa ,8 the  ten tacu lar ganglion 
of Pleurobranchus,° the  siphonal ganglion of m any Pelecypoda, &c. Even in  th e  Decapod 
Cephalopoda, too, there  is an instance of the  division of the  cerebral ganglia, qu ite  com­
parable to  th a t of the pedal ganglia which has led to  the  formation of th e  brachial ganglia. 
Chéron10 has shown, and  his statem ent has no t been disputed, th a t  th e  ganglion known 
as the “  superior buccal,” and  s till called b y  th a t  name by S tied a11 and  Bobretzky,13 is 
nothing else than  the  anterior p a rt of the cerebral ganglia. I  am able to  sta te  further 
th a t in  the  embryos of Sep ia  th e  form ation o f these “  buccal ” ganglia and  their separation 
from the cerebral ganglia takes place in  a  m anner qu ite  parallel to  th a t  which has been 
advanced above as regards th e  form ation of th e  brachial from th e  pedal ganglia.

I t  m igh t be objected th a t  in  Ommatostrephes, for example,13 th e  brachial ganglia are

I Yayssière, Recherches anatom iques su r la  fam ille des Bullidés, A n n . d. Sei. N at., Zoologie, s i r .  6, t .  ix. p i. vi. fig. 48
(iGastropteron), p i  viii. fig. 69 (Doridium), p i. ix. fig. 81 {Philine), p i. x i. fig. 101 (Scaphander), p i. x ii. fig. 114 (Bulla).

* Vayssiôre, Recherches zoologiques e t anatom iques su r les M ollusques Opiatobrunches d u  Golfe de Marseille,
L Tecti branches, A  «ru Mus. Marseille, t  ii. pi. vi. fig. 149.

* Vayssièrc, ibid., p. 144. « Vayssièrc, ibid., p i. iv . fig. 94.
6 Von Jhering , Vergleichende A natom ie des Nervensysternes und  Phylogenie d e r M ollusken, p . 283.
• W agner, D ie W irbellosen des weissen Meeres, Bd. i. p i. xii. fig. 1. •
T Bergh, D ic M arseniaden, Zool. Jahrbücher, Bd. i. p . 168, fig. 1.
•  V on Jhering , loc. cit., p i. viii. fig. 35.
0 Von Jhering , ibid., p i. xi. fig. 8.
10 Recherches pour se rv irá  l’histoire d u  système nerveux des Céphalopodes dibranohiaux, A nn. d. Soi. N aL , Zoologie, 

sér. 5, t  v.
II S tudien uber den B au d er Cephalopoden, ZeiUchr. ƒ . unsa. Zool, Bd. xxiv.
u  Observations o n  tho developm ent o f th e  Ccphalopods, Proc. Soc. Friends o f N a t. E is t. Anthrop. and Ethnogr. Moscow, 

1876 (Russian).
11 0 “  Nervous System of Om m astrephes todarus, -4wn. and  Mag. N a t. H ist., ser. 2 , vol. x . pia. i ,  ii.
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very widely separated from the  pedal. To th is I  should reply th a t in the D ibranchiata 
Cephalopoda, as has already been said, we may observe, in the  degree in  which the 
brachial ganglia are separated from th e  pedal, a  whole series of successive stages (O m mato­
strephes, Sepiola, Loligo, Sepia , Octopus), in  which the  brachial ganglia are gradually less 
and less distinctly separated, and in the last-named form a  single mass, and are only marked 
off by a  slight constriction.

I m ay further remark th a t this gradual separation of the brachial from  th e  pedal 
ganglia, which is seen in passing from Octopus to  Ommatostrephes, corresponds to  an 
equivalent separation between th e  “ superior buccal ” and  cerebral ganglia, the  former 
separating from the latter even m ore than the brachial ganglia separate from the pedal. 
W hatever be the  separation of the  brachial and pedal ganglia, th e  pedo-brachial connec­
tive always remains much more im portant than  the  cerebro-brachial.

Thus then the great removal of the  brachial and pedal ganglia (in Ommatostrephes) 
is no t a prim itive arrangement. I t  is adventitious, and  due to  the  cause which separates 
at the  same tim e all the  anterior portion of th e  main mass of the  central nervous system , 
as well supraœsophageal as subœsophageal.

Prim itively, th e  brachial and pedal ganglia of th e  same side m ust have been in  close 
apposition, as is shown by the observation of th e  developm ent of the  Decapoda (alluded 
to  above) and as appears still to  be the  case in  Cirroteuthis, according to  the  figures of 
Reinhardt and  Prosch.1

In N autilus, which is th e  m ost prim itive of all, th is separation of the brachial from 
the pedal ganglion has no t y e t taken place ; in  th e  female,3 however, there is found a 
small ganglion corresponding to  a  p a rt of th e  brachial ganglion, which innervates the  
internal labial appendages. B ut all the  appendages of th e  m ale and th e  o ther append­
ages of the female are innervated d irectly  b y  th e  anterior subœsophageal ganglionic ring, 
and the  nerves to  the funnel are  seen to  issue a t the side of the la s t ventral “ ten tacu lar” 
nerves.

Some have desired to  see in  th is  anterior subœsophageal ring, which corresponds to  
the brachial and pedal ganglia of the D ibranchia, an ex ternal pedal portion and  an 
internal cerebral portion. B u t in  th is  case th e  la tte r  would be only la teral and  would 
not extend below the cesophagus (compare th e  figure of von Jhering8). This p a rt would 
then innervate the  tentaculiferous appendages ; in  th is w ay i t  is sought to  prove the  
cephalic nature of these latter.

This division is, however, qu ite  im aginary, and  i t  has rem ained invisible to  those 
zoologists who have no t been prejudiced b y  attem pting  to  prove th e  cephalic nature  of 
the appendages (Owen, Valenciennes, &c.). In  reality  th is ring is entirely  pedal, and

1 Om Sciadephorua M ulleri, K . dam k. Videntk. SeUk A fh a n d l., p. 19, p i. v . fig. 2.
* Owen, M emoir on th e  P early  N autilus, pL v i i  fig. 8.
3 Vergleichende anatom ie d e  Nervenayatemea u n d  M orphologie d e r M ollusken, p. 262, fig. 14.
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exactly corresponds to  the pedal and  brachial ganglia of the D ibranchia ; i t  innervates 
the  funnel and all th e  appendages.

I t  is inaccurate to  state, as does Grobben,1 th a t there are nerves to  th e  appendages 
which arise from the  cerebral ganglia above the  optic nerve. The th ree nerves figured 
in th is position by von Jh e rin g 3 are the  nerves which pass to  th e  cav ity  situated a t the 
posterior ex trem ity  of the cephalic cartilage, and  which were regarded by V alenciennes3 as 
auditory nerves.

(2) If, on the o ther hand, we seek in the  ontogenetic developm ent for some lig h t on 
the morphological value of the  arms of the  Cephalopoda, wc see th a t, the  em bryo resting 
with its  ventral face on the  surface o f the vitellus, the  arms appear ou e ither side of 
the m antle against the  vitellus, advance successively towards the  an terio r extrem ity , and 
finally m eet in front of the m outh (compare the lucid figures of K ollikcr4).

From what has been said above, we m ay conclude :—
1. The arms of the  Cephalopoda are pedal in origin ;
2. The buccal appendages of the  Gym nosomata and the  arm s o f th e  Cephalopoda are 

no t homologous structures.

Ray L ankester5 has insisted on the fact th a t  in  the  P teropoda a  p a rt of the foot 
comes to  surround the cephalic region, and i t  is principally on th is th a t  he relics in 
support of his opinion th a t  the  Pteropoda should be classed along w ith th e  Cephalopoda.

As regards the  Gym nosomata wc have already done full justice  to  th is argum ent by 
showing th a t  th e ir  cephalic appendages have absolutely nothing in  common with the 
foot. B u t as regards the  Thecosomata i t  is tru e  th a t  a  certain  portion o f the  foot (the 
two fins) comes from either side to  surround the head and  advances as far as its  dorsal 
aspect, in a  m anner analogous to  th a t in which th e  arms of the  Cephalopoda (whose pedal 
nature we have ju s t  dem onstrated) envelop the head.

Here we have a  resemblance which I should no t th ink  o f disputing, and which Ray 
Lankester only weakens when he compares the fins of tho Pteropods, n o t to  the  arms of 
the  Cephalopoda, b u t to  th e ir funnel. If, however, we rely  upon th is  solitary resemblance 
(which is tru e  only of the  Thecosomata) to un ite  the  P teropoda an d  Cephalopoda, we 
frame an artificial classification.

A single resemblance, based upon an  adaptive modification o f a  single organ, the 
foot, which is tru e  only of the Thecosomata among the Pteropoda, cannot invalidate tho 
numerous proofs draw n from all points in  the  organisation o f the entire group, both

1 Z u r Kenntni88 d er M orphologic, &c., Arb. Zool In ti. W itn ,  Bd. v ii. p. G8.
•  Loe. cit., fig. 14, p . 282.
• Nouveau m ém oire su r  le  N aulilo  flambé, Archive* Mu*. H ie l  N at. P arit, t. iL pL v i i i  fig, 2, S .
• E ntw ick lungsgeschich te d e r Cephalopoden, p i. i l  Aga. 17-27.
‘ Mollusca, E ncyclopedia B ritannica, 9 th  ed., p. 664, fig. 75.
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of Pteropods and  Cephalopods. W e m ight find numerous instances of very dissimilar 
animals, in  which a  homologous organ is modified in an analogous m anner w ithout pro­
posing to  unite them  on th a t account, if  the  sum total of their organisation showed 
them  to  be distinct. In  th is way we ought to  deal w ith the Cephalopoda and  Pteropoda.

On th e  other hand, a  natural classification based upon a  com parative exam ination of 
the whole organisation of the  two groups m ust show, as we have dem onstrated in  the  
preceding pages, th a t  there is no d irect relation between the  Pteropoda and  Cephalopoda, 
and  th a t they  have nothing in common except inasmuch as they  belong to  th e  same 
Molluscan phylum.

The high position which has been accorded to  the P teropoda arises ra th e r from  their 
external form than from their structure, as has already been pointed ou t b y  G arner.1 
The adaptation to  pelagic life has brought about in  these animals a  symm etrical e x te r io r3 
in order to  insure the  perfection of natatioD. But th is  sym m etry  has proceeded no 
further ; and what clearly separates the  two groups is the com plete asym m etry  of the 
organisation of the  P teropoda as opposed to the  perfect sym m etry o f the  Cephalopoda.

III . A R E T H E  PTEROPOD A GASTROPODA ?

In  the Pteropoda as in  the  asymm etrical Gastropoda—
1. The jaws are paired and la te ra l
2. The flexure of th e  intestine is lateral, w hat has been im properly called dorsal or 

hæmal in  the  Gastropoda, for the  intestine does no t bend dorsally in  a  sagittal median 
plane in the  same way as i t  curves ventrally  in th e  Cephalopoda.

3. The heart is lateral and has only one auricle ; th e  kidney is unpaired and  lateraL
4. The unpaired genital gland has only one asymm etrical unpaired genital duct.
5. The nervous system  is asymm etrical as regards th e  ganglionic masses of th e  visceral 

commissure and  the nerves which spring from i t  ; the osphradium  (olfactory organ of 
Spengel) is unpaired and lateral.

6. A consideration of th e  developm ent of th e  P teropoda shows th a t  as in  the 
asymmetrical Gastropoda th e  palliai cavity  o f th e  Thecosomata is formed to  th e  rig h t 
of the anus,8 and th a t the  Pteropoda like the  G astropoda are asym m etrical even in  the 
larval condition.4 The first stages of th e  embryo show th e  prim itive sym m etry of all 
Mollusca ; th is is  soon followed b y  asym m etry, and  in  the  ad u lt animal, though only as 
regards the  external form, there is an adaptive re tu rn  to  the form er sym m etry, necessi­
ta ted  by pelagic habita.

1 Molacological N otes, A nn. and Mag. N a t. R ist., ser. 4, vol. xix. p . 373.
• Grobben (Morphologische S tudien, &c., Arb. ZooL Inst. W im , B d. ▼. p . 240) also in te rp re ts th e  sym m etry  o f  the 

Pteropoda in  the  same way.
• Fol, S u r le  développem ent des Ptéropodes, Arch. <L Z oo l vEvpér., r&r. 1, t  iv. p . 198.
• Fol, ibid., p. 197.
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In  conclusion, as has been said by Fol,1 the  embryonic characters arc not sufficient to 
justify  the separation of the  Pteropoda from the  Gastropoda.

We see then th a t the  Pteropoda possess the principal general characters of the 
Gastropoda and especially the visceral asym m etry which results from th e  unilateral 
development of the  visceral organs and characterises the  specialised, th a t  is to  say the 
m ost numerous, Gastropoda.

B u t if wc seek ou t from among the Gastropoda those forms with which the  Pteropoda 
have the greatest affinity, we find the  common characters s till m ore numerous.

1. In  the  Pteropoda, as in  the  Tectibranchia,2 a  partition, or species of diaphragm, 
divides the body-cavity in to  a  posterior visceral and anterior or cephalic portion, th is latter 
enclosing the-buccal mass, the central nervous system, and the copulatory organ.

2. The salivary glands of the Pteropoda, like those of the  Tectibranchia (e.g.. 
Bulloidea and  Aplysioidea) do no t exhibit a duct differentiated off from the  secretory 
portion.

3. The stomach in  the Thecosomata a t all ages and in  th e  larval Gymnosomata has 
masticatory plates, as iu the great m ajority of the Tectibranchia. The ad u lt Gymnoso­
m ata in consequence of their d ie t have an unarm ed stomach like th a t of th e  carnivorous 
Tectibranchia (e.g., D oridium ).3

4. The liver of the  Pteropoda is disposed like th a t of th e  Tectibranchia, the 
Gymnosomata resembling Gastropteron, the  Thecosomata th e  Bullidæ in th is respect.

