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l o c c z o t i m  i n  * i a ' ~ s i s  l i ve scc r s ,  a f resk- - f i t e r  szil. h t e  2nd 

direcA2cn of e i l s '  ~ c v e x ~ t s  were s 5 2 l d  i n  r e l a t i o n  t o  ecvircdl- 

m s s ' a l  ar.6 i n t e z 2 1  cues,  TIE sdls do hzve pz t texs  t o  t h e i r . m t e  of  

rnove=tst, bu t  no t  t o  d i r e c t 5  CE of movemat. D i r e c - t t d  mcvezent s e e m  

t o  be k s d  on e ~ v t r ~ 1 - - ~ ~ ~ - 2 1  f a c t o r s  t b a t  do n o t  h w e  dz i ly  cycles, o r  

on no wv',rcrsez';21 factors a t  211. Rate of a c r r e ~ e r t  ptte=s were 

a l s o  f d  no t  t o  be a f f e c t &  by e n v i r o m a t z l  factors that vary on 

d a i l y  cycles.  The ptte,-nls o h e r r e d  see3 t o  be influen_c& by j.nte,qaT 

cues o r  z ~ ~ = ? ! ! s ,  i n s t e d .  

Annual arrd d i u r n a l  rhytbas  are t h e  most f requent  t op i c s  of s t a d i e s  

i n  locomotory pat tens .  Both of t he se  a r e  presume5 t o  be somew'kt 

i n f  luc.ced a5 r e ~ f z t e d  by eivironzen'tal f a c t o r s  ( ~ l o u d s l e y - ~ h o n p s m ,  

1961). For fresh--xater, aqua t ic  animals in shallow i n t e r s  however, t h e  

p o t e n t i a l  responses t o  environmental f a c t o r s  are n o t  very c l e a r .  Some 

cues such as t i d a l  rhythms and v e r t i c a l  migrations of plankton which 

a r e  ava i lab le  t o  o the r  aqua t ic  a n i a a l s  are unava i lab le  t o  animals i n  

s h l l o w ,  fresn-i izter  h a b i t a t s .  However, in shallow water, both  l i g h t  - 

i n t e n s i t y  and water t e i n ~ e r z t u r e  are  mucn more prone t o  v a r i a b i l i t y  than 

a t  m t e r  depths, and tne se  two parameters m y  be important cues i n  

a f f ec t i ng  t h e  locomotory patterns of such animals as t h e  fresh-water 

s n a i l ,  Gonia'msis l ivescens .  

Other~envimninental  f a c t o r s  may a f f e c t  t h e  locomotion of 5 l ivescens  

in ways t h a t  do  not  p ra iuce  p a t t e r n s  of sovernent t h r m g h  time, ht a e r e l y  

m n i f e s t  c o r r e h t i o n s  between t h e  f a c t o r  in quest ion and t h e  p r o ~ e r t i e s  

of the  s n a i l ' s  zovenent. These would be f a c t o r s  which do n o t  f h c t u a t e  
s 



Thi-dly, i f  -~at"arr;s do a2ze-r t o  exist i n  the locosotion o f  a 

adm1, 'bct these p z t t s - ~ s  d~ D G ~  z2peLr to relate to e s v i r o m = ; ~ l  cLes, 

m e  m y  the- look to *'intezzdU cues a . i i r e l  m y  u . & x  to dete,->ne 

its pat te rns  of mmezezt. The nost obvious f a c t o r  hero wcuX be the  

such a s  seeking a s i t e  t o  or lay eggs m;tv be m t h e s i z d  f o r  less 

freqaat  movemat p a t t e g s .  If one can successfuUy disprove s ~ c h  a 

b ~ t h c s i s  o f  h t e n a l  cues, a v e r l d i ~ ~  I n t e x a l  r:pths mjr 'be look2 

t o  as t h e  cause of such locomotive pa t te rns  ( ~ e m e ,  1963). These would 

be i n t e r n a l  rbthms which a r e  not r e l a t d  t o  cues in any way;. 

If ne i the r  cyclic rhyt'kms nor  c o r r d z t i o n s  -dth other e n - ~ i r ~ ~ z e . ! c + ~ l  

f a c t o r s  a r e  found, one may t en ta t ive ly  conclude t h a t  the movement i s  not  

affected by t h e  cues t e s t d  and may be random. 

bsei! on some in i t i a l  obse r~a t ions  of G. l iveseens i n  the  field, - 

I was curious about what types o f  f ac to r s  might be af fec t ing  the s n a i l ' s  

movements. In mfdn =ters, they leave a d i s t i n c t i v e  trail b e h i d  them, 

and my i n i t i a l  obserrations of t h e i r  movements a s  i n d i c z t d  by these h i l s  

led m e  t o  believe t h a t  their locomotory Khavior  d i d  have some p t t e m  

t o  it. Based on those observations, I chose two  propert ies  of t h e i r  

novement, t he  d i rec t ion  a d  =te of moveaent t o  study. 

