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1 . I N T R O D U C T I O N  

T h e  e x p e rim e n ta l w o rk  in c lu d e d  in  th is  p a p e r  w as 
u n d e r ta k e n  to  sh o w  th e  p a r t  p lay ed  b y  b e h a v io u r  
re sp o n se s  in  m a in ta in in g  an  in te r tid a l an im al, 
L ep id och itona  cinereus (L.) in  its ch a ra c te ris tic  p o s it io n  
o n  th e  sh o re . T w o  q u e s tio n s  a re  in v o lv ed  in  th e  
d is t r ib u t io n  o f  a sh o re  a n im a l su c h  as L epidochitona  : 
firs tly , h o w  th e  p lan k to n ic  larvae a tta in , a n d  se ttle  
w ith in , th e ir  p a r tic u la r  zo n e  on  th e  sh o re , an d  
seco n d ly , h o w  o nce  e s tab lish ed  in  th a t  zo n e  th e y  
m a in ta in  th em se lv es  th e re .
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O f  th e  first q u e s tio n  little  is k n o w n , fo r  in fo r­
m a tio n  co n ce rn in g  th e  se ttlin g  o f c h ito n  larv ae, an d  
in d e e d  o f m o s t p lan k to n ic  larvae, is scarce . C o lm an  
(1933) h as su g g e ste d  th a t  th e  la rv ae  o f se d e n ta ry  
fo rm s  re ac h  th e ir  zo n e  as a re su lt  o f  ‘h i t-o r -m is s ’ 
m e th o d s  an d  th a t  o n ly  th o se  w h ich  se ttle , b y  chance, 
in  a su itab le  zone, su rv iv e  to  re ac h  m a tu rity . W ilso n  
(1937 , 1948), ho w ev er, h as sh o w n  th a t  in  th e  case of 
c e r ta in  p o ly ch aete  w o rm s m e ta m o rp h o s is  m a y  be 
d e lay ed  u n til  a su ita b le  su b s tra tu m  is fo u n d , th u s  
in c re a s in g  th e  ch an ces o f  su rv iva l. O b se rv a tio n s  of
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Fig. I .  Diagram  of the m ovem ents o f  a chiton  w hen the stone bearing it is overturned— 
draw n from  an observed instance. Approx. x



2 Analysis of the behaviour of Lepidochitona cinereus
like  n a tu re  h av e  b e e n  m ad e  on  th e  s e ttl in g  o f  o y ste r  
larv ae, w h ich  h ave  b e e n  fo u n d  (C ole  & Jo n e s , 194Q) 
to  se ttle  m o re  re a d ily  o n  she lls  b e a r in g  recen tly  
a tta c h e d  sp a t th a n  o n  c lean  sh e lls  a n d  she lls  d ev o id  of 
sp a t.

I t  is w ith  th e  se c o n d  q u e s tio n  th a t  th is  p a p e r  deals, 
n am ely , th e  w ay  in  w h ic h  th e  an im als  once  estab lish ed  
in  th e ir  zone, m a in ta in  th em se lv es th e re . T h is  in ­
vo lves an  a d a p ta tio n  o f  b e h a v io u r  re sp o n ses  to  c o n ­
te n d  w ith  th e  ex tre m e  v a ria b ility  o f  sh o re  c o n d itio n s . 
M a n y  in te r tid a l fo rm s b u rro w  a n d  in  th is  w ay  escape 
desicca tio n , o th e rs  re tre a t  in to  c rev ices a n d  pools. 
Lepidochitona  w h e n  fo u n d  u n c o v e re d  b y  th e  tid e  
o ccu rs  a lm o st in v ariab ly  o n  th e  u n d e rsu rfa c e s  of 
s to n es . I f  su c h  a s to n e , b e a r in g  b e n e a th  i t  c h ito n s , is 
o v e r tu rn e d  on  th e  sh o re  o n  a b r ig h t  su n n y  d ay , th e  
c h ito n s  on  to p  o f th e  s to n e  w ill b e  o b se rv ed  to  b e g in  
m o v in g  a n d , if  th e  su rface  o f  th e  s to n e  is su ffic ien tly  
m o is t, to  co llect ag a in  on  its  n o w  lo w er su rface  a n d  so 
re su m e  th e ir  o rig in a l o r ien ta tio n  (F ig . 1).

T h e  ch ito n s in  re -o r ie n ta tin g  th em se lv es in  th is  
w ay  re su m e  a p o s itio n  o f  m in im u m  lig h t in ten s ity , 
m ax im u m  h u m id ity  a n d  m a x im u m  dorsa l c o n ta c t 
a n d , to  re ac h  su c h  a p o s itio n , m o v e  w ith  g rav ity  and  
aw ay  fro m  th e  in c id e n t (o v e rh ead ) lig h t. T h e  e x p e ri­
m e n ts  w h ich  fo llow  are  d e s ig n ed  to  sh o w  th e  e x te n t 
to  w h ic h  th e se  fac to rs  in flu en ce  th e  b e h a v io u r  o f th e  
c h ito n s  an d  w h ic h  are  th e re b y  re sp o n s ib le  fo r  th e  
s itu a tio n  th ey  o c cu p y  w ith in  th e ir  zone.

2 . S H O R E  O B S E R V A T IO N S  A N D  
S O U R C E S  O F  M A T E R IA L

M o s t o f th e  sh o re  o b se rv a tio n s  re c o rd e d  in  th is  pa p e r, 
a n d  o n  w h ich  th e  e x p e rim e n ta l w o rk  w as b ased , w ere  
m ad e  a t W h its ta b le  w h e re  c o n d itio n s  a re  p a r ticu la r ly  
su ita b le  fo r  a s tu d y  o f  th is  k in d . A  fig u re  sh o w in g  th e  
z o n a tio n  o f so m e  o f th e  c o m m o n e r  l it to ra l  an im a ls  on 
th is  sh o re  is g iv en  b y  N ew e ll (1948). T h e  ch ito n s are  
lim ite d  a lm o st e n tire ly  to  a  zo n e  ju s t  o v e r 50 y a rd s  in  
w id th  ex te n d in g  fro m  ap p ro x im a te ly  25 y a rd s  be low  
th e  h ig h -w a te r  n eap  tid e  level to  th e  seaw ard  edge  of 
th e  w e t p a r t  o f  th e  F ucus  zone.

T h e  sh o re  h e re  is co v ered  w ith  p e b b le s  a n d  th e  
c h ito n s  w ere  fo u n d , a lm o st w ith o u t  ex cep tio n , on th e  
u n d e rsu rfac e s  o f th e  p e b b le s  an d  w ere  m o s t  a b u n d a n t  
in  th e  sha llow  poo ls w h ic h  h a d  n o t  b e e n  co m p le te ly  
d ra in e d  b y  th e  re tre a tin g  t id e . O n  th e  la n d w a rd  side  
th e  d is tr ib u tio n  ap p ea red  to  be  lim ite d  b y  th e  le n g th  of 
t im e  o f  ex p o su re  b e tw e e n  tid e s  a n d  on  th e  seaw ard  side  
b y  th e  lack  o f  a su ita b le  su b s tra tu m . T h a t  th is  fa c to r 
c o n tro lled  th e ir  d is tr ib u tio n  a t  th e  se a w ard  e n d  o f th e  
z o n e  w h e re  th e  soft, sa n d y  m u d  e n c ro a c h e d  u p o n  th e  
p e b b le s  w as in d ic a te d  b y  th e  fac ts  th a t  on  th is  sho re  
occasional iso la ted  sp e c im en s w e re  re c o rd e d  o c c u r­
r in g  o n  s to n es ev en  d o w n  to  th e  lo w  tid e  level ; an d  
th a t  o n  rocky  sh o re s  in  C o rn w a ll a n d  a t  P ly m o u th ,

w h e re  th e r e  w as n o  m u d  zone, th e y  o c cu rre d  d o w n  to  
th e  lo w -w a te r  s p r in g  tid e  level.

S p e c im e n s  u se d  in  th e  la b o ra to ry  ex p erim en ts  
w ere  u su a lly  o b ta in e d  f ro m  W h its ta b le , b u t  p a r t  o f 
th e  w o rk  w as d o n e  w ith  c h ito n s  f ro m  P ly m o u th  an d  
G e rra n s  B ay , C o rn w a ll. M u c h  o f th is  la tte r  m a te ria l 
w as p a ra s it iz e d  h e av ily  w ith  th e  h ap lo sp o rid ian  
p a ra s ite  H a p lo sp o rid iu m  chitonis  L an k e ste r . H eav ily  
in fec ted  an im a ls  c o u ld  be  d e te c te d  w ith o u t d issec tion , 
b u t  th is  w as im p o ss ib le  in  th e  case o f less heav ily  
p a ra s itiz e d  m a te ria l. I n  th e  e x p e rim e n ta l w o rk  b o th  
p a ra s itiz e d  a n d  u n p a ra s it iz e d  in d iv id u a ls  w e re  u sed  
in d is c r im in a te ly  as th e re  w e re  no  b e h a v io u r  d iffe r­
ences a p p a re n t  b e tw e e n  th e m , a n d  ev en  th e  m o st 
heav ily  p a ra s it iz e d  o f th e m  a p p ea red  to  su rv iv e  as 
lo n g  in  t h e  la b o ra to ry  an d  to  b e  as resp o n siv e  as th e  
u n in fe c te d  sp ec im en s.

