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Abs tract 

T h e i n d i v i d u a i pos i t ions of 2 0 0 in te r t ida l ch i t ons [Acan-
ihopleura brevispinosa ( S o w e r b y ) a n d A. gemmata (Blain-
ville)] w e r e r e c o r d e d t h r o u g h o u t 55 low t ides o n a S o m a -
iian shore , us ing a d iscrè te s a m p l i n g m e t h o d . Both species 
feed d u r i n g n o c t u r n a i low t ide a n d rest d u r i n g the day a n d 
high t ide. D u e to this act ivi ty r h y t h m . i n d i v i d u a i posi t ions 
r e c o r d e d d u r i n g d i u r n a l a n d n o c t u r n a i low tides give 
i n f o r m a t i o n on the rest hab i t s o f the ch i t ons a n d on their 
m o v e m e n t s . respect ive ly . T h e res t ing a n d feed ing fixes 
were a n a l y z e d with t w o n e w c o m p l e m e n t a r y methods . 
Both species show a d i s t inc t h o m i n g b e h a v i o u r wi th 
pe r iod ica l shif t to n e w h o m e s m o r e f r é q u e n t in A. brevi
spinosa t h a n in A. gemmata. T h e la t te r species shows a 
s t ronger cons t ancy to its f e e d i n g g r o u n d . T h e two species 
difTer most in the o r i e n t a t i o n a n d l eng th of their excur
sions. D u e to their d i f f é r e n t m o v e m e n t p a t t e m the two 
species m i n i m i z e z o n a l o v e r i a p p i n g d u r i n g the night , 
wh i ch in tu rn r educes the in t e r spec i f i c compé t i t i on for 
food . 

Introduction 

M a n y aspec ts of the b e h a v i o u r a l eco logy o f in ter t idal 
ch i tons have b e e n r e p o r t e d s ince the first s t u d y of Arey 
a n d Croz ie r (1919) on Chiton luberculatus. Severa l species 
s tud ied show a " h o m i n g b e h a v i o u r " s imi la r to the move
m e n t pa t t e rn de sc r ibed in p r o s o b r a n c h a n d p u l m o n a t e 
l impe t s a n d in o p i s t h o b r a n c h s ( fo r a m p l e reviews on the 
m o v e m e n t s o f in t e r t ida l moUuscs see Newel l . 1979; 
U n d e r w o o d . 1979; Che lazz i . 1980). 

M o r e o r less d e f i n i t e h o m i n g b e h a v i o u r has been 
desc r ibed in the ch i t ons Acantitopleura granulata (G lynn . 
1970). Acanthozostera gemmata ( T h o r n e . 1968). Chiton 
stokesii ( S c h m i d t  E f f m g , 1980), Chiton luberculatus (Arey 
a n d Croz ie r . 1919; G l y n n . 1970). Cyanoplax hartwegii 
( W e n t w o r t h L y m a n , 1975), Ischnochiton dispar (Schmid t 
Eff ing , 1980), Mopalia muscosa (S t ewar t C o n n o r , 1975; 

Smi th , 1975), Sipharochiton pelliserpeniis ( J o h n , in K n o x . 
1963; Mil ler a n d Batt . 1973). 

W h i l e mos t of thèse s tud ies c o n t a i n in te res t ing in
f o r m a t i o n they su f fe r f r o m the s a m e m e t h o d o l o g i c a l shor t 
comings ( n o n  i n d i v i d u a l r eco rd ing , smal l s a m p l e size, 
shor t s tudy p e r i o d , i n a d é q u a t e s tat is t ical ana lys is ) f o u n d in 
m a n y repor t s o n the m o v e m e n t s of o t h e r l i t toral mol luscs . 
W e agrée wi th H a m i l t o n (1978) a n d U n d e r w o o d (1978) 
tha t a m o r e q u a n t i t a t i v e a n d stat is t ical a p p r o a c h to t he 
field s tudy of thèse p h e n o m e n a is necessary in o r d e r to 
avo id s o m e of the c o n f u s i o n s u r r o u n d i n g the p r e v i o u s 
invest igat ions . 

