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Introduction

In  all  aquatic  Mollusca  with  a  mantle  cavi-
ty  housing  ciliated  respiratory  organs,  either
primitive  ctenidia  or  secondary  pallial  out-
growths,  there  is  a  paramount  problem  of
cleansing.  Sediment  i  s  inevitably  drawn  into
the  mantle  cavity  in  the  respiratory  current
created  by  the  cilia.  Only  in  the  dibranchiate
Mollusca  where  this  current  is  created  by  mus-
cular  means  does  this  problem  not  exist.  Ac-
cumulation  and  eventual  rejection  of  such  sedi-
ment  is  essential  if  the  all-important  respira-
tory  chamber  is  not  to  be  fouled.

As  described  in  some  detail  elsewhere
(Yonge,  1938,  1947),  the  prosobranch  Gastropo-
da  possess  a  series  of  mechanisms  for  dealing
with  this  problem,  namely  osphradia  for  the
detection  of  sediment,  hypobranchial  glands
producing  copious  mucus  for  its  aggregation
and  suitable  ciliary  currents  on  both  gills  and
mantle  surface  for  its  collection  and  ultimate
rejection.  These  currents  are  divisible  into
three  groups:  A,  those  concerned  with  removal
of  the  heavier  particles  which  almost  immedi-
ately  fall  on  to  the  floor  of  the  mantle  cavity,
i.  e.,  short  of  the  ctenidia,  and  are  carried  by
these  currents  for  rejection  by  way  of  the  in  -
halant  opening;  B,  those  concerned  with  medi-
um  sized  particles  which  settle  further  within
the cavity  and which carry  them to  the exhalant
opening  on  the  right;  C,  the  frontal  and  ab-
frontal  cilia  on  the  ctenidial  filaments  together
with  cilia  on  the  surface  of  the  hypobranchial
glands  which  collect  the  finest  particles  on  the
roof  of  the  mantle  cavity.  Consolidated  in  mu-
cus  from  the  gland,  this  material  also  is  then
rejected by way of the exhalent opening (Yonge,
1938).  In  various  Mesogastropoda,  e.g.,  some
Vermetiidae,  the  Trichotrophiidae,  the  Calyp-
traeidae,  and  the  Capulidae,  some  or  even  all

of  these  currents  are  used  for  the  collection  of
food  particles  (with  suitable  enlargement  of  the
pectinibranch  ctenidium),  and  this  has  become
the  major  function  of  the  primitively  cleansing
frontal  cilia  on  t  h  e  hypertrophied  ctenidia  of
the  Bivalvia.

In  the  major  group  of  limpets,  the  archae-
ogastropod  Patellacea,  the  problem  is  compli-
cated  by  the  change  in  form  of  the  shell  and
body  with  its  effects  on  that  of  the  mantle  cavi-
ty.  This  now  consists  of  a  restricted  nuchal
cavity above and behind the head together with
pallial  grooves  which  encircle  the  rounded  foot.
The  difficulties  represented  by  housing  the  so-
litary  (left)  ctenidium  in  the  restricted  nuchal
cavity  and  by  cleansing  the  pallial  grooves  afe
met  in  different  ways  in  the  three  families  of
the  Patellacea.  In  the  Acmaeidae  the  ctenidi-
um  is  retained.  It  extends  across  the  nuchal
cavity  and  beyond,  being  also  twisted  to  the
right  so  that  the  efferent  surface  faces  to  the
left,  i.  e.,  towards  the  incoming  current.  In  the
genus  Lottia  (Fisher,  1904)  there  is  an  addition-
al  development  of  pallial  gills  consisting  of  ci-
liated  flaps  fringing  the  inner  margin  of  the
external  pallial  blood  vessel  which  runs  around
the  pallial  grooves.

The  ctenidium  is  lost  in  the  Patellidae,
respiration  taking  place  by  way  of  pallial  gills.
These  are  interrupted  anteriorly  in  Patina  (as
there  are  in  Lottia  )  but  are  continuous  in  Pa  -
tella  and  related  genera.  Finally  in  the  Lepeti-
dae,  which  are  sublittoral  in  contrast  to  the
characteristically  intertidal  Acmaeidae  and
Patellidae,  there  are  neither  ctenidia  nor  pal-
lial  gills.

