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STUDIES ON THE ANATOMY OF LYMNAEA HUMILIS SAY1

B r u c e  M .  M c C r a w 2

Abstract
T he topographic an a to m y  of Lym naea hum ilis  is described, giving th e  relative 

positions of the  various in te rn a l organs. A descrip tion  of th e  an a to m y  of the 
cephalic hemocoele is also given. L ike Lym naea stagnalis th e  cen tra l nervous 
system  of L . hum ilis  consists of th e  pa ired  cerebral, buccal, pedal, pleural, and 
p a rie ta l ganglia an d  th e  unpaired  abdom inal ganglion. T he nerves arising  
from  th e  cen tra l nervous system  are  described and  p a rticu la r a tte n tio n  was 
devoted  to  th e  nerves arising  from  th e  pedal ganglia  an d  in nerva ting  th e  foot; 
fourteen  new nerves are nam ed o r described. T h e  reproductive  system  of L. 
hum-ilis is d ivided in to : (a) th e  ovo testis and  its  d u c t, (b) th e  fem ale system , 
and  (c) th e  male system . In  reproductive ly  active  snails, th e  female system  
is th e  largest of th e  th ree  portions, an d  consists of th e  uterus, oothecal gland, 
vagina, an d  sem inal receptacle. A n accessory s tru c tu re , th e  albumen- gland, 
is very  large in L . hum ilis. T h e  m ale system  consists of th e  upper an d  lower 
prosta te , vas deferens, an d  m ale copu la to ry  organ. T h e  connections betw een 
th e  herm aphrod ite  d u c t a n d  th e  m ale and  female system s show considerable 
s tru c tu ra l consolidation com pared to  these connections in L . stagnalis. T he 
m uciparous gland is n o t a d is tin c t e n tity  in L . hum ilis.

In  recen t years, the  an a to m y  of gastropods has received increased a tten tio n  
because certa in  of th e  in te rn a l s tru c tu re s  are im p o rtan t in understand ing  
th e  system atics of th is g roup  of m olluscs. In  his critical s tu d y  of th e  L y m ­
naeidae, H ubend ick  (18) based m uch of his revision of th is  fam ily  on the  
size and  shape of p a rts  of th e  rep roductive  system . H ow ever, th e re  is still 
ev id en t need for com para tive  anatom ical stud ies upon  m any of th e  L ym naei­
dae, as well as o ther P u lm o n ata . M oreover, a  know ledge of snail m orphology 
is essential in study ing  trem a to d e  life cycles, as i t  form s an  im p o rta n t basis 
in  the  in te rp re ta tio n  of th e  developm ental stages of flukes.

A n excellent b ib liography  on snail an a to m y  is contained  in th e  paper by 
C arriker (12) and  only th e  m ore p e rtin e n t w orks will be m entioned  here. 
T h e  topograph ic  an a to m y  of Lym naea stagnalis appressa  has been described 
by  C arriker (12), who m ade an  exhaustive s tu d y  on the  s tru c tu re  of the  
a lim en ta ry  canal of th is  snail. T h e  w ork of C arriker and  B ilstad  (13) on 
th e  h istology of th e  d igestive system  of L . stagnalis is an  extensive one.

T h e  nervous system  of th e  L ym naeidae has been stud ied  by  Lacaze D u th iers 
(21), B aker (5, 6), B argm ann  (10), E lo  (15), and  m ost recen tly  C arriker (12). 
One of the  m ost thorough  investiga tions in to  th e  nervous system  of any  
pu lm onate  is th a t  done by  Schm alz (22) on H elix  pomatia. Lacaze D u th ie rs’ 
paper (21) w as the  first ex tensive w ork dealing w ith  th e  nervous system  of 
th e  L ym naeidae alone. H e described the  principal ganglia and  nerve tru n k s  
of Lym naea pereger and  L . stagnalis. E lo (15) d ea lt p a rticu la rly  w ith  the 
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ram ifications of th e  m ain  nerve tru n k s, especially those serving th e  penis, 
m antle , and  in testine  of L. stagnalis. H e also a tte m p te d  to  homologize 
some of th e  principal nerves of L . stagnalis and  H . pom atia. A lthough 
C arriker (12) was concerned p rim arily  w ith  the  innerva tion  of th e  a lim en tary  
canal of L . stagnalis, he  also stud ied  m ost of th e  rem aining principal nerves. 
In  general, th e  findings of these tw o au th o rs  agree reasonably  well. Hownver, 
C arriker (12) clarified th e  nom enclature  of the  cen tra l nervous system  of 
L. stagnalis, basing as m uch as possible on the  nam es used by  form er investi­
gators. C a rrik e r’s (12) system  of nom enclature  is used in th e  presen t study , 
except w here new nerves are  described.

T h e  gross m orphology of the  rep roductive  tra c t of Lym naea  has been stud ied  
by B audelo t (11) and  C rabb  (14), who also briefly m entioned th e  histology 
as d id  K lo tz  (20). T h e  first accu ra te  descrip tion  of th e  rep roductive  system  
of L. stagnalis was given b y  C rabb  (14). M ore recen tly , H olm  (17), in his 
detailed  histological s tud ies, e laborated  an d  clarified m any of th e  functional 
aspects. T h e  ovotestis (herm aphrod ite  gland) of L . stagnalis has been 
investigated  by A rchie (4) and  the  em bryology of the  reproductive  system  as 
a whole by  F raser (16).

T he reproductive  system  of m em bers of the P lanorb idae has been investi­
gated by  B aker (8), H ubend ick  (19), and  also by  A bdel-M alek (2, 3), who 
gave a  brief b u t tho rough  coverage of th e  lite ra tu re  on these s tru c tu res  in 
other groups of G astropoda.

Some aspects of lym naeid  system atics, and, in particu lar, th e  position of 
Lym naea hum ilis  S ay  deserve special com m ent. R ecently , H ubend ick  (18) 
questioned th e  extensive use of some m orphological features in the  taxonom y 
of the  fam ily  Lym naeidae. One of these  is th e  shell, w hich shows g reat 
intraspecific varia tion . T h is  varia tio n  is well exemplified in his biom etric 
analysis of th e  shell Lym naea peregra. Shell size and  th ickness, as well as 
zebrine coloration  and  th e  position of grow th lines, do no t possess taxonom ic 
value because th ey  a re  less dependen t upon  h ered ita ry  conditions th an  upon 
environm ental factors. A no ther is the  rad u la , th e  use of w hich as a  key 
charac ter is lim ited by  the  fac t th a t  divergences in its s tru c tu re  are generally  
so sm all th a t  reliable observations are  difficult to m ake. T h is  is fu rther 
com plicated  by th e  sm allness of the  rad u la  itself. P reviously, considerable 
im portance  has been a tta c h e d  to  v aria tions in the  shell and rad u la  (6, 7). 
H ow ever, th e  findings of H ubend ick  (18) indicate th a t  extrem e care  is neces­
sary  in using these ch a rac te rs  in th e  system atics of the  L ym naeidae. As a 
resu lt of critical s tu d y , th e  following species recognized by  B aker (6) have 
been linked by H ubend ick  (18) to  Lym naea hum ilis  S ay : doddsi B aker, 
umbilicata  A dam s, cyclostoma W alker, parva Lea, parva sterki B aker, owas- 
coensis B aker, pilsbryi H em phill, ferruginea  H aldem an, hum ilis modicella 
Say, hum ilis  rustica  Lea, obrussa Say, obrussa peninsulae W alker, obrussa 
exigua Lea, obrussa decam pi S treng , galbana Say, and petoskeyensis W alker. 
H ubendick (18) w as h es itan t to  link  caperata Say w ith  Lym naea hum ilis. 
L. caperata is recognized as a pond or w oodland pool in h ab itan t.
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M ateria l for th e  presen t s tu d y  w as collected in  th e  region of A nn A rbor, 
M ichigan, principally  from  tw o localities. B o th  were on th e  R aisin  R iver. 
O ne w as located 3 miles so u th eas t of C lin ton , a t  N ew burg , in Lenaw ee C o u n ty ; 
th e  o ther 1 mile n o rthw est of C lin ton , in  W ash ten aw  C ounty .