5. The generative gland of the Pteropoda is herm aphrodite like th a t o f  the Tecti­
branchia ; as in  the Aplysioidea and  Bulloidea i t  possesses a  single undivided efferent 
duct with a  single orifice. As in  these two the  genital apertu re  is connected by a 
spermatic groove w ith the  copulatory organ which is situated in  the  head.

6. The pedal ganglia both of the  Thecosomatous and  Gymnosomatous Pteropoda have 
two commissures like those of the above-mentioned Tectibranchia, Aplysioidea, and 
Bulloidea (the second commissure figured in  C uvierina  and also seen in Cavolinia  has 
probably escaped notice in  the  other genera on account of i ts  small size).

The Pteropoda are thus clearly separated from all the o ther classes of Mollusca, 
whilst they  present all the  characters of the  “ typical ” (asymmetrical b u t no t primitive) 
Gastropoda.

Further, among the  Gastropoda th e ir  whole organisation (herm aphroditism  and the 
structure of the  nervous system ) separates them  from th e  S treptoneura (Prosobranchia

1 Fol, ibid., pp . 197, 198.
* Vayssifcre, Recherches anatom iques su r  la  fam ille des Bullidés, A n n . d. Sei. N at. (Zool.), sór. 6, t  ¡x. p. 78.
* Vayssière, Recherches zoologiques et anatom iques su r les M ollusques Opistobranches d u  Qolfe de Marseille, 

i  Tectibranches, A nn. M ut. M ar teille, t  ii. p . 44.
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and Heteropoda), and unites them closely with the  E uthyneura (Opisthobranchia and 
Pulmonata), which de Blainville had previously designated as the  “  Paracéphalophores 
monoïques,” including indeed the  Pteropoda among them .1 The E uthyneura differ much 
more from the Streptoneura than  from the  Pteropoda. These la tte r  m ust then be placed in 
the  group E uthyneura as was form erly done by de Blainville and  more recently  by  S pengeli

On the o ther hand, among the E uthyneura the Pteropoda present such resemblances 
to  the “ O pisthobranchia” th a t they arc much more closely related to  them  (by  the  
respiratory, circulatory, and  generative organs) than  these la tte r are to  the Pulm onata. 
The Pteropoda m ust, therefore, be incorporated among the Opisthobranchia.

Now, as regards the  two groups of the Opisthobranchia, N udibranchs and Tecti- 
branchs, the characters of the digestive trac t (gastric arm ature), of the undivided genital 
duct, and  of the  spermatic groove, separate the  Pteropoda much less from the Tecti- 
branchs than these differ from the  Nudibranchs. Hence the  P teropoda are, as regards 
their anatomical characters, Tectibranchia.

Among these, too, they  have undoubtedly much more affinity for th e  forms which 
have been called in recent classifications* Cephalaspidea and  Anaspidea ( th a t is to  say, 
the Bulloidea and  Aplysioidea respectively) than for the  group known as Notaspidea (th a t 
is the  Pleurobranchoidea), and the  former of these groups differs in  its  organisation much 
less from the Pteropoda than  from the  Pleurobranchs.

We shall now inquire w hat are the  special affinities which the two subdivisions 
(Thecosomata and Gymnosomata) have respectively for those Tectibranchia which are 
their nearest relations among the  Gastropoda.

IV. SPEC IA L A F F IN IT IE S  O F T H E  THECOSOMATA A N D  GYMNOSOMATA.

We have ju s t  seen ( l )  th a t  the  P teropoda are G astropods; (2) th a t  they  belong to  
the group E uthyneura ; (3) th a t they  m ust be classed among the  “ Opistobranchia ” ; 
(4) th a t they  m ust be placed with the Tectibranchia, and  more particularly  in  the 
group formed by the  Cephalaspidea and Anaspidea (Bulloidea and Aplysioidea).

These conclusions, however, were reached by reasoning on the basis of those characters 
which are common to  the two groups, Thecosomata and  Gymnosomata. I f  now we

1 M anuel de Malacologie, pp . 447, 480. H . M ilne-Edw ards (N ote su r la  Classification natu re lle  des M ollusques 
Gastéropodes, A n n . d. Set. N at. (Zool.), sér. 3, t, iv. p . 112) criticises do B la in v ille i classification of th e  Gastropoda, 
because i t  is  baaed only on the  generative organs, w hilst tho “  n a tu ra l ”  classification which h e  proposes is based only 
on the  respiratory organs ; besides i t  un ites the  O pisthobranchia a n d  the  Prosobranchia in  a  group opposed to  the 
Pulm onata, w hich is  m uch less natural than  do B la in v ille i classification. A s regards th o  nnmo “  O pisthobranchia,” 
von Jhering  has already proposed to  abandon i t  because i t  is inaccurate. I t  is tru e  th a t  several anim als o f th is  group 
have n o t the  auricle behind the  veutricle b u t on the  samo level (as fo r exam ple i n  Gastropteron) ; in  A ctxon  the auricle 
is actually in  fron t o f the  vcntriclo, as in  Lim acina. However, seeing th a t  a  new  naiuo m igh t in  its  tu rn  prove to  be 
inaccurate, I  preserve the  te rm  “  O pisthobranchia,” the  g roup  to  w hich i t  is applied  being q u ite  a  n a tu ra l one.

* Die Gcruchsorgane und  das N ervensystem  d er M ollusken, Zeittchr.f. ioit». Zool., Bd. xxxv. p . 373.
'  Fischer M anuel de Conchyliologie, p . 66Q
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consider each group separately, taking its  own special characters in to  account, and  if in 
this way we inquire w ith which of the  Tectibranchs each group has th e  g reatest affinity, 
we shall arrive a t the conclusion th a t  the  two groups are no t so closely related to  each 
other as they are to  the particular forms of Tectibranchs for which they  have each the 
closest affinity.

This is an impression which m ust have been produced upon every zoologist who has 
examined, even in  a  cursory manner, the  organisation of these anim als, for the two 
groups exhibit such clearly marked differences, and each forms such a  homogeneous 
whole, th a t i t  is qu ite  impossible to  derive one of them  from the  other, or to  find for 
them an immediate common ancestor.

I t  is only by lim iting oneself to  the s tudy  of a  single form (as W agner has done in 
the case of Clione, l  and attem pting  thence to  construct the  phylogenetic history of the 
Pteropoda, th a t one can regard the  Thecosomata as the  ancestors of th e  Gymnosomata.2 I t  
is tru e  th a t by following this method one arrives a t the  strange result th a t  th e  Pteropoda 
have been derived from the  Heteropoda, and have given origin to  th e  Cephalopoda.3

Boas was the first to  form ulate the opinion of the  separate origin of th e  Thecosomata 
and Gymnosomata, and  to assert th a t the two groups are “  independent of each other.” 4

There is no need to  recapitulate here the distinctions between the  two divisions ; 
they have been sufficiently expounded in the Report on th e  Gym nosomata,6 and  in the 
Summaries on the Thecosomata and on the  Gym nosomata (pp. 37 and  55). B u t I  m ust 
dwell for a  few moments on the sta tem ent m ade b y  Boas,® “ th a t  the fins are not 
homologous in the  two groups.” This is an opinion which I  do no t share. The fins, 
both of the  Gymnosomata and  Thecosomata, are the modified lateral m argins of the  foot, 
and the  differences which they  present are alm ost the  same as those which ex ist between 
the Bulloidea and  the  Aplysioidea.

In the  Bulloidea the  pedal surface is continuous w ith the  na ta to ry  lobes, e.g., Acera  
and Gastropteron), and there  is no special creeping surface. In  the  Aplysioidea, on the 
other hand, these natatory  lobes are d istinct from the ra th e r narrow creeping surface, 
which is clearly marked off (e.g., A p lys ia , N otarchus, Oxynoe, «fee.). •

The Gymnosomata also present an arrangem ent analogous to  th a t of the Aplysioidea, 
b u t carried to  an extrem e ; the  natatory lobes are qu ite  separated from the portion of the 
foot corresponding to  th e  creeping surface.

Embryology shows further th a t these organs (the fins) are  homologous in  the 
Gymnosomata and Thecosomata. F o l7 has shown th a t th e  fins of the  Pteropoda cor-

1 D ie W irbellosen dea weissen M eeres, Bd. L p. 119.
3 Von Jherinß , on the  o ther hand , regards the  Thecosomata as the  descendants o f th e  Gymnosomata (Vergleichende 

Anatom ie des Nervensystem es, &c., p. 273), w hilst Grobben holds th a t  the  L im ocinidæ (Thecosomata) a re  th e  moet 
prim itive Pteropoda (Morphologische 8 tud ien , &c., Arb. Zool Inet, W ien, Bd. v. p. 240).

3 W agner, D ie W irbellosen des weissen Meeres, Bd. i. p. 22. 4 Spolia a tlan tica , Ae., loo. cit., p. 179.
6 Zool. Chaii. Exp., p art lviii. pp. 4-6. ® Spolia atlantica, &c., loc. cit., p. 179.
1 S ar le  développement des Ptéropodes, A rch iva  de Zool Expér., sér. 1, t .  iv . p . 193.
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respond to  the  Literal parts of the embryonic pedal disc, and are comparable to the 
whole lateral portion of the foot of the  Gastropoda.

De Blainville and Boas have pointed out th a t i t  is the  Bulloidea am ong the  T ecti­
branchiata th a t the  Thecosomata approach the m ost nearly, and  we shall see th a t  th is 
view is quite justified. These authors, however, confine themselves to  th is mere 
statem ent w ithout attacking the question whether the  Thecosomata are descended from 
the  Bulloidea or vice versâ, and w ithout try ing  to  ascertain b y  w hat course the passage 
has been made.

Further, Boas is unable to  point ou t for which group of the  Opisthobranchia the 
Gymnosomata have the  greatest affinity.

We m ust then enquire what arc the  special affinities of the  Gymnosomata, and 
whether the P teropoda are a  prim itive or a  derived group as regards the Tectibranchia ; 
and, further, according to  the answer obtained we m ust endeavour to show for each group 
of Pteropods (Thecosomata and  Gymnosomata) to  which group of Tectibranchs i t  is  m ost 
nearly related, and  how the passage from th e  one to  the  o ther has been brought about.

A. T h e c o s o m a t a .

I f  i t  were necessary to  investigate the relationships of th e  Thecosomata b y  reference 
only to  the organisation of the  Cavoliniidæ, the task  would present g rea t difficulties, for, 
as we have seen, these animals have undergone an anomalous transform ation, which 
quite masks the aspect they  would otherwise present, and  renders them  very  different 
from animals to  which they  are very closely related.

This is the cause which has led to  the affinities of the Pteropoda having been for so 
long misunderstood :— the Cavoliniidæ have been taken  as types of the Pteropoda, and  
as they  could n o t be classed along w ith other Mollusca, th ey  have been erected in to  an 
independent group.

Fortunately the  Limacinidae still exist in  our seas, and  we have been able to  show 
th a t they are the m ost prim itive Thecosomata, w hilst th e  Cavoliniidæ have been derived 
from them by a  process which we have indicated above. I t  is then  upon th e  Limacinidæ 
and no t upon th e  Cavoliniidæ th a t  we m ust rely  in  endeavouring to  trace ou t the  
affinities of the  Thecosomata.

Considering for a  m om ent the operculum  of th e  Limacinidæ, we see th a t  A c ta o n , 
one of the Bulloidea, is the  only oporculate Tectibranch, and  th a t its  operculum is precisely 
similar to  th a t of Lim acina— elongated, semi-lunar, and  with few coils. The reversed 
coiling of its spire arises from the  reverse coiling of th e  anim al and of the shell ; A ctaon  
is coiled in  the direct (right-handed) way, and  has an  operculum w ith a  sinistral spire ; 
Lim acina , which is coiled in  a  retrograde direction, has an  operculum w ith a  dextral spire.

M antle .— Á t the place where the  “  shield "  of the Thecosomata is situated, th e  roof of



80 THE VOYAGE OF H.M.S. CHALLENGER.

the palliai cavity of the Bulloidea also exhibits a  palliai gland (B ulla , PL II . fig. 3, d  ; 
Scaphander, &c.). This palliai gland of the Bulloidea presents different degrees of 
development; and in Actwon  (PI. I. fig. 6, a ) , where i t  is ra ther large, it is quite identical 
both in form and position with the shield of Limacinidæ (PI. I. fig. 5, a). The situation 
of this palliai gland in  the Bulloidea close to  the gili shows th a t it (and consequently also 
the “ shield ” of the Thecosomata) is nothing else than the hypobranchial gland of the 
Gastropods, which has become asymmetrical in  the adult stra igh t Thecosomata in con­
sequence of an adaptive return  to  the prim itive external sym m etry.1

The margin of th e  m antle in the Bulloidea is continued on the  rig h t side by a  large 
lobe (PI. II. fig, 3 , / )  which corresponds to  the righ t lobe of the m antle in  th e  Lima­
cinidæ, often called the “  balancer” (PI. I. fig. 1, g).

The Digestive Tract. 1 . R adula .— In the Tectibranchia system atists distinguish 
marginal and lateral teeth. In  reality all the teeth of the same transverse row (except 
the central tooth) are similar in form, and pass insensibly from the innerm ost to  the  
outermost by diminishing in  size and the  gradual loss of the marginal denticulations.