&cause I suspected the  movements of t he  snail of containin4 some 

type of pat tern,  I focus& on those fac tors  which would e l U c i t  a 

patterned movement response, chiefly: a )  light i n t e n s i t y  b) water temper- 

a t u r e  c )  i n t e r n a l  cues, especially hunger, and tried t o  determine t h e i r  

impol-i;ance as cues used by G. Uvescens in determining r a t e  and di rec t ion  - 
of muvement . 



3 
- .  ?fy first o'c~e-,<ive wzs 'to c s z z ~ c t  a 2 L t : ? ~ : ~  o ' E ~ T ~ z * ~ . s ;  of) tk.e -&AS .=--'- 

in t b i i r  n z t u p 2  ka'z&+kt, -LL&."-~ RP_ZSCEQ_Z-IS of l i g h t  FntezCt j r  a-r'_ e ' e r  

. . tease-zture  as ell 2 s  t5ii =te =d 2i rec t lcs l  of s r - l  mwezient d ; t r !  

tkt time pez5d. Us5-u: t:?is dzi%., I f i rs t  look& for es2a3iis?k pa'tezxs 

o r  r k - t kns  =L lock& f o r  corre7kfiar,s b e t w e s ~  the p ~ z e t e r s  

er,-rircnr&.5'%1 faz+ars ~ e z n d .  Fol lowbg W s ,  I in te -dd  t o  d e A k ! r h e  

if t h e  mm.t of t i n e  sfncc t5e kist f e s l c g  mrrld dfeci; t h e  m t e -  of 

a s;l&l's mo-rerast t o  t e s t  the * h i g e r m  hyimthes3.s. 

24-Your Gkse-~;ra'Aocal P e r i d  

The s tudy s i t e  wzs chosen due t o  t h e  high populaticm of C-. - l lvescens  

loca ted  there .  It i s  a smll beach a t  the Unive~s f  t y  of ?Iic'hig= Biolog- 

i c a l  S t a t i on  on 'air3 Doughs,  near Tel l s tc~ . , ,  iXichigzn. The beach is  

located about  mile from the  . d n  part of camp, j u s t  off t h e  Pine Po in t  

h-ail. The s i t e  =s locz- ld  a b u t  30 t o  80 meters from the shoreline.  

The depth  of t h e  water only rzr~eC! from 17 t o  26 c m ,  Secause t he  s i t e  i s  

loca ted  on a large shoal  t h a t  extends wel l  out i n t o  t h e  lake before drop- 

ping off. Th i s  provided a f a i r l y  s t a b f c ,  s k l l o w  water depth  in w'h5ch 

G .  l ivescens  a r e  z'hndant and e a s i l y  located.  To t h e  r i g h t  of the  site --- 
about 10 meters, a s m a l l  "peninsulan in t ruded about 40 metersjvery s l i g h t l y  

secluding t h e  study s i t e .  

The s tudy xas c o d u c t e d  aver 24 hours ,running from 7:00 pm August 

2 to 7:00 pm A u g ~ s t  3 ,  1980. A few hours before  t h e  study begxi, 60 

s n a i l s  were co l l ec t&  from the  study site md m r k d  numerically with t e s t e r ' s  

pa in t .  The s h e l l s  were d a b M  with acetone t o  dry them 'before pzinting,  

t o  inc rezse  t h e  l i f e  ex~ec t ancy  of t h e  m.zkings. The mails  were then 

returned ard allowed t o  r eo r i en t  t o  t h e i r  eavironment f o r  t h r ee  hours 

before o b s e r ~ a t i o n s  were begun. 



TP. 21: h0,r o - ~ z ~ : ~ * - ~ - L ~ -  i i23 <f-~-?& into six wrxng ~r ' ,&=  

_ _  - -  . - 
of fa- hcip== ec:'1. ,.--5s-7=+z~2~ NZrF C 2 . Z - e  m t  f o r  t'ne first t-rn hoLrs 

. . 
of azh t ixe  bl&<; rz - o = E ~ ~ c - 2 - d ~ ~ S  out duriw u-e s e c e  

t 2  , ,  At tt=e '-z:z'"''"s of e c h  W T ~ C  e r i d ,  the l ocz+ ; i a  of e z h  

,LL -w'?;r f o n ~ w d  ;---1;5,5 fk3d1 a-d its G--cfion acd dJs*aqce of plc,re- 

n2t hzs not& a t  t k ~ :  e = e -  If a trail wzs ; r e s a t ,  t h e  d i s i a c e  was 

~j~ 25 the l ~ ~ t h  c=? tr-il. If no t~;; W s  p r e s ~ ~ t  (usaaly due 

to .-, w e  ZC-H-TY=~) t h e  dis'~?ce m o r e l  w;_s taken as the net dis -  

wee from t h e  last Ecy=nt at  wfiich t h e  wzs observed. This was p o b -  

a51y z s l i g h t  d - e z e e ~ a m  In z ? y  cases, kt only m e l y  ucux t&t 

be s i d f i g z n t l y  so. The first hour of each szzpling period -es used 

i n  this way. 