Materials and Methods
F or b o th  gross an a to m y  and  histological s tu d ies  i t  w as necessary to  relax 

snails prior to  preservation  or fixation. M en tho l c ry sta ls  were found to  be 
sa tisfac to ry  for re laxation  (1). L iving snails w ere placed in a  stender dish 
an d  pow dered m enthol c rysta ls  w ere spread  over th e  surface of th e  w ater. 
B est resu lts  w ere ob ta ined  by  th en  re frigerating  th e  m en th o l-trea ted  snails 
for 18 to  24 hours. A t room  te m p e ra tu re  sufficient re laxation  occurred in 
2 to  4 hours. H ow ever, a t  room  te m p era tu re  som e m en th o l-trea ted  snails 
occasionally  died and the  re su lta n t degenera tive  changes m ade tissues un sa tis­
fac to ry  for sectioning. As soon as th e  snails failed to  co n trac t w hen placed 
in p reservative  or fixative th ey  were judged  to  b e  sufficiently relaxed.

A 10%  aqueous solution of form aldehyde w as th e  fixative used m ost fre­
quen tly . G ilsons and  Bouins w ere also used. T h e  relaxed snails were 
placed d irec tly  in to  th e  fixative and  tran sfe rred  a fte r  24 hours to  70%  alcohol. 
T h e  alcohol w as changed again  a f te r  24 hours to  o b ta in  a  m ore com plete 
rem oval of form aldehyde.

A  P e tri d ish , p artia lly  filled w ith  w ax, served as a  dissection tra y . ‘M in u ten ­
n ad e ln ’, jew eller’s forceps, and  s ta n d a rd  lab o ra to ry  equ ipm en t were used as 
dissecting  instrum ents. T in y  scalpels w ere m ade from  th e  ‘m in u ten -nade ln ’ 
b y  grinding them  down on a  fine g rade  of stone. B oth  th e  needles and  the  
scalpels were inserted  in to  balsaw ood handles. E q u a l p a r ts  of glycerin and  
70%  alcohol were used as a  d issecting  fluid for relaxed and  preserved snails. 
T h is  solution k e p t the  tissues so ft an d  easy to  w ork. R elaxed living snails 
w ere also dissected. A few of these snails were raised  in th e  lab o ra to ry ; 
how ever, m ost were field specim ens. T hese  field snails were rem arkab ly  
free of parasites.

Serial sections of bo th  th e  en tire  an im al and  ind iv idual organs w ere m ade 
to  confirm  th e  identification of dissected  stru c tu res . Acid alcohol w as used 
for th e  rem oval of the  shell, and  gas trap p ed  under th e  m an tle  cav ity  w as 
rem oved b y  vacuum  pum p. If  th e  gas w ere n o t rem oved, in ad eq u a te  infil­
tra tio n  of w ax resulted . Sections 8 or 10 to  50 ¡x were m ade and  these were 
s ta in ed  w ith  H arris’s hem atoxylin  an d  orange G  and  m ounted  in C anada 
balsam .

Topographic Anatomy
T h e  descrip tion  of the  topograph ic  an a to m y  of L . hum ilis  (Figs. 1 to  6) is 

based upon th a t  of a  relaxed snail w ith  th e  following shell dim ensions: length 
10.2 m m .; g rea test w id th  5.5 m m .; leng th  of ap e rtu re  5.7 m m .; w id th  of 
ap e rtu re  5.1 m m . L . hum ilis  of these dim ensions has ab o u t five whorls and 
m ay  be described as an  ‘av e rag e’ size for a  snail w hich has overw intered  in 
th e  region of A nn A rbor, M ichigan, and  is 8 or 9 m onths old.
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F i g . 1. L . hum ilis w i th  t h e  s h e l l  r e m o v e d  t o  s h o w  m a n t l e  p ig m e n ta t io n .  N o te  th e  
c o n s p ic u o u s  b a r  o f  p ig m e n t  p a r a l le l  to  t h e  e d g e  o f  t h e  m a n t le .

I M M . M A .

PN. 

PN. L .
AN.

UT.

R E N . 0 .

IN T .

V E N .
A U R . R E N . 0 .O.G.

I N IL .A .M .

A U R .

•V E N .

•M A .

SE. R.

M.G.

-T E N .

-VE. I M M .
A L B .  G.

F i g s . 2-4. T opographic  features of L . hum ilis  a fte r rem oval of th e  shell. F i g . 2. 
D orsal view  w ith  m an tle  cu t. F i g . 3. M an tle  p a r tly  c u t to show  an a l an d  m antle

Topographic

cav ity  openings. F i g . 4. L a te ra l view  of L . hum ilis.

A.— first portion  of th e  herm aphro- C .- 
d ite  gland du c t

AB.G .— abdom inal ganglion C .L .-
ALB.G .— album en g land  C O .N .-

A LB .G .D .— album en g land  d u c t C .P .N .-
A N .— anus D B .N .-

AO .N.— aortic  nerve D L .N .-
A .P .N .— an te rio r pedal nerve D .M .-

A .PL .N .— an te rio r palliai nerve E .-
AU R.— auricle E .P .N .-

A.V.N.— an te rio r velar nerve F .-
B.— second portion  of th e  herm aphro- F .A .C .P .- 

d ite  gland d u c t F .G .P .-
BC .C .— buccocerebral c o n n e c té e  F .L .P .P .N .-

B .G .— buccal ganglion F .N .-
B .M .— buccal m ass G IZ -

B .R .M .— buccal re tra c to r  m uscle G .N .-

-th ird  portion  of th e  he rm ap h ro ­
d ite  g land duct 

-comm issural lobule 
-colum ellar nerve 
-central pedal nerve 
-dorsobuccal nerve 
-dorsolabial nerve 
-dorsal m andible 
-eye
-external pedal nerve 
-foot
-first an te ro cen tra l pedal nerve
-female genital pore
-first lateroposterio r pedal nerve
-frontal nerve
-gizzard
-gastric nerve
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In  a  living L . hum ilis  th e  color of th e  foo t (F .) a n d  body  norm ally  exposed 
beyond  the  rim  of the  ap ertu re  varies from  lig h t to  d a rk  g ray . O ccasionally 
th e  dorsum  of th e  body  is alm ost black. In  a  relaxed an im al the  length  of 
th e  foo t from  th e  tip  of th e  velum  (VE.) to  th e  m o st posterior p a r t  is 7.2 m m . ; 
th e  g rea test w id th  a t  the  an te rio r end is 4.2 m m . T h e  velum  (Fig. 2) of L . 
hum ilis  is p rom inen t and the  longitud inal m o u th  a s  well as p a r t  of th e  dorsal 
m andib le  (Fig. 6, D .M .) are on th e  m id -v en tra l surface of th e  velum .