T h e p résen t s tudy was b a s e d m a i n l y o n the discrète 
s a m p l i n g of pos i t ions b e c a u s e the m e t h o d of f r é q u e n t 
mon i to r ing , such as tha t e m p l o y e d by H a r t n o l l a n d 
W r i g h t (1977) on Patella vulgata. H i r a n o (1979 a) o n Cel
lana toreuma a n d Che lazz i (1982) o n Nerita polita, reveals 
the t racks o f s ingle i nd iv idua l s in dé ta i l bu t is no t a usefu l 
m e t h o d for pos i t ion ing a large n u m b e r of ch i t ons over a 
long t ime. 

Both the Acanthopleura species c h o s e n a re p résen t on 
shores w h e r e t he ecology of m o U u s c a n a s s e m b l a g e s has 
a l r eady b e e n inves t iga ted (Che lazz i a n d V a n n i n i . 1980). 
Moreove r . o n e of the mos t in te res t ing  t h o u g h no t ex
haus t ive  s tud ies on chitons" m o v e m e n t s was c o n d u c t e d 
by T h o r n e (1968) on Acanthozostera { = Acanthopleura) 
gemmata, cons t i tu t ing a use fu l b a c k g r o u n d for a q u a n t i 
tat ive a n d statist ical analysis . 

Both species feed on epi a n d e n d o l i t h i c mic ro f lo ra 
wi thou t i m p o r t a n t d i f f é r ences in the i r d ie t (Che lazz i a n d 
Sar toni , in press), wh ich m a k e s in te r spec i f i c food c o m p é t i 
t ion a n i m p o r t a n t ecological fac tor in a r e a s w h e r e bo th a r e 
p résen t . 

Materials and methods 

Studv area. species and survevs. T h e s tudy was c o n d u c t e d 
20 k m sou th of M o g a d i s h u ( S o m a l i a ) on the rocky shore 
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of t he N i m ù p e n i n s u l a . w h e r e Acanthopleura brevispinosa 
(Sowerby) a n d A. gemmaia (Bla invi l le) a r e t he mos t c o m -
m o n algal g raze r mol luscs . T h e z o n a t i o n a n d dens i ty of 
the two species w e r e r e p o r t e d by Che lazz i a n d V a n n i n i 
(1980) for v a r i o u s S o m a h a n shores ; in tha t p a p e r A. brevi
spinosa a n d A. gemmata w e r e r e fe r red to as A. c f bor-
bonica ( D e s h a y e s ) a n d A. spinigera (Sowerby ) . respec-
tively. T h e n e w iden t i f i ca t ion of the two spec ies was m a d e 
by F e r r e i r a ( in press) . T h e two species . m o r p h o l o g i c a l l y 
very similar , d i f f e r in size o n the N i m ù sho re : A. brevi
spinosa n e v e r exceeds a l eng th of 5 c m . wh i l e A. gemmata 
as long as 8 c m h a v e b e e n f o u n d . T h e i r z o n a t i o n also 
di f fers : A. brevispinosa r eaches a m a x i m u m dens i ty a b o u t 
155 cm a b o v e the chff foot . whi le A. gemmata is mos t 
a b u n d a n t a b o u t 85 cm a b o v e the foot ; h o w e v e r , the i r 
zones par t ia l ly ove r l ap . 

N e a r l y ail ch i tons (40 Acanthopleura brevispinosa a n d 
160 A. gemmata). l onge r t h a n 25 m m a n d p résen t in a 
s egmen t of t he coas t 7 m long , w e r e ind iv idua l ly m a r k e d 
with n u m b e r e d plas t ic labels ( d i a m e t e r 2.5 m m ) a t t a c h e d 
to the m i d d l e of the s econd shell p la te . 