3 . L A B O R A T O R Y  P R O C E D U R E

I n  th e  la b o ra to ry  th e  c h ito n s  w ere  k e p t in  shallow  
d ish es a n d  tra n s fe r re d  fro m  o n e  to  a n o th e r  as little  
as p o ss ib le . T h e y  co u ld  b e  m o v ed  a b o u t w ith in  a 
d ish  b y  a  firm , g en tle  p u sh , b u t  i t  w as fo u n d  in ­
ad v isab le  to  allow  th e  fo o t to  lose  c o n ta c t w ith  th e  
b o tto m  o f  th e  d ish  ow in g  to  th e  d ifficu lties e n c o u n te re d  
in  g e ttin g  th e  an im a ls  to  re se ttle  once  th e y  h a d  becom e 
d e ta c h e d . I n  e a r lie r  e x p e rim e n ts  th e  w a te r  w as 
p e rio d ica lly  a e ra ted , b u t  th is  w as a p p a re n tly  u n n e c e s­
sa ry  a n d  th e  an im als  c o u ld  b e  k e p t  fo r  severa l m o n th s  
in  th e  lab  o ra to ry  in  a seem in g ly  h e a lth y  co n d itio n  if  th e  
w a te r  c o n ta in in g  th e m  w as sh a llo w  a n d  a t a low  te m ­
p e ra tu re . N e v e rth e le ss , th ro u g h o u t  th e  w o rk  it w as 
s tr ik in g  h o w  m u c h  m o re  u n ifo rm  a n d  c le a r-c u t w ere  
th e  re su lts  o b ta in e d  fro m  u s in g  fresh ly  co llected  
m a te ria l th a n  w ere  th o se  o b ta in e d  b y  u s in g  an im als 
w h ich , th o u g h  a p p a re n tly  n o rm a l, h a d  b e e n  k e p t in  
th e  la b o ra to ry  fo r  so m e  le n g th  o f  tim e .

O b se rv a tio n s  w ere  m ad e  o n  th e  reac tio n s o f ch ito n s 
in  re sp o n se  to  th e  in fluence  o f  lig h t, c o n tac t, g rav ity , 
a n d  h u m id ity  s tim u li, a n d  e x p e rim e n ta l d e ta ils  are  
g iv en  in  th e  sec tio n s w h ic h  fo llow . P re lim in a ry  
e x p e rim e n ts  w e re  u su a lly  c a rr ie d  o u t  w ith  fresh ly  
co llec ted  m ate ria l on  th e  sh o re  an d  rep ea ted  u n d e r  
co n tro lle d  c o n d itio n s in  th e  la b o ra to ry . B efore each  
se t o f la b o ra to ry  ex p erim e n ts  th e  c h ito n s  to  b e  u sed  
w ere  e x p o sed  to  d ay lig h t a n d  th o se , i f  any, w h ich  d id  
n o t  e x h ib it  m o v em e n t w ith in  3 m in . w ere  d iscard ed . 
T h e  re s t  o f  th e  sp ec im en s w e re  th e n  p laced  in  d a rk n ess 
fo r  a t  le a s t 30 m in . b e fo re  use .

T h e  g e n e ra l e x p erim en ta l p ro c e d u re  th ro u g h o u t 
w as a rra n g e d  w h ere  p o ss ib le  to  sh o w  :

(1) W h e th e r  o r n o t th e  d is tr ib u tio n  o f th e  an im al 
is a ra n d o m  o n e  if  th e  s tim u lu s  is a u n ifo rm  one an d  
a ll th e  o th e r  fac to rs  a re  c o n tro lled .

(2) W h e th e r  o r  n o t, w h e n  th e  s tim u lu s  is d ire c ­
tio n a l, th e  an im al o r ien ta te s  its e lf  to  it  an d  m oves in  a
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d ire c tio n  d e p e n d e n t  u p o n  th e  g ra d ie n t o f in te n s ity  
(i.e. i f  th e  resp o n se  is a ‘ ta x is ’).

(3) If , w h en  th e  s t im u lu s  is n o n -d ire c tio n a l, it  
re su lts  in  a d is tr ib u tio n  o f  th e  an im a l w h ic h  c an  be 
sh o w n  to  b e  d e p e n d e n t  u p o n  th e  e ffec t o f  th e  in ­
te n s ity  o f  th e  s t im u lu s  u p o n  th e  sp e e d  o r ra te  of 
c h an g e  o f d irec tio n  o f th e  a n im a l (i.e. i f  th e  resp o n se  
is a ‘ k inesis ’).#

N o  s tu d y  has b e e n  m ad e  o f  th e  b e h av io u r  of 
Lepidochitona  cinereus in  d ire c t re sp o n se  to  its 
ph y sio log ica l c o n d itio n . T h e  effects o f  h u n g e r , fo r  
exam p le , a re  u n lik e ly  to  b e  o f g re a t s ign ificance  
b io log ically  to  an  a n im a l w h ic h  feed s u p o n  e n c ru s tin g  
algae, w h ic h  are a lw ays in  a b u n d a n c e  in  th e  ch ito n  
zo n e . N o  ev id en ce  h as b e e n  o b ta in e d  o f a d ifference  
in  b e h av io u r b e tw ee n  th e  tw o  sexes o r  a t d iffe re n t 
s tag es in  th e  re p ro d u c tiv e  cycle, th o u g h  i t  h as  b een  
re co rd e d  b y  B rew in  (1942) th a t  a N e w  Z e a la n d  ch ito n , 
C ryptoconchus porosus, 1 o r  2 d ay s b e fo re  sp a w n in g  
ex h ib its  ‘ a m ark ed  te n d e n c y  to  rise  to  a p o sitio n  ju s t  
b e lo w  th e  w a te r level an d  c irc u m n a v ig a te  th e  tan k  
(o r rock) u n til  sp a w n in g  its e lf  co m m en ces  ’.

4 . L I G H T

O b serv a tio n s  on  c h ito n s  in  th e ir  n a tu ra l  e n v iro n ­
m e n t in d ica ted  th a t  th e y  ag g reg a te  in  p o s itio n s  o f  low  
lig h t in ten sity , a n d  p re lim in a ry  e x p e rim e n ts  su g g e ste d  
th a t  th e  ra te  of m o v e m e n t o f  th e  c h ito n s  d iffe rs  w ith  
d iffe rin g  lig h t in te n sitie s . T h is  re sp o n se  w as i n ­
v estig a ted  as also w as th e  p o ss ib ility  th a t  th e  an im als  
o rien ta te  them se lv es to  a u n id ire c tio n a l l ig h t s tim u lu s  
in  a m a n n e r  s im ila r  to  th a t  d e m o n s tra te d  b y  A rey  & 
C ro z ie r  (1919) in  th e  B e rm u d a n  sp ec ies C hiton  
tuberculatus.

I t  was a t  first h o p e d  to  in v es tig a te  th e  re sp o n ses 
o f  th e  ch ito n s to  a g ra d e d  se ries o f l ig h t  in te n sitie s , 
b u t  in  p rac tice  o n ly  th re e  d iffe re n t se ts  o f co n d itio n s  
w e re  em p lo y ed  : d ay lig h t, artificial l ig h t a n d  d a rk n ess . 
T h is  w as b ecau se  d iffe ren ces in  th e  re sp o n se  of 
c h ito n s  co u ld  o n ly  b e  m e a su re d  w h e n  th e  d ifferences 
b e tw ee n  th e  s tim u li w ere  g re a t. T h e  in te n s ity  o f  s u n ­
lig h t m ay  b e  tak en  to  h ave  a v a lu e  b e tw ee n  500 an d  
2000  lu m e n s /c m .2/sec ., w h e reas  th a t  o f  th e  artificial 
l ig h t u sed  w as a p p ro x im a te ly  7 lu m e n s /c m .2/sec.

M o s t o f  th e  e x p e rim e n ta l w o rk  in  w h ic h  artificial 
lig h t was em p lo y ed  w as c a rr ie d  o u t  in  a  d a rk -ro o m  
u s in g  a P o in to lite  lam p . T h is  w as c a lib ra te d  a g a in s t 
a  s ta n d a rd  lam p  su p p lie d  b y  C ryse lco  L td .  b y  a  n u ll 
deflex ion  m e th o d  u s in g  a M e g a tro n  p h o to e le c tr ic  
cell in  c irc u it w ith  a g a lv an o m ete r. T h e  lig h t in te n s ity  
em p lo y ed  w as a p p ro x im a te ly  7 lu m e n s /c m .2/sec., 
th o u g h  som e v a r ia tio n  o c c u rre d  d u e  to  m a in s  flu c ­
tu a tio n s . A d d itio n a l e x p e r im e n ts  w e re  m a d e  in  a

* T h e  nom enclature of behaviour m echanism s used 
here is in accordance w ith  that suggested by Fraenkel & 
G unn (1940) modified from  K ühn.

te m p o ra ry  d a rk -ro o m  in  C o rn w a ll w h e re  a s im ilar 
l ig h t so u rc e  w as u sed , b u t  th e  l ig h t w as o f  a  low er 
in te n s ity , th e  c u r re n t  b e in g  su p p lie d  by  a  12 V . car 
b a tte ry .

I n  o rd e r  to  m ak e  o b se rv a tio n s  on  th e  an im a ls’ 
b e h av io u r  in  d a rk n ess  a r e d  lig h t w as em p loyed . 
M o s t re co rd s , h o w ev er, w ere  o b ta in e d  b y  ex am in in g  
th e  m u co u s  trac k s  w h ic h  w e re  le ft b y  th e  an im als 
d u r in g  th e  e x p e rim e n ts . T h e s e  trac k s  w e re  m ad e  
v isib le  b y  U lly o tt’s m e th o d  (193612, b) o f  in tro d u c in g  
a fine  su sp e n s io n  o f ta lc  in to  th e  d ish es a t  th e  en d  o f 
th e  e x p e rim e n t. T h e  re su lts  o b ta in e d  b y  th ese  tw o 
m e th o d s  w ere  su ffic ien tly  s im ila r  to  in d ic a te  th a t  the 
an im als a re  co m p le te ly  u n re sp o n s iv e  to  re d  ligh t. 
U lly o tt’s m e th o d  w as u se d  to  re co rd  au to m atica lly  
th e  track s o f  th e  c h ito n s  in  e x p e rim e n ts  in  d ay lig h t 
a n d  artificial ligh t.