The  course  of  the  respiratory  and  cleans-
ing  currents  has  been  described  in  Acmaea
(  Patelloida  )  tessulata  a  n  d  A  .  (P.)  virginea
(Yonge.  1947),  Lottia  gigantea  (Abbott,  1956),
Patina  pellucida  and  Patella  vulgaris  (Yonge,
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1947),  and  Lepeta  concentrica  (Yonge,  I960).  In
the  two  species  of  Acmaea  (textfig.  lA)  the  in-
halant  current  enters  on  the  left,  passes  be-
tween  the  filaments  of  the  ctenidium  and,  to-
gether  with  sediment  collected  by  the  cleansing
currents  and  the  faeces  and  renal  products,
leaves  in  the  mid-  line  posteriorly.  In  Lottia
(textfig.  IF)  the  exhalant  current  with  sediment,
faeces  and  excrement  from  the  nuchal  cavity
leaves  on  the  right  of  the  head.  Apart  from
slight  inflowing  currents  between  the  pallial
gills,  there  are  no  currents  in  the  pallial
grooves  and cleansing  appears  to  be  carried  out
by  water  movements,  rendered  the  more  effec-
tive  by  the  habitat  (mid-  tidal  rocks)  and  the

posture (usually head downward on steeply slop-
ing  or  vertical  surfaces)  of  this  limpet  (Abbott,
1956).

In  Patina  there  are  similar  inflowing  cur-
rents  between  the  gills  but  both  exhalant  and
ciliary  currents  in  both  pallial  grooves  and  nu-
chal  cavity  lead  to  a  common  exit  on  the  right
side  of  the  nuchal  cavity;  this  despite  the  fact
that  there  is  no  ctenidium.  In  Patella  there  are
generalized  inhalant  and  exhalant  currents  all
around  the  mantle  margin  but  within  the  pallial
grooves  and  nuchal  cavity  all  sediment  and  oth-
er  waste  is  conveyed round to  the middle  of  the
right  side  where  it  accumulates  for  periodic
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Figure i : Diagrammatic dorsal views of species of the Acniaeidac showing nuchal cavity (containing ctenidium
directed to the right and anus) and pallial grooves (containing pallial gills in F) with direction of respiratory

and clean.sing currents indicated by solid and broken arrows respectively.
A: Acmaea tessulata and A. virginea\ B: A. digitalis, A. rnitia, A. scabra, A. scutum and A. inslabilis;

C: A. fiella; D: A. asmi, A. itisessa, A. triangularis and A. paradigilalis; E: A. ochracea;
F: Lotlia gigaritea (After Abboi r)
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expulsion  following  sudden  muscular  contrac-
tions  (Yonge,  1947).  Finally  in  Lepeta  condi-
tions,  apart  from  the'  absence  of  a  ctenidium,
resemble  those  in  Acmaea  tessulata  and  A.  vir-
ginea  with  ciliary  currents  moving  water  with
sediment  and  excrement  to  the  mid-point  pos-
teriorly.  Respiration  must  here  be  through  the
mantle  wall  into  the  pallial  blood  vessel,  the
advantages  of  organs  of  respiration  being  pre-
sumably more than offset by the greater amount
of  sediment  carried  in  by  the  greater  ciliary
current.  These  sublittoral  limpets  live  on
stones  embedded  in  mud  (Yonge,  I960).

CURRENTS  IN  NORTH  PACIFIC  SPECIES
OF  ACMAEA

The remarkable wealth and unusual degree
of  specialization  of  species  of  Acmaea  on  north
American  Pacific  coasts  prompted  examination,
during  January  to  March,  I960,  of  conditions  in
13  available  species.  Information  about  their
ecology  is  given  by  Test  (1945).  In  no  case
were  the  cleansing  currents  found  to  be  the
same  as  in  the  European  A.  tessulata  and  A.
virginea  (textfig.  lA),  both  of  which  live  in  rel-
atively  quiet  water  where  there  is  some  settle-
ment  of  mud  particles.  The  range  of  conditions
found  is  shown  in  textfigs.  IB  through  IE  and  2.
In  all,  as  must  be  so  where  there  is  a  ctenidi-
um,  the  respiratory  current  enters  on  the  left
of the nuchal cavity and in the majority of cases
it  leaves  on  the  right  carrying  with  it  sediment,
faeces and excrement.