I nd iv idua l pos i t ions were r e c o r d e d once d u r i n g each of 
55 low t ides (Augus t . 1980) w h e n the s tudy a r ea was 
sys temat ical ly inspec ted for a b o u t 2 h. T i d e s a r e mixed 
s e m i d i u m a l a long the S o m a l i a n coast (Vann in i et al. 
1977): at sp r ing t ides o n e low t ide is d i u r n a l a n d the next 
n o c t u m a l , whi le at n e a p t ides b o t h a r e c r epuscu l a r . 

Plotting of positions. A r é f é r e n c e grid for f ix ing the chitons" 
posi t ion was o b t a i n e d by screwing 29 n u m b e r e d steel 
s takes in to t he rock . T h e d i s t ance between the s takes 
p rov ided the r e c t a n g u l a r c o o r d i n a t e s of each s take re la t ive 
to a rb i t r a ry Xq. yo- T h e cliff h a s a typical in te r t ida l no tch 
n e a r the m e a n level of h igh spr ing t ides. b u t t he r é f é r e n c e 
grid was assessed to p e r m i t t he p lo t t ing of c o o r d i n a t e s o n 
the p lane by t ak ing in to a c c o u n t the m a i n f ea tu re s of the 
shore. T h e d i s t ance o f the ch i tons f r o m t h r e e c o n v e n i e n t 
stakes was r e c o r d e d in the field a n d t h e n the t r io of 
dis tances was e l a b o r a t e d to o b t a i n t he fix. 

Analysis of data. D u e to t he c o m b i n e d d i u r n a l - t i d a l 
r h y t h m of the i r act ivi ty (see "Resu l t s " ) . t he d i u r n a l a n d 
n o c t u m a l pos i t ions of t he ch i tons cou ld b e a s s u m e d , 
respectively. as res t ing a n d activity po in t s . S ince n o sure 
s t a tements cou ld b e m a d e a b o u t the act ivi ty a t twi l ight . 
posi t ions r e c o r d e d d u r i n g n e a p t ides were o m i t t e d f r o m 
the successive analysis . A total of 3 461 res t ing a n d 3 558 
feeding pos i t ions were o b t a i n e d . 

T h e spat ia l act ivi ty o f ch i tons was a n a l y z e d us ing two 
m e t h o d s (A a n d B). M e t h o d A classified t he b e h a v i o u r o f 
each chi ton a c c o r d i n g to the g lobal c o m p a c t n e s s of t he 
spatial d i s t r ibu t ion of its res t ing po in t s a n d the n u m b e r o f 
subuni t s (foci) p résen t in each ind iv idua l System. Firs t , t he 
m e a n va lue (c) of t he d i s t ance be tween each rest pos i t ion 
of the ch i ton a n d its nea re s t fix was c o m p u t e d . g iv ing 
i n f o r m a t i o n on the c o m p a c t n e s s of the System r ega rd less 
of the n u m b e r of foci p résen t . T h e m e a n va lue of this 
index ( c ) re la t ive to the w h o l e s a m p l e of each species . p lu s 

Inight) (night) 

Fig. 1. Acanthopleura brevispinosa and A. gemmata. Schematic 
représentation of Method B used for the analysis of the homing 
performance (A) and pattem of noctumal movement (B) in chi
tons. F1-3 represent three idéal consécutive fixes on which the t 
rapport is computed 

its Standard dév ia t ion , was then used to obta in t h e n u m b e r 
o f subun i t s of the System ( 0 : two resting fixes w e r e 
cons ide red as be long ing to the s a m e subun i t if t h e i r 
d i s tance was less t h a n or e q u a l to ë + SD. F ixes w h o s e 
d i s t ance from the nea res t res t ing po in t was l o n g e r t h a n 
this th resho ld w e r e cons ide red f ree-points . On ly i n d i v i d u a l 
Systems consis t ing of ten o r m o r e resting po in t s w e r e 
cons ide red for this analysis . T h e t w o species were c o m -
p a r e d by cons ide r ing sepa ra te iy the f r equency d i s t r i b u t i o n 
of c a n d f. us ing the M a n n - W h i t n e y U-test a n d the ch i -
s q u a r e test, respect ively . A c o m p a r i s o n was a lso m a d e 
relat ive to the f ree points . 