(a) D istribu tion  under conditions o f  
un iform  ligh t in tensity  

S h ee ts  o f  g lass m o is te n e d  w ith  sea  w a te r  an d  each 
b e a r in g  te n  c h ito n s  w e re  su b je c te d  to  o v erhead  
illu m in a tio n . T w o  w ere  p lac ed  in  b r ig h t  day ligh t, 
tw o  in  artificial l ig h t a n d  th e  re m a in in g  tw o  in  d a rk ­
ness. A f te r  a p e r io d  o f io  m in . th e  p o s itio n s  o f  th e  
c h ito n s  o n  th e  glass sh e e ts  w e re  n o te d  a n d  th e  d is tan ce  
each  h a d  trav e lled  w as m ea su re d . T h e  an im a ls  sp read  
in  all d irec tio n s  acro ss th e  g lass p la te , a n d  th e  d is tan ces 
trav e lled  d e p e n d e d  n o t  o n ly  u p o n  th e  d u ra tio n  o f th e  
e x p e rim e n t b u t  also (T a b le  1 ) u p o n  th e  lig h t in ten sity . 
In  th e  case  o f  th e  e x p e rim e n ts  ca rried  o u t  in  darkness, 
ju s t  over tw o - th ird s  o f  th e  e x p e rim e n ta l an im als 
sh o w ed  n o  m o v e m e n t a t all. I t  m ay  th e re fo re  be co n ­
c lu d e d  th a t  th e  d is tr ib u tio n  o f  c h ito n s  u n d e r  c o n ­
d itio n s  o f  u n ifo rm  o v e rh ea d  illu m in a tio n  (i.e. a 
n o n -d ire c tio n a l s tim u lu s)  is a ra n d o m  o ne , b u t  th a t  
th e  ra te  o f  m o v em e n t is g re a te r  w h e n  th e  l ig h t in 
te n s ity  is g rea t.

T a b le  1. Distances travelled  by chitons 
under u n iform  ligh t intensities 

D istance Artificial
moved (cm.) D aylight light Darkness

o —  —  14
< 3  1 5 2
3-6  3 I I  i

9 7 4  2
12 4 — 1
i S  2  —  —

18 2 —  —
21 i  —  —
24 —  —  —

20 20 20

(b) Response to a  un ila tera l ligh t stim ulus

E x p erim en ts  in  w h ic h  th e  an im a ls  w ere  su b jec ted  
to  u n ila te ra l lig h t s tim u la tio n  w ere  se t u p  in  th e
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d a rk -ro o m  o n  n u m e ro u s  occasions. I n  all cases th e  
c h ito n s  m o v e d  a p p a re n tly  a t  ran d o m , an d  w ere  n ev er 
o b se rv ed  to  o r ie n ta te  them se lv es to  th e  in c id e n t  ligh t. 
T h e  lig h t in te n s itie s  em p lo y ed  in  th e se  e x p e rim e n ts  
w ere  in  th e  n e ig h b o u rh o o d  o f 7 lu m e n s /c m .2/sec . o r 
a b o u t  113,000 e rg s /cm .2/sec. Som e in d ic a tio n  w as 
o b ta in e d  th a t  c h ito n s  o rien ta te  th em se lv es to  l ig h t  of 
th e  in te n s ity  o f  s tro n g  su n lig h t an d  m o v e  aw ay  fro m  
it.  T h is  su g g ests  a n eg ativ e ly  p h o to ta c tic  re sp o n se ; 
b u t  n o  e x p e rim e n ts  w ere  se t u p  to  in v es tig a te  th is  
f u r th e r  ow in g  to  th e  d ifficu lty  o f in tro d u c in g  a lig h t o f  
su ffic ien t in te n s ity  in to  th e  d a rk -ro o m .

T h e  lig h t in te n s i ty  re q u ire d  to  s ta r t  m o v e m e n t of 
a n y  k in d  in  Lepidochitona  u n d e r  ex p erim e n ta l c o n ­
d itio n s  is fa r  g re a te r  th a n  th a t  n ecessa ry  to  b r in g  a b o u t 
m o v em e n t in  D endrocoelum. I t  w as sh o w n  b y  U lly o tt  
(1 9 3 6 a )  th a t  Dendrocoelum  lacteum  w ill re a c t to  a 
b e a m  o f lig h t  o f  an  in te n s ity  as low  as 7 e rg s /c m .2/sec. 
A re y  & C ro z ie r  (1919) sh o w ed  th a t  in  a B e rm u d a n  
sp ec ie s  o f  ch ito n , C hiton  tuberculatus, th e  re sp o n se  to  
l ig h t  w as a fu n c tio n  o f  th e  age o f th e  an im al, a n d  th a t  
th e  y o u n g e r  sp e c im en s w ere  n eg atively  p h o to ta c tic  
w h e rea s  th e  o ld e r  ones w ere  po sitiv e ly  p h o to ta c tic ;  
b u t  no  d e ta ils  w e re  g iv en  o f th e  l ig h t in te n sitie s  
e m p lo y e d  in  th e se  ex p erim e n ts . N o  in d ic a tio n s  w ere  
o b ta in e d  o f  an y  su c h  b e h av io u r d ifferences in  age 
g ro u p s  o f Lepidochitona, as in d ica ted  b y  size.

(c) A ggregation  in  regions o f low ligh t in tensity

E v id e n ce  h a s  a lread y  b een  g iv en  th a t  c h ito n s  m ove 
a t  ra n d o m  acro ss  an  ex p erim e n ta l d ish  i llu m in a te d  
f ro m  o v e rh ead . If , ho w ev er, a p o r tio n  o f th e  d ish  
is sh a d e d  th e  c h ito n s  te n d  to  co llect in  th e  sh a d e d  
p o r tio n . T h is  te n d e n c y  to  agg reg a te  in  reg io n s o f  low  
l ig h t  in te n s i ty  w as in v es tig a ted  an d  a large  n u m b e r  of 
e x p e rim e n ts  w as c a rried  o u t. T h e  m o s t c le a r-c u t 
re su lts  w ere  o b ta in e d  w h e n  u s in g  fresh ly  co llec ted  
sp e c im en s a n d  illu m in a tin g  th e m  w ith  su n lig h t. 
P re c a u tio n s  w ere  tak e n  to  p re v e n t an y  d irec tio n a l 
fa c to r  in  th e  s u n ’s rays a ffecting  th e  re su lts . T h e  
e x p e rim e n ts  w ere  c o n d u c te d  on  b r ig h t, c lo u d y  days 
w h e n  th e  su n  w as overh ead . T h e  e x p e rim e n ta l 
d ish es , m o reo v e r, w ere  a rra n g e d  in  a c irc le  w ith  th e  
c e n tr ip e ta l  h a lf  of e ach  sh ad ed  so th a t  th e  u n sh a d e d  
p o rtio n s  fa ce d  in  d iffe re n t d irec tio n s . T h e  re su lts  o f  
th e se  e x p e rim e n ts  a re  sh o w n  in  T a b le  2.

E x p e r im e n ts  w e re  also c a rr ie d  o u t  in  th e  d a rk ­
ro o m  u n d e r  a rtific ia l ligh t. T h e s e  gave s im ila r  re su lts  
b u t  th e y  w e re  s lo w er to  acco m p lish . T h is  w as la te r 
sh o w n  to  b e  d u e  to  th e  low er lig h t in ten s itie s  e m p lo y e d . 
I n  th e  case  o f th e  d a rk -ro o m  e x p e rim e n ts  it  w as 
n e ce ssa ry  to  c h an g e  th e  w a te r  pe rio d ica lly  in  o rd e r  to  
k eep  d o w n  th e  te m p e ra tu re . A tte m p ts  to  ab so rb  
th e  h e a t  b y  p a ss in g  th e  lig h t th ro u g h  a  t ro u g h  o f  w a te r  
cau sed  so m u c h  loss o f  in te n s ity  th a t  little  o r  n o  m o v e ­
m e n t  o c cu rre d .

T a b le  2. T he aggregation o f  chitons in  regions 
o f  low  lig h t in tensity

(T hree  different g roups (i.e. 30 chitons) observed sim ul­
taneously in dishes shaded to cut ou t directional factors 
in  inciden t light.)

D uration  of 
experim ent 

(m in.)

N o . of 
chitons

No. of 
chitons

No. of 
chitons

L igh t D ark L ight D ark  L ight D ark
5 9 1 7 3 8 2

IO 6 3* 7 3 7 3
1 5 5 4 7 3 6 4
2 0 3 6 5 5 5 5
25 3 6 4 6 5 5
3 0 3 6 3 7 5 5
35 3 6 3 7 5 5
4 0 3 6 3 7 5 5
45 2 7 3 7 4 6

5 0 i 8 3 7 4 6

55 i 8 2 8 4 6

i h r . i 8 3 7 2 8

2  h r. I 8 i 9 i 9

* O ne chiton craw led from the experim ental dish.