The second b 0 ~  zf a c h  -?ling ~ez5c.d e S  used to c s t u n  t o  t he  

we =dls 4 flag = h e i r  new pos i t i on ,  notLnig d i r e c t i o n  and distance 

of a t  this =me- h m  aY i n i t i a l  o b s e r r a a o n s ,  I had not ex?ect& 

t o  & a b l e  t o  fol low a i n e v i d u a l  s s d l  f o r  m c h  l m g e r  t& m e  hour, 

thus the one hour t i m e  i n t e r v a l s  were d e s i m d  t o  compensate f o r  this .  

Hoiimer, due t o  v e q  calm, weather, I a b l e  t o  follow t h e  snails over 

the two hour " n o n - o k ~ ~ ~ a t i o n a 1 "  p e r i d s  as uell, and i.ias a c t u a l l y  ab le  

to fouow s i x  i ~ l d i ~ ~ ~ a l s  for t h e  f u l l  24 hours. A t  each sarnpu- p e r i d  

approfimately 14 i d i d d u d s  were f l ~ ~ d .  Yhen f w - n g  t h e  mails, 

the  sn&& a d  m l e  p e r i d  num'cer xe r e  noted on t h e  flag t o  avoid 

codus ion .  

A f i n a l  observat ion was taken at 7200 PD on A u g u s t  3 SO tht  a t o k l  

of 13 samples Here bGen t h e  24 hours, -4th i n t e r v a l s  of one to t w e e  

hours tptveen t h e  s*=?les* For each m p l e  ? e x i d ,  measurements of l j g h t  

inteqsity and a te r  t enpe ra twe  were a l s o  t d ~ e n .  



To t e s t  the b ~ e r  h~otkesis, 1-? W a o r  set, 21, ~s e z z t &  9 X c n -  

s i O e  Iz5 near the bzztreLl. A L z ?  zeLal  txb (z2prcixizztely 2.5 s X 1 

F i s l l y ,  a t h i n  tcp 12;rer of sz2 = S  a s g l i d  tkt -es tz'~2s f n n  the  

top l a y e r  of std a t  the s t d y  s i t e .  P ~ ~ s m z 5 l y ,  thAs top l q e r  of  

sac C O G W I ~ ~  the r~tr?,ti~=S. r e ~ : f i r e x m t s  of G .  - l2vesccls C e s ~ s e  the? 

f e d  clc d i a t o m  z d  other  &-$-%ton .f -2 on t& .p5& of t:1~ &. 
A mfcnszopic ins2ect;tcm of tbds top h y e r  shoiied that the snails were 

~irdse2 receiving frcm it, a vt_ze% of diztoms a , ~ d  ootner p'cyt?p7=1.~",n. 

The su5jects  f o r  this h.~.&er exgeriaer,t were o~~~~ d~s.6, i n  f r o n t  

of the volley'Sal1 court a b u t  two meters aKzy from shore. Only animzls 

t h a t  ha3 been mrZ1.,ng trcils were  chose^, t o  a s a r e  tha t  they M keen 

ea t ing  recently.  It i s  g a e r a l l y  accepted the  C. livescens f e d  cons ia ,~ t ly  

wMle i n  motion ( ~ z k e r ,  1928). Six of these "recently fed" snzi ls  were 
5,,!3 

tdkm t o  the  lab,azd mrked,nplzced i n  the exgefiieenL&i set-up. T h d r  

mte of movesent -as calculated over a four  hour pericd. Following this, 

the  s n a i l s  were placed fn f i l t e r d  lake water ( f i l t e r e d  through a mlcro- 

pore with .45p m f l l t e r  paper) =d starved f o r  20 hours. The four hour 

e ~ p e ~ i n e n t  was repeated a f t e r  the s i a n a t i o n  per icd t o  campre the  rate 

of movement before and a f t e r  sk i r rz t ion .  Ught in tens i ty ,  xzter teaper- 

a t u r e  and time of day were held constu?t.tL-hout both ex2er i aenb l  runs. 