In the Bulloidea, properly so called, there are only a  small num ber of teeth on either 
side of the central one, for example in  Cylichna  and in some species of Tornatina  
(Tornatina ti'uncatula =  Cylichna tru n ca ta 2) ; F ischer8 is wrong in denying a  radula to 
the Tom atinidæ ; the outer teeth  are here very much reduced in size (these are the 
so-called “  marginal ”  teeth), whilst the inner (“ lateral ”) tooth on either side of the 
median one remain well developed, thus exhibiting a form ula which, b y  degeneration and 
loss of the  marginal teeth, comes in to  agreement w ith th a t  of the Thecosom ata;4 this 
formula ( l —1—1) is in  fact exhibited by some of the Bulloidea— S caphander  (Sara),6 
A m phisphyra  (Lovén),0 R uncina?

The form of the teeth in  th e  Bulloidea is the  same as th a t in  the  Thecosomata, 
especially the m ost prim itive ones, the  Limacinidæ.

2. Salivai'y Glands.— In  S caphander8 these have precisely the  form and structure of 
those of the  Thecosomata, short, ovoid, and  with no differentiated duct.

1 Scbiemenz (U eber die W asscroufnahme bei Lam ellibranchiatcn und  Qoetropoden, M itth. Zool. Stat. 
Neapel, Bd. v. p. 627) haa already recognised the  relations between th e  “  shield  "  and  the  “  m ucous "  (hypo- 
branchial) gland of Gastropoda, b u t ho identities i t  also w ith the  ink-bag of tho Cephalopoda. T h is homology 
doe* not hold, for th e  hypobm nchial gland exists in  the  Cephalopoda, and  as there uro tw o g ills so th e re  urc
tw o hypobranchial glonds, w hich have been long know n u n d er th e  numc of spleen (“ M ilz"). Jo u h in . who lias 
studied these organs (S tructure e t développem ent d e  la bronchie do quolqucs Céphalopodes des Côtes de France, 
Arch. d. Zool. Ezpér. sér. 2, t. iii. pp. 116-110), has n o t recognised th e ir  homology for w an t o f comparison.

* Form ula— *—1—1—1-4 ; see Forbes and  H anley, H istory  of the  B ritish  Mollusca and  th e ir  Shells, pi. vv. fig. 4a.
* Manuel d e  Conchyliologie, p. 656.
* I n  th e  genus Cylichna, also, th e  reduction of the  num ber o f “ m arginal” teeth  is  clearly visible. Sec Sars, Mollusca 

regionis arctica: Norvegiœ, p i. xi. figs. 3 (Cylichna alba, Brown, 6 -1 -1 -1 -5 ) , 4  (Cylichna cylindracea, P enn ., 3 -1 -1 —1 —3),
6 (Cylichna propinqua, M. Sars, 2 -1 —1—1—2). • Loc. cit., pi. xi. figs. 13, 14.

* Malacozoologi, O/vcriigl k. Vctennk.-Akad. Fbrhandl., 1847, p i. i i i .;  Forbes and H anley, loc. cit., pi. U U , tig. 2 ,c.
1 G ray, G uide to  the System atic D istribution  of th e  Mollusca in  the  British M useum, p a r t i . (1867), fig. 114, p. 205.
* Vayssière, Recherches anatom iques su r la  fam ille  des Bullidés, loc. cit., pi. x. fig. 87.
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3. Gizzard or Stomach.— Almost all the  Bulloidea have a  stom ach arm ed w ith horny 
plates, usually three in  number, almost symm etrical (one dorsal, an d  a  la teral one on 
cither side). This num ber is, however, variable, as is also th e  sym m etry  of th e  plates. 
Thus in Scaphander  the  three plates are irregular, the  dorsal being very narrow. In  
Acera  there are nine such plates, and in R uncina  ( =  P elta )  four sym m etrically disposed 
as in  the  Theocosomata,1 so th a t in th is respect the  Bulloidea differ much m ore among 
themselves than R u n c in a  differs from the  Thecosomata.

Besides th is  there are in  m any Bulloidea in fron t of th e  three large sym m etrical p lates 
twice as m any smaller plates, ju s t as in  the Thecosomata (B u lla  hyda tis ,2 B u lla  s tr ia ta ,3 

H am inea  cornea * &c.).
4. Liver.— P hiline  and  B ulla  are said to  have two hepatic d u c ts ;6 th e  less 

specialised C avolinia (Cavolinia trisp inosa6 and Cavolinia quadridenta ta , PI. III. 
fig. 4, h , j )  have also two.

5. A n a l G land.— The gland which is found in th e  Cavoliniidæ (Clio, Cavolinia) to 
the left of th e  visceral cavity a t the  extrem ity  of the  rectum , alm ost sym m etrically 
w ith respect to  the osphradium, exists also in  the Bulloidea ; I  have seen i t  in B u lla  
stria ta , H am inea  hyda tis  (PL II. fig. 3, h), and  H a m in ea  cornea ; in  Scaphander  it 
occupies a  prolongation of the  m antle which accompanies the  visceral sac for several 
tu rn s  of the  spire (as V ayssière7 has already observed) ; in  Actæon  th e  arrangem ent is 
similar to  th a t  of Scajriiander, b u t the extension formed by th e  gland is much longer and 
reaches as far as the first coils of the  spire.

The Generative Organs.— In  P hiline* and D orid ium 9 there is a  vesicula seminalis 
comparable to  th a t of certain  species of Cavolinia (e.g., Cavolinia tridentata).

The N ervous System .— The cerebral ganglia are separated from each o ther and  con­
nected b y  a  long supraœsophageal commissure, bo th  in  the  Bulloidea and  th e  Theco­
somata. The pleural ganglia are fused with th e  cerebral in  th e  Thecosomata to  form a 
single mass which is usually undivided externally. This is also th e  case in  Actæon  
(PI. II. fig. 1 1 ) ; in  all th e  other Bulloidea th e  pleural ganglia are situated  near to  the 
cerebral ganglia, so th a t th e  cerebro-pleural connectives are e ither very  short or no t 
discernible. W e have fu rther seen th a t  in  the Thecosomata, e.g., in  C ym bulia  (PI. IV. 
fig. 2 ), the 8tomato-ga8tric nervous system  has th e  same arrangem ent as in  th e  Bulloidea 
(Philine) : an anterior and  a  posterior ring  connected b y  threads passing between the 
horny stomacal plates.

1 Vayssière, Recherches anatom iques su r lea genres P elta  e t T ylodina, A n tu  d. Sei. N a t. (ZooL), sé r. G, t. xv. 
p i  i. fig. 4. * Vayssière, Recherches anatom iques su r  la  fam ille des Bullidès, loc. cil., pL x ii. fig. I I I .

8 Vayssière, Recherches zoologiques e t anatom iques su r les M ollusques Opiatobrancliea d u  Golfe d e  Marseille, 
i. Tectibranches, loc. cit., p i. i  fig. 4. 4 Ibid., pL i. fig. 11.

6 Vayssière, Recherches anatom iques su r la  fam ille dea Bullidds, loc. cit., p. 88.
e Souleyet, Voyage de la  B onite, Zoologie, t .  ii. p i. ix . fig. 30.
7 Vayssière, Recherches anatom iques su r la  fam ille des B ullidés, loc. cit., p. 90.
8 Ibid., pL X. fig. 83. • Ibid., p i. v iii. fig. 68.
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Hence i t  appears th a t the  Thecosomata resemble the Bulloidea m ore than  th e  G ym no­
somata.

We m ust now inquire w hat are the special affinities of these la tte r, th a t  is to  say, 
what are the  Tectibranchia to  which they  are m ost nearly  related ?

B. G y m no som ata .

As in the case of th e  Thecosomata we have based our inquiry on the m ost prim itive 
of the group, th a t  is, m ainly on the  Pneumonodermatidæ, an d  especially on D exio­
branchaea. W e have already shown in th e  R eport on th e  G ym nosom ata1 th a t  the 
Pneumonodermatidæ are th e  m ost prim itive of the naked Pteropoda, and th a t  D exio­
branchaea is the  least specialised among them. W agner3 is qu ite  w rong in  regarding 
Clione as more prim itive than  Pneum onoderm a, and the la tte r  as derived from th e  former.

a. In  m ost Tectibranchs there is a proboscis of the  acrembolic type, th a t  is, produced 
by the  évagination of the  anterior p art of th e  oesophagus, like th e  ra th er short one of 
Dexiobranchaea and  Clione (PI. V. fig. 4, a), the  somewhat longer one of Pneum onoderm a3 
and Spongiobranchaea,4 and th e  very  long one of Clionopsis.* Am ong th e  Anaspidea 
(Aplysioidea) we find a similar ra th e r short proboscis in  Ajelysia, N otarchus ,* &c.

b. Like the Gymnosomata the  Aplysioidea have tw o pairs of cephalic tentacles 
(Aplysia, N otarchus  (Fig. 4, on p. 83), Dolabella, &c.); the an terio r pair correspond to 
the  labial pair of the  Gymnosomata, and th e  second pa ir to  the nuchal tentacles of these 
la tter, for the  olfactory nerve term inates in their interior and  the optic nerve a t  their 
base. In  the  Bulloidea, on the o ther hand, we know th a t  the  cephalic tentacles fuse to 
form the  shield which is of so much im portance in  connection w ith  the burrow ing habits 
of these animals.

c. The fins of th e  Gym nosomata are comparable to  those of th e  Aplysioidea,
Von Jh e rin g 7 refuses to  adm it tho homology of th e  parapodia o f Gastropteron  and 

the  other Tectibranchia w ith th e  “  pteropodia ” o f th e  Pteropoda. I f 'th e se  organs are 
absolutely homologous w ith the epipodia of th e  Prosobranchs which the French school 
of th e  Sorbonne (Lacaze D uthiers and his pupils) regard as p a llia i  in  nature, th a t  is a 
point which I  should n o t like to  affirm ; nevertheless, I  regard these la tte r  as also pedal 
in  origin.8 I  m aintain, however, th a t th e  parapodia of th e  Tectibranchs and  the fins of 
the  Pteropoda are strictly  homologous.

1 Zool. C h a ii Exp., port lv iii. p . 07. * D ie W irbellosen des wcissen M eeres, B d. i. p . H®-
5 ZooL ChalL Exp., p a r t  lviiL p . 6, fig. 1,4- * Ib id ., p . 19, fig. 2 , 1.
6 Ibid., p i  i i i  fig. 1.
0 Vayssière, Recherches zoologiques e t  anatom iques su r les M ollusques Opistobnm chea d u  Golfe de Mareeiue, 

i. Tectibranches, loc. cit., p . 8 a
7 Vergleichende Anatom ie des N ervensystem es u n d  Pbylogenie d er M ollusken, p. 249.
• P au l Pelseneer, S u r  l a  valeur m orphologique de l’épipodium  des G astropodes rhipidoglosses, Comptes Tendus, t  cv. 

p. 678.
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On dissecting an A p lys ia  and  a  Pneum onoderm a  i t  will be seen th a t th e  fins of the 
la tte r  and the  parapodia of the  former are innervated in  exactly the  same m anner, similar 
nerves pass to  them , issuing from the  same points in  the pedal ganglia.

In  the Bulloidea, th e  parapodia (specially developed in  Gastropteron, A cera , &c.) are 
continuous w ith th e  p lan tar or creeping surface of the  foot, and  form w ith i t  an u n in ­
terrupted  surface. In  the  Aplysioidea the  more ventral portion of th e  parapodia serves 
as a  p art of the  visceral wall (Fig. 3, B), so th a t  their origin appears to  be separate from 
th e  p lan tar surface ; a sijnilar arrangem ent is found in  the Gylnnosomatous Pteropods, 
where, in  consequence of the  reduction of the  p lan tar surface, th e  parapodia or fins seem 
still further separated from the  latter.

A  B

a
F io .  S.— D iag ram m atic  tran sv e rse  sections, A , o f  o n e  o f  th e  B ullo idea, B , o f o n e  o f  th e  A p ly sio id ea  ;

a ,  creep ing  su rface  o f  th e  fo o t ; b, pa rap o d iu m  o r  n a ta to ry  lo b e  o f  th e  foot.

Among the  Aplysioidea are found different degrees of freedom of the  parapodia 
relatively to  th e  visceral sac, which lead gradually to  the  Gymnosomatous type. Thus 
in  A p lys ia  leporina  the  parapodia are largely united behind ; in  A p lys ia  p u n c ta ta  they  
are less so ; in A p lys ia  fa sc ia ta  they  are for the m ost p art free.

In  all these, however, th e  p lan tar surface is fused with the visceral mass, to  the 
posterior ex trem ity  of which i t  extends, and 
the  parapodia reach to  the  same poin t as the 
p lan tar surface. In  N otarchus, on the  other 
hand (Fig. 4), th e  p lan tar surface has no con­
nection with the  visceral sac, and the two
parapodia are united dorsally above th is  la tter, 
being fused throughout th e ir  whole length 
except a  small trac t an terio rly ; th ey  form 
thus a  sac in  which floats the  visceral mass.
In  the  same m anner in  the  Gym nosomata the Fia. 4.—sagittal Motion of irotarcAus; a, creeping surface or

. . . . . .  t h e  fo o t ; b , p a ra p o d ia  u n ite d  so  as t o  fo rm  a sao  a ro u n d
foot has no connection with the  Visceral sac ; the vlsc«rtd  m aos ; c, apartar* of th* sao ; d, head with
but here the  plan tar surface being reduced to  anterior and posterior tentacle*.
the anterior part of th e  body, th e  parapodia or fina are also reduced to  th e  same 
portion.