T h e  e x p e rim e n ta l re su lts  re co rd e d  in  th is  sec tio n  
c o n firm ed  th e  v iew  th a t  Lepidochitona  te n d s  to  a g g re ­
g a te  in  reg io n s  o f  lo w  lig h t in te n s ity . T h e y  sh o w ed , in  
ad d itio n , th a t  th is  ag g reg a tio n  takes p lace  m o re  slow ly 
w h e n  th e  lig h t in te n s ity  in  th e  u n sh a d e d  p o rtio n  o f  
th e  d ish  is re la tiv e ly  low . T h is  in d ica te s  th a t  th e  ra te  
o f  m o v e m e n t o f  c h ito n s  is to  so m e e x te n t d e p e n d e n t 
o n  th e  in te n s i ty  o f  th e  illu m in a tio n , a n d  m e a su re ­
m e n ts  o f  th e  ra te  o f m o v em e n t o f  ch ito n s u n d e r  
d iffe re n t l ig h t in te n s itie s  w ere  m a d e  to  in v es tig a te  
th is  re la tio n sh ip .

(d ) R a te  o f  m ovem ent in  d ifferen t ligh t intensities

I n  o rd e r  to  in v es tig a te  th e  re la tio n sh ip  b e tw ee n  
ra te  o f  m o v em e n t an d  lig h t in te n s ity , th e  d is tan ces 
tra v e lle d  b y  c h ito n s  in  (a) su n lig h t, (b) a rtificial lig h t, 
a n d  (c) d a rk n ess  w ere  m ea su re d . T h e  in te n sity  o f  th e  
a rtific ia l lig h t em p lo y ed  w as ap p ro x im a te ly  7 lu m e n s / 
c m .2/sec ., a n d  de ta ils  o f  th e  lam p  u se d  a n d  th e  m e th o d  
o f  ca lib ra tio n  h ave  a lread y  b e e n  given . F if tee n  
c h ito n s  w ere  p laced  in  P e tr i  d ish es filled  w ith  se a w a te r  
a n d  e ac h  w as ex posed  in  tu rn  to  th e  th ree  d iffe ren t 
se ts  o f  c o n d itio n s  m e n tio n e d . A fte r  an  ex p o su re  to  
a g iv en  lig h t in te n s ity  a ta lc  im p re ss io n  o f th e  c h ito n s ’ 
p a th  w as tak en  an d  th is  w as th e n  tra c e d  on  to  a sh e e t 
o f  g ra p h  pa p e r. T h e  p lo tte d  p a th s  w e re  th e n  m ea su re d  
w ith  a P h il ip ’s m ap  m e a su re r  a n d  th e  speeds o f  th e  
c h ito n s  calcu la ted . T h e  re su lts  a re  g iv en  in  T a b le  3 
(c o m p a re  also T a b le  1). T h e s e  a n d  o th e r  figures 
in d ic a te d  th a t  th e  ra te  o f m o v em e n t d ep en d s  o n  th e  
i llu m in a tio n  an d  th a t  th e  g re a te r  th e  lig h t in te n s ity  
th e  g re a te r  is th e  ra te  o f  m o v em e n t.
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M ean

3. D istances {cm .) m oved  in  i o  m in . by  chi
under d ifferen t conditions o f  illum ination
Sunlight Artificial light Darkness

10-6 5'7 0
S'4 3-6 0
8-0 4-6 4-0
8-5 6-3 2-6
6-3 5-0 0

ii-o 4-6 0
4-7 4-1 2-0

10-3 7'3 0-9
8-6 6-0 o-S
8-0 4-3 0
4 ’3 2-0 0

12-3 6-2 4‘5
10-6 8-7 2-0
5 '4 4-2 I-I
8-6 3'9 3'!

8 -i7 ± o -6 4 5-10 ±  0-43 1-38 ±  0-41

Analysis o f variance
Source of 
variation 

W ith in  groups 
Between groups 

T otal

F = 4-5'5-

D egrees of 
freedom

42
2

44

Sum  of 
squares 
160-1074 
347-1720
507-2794

M ean sq.
3-812

173-586

Significant at 1 %  level

T h e  d u ra tio n  o f e ac h  o f th ese  e x p e rim e n ts  w as 
io  m in . T h is  p e r io d  o f  tim e  w as ch o sen  b ecau se  o n  
ex p o su re  to  l ig h t th e re  m ay  b e  a la te n t p e r io d  o f  u p  
to  3 m in . in  d u ra tio n  b e fo re  any  m o v em e n t o ccurs. 
O n  th e  o th e r  h a n d , a lo n g er p e r io d  o f  ex p o su re  
re su lte d  in  too  g re a t a  rise  o f  te m p e ra tu re  in  th o se

d ish es ex p o sed  to  a rtific ia l lig h t. T h e  u se  o f  a lig h t 
filte r  w as n o t  p ra c t ic a l  as i t  c u t d o w n  th e  lig h t in ­
te n s ity  to o  sev ere ly . I t  w as fo u n d  th a t  th e  te m p e ra tu re  
o f  th e  w a te r  in  th e  d ish es ex posed  to  a rtific ia l lig h t 
ro se  fro m  12 to  13-5° C . T h e r e  w as n o  c o rre sp o n d in g  
r ise  in  te m p e ra tu re  in  th o se  d ish es e x p o sed  to  s u n ­
lig h t. N o  a llo w an ce  h as b e e n  m ad e  fo r th is  rise  in  
te m p e ra tu re , b u t  in  o rd e r  to  fin d  o u t w h e th e r  it 
a ffec ted  th e  in te rp re ta tio n  o f  T a b le  3 a n o th e r  e x p e ri­
m e n t  w as c a rr ie d  o u t to  in v es tig a te  th e  e ffec t o f  sm all 
d ifferences in  w a te r  te m p e ra tu re  u p o n  th e  ra te  of 
m o v em e n t o f  th e  ch ito n s . T w o  dishes, each  c o n ta in in g  
te n  ch ito n s , w e re  p laced  in  co n d itio n s  o f u n ifo rm  lig h t 
in te n sity . T h e  te m p e ra tu re  o f th e  w a te r  in  o n e  o f  th e  
d ish es w as 13-5° C . a n d  th a t  o f  th e  w a te r  in  th e  o th e r  
d ish  w as 10-5° C . T h e  c h ito n s  w ere  le f t ex p o sed  to  
th e se  co n d itio n s  fo r  a p e r io d  o f  io  m in . a n d  a t  th e  en d  
o f  th is  tim e  th e  trac k s  w e re  ‘ p r in te d  ’ a n d  m ea su re d  
a n d  th e  ra te s  o f  m o v e m e n t ca lcu la ted . A p p ro x im a te ly  
e v ery  3 m in . th e  w a te r  in  b o th  d ish es w as g en tly  
a g ita te d  a n d  m o re  w a te r  o f th e  re q u is ite  te m p e ra tu re  
w as a d d ed . A s a  re su lt  th e  in itia l te m p e ra tu re  d if ­
fe re n c e  w as m a in ta in e d  th ro u g h o u t th e  ex p e rim e n t. 
In  a se c o n d  e x p e r im e n t th e  d ish es w ere  n o t in te rfe re d  
w ith  a n d  a t th e  en d  o f  io  m in . th e  te m p e ra tu re  
d iffe ren ce  b e tw e e n  th e  w a te r  in  th e  tw o  d ish es  h ad  
fa llen  to  ju s t  o v e r  2-5° C . T h e  p o o led  re su lts  fro m  
th ese  tw o  e x p e rim e n ts  sh o w  th a t  th e re  w as slig h tly  
m o re  m o v em e n t in  th e  w a rm e r w a ter, a n d  th a t  th e  
d iffe ren ce  o n ly  j u s t  fails to  b e  s ta tis tica lly  s ig n ifican t. 
T h e re fo re , in  th e  e x p e r im e n t o n  l ig h t in te n s ity  
( T  ab le  3) th e  d iffe ren ce  in  ra te s  o f m o v em e n t obse rv ed  
in  a rtific ia l lig h t a n d  in  su n lig h t is likely to  h av e  been

(a) (b)
Fig. 2. M ovem ents of two chitons placed in the illum inated halves of Petri dishes, x

a . m .

b o u n d a r y
b o u n d a r y
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re d u c e d  ra th e r  th a n  ex ag g e ra ted  b y  th e  te m p e ra tu re  
d ifference .

T h e  o rth o k in e tic  re sp o n se  o f  c h ito n s  to  d iffe ren t 
l ig h t in ten sitie s  re su lts  in  th e ir  te n d in g  to  agg reg a te  
m o re  o r less au to m a tica lly  in  th e  sh a d e d  reg io n s . T h e  
track s in  F ig . 2 a, b a re  cop ies o f  p a th s  le ft by  c h ito n s  
p laced  u n d e r  w a te r  in  h a lf-sh a d e d  d ish es. I n  b o th  
e x p e rim e n ts  th e  c h ito n s  w e re  p lac ed  in itia lly  in  th e  
illu m in a ted  h a lf  o f  th e  d ish  ex p o sed  to  b r ig h t,  c lo u d y  
co n d itio n s . B o th  fo llow ed  a to r tu o u s  p a th  a t  f irs t:  
a  fa irly  ch arac te ris tic  in itia l m o v em e n t. T h e  p a th  soon  
s tra ig h te n e d  o u t so m ew h a t a n d , in  b o th  in stan ces , 
led  b y  chance  to  th e  sh a d e d  a rea  w h e re  th e  m o v em e n ts  
s lo w ed  d o w n  a n d  th e n  ceased  en tire ly . I n  F ig . 2 a 
th e  tim e  sp e n t in  d a rk n ess  w as fo u r  tim es th a t  sp e n t 
in  th e  su n lig h t ; b u t  in  th a t  t im e  th e  an im a l trav e lled  
o n ly  o n e -th ird  o f th e  d is tan ce  th a t  i t  trav e lle d  w h en  
illu m in a ted . I n  F ig . 2 b th e  tim e s  sp e n t in  lig h t an d  
d a rk n ess  w ere  eq u al, b u t  th e  d is tan c e  co v ered  in  th e  
l ig h t w as over fo u r te e n  tim es th a t  co v ered  in  da rk n ess . 
I t  ap p ears, th e re fo re , th a t  n eg ativ e  p h o to -o r th o ­
k inesis is an  im p o rta n t, i f  n o t  th e  m o s t im p o r ta n t,  
fa c to r  in  c au s in g  th e  ag g reg a tio n  o f Lepidochitona  in 
d a rk  situ a tio n s.