M e t h o d B a n a l y z e d the h o m i n g b e h a v i o u r of e a c h 
ch i ton re la t ive to t he length of its f eed ing excurs ions . T r i o s 
of consécu t ive fixes were cons ide r ed (Fig. 1 A) : the dis
t ance ( d j ) b e t w e e n two res t ing po in t s r eco rded d u r i n g 
successive d i u r n a l low t ides was d iv ided by t he m e a n 
d is tance (di + d 2 ) / 2 b e t w e e n the two fixes and the f e e d i n g 
po in t r e c o r d e d d u r i n g the i n t e r p o s e d noc tu rna l low t ide . 
Th i s ra t io (t) t ends t o w a r d zé ro w h e n the d j d i s t a n c e is 
very smal l c o m p a r e d to the excurs ion length ( s ign i fy ing a 
good h o m i n g p e r f o r m a n c e ) , whi le it nears a v a lue of two 
w h e n the d j d i s t ance is very la rge c o m p a r e d to t he f e e d i n g 
excurs ion (s igni fying d ispers ive m o v e m e n t ) . W i t h r a n d o m 
m o v e m e n t s t a s s u m e s va lues be tween zéro a n d two , 
d e p e n d i n g o n the ac tua l r a n d o m p a t t e m . W h e n d j a n d d j 
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are near ly e q u a l a n d the ch i tons have the s a m e probabiUty 
to move in the d i f f é r en t d i rec t ions of the p lane , its va lue 
lies a r o u n d 1.4. T h e t ra t io was not c o m p u t e d w h e n di was 
shor ter t h a n 5 c m (in o r d e r to avoid cons ide r ing the lack 
of noc tu rna l m o v e m e n t as a good h o m i n g p e r f o r m a n c e ) , 
except w h e n the d j d i s t ance was longer t h a n 5 cm. The 
m e a n va lue of this ra t io (t) for each ch i ton wi th three or 
more trios was t a k e n as the index of i nd iv idua l h o m i n g 
p e r f o r m a n c e . T h e two species were c o m p a r e d by testing 
their t d i s t r ibu t ion us ing the M a n n - W h i t n e y U-tes t . More-
over. the overa l l t d i s t r ibu t ions of each species were 
c o m p a r e d . F ina l ly . the t empora l évolu t ion of the h o m i n g 
p e r f o r m a n c e w a s assessed by cons ider ing the ind iv idua l 
cumula t i ve cu rves of t in t ime. 

M e t h o d B w a s a lso used to ana lyze the f eed ing p a t t e m 
of bo th species. by mere ly revers ing the trios (Fig . 1 B): the 
t ratio w a s c o m p u t e d f r o m the d is tance s e p a r a t i n g two 
feeding po in ts r e c o r d e d du r ing successive n o c t u r n a l low 
tides a n d the m e a n s e g m e n t Connecting b o t h po in t s to the 
in te rposed d i u r n a l fix. In this case, the t ra t io t ends toward 
zéro w h e n the ch i ton m a k e s re i terat ive use of the same 
feeding poin t , t o w a r d two w h e n successive f eed ing points 
lie in oppos i t e d i rec t ions relat ive to the res t ing poin t , and 
a s sumes i n t e r m e d i a t e va lues w h e n they m o v e r a n d o m l y 
d u r i n g successive f eed ing trips. T h e t ra t io for the feeding 
activity was n o t c o m p u t e d w h e n e i ther d j o r d j was 
shor te r t h a n 5 c m . in o r d e r to avoid classifying the lack of 
n o c t u r n a l m o v e m e n t as a re i terat ive use of the same 
feeding a rea . 