If, however, the  fins of th e  Gym nosomata are homologous w ith  th e  parapodia of the
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Aplysioidea, then these m ust be indisputably so with those of th e  Bulloidea, for they  pass 
insensibly from one in to  the  other b y  transitional stages. On the  o th er hand  th e  fins 
of the Thecosomata correspond w ith th e  parapodia of the  Bulloidea, an d  like these la tte r 
are continuous w ith the  p lan tar surface of th e  foot, and  also continuous w ith  th e  posterior 
or ventral lobe of the  foot. Hence i t  follows th a t, contrary to  the opinion of Boas,1 
the fins of the  Thecosomata and those of the  Gym nosomata arc s tric tly  homologous.

d. I f  we consider the digestive trac t :—
(i.) R a d u la .— The tee th  of th e  Gymnosomata resemble in  form those of a  large 

num ber of Tectibranchs, e.g., A p lys ia . As in  th is  case i t  is seen th a t, in 
the same transverse row of the radula, all the  tee th  except the m edian one 
are identical in  form and only differ by decreasing in  size from the inner­
m ost to  th e  outermost.

Furtherm ore, we have seen th a t in the  Gym nosom ata the num ber of 
lateral teeth  increases with age.3 In A p ly s ia ,3 an d  probably in all the 
other Anaspidea, the  sta te  of m atters is exactly th e  same.

(ii.) J a m .— A ll the  Gym nosomata are provided w ith  paired jaws, which meet 
in the middle line ventrally. Clione alone is w ithout them , as are certain 
carnivorous Tectibranchs, e.g., Actæ on, D orid ium , Lobiger.

B ut in  addition to  the jaw s united upon the  floor of the  buccal cavity in 
front of the  radula, the  Gymnosomata, except H alopsyche, possess hook-sacs, 
the homologies of which are no t clearly explained.

W hen Eschricht published th e  anatom ical description of Clione4 the 
horny buccal organs of other Gym nosomata were no t known. Eschricht, 
finding in th is Gymnosome a  radula and no jaws, b u t two hook-sacs, 
regarded these la tte r as representing morphologically th e  jaw s of other 
Molluscs.® Since then , however, the s tudy  of th e  Gym nosomata has shown 
th a t  they  possess, in addition to  the hook-sacs found in  Clione, two jaws 
approximated in  th e  ventral m edian line which are w anting in  th is  latter.

The homologies of th e  hook-sacs are thus still unknown.
They are not, however, entirely new structures which are no t found 

elsewhere. On the  contrary, and  in  fact in  th e  Aplysioidea (N otarchus , Dola­
bella, &c.), there  m ay be observed an arrangem ent in  which i t  is easy to  see 
the origin of the  hook-sacs of the Gymnosomata. This arrangem ent, to 
which a tten tion  was first called b y  Vayssière,® consists in  the  presence on 

1 Spolia atlantica, p . 179.
* ZooL ChalL Exp., p art lviii. pp . 6 ,1 3 .
8 Vayssière, Recherches zoologiques e t anatom iques su r  les M ollusques O pistobranches d u  Golfe d e  Marseille,

i. Tectibranches, loc. cit., p . 61.
4 Anatom ische U ntersuchungen über d ie  C lione borealis, 1838. 8 Ibid., p . 10.
4 Vaysnère, Recherches zoologiques e t anatom iques su r  les M ollusques O pistobranches d u  Golfe d e  Marseille, 

L Tectibranches, loc. oit., p . 90.
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the roof (superior or dorsal wall) of the buccal cavity  of an arm atu re  of 
ra ther strong and somewhat recurved hooks (PL IV. fig. 5).1 I  have sa tis­
fied m yself of th e  existence of th is  arm ature in N otarchus p u n c ta tu s  and 
Dolabella neapolitana .*

On comparing th is arm ature, n o t w ith the  hook-sacs of Pneum ono­
derm a, which present the m ost highly specialised form of these organs, bu t 
ra ther with those of Dexiobranchaea (PI. IV. fig. 6), which actually  present 
the prim itive conchtion, i t  is easy to  understand th a t i t  is n o t a  g rea t step  
from the dorsal buccal wall, covered w ith hooka, to  the  small depressions 
filled w ith hooks found in  Dexiobi'anchæa.

W hat, however, is the morphological value of th is arm ature of hooks in 
Notarchus and Dolabella and  of th e  hook-sacs of th e  Gym nosomata ?

The comparative study of th e  horny buccal pieces o th er th an  the  radula 
is a ttended with peculiar difficulties, for these pieces have never been the 
subjects of system atic investigation as has the radula. The knowledge of 
these organs which we possess is then very fragm entary, and  there are 
scarcely any  synthetic documents relating to  them.

The only attem pt to  tre a t these pieces system atically was made by 
Mörch more than tw enty  years ago.3 B ut th is author, besides including 
among the  extra-radular pieces organs which have no place there (e.g., the 
pickaxe-like organs of Conus, which correspond morphologically to  the 
radula), m ultiplies the  num ber of different species which, according to 
him, m ay be distinguished among these organs, so th a t  he by no means 
facilitates the  systém atisation and homologisation of these extra-radular 
pieces.

These horny extra-radular pieces are w anting in  certain Gastropod 
Mollusca— Toxoglossa (Conus, P leurotom a, &c.), Pyramidellidae, Euliraidæ, 
many Trochidae, Heteropoda, G adinia, Am phibola, Testacellidae, m any 
Nudibranchs (Doridopsis, Hei'mæa, Tethys), P hyllid ia , Pellibranchia, 
certain Tectibranchs (Actæon, U triculus, Scaphander, D orid ium , Lobiger). 
B u t the  g rea t m ajority  of the  Mollusca called “  Odontophora ” possess 
horny buccal pieces o ther th an  th e  radula.

As regards th e  relative position of these organs, we m ay  sta te  in  the 
first place th a t  the radula is always situated  posteriorly to  every o ther horny

1 Ibid., p i. iv . fig. 90.
* Dolabella neapolitana, delle  Chiaje, seems to  m e to  be identical w ith  A plysia  petalifera. Rang, A plysia  xcebbii, von 

Beneden, Aplysia depressa, Cantxaine, and  Dollabella ornata, D eshayea; o n  the  o ther hand , however, i t  a p p e a n  to  
conetitnte a  genua (Aplysiella) d istinct from  A plysia  and  Dolabella. I t  w ill p robably  b e  necessary therefore to  call 
thia species Aplysiella petalifera (Rang).

* On the  Homology of the  Buccal Parta o f the  M ollusca, A nn. and Mag. N at. H ist., ser. 3, voL xvL p . 73.
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piece which may be present in  the  buccal cavity ; sometimes these m ay be 
near the radula, b u t they  are never behind it.

Furtherm ore, the  radula is always situated  in  the inferior (ventral or 
neural) part of the  alimentary canal, w hilst the  extra-radular horny pieces 
m ay be a t  any  point w hatever of the  circumference of th e  buccal cavity—  
dorsally, ventrally , or laterally.

To these various situations of the  extra-radular horny pieces m ust 
certainly be a ttribu ted  the  diversity of the organs which have been distin­
guished among them , as well as th e  confusion which reigns among the 
names which have been applied to  them.

The extra-radular horny pieces are inserted directly in to  th e  wall of 
th e  digestive tract, and can only be removed along w ith  i t  ; the radula, 
on the contrary, forms an independent mobile ribbon, capable of 
extensive displacements, and actuated b y  a  m uscular and cartilaginous 
mechanism.

Finally, as to  the  physiological rôle of the extra-radular horny pieces : 
by reason of their situation being usually anterior, they  have for special 
du ty  the retention of the  prey, or of such portion of i t  as they  have seized, 
whilst the radula discharges the function of dividing and com m inuting it.

All the  extra-radular horny pieces, however diverse their forms and the 
names by which they have been designated, appear to  me on an ultimate 
analysis to  be referable to  jaws. The prim itive form of these la tte r organs 
m ust have been a  horny ring, situated in  fron t of the  radula towards the 
anterior portion of the  buccal cav ity ; the  origin of th is ring  has been 
the cuticularisation of th is latter cavity a t th e  place where i t  is most 
exposed.

This annular form m ay still be seen in a  few Molluscs (e.g., in Umbrella), 
where the  ring is divided vertically into two lateral halves. By a  transverse 
division into dorsal and ventral portions, the  mandibles of the Cephalopoda 
have taken origin.

The two lateral halves of th is ring arc also found in  the  lateral mandibles 
of nearly all Gastropoda. These hom y pieces m ay have remained as a 
single united surface, or may have become scaly or covered with spines, 
which m ight finally become isolated and independent ; lastly, the separate 
portions m ay subdivide and reunite in  various ways, and give rise to 
the numerous types of extra-radular horny pieces found among the 
Gastropoda.

As regards the special case of the  Aplysioidea and  the  Gymnosomata, the 
scaly jaws (which are approximated in  the  median ventral line) and the
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dorsal hooks of N otarchus  (which have become specialised in to  th e  hook- 
sacs of th e  Gymnosomata) would represent the  modified rem ains of the 
prim itive horny ring.

(iii.) S a liva ry  Glands.— These organs in  the  Gym nosomata closely resemble the  
corresponding organs of the  Aplysioid Tectibranchia; they  are  narrow  
and elongated, and extend, gradually dim inishing in  diam eter, from the  
distal extrem ity to  their term ination in the  buccal mass, w ithout any  
separation into a  proper glandular portion and  a  d istinct duct.

(iv.) Stomach.— In  the  adult Gymnosomata th is  is unarmed. This absence of 
m asticatory plates in the  stomach is probably due to  the exclusively car­
nivorous d iet of the Gymnosomata. Indeed the  m ost carnivorous of the  
Bulloidea (e.g., D o ñ d iu m )  are also w ithout gastric plates.

e. The R espiratory Organs.— The m ost prim itive of the  Gym nosomata (Pneum ono­
dermatidæ) have a lateral gili (on the  righ t side), th e  position and relations of which 
leave no doubt as to  its  homology w ith the  gili of the Aplysioidea and  of all the 
Tectibranchs (the posterior gili of Pneumonoderma, Spongiobranchia , Clionopsis, and 
Notobranchaea being a new formation). This lateral gili, although sim pler th an  th a t 
of the  Aplysioidea, is analogous to  i t  in its structure, for in  Pneum onoderm a  i t  is also 
formed b y  the folding of a  single lamella.

f  The Generative Organs.— The herm aphrodite genital gland of th e  Gymnosomata 
is arranged like th a t  of all the  Tectibranchs. The conformation of the genital d u c t in  
the Aplysioidea is exactly identical w ith th a t of the duct in  th e  Gym nosomata, the  
accessory genital glands (albuminiparous and muciparous glands) and th e  receptaculum  
seminis being situated towards its  extrem ity. The structure and position of the  copu­
latory organ also are the same both in  the  Aplysioidea and  the  Gymnosomata.

g. The Nervous System .— There is alm ost absolute id en tity  between the  central 
nervous system  of a Gymnosome (e.g., Spongiobrancliæa, PI. V. fig. 3) and  th a t  of certain 
Aplysioidea, such as N o tarchus1 or Dolabella  (PI. V. fig. 2), and  th e  central nervous 
system of o ther Aplysioidea only differs from th a t  o f  the  Gym nosom ata in th e  elonga­
tion of the pleuro-vÍ8ceral connectives and  the displacement backwards of th e  visceral 
ganglia.

In  the  Gymnosomata and  in  all the  Aplysioidea the  cerebral ganglia are closely 
approximated on the  dorsal aspect of th e  oesophagus ; the pleural ganglia are close to  the 
pedal ganglia, so th a t th e  cerebro-pleural connectives are alm ost as long as th e  cerebro- 
pedal, and the plcuro-pedal connectives scarcely exist. A long and slender sub- 
œsophageal cerebral commissure (subcerebral commissure o f von Jhering) also exists in 
both groups.

1 Vayssière, Recherches zoologiquea e t anatom iques su r les M ollusques Opistobranches d u  Golfe de Marseille, 
loc. cit., p i  iv . figs. 94, 96.
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As regards the visceral ganglia, th ey  are asymmetrical in  th e  Aplysioidea {Aplysia, 
Notarchus,1 Dolabella rum phii?  Dolabella neapolitana, &c.) as in  th e  Gym nosom ata ; the 
righ t ganglion is larger than  the  left, and gives origin to th ree principal nerves (right 
palliai and two visceral nerves), w hilst the left ganglion only gives rise to  th e  left palliai 
nerve.

In the Aplysioidea (A jilysia , &c.) I  have observed the same pleuro-pedal anastomoses 
(cervical plexus) as has been above described in  all the  Gymnosomata.

The situation of th e  osphradium is th e  same both in th e  Aplysioidea and  the 
Gymnosomata— between the  genital opening and th e  apertu re  of the kidney, a little 
ventrally  (compare the figure of Clione, PI. V. fig. 5, j ,  w ith th a t of A p ly s ia  published 
b y  m y esteemed teacher Professor E. Ray Lankester").

The careful comparison of the  Gymnosomata and  the  G astropods shows then  th a t the 
former have very close affinities with the  Aplysioidea ; th a t  th ey  differ less from them 
than from the Thecosomata; and  th a t, on the  o ther hand, the Aplysioidea differ less from 
the Bulloidea than from the Gymnosomata.

V. DO T H E  PTEROPOD A CO NSTITUTE A P R IM IT IV E  OR
A D ER IV ED  G R O U P?

The view has often been expressed th a t  the P teropoda constitu te a  prim itive group 
in  the phylum  Mollusca. Haeckel1 in his phylogeny of th e  Mollusca shows th a t  Pteropods 
are situated a t the base of th e  two groups Cephalopoda and Gastropoda.

In  the  same way von Jh e rin g 5 considered th a t  P teropods are  the  ancestors of the 
Cephalopoda ; b u t he has since abandoned th e  idea of th e  affinity between these two 
groups. W agner, on th e  o ther hand, points to  th e  P teropoda as the  probable source of 
the Cephalopoda.0 Lastly, several zoologists still regard the Pteropods as prim itive in 
consequence of the  simplicity which is observed in  certain p arts  of th e ir  organisation, as 
for example th e  circulatory apparatus (Roule,7 &c.).