RESULTS 

3efore examZnbg the  locomotion rescllts themselves, it w i l l  be help- 

ful t o  be acquainted with the _mttems of the  l i g h t  i n t e c s i t y  and uater  

t e n s e r a t m e  aver the sam2lin.g perlcd. Figure 1 shows tha t  m p l e s  

nun'cer 2 through 7 (approximtely 10100 pm t o  7: 00 am) repressnt  the  

f acu l t a t ive  "darker" and "cooler" sampling pericds.  T k i  Ugnt/wam and 





- . -  - 4 D~~ zr. :-. 2; Hs.ic--,c-- : , 
bZ< 3.. F.- ,=e 12 thel- sees n o t  t?ye=, t o  be z d z i l y  cyc le  or p t -  

szI>ie z q ~ - x r s  2 t'iz~::~h - 7 =?resect t t e  .Ltae of l o k z s t  l i g h t  i n t ez - t t y  

e? e % p _ _ r  t e~=e=iure  as s e  in Ii\i.g.~re 1. If the a r e c a m  of m~yveaa t  

~ , s  be%-< 2-'f e c t d  - *cse >-zellers, m.2 uculd e x x c t  t o  s e e  z Oif- 

ferzt p t t e m  of d i r r = c t i o u l  movesent i~ t he se  -pies with n q e c t  to 

ti;= cti?es.  T h i s  is x o t  o b e r ~ d  b Fkg-ze 2 hoverer. I n s t e d ,  the 

ove311 d i r e c t i o n  of 3 o v a - t  t ~ z s  t o  'be aizy f n a  t h e  shore i ine ,  

t h e  f e w  v z r i a t i o n s  io thls occur in no pa t t e rn  a t  a l l  (sam21es number 5 ,  

6 a d  9 ) .  

~ b . , ~  i s  f l ~ ~ h e r  e32I-1~.s5xec-7, In - 9 g ~ r e  3 .  Here t h e  sirec'ion 

of aDfawAf, is  'czsd a n  C o W s S  r e d i n g s ,  and no dally p a t t e r n  seems 

' to O , ~ ~ S t  Zrom t'nese g3p&. if l i g h t  and temperature were playi_ng 

ar: i n p o p a y t  r o l e  her?, one would e w e - t  the  d i r e c t i o n a l  novemeit i n  

-?Ies 2 t h o u g h  7 t.2 be d i f f e r e n t  from t h e  o the r  sznples ,  and this i s  

no t  the  a s = .  

he i n t e r e s t i n g  3 0 i n t  Figure  3 i s  t t l a t  t h e  o v e r a l l  h ighest  frequency 

of direc&ionzl m w o e z q t  is t o  the Southwest (which i nc iden t ly  is akzy from 

shore). This might ted t o  ~ g e s t  t b t  t h e  s n d . 1 ~  may be movix  ou t  of 

the s y d y  s i t e ,  however I mkef about  60 s n z i l s  three days k f o r e  Yne 

24 hour obser fa t ion  p e r i d s  an2 10 of those were recovered tine day of t h e  

o v s e r f ~ ~ o n  p e e d .  I had removest abmk 40 of t h e  60 marked s n a i l s  i n t o  

the  m, so  t h e  p e r ~ e n f % e  of recovery iras actuaLly r a t h e r  high. Also, 

the  m&n.gs I d  been an without ud% acetone, and it is  very pos s ib l e  

t'mt sono 2 r e v i ~ u ~ l y  ~ ~ r k e d  md-ls no longer h r e  mar-Hngs a f t e r  t h r e e  

days. In d d i t i o n  tĉ  this, it be n o t d  t h z t  at  the  end of the 24 

hour o & e ~ a i i o n  p e r i d ,  33 of the  60 mails ~ r k e d  f o r  t h e  observations 







WE_"< =CC 7;s -=A - 
--a a t  t h e  s k 2 y  s i t e .  s z s k  ;-r these 3z-2, &&-e slzzLls 50 n c t  

sezz 5s  ke l e z - ~ L r  t h e  s + k d j  ~ 6 2  25-tely. 

RE'? c: Yszs=-~t 

Fgzs I: s5o-ws the rzte of mcvemc~ t  ove r  24 hours f o r  the &.x s-aZls 

. . t r z :  we=% f o l l o w d  f o r  t h e  &?t i re  szs?le ~ e 5 d .  U s k e  m e  6 i r e c t i o r e L  

d3+2, sene t q e  of locomotor-  pa t t e r s  i s  S&=OS~& @ t he se  dz+~z. Each 

f c l l c - d  by one o r  tiro s h o d e r  pel.t&s of o r e  to fo= h o r n  each, of rnasrs 

rz;td ac-renmt. These pe2c.s a* l u l l s  in = t e  of rncveric,?t do n o t  occur 