T a b le  4 . R ela tion  between w a ter tem perature an d  
ra te  o f  m ovem ent o f  chitons in  sunlight

T em p. (° C.) ... 13-5 IO-5
N o. of chitons ... 20 20
M ean distance (cm.) 8 -i4 ± o -8 6  6-oo±o-66

travelled in io  m in.
* = i '9 7 5 ;  d .f . =  38; P = ju s t> o - o s .

5 . D O R S A L  C O N T A C T

T h e  fact th a t,  typ ica lly , c h ito n s  a re  fo u n d  b e n ea th  
s to n e s  w ith  th e ir  d o rsa l su rfaces  in  c o n ta c t w ith  th e  
s u rro u n d in g  p e b b le s  o r m u d , a n d  th a t  if  th e  s to n e s  on 
w h ich  th ey  o c cu r are d isp laced  th e y  te n d  to  re su m e  a 
p o sitio n  b e n e a th  th e m  (see F ig . x), su g g ests  th a t  th e y  
m ay  re sp o n d  to  a d o rsa l c o n ta c t s tim u lu s . T h is  
p o ss ib ility  w as in v es tig a te d  b y  p lac in g  c h ito n s  in 
sh a llo w  d ish es c o n ta in in g  ra ised  sh e e ts  o f  glass 
s u p p o r te d  a t  th e ir  co rn e rs  b y  b lo ck s o f  p araffin  w ax 
a n d  a rran g ed  a t su c h  a h e ig h t  th a t  th e  c h ito n s  co u ld  
p ass  u n d e r  th e m  b u t  in  d o in g  so w o u ld  b r in g  th e ir  
d o rsa l su rfaces in  c o n ta c t w ith  th e  g lass. S o m e  o f th e  
ex p erim e n ta l d ish es w ere  filled  w ith  s e a w a te r  a n d  th e  
re s t  w ere  m o is t, b u t  th e  c h ito n s  in  th e m  w ere  n o t 
im m e rse d  in  w a ter. I n  n e ith e r  o f  th e se  se ts o f  e x p e ri­
m e n ts  d id  th e  ch ito n s sh o w  a n y  te n d e n c y  to  co llect 
u n d e r  th e  g lass an d  it w as c o n c lu d e d  th a t  no  th ig -  
m o tax is  o r  a llied  re sp o n se  w as p re se n t  in  L ep id o ­
chitona.

6. G R A V IT Y

T h e  in fluence  o f g ra v ity  w as in v es tig a te d  u n d e r  tw o  
se ts  o f  co n d itio n s : (a) A  sh e e t o f  g lass b e a r in g  ch ito n s

w as s u s p e n d e d  v e r tic a lly  in  a  tan k  o f  w a te r  in  c o n ­
d itio n s  o f  u n ifo rm  illu m in a tio n . T h e  c h ito n s  m o v ed  
in  all d ire c tio n s  ac ro ss  th e  glass p la te  a n d  sh o w ed  n o  
re sp o n se  to  th e  s t im u lu s  o f  g rav ity . (b) A  sim ila r se t 
o f e x p e rim e n ts  w as se t u p , b u t  in  w h ic h  th e  v e rtica l 
glass sh e e t  b e a r in g  th e  c h ito n s  w as n o t  im m e rse d  
in  w a te r . O n  e x p o su re  to  th e  a ir  on  a d a m p  su rface  
th e  m a jo r i ty  o f  c h ito n s  sh o w ed  a m a rk e d  positive ly  
g e o ta c tic  re sp o n se  a n d  all th o se  w h ic h  m o v ed  any  
c o n s id e ra b le  d is ta n c e  ten d e d  to  m o v e  d o w n w ard s 
to w ard s  th e  b o tto m  o f  th e  glass p la te  (T ab le  5 a 
a n d  F ig .  3 a ). T h is  is in  c o m p le te  c o n tra s t  w ith  
th e  p re v io u s  e x p e r im e n t u n d e r  id en tica l c o n d i­
tio n s e x c e p t  th a t  th e  g lass p la te  w as im m e rse d  in  
w a ter. T h e  co n c lu s io n  is th a t  th e  re sp o n ses  o f  th e  
an im als  v a ry  a cc o rd in g  to  w h e th e r  th e y  a re  u n d e r  
w a te r  o r  ex p o sed . B efore  c o n firm in g  th is  view , 
h o w ev er, it  w as n ecessa ry  to  d e te rm in e  w h e th e r  o r  
n o t  an y  o th e r  fa c to rs  w e re  inv o lv ed  in  b r in g in g  a b o u t 
th e  re sp o n se . T h e  m a in  a lte rn a tiv e  p o ss ib ilitie s  w ere  : 
(a) th a t  th e  w e ig h t o f  th e  c h ito n ’s b o d y  o u t o f  w a te r 
cau sed  a passiv e  d ra g  d o w n w ard s  acro ss  th e  sm o o th  
glass p la te ;  (b) th a t  th e  w a te r  r u n  from  th e  to p  o f 
th e  p la te  to  keep  th e  su rfa ce  m o is t c au sed  a  po sitiv e ly  
rh e o ta c tic  re sp o n se , a n d  it w as to  th is  a n d  n o t to  
g ra v ity  th a t  th e  c h ito n s  w ere  re sp o n d in g .

T h a t  th e  first p o s tu la te  is u n lik e ly  is sh o w n  b y  th e  
fa c t th a t  th e  c h a ra c te ris tic  con v ex  fo o tp r in ts  o f  th e  
c h ito n s  a re  c learly  v is ib le  in  th e  ‘ p r in te d  ’ track . T h is  
in d ic a te s  th a t  th e  ro u te  tak e n  is actively  co n tro lled  
a n d  is n o t  th e  re su lt o f  passive  slid in g . A  second  check  
o n  th is  w as  m ad e  b y  re p e a tin g  th e  ex p erim e n ts  w ith  
ch ito n s  p laced  on  sh e e ts  o f ro u g h e n e d  P e rsp ex  
in s tead  o f  sm o o th  g lass. T h e  e x p e rim e n ta l co n d itio n s 
w e re  o th e rw ise  id en tica l. T h e  re s u lt  (T ab le  5¿>) 
c o n firm ed  th e  p re v io u s  f in d in g  a n d  all th e  an im als 
w h ich  m o v ed  an y  c o n sid e ra b le  d is tan c e  trav e lled  
d o w n w ard s  to  th e  b o tto m  o f th e  p la te  (F ig . 3 b). T w o  
c h ito n s  fe ll o ff th e  P e rsp e x  p la te  w h e n  th e y  reach ed  its 
low er e d g e ; n o n e  fe ll o ff  a t  a n y  o th e r  tim e.

I n  o rd e r  to  te s t  w h e th e r  o r  n o t  th e  re su lts  o b ta in ed  
o n  th e  sm o o th  glass a n d  ro u g h e n ed  P e rsp e x  su rfaces 
w ere  in f lu en ced  b y  th e  sm a ll c u r re n t  w h ic h  ran  d o w n  
th e  p la te s  to  m o is ten  th e m , a n o th e r  c o n tro l e x p e ri­
m e n t w as se t u p .  I n  th is  th e  c h ito n s  w e re  a rran g ed  
o n  a p la te  as in  th e  p rev io u s  e x p e rim e n ts , b u t  th is  w as 
p laced  h o rizo n ta lly  in s tea d  o f vertica lly . A  g en tle  
s tre a m  o f  w a te r  w as a rra n g e d  to  flow  across it, a n d  th e  
p la te  le f t fo r  2 \  h r . T h e  ch ito n s  m o v ed  in  all d irec tio n s 
across th e  p la te  an d  sh o w ed  n o  s ig n  o f a rh e o ta c tic  
re sp o n se . T h is  bears o u t  th e  v iew  th a t  g rav ity  is th e  
s tim u lu s  to  w h ich  th e  c h ito n s  re sp o n d  w h e n  o u t  o f 
w a te r . I t  has a lread y  b e e n  sh o w n  th a t  no  re sp o n se  to  
th is  fa c to r  occurs w h e n  th e  an im a ls  a re  to ta lly  
im m e rse d  in  w ater. A  s im ila r  case  o f  v a ria tio n  o f 
re sp o n se  acco rd in g  to  w h e th e r  an  a n im a l is in  o r  o u t 
o f  w a te r  h as been  d e sc rib e d  b y  F ra e n k e l (1927),
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T a b le  5. D istribu tion  o f  chitons a fte r  2.¿ hr. on a dam p vertica l surface

Orientation of head
N o. of 
chitons L eft Right U p D ow n

No
M ovem ent

a Glass
plate

26 3 6 — 15 2

b Perspex
plate

26 i 2 i 18 4

( a )  (b )