To th e  question a t th e  head of th is  chapter we have now to  reply  :— No, th e  P tero­
pods are no t prim itive Molluscs ; on the  o ther hand, they  constitu te a  derived group 
among the  Mollusca.

In  support of th is view, argum ents m ay be adduced from— (1) com parative anatomy,
(2) embryology, (3) palæontology.

1. A. The profound asym m etry of the  organisation of the  P teropods indicates a group
1 Ibid., p i. iv. figs. 94, 95.
* A m audrut, Le Systèm e nerveux de la  D olabella R um phÿ , B ull. Soc. Philoni. Paris, sér. 7, t. x. p . 70.
8 Mollusca, in  E ncyclopedia B ritannica, 9 th  ed., vol. xvi. p . 057, fig. 03, m ,  betw een k  and  o.
4 N atürliche Schöpfungsgeschichte, ed. 3, p . 475 ; G enerelle Morphologie, L i i  p. cxiii, and  p i. vi.
6 Vergleichende A natom ie des N ervensystem  es u n d  Phylogenie d er M ollusken, p . 249.
0 D ie W irbellosen des weiasen Meeres, B d. i. p .  117.
7 Recherches hietologiquea su r  les Lam ellibranches, Jouru. A u a t. et Phys., 23« année, p. 72.
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which has already undergone numerous modifications, and  has become widely separated 
from the prim itive symmetrical Archimollusc.

B. The concentration of the  nervous centres indicates a  very specialised an d  highly 
differentiated group.

2. In the  course of their development the Pteropods pass through a  stage even more 
asymmetrical than  the adult. This fact indicates clearly th a t  they  arise from ancestors 
more asymmetrical than  themselves, and th a t  th e ir  apparent sym m etry  has been 
acquired in th e  course of tim e by adaptation to  their natato ry  habits.

Comparative anatom y and embryology indicate then th a t th e  Pteropoda are  not 
prim itive Mollusca, and furthermore, th a t they  are derived from ancestors which them ­
selves are no t prim itive, bu t on the contrary already specialised. Some naturalists 
entirely m isunderstand the  degree of specialisation of the G astropoda ; thus Boutan1 
regards as the  m ost prim itive those Gastropods which he calls typical, th a t is to  say those 
in  which the  asym m etry is carried to  the highest pitch, and he criticises th e  opinion of 
Spengel, who regards the Fissurcllidæ as prim itive Gastropoda. Among the asym m etrical 
Gastropoda, Fissurella  and  its allies are in  fact the  m ost prim itive, as is shown b y  the 
conformation of some of their organs (e.g., those of circulation and  excretion) ; such is 
the inaccurate poin t of view which Boutan has adopted and  from  which he has been led 
to  confound th e  judicious conclusions of Spengel w ith the  rash generalisations of von 
Jhering.

3. The organisms from the  Prim ary formations, which are usually referred to  the 
Pteropoda, have no affinities w ith these la tter, as I  shall show further on. In  tho 
Secondary rocks there are no traces of Pteropods, the first undoubted rem ains of th is 
group being found in the  lower Tertiaries. They are then of recent origin.

We are consequently justified in  say ing :— The Pteropoda do n o t form a  prim itive 
group, b u t on the contrary a  recent and specialised one— a term inal group. T he greater 
part of th e  characters of term inal groups, as form ulated b y  m y esteemed teacher, 
Professor Giard,2 are entirely applicable to  the  P teropoda :—

(1) They are profoundly modified in  adaptation to  a  special mode o f existence.
(2) They exhibit very slight variability.
(3) They include only a  small num ber o f species.

VI. PO LY PH Y LETIC O R IG IN  OF T H E  PTEROPODA.

We regard i t  then as proved th a t th e  Pteropoda (both  Thecosomata and  G ym no­
somata) are derived animals and of recent origin, and  b y  no m eans prim itive 
Mollusca.

1 Recherches su r l ’onotoraie e t le  développem ent de F issurolla, Archives de Zool Expér., 8Ór. 2 , fc. i i i .  bis, pp . 16 0 ,161
* Observations .  . .  (ea r les mammifères ovipares), B u l l  Scient D épart Nord, 1886, p. 416.
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On the other band, we have seen th a t each group has different affinities— those o f the 
Theocosomata being with th e  Bulloidea, those of the Gym nosomata with the Aplysioidea. 
We m ust conclude therefore th a t the P teropoda are polyphylctic in  origin.

We shall now endeavour to  show in the  case of each group w hat has been the  line of 
descent.

A. O r ig in  o f  t h e  T h ecosom ata .

H itherto  those authors who have believed th a t the  affinities of tho Pteropoda are 
with the  Tectibranchia (de Blainville and  Boas) have contented them selves with indi­
cating the  proxim ity of the  Thecosomata to  the  Bulloidea, b u t w ithout going further and 
try ing  to  ascertain whether the Thecosomata arc phylogeuctically derived from these 
la tter, and in what way th is descent m ay have taken place.

I t  m ay be most confidently affirmed th a t the Thecosomata are descended from ancestors 
resembling the Bulloidea, and th a t  the cause of the  modifications which they  have under­
gone is to  be found in the increase of natatory habits and  the  adaptation to  pelagic life.

I f  now we try  to  ascertain by w hat process the passage from one group to  another 
has taken place, and by what successive modifications a  Bulloid has become a  Thccoso- 
matous Pteropod, wc are m et a t  first by an apparent difficulty, in  the  fact th a t  the most 
prim itive Thecosomata, the Limacinidæ, are sinistrorsal, w hilst all the  existing Bulloidea 
are dcxtrorsal. But is th is a  real difficulty ? Is there in fact a  great morphological 
difference between a  dextrorsal and a  sinistrorsal animal ?

O f w hat importance is the  direction of the spiral ? I t  is of scarcely any  value, for 
we see among the species of a  single genus (N eptunea, P yru la , Vertigo, &c.), o r  among 
the  genera of a  single fam ily (Lanistes and A m p u lla ria ), forms coiled in opposite 
directions.1 I f  th is be the  case w ith forms so nearly related, there  is a  fo r tio r i  no reason 
for astonishm ent th a t  the same th ing  should happen in  th e  case o f the  Bulloidea and 
Limacinidae.

The examples ju s t  quoted show th a t i t  is very natural and  simple th a t among the 
Bulloidea there should have arisen in course of tim e sinistrorsal forms, which, however, have 
preserved the dextrorsal asym m etry of their in ternal organisation ; th a t  is to say, th a t in 
these animals the  “ sinistrorsity ” has only affected the coiling of the  visceral sac and the 
shell, and these sinistral forms would bear to  some of the  Bulloidea th e  same relation that 
Lanistes bears to  A m pullaria . (Bouvier* has shown th a t  Lariistes is no t sinistral as 
regards its organisation, and  th a t  i t  differs from A m p u lla r ia  only by the contrary 
twisting of its  visceral sac.)

These forms, which are still unknown to  us, are the  ex tinc t ancestry of the Lima-
1 In the Pyramidellidae we have a case in which in the same specimen the first coils are sinistral and the subsequent 

ones dextral.
1 Sur le système nerveux typique de» Proeobianches d extres on sdnestrcs, QmpUt rmdus, t  elii. p. 1270.
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cinidæ. We know th a t in these la tte r also the  sin istrorsity  has only affected th e  coiling 
of th e  spire.

I t  is easy to  explain the transition from a  creeping Bulloid to  a  swimming Limacinid. 
Even among the Bulloidea we observe a  great tendency to  natatory habits ; th e  m argins of 
the foot (parapodia) extend laterally so far th a t they cau be reflected over the  shell, and 
assist b y  their movements, in  a  natation a t first im perfect then  gradually m ore complete, 
in the  forms which have become more specialised (A cera , &c.), and  even carried ou t to a 
very high degree in Gastropteron.

I t  is quite comprehensible how, am ong animals having such tendencies, forms should 
have arisen having the  m antle and shell well developed and w ith sinistral coiling, which 
b y  gradual specialisation have become exclusively pelagic animals, the  first rough sketch, 
as i t  were, of the Limaciuidæ.

I f  we examine the  whole series of the Bulloidea (or Cephalaspidea), liv ing and  fossil, 
we shall find th a t  the most ancient are forms resembling Actæon  (these are probably the 
m ost ancient of the  Opisthobranchia, and  their importance with respect to  th e  phylogeny 
of the Gastropoda cannot be overrated) ; the  organisation of the recent Actæon  (especially 
its nervous system, generative organs, and  operculum), and its  possible relations with the 
Pyramidellidae, show th a t i t  m ay be no t very far removed from the  common stock of the 
Streptoneura (Prosobranchs and  Hetcropods) and the Euthyneura.

The genus B u lla , however, properly so called, scarcely appears before the  Cretaceous 
period.

The presence of an operculum in  the m ost prim itive Thecosomata (Limacinidæ and 
the  larvæ of the Cymbuliidae) shows th a t  they  are descended from operculate ancestors. 
Actæon still retains th is operculum (it is the  only Opisthobranch which does no t lose i t  in 
the  adult state), and  all the fossil Actæonidæ certainly possessed it. The earliest Bullid» 
— sens, lat., i.e., comprising the Scaphandridæ and the  Tornatinidae— (derived from the 
Actæonidæ) m ust have possessed i t  also, and  the animals of th is family will only have lost 
i t  subsequently in the  adu lt condition. I t  is from some of these operculate forms, in ter­
mediate between Actæon  and  B u lla , th a t  the  first Thecosomatous Pteropods have arisen.

I f  for example we consider such forms as Globiconcha or H y d a tin a  ; i f  we allow th a t 
some of them  have become coiled sinistrally w hilst retaining the dextrorsal asym m etry 
in their organisation (as happens in  some Gastropods, e.g., Lanistes); lastly, if  in  these 
animals the lateral m argins of the foot, already strongly developed, become s till more 
specialised, we shall have the first Limacinidæ.

A sinistra! shell from one of the forms above quoted would, in  fact, closely resemble 
a  short-spired shell of one of the Limacinidæ, such as the  earliest Eocene Lim acinæ. On 
the other hand, owing to  more and  more exclusive adaptation to  pelagic life, th e  shell 
of the Bulloidea m ust have become more delicate, and have acquired a  structu re  very 
similar to  th a t of Lim acina, as in  the  case of tho shells of th e  liv ing H am inea  and
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A c e ra ; and  since these Bulloidea probably resembled Acera, we m ay still find a  feature 
of resemblance in th e  “ proboscis ” of th is la tte r  and  th a t  of P eraclis  and  the  young 
Cymbuliidæ.

I have said th a t the Thecosomatous Pteropods m ust have arisen tow ards the  end of 
the  Cretaceous or in  th e  early p a rt of the  T ertiary  epoch. Indeed, in the  Secondary 
period there exists no Pteropod analogous to  the  T ertiary  Thecosomata ; and, as I have 
already said, I  cannot adm it among the Thecosomata the so-called P rim ary  “  Pteropoda.”

There exists a  considerable num ber of these fossils (more than  a  hundred species), 
which, no t being assignable to  any  other group, have been placed am ong the  Pteropoda 
on account of certain apparent resemblances.

The absence, which has been already m entioned, of any  organic rem ains in the 
Secoudary rocks which could possibly be a ttribu ted  to the Pteropoda, and the  enormous 
interval of lim e which consequently separates these fossils from th e  true T ertiary  Theco­
somata, is of itself an argum ent against the in terpretation which has been given by 
palaeontologists of these organisms.

The only so-called “  Pteropods ” in  the Secondary rocks are two species of Conularia 
analogous to  those of th e  Prim ary formations— Conularia  sp., B ittner,1 from the Trias, 
and Conularia cancellata, Argeliez, from the  Lias.

In  spite of the  distance in  tim e which separates the  P rim ary  “  P teropoda ” from the 
true Thecosomata of the Tertiary period, the  form er have h itherto  been always ranged 
among the latter, although only a  small num ber of them  show an external resemblance to 
certain species of Clio of the  subgenera Creseis and  H yalocylix.

The fossils which exhibit th is supposed resemblance to  the  existing Cavoliniidæ are 
as follows :—

1. The “  Ci'eseis” and  “ S ty lio la ” o í  th e  Silurian and  Devonian. These are fossils 
which arc no t very well preserved, have no em bryonic shell like th a t  of Clio, and often 
■exhibiting a  longitudinal striation such as is seen in  no existing species of Clio. No real 
affinity can be found between these organisms and  the genus Clio (Creseis) ; on the  other 
hand, the  great size of these Prim ary fossils separates them  from  all known forms of 
Pteropoda in the same m anner as th ey  are separated by stratigraphical considerations, for 
from the Devonian to  the lower Tertiary  there is no fossil which could be referred to  an 
extinct Thccosomc of th is group.

As to  the supposed specimens of Creseis of small size described b y  Ehrenberg,3 their 
strong regular curvature, th e ir oblique m outh, their apex w ithout an y  d istinct embryonic 
shell, separate them  entirely from all the  known Thecosomata, and  render i t  impossible to 
unite them with the  subgenus Creseis of Clio.

1 Vcrhandl. k. k. yeoi. Reichtantt., 1878, p. 281.
’ U sher massenhaft je tz t  lebende oceanisehe und  die fossile ältesten  P teropoden d e r  U rw elt, Monatsber.

preuts. A k a d  d. JViss. Rerlin, 1861, tigs. 19-21.
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2. Tentaculites.— These are the  only Prim ary “ Pteropods ” on which one m ight found 
argum ents in favour of an apparent resemblance to  the  subgenus H yalocylix  of Clio. 
Their external surface, indeed, presents grooves or ra ther trans­
verse rings. Nevertheless, the  comparison of median longitudinal 
sections of a  Tentaculites and a  Clio shows a t once th a t the 
resemblance is only superficial, and th a t in  reality the two 
organisms are qu ite  dissimilar in  structure.