T h e  eyes a re  located  a t  th e  base of th e  tr ia n g u la r  ten tac les in th e  an te rio r 
angle, and  m easure ab o u t 100 ¡i in d iam ete r (F igs. 2 an d  4). T h e  heigh t 
from  the  base of th e  ten tac le  to  its  apex is ap p ro x im ate ly  0.85 m m . T h e  
leng th  of th e  en tire  base is 1.9 m m . and  th e  d istance  betw een th e  eyes is 
a b o u t the  sam e.

T h e  m ale gen ita l pore (Fig. 2, M .G .), s itu a te d  a t  th e  base of th e  rig h t 
ten tac le  in th e  posterior angle, is a  long itud inal s lit a b o u t 200 /¿ long.

W hen th e  shell is rem oved, th e  m an tle  over the  en tire  body  w horl is found 
to  be heavily  p igm ented  b u t is w indow ed b y  circu lar areas w here p igm enta tion  
is ab sen t (Fig. 1). T hese areas v a ry  in size b u t  a re  generally  sm aller posteri­
orly. T h ro u g h  these, th e  outlines of th e  organs b en ea th  th e  m an tle  m ay  be 
p a r tly  seen (Fig. 4). In  th e  region of th e  pneum atopore , a b o u t 1.70 mm.

H .D .B .— second portion  of th e  h erm aphro ­
d ite  du c t

I i .D .C .— th ird  portion  of th e  herm aphro­
d ite  duct 

IN .C .N .— inferior cervical nerve 
IN .L .N .— inferior labial nerve 

IN T .—-intestine 
I .P .N .— in te rn a l pedal nerve

I .P L .N .— in te rn a l palliai nerve 
L.— liver

L .A .M .— line of a tta ch m en t of m an tle  to  
body

L B .N .— laterobuccal nerve 
L .IN .C .N .— la te ra l inferior cervical nerve 

L .L .— la te ra l lobule 
L .M .— longitud inal muscle 

L .P .G .— lower p rosta te  gland 
L .P L .N .— left palliai nerve 

L .R .C O .N .— la te ra l ram us of th e  colum ellar 
nerve

L .S .C .N .— la te ra l superior cervical nerve 
L .V .N .— la te ra l ve la r nerve 

M A.— m antle  
M .G .— m ale genital pore 

M .IN .C .N .— m edial inferior cervical nerve 
M .P L .N .— m edian palliai nerve 

M .S .C .N .— m edial superior cervical nerve 
M .Y .N .— m edial ve la r nerve 

O E .— esophagus
O .G .— Öothecal gland 

O P .N .— op tic  nerve 
O T .N .—o p to ten tacu la r nerve 
P E .G .— pedal ganglion 
P E .N .— penial nerve 
P E .S .— penis shea th  

P .G .— parie ta l ganglion 
P L .G .— pleural ganglion

P N .— pneum atopore  
P N .L .— p n eum atopore  lip 

P .P .N .— posterio r pedal nerve 
P R E .— prepu tium  

P R O .M .— p ro trac to r m uscle of buccal mass 
P .V .N .— posterio r ve la r nerve 

R E N .O .— renal organ 
R .M .P R E .— re tra c to r m uscle of th e  prepu­

tiu m
R .M .P .S .— re tra c to r m uscle of th e  penis 

sheath
R .P L .N .— rig h t palliai nerve 

R .P .P .N .— rig h t posterior pedal nerve 
S .A .C .P .— second an tero cen tra l pedal 

nerve
S .C .N .—superio r cervical nerve 

S .D .—salivary  duct 
S E .R .— sem inal recep tac le  (F ig. 4)

S.G .— salivary  gland 
S .L .N .— superior labial nerve 

S .L .P .P .N .— second lateroposterio r pedal nerve 
S .N .— salivary  nerve 

S P L .N .— splanchnic nerve
S .R .—sem inal receptacle  (Figs. 10, 13)

S .R .D .— du ct of th e  sem inal receptacle 
T E N .— tentacle  

T E .N .— ten ta cu la r  nerve 
U .P.G .-—upper p ro s ta te  gland 

U T .— uterus 
YA.—vagina 

V B .N .— ventrobuccal nerve 
Y .D .— vas deferens 
V E .— velum 

V E N .— ventricle  
V L .N .— ventro lab ial nerve 

V P L .N .— ventropallial nerve
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above the  edge of th e  m an tle , is a  b ar of p igm ent, a  co n stan t fea tu re  in L. 
hum ilis  found in the  region of A nn A rbor (Fig. 1). T h is  b ar of p igm ent runs 
app rox im ate ly  parallel to  th e  edge of th e  m an tle  an d  is ab o u t 2.75 m m . long 
and  0.75 m m . wide.

T h e  pneum atoporal (or pneum ostom al) lip (P N .L .) is under th e  m an tle  
a t  the  rig h t posterior edge n ear th e  tip  of the  ap e rtu re  of the  shell (Fig. 3). 
On its la teral surface is th e  pneu m ato p o re  (P N .), th e  m ore or less v ertica l 
(to th e  edge of th e  m an tle) opening of th e  lung; th e  anus (AN.) is posterior 
to it. T h e  length  of th e  p neum atopora l lip a t  its  base is 1.5 m m . T he 
pneum atopore is th e  only opening in to  th e  m an tle  cav ity .

T h e  female genital pore (F .G .P .) is a  longitud inal s lit a b o u t 400 /j, long 
under the  lip of th e  pneum atopore  (Fig. 12). I t  is borne on a  d is tin c t oval 
m ound of tissue. O ccasionally, in sufficiently cleared specim ens, th e  vas 
deferens is visible as a  narrow  tu b e  ru n n in g  th rough  the  hem ocoele wall 
betw een the  m ale and  fem ale pores.

'B .M .

V L .N . -

D L . N :

P .V .N .-

■S.D.
F. N.-

O R N .

B C .C .-

J N .L .N .-
S .L .N . -

B .R .M . -

L . L . -

C .L . -

■ T E .N .

OT. N.

P E .N .

-P R E .

■P.G.

V . D.

R . P L .N .

I N . C . N .

L .P L .N . -

y p l . N.-
V .D .

O E .-

R .M . P R E . 

A . P L . N .  

M . P L .N .  

R . P L .  N .

L .M .

P E . S .'

I. P L .  N.

S  P L .  N.-

I M M .

F ig . 5. D orsal view  of th e  cephalic hemocoele of L . humilis.
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D .M .
B .M.

V L . N.

•L.V. N. 

M .V .N .

-A.V.N. 

- l . f i  N,PR O . M 

R V. N
- IN .L .N .
-B .R .M ,

E .P .N .O T . N

■M .S.C .N .
L .S .C .N .
F .A .C .R

-C .P .N .

P L .G .

A .R N

R .R P .N
A B . G. 

IN .C .N .P R E '

R .M .P .S -

R .P L .N -
L . P L .N . 

M . P L .N .

V.D
-S.G ,

'F .L .  P.P.N.
R .M .P R E - 

R .M . PRE- S P L .N .

R .M .P . S -OE.

O .G .

B .R .M '
•L.P.G.