Fig. 3. Paths of chitons on vertical plates ou t of w ater (a) glass, (b) roughened Perspex. 
Arrows show  the  orientation of the head after 2¿ hr. x

w h o se  analysis of th e  b e h a v io u r  o f  L itto r in a  neritoides 
in  re la tio n  to  n a tu ra l c o n d itio n s  sh o w ed  th a t  th e  
re sp o n se  to  lig h t w as d e p e n d e n t  o n  tw o  fa c to rs : 
w h e th e r  th e  an im al w as in  o r  o u t o f  w a te r  a n d  w h e th e r  
o r  n o t  i t  w as u p sid e  d o w n . F ra e n k e l sh o w ed  it to  be 
a lw ays p h o to n eg a tiv e  in  re sp o n se  w h e n  o u t o f  w a te r , 
b u t  in  w a te r  to  b e  p h o to p o s itiv e  w h e n  u p s id e  d o w n  ; 
a t  o th e r  tim e s  it  w as p h o to n eg a tiv e . F ra e n k e l, in  th e  
co u rse  o f  h is  p ap er, c o rre la te s  th is  re sp o n se  w ith  th e  
c o n d itio n s  o f life o f  th e  an im a l. T h e  su ccess  o f  L e p id o ­
chitona  as a  litto ra l a n im a l m a y  also b e  to  a  larg e  e x te n t 
d e p e n d e n t  o n  th e  v a r ia tio n  o f  re sp o n se  w h ic h  it 
ex h ib its  acco rd in g  to  w h e th e r  i t  is o u t  o f  w a te r  o r  
im m e rse d  in  it.

7 . H U M I D I T Y

A s in h a b ita n ts  of th e  l it to ra l zo n e , c h ito n s  are  co vered  
tw ice  da ily  b y  th e  tid e . B e tw een  tid e s , h o w ev er, th e  
s to n es on  w h ich  th e y  o c c u r  are  ex p o se d . T h e  u p p e r  
su rfaces o f th ese  s to n es ra p id ly  d ry  b u t  th e ir  u n d e r ­
su rfaces te n d  to  re m a in  d a m p . I t  w as s ta te d  in  an  
e a r lie r  sec tio n  th a t  i t  is h e re , in  a p e rm a n e n tly  d a m p  
m ic ro -h a b ita t ,  th a t  th e  c h ito n s  a re  to  b e  fo u n d  w h en  
th e  t id e  is low . M o re o v e r , i f  a s to n e  b e a r in g  ch ito n s

is o v e rtu rn e d  th e y  m o v e  to  th a t  p a r t  o f  th e  s to n e  now  
u n d e rn e a th , th u s  re su m in g  a p o sitio n  o f m ax im u m  
h u m id ity  (F ig . 1). T h e  fo llo w in g  in v es tig a tio n s  
w ere  m ad e  to  fin d  th e  se n sitiv ity  o f c h ito n s  to  w a te r  
loss an d  to  te s t  th e ir  re sp o n ses to  v a ry in g  c o n d itio n s 
o f  h u m id ity .

(a) R a te  o f  w a ter loss in  sa tu ra ted  a n d  d ry  air

T h e  ch ito n s u se d  in  th e  fo llo w in g  e x p e rim e n ts  w ere  
le f t u n d is tu rb e d  in  an  ae ra ted  a q u a riu m  ta n k  o n  tw o 
w eighed  g lass p la te s  fo r  24 h r . p r io r  to  use . T h e  
p la te s  w ere  th e n  rem o v ed , w ip e d , a n d  th e  c h ito n s  on 
th e m  d rie d  w ith  b lo ttin g -p a p e r . T h e  p la te s  b e a rin g  
th e  ch ito n s w ere  th e n  w e ig h ed  a n d  each  w as su sp en d e d  
in  a closed  ch am b er. O n e  w as p lac ed  in  a c h a m b e r  
c o n ta in in g  ca lc iu m  ch lo rid e , a n d  in  w h ic h  no  m o is tu re  
c o u ld  b e  d e te c te d  in  th e  air, th e  o th e r  c o n ta in ed  a d ish  
o f  w a te r  a n d  th e  a ir  in  it  w as sa tu ra te d . W eig h in g s  
w e re  m ad e  a t in te rv a ls  d u rin g  th e  e x p e rim e n t. T h e  
glass p la te  f ro m  th e  h u m id  c h a m b e r  w as a lw ays care ­
fu lly  b lo tte d  b e fo re  w e ig h in g  in  o rd e r  to  p re v e n t  any  
w a te r  w h ich  m ig h t h ave  c o n d en sed  u p o n  i t  fro m  
fa ls ify ing  th e  resu lts .
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T a b le  6 . Th e  ra te  o f  w ater loss o f  ch itons in  w et a n d  d ry  air

N u m b er of chitons T o ta l weight (g.) of chitons

D ry W et D ry W et
T im e cham ber cham ber cham ber cham ber

W ed. l í  a.m. H 14 1-407 1-444
i  p.m . 13* 14 1-148 1-377
6 p.m . 13 12* i -146t 1-128

T h u r. 9.30 a.m. 13 12 0-6231 1-128
11.30 a.m. 13 12 — 1-128

— - — — o-ioo 0-103

— — — 0-048 0-094

— — — 52 8-7

dropped off plate, f  2 chitons dead. J  All chitons dead.

Av. weight pe r chiton 
at beginning 

Av. weight per chiton 
a t end 

Percentage loss of 
w eight p e r chiton

*

T a b le  6 sh o w s th a t  all th e  c h ito n s  in  th e  d ry  
c h a m b e r  d ied  b u t  th a t  th o se  in  th e  c h a m b e r  c o n ta in in g  
sa tu ra te d  a ir  a ll su rv iv ed . T h e s e  re su lts  sh o w  th e  
se n sitiv ity  o f  c h ito n s  to  w a te r  loss an d  a re  in  fu ll 
a cc o rd an c e  w ith  th e  fa c t th a t  u n d e r  n a tu ra l c o n d itio n s 
th e  an im als  a lw ays o ccu r in  d am p  situ a tio n s.

Y e t  m o re  s tr ik in g  w ere  th e  re su lts  o f  e x p e rim e n ts  
c a r r ie d  o u t  to  sh o w  th e  ra te s  o f d e s icca tio n  o f ch ito n s  
in  m o v in g  a n d  d r y  air. T w o  b a tc h es  o f c h ito n s  w e re  
a llo w ed  to  se ttle  o n  d ry  s to n es a n d  th e n  g en tly  
b lo tte d  to  re m o v e  all su rp lu s  w a ter. H a lf  o f  th e  sto n es 
w e re  th e n  re m o v e d  to  a c lo sed  c h a m b e r  c o n ta in in g  
d r y  a ir  a n d  th e  re s t  w ere  p laced  in  a p o s itio n  ex p o sed  
to  w in d  a n d  su n sh in e . T h e  c r ite r io n  u se d  in  assessing  
th e  re su lts  o f  th e  e x p e r im e n t w as th e  len g th  o f  tim e  
ta k e n  fo r th e  an im a ls  to  re ac h  a  d eg ree  o f  d e s icca tio n  
f ro m  w h ic h  reco v e ry  w as im p o ssib le . A lth o u g h  th ese  
c o n d itio n s  co u ld  n o t  be  a ccu ra te ly  c o n tro lled  i t  w as 
fo u n d  th a t  an  ex p o su re  o f 6o m in . w as su ffic ien t to  
d e s icc a te  th e  la rg e s t ch ito n s u sed , w h ils t c h ito n s  o f 
i  cm . in  le n g th  a n d  less w ere  u su a lly  d e s icc a te d  in  
u n d e r  30 m in . T h e s e  re su lts  sh o w  th a t  th e  d ry in g  
p o w e r o f th e  s u n  a n d  th e  w in d  to  w h ic h  th e  c h ito n s  
m ay  b e  e x p o sed  w h e n  on  to p  o f  a s to n e  is su ffic ien t to  
b r in g  a b o u t th e  d e a th  o f th e  la rg e s t sp ec im en  w ith in  
a n  h o u r . O w in g  to  th e  fa c t th a t,  a t W h its ta b le , 
Lepidochitona  is re s tr ic te d  a lm o st e n tire ly  to  a zone  
ab o v e  h a lf  t id e  level w h e re  th e  average  ex p o su re  p e r  
t id e  is a p p ro x im a te ly  9 h r .,  th e se  an im als  s ta n d  b u t  
l i t t le  ch an ce  o f  su rv iv in g  th e se  co n d itio n s  u n less  th e y  
sp e n d  th is  t im e  in  a  sh e lte red  p o s itio n  b e n e a th  th e  
s to n e s  w h e re  th e y  a re  p ro te c te d  f ro m  th e  d es icca tin g  
p o w e r  o f th e  s u n  a n d  th e  w in d .