F u r t h e r ana lys is was c o n d u c t e d on the f eed ing activity 
of chi tons . E a c h vec tor Connecting a d i u r n a l po in t to the 
foUowing n o c t u r n a l fix was cons idered as a f e e d i n g ex
curs ion. T h e a z i m u t h of thèse vectors wi th respect to the 
vert ical w e r e p o o l e d to ob ta in the i nd iv idua l (m^) and 
session {m^) m e a n vectors. with m e a n d i rec t ion 0 ' a n d 
length r. The s e c o n d - o r d e r résul tant vectors for ind iv idua l 
and session s a m p l e s were calculated f rom the 0 ^ a n d <1>^ 
dis t r ibut ions , respect ively. Ci rcular d i s t r ibu t ions were 
ana lyzed wi th the m e t h o d s p roposed by Batschele t (1981): 
Rayle igh ' s test w a s used for r a n d o m n e s s a n d the W a t s o n ' s 

test for c o m p a r i n g two circular d i s t r ibu t ions . T h e 
lengths of f e e d i n g excurs ions (Ij) were also cons idered , 
o b t a i n i n g the i n d i v i d u a l (îa) and sessions ( Î J m e a n excur
sions. T h e ma a n d \ p a r a m e t e r s were c o m p u t e d only for 
ch i tons r e c o r d e d in ten or m o r e d i ads of successive 
d i u m a l - n o c t u r n a l sessions. 

Results 

C h e c k i n g the pos i t ion of a few chi tons at 30 -min intervais 
d u r i n g low t ide. a n d inspect ing the s tudy a r e a at h igh tide, 
r evea led tha t b o t h species foUow a d iu rna l - t ida l r h y t h m of 
activity (Fig. 2 A - B ) . D u r i n g high tides a n d d i u r n a l low 
tides they rest in n a t u r a l dépress ions a n d smal l crevices of 
the cliff (Acanthopleura brevispinosa) or most ly in hoUows 
actively d u g in the rock {A. gemmata). W h e n the receding 
n o c t u r n a l t ide ( 2 0 : 0 0 - 0 4 : 0 0 hrs) reaches their rest posi

tions, the chi tons m o v e ou t quickly , then slow d o w n a n d 
start to feed. T h e noise m a d e by the i r sc rap ing of the a lgal 
film f rom the rocks is c lear ly a u d i b l e t h r o u g h o u t the low 
tide. Before the r e t u m of t h e t ide to the i r feed ing level, the 
chi tons quickly re tu rn to a res t ing po in t . 

Qual i ta t ive analysis of ail the d i u r n a l a n d n o c t u r n a l 
posit ions m a p p e d for b o t h species (Fig . 3 A - C ) shows tha t 
most of the rest pos i t ions a r e c l u m p e d in a few restr ic ted 
areas. while the spat ia l d i s t r ibu t ion of the feed ing po in ts is 
compara t ive ly sca t tered . 

Homing behaviour. A c c o r d i n g to M e t h o d A the spat ia l 
p a t t e m of the rest po in t s is the s a m e for ind iv idua l s of 
both species (Fig. 4 A - B ) . T h o u g h s o m e ind iv idua l s h a d 
u p to five foci, a b o u t 50 pe rcen t s h o w e d a s ingle-focus 
p a t t e m and s t rong c o m p a c t res t ing po in t s (c S 10 m m ) . 
T h e second-orde r m e a n va lue of the d is tance b e t w e e n 
nearest fixes is near ly iden t ica l for Acanthopleura brevi
spinosa ( 5 = 14.0 m m ) a n d A. gemmata ( c = 13.5 m m ) , 
a n d no statistical d i f f é r ence b e t w e e n the two species 
emerged f rom the c o m p a r i s o n of ind iv idua l c o m p a c t -
ness " ( M a n n - W h i t n e y U- tes t : U = 1 592; z = 0.710; P = 
0.239) a n d n u m b e r of s u b u n i t s ( c h i - s q u a r e = 0 . 5 5 8 ; P> 
0.70). Also the n u m b e r of res t ing po in t s not be long ing to a 
focus - which can b e t aken as an index of impréc is ion in 
the re locat ion of the res t ing point - is a lmos t equa l in the 
two species; the i n d i v i d u a l Systems with m o r e t h a n 5 
percent of free po in ts a r e 32 of 112 in A. gemmata a n d 12 
o f 3 1 i n ^ . 6rev/ jp/r toja ( ch i - squa re = 1.172; / ' > 0 . 2 0 ) . 