1 The Thecosomatous Pteropods such as Clio have a shell of 
almost coustant thickness, and  distended a t the  ex trem ity  (einbry- ^  £
onic shell of Fol). Tentaculites, on the  other hand, ends in  a  F io .5 .-U n R¡tud¡nai*crt¡<mof

sharply pointed extrem ity, and the thickness of the shell gradually Jô r S *!' °rTcntacullles'
increases from the  aperture towards the  apex.1

In the  same way the  supposed Devonian Cleodora (= C lio )} described by Ludwig,3 
has the apex like th a t  of Tentaculites, aud no t a t all like th a t  of Clio.

Among the other Prim ary “  Pteropods ” three principal groups m ay be distinguished—  
(1) Conularia , (2) Hyolithes, (3) the Cymbuliidae described by Ehrenberg, Ecculi- 
omphalus, Portlock ( =  Phanerotinus , Sowerby ; th is was ranged by B ronn3 among the 
Pteropods, b u t is really a  Gastropod allied to  the  Solariidae).

1. Conularia.— These differ from all the Thecosomatous Pteropoda h itherto  known 
in  their quadrangular shell and  contracted aperture ; even th e  structure of their shell 
separates them  entirely from the  Thecosomata. They have been placed along w ith these 
by d ’Archiac and  Verneuil, who, no t being zoologists, were unacquainted w ith the 
organisation of the  Pteropoda ; and in  consequence merely of th is  allocation all palaeon­
tologists have continued to  class Conularia  among the  Pteropods.4

2. Hyolithes.— These are distinguished from all the P teropoda b y  their triangular 
form, their partitions, and their operculum, which in  no respect resembles th a t of any  
operculate Mollusc. I  m ust also here allude to  the  case of Calceola sandalina, which 
was so long referred to  the  Brachiopoda, and which is only an operculate Polyp. 
W ithout com m itting m yself to  an y  opinion regarding H yolithes, which I  have n o t had 
the opportunity  of studying personally, I  m ay ask w hether i t  m ay no t be possible th a t 
th is also is a  species of operculate Polyp.

1 Ludw ig, P teropodcn qus dem  Devon und  Oligocan in  Hessen und  Nassau, Palxontograpkica, Bd. xi. 
p i  1. 56.

3 Ibid. I m ust m ention th a t  th o  elongated P rim ary  fossils w ith on in itia l d ila ta tion  resem ble Dentaliida«, as m uch 
as if n o t more than  Thecosomatous P terjpoda (com pare M. Sars, M alakologiske Jagtlagelser, Forhandl. V id. Se!sk., 18G4, 
pL viii. figs. 49-61, a n d  0 .  0 .  Sors, O n some Rem arkable Form s of A nim al Life, &c., i. 1872, pi. iii. figs. 14, 16). Some 
sim ilar Dentaliida» have been found in  the  Challenger soundings. T h is would furnish a n  argum eut in  favour of the  
views o f Grobben, w ho regards th e  Scaphopoda as very prim itive forms (M orphologische S tud ien , &c., loc. cit.).

* D ie Klassen und  O rdnungen des T hierreichs, Bd. i i i  p . G46.
4 Lindström (O n the  S ilurian Gastropoda and  P teropoda of G otland, K . Svensk. Vctenik. A kad. Handi.,  Bd. xix. N o. 6, 

p. 40) insists th a t tho sep ta  o f Conularia fu rn ish  a  proof o f i ts  P teropod natu re , whereas n o t one o f th e  liv ing  Thecoso­
m ata has septa o f th is  character.
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3. Cymbuliidae— The Silurian fossils described by E hrenberg1 under the name of 
Panderclla, and regarded as larval shells of Cymbuliidæ,3 are coiled in a  plane, and  are 
bilaterally symmetrical like those of Bellerophon or Oxygyrus.

As to  the fossils referred w ith a “ ? ” to  larval shells of C ym bu lia3 and Tiedem annia  
( =  Gleba)* they are entirely uncoiled, the  turns of th e  spire n o t being in  contact ; and 
in m ost cases they are coiled in one plane, neither spire nor umbilicus being visible. 
There is thus no connection between these fossils and the larval shells of Cymbuliidæ.

To sum up, we see th a t in the  case of all these P rim ary  so-called “  P teropoda ” there 
is no reason w hatever to  regard them  as Thecosomata. One palæontologist even has 
recognised the im probability of the organisms being referable to  the  Pteropoda : Hoernes,4 
in speaking of C om daria  and  H yolithes, says th a t they  “  perhaps form  a  group distinct 
from the Pteropods and  of unknown affinities.”

I  am strongly inclined to  believe th a t among these Prim ary “ Pteropods ” there are 
organisms belonging to different groups, bu t I am unable to  decide which ; and perhaps, 
even after a  prolonged study, i t  would be impossible to  class them  w ith an y  known 
living organisms. W hat I can definitely assert, however (and Boas, whose authority  ou 
th is point cannot be doubted, has arrived a t the  same opinion0), is th a t no t one of them 
has the least affinity of auy kind w hatever w ith the Pteropoda, and  th a t these la tte r are 
ouly to  be discerned with certain ty  a t  the  beginning of the T ertia ry  period.

B. O r ig in  o f  t h e  G y m n o so m a t a .

We have already shown th a t  the  Gym nosomata are  closely related to  the  Aplysioidea. 
Ju s t as we consider th a t  the Thecosomata are descended from the Bulloidea, so we are 
persuaded th a t the Gymnosomata have arisen from Aplysioid ancestors, and  we have 
already expressed thia opinion several times.7

In the present instance we cannot, as with Thecosomata, call palæontology to  witness. 
The shell of th e  Aplysioidea is quite rudim entary, scarcely calcified, and  b u t little  adapted 
to  fossilisation ; and  in  th e  Gym nosomata both m antle and shell have entire ly  disappeared 
in  the  adult.

In  N otarchus  among the Aplysioidea, the m antle is already extrem ely reduced, and 
the shell has become microscopic, being lodged a  little  behind the anus.8 Thus th is  form

1 U eber m assenhaft je tz t  lebendo oceanische und  d ie  fossile ältesten  P toropoden d er U rw elt, Monalsber. d. k. preust. 
Akad. d. IViss. Berlin, 1861, p . 434. U eber d ie  Obereiluriseben und  Devonischen microBCopiscbon Pteropodcn, 
Polythalaruieu und  Crinoiden bei Petersburg  in  Russland, Ib id ., 1862, pp . 699, 600.

» Ueber massenhaft je tz t  lebende, &o., loc. cit., fige. 1-9. * Ib id ., fige. 10, 11.
4 Ibid., figs. 12-18. » M anuel d e  P a lto n tologie, p. 3 7 3 .
• Spolia atlantica, pp. 94, 95.
7 Description d’u u  nouveau genre d e  Ptdropode Gymnosoma, B ull. Soiênt Ddp. Nord, 1886, p. 226 ; and  Zool. 

Chaii. Exp., p a r t lv iii. p. 67.
* Vayssière, Recherches zoologiqu»  e t anatom ique» su r  lés M ollusques Opistobranohee d u  Golfe de MaieeiU®, 

L Tectibranches, loc. cü., p . i i i  fig. 81.
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leads on to  a  stage which is found in  the Gymnosomata. Furtherm ore, there are in 
Notarchus  m any structures in  which the  whole organisation of the  Gym nosom ata m ay 
be foreseen.

The foot is entirely separated from the visceral sac, as in the  Gymnosomata. The 
parapodia (lateral margins of the foot) have become greatly  developed, bu t owing to  a 
special modification their free borders have fused dorsally, form ing around the  body a 
large "epipodial” or parapodial sac, open only in  fron t above the  neck, so th a t  swimming 
is performed in  N otarchus  by the parapodia i t  is true, b u t in a m anner which recalls the 
propulsion of the Cephalopoda, tho w ater contained in  the parapodial sac being expelled 
by its  contraction.

On the other hand the  palatine roof, armed w ith hooks, o f  N otarchus  indicates, as we 
have seen, the  first origin of the hook-sacs of the  Gymnosomata, and  the lateral gili is 
homologous with th a t of the Pneumonodermatidæ. Finally, th e  conformation of the 
nervous system is identical in N otarchus  (and also in the  D olabella neapolitana ) and  the 
Gymnosomata.

If, then, we assume a  form nearly related to N otarchus , in which th e  free m argins of 
the  parapodia have no t fused ; in  which the  creepiug foot has become shortened b y  disuse ; 
in  which the  small rudim ents of m antle and shell seen in N otarchus  have entirely 
disappeared ; in  which the  covering of hooks found on the palatine arch has been 
divided in to  symm etrical halves located in two depressions of th e  wall of the digestive 
trac t (thus becoming transform ed in to  hook-sacs like those of Dexiobranchaea) ; in which 
on the  ventral wrall of the  proboscis there have been formed prehensile organs sim ilar to 
the prim itive suckers of Dexiobranchaea ; and lastly , in  which the  gili has been some­
w hat simplified in its  structure,— we shall have a  type very close to  the  m ost prim itive 
Pneumonodermatidæ.

In the  system atic Report on the  Gym nosomata (Relations of th e  Gym nosomata 
to  each other ')  I  have shown how all th e  living forms of Gymnosomata m ay be derived 
from this prim itive type. We are therefore justified in  sayiug th a t  th e  Gymnosomata 
are specialised Aplysioidea, adapted to  extrem ely natato ry  habits, and  to  an entirely 
pelagic mode of life.

V IL  SUMMARY.

A. The Pteropoda do no t constitute among the  Mollusca a  class of the same value as 
the  Cephalopoda, Gastropoda, Scaphopoda, and  Pelecypoda.

B. The Pteropoda are no t prim itive Mollusca, b u t are a  derived and recent group.
C. They have no affinity with the  Cephalopoda.
D. They are Gastropoda in  which th e  adaptation to  pelagic life has so modified their 

external characters as to  give them  an apparent symmetry.
* Zool. Chaii. Exp., part lviiL pp. 67-69.
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E. Among the Gastropoda they do not constitute a  distinct subclass, nor even an 
order.

F. They belong to  the Euthyneura, and among these to  the Tectibranchiatc Opistho- 
branchs. They differ less from the  Tectibranchs than  these differ from  the  other 
Opisthobranchs. The different families which make up the  P teropoda m u st be 
distributed among the  families of the Tectibranchia according to  th e ir  special affinities.

G. The Pteropoda are polyphyletic in  their origin ; in  o ther words, th e  Thecosomata 
and Gymnosomata are two independent groups : they  have no t a  common origin and 
they differ more from each o ther than  each one differs from a  group o f Tectibranchs 
to  which i t  is m ost closely allied.

H. The Thecosomata have descended from the  Bulloidea.
I. The Gymnosomata have descended from the  Aplysioidea.

V III. GENERAL CONCLUSIONS.

I  have shown th a t the Pteropoda differ less from the  Euthyncurous G astropoda of 
the Tectibranchiate Opisthobranch group than  these differ from the o ther Opistho- 
branchs, and th a t  the  different forms which have h itherto  been united in  one “  class ” 
Pteropoda find their natural places besides certain families of Tectibranchs. F urther­
more, I have shown th a t the “ Pteropoda ” as a  whole differ less from those Tectibranchs 
which are known as Cephalaspidea and Anaspidea (or Bulloidea an d  Aplysioidea re­
spectively) than  these together differ from the  th ird  group of Tectibranchs, Notaspidea 
(or Pleurobranchoidea).

In  conclusion then  I m ay say :— The H eteropoda were form erly regarded as a  distinct 
class like the  Pteropoda. But for a  long tim e now they  have been placed among the 
Gastropoda, the affinities having been recognised which they  bear to  th e  S treptoneura (or 
Prosobranchia), of which, to  use the  expression of Spengel, they  are forms “  modified 
b y  adaptation to  a pelagic mode of life.” 1

I  am strongly in  favour of th is mode of classifying th e  H eteropoda according to 
their natural affinities. Y et the H eteropoda are G astropoda m uch m ore specialised m 
their organisation than  are the P teropoda; and  they exhib it differences from all the 
S treptoneura m uch greater than  those which separate th e  P teropoda from  the  Euthy- 
neurous Gastropoda of the  Tectibranchiate Opisthobranch group.

Henceforth, therefore, we should abstain from m aking a  d istinct class of the 
Pteropoda, bu t we should ra th e r d istribute th e  anim als which have been called b y  this 
name amoug other groups, according to  th e ir natural affinities.

The table on the  following page shows th e  m anner in  which I  propose to  classify the 
Pteropoda.

1 D ie Gerucheorgone und  das N ervensystem  d er M ollusken, Z e il tc h r .f  w ia . Zool., Bd. xxxv . p . 343.
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T a b l e  s h o w i n g  P r o p o s e d  C l a s s i f i c a t i o n  o f  P t e r o p o d a .

Iso p leu ra  
(  =  A m phineurn)

G astropoda
I

A nisopleum

S tre p to n e u ra  E u th y n e u ra
( =  P ro so b ran ch ia  an d  H ete ro p o d a)

P u lm o n a ta )Í8thobO p isth o b ran ch ia

N u d ib ran ch ia T ec tib ran ch ia

I
1.