M A

/  I M M . I

F i g . 6. V en tra l view  of th e  cephalic hemocoele of L . hum ilis. P a r t  of each posteriorthe hemocoelecephalic
pedal nerve is n o t show n (beyond th e  leader to ‘M .P L .N .’) a s  well as all of each colu-

V en tral of L. humilis.of P a rt of eachview

m ellar nerve.

T h e  body  cav ity  of Lym naea  h as  been accu ra te ly  defined b y  C arriker (12) 
and  is d iv ided in to  the  cephalic and  visceral hem ocoeles and  th e  lung. T he 
cephalic hem ocoele lies w ith in  the  head and  neck regions. T h e  visceral 
hem ocoele is placed dorsal and  posterior to  th e  cephalic hem ocoele and  v en tra l 
to  th e  lung an d  lies w ith in  the  shell. T h e  cervical sep tum , an  extension of 
th e  d iaph ragm , separa tes th e  cephalic an d  visceral hem ocoeles (12).

B enea th  th e  m an tle  on the  left side th e  outlines of several organs m ay  be 
seen (Fig. 4). T h e  distinctness of these outlines varies w ith  the  degree of 
m an tle  p igm en ta tion . T h e  ven tric le  (V E N .) and  auricle (A U R.) of the  
h e a r t a re  usually  easily  discernible as is th e  sem inal receptacle  (SE .R .) which 
lies m ostly  u n d er th e  heart. T h e  sem inal recep tacle  is b rig h t orange in the  
liv ing  snail. T h e  broad , flat, cream y-w hite  k idney  o r renal organ (R E N .O .), 
posterio r to  th e  h e a rt, is a ttach ed  to  and  crosses th e  m an tle  transverse ly  to  
th e  pneum atopore . I ts  general ou tline  is visible th rough  th e  m an tle . A 
sm all extension of th e  k idney  reaches v en trad  betw een th e  ventric le  and  the
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volum inous album en gland (A L B .G .). T h e  k idney  is exceedingly friable in 
th e  living snail, d isin teg rating  in to  flocculi if m an ipu la ted  roughly. D orsal 
to  th e  album en gland the  ou tline  of p a r t  of the  u te ru s  (U T .) can be seen. 
T h e  lung lies dorsal to  th e  u te ru s  and  is devoid of accessory resp ira to ry  
s tru c tu res  as in Lym naea stagnalis (C arrik er (12)).

T he principal features of th e  cephalic hem ocoele are  show n in Figs. 5 and  6. 
T h e  g rea test length of the  cephalic hem ocoele is approx im ate ly  4.5 m m . 
T h e  floor of the hemocoele is g en tly  rounded  from  side to  side and  the  pos­
te rio r portion  of the  floor narrow s and  slopes in a  posterodorsal d irection 
tow ards the  cervical sep tum  m aking  an angle  of ab o u t 60 degrees w ith  th e  
v en tra l surface of th e  foot. S trong  longitud inal m uscles (L .M .), w hich 
converge posteriorly  under th e  lower p ro s ta te  (L .P .G .) and  öothecal glands 
(O.G.) to  form the  colum ellar m uscle, define th e  w alls of th is  cav ity . T hese 
m uscles extend to  bo th  sides of th e  buccal m ass. T h e  expansive arched 
roof of th e  cephalic hem ocoele ex tends an te rio rly  from  th e  line of a tta c h m e n t 
of the  m antle  to  the  bod} wall. T h e  m uscles of th e  roof arise as a  com m on 
sheet b u t soon sep ara te  in to  six broad , fla t bands, th ree  on e ither side of the  
m iddorsal line. T h e  posterior pa ir pass la te ro v en trad  and  become continuous 
w ith  one an o th er on the  floor of th e  cephalic hem ocoele w here they  lie tra n s ­
versely. T h e  cen tral pa ir extend an te ro la te rad , and  th e  an te rio r pa ir extend 
a n te riad , lateral to th e  buccal m ass. T hese  m uscles line the  roof of the  
cephalic hemocoele in ternally  and  pass in te rn a l to  th e  longitudinal m uscles 
w hich form th e  walls of the  cephalic hem ocoele. O nly in well-cleared anim als 
are th ey  visible externally .

T h e  an terio r p a r t  of the  cephalic hem ocoele is occupied by  the  pear-shaped 
buccal m ass (B .h i.). I t  is a  lig h t orange-red in th e  living snail. T h e  p ro ­
m inen t buccal re trac to rs (B .R .M .), w hich arise in th e  colum ellar muscle, 
in sert on the  lateral surfaces of th e  buccal mass. T h e  delicate capitocerebral 
m em brane, which is peppered w ith  p igm ent, surrounds th e  buccal m ass as it 
does in Lym naea stagnalis (12), screening th is  organ from  the  rest of the  cephalic 
hemocoele. T h e  large p rep u tiu m  (P R E .)  occupies th e  rig h t cen tra l portion  
of th e  cephalic hemocoele.

Posterior to  the  ganglia of th e  cen tra l nervous system  are the  salivary  
glands (S.G .), which m ostly  flank th e  esophagus (OE.) on e ither side. Tw o 
th ick  sa livary  ducts (S.D .) lead from th e  glands in to  th e  dorsum  of the  buccal 
mass. T he esophagus bends sligh tly  to  the  left in th e  cephalic hemocoele, 
p enetra tes th e  cervical sep tum , and  tu rn s  v en trad , passing beneath  the  
album en gland. T h e  esophagus is fairly  heavily  pigm ented, especially in its 
posterior p a rt. I t  is followed b y  th e  crop and  the  b righ t, orange-red, bilobed 
gizzard (Fig. 4, G IZ .), both  of w hich are  v en tra l to  the album en gland. T he 
pylorus, leading from the  g izzard, tu rn s  an te riad  around  th e  rig h t lobe of the  
gizzard. T h e  a lim en tary  canal con tinues as the  in testine (Figs. 2 and  4, 
IN T .) , w hich tu rn s  sh arp ly  posteriad , v en tra l to  the esophagus and  crop, 
and  follows a  course along th e  left v e n tra l m argin of th e  album en gland. 
I t  th en  angles sharpi}' to  th e  r ig h t and  m akes a  gradual loop upon itself in
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th e  liver (Fig. 2, L.) w here i t  passes superficially  in to  th e  liver tissue and  
becom es less d is tin c tly  ou tlined . I t  continues to w ard s the  r ig h t along the  
edge of th e  m an tle  benea th  the  su tu re  of the  b o d y  w horl. T h e  in testine  
m erges in to  th e  sh o rt rec tu m  which te rm ina tes in th e  anus (Fig. 3, A N .).