a t  LIE szzie t i ~ e  of dzy Tor e z h  =dl. Nctice tk' s-._zfls n - i k r  *22 

ard ? hzre  t h e i r  h i g h e s t  rete of a c t i v i t y  i n  t h e  d z ~ k / c o o l  hours, w5Ale 11 

w a i l s  number YZO, U39 and P reach t h e i r  peak a c t i v i t y  around rcidday, 36 
. - 

ar-Z S-LZL nun'cer does  no t  rez-h i ts  pi!! r z t e  of loconotion u n t i l  t h e  

h i=es t  z?d b d g h t e s t  part of t h e  day. Less complete exanples 03 this 

phezome czn be examined i n  Table I f o r  o ther  snails seen ovsr t h e  24 hour 
.,., 

e 5 .  However, I -as unable t o  foilow the  o the r  s n a i l s  f o r  t h e  f u l l  

24 h w r s ,  which m 4 e s  tine d z t a  l e s s  complete f o r  t he se  ind iv idua l s .  If 

t h e  pa t t e rn  o f  rnwcnent r a t e s  were controlled by l i g h t  i n t e n s i t y  and 

mter ten ;e=tur~ ,  one muld ex3ect t he  pezks and l u l l s  t o  approximately 

coinclde f o r  s c h  s n a i l ,  bu t  this i s  no t  w h a t  i s  observed. 

0 ~ ~ 1 1 ,  t h e r e  does  apgear t o  Ce a s l i g h t l y  h igher  n t e  of  aovement 

i n  t n e  l i g h t  hours, however when the "dl~.k/cool" sa,a.ples a r e  ccmpard t o  

t h e   light/-a,-sn s a p l e s  'by t h e  .Xmn-7hitney-U t e s t ,  t h e r e  is  n o t  a 

signifi-t d i f fe rence  i n  t he  r z t e  of moveaent a t  t h e  two i n t e r v a l s  . 
(u=u, tabular val-ae=j, p> .05). 

The hunger q o r i a e n t  was run once, using six snails. The gr-p'ns 

dep ic t ing  t h e  r e s u l t s  a r e  four?d i n  Figure 5. The mean r a t e  of movenent 

over four 5ours before  t h e  s + m a t i o n  p e r i d  was .298 + .204, and the  - 8 









L r  - m5L: _r=-=e of ~ p ~ = ~ ~ ~ :  2 5 5 s ~  t:?e sG&--jzL-z 3p_"_& .;t;. - .:23, 2: - 
. . 

ayal;-rz& -cy t h e  .Y.T--T.-L ',2q--'i - t e s t ,  these 20 20' re;-csz-, rrrrLl"i~--:ly - 
- - - .  

C i c n  - L + z - - - ~  -=yA & - *  T Les  of ~ c ; t z f z t  (~=17,  tax-.= -e>~- j, 2;. 05; z-z-;rz 5 

uzs zlso done on the z = e  of mzqezs,r,t fcr the f i r s t  kt . -  05 kke c ~ e ~ z c * k i l  

. . 
p p z 5 d ~ .  The rnc- z z t e  o l  riwexf,?l i n  c-2 Oci l r  &To-.... sAiriz;rcr_ his .160 

+ -19, &=ter S'A-rstion the  =f;e wzs .3iA + .24.2. Trzse x3 re  C s s  fmc! - - 
- -. n o t  to be s 1 5 d Z i g ~ z L ~  d i f f  e ~ t t  ~ G ~ P S  01 ~ O - J Z Z E I I . Z  Z Z Z ~ ~ C - I Z  - t o  <ye Y Z - ~ -  

Kaikej--U - t e s t  (~4, +shlzr vzhc=5, p> .0j), the drzzz',ic e f f e r -  

a c e s  exl'Dite.3 by fndividuai szzils shmld be not&. SEA?? $2 ZTT& 

f a s t e r  over t h e  = t i r e  four  hours ber'ore s2ar~-2+tion, and sAAll  other -s ia i i s  

exiX ted differing con'dnaiims of conpan%ive "before/af  t e r m  v a h e s .  