(b) D istr ib u tio n  in  a h u m id ity  gradient

I n  o rd e r  to  in v es tig a te  w h e th e r  c h ito n s  re sp o n d  to  
d iffe ren ces in  th e  h u m id ity  o f  th e  a ir  a h u m id ity  
c h a m b e r  w as se t u p . T h is  co n sis ted  o f a cy lin d rica l 
g lass c h a m b e r  18 in . in  le n g th  a n d  c o n ta in in g  a t one 
e n d  a d ish  o f c a lc iu m  ch lo rid e  a n d  a t th e  o th e r  e n d  a 
d ish  o f w a te r . A  p la te  o f p e r fo ra te d  z in c  w as p lac ed

o v e r  th e s e  d ish es a n d  th e  e n tra n c e  to  th e  c h a m b e r  w as 
a t  th e  d a m p  e n d  a n d  co n sis ted  o f a sh e e t  o f  vase lin ed  
g lass. T h i s  c h a m b e r  w as p laced  in  c o n d itio n s o f 
u n ifo rm  l ig h t  a n d  te m p e ra tu re , an d  le f t o v e rn ig h t in  
o rd e r  to  e s tab lish  a s te ad y  h u m id ity  g ra d ie n t. T e n  
ch ito n s , p re v io u s ly  k e p t  in  a ta n k  in  a d a rk -ro o m  fo r 
2 h r . ,  w e re  in se r te d  in to  th e  c h a m b e r  on  a sh e e t o f  
glass. T h e  g lass w as ca re fu lly  d ried  a n d  su rp lu s  w a te r  
re m o v e d  fro m  th e  su rface  o f  th e  ch ito n s . I t  w as h o p e d  
to  see w h e th e r  o r  n o t  th e  d is tr ib u tio n  of th e  an im als  
w as in f lu e n ce d  b y  th e  h u m id ity  g ra d ie n t. A fte r  
30 m in . th e  an im a ls  h a d  sc a tte re d  a b o u t  th e  c en tre  a t 
w h ic h  th e y  w ere  o rig in a lly  p laced , b u t  a fte r  th is , m o v e ­
m e n t  so o n  ceased . T h e  g ird le s  o f th e  an im als w ere  
a p p lie d  f irm ly  to  th e  g lass an d  no  fu r th e r  m o v em e n t 
o c c u rre d . I n  o th e r  e x p e rim e n ts  u s in g  th is  a p p a ra tu s  
s im ila r  re su lts  o c cu rre d . T h e re  w as m o v em e n t 
in itia lly  b u t  th is  w as n o t  m a in ta in e d  (T a b le  7).

T a b le  7. D istribu tion  o f  chitons a fte r  30 min. 
in  a  h u m id ity  chamber

(Each division is 3 cm ., and animals w ere introduced 
into th e  central one.)

D rie r side Central D am per side
 * ï  3 cm. , A ,
1 - 3  3 - 6  6 - 9  9 - 1 2  1 2 - 1 5

Exp. i 3 3 4
Exp. 2 3 5 i i
Exp. 3 i 5 2 i 3

T o ta l i 11 IO 6 4

T h e  c h ito n s  in  th is  e x p e rim e n t w ere  rem o v ed  
d ire c tly  f ro m  an  a q u a riu m  ta n k  in  th e  d a rk -ro o m  an d  
th e i r  in tro d u c tio n  in to  th e  h u m id ity  c h am b er m u s t  
h ave  re su lte d  in  a  c o n sid e rab le  in crease  in  th e  h u m id ity  
o f  th e  a ir  in  th e ir  im m e d ia te  v ic in ity . I n  an  en d ea v o u r 
to  p re v e n t  th is , fu r th e r  e x p e rim e n ts  w ere  ca rried  o u t 
p r io r  to  w h ich  th e  c h ito n s  w ere  le ft in  th e  d a rk -ro o m  
o u t o f  w a te r  on  a d ry  g lass p la te  fo r  30 m in . T h e s e  
c h ito n s  k e p t  th e ir  g ird le s  firm ly  ap p lie d  to  th e  glass 
a n d  d id  n o t  m ove e v en  w h e n  p lac ed  in  a c h a m b e r
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w h ere  th e  a ir  w as fu lly  sa tu ra te d . W h e n  p lac ed  in  a 
g ra d ie n t o f  h u m id ity  th e y  e ith e r  d ie d  a t  th e  d ry  e n d  o r 
re m a in e d  alive a n d  m o tio n le s s  a t th e  da m p  en d . I t  w as 
th e re fo re  c o n c lu d e d  th a t  Lepidochitona  is n o t  sen sitiv e  
to  a h u m id ity  g ra d ie n t. A s  th e  ch ito n s trav e rse d  
sm o o th  g lass, g ro u n d  g lass o r s to n e  su rfaces w ith  
a p p a re n tly  e q u a l fac ility  w h e n  th e  su rfaces w ere  m o is t, 
b u t  d id  n o t  m o v e  ac ro ss  th e m  w h e n  d ry , i t  is c o n ­
c lu d e d  th a t  d ry  su rfaces  p ro v id e  a m ec h an ic a l b a r  to 
p ro g ress .

(c) T h e  ra te  o f  m ovem ent under d ifferent 
conditions o f  h u m id ity

I t  h as  b e e n  c o n c lu d e d  fro m  th e  re su lts  o f  th e  
h u m id ity  c h a m b e r  e x p e rim e n ts  reco rd ed  in  th e  last 
p a ra g ra p h  th a t  on  a  d ry  su rface , e v en  w h e n  th e  a ir  is 
s a tu ra ted , th e  c h ito n s  do  n o t  m o v e. H o w ev er, th e  
fo llo w in g  e x p e rim e n ts  w ere  c o n d u c te d  b e fo re  th o se  
in  th e  h u m id ity  c h a m b e r  a n d  th e y  b r in g  to  l ig h t th e  
im p o r ta n t fa c t th a t  u n d e r  v e ry  m o is t co n d itio n s  th e  
c h ito n s  m o v e  acro ss  a d a m p  su rface  fa s te r  th a n  w h en  
ac tu a lly  u n d e r  w a te r. C h ito n s  w e re  p laced , one to 
each  P e tr i  d ish , in  th e  d a rk -ro o m  fo r a  p e r io d  of 
60 m in . A t th e  e n d  o f  th is  t im e  th e  w a te r  w as p o u re d  
fro m  th e  d ish es w ith o u t  d is tu rb in g  th e  a tta ch e d  
c h ito n s  a n d  th e  b o tto m s  o f  th e  d ish es w ere  w ip e d  to  
rem o v e  ex is tin g  m u c o u s  track s . T h e  in d iv id u a l 
o b se rv a tio n s  in  th is  se t o f  e x p e rim e n ts  w e re  n o t m ad e  
s im u lta n eo u s ly  b u t  o v e r  a p e r io d  o f  2 days. T h e  re su lts  
a re  g iv en  in  T a b le  8. T h e  g e n e ra l e x p e rim e n ta l 
p ro c e d u re  w as as fo llo w s: o n e - th ird  o f th e  P e tr i 
d ish es (G ro u p  A ) w e re  co m p le te ly  refilled  w ith  w a te r , 
a n o th e r  th ird  w e re  c o v ered  w ith  a su rface  lay e r of 
w a te r  w h ic h  d id  n o t  co m p le te ly  im m erse  th e  c o n ­
ta in e d  ch ito n s (G ro u p  B ) a n d  th e  re m a in d e r  w e re  d ried  
as co m p le te ly  as p o ss ib le  (G ro u p  C ). T h re e  d ish es 
f ro m  each  g ro u p  w e re  th e n  ta k e n  a n d  p lac ed  in  b r ig h t  
o v e rh ea d  su n lig h t. T h e y  w e re  le ft fo r  i o  m in ., and  
th e n  th e  c h ito n s  w e re  rem o v e d  a n d  th e ir  m u co u s  
track s  w ere  ‘ p r in te d  ’ a n d  th e ir  le n g th  m e a su re d  w ith  
a P h i l ip ’s m ap  m e a su re r . T h e  re su lts  in d ic a te d  th a t  
th e  ra te  of m o v e m e n t w as v e ry  low  in d ee d , b u t  th a t  
u n d e r  m o is tc o n d itio n s  i t  w as a p p rec ia b ly  h ig h e r  th a n  
w h e n  th e  c h ito n s  w e re  u n d e r  w a ter. S im ila r re su lts  
w ere  o b ta in e d  w h e n  th e  g ro u p s  o f  c h ito n s  w ere  
p laced  (a fte r an  h o u r  in  d a rk n ess ) in  a rtific ia l lig h t 
an d  in  da rk n ess .

T h e s e  re su lts  co n firm  th o se  fo r  th e  re sp o n se s  of 
c h ito n s  to  lig h t, n am e ly , th a t  th e  ra te  o f  m o v em e n t 
is h ig h es t in  a h ig h  lig h t in te n s ity . I n  a d d itio n  th ey  
sh o w  th a t  i t  is also in flu e n ce d  b y  th e  d eg ree  o f  ex ­
p o su re  o f th e  an im als . I n  c o m p le te  d ry n ess, even  
w h en  in b r ig h t  su n lig h t, m o v em e n t so o n  co m p le te ly  
ceases. I n  all cases th e  c h ito n s  m o v e  ap p rec iab ly  
fa s te r  w h e n  in  v e ry  m o is t  co n d itio n s  th a n  th e y  do  in 
su rro u n d in g s  th a t  a re  o th e rw ise  id en tica l a p a r t  fro m  
th e  fact th a t  th e y  are  im m e rse d  in  w a te r . T h e  speed  o f 
th e  c h ito n s  m o v in g  in  m o is t su r ro u n d in g s , ev en  in

T a b le  8. D istances m o ved  in  i o  m in . under  
d ifferen t conditions o f  h u m id ity

Distances (cm.) m oved by 
individual chitons in io  m in.