The Nervous System
T h e  cen tra l nervous system  of L . hum ilis  consists  of th e  paired  cerebral 

(C .G .), buccal (B .G .), pedal (P E .G .), pleural (P L .G .), and  parie ta l ganglia 
(P .G .) and  th e  unpaired  abdom inal ganglion (A B .G .) (Figs. 5 to  9). T he 
cerebral ganglia  lie dorso lateral to th e  esophagus and  are  jo ined by  a  s to u t 
connective ; th e  pedal and  parie ta l ganglia and  th e  abdom inal ganglion are 
v en tra l to  th e  esophagus. T h e  pleural ganglia a re  la tera l an d  th e  buccal 
ganglia a re  nestled  under the  esophagus a t  its  ju n c tio n  w ith  th e  buccal mass. 
T h e  buccal ganglia  are  obscured from  view  do rsa lly  by  th e  th ick  sa livary  
duc ts  b u t  a re  p a rtia lly  visible from  th e  v en tra l a sp ec t (Figs. 6 and  8). W ith  
exception of th e  pedal connective, w hich is d e lica te  and  seen only w ith  diffi­
cu lty , th e  connectives betw een the  rem aining gang lia  are  s to u t and  conspic­
uous. T h e  w id th  of the  cerebral ganglia and  connective, m easured from  the  
dorsal aspect, is ab o u t one m illim eter. T h e  g re a te s t leng th  of a  cerebral 
ganglion is app rox im ate ly  400 ¡i and  of th e  abdom inal ganglion, 300 ¡i. 
T h e  pedal ganglia  and  th e  righ t p arie ta l ganglion, which is m ark ed ly  larger 
th a n  th e  left, a re  a b o u t equal in length  to  th e  abdom inal ganglion. T h e  
rem ain ing  ganglia  a re  sm aller; the  sm allest a re  th e  buccal ganglia w hich are 
a b o u t 200 yU in length .

I MM.

F i g s . 7 an d  8. N erves of th e  foot an d  buccal m ass of L . hum ilis. F i g . 7. T he 
principal nerves arising  from  th e  pedal ganglia  and  in n erva ting  th e  foot of L . hum ilis. 
F i g . 8. L atera l v iew  of th e  m ain  nerves supplying th e  bucca l m ass and  a lim en ta ry  canal 
of L . hum ilis.
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F ig . 9. D iagram  of a  dorsal view  of th e  nerves aris ing  from  th e  ganglia  of th e  cen tra  
nervous system  of L . humilis. T h e  pedal ganglia  a re  sep ara ted  an d  th e  com plete num ber 
of pedal nerves is show n for the  r ig h t pedal ganglion  only.

E ach cerebral ganglion has tw o  lobules p ro jecting  from  its  surface, the  
com m issural lobule (C .L.) and  the  la te ra l lobule (L .L .) (Fig. 5). T h e  la teral 
lobule is s im ilar to  th e  ‘lobule de la  sensib ilité  spéciale’ of Lacaze D u th iers  
(21), w hich he described for Lym naea pereger and  L . stagnalis. T h e  superior 
lobule w hich Lacaze D u th ie rs  (21) figured for th e  sam e tw o species is no t a  
d is tinc t e n tity  in L . hum ilis. T h e  cap itocerebra l m em brane w hich envelops 
th e  buccal m ass surrounds th e  ganglia  of th e  cen tra l nervous system . T h e  
nerve tru n k s  passing from them  are  covered proxim ally. In  L . hum ilis  th is  
m em brane also surrounds th e  ganglia  in te rn a lly , as well as ex ternally , separ­
a tin g  th em  from  d irec t co n tac t w ith  th e  esophagus.

T h e  ganglia  of th e  cen tra l nervous sy stem  circle the  esophagus loosely so 
th a t  w hen  th e  buccal m ass is re tra c ted  b y  th e  buccal re trac to rs , th e  esophagus 
is able to  accom m odate accord ingly  in a  posterior d irection .

Cerebral Ganglia (Figs. 5, 6, 9)
In  L . hum ilis  the  optic (O P.N .) an d  te n ta c u la r  nerves (T E .N .) a re  b ranches 

of a  long com m on tru n k , here  nam ed  th e  o p to ten tacu la r nerve (O T .N .). 
In  L . stagnalis th is  com m on tru n k  is sh o rt (12). T he o p to ten tacu la r nerve
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arises close to  the  la te ra l lobule of each cerebral ganglion an d  divides in to  
the  delicate op tic  nerve and  th e  posterior, th ic k e r  ten tacu la r nerve. T he 
optic  nerve can be traced  to  the  eye w ith  re la tiv e  ease. I t  passes in to  the  
an te rio r m uscles of th e  roof of th e  cephalic hem ocoele. As i t  en te rs  th e  base 
of the  ten tac le , th e  te n ta c u la r  nerve d iv ides in to  an te rio r and  posterior 
branches. O ccasionally  th e  an te rio r b ranch  sends off a  sm all nerve  near the 
po in t of division of th e  tw o m ain branches.

T h e  superio r lab ial nerve (S .L .N .) arises dorsal to  the  inferior lab ial nerve 
(IN .L .N .) an d  gives rise to  the  fron ta l nerve (F .N .)  and  th en  passes su p er­
ficially in to  th e  hem ocoele wall la te ra l to th e  b uccal m ass as th e  dorsolabial 
nerve (D L .N .), w hich d ivides in to  tw o branches term inally . T h e  inferior 
labial nerve gives rise to  th e  an te rio r and  p o ste rio r v e la r nerves (A .Y .N ., 
P .V .N .) and  con tinues as th e  ventro lab ia l (Y L .N .), w hich te rm in a tes  v e n tro ­
la te ra l to  th e  dorsal m andib le  in a  s ligh t bulb. A t  th is  p o in t i t  branches 
in to  th ree  delicate  nerves th a t  can be traced  o n ly  a  v e ry  sh o rt d istance. 
F o r the  m o st p a rt, the  v en tro lab ia l nerve passes o n ly  superficially  in to  the  
wall of the  cephalic hem ocoele. T h e  superior lab ia l nerve generally  runs 
dorsal to  th e  long itud inal m uscles of the  wall of th e  hem ocoele and  th e  in ­
ferior labial generally  v e n tra l to  them .

T h e  origin of the  velar nerves of L . hum ilis  v aries  and  th is  has been p a rtic ­
u larly  observed on the  r ig h t side. T h e  an te rio r a n d  posterio r ve lar nerves 
m ay  arise as sep a ra te  nerves from  th e  inferior lab ial, the  an te rio r arising  a t  a 
level m idw ay betw een th e  an te rio r and  posterior ends of th e  buccal mass, 
th e  posterior a t  a  level n ear the  junc tion  of th e  esophagus and  th e  buccal 
m ass. T h e  nerve m ay  also arise from  a com m on tru n k  w hich d ivides im m edi­
ate ly . T h is tru n k  is usually  located  near th e  ju n c tio n  of th e  esophagus and 
buccal mass.

T h e  buccocerebral connectives (BC.C.) arise v e n tra l to  th e  inferior labial 
nerve un iting  th e  buccal and  cerebral ganglia.

T h e  penial nerve (P E .N .) is a  b ranch  of th e  r ig h t inferior lab ial nerve and 
innervates th e  p rep u tiu m  branch ing  several tim es. A sm all b ranch  of the  
penial nerve passes to  th e  an te rio r penial re tra c to r  muscle.

Buccal Ganglia (Figs. 8, 9)
T hese gang lia  a re  jo ined  by th e  sm all buccal connective, and  send o u t the  

principal nerves in n erv a tin g  th e  g rea te r p a r t  of th e  a lim en tary  canal (12). 
T h e  nerve su p p ly  of th e  a lim en ta ry  canal has been thorough ly  w orked ou t 
for L . stagnalis by  C arriker (12). As in L . stagnalis six m ain  nerve tru n k s  
arise from  these  ganglia: th e  paired ven trobuccal (V B .N .), laterobuccal 
(L B .N .), dorsobuccal (D B .N .), sa livary  (S .N .), and  gastric  nerves (G .N .) 
and  the  unpa ired  postbuccal nerve arising from  th e  buccal connective (Fig. 8). 
T h e ir d is trib u tio n , as fa r as could be traced , is th e  sam e as in L . stagnalis.