B ulloidea
C ephalasp idea)

P e ltid æ ,1
D oridiidœ ,
G nstroptoridæ ,
P hilin id re ,
A p lustridæ ,
B ullidœ ,
S caphondridæ ,
T ornatin idœ ,
AcLeonidæ,
Lim acinidae, J
Cavoliniidae  • (  -  T hecosom ata). 
C y m b u liid a , )

A plysio idea 
(  «  A naspidea) 

Lophocercidæ, 
A plysiidæ , 
P neum onodei'inatida , 
C lionopsida , 
N otobranchaidœ , 
C lionida ,
H a l  o]) fiyeh ida ,

2 . P leu ro b ran ch o id ea  
(  — N otasp idea).

(  =  G ym nosom ata).

1 A ll the authors w ho allude to  th ia  fam ily (W oodward, A  M anual o f th e  M ollusca, p. 187 ; B ronn, D ie Klassen 
and  O rdnungen des T hierreichs, Bd. iii. p. 796 ; Vayssière, Recherches zoologiques e t  anatom iques su r  les M ollusques 
Opistobranches d u  Golfe d e  Marseille, loc. cit., p. 104 ; Fischer, M anuel de Conchyliologie, p . 673) have regarded these 
Molluscs as Pleurobranchoidea. T h ey  are, however, tru e  Bulloidea, as is shown b y  th e  conformation of th e  head, o f the 
generative organs, and of th e  nervous system.
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Fig. 1. Lim acina  helicina.
Fig . 1. H ead  seen from  th e  r ig h t s id e  ; a , r ig h t ten tac le  ;  b, fin  ; c, te n tac u lifo rm  lobo o f  th o  fin ; d ,  posterior 

lobe of th e  f o o t ;  e, co lum ella r m u sc le ; f  m a n tle ;  g, “ b alan cer,”  o r  la te ra l lo b e  of th e  raan tlo  ; 
h , gen ita l open ing  ; i ,  sem ina l groove.

Fig. 2. Lim acina  lesueuri.
Fig . 2. D orsal vinw, w ith  th e  pen is (c) ev ag ina ted  ; a , th e  head , w ith  tw o  te n tac le s  a n d  th e  sem ina l groove ; 

b, “ b a lan c e r”;  c , penis.

Fig. 3. Lim acina  helicina.
Fig . 3. V iew  from  th o  r ig h t side , th e  m an tle , a s  also  th e  h e a r t and  k id n e y , h a v in g  b een  rem oved  from  th a t  s id e  ;

a ,  fin ; b, posterio r lobe o f  th o  fo o t ; r , buccal m ass ;  d , (esophagus ; e, one o f  th e  fo u r large 
s to m ach al p la tes  ; J ,  th e  posterio r do rsa l azygous p la te  ; g ,  in te s tin e  ; h , a n u s  ; t ,  gonad  o r  genital 
g la n d ;  ;, g en ita l d u c t ;  k ,  uccessory g en ita l g la n d s ;  I, sem ina l g ro o v e ; in , co lum ellar m u sc le ; n, 
pa llia i c a v ity  ; o, ce n tra l n erv o u s system .

Fig. 4. L im acina  lesueuri.
F ig . 4 . T h e  evag ina ted  ponis, seen from  th e  r ig h t side.

Fig. 5. L im acina  helicina.
F ig . 5. D o rsa l v iew  ; a ,  “  sh ie ld  ” o r  p a llia i g la n d  ; b, k id n e y  ; c, h ea rt, v is ib le  o w ing  to  th o  transparency  of 

the  m antle .

Fig. 6. Actæon tornatilis.
F ig . 6. D o rsa l v iew  ; a , b, c, a s  in  fig. 5 ;  d , cephalic  hood.

Figs. 7, 8. L im acina  helicina.
F ig . 7 .  C en tra l norvous system , seen  from  th e  le f t  s id e  ; a ,  buccal m a s s ;  b, o esophagus; c , cereb ral ganglion ;

d, cerebral com m issu re ; e, p eda l g a n g lio n ; f  r ig h t v iscera l g a n g lio n ; g, le f t  v iscera l gang lion ; 
h, otocy8t ; », te n ta c u la r  n e rv e  ; j ,  n e rv e  to  th e  fin  ; 2, S ,  v isceral no rvcs ; 4, l e f t  p a llia i nerve.

F ig . 8 . C en tra l n erv o u s system , seen fro m  th e  v e n tra l s id e  ; a ,  cereb ral gang lion  ;  b, p e d a l g an g lio n  ; c, r ig h t
v isceral gang lion  ; d , lo f t v iscera l g an g lio n  ; e, o to c y s t ; f  n e rv e  to  th e  fin  ; 7 ,  r ig h t  pa llia i n erv e  ; 
2 ,  8 ,  v isceral nerves ;  4 , le f t  p a llia i nerve.

Figs. 9 -12 . Peraclis reticulata.
F ig . 9. D o rsa l su rface  o f  th e  h e a d ;  a , h ead  w ith  th e  te n ta c le s ; b, f in ;  e , p o ste rio r lobo o f  th e  foot; 

d, operculum .
F ig . 10 . P a llia i g lan d  seen  from  w ith in .
F ig . 11. D is ta l ex tre m ity  o f  th e  g en ita l d u c t, seen  fro m  th e  r ig h t  s id e ;  a , g e n ita l a p e r tu ro ;  b, m uciparous 

g lan d  ; c, a lb u m in ip aro u s g lan d  ; d , v es icu la  sem inalis.
F ig . 12 . C en tra l norvous system , seen fro m  th o  v en tra l surface ; th o  ce reb ra l com m issure h a v in g  b een  divided 

an d  th o  cerebral g ang lia  reflected v c n tra lly  ; a , ce reb ra l g ap g lio n  ; b, p eda l gang lion  ; c, r ig h t  visceral 
g an g lio n ; d ,  azygous m ed ian  v isceral o r  abdom inal g a n g lio n ; c, lo f t v isceral g a n g lio n ; / ,  o tocyst; 
g, cerebral com m issure; h , cephalic  n e rv e ; », n erv e  to  th o  f in ; 7 , r ig h t  p a llia i  n e rv e ;  2, 8, visceral 
nerves ; 4, l e l t  p a llia i nerve.
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Fig. 1. Clio striata.
F ig . 1. V iew  from  th e  r ig h t  side , th o  m an tle , as also  tl.o  h ea rt a n d  k id n o y , h a v in g  boon rem oved from  th a t 

s id o ;  a ,  f i a ;  b, posterio r lobo o f  th e  f o o t ;  c , r ig h t  te n ta c le ; d , p a llia i c a v ity ;  c , buccal m ass ; f  
œ sophngus; g , ono o f  th e  an te r io r  gastric  p la te s ;  h , posterio r azygous g u s tn c  p ia lo ;  ?, in te s lin o ; 
j ,  b ilo  d u c t ;  /:, g en ita l g la n d ;  /, g on ita l d u c t ;  m , accessory  g en ita l g la n d s ;  » ,  d is ta l p a r t  o f  tho 
gen ita l d u c t ; o , g en ita l ap e rtu ro  ; j>, penis ; <j, orifico of th o  pen is ; r ,  position  occupied  b y  tho 

liver.

Fig. 2. .Clio pyram idata .
F ig . 2. P a llia i g land , seen  from  behind .

Fig. 3. B u lla  (H am inea) hydatis.
Fig. 3 . D orsal aspect, th o  m a n tle  h av in g  been s p li t  a n d  refiected  to  th o  le f t  sido  ; a, cephalic  h o o d  ; b, para- 

podium  ; c, p o in t u p  to  w h ich  th o  m an tle  h as  b een  d iv id e d  along  th o  d o tte d  l in o ;  d ,  pallia i or 
h y p o b ran ch ia l g la n d ;  e, g i l i ;  ƒ ,  la te ra l lobe of th o  m a n tlo ;  g , a n u s ;  h , a n a l g la n d ;  », sperm atic  
g ro o v e ; j ,  gen ita l aperturo .

Fig. 4. Clio striata.
F ig . 4. P o llia l g land , seen from  behind .

Fig. 5. Clio acicula.
F ig . 5 . S tom ach  oponed a lo n g  th e  do rsa l sido  ; a ,  œ sophagus ; b , th e  e ig h t sm a ll an te r io r  g as tric  p la tes  ;

c, th o  four la rge p la te s ; d ,  th e  p o ste rio r azygous v e n tra l p la to ;  e, com m encem en t o f  th o  in testine.

Fig. 6. C uvierina columnella.
Fig. C. T h e  cervical region opened  fro m  below  ; a ,  fin ; b, p o ste rio r lobo o f  th o  fo o t ; c, buccal m ass ;  d , central 

nervous sy stem  ; e, œ sophugus ; ƒ , d iaphragm .

Figs. 7, 8. Clio p yra m id a ta .
F ig . 7 . A n terio r po rtion , seen  from  th e  le f t  s id o ;  a ,  f in ;  b, p o ste rio r lobo  o f  th e  f o o t ;  c, le f t  te n ta d o ;

d , accessory g en ita l g lan d  ;  e, a n u s  ; ƒ , an a l g lan d  ; g , in te s tin o  ; h ,  liver.
F ig. 8 . V o n tra l asp ec t o f  th o  h e a r t a n d  k id n e y , th o  la t te r  h a v in g  b een  refiec ted  to w ard s th e  le f t  s id o ;

a ,  v e n tr ic le ; b, a u r ic le ;  c, p e r ic a rd iu m ; d, lc id n o y ; o, o p o n in g  from  th o  k id n o y  in to  th e  palliai 
cav ity  ; ƒ , com m unication  botw eon th o  k id n e y  a n d  poricavdium .

Fig. 9. Clio.
F ig . 9 . T ransverse section  th ro u g h  th e  contro l nerv o u s system  ; a ,  ce reb ra l gang lion  ; b, p leu ra l ganglion ; 

c, v isceral gang lion ic  m ass ; d ,  o to cy st w ith  o to lith s  ;  f  œ sophagus.

Fig. 10. Cuvierina columnella.
Fig. 10 . C en tra l nerv o u s system , seen  fro m  th o  le f t  s id o ;  a , corobrnl g a n g lio n ; b, p e d a l gang lion  ; c, p leural 

g a n g lio n ; d , le f t  v isceral g a n g lio n ; e, o to c y s t;  f  ce reb ra l c o m m issu re ; g , to n ta cu la r n e rv o ; 2 , 8, 
v isceral n e rv e s ; 4 , l e f t  p a llia i nervo.

Fig. 11. Actæ on tornatilis.
Fig. 11. C en tra l nerv o u s system , seen  from  th e  do rsa l s id e ;  a ,  cerebro -p leu ra l g a n g lio n ; b, p eda l gang lion ;

c, r ig h t an to rio r v isceral o r  su p ra in te s tin a l gang lion  ; d , ab d o m in a l o r  p o ste rio r v isceral ganglion ;
e, le ft an te rio r  v isceral o r  su b in te s tin a l g a n g lio n ; ƒ , g e n ita l (accessory) g u n g lio n ; g , osphradium  ; 
A, buccal o r  storaato-gastric  g an g lio n ; i ,  corebral co m m issu re ;.;, corebro-pedal connectivo ; le, ccrobro- 
p leu ra l connective ; I, p eda l com m issure ; m ,  second p eda l com m issure ;  /n , n o rv e  to  th e  penis.
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Fig. 1. Cuvierina columnella.
Fig. 1. C en tra l nervous sy stem , from  th o  v e n tra l su rface  ; a , p eda l ganglion ; b, r ig h t  v isceral g an g lio n  ; c, left 

v isceral ganglion ; d , o to cy st ; e, second  p eda l com m issure ; 1 ,  r ig h t  pa llia i n erv e  ;  2 , 3 ,  visceral 
nerves ; 4 , le f t  p a llia i nerve.

Fig. 2. Cavolinia longirostris.
F ig . 2. V en tra l aspec t, th e  m an tle  h av in g  b een  rem oved from  th is  sido  ; a , re trac to r  o r  co lum ella r m uscle ;

a ,  i ts  le ft an te r io r  b ran c h  ; 6, fin  ;  c , œ sophagus ; d ,  stom ach  ; c, in te s tin e  ; ƒ , liv e r  ; g ,  gen ita l 
g lan d  ; h , vesicula sem inalis ; î ,  accessory g en ita l g lands ; j ,  gou ita l duct.

Fig. 3. Cavolinia quadridentata.
F ig . 3. V en tra l asp ec t o f  th e  d ig es tiv e  tra c t  ; a ,  buccal m ass ; b, sa liv a ry  g lan d  ; c, œ sophagus ; d, stom ach  ;

et cæ cum  ; ƒ , in te s tin e  ; g, r ig h t  lobe of th e  liv e r  ; lí, its  d u c t  ; i ,  le f t  lobe of th o  liv e r  ; j ,  i ts  duct.

Fig. 4. Cavolinia inflexa.
F ig . 4. G enera tive  organs, seen from  th o  r ig h t s id e ;  a , g en ita l g land ; b, g en ita l d u c t  ; c , vesicu la  se m in a lis ; 

d , accessory g eu ita l g lan d s  ; e, g en ita l orifice ; / ,  sperm atic  groove.

Fig. 5. Cavolinia trispinosa.
Fig . 5. H o rn y  sp icu le  from  th e  penis.

Fig. 6. Limacinidae and Cavoliniidæ.
F ig . 6. C om parative d iagram s of th e  organ isa tion  of th e  L im acinidra and  C avolin iidæ , th e  a n im a ls  b e in g  seen 

from  th e  cephalic  e x tre m ity :— A , L im acin id æ  ;  B , C avolin iidæ . T h e  fo llow ing  le tte rs  h av e  tho 
sam e significance in  th e  tw o  d iag ram s ; a , œ sophagus ; b,  stom ach  ;  c, b ile -d u c t ; d , posterior 
azygous gastric  p la te  ;  d \  anus ;  e, o r ig in  o f  th e  g en ita l d u c t  ; / ,  g e n ita l orifice ; g,  p a llia i gland 
(sh ie ld ); h , p a llia i cav ity .