In  the  commonest  condition,  found  in  Ac-
maea  digitalis,  A.  mitra,  A.  scabra  ,  A.  scutum
and  A.  instabilis  (textfig.  IB)  there  are  cur-
rents  up  the  pallial  walls  but  not  along  the
groove  or  on  the  sides  of  the  foot.  There  is  a
slight  current  into  the  pallial  groove  on  the
right  side  of  the  nuchal  cavity.  In  A.  limatula
the  only,  very  minor,  difference  is  the  presence
of  a  similar  current  on  the  left  side.  Currents
in  young  individuals  of  this  species  are  rather
different  as  noted  below.  In  A.  pelta  (textfig.
IC)  there  is  an  apparent  complete  absence  of
cilia  in  the  pallial  grooves.

All  but  one  of  these  species,  although each
occupies  a  characteristic  zone,  live  intertid-
ally  under  conditions  where,  like  Lottia  ,  they
are  fully  exposed  to  wave  action.  The  excep-
tion  i  s  Acmaea  instabilis  ,  with  a  rocker-  like
shell  fitting  it  for  life  only  on  such  a  substra-
tum,  which  lives  invariably  on  the  stipes  of  the
massive  brown  weed.  Lamina  ria  Ander  soni  ,
which  grows  in  very  agitated  water.  In  all,
therefore,  cleansing  can  be  effectively  carried
out  by  water  movements.

In  Acmaea  asmi,  A.  insessa  ,  A.  triangu-
laris  and  A.  paradigitalis  the  respiratory  cur-
rent  i  s  the  same  but  all  have  well  developed
cleansing  currents  in  the  pallial  grooves  (text-
fig.  ID).  Sediment  and  other  waste  is  carried
to the middle of  the right  side and there moves
down  the  pedal  wall.  The  mucus-laden  mass  is
then  presumably  expelled  by  occasional,  prob-
ably  quite  gentle,  muscular  contractions.  The
same  arrangements  for  cleansing  were  ob-
served  in  young  (up  to  8  mm.  long)  A_.  limatu-
la.  Conditions,  to  be  described  later,  in  A.
palaeacea  represent  a  modification  of  this  ar-
rangement (textfig. 2).

The  habitat  of  these  four  species  is  signi-
ficant.  Acmaea  asmi  lives  always  on  the  shells
of  T  e  g  u  1  a  funebralis  and so  normally  in  the
shelter  of  pools  or  crevices  inhabited  by  these
topshells.  Acmaea  triangularis  is  a  very  small
limpet  which  feeds  exclusively  on  the  coralline
alga  Amphiroa  tuberculosa  which  sometimes
grows  on  the  bottom  of  pools  and  occasionally
on the shells of Tegula brunnea . Acmaea para -
digitalis  occurs  on  rocks  at  high  mid-tidal  lev-
els  and  usually  on  horizontal  surfaces.  It
occurs  with  A.  digitalis  with  which  it  was  for-
merly  confused  but  is  distinguished  from  that
species  by  the  characters  listed  by  Fritchman
(i960)  but  also  by  the  nature  of  the  ciliation  in
the  pallial  grooves  and  in  the  size  of  the  cteni-
dium.  That  of  A,  digitalis  is  the  larger  and  the
more accive and may probably,  as in other spe^
cies,  assist  by  its  movements  the  process  of
cleansing.  Acmaea  inses  sa  lives  always  on  the
large  "boa  weed"  Egregia  Menziesii  which
grows  about  low  tide  level  and  in  considerably
more sheltered conditions than doe s  Laminaria
Ander  soni.  All  of  these  species  therefore  live
under  conditions  where  water  movements  can
be  of  little  help  in  cleansing;  this  applies  to  A.
paradigitalis  because  of  the  horizontal  posture
and  the  small  size  of  the  ctenidium  in  compari-
son  with  A.  digitalis  .

Conditions  in  Acmaea  ochracea  (textfig.
IE)  alone  come  close  to  those  in  A.  tessulata
and  A.  virginea  .  This  small  limpet  lives  be-
low  tidal  levels  and  apparently  on  sheltered
rock  surfaces.  Ciliary  currents  in  the  pallial
grooves  accumulate  sediment  on  the  right  side
but  near  to  the  posterior  end.  The  very  active
ctenidium  extends  for  some  distance  into  the
right  pallial  groove  so  that  the  exhalant  current
is  directed  along  this  and  emerges  along  the
right  side  where  it  actively  assists  cleansing.
The  generalized  region  of  sediment  extrusion
is  for  this  reason  carried  posteriorly  although
not  to  quite  the  full  and  concentrated  extent
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displayed  in  the  two  European  species  (textfig.
lA)  which  inhabit  quieter  and  more  sediment-
laden water.