P leural Ganglia (Figs. 6, 9)
T hese ganglia  give rise to  no nerves.
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Parietal Ganglia (Figs. 5, 6, 9)
T h e  left palliai nerve (L .P L .N .), th e  only nerve arising from  the  left 

ganglion, passes posterodorsad and  p e n e tra te s  th e  posterio r p a r t  of the  roof 
of th e  cephalic hemocoele w here i t  d iv ides tw ice and  occasionally th ree 
tim es. T h e  rig h t palliai nerve (R .P L .N .) , which is th e  s to u te s t nerve of 
th e  cen tra l nervous system  of L . hum ilis, also passes in a  posterior d irection 
dorsal to  th e  vagina, th e  d u c t of th e  sem inal receptacle , and  th e  vas deferens 
(Figs. 5 a n d  6). T h e  an te rio r palliai n e rv e  (A .P L .N .) arises v en tra l to  the  
r ig h t palliai and  rem ains w ith in  a  com m on sh ea th  su rround ing  b o th  these 
nerves to  n ear the  po in t w here th e  a n te r io r  palliai nerve connects w ith  the  
m edian  pallia i nerve (M .P L .N .).

Abdom inal Ganglion (Figs. 6, 9)
T h e  ven tropallia l nerve (V PL .N .) arises from th e  left side of the  abdom inal 

ganglion and  passes back beneath  the  esophagus th ro u g h  th e  cervical sep tum  
and  p en e tra te s  the  longitud inal m uscles o f  th e  left side near th e ir  junction  
w ith  tho se  of the rig h t (to form  th e  co lum ellar m uscle) (Figs. 5 and  9).

T h e  sp lanchnic nerve (SPL .N .) arises dorsal to  th e  m edian palliai nerve 
and  follows a  course and  gives rise to  b ranches in a  m anner sim ilar to  L. 
stagnalis (12) (Figs. 5, 6, and  9). T h e  m edian  palliai nerve from  th e  abdom ­
inal ganglion unites w ith  th e  an te rio r pallia i from  th e  rig h t p arie ta l ganglion 
and  form s th e  in ternal palliai nerve (I .P L .N .) , w hich passes v en tra l to  the  
vas  deferens and vag ina (Figs. 5 and  9 ). W here th e  m edian palliai and 
an te rio r palliai nerves un ite  there  is a  sm all swelling, and  a  delicate  nerve 
arises from  i t  and passes to  the  body  w all. T h e  ao rtic  nerve (AO.N.), a 
sm all and  delicate nerve, follows a  course  sim ilar to  L . stagnalis (12) and 
passes along the cephalic a r te ry  (Fig. 9).

E lo (15) figured four nerves arising  from  th e  abdom inal ganglion,— an 
in testin a l nerve, a  gen ita l nerve, a  cu tan eo u s palliai nerve, and  an  anal nerve. 
T he in te s tin a l nerve is ap p aren tly  th e  sp lanchn ic  nerve of C arriker (12) and 
is recognized as such here. E lo (15) renam ed  th e  ao rtic  nerve (which re ­
m ains unchanged  in C arrikers’ (12) w ork) the  genita l nerve because he m ain ­
ta ined  th a t  it  supplied the  sem inal recep tacle . As far as could be determ ined, 
the  ao rtic  nerve does no t innerva te  th e  sem inal receptacle of L . humilis. 
A ccording to  Elo (15) the  cu taneous pallia i nerve serves a  sm all region of the 
m an tle . A  corresponding nerve w as n o t found in L . hum ilis. T h e  anal 
nerve of E lo  appears to  be th e  m edian palliai nerve of C arriker (12) and the 
p resen t s tu d y .

Pedal Ganglia  (Figs. 6, 7, 9)
T h e  paired  pedal ganglia of L . hum ilis  function  prim arily  in th e  control of 

locom otion. T he innervation  of th e  foot of lym naeid  snails has n o t received 
as m uch a tte n tio n  as o ther s tru c tu re s  of these snails. Lacaze D u th ie rs  (21) 
an d  E lo  (15) described th e  m ain tru n k s  of th e  pedal ganglia (the  form er 
au th o r  in L . stagnalis and  L . pereger ; th e  la tte r  in L. stagnalis only) b u t  do 
n o t follow the ir detailed  ram ifications. T h e  pedal nerves w ere no t dealt
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w ith  by C arriker (12). B oth  Lacaze D uth iers (21) and  E lo  (15) described 
six pairs of nerves arising  from  the  pedal ganglia of L. stagnalis : th e  colum ellar 
nerves, superior cervical nerves, inferior cervical nerves, and  the  superior 
pedal, inferior pedal, and in term ed ia te  or m edian pedal nerves. T h e  superior, 
inferior, and m edian pedal nerves are b e tte r  nam ed the  an te rio r (A .P .N .), 
posterior (P .P .N .) , and  cen tra l pedal nerves (C .P .N .) because th ey  are 
prim arily  orien ted  in an an teroposterio r d irection in th e  foot (Figs. 7 and  9). 
Schm alz (22) described 15 pairs of nerves arising from the  pedal ganglia of 
LI. pomatia.

Elo (15) hom ologized the  pedal nerves of II . pom atia  and  L . stagnalis in 
th e  following w ay :

Lym naea stagnalis H elix  pomatia
N . cervicalis superior N . cutaneus pedalis prim us
N . cervicalis inferior N . cutaneus pedalis secundus
N . columellaris N . cutaneus pedalis tertius
N . pedalis superior, m ed ius , and N . m usculi pedali I -X I

inferior

T h e  ‘nervus a rte riae  pedalis an te rio r’ and  ‘posterio r’ of Schm alz (22) were 
no t homologized by  E lo  (15).

In  this s tu d y  an  a tte m p t has been m ade to  trace  the  innerva tion  of the  
foo t of L . hum ilis  as far as possible. T h e  paired pedal ganglia of L . hum ilis  
each give rise to  six m ain nerve tru n k s ; th e  an te rio r (A .P .N .), cen tra l (C .P .N .) , 
an d  posterior pedal nerves (P .P .N .) ; the  superio r (S .C .N .) and  inferior 
cervical nerves (IN .C .N .) , and  th e  colum ellar nerve (Figs. 7 an d  9). In 
th e  presen t s tu d y , 13 new ly nam ed or described branches of these six m ain 
tru n k s  are given.

T h e  an te rio r pedal nerve arises from  the  v en tra l, an te rio r portion  of the  
pedal ganglion an d  proceeds a n te ro v en trad  div iding im m ediately  posterior 
to  th e  buccal m ass in to  th e  in ternal (I .P .N .) and ex ternal pedal nerves 
(E .P .N .). B oth  these nerves pass in to  the  floor of the  hem ocoele la te ra l to  
th e  buccal m ass. T he in te rn a l pedal nerve divides in to  two nerves of app rox i­
m ate ly  equal size, th e  m edial (M .V .N .) and  la te ra l velar nerves (L .Y .N .), 
which pass in to  th e  velum . T h e  an te rio r pedal nerve is ven tra l to  the  inferior 
lab ial nerve.