Fig. 7. Cym bulia peroni.
Fig . 7 . A n te rio r  aspec t, th e  fin h a v in g  been c u t th ro u g h  v e n tra lly  a n d  la te ra l ly ;  a , h ead  w ith  th e  two 

te n ta c le s ; b, f in ;  c, “ s h e ll” ;  d ,  p a llia i c a v ity ;  e, v isceral m ass a n d  a n u s ;  / ,  p a llia i gland 
(sh ield ).

Figs. 8 - 1 1 . Cymbulia.
Fig . 8 . a ,  P a llia i g lan d  ; 6, ou tline  o f  th e  shell.
F ig . 9 . V e n tra l asp ec t o f th o  g enerative  organs, th e  accessory g lan d s b e in g  reflected  to  th e  le f t  s id e ;

a ,  g en ita l g la n d ;  b, g en ita l d u c t ;  c, recoptacu lum  s e m in is ;  d ,  m uciparous g la n d ;  e, album ini-
parou8 g lan d  ; / ,  g en ita l orifico.

F ig . 10. V e n tra l aspect o f  th e  ce n tra l n erv o u s s y s te m ; a ,  cerebral g a n g lio n ; b, p eda l g an g lio n ; c, right
visceral gang lion  ; d ,  posterior v isceral o r  ab d o m in a l gang lion  ; e, lo ft v isceral gang lion  ; f ,  o tocyst ;
g, n e rv es  to  th e  fin  ; 1 ,  r ig h t  pa llia i n e rv e  ; 2 , 8 ,  v isceral n e rv es ; 4 ,  le f t  p a llia i nerve.

Fig. 11. L atera l v iew  of th e  cen tra l nervous sy s te m ; a ,  cereb ral g a n g lio n ; b, p e d a l gang lion  ; c, r ig h t  visceral 
ganglion ; d> posterio r v isceral o r abdom inal g an g lio n  ; e, corobral com m issure ; / ,  o to c y s t;  g , nerves 
to  th e  fin ; h ,  œ sophagus ; Í ,  le f t  p a llia i n erv e  ; 2 , 8 ,  v isceral nerves.

Fig. 12. Gleba cordata.
F ig . 12. A n terio r v iew  o f  th o  la rv a ;  a , b u cca l ap e rtu ro  ; b, pen is ; c , posterio r lobe o f  th e  fo o t



PLATE IV.

Figs. 1, 2. Cymbulia.
F ig . 1. C ontrai p a r t  o f  th e  an im al, seen from  th e  r ig h t  s id e  as a  tra n sp a re n t o b je c t ;  a , “ sh e ll” ; b, tru n ca ted  

fin ; f ,  posterior appendage o f  th e  fin, c u t  sh o r t ; <i, space betw een  th is  appendage a n d  th e  sh e ll ; 
e, pallia i g lan d  ; ƒ ,  en tronco  of th e  p a llia i cav ity  ; g, m o u th  ; //, v isceral m ass ; t ,  a u u s  ; j ,  gcn itu l 
orifice, follow ed b y  th e  sperm atic  groove lead ing  to  th e  pen is ; k ,  ap e rtu re  of th o  pen is ; /, lum en
of th o  k id n e y  ; w ,  a p e r tu re  lead ing  from  th o  k id n e y  in to  th e  p a llia i c a v ity  ; « , h e a r t ; o, central

nervous system  ; ]>, p a llia i cav ity .
Fig. 2. S tom nto-gastric nervous system , scon from  th e  le ft s id e  ;  a ,  m o u th  ; b,  buccal m ass ; r , sa liv a ry  g lan d  ;

d , œ sophogus ; e, stom ach  ; ƒ ,  in te s tin e  ; g , buccal gang lion  ; h , œ sophagcal n e rv e  lead ing  to  i, th o  

g as tric  plexus.

Figs. 3, 4. Gleba.
Fig. 3. a, P a llia i g lan d  ; b, o u tlin e  o f  th e  shell.
Fig. 4. C en tra l nervous system , seen  from  th o  le f t  side ; n , cerebral g an g lio n  ; b , p eda l gang lion  ; c., loft

v isceral gang lion  ; d , posterior v isceral o r  abdom inal g an g lio n  ; e, ccrobral com m issure ; J \  o tocyst ; 
g , nerves to  th e  fin  ; //, n erv e  to  th e  re trac to r  m uscle o f the  proboscis ; i, te n ta c u la r  n e rv e  ; j ,  
(Esophagus ; 3 ,  v isceral (genital) n e rv e ; 4> lo ft p a llia i nerve.

Fig. 5. Notarchus.
Fig. 6 . S ag ita l section o f  th e  buccal m ass, from  a  sk e tc h  k in d ly  p resen ted  b y  D r. V a y ss iè rc ; a , palatine

te e th  ; b, r ig h t  ja w  ; r , rad u la  ; </, m o u th  ; e, œ sophagus.

Fig. G. Dexiobranchaea.
Fig. 6. D iag ram atic  sag itta l section  o f  th e  buccal m ass ; a ,  hook-snc ; a ',  hook-sac as fo u n d  in  P neum onoderm a ; 

b,  ja w  ; c, ra d u la  ; d , m outh  ; e, œsophogus.

Fig. 7. Pneumonoderma.
F ig . 7 . T ransverse  sec tio n  o f  th e  do rsa l p a tch  ; a ,  ep ith e liu m  ;  b, la rge g la n d u la r  cells ; c, sm all central 

g la u d u la r  cells.

Fig. 8. Spongiobranchaea.
F ig . 8. D orsal v iew  o f  th e  g en e ra tiv e  o rgans ; a , g e n ita l g la n d  ; b , g en ita l d u c t ; c, m uciparous g land » 

d ,  a lbum in iparous g lan d  ; e, recep tacu lum  sem in is ; f  g en ita l orifice.

Fig. 9. Pncumonod&'ma.
F ig . 9. V e n tra l v iew  of th o  cen tra l n erv o u s system , th e  cerebral com m issure h a v in g  b een  d iv id e d  a n d  the 

cerebral g an g lia  reflected v en tro lly  ; cf, cereb ral gang lion  ; b, p e d a l gang lion  ; c, p leu ra l gang lion  ; 
d ,  r ig h t  v isceral g a n g lio n ; e, buccol g a n g lio n ; / ,  cereb ro -p leura l co n n e c tiv e ; g, cercbro-pedal con­
n e c tiv e ; h, pleuro-v¡8ceral co n n e c tiv e ; i, cerebro-buccal c o n n e c tiv e ; j , no rvo  from  th o  pleural 
gang lion  ; k ,  p eda l com m issure ; I, second  p eda l com m issure ; i., n o rv e  to  th o  fo o t ; i l ,  norvo to 
fin ;  iii ., iv ., la te ra l p eda l nerves ; v., v i., v ii., cervical n e rv es  ; / ,  nerve fro m  th o  r ig h t  visceral 
gan g lio n ; 2, S, m ed ian  nerves from  th o  le f t  v isceral g an g lio n ; 4» la te ra l nervo  fro m  th e  le ft visceral 
ganglion.

Fig. 1 0 .  Clionopsis.
Fig . 10. V e n tra l v iew  o f  th e  o sp h rad iu m  ;  a , o sp h rad iu m  ; b, n e rv e  ram ify in g  in  th o  o sphrad ium  ; c, anus ; 

d , open ing  o f  th e  k id n e y  ;  e, c loacal depression.



PLATE V.

Fig. 1 . Pneumonodenna.
Fig. 1. D orsal v iew  of th o  contra i n erv o u s sy s te m ; a , cereb ral g a n g lio n ; b, podal gangliou ; r , p leural 

gang lion  ; <1, v isceral gang lion  ; e, cerobro-pedal connective ; ƒ ,  ccrcbro-ploural connective ; g, 
plouro-visceral connective ; //, o lfac to ry  n e rv e  ; *, op tic  n e rv e  ; j,  norvo  to  th e  acctabulifcrous 
appendage ; k ,  n e rv e  to  th e  a n te r io r  ton tacle ; i,  lab ia l nerve.

Fig. 2. Dolabella neapolitana.
Fig. 2. C en tra l nervous sy stem , seen from  th o  r ig h t s id e  ; a , cereb ral gang lion  ; b, p eda l gang lion  ; c, p leural 

gang lion  ; d ,  r ig h t  v isceral ganglion ; e, cerebro-pcdal connective ; ƒ ,  cerebro-p leural connective ; 
gt plouro-visceral connectivo ; h , œsophogus.

Fig. 3. Spongiobranchia.
Fig. 3. C en tra l nervous system  scon from  th e  lo ft s id e  ; « , ce reb ra l g an g lio n  ; b, p eda l g an g lio n  ; c, p leural 

g a n g lio n ; <1, lo f t v isceral g a n g lio n ; e, ccrebro-pedol c o n n e c tiv e ; ƒ, cerebro-p leural co n n ec tiv e ; 
»7, plouro-visceral co nnectivo ; //, o to c y s t;  i, au d ito ry  norvo ; j ,  cerebro-b u cca l connective  ; 3, genital 
n erv e  ; 4 , la te ra l n erv e  from  th o  le f t  v isceral ganglion .

Fig. 4. Clione limacina.
Fig. 4. V e n tra l asp ec t o f th e  an terio r p o rtio n  ; a ,  ev ag ina tcd  proboscis ; b, ev a g in a ted  hook-sacs ; c, buccal

eone ; d, an te rio r  ten tac le  ; e, lin  ; ƒ, la te ra l lobe o f  th e  foot ; g , p o ste rio r lobo o f  th e  foot.

Figs. 5-7 . Clione.
Fig. 5 . A n te rio r  region, seen  from  th e  r ig h t side , in  o rd e r  to  show  th o  v iscera l open ings ; a , an te rio r  ten tac le  ;

b, head ; c, foot ; d ,  fin  c u t  o ff a t  its  o rig in  ; e, a n u s  ; f  a p e r tu re  o f  th e  k id n e y  ; g> genital
a p e r tu re  ; h ,  spe rm atic  groove ; t ,  orifice of th o  pen is ; j ,  osphrad ium .

Fig. 6 . O sphrad ium  a n d  i ts  n e rv e  su p p ly , seen  from  th o  r ig h t s id e  ; a ,  cerebral g an g lio n  ; b, p eda l ganglion ;
c, p le u ra l gang lion  ; d ,  r ig h t  v isceral gang lion  ; e, o sp h rad iu m  ; / ,  œ sophogus ; g, anus ; h, opening 
o f  th e  pen is ; i ,  la te ra l lobe o f  th e  fo o t ; j ,  p o ste rio r lobe o f  th e  foot.

F ig . 7 . T ransverse  section  o f  th o  o sp h ra d iu m ; a ,  o sp h rad ia l n e rv e ;  b,  i t s  sh ea th , co n tin u e d  b y  th o  connective 
envelope of th e  o sp h rad iu m  ; c, gang lion ic  ce lls  o f  th e  o sp h rad iu m  ; d , senso ry  ep ithelium .

F i g s .  8 - 1 1 .  H alopsyche gaudichaudi.
Fig. 8 . V on tra l aspoct o f th e  ce n tra l n erv o u s s y s te m ; a ,  ce reb ra l g a n g lio n ; b, p o d al g a n g lio n ; c, rig h t 

visceral ganglion ; d , posterio r v isceral o r  ab d o m in a l g an g lio n  ; e, le f t  v iscera l gang lion  ; / ,  second 
peda l co m m issu re ; g, cereb ral co m m issu re ; h , cerebro-pedal c o n n e c t iv e ; », o to c y s t;  j ,  nerve to  
th e  buccal appendage ; k ,  n erv e  a n d  g an g lio n  o f  t h e  n u ch a l te n ta c le  ; I, nerves to  th o  fin  ; m , nerve 
to  th e  fo o t ; J ,  2 ,  3 ,  4h v iscera l nerves.

Fig. 9. O ral v iew  o f  th e  ce n tra l n erv o u s sy s tem  ; a, cerebral gang lion  ; b, p e d a l g an g lio n  ; c , buccal ganglion ;
d ,  cerobro-pedal co nnective  ; e, cerebro-buccal connectivo  ; ƒ , second  p eda l com m issure ;  g , nervo 
an d  gang lion  of th e  n u ch a l te n ta c le ; h , n erv e  to  th e  buccal a p p e n d a g e ; t, n e rv e  to  th e  fo o t; 
j ,  nerves to  th e  fin.

Fig. 10. C en tra l nervous system , seen  from  th e  lo ft s id e ;  a ,  ce reb ra l g a n g l io n ;  b, p eda l g an g lio n ; ct loft 
v isceral gang lion  ; d ,  p o ste rio r v iscera l gang lion  ; e, n erv e  to  th o  buccal appendage ; / ,  nervo aud 
gang lion  of th o  n u ch a l te n tac le  ;  g , n e rv es to  th e  fin  ; h , o to cy st ; 3 , 4 ,  v isceral nerves.

Fig. 11. T ransverse  section  o f  th o  ce n tra l nerv o u s sy s tem  p ass in g  th ro u g h  th e  v iscera l g a n g lia ; a , cerebral 
ganglion ; b, r ig h t v isceral gang lion  ;  c, p o ste rio r v iscera l o r  ab d o m in a l g an g lio n  ;  d , le f t  visceral 
gang lion  ; e, cereb ral com m issure ;  ƒ ,  oesophagus.
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Page 2, lin e  23, f o r  “ O p is th o b ran ch ia ta” read  “T ec tib ran ch ia te ,” an d  vice vcrsâ.
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