Bzsed on the r e s a l t s  of F ig l r e s  2 a d  3 ,  one w o ~ l l d  n o t  ex;ec'r- tFe 

dlrect icrral  ncver;.,c.zt o f  G .  llvescorrs t o  be aifec-led 54- p-rre'ers ir?Ac;? - 

run  on d a i l y  cycles--sach a s  l i g h t  i n t e n s i t y  and water tez2erz-Iure. There 

are no d z i l y  patterns observd i n  the direc+Aonal da ta ,  however the da-A 

do aw-~~t t ha t  scne t p e  o f  ~ f f e c t  i s  5eir-g e x g r e s s d  because of the over- 

a l l  t r e - d s  observed akzy from snore i n  a Southwest d i rec t ion .  T h i s  

may i r d i c a t e  thi; other fac tbrs  which a r e  not cyc l i c  an a d a i l y  jasis 

mzy be af fec t ing  the direcLAonal loconot5on. 3asd an &the recoverjr =tes  

f o r  the =ired mA.ls, one would expect the s n a i l s  t o  reverse this di rec-  

t i o n z l  trend a t  scme time ar?d - t u n  t 0 w a - d ~  shore. Per-bps fac tors  such 

as ewes i n  f c d  avz i l zb i l l t y  o r  have s t r e i i t h  and d i r e c t i a n  could be 

hy-potnesizd a s  the c o n t r o U n g  f a c t o r s  here. Wave p t t e n s  do not 

seem to  be cycl ic  on a dz i ly  ' k ~ s i s  i n  D o q l z s  Lake, du_T~& the 24 hour 

obsemation pe,",cd, ny t e n k t i g e  observations seen t o  indica te  t'mt the 

-ages  were com5-5~ f r o m  a ca?sAmt  d i r ec t ion  (norih) a t  a l l  times except a 



i n  l e e e s  of tc-21 ~ 2 3 ,  C . - - - - G ~  '--;-- L- - - f ~ C f  a - r G h 1 z l l i t y  aro l e s s  c e r k - . ,  

crtz-kLllz',icn of the e f f ec t s  of a:tii.ity fad ,=k7da---ce ~ j .  cGr- 

t=llizg f2ctaz-s heze. O'cvimsly furtkc i ~ v e s ~ L ~ z * t i o n  xculd be n e d d  
"< 

sL>sLaytitle t315, 'm+ s2z= dces see2 tc s ~ g o s t  t5e act5 m- of S G C ~  

Rate of Mme3at 

that t h e  a t t e m s  exibitd d i f f e r  so  uiz'Ydly from =dl t o  szall. T k z e  

are d e z i n i t e l y  pz t t ems  of r q i d  m-vens t  Tol lowd by a slower p e r i a i  of 

. - 
3 G v - 5 3  27 - 2--4 - # A=-- c k =  t h e  ;e5ds  o? ,=?id move2-?,lt do not  e-zer ccin~ 

c lo se  t o  coinciding suggests tkt t h e  de t e r a ln ing  f a c t o r s  are not  envir-  

0 .  The lack of a s t a t i s t i c a l l y  d g n i f i c u l t  d i f fe r -ce  b e t u e ~ s  

the r z t e  of mcve.-,f-'; dm?-= t h e  cool/dark 3;zd light/-,rcrx h a w s  f uzehe r  

suggests  that f a c t o r s  t h a t  vary on d e l y  cyc l e s  are no t  of im2ortance here. 

I n  this case,  one inay sus_cest t h a t  one o r  more i n t e r n a l  cues  ar? being 

us& by t h e  a d m i  t o  d e t a - 4 n e  its ra te  of nove~nn t .  This  d a k  oz5gFially 

suggested t h e  hypothesis in o d e r  t o  t e s t  f o r  one type of p o t m t D l  

in-kkclal  cue. 

i r ' h t  i s  nost  mqli_shg a-mut this d a t a  i s  t'nat it i s  i n  opsosit ion 

t o  most of  t h e  e s A k b U s h d  hypotheses an molluscaii a c t i v i t y .  HoEnsca 

ars n o t  asmad t o  e x i b i t  =ked rhyYms i n  t h e i r  a c t i v i t y  l eve l s .  They 

s u p o s d l y  t a d  t o k - d  a r :hy t 'dc i ty ,  o r  a t  t h e  very l eas%,  prolonged act iv-  

i t y  ( ~ l o u i s l e ~ - ~ t ~ m ~ s o n ,  1961, d t i n g  CaLloun, 1 9 U ) .  Cloudsley- & Thomp- 

-7 9 
son & =:,lest t'nt snzils n.zy exi'uit " e ~ c g ~ o u s "  ri.yt'nms base3 on l i g h t  

i n t a s i t y  and temperzture, but  tht  these  r l h y t h s  disz_qear urrier consLknt 

& 
condi t ions .  My r e s u l t s  s e a  to be i n  O ~ D O S ~ ~ O ~  t o  30th of  these  hypotheses. 



t;?cse -x-l<er?;s fs 22' s e ~ l  t o  be r~'k'd t o  l i a h t  - Ir.:~:c't;< r-.?' -cL,er 