T h e  cen tra l pedal nerve takes its  origin from a  ven tro la te ra l aspect, and , 
n ear the  wall of th e  hem ocoele sends a  sm all b ranch , th e  first an te ro cen tra l 
pedal nerve (F .A .C .P .), th rough  th e  floor of th e  hem ocoele in to  th e  foot. 
T h e  cen tral pedal con tinues la te rad  and  gives rise to  a  second nerve which 
passes an te riad , th e  second an te ro cen tra l pedal nerve (S .A .C .P .). T u rn in g  
slightly  posteriad , the  cen tra l pedal continues a lm ost to  th e  edge of th e  foot.

From  its v en tro p o ste rio r origin, th e  s to u t posterior pedal nerve passes 
d irec tly  posteriad  and  d isappears in to  th e  posterior p a r t  of th e  floor of the  
cephalic hem ocoele. Before d isappearing, a  la te ra l b ranch  arises from it, 
th e  first la teroposterio r pedal nerve (F .L .P .P .N .). T h is  nerve curves la terad . 
T h e  posterior pedal nerve continues posteriad  and  a  second nerve, th e  second
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la te roposte rio r pedal nerve (S .L .P .P .N .), a rises  from  i t  and  proceeds in a  
m anner sim ilar to  the  first. Beyond th e  second la teroposterio r pedal nerve, 
th e  posterior pedal curves slightly  m esiad a n d  th en  d isappears in  the  tissues 
of th e  foot. T h ro u g h o u t its course, th e  poste rio r pedal ru n s approxim ately  
parallel to  th e  v en tra l surface of the  foot.

T h e  superio r cervical nerve arises b e tw een  and  dorsal to  th e  an te rio r and 
cen tra l pedal nerves and  divides in to  tw o  nerves, th e  m edial (M .S .C .N .) 
and  la te ra l superior cervical nerves (L .S .C .N .), w hich p en e tra te  th e  long itu ­
dinal m uscles of th e  cephalic hemocoele w all th rough  a  d is tin c t elongate 
slit (Figs. 6, 7, and  9). T h e  superior cervical nerve passes la te rad  an d  antero- 
dorsad.

T h e  inferior cervical nerve originates n e a r  the  pleuropedal connective and 
also p en e tra te s  th e  longitudinal m uscu la tu re  th rough  a  conspicuous longitu­
dinal slit. I t  runs postero laterad . L acaze D u th ie rs  (21) described this 
nerve in L . stagnalis a s  furnishing b ranches w hich extend as far as th e  junction  
of the  m an tle  w ith  the  bod}-. Im m ed ia te ly  a fte r leaving th e  cephalic hem o­
coele, th e  inferior cervical nerve div ides in to  th e  m edial (M .IN .C .N .) and 
la te ra l inferior cervical nerves (L .IN .C .N .) (Figs. 7 and  9.)

T h e  colum ellar nerve (CO .N .) arises dorsom edial to  th e  posterior pedal 
an d  d isappears in to  the  m usculature  of th e  posterior wall of th e  hemocoele.
I t  gives rise to  a  sm all la tera l b ranch , th e  la teral ram us of the  colum ellar
nerve (L .R .C O .N .). T h e  general d is trib u tio n  of th e  colum ellar nerve of 
L . hum ilis  agrees w ith  th a t  found by L acaze D u th iers  (21) in L . stagnalis 
an d  L . pereger. T h e  colum ellar nerve described here m u st no t be confused 
w ith  th e  colum ellar nerve of C arriker (12). T h is  colum ellar nerve is a  branch 
of th e  sp lanchn ic  nerve (which arises fro m  the  abdom inal ganglion) and 
passes over th e  colum ellar muscle (12). H ow ever, th e  paired  colum ellar 
nerves of Lacaze D u th ie rs  (21) a re  ap p ro p ria te ly  nam ed for th ey  pass in to  
th e  m uscu la tu re  of the  posterior wall of th e  cephalic hem ocoele of L . hum ilis  
a t  th e  p o in t w here the  longitudinal m uscles of th e  la tera l w alls of th e  cephalic 
hem ocoele converge to  form the  colum ellar m uscle.

Reproductive System
As in o th e r L ym naeidae (14, 17, 9) th e  rep roductive  system  of L . hum ilis  

is d iv ided in to  th ree  portions: (1) th e  o v o testis  and  its du c t, (2) th e  female 
system , and  (3) the  m ale system  (Figs. 10 to  15). T h e  fem ale system  consists
of th e  ov iduc t, w hich is m uch reduced in L . hum ilis, th e  u terus (U T .), the
öothecal g land  (O.G.) of H olm  (17), an d  th e  vag ina (VA.). T h e  m ass m em ­
brane  gland of C rabb  (14) con stitu tes  p a r t  of th e  öothecal gland of H olm  (17). 
D escribed as accessory glands in L . stagnalis  by  Holm  (17) are th e  album en 
gland (A L B .G .), w hich is very  large in L . hum ilis, th e  m uciparous gland, 
an d  the  sem inal receptacle  (S .R .). T h e  m uciparous g land is th e  egg m em ­
brane  g land  of C rabb  (14) and  the  n id am en ta l gland of o lder au th o rs . T h e  
m uciparous g land is no t a  d is tin c t en tity  in th e  gross m orphology of L . hum ilis. 
T h e  sem inal receptacle  is closely associated  w ith  the  left posterior portion  
of the  öothecal gland and  is visible topograph ica lly  under the  h e a r t (Fig. 4).
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F ig s . 1 0 -1 3 .  T h e  rep roductive  system  of L . hum ilis. F i g . 10 . D orsal view  of the 
reproductive system . F i g . 11 . T h e  ju n ctio n  of th e  u terus, a lbum en gland duc t, th ird  
portion  of th e  herm aphrod ite  d uct, an d  upper p ro sta te  g land . F i g . 12. T h e  location  of 
th e  female gen ita l pore. F i g . 13. V en tra l view of the  reproductive  system .
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F ig s . 1 4 -1 5 . T h e  rep roductive  system  of L . humilis. F i g . 14 . T he ovotestis 
p a rtly  dissected from  the liver. F i g . 15. T h e  herm aphrodite  duct, an d  ovotestis, show ­
ing its lobulated  stru c tu re .
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T h e  p rincipal s tru c tu re s  of th e  m ale rep ro d u c tiv e  t r a c t  a re  th e  p ro s ta te  
(U .P .G ., L .P .G .), the  vas deferens (V .D .), and  th e  large copu la to ry  organ 
(P R E ., P E .S ., Figs. 5 and 6). T h e  vas efferens is considered ab sen t in L . 
hum ilis.

In  reproduc.tively ac tive  snails the  fem ale system  is b y  far the  larger of 
the  tw o system s and  com pletely obscures th e  p ro sta te  from dorsal view. 
M ost of th e  p ro sta te  is confined to  the  m id -v en tra l surface of the  öothecal 
gland. A s in L . stagnalis th e  tw o system s a re  closely apposed  to  one an o th er 
along th e ir  leng th  except a t  the ir external o u tle ts . T h e  öothecal gland and 
p a r t  of th e  u te ru s  are m ore or less cen tra lly  located  b u t th e  rem aining portion  
of th e  fem ale tra c t is on the  left side of th e  body.

T h e  öo thecal g land is d irected  from  th e  le f t  side tow ard  the  rig h t ten tac le  
and  m akes a n  angle of ab o u t 35 degrees w ith  th e  left edge of th e  foot. T he 
colum ellar m uscle is approx im ate ly  v e n tra l to  the  a n te rio r  portion  of the 
öothecal g land  b u t  g radually  is s itu a ted  u n d er the  rig h t posterior portion  of 
th is  gland.