ACMAEA  PALEACEA

Particular  attention  was  paid  to  this  small
species  which  is  certainly  the  most  highly
modified  acmaeid  limpet.  It  is  highly  special-
ized  for  life  on  the  thin  strap-like  leaves  of  the
eel  grass  Phyllospadix  Torreyi  to  the  shape  of
which  the  narrow  shell  conforms.  As  shown  in
textfigure  2,  this  is  relatively  high  with  paral-
lel  sides  and  is  transversely  slightly  saddle-
shaped,  so  making  perfect  contact  with  the
surface  of  the  leaf  which,  in  cross  section,  is  a
flattened  oval.  A  full-grown  limpet,  some  7.5
mm.  long,  2.1  mm.  high  and  1.8  mm.  broad
(textfig.  2),  is  usually  almost  precisely  the
same  width  as  the  leaf  it  lives  upon.  Occasion-
ally  the  shell  bulges  out  a  little  above  the  mar-
gins  as  though  the  limpet  had  moved  from  a
broader  to  a  narrower  leaf.  But  no  animal  was
observed  to  move.  They  eat  their  way  into  the
substance  of  the  relatively  stout  leaf,  and  prob-
ably  only  move  very  slightly  forward  after  the
radula  has  reached  the  limit  of  its  penetration.

Acmaea  paleacea  is  more  strikingly
adapted  to  its  host  plant  than  are  either  A.  in-
stabilis (on Laminaria Ander soni )  or A^. insessa
(on E gr egia Menzie sii  ).  A study of  the life his-
tories  of  all  of  these  limpets,  involving  an  un-
derstanding  of  the  manner  in  which  the  pelagic
larva  finds  its  way  on  to  the  adult  environment,
would  be  of  great  interest.  Moreover,  the  life
history  of  these  limpets  (presumably  annuals)
must be largely conditioned by that of  the plant.

A  unique  feature  of  the  shell  of  Acmaea
paleacea  is  the  presence  on  the  right  side  of
the  nuchal  cavity  of  a  knotch  giving  passage  to
the  exhalant  and  waste  current  (textfig.  2A)  .
Both  nuchal  cavity  and  pallial  grooves  are  rel-
atively  deep  and  ciliary  currents  in  them  are
unusually  rapid.  The  course  of  the  cleansing
currents  in  the  pallial  grooves  is  somewhat  dif-
ferent  from  that  in  any  other  species  observed.
As  shown  in  textfigure  2C,  the  cilia  in  the  ante-
rior  two-thirds  of  each  pallial  groove  beat  to-
wards  the  nuchal  cavity  from  which  sediment  is
then  removed.  But  ciliary  currents  around  the
posterior  end  carry  particles  to  the  right  side
for  at  least  temporary  accumulation.

The  presence  of  the  knotch  in  the  shell  will
enable  this  species  to  circulate  water  for  res-
piration  and  to  remove  faeces  and  excrement
from  the  nuchal  cavity  without  appreciably
raising  the  shell  from  the  substrate  to  which  it

must  always  tightly  adhere.  Loss  of  contact
would  be  fatal.  Sediment  from  the  greater  part
of  the  pallial  grooves  will  also  leave  by  this
route  while  the  accumulation  on  the  right  side
may  also  be  moved  there  for  expulsion  after  it
reaches  a  certain  size.  This  cannot  be  ob-
served  in  situ;  all  that  is  clear  when  the  ani-
mals  are  examined  ventral  side  upwards  is  the
accumulation  and,  under  those  conditions,  dis-
posal  of  sediment  on  the  right  side.  This  divi-
sion  of  the  cleansing  currents  into  two  series
appears to be a consequence of the lengthening
of  the  shell  due  to  adaptation  of  this  limpet  to
its  unique  habitat.

Summary

The  respiratory  and  cleansing  currents  in
the  nuchal  cavity  and  pallial  grooves  have  been
examined  in  13  species  of  Acmaea  .  Acmaea
digitalis  ,  A.  mitra  ,  A.  scabra  ,  A.  scutum  ,  A.
instabilis  ,  A.  limatula  and  A.  pelta  ,  all  of
which  live  in  considerable  exposure,  rely  on
water  movements  for  cleansing,  just  a  s  does

1 mm.

Figure 2: Acmaea paleacea. A: attached to leaf of
Phvtlospadix Torreyi, lateral view showing knotch on
right side of shell; B: viewed from above; C: viewed
as transparent object from above showing direction of
respiratory and cleansing currents indicated by solid

and broken arrows respectively.
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