- . . -.--- m - s ,  't t e ~ e = t - z e  z5 a x .  i s r . 2  m C l m X s l e - - -  =A T?.s=>c_~I~* s as z-= -A"-- 

w c u E  Fz-72 ksr vsz-- i ~ c e r ~ s ~ A n g  to k r e  seer i f  5 l i v ~ s c e r  =<-5it& 

pal',te--?-s ir, i t s  ~ 7 5 t  CZ mc;zzezt u-der  c o r . s L z t  cc&t'ozs ever 2i: hctl-, 

to prcve EJZT zcrE c=r.clh&vely tkzt l i gh t  c d  t a p c z i - z e  do not p7ry 

, . az i q o r z ;  m l ~  &re.  =ns, dl& no t  p e d t  szc:?- 2 str-5y tizs s z e r ,  

so I l e - ~ e  t?zt tc be m a  fully e q l o r d  by q s e L f  o r  o t k e r s  a t  a 

la ter  Sate.  

Ir kzs i n l e r r s ' 2 ~ 4  to note  t 5 - t  a5 least m e  -p.>er ett&: l C t e r  

t h e  Cio~esley-Tkcmzson book a l s o  brougkt out r e s ~ l t s  diffe,ilng from t h e  

resdts i n  Lye book. The flndirgs of F. Hexe Fndiczte i  thit lzd 

a ~ l s  do e r2 '5 t  daily rhyt'ras of actZvity, ar- 5k' thcse ? a L , t t ~ - c  a r o  

a f f z c t d  &y l i g h t  i n t s n s f t y  and temperature, 'mt the€ they a l s o  seem , 
a t  l e s t  i n  -., de te r&xd by overfding r h y t h s  (F. Herae, 1963). The 

iz2- i iz t ioc  in her  F ? e r  s e sz s  t o  be th2t t h e  "ove5ding rn;efnsW are no t  

af fec t& by m y  cues at  all, but a r e  i n t eg= l  pr ts  of t he  arAmals' devel-  

o p n e ~ ~ t d .  o r  l w m d  bekzviors. Such an overiding rhythm w i l l  be discussed 

l a t e r  as p o t c ~ t i a l i y  r e h t d  t o  t h e  loconotory F t t e rn s  of G. l ivescszs .  - 

H-er 3x~er i rnec t  

The r e s u l t s  of t h e  hunger experime?t d o  no t  uphold 'he hypothesis 

tbt t h e  -patteris o b s e r f d  i n  m t e s  of movesent are causd -zy i n t e r n a l  

cues. Hoxever, due t o  t h e  smzll  sarnple s i z e  u s d ,  md some log- 

is+Acal problens x i t h  t e s t  i t s e ' f ,  I a m  unK;,lli-ng a t  this poin t  t o  

c o n e d e r  this : ~ o - L : ? e s i s  adequately disproven. 

It i s  en t i r e ly  poss ible  t M t  t h e  process  of  s42 r f z t i on  f o r  20 

h m ~ s  would 30t have a si,pificat e f f e c t  on a =ail 's  feeding (moving) 

= te  'beczuse slzils are ab le  t o  go f o r  weeks at a t i m e  -d thou t  f oa i .  T h s ,  

if one i s  m o t i i e s i z i r g  t h z t  : m g e r  would cue t h e  -dl t o  eat, a 



z-.z A*- a&--. ,-,-- p-----.-e ,,.--L-, LL ,,.e chznge in r ~ t e  of mrrsz ; - t  &fore  am2 z f - l e r  tke  

sA--;z',ioz ger'-&s. TkLs XU'.? &re ZY idf c25im if a t X x y ~ k ~ l d  exists 

. .  . pdlcv w--=n 2 d z i l y  f p&zg  pat-te_~: f s n o t  21L,e--F3. 

to t e s t  h c e  ~ T U U  tfS hew f i d y  t h e  p z t t e z s  r e A n  mdez ccnsLkz;t 

c o d i t i o n s .  Such ovedUng rhythms a r e  a 2 o t a Y a l  e-qluraAtior, f o r  +he 

l o c s l o t o r j  ja'tez-s of G. L i v e s c ~ ? s  f o r  w:%ch I wzs u-qa3le t o  t e s t ,  a?E. 

d'il leave ''a be fackld Later. 