U n d er water, D am p, Dry,
Illum ination G roup  A G roup B G roup  C
Sunlight 8-3 10-2 1*7

5-8 8-5 2'5
IO-8 19-4 0

Av. 8 3 12-7 1 4
Artificial light 4-0 6-7 0

4-6 6‘S 0
4'7 6-3 0

Av. 4 '4 6 5 0
Darkness 0 4 '4 0

0 0 0
0 0 0

Av. 0 1 4 0

lo w  lig h t in te n s itie s , is re la tiv e ly  h ig h . T a b le  8 
in d ica te s  th a t  u n d e r  th e  co n d itio n s  co n sid e red  th e  
ra te  o f  m o v e m e n t d ec reases th u s  :

B r ig h t su n lig h t, m o is t  c o n d itio n s
I

B r ig h t su n lig h t, co m p le te ly  im m e rse d

>
A rtific ia l lig h t, m o is t co n d itio n s

I
A rtific ia l lig h t, co m p le te ly  im m e rse d

an d  th a t  in  co m p le te ly  d ry  co n d itio n s  m o v em e n t is 
a lm o st n eg lig ib le  h o w e v e r  in te n se  th e  illu m in a tio n . 
T h e  m o v em e n t re c o rd e d  u n d e r  co m p le te ly  d ry  
co n d itio n s  in  th e  e x p e rim e n ts  in  th is  sec tio n  is 
p ro b a b ly  d u e  in  th e  m a in  to  th e  im p o ssib ility  of 
th o ro u g h ly  d ry in g  th e  an im a ls  u se d  in  th e  ex p eri­
m en ts .

8. D I S C U S S I O N

Lepidochitona cinereus is in  a lm o st all re sp ec ts  a 
ty p ica l m e m b e r  o f  th e  in te r tid a l fa u n a , an d  its 
b e h a v io u r  in  re sp o n se  to  c e rta in  s im p le  physical 
fea tu res  o f its  e n v iro n m e n t is a d a p te d  to  its  life  o n  th e  
sh o re . L ig h t , g ra v ity  a n d  h u m id ity  all in flu en ce  its 
b eh av io u r. T h e  p o ss ib ility  o f  a re sp o n se  to  a dorsal 
c o n ta c t s tim u lu s  w as also c o n s id e re d  b u t  no  su ch  
re sp o n se  w as fo u n d . Lepidochitona  possesses an  
o r th o k in e tic  re sp o n se  to  a n o n -d ire c tio n a l ligh t 
s tim u lu s  w h ic h  re su lts  in  its  ag g reg a tio n  in  reg io n s of 
low  lig h t in te n s ity . S o m e  in d ic a tio n  w as also fo u n d  
th a t  th e  an im al possesses a n eg a tiv e ly  p h o to tac tic  
re sp o n se  to  l ig h t o f  v e ry  h ig h  in te n s ity . I t  does n o t 
m o v e  across a d ry  su rfa ce  ev en  w h e n  th e  a ir  above i t  is 
co m p le te ly  s a tu ra te d  w ith  w a te r  v a p o u r . A lth o u g h  
n o  m o v em e n t occu rs  u n d e r  th e se  co n d itio n s , th e  ra te  
o f m o v em e n t o f c h ito n s  o u t  o f w a te r  b u t  on  a d am p  
su rface  w as a p p rec ia b ly  h ig h e r  th a n  th a t  o f  ch ito n s 
co m p le te ly  im m e rse d  in  w a ter. C h ito n s  a re  ex trem ely
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sen sitiv e  to  d e s icca tio n  an d  are  u n a b le  to  re co v e r fro m  
an  ex p o su re  o f i h r .  in  w indy , su n n y  c o n d itio n s . T h is  
im p lie s  th a t  i f  th e y  re m a in  on  to p  o f s to n es o u t  o f  th e  
w a te r  w h e n  th e  t id e  is low , th e y  su ffe r  d e s icca tio n  
b e y o n d  recovery . T h e  resp o n se  o f Lepidochitona  to  
g ra v ity  is o f p a r tic u la r  in te re s t as it  v a ries acco rd in g  
to  th e  e x te rn a l c o n d itio n s . W h e n  co m p le te ly  im m e rse d  
in  w a te r  no  g ra v ity  re sp o n se  is show n , b u t  w h e n  o u t o f  
w a te r  b u t  on  a d a m p  surface th e re  is a w e ll-m ark ed  
p o sitiv e  geotaxis.

T h e  in te rac tio n  o f  these  re sp o n ses re su lts  in  th e  
ag g reg a tio n  o f c h ito n s  be low  sto n es w h e n  th e  t id e  is 
low . A s th e  tid e  fa lls th e  s to n es o f  th e  c h ito n  zone  
b eco m e  u n c o v e re d  a n d  th e  ch ito n s o n  th e m , n o w  o u t 
o f  th e  w a ter, re ac t to  g rav ity  b y  m o v in g  d o w n w ard s . 
W h ile  th e  su rface  o f  th e  s to n e  is m o is t th e y  tra v e l a t 
a m a x im u m  ra te , especia lly  if  th e  l ig h t in te n s i ty  is 
h ig h . T h is  lead s th e m  to  th e  reg io n  b e n e a th  th e  sto n e  
a n d  h e re , re sp o n d in g  o rth o k in e tica lly  to  th e  lo w  lig h t 
in te n s ity , th e y  te n d  to  slow  d o w n  an d  agg reg a te . In  
th is  w ay  th e ir  b e h av io u r m ech an ism  leads th e m  to  a 
d a m p  m ic ro h a b ita t  w h e re  th e y  are  sh e lte re d  w h ile  
th e  b e a c h  is ex p o sed  a t low  tid e . W h e n  th e  ch ito n  
z o n e  is again  co v ered  by  th e  tide , h o w ev er, th e  sam e 
c o n d itio n s  n o  lo n g er h o ld  an d  th e  b e h a v io u r  o f th e  
c h ito n s  is m o d ified  acco rd ing ly . A s all th e  su rfaces  o f 
th e  s to n es  are  im m ersed  in  w a te r, ra te  o f m o v em e n t 
above  a n d  b e lo w  th e  sto n es becom es ap p ro x im a te ly  
e q u a l, th e  d iffe ren ce  in  l ig h t in te n s ity  ab ove  an d  
b e lo w  th e  s to n es  beco m es m u c h  re d u c e d  a n d  th e  
g eo tac tic  re sp o n se , so  m ark e d  w h e n  th e  c h ito n s  are 
o u t  o f  w a te r, is lo st. H e n ce  th e  c h ito n s  u n d e r  th e se  
c o n d itio n s , w h e re  th e re  is no  risk  o f  d esicca tio n , 
th o u g h  te n d in g  to  re m a in  be low  th e  s to n es if  th e  
w a te r  is sh a llo w  a n d  th e  lig h t in te n s ity  h ig h , a re  n o t 
re s tr ic te d  to  su c h  situ a tio n s  b u t  a re  free  to  m o v e  an d  
fe ed  o n  all th e  su rfaces o f th e  stones.
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1 0 . S U M M A R Y

1. Lepidoch itona  cinereus is fo u n d  u su a lly  a tta ch e d  
to  th e  u n d e rsu r fa c e s  o f sto n es, in  th e  in te r tid a l zone.

2 . T h e  d e n s ity  o f  th e  p o p u la tio n  fa lls o ff to w ard s  
th e  sh o re w a rd  a n d  th e  seaw ard  l im it o f th e  c h ito n  
z o n e  o n  th e  sh o re  a t  W h its ta b le , a n d  is a t  a m ax im u m  
a t ap p ro x im a te ly  h a lf - t id e  level.

3. A t  an y  leve l o f  th e  sh o re  w h e re  Lepidochitona  
o ccu rs , th e  d e n s ity  o f  p o p u la tio n  is g re a te r  u n d e r  
s to n es o c c u rr in g  in  poo ls th a n  u n d e r  th o se  th a t  are 
n o t  im m e rse d . T h is  in d ica tes  th a t  th e  m ic ro h a b ita t  
o f  th e  an im a ls  is p e rm a n e n tly  d am p  d e sp ite  th e  ris in g  
a n d  th e  fa llin g  o f th e  tide .

4. T h e  in flu en ce  o f  c e rta in  s im p le  physical 
fe a tu re s  o f th e  e n v iro n m e n t in  b r in g in g  a b o u t th is  
o r ie n ta tio n  is co n sid e red .

5. T h e  an im als  co llect in  sh a d e d  areas.
6. E v id e n ce  su g g ests  th a t  th e  an im a ls  a re  ab le  to  

o r ie n ta te  th em se lv es to  a s tro n g  d irec tio n a l l ig h t 
s t im u lu s  an d  m o v e  aw ay fro m  i t  b u t  th a t  th e ir  d is t r i ­
b u tio n  is d e p e n d e n t to  a larg e  e x te n t  o n  an  o r th o -  
k in e tic  re sp o n se  to  a d irec tio n a l l ig h t  s tim u lu s , in 
w h ic h  th e  ra te  o f  m o v em e n t is d e p e n d e n t  o n  th e  lig h t 
in te n s i ty  invo lved .

7 . N o  ev id en ce  w as o b ta in e d  o f  a re sp o n se  to  
d o rsa l c o n ta c t s tim u li.

8. Lepidoch itona  ex h ib its  a p o sitiv e  geo tax is w h en  
o u t o f w a te r  b u t  th e re  is n o  g e o ta c tic  re sp o n se  w h e n  
th e  an im a ls  a re  in  w ater.

9. N o  m o v em e n t occu rs  o n  a co m p le te ly  d ry  
su rfa ce . T h e  ra te  o f m o v em e n t on  a  d am p  su rface , 
h o w e v e r, is a p p rec ia b ly  g re a te r  th a n  th a t  o f  ch ito n s 
u n d e r  w a te r .

10. T h e  w ay  in  w h ich , b y  th e  in te ra c tio n  o f th ese  
re sp o n ses , Lepidochitona  m a in ta in s  its  c h a rac te ris tic  
p o s it io n  on th e  sho re , is d iscussed .
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