T h e  o v o testis  (or herm aphrod ite  gland) (Figs. 14 and  15) is an  elongate 
g land, em bedded in the  colum ellar surface of the  liver. I t  is yellow in color 
and  ex te rn a lly  it is irregularly  lobulated  in to  ab o u t 25 lobules. In  L . stag­
nalis i t  is said to  be a  dichotom ously  lobu la ted  sac com posed of a b o u t 100 
lobules w hich are  separa ted  from  th e  liver lobules by  loose connective tissue 
and  blood spaces (4). T h e  ovotestis begins ab o u t the  m iddle of the  second 
whorl. I t  is dissected o u t of th e  liver w ith  relative ease.

T h e  h erm ap h ro d ite  d u c t arises from  the  cen tra l colum ellar surface of the 
ovo testis; in live specim ens it  is yellow in color. T h is d u c t is d iv ided in to  
th ree  d is tin c t p a rts  (Fig. 15). T h e  first (A .), a  portion  of w hich lies w ith in  
a  sh o rt b u t  ra th e r  deep sulcus in th e  ovo testis, is narrow  an d  tap ers  g radua lly  
to  th e  second or vesicular p a rt. In  relaxed and fixed m ateria l it  is usually  
elbowed. T h e  tran sitio n  betw een th e  first an d  second p a r ts  is a b ru p t. T h is 
portion  (B.) is w ide and  fla t and  is usually  looped upon itself tw o or th ree  
tim es. I t  has ab o u t 20 d iverticu la , w hich, because the}- a re  a lm ost alw ays 
filled w ith  sperm atozoa, are som etim es called sem inal vesicles. T h e  vesic­
u lar portion  m erges in to  th e  th ird  division (C .) which is a  long narrow  tube  
th a t  passes under the  v en tra l surface of the  album en g land  and tu rn s  dorsad 
d isappearing  betw een th is  gland and  the  u te ru s-ö o th eca l gland complex.

T h e  h erm ap h ro d ite  d u c t becom es very  fine and  hair-like a t  its  d is ta l end 
(Fig. 13, H .D .C .) . R epeated  dissections have shown th a t  i t  te rm ina tes in a 
sm all bu lbous expansion which joins w ith  th e  short, s to u t, pigm ented album en 
gland d u c t (A L B .G .D .), which in tu rn  is un ited  w ith th e  upper p ro sta te  
(U .P .G .) and  the  beginning of the  u terus (U T .) (Fig. 11). T h is  a rrangem en t 
is q u ite  d ifferen t from  th a t  in L . stagnalis w'here the  h erm aphrod ite  d u c t 
b ifu rca tes in to  an  ov iduct, and  a  th in , sh o rt, vas efferens (14, 17), which 
passes to  th e  p ro s ta te  g land. A ccording to  Holm  (17) in L. stagnalis the  
album en g land  d u c t passes in to  a  tran s lu cen t finger-like vesicle which opens 
a t  its  base  in to  th e  coiled u terus. T h e  ov id u c t passes dorsally  a round  the
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base of th is vesicle and  is divided in to  tw o b ranches. One opens in to  th e  
c a v ity  of th is  vesicle and  th e  o th e r opens in to  th e  u terus. T h e  sm all ex­
pansion a t  th e  end of the  h e rm aphrod ite  d u c t in L . hum ilis  m ay rep resen t a  
fusion of the  d ivided ov id u c t and  v as  efferens of L . stagnalis. In  L . hum ilis, 
th e re  is no evidence of a  vesicle to  w hich th e  a lbum en  gland d u c t is connected 
as in L . stagnalis. Such s tru c tu ra l consolidation  is understandab le  in  L . 
hum ilis  since it  is usually  n o t m ore th a n  one q u a r te r  the  length of L . stagnalis.

T h e  u terus is a  w hite, loosely-coiled, saccular s tru c tu re  w hich su rrounds 
th e  posterior portion  of th e  öo thecal g land  and  u p p er p rosta te . A m em brane 
stre tches betw een th e  coils of th e  u te ru s  m ak ing  i t  difficult to  uncoil it. In  
gross dissection, th e re  is no evidence of a  m uciparous gland w hich can be 
d istinguished from  th e  saccular u te ru s as in L . stagnalis (17). A ccording to  
H olm  (17) the  m uciparous g land  functions to  em bed eggs in a  m ucous m atrix  
w ith in  the  egg mass.

T h e  u te ru s  merges in to  th e  öo thecal gland, w hich, w ith  th e  exception of a  
ve ry  short, upper narrow  portion , is a  s to u t o rgan  in L . hum ilis  whose sides 
a re  m ore or less parallel. In  L . stagnalis th e  upper portion  of the  öothecal 
g land  is a  tran slu cen t cylindrical tu b e  of some leng th  while th e  lower portion  
is pear-shaped  (14, 17). T ransverse  striae  are  p resen t ex ternally  on th is  
g land , as in L . stagnalis.

T h e  vag ina (VA.) arises from  an  elongate p rom on to ry  on the  an te ro v en tra l 
surface of the  öothecal gland. T h e  vag ina  is re la tively  broad  and  opens 
th ro u g h  th e  rig h t wall of th e  cephalic hem ocoele (Fig. 12). T h e  position 
an d  shape of the  pore have a lready  been described. W here th e  d u c t of the  
sem inal receptacle (S .R .D .) passes in to  th e  an te rio r face of th e  vag ina there  
is usually  a  s ligh t .swelling. T h e  d u c t of th e  sem inal receptacle passes d iagon­
a lly  across the  v en tra l surface of th e  öothecal g land and  is p a rtly  obscured 
v e n tra lly  by  the  lower p ro s ta te . T h e  d u c t is th read-like and the  sem inal 
receptacle is pear-shaped  and  a  b rig h t orange in th e  living snail.

T h e  narrow , u pper portion  of th e  p ro s ta te  (U .P .G .) is ab o u t tw ice th e  length  
of th e  lower bulbous p a r t  (L .P .G .). T h e  u pper p ro sta te  is yellow and  the  
lower w hite in the  living snail. T h e  upper region is a  long oval or fla t tu b e  
w hich tapers som ew hat as i t  m erges in to  th e  lower portion  w hich is occasionally 
heav ily  pigm ented.

T h e  vas deferens (V .D .) is b road  a t  first b u t g radually  narrow s as i t  a p ­
proaches th e  rig h t body  w all, w hich it  pen e tra tes  an te rio r to  th e  vag ina  
(Fig. 5). I t  slopes sligh tly  v e n tra d  w ith in  th e  wall of th e  cephalic hem ocoele 
and  em erges sligh tly  posterior to  th e  m ale gen ita l pore and  follows a  w inding 
course un til it  continues in to  th e  penis sheath . P roportionate ly , it  is sho rter 
th a n  th a t  of L . stagnalis.

T h e  penis sh ea th  (Fig. 5, P E .S .) is ab o u t equal in length  to  th e  m uscular 
p repu tium  (P R E .). T h e  p rep u tiu m  is alw ays broad and  square-shouldered 
w here i t  receives th e  penis sheath . N ear th e  genital pore several bands of 
m uscle a c t as p ro trac to rs  of th e  p rep u tiu m  and  a  sim ilar group near th e  penis 
sh e a th  serve as re trac to rs . T h is  a rran g em en t is sim ilar to  th a t  in L . stag­
nalis  (17).
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