Before c l o s i r ~ ,  it should be not& that in s g d e n g  of the p a t t e r n s  

or r h y t ? ~  o ' c s e r ~ d ,  I &; Che assaq+l ion Yia t  they O C C > ~ ~  on a d a i l y  

(over t h e  course of  24 -s) p e r i d .  The u s i e s  -4ed w e r  24 hours, 

so  I a m  r 'a i r ly  ce+&n that rhythms of  under 24 hours are not  g r e seq t  

here, but it i s  entirely possibb tht t h e  pz-lterr, I o b s - ~ d  -iaTi_es 

over IOnger l e 5 d s  of time. Diurnal rhythms are ;nost of ten lookEd f o r ,  

beczl~se t he  envlro~~c.n~d fac tors  o f ten  VLI on d d l y  eycles.  But 

k z u s e  I do not  seea lx d e a ' i ~ g  with mviror-n~q-iel f a c t o r s  t h a t  vzry 

on d z l l y  cycles  here,  it would not n e c e s s r i i y  be t r u e  that t h e  r h y t ' i  

lenz+h nee3 t o  be 24 burs. Espec ia l ly  if the hmger h~othesis holds  

up, t he r e  w w ~ l d  be no re.zscn x-hy a 24 b u r  cycis  -mul-d 'ce f z v o r d  f o r  f e d -  

i n g  (unless  t h e  foai avaLla'3iTity varies over 2L: hours  which I do  not be- 

. . 
=eve is t r ~ e  in cnei r  e n v i r o m e c t j .  A more thorough study 

mu7ld include m l t i p l e  24 hour observztion p e d a l s  t o  t e s t  if  t h e  o z t t e r n s .  

I o b s e r r d  in ay obser ia t ion  p e r i d  a r e  repsa t&,  zrd at wi-;at inte-mals 
% 



they L Z  1 5 2 ~ 3 5 2 .  

Lq sr---~-/, Z S V G ~ E ~ ~ S  of G;r32-=d3 7 > ~ ~ ~ z c r ~  23 not  

see=: -to &'st d z i l ?  ~ - L t e = s ,  but t ;?ce- ~ ; i  e ~ L x t  n.sn--:rcxc -z's-s. 

. . ~ E S  GE C T L ~  izfa-rrz-za,  one ze;f W A X - o d z s  t k t  if t b ~ j  =e ids& 

~*fect.& by c - 7 1 r c r 2 3 . z L L  facLarst  it ~ m l d  -be Qy fzclozs thzt Zo ns", 

vl -y  i n  d&27 cycles s ~ c h  zs  =-~t Olre.-,',lcn zz& pcs$-bLz f c d  =-~&h'ci'-rty. 

ms ex?-2 zz'i,c- s e z  be t ' ~  ~ o d  con&sAa.zt -dth q r e s l t s ,  a l t k g 2 5  - 
it c e r ' d n l g  ki-ts f&her inveasUgtt2oc. 

The oZ mo-~=;la-L of G. - I l v e s e ~ . ? ~ ,  orr t ba  other kdy shows 

d a f h l t e  .'&y (or 32=>23 s7fghk'v -.I lor,-er ',iae ~ ~ + ~ ~ ~ ~ l )  =hi<:- i---j GIG .. 

do not co indde  with environm~,n,~al factors t b a t  have d z t l y  cj-cles. These 

p t t e3s  *muX see3 to be controlled by sone sort of i n t e x a l  r h y t , ~ ~  

gJ ,- -- ,ZET '2y in- l tzzzl  cues S J C ~  2s hinger; o r  meY-dix i_nte=zl rzj-;h=s. 

This study wzs unzble to s u c ~ e s s ~ ~ l l y  dlsj?rove either of these possi- 

S i l i t i e s ,  a d  thzt +A& mst be l e f t  to l a t e r  studies. 



- 
E L ~ P O ~  & C C q q ,  1 W D - ~  50% ha-re e<,jcy& q:r 21: b u r  o'szfz+Lo?--l 

m i t i c n  F2Lf 2s W J ~ .  

- 



- - - .  CL-ieaf-ax, E k e r  ?A57i2. XZL?OLP~.ZPZ~ i n ~ t s t 2 g C o n s  m* = q f n L 2 ~ n ,  ZZZI-22 

&gr=-t;r,r cycle 2-2 0th~- r e 2 5 d  p h e ~ ~ e - ~ ~  in frest;--,-,ter puL~crztc d l = ,  
I%-~sacc2cr_s ~f t he  E.c rsses~121  - Soc>el,:r, Vol. Ufi, No. L, 19%. 

Clc ;"cz Ie j -Zhc~~5=~,  J .L.  Ez+i>&s ActZ-dtg  in P P L ~  Physt01w- ZP_Z Be:=f_rr, 
A = z 2 o S c  T c a s c ,  B,Y. & L = t c ~ ,  1551, 

Heze,  Fr=-zcee C. E?Ze=t of Xz?it & tez~ef2';izz C= locoaotr-r z c t i v i t y  
in P l y + s  zlbokW-s ( ~ ~ 1 ,  520s 701 M;IIY, No. 3 Oct. 1963. 

Jek i l l ,  BEnt5s D 0 . d s  e-2sa=~atlcns on r e ~ r d u c - t i o n  in the  sizil G&ak& ,  
The Ymtll~s,  Vol. X L I J ,  HG. 4, X z z 5 l  1931. 