Me thod B c o n f i r m e d tha t in bo th species. the most 
f r équen t m o v e m e n t pa t t e rn is h o m i n g behav iour . T h e fre-
quency d is t r ibu t ions of ail the c o m p u t e d t 's (Fig. 5 A - B ) 
show that s i te-conservat ive p a t t e m s (0 â t â 0.5) a re pré 
dominant , that r a n d o m m o v e m e n t s (0.5 < t < 1.5) are nearly 
absent and that d i spers ive m o v e m e n t s (1.5 ^ t ^ 2.0) a re a 
minor fract ion of the total bo th in Acanthopleura brevi
spinosa (14.4 pe rcen t ) a n d A. gemmata (7.6 percent ) . 
Analysis of the d i s t r ibu t ion of ind iv idua l t ( r epor t ed in the 
same d iagrams) reveals a sl ightly s t ronger h o m i n g per for 
m a n c e in A. gemmata ( r = 0.243) t h a n in A. brevispinosa 
(r=0.415) . However , the d i f f é rence is m i n i m a l a n d no t 
statistically s ignif icant wi th the p résen t s a m p l e size ( U = 
1 144; z = L 9 0 ' : P = 0.138). 

T h e t d i s t r ibu t ions sugges l tha t there is no s h a r p 
dist inction be tween h o m e r a n d d isperser indiv iduals in 
both species. bu t mos t ch i tons are m o r e or less a f iec ted by 
dispersive m o v e m e n t s . T h e c u m u l a t i v e curves of t in t ime 
ob ta ined for each ch i ton (Fig. 6 A - D ) reveals tha t the 
most f r é q u e n t p a t t e m consis ts of s équences of cons t an t 
h o m i n g behav iour , i n t e r r u p t e d by a few dispersive events . 

Feeding excursions. M e t h o d B was a p p l i e d to the night-
day-n ight trios of fixes. T h e f r e q u e n c y d i s t r ibu t ion of ail 
the t c o m p u t e d (Fig . 7 A - B ) show a first peak for 0.4 â t 
â 0.6 in Acanthopleura brevispinosa a n d for 0.2 ê t S 0.4 
in A. gemmata, whi le d i spers ive m o v e m e n t s ( t â 1.5) a r e 
respectively. 30.9 a n d 21.0 pe rcen t of the total . T h e 
individual t d i s t r ibu t ions s h o w A. gemmata to be relatively 
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Fig. 2. Acanthopleura brevispinosa and A. gemmata. Individual 
paths of A. brevispinosa (A) and A. gemmaia (B) during consécu
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m o r e s i t e - c o n s e r v a t i v e e v e n w h i l e f e e d i n g ; t he s e c o n d -
o r d e r m e a n v a l u e of its t is s m a l l e r ( r = 0 .851) t h a n t ha t o f 
A. brevispinosa (î= 1.048), a n d this d i f f é r e n c e is s ta t i s t ica l ly 
s i g n i f i c a n t ( U = 982; z = 2.28; / ' = 0.01). 

S u p p l e m e n t a r y i n f o r m a t i o n on t h e f e e d i n g m o v e m e n t s 
o f the t w o spec i e s e m e r g e d f r o m the a n a l y s i s of t h e 
o r i e n t a t i o n a n d l e n g t h of t h e i r n o c t u m a l e x c u r s i o n s . T h e 
f r e q u e n c y p o l y g o n o f ail the r e c o r d e d t r ip s ( 0 j ) . a n d the 
i n d i v i d u a l a n d sess ion m e a n d i r e c t i o n s a n d respec-
t ively) s h o w a s m a l l ver t ica l c o m p o n e n t in t he p a t t e m 
f o l l o w e d by Acanthopleura brevispinosa ( z o n e c o n s e r v a -
t ive), w h i l e A. gemmata s h o w s ver t i ca l m o v e m e n t s wi th a 
d o m i n a n t d o w n w a r d c o m p o n e n t ( F i g . 8 A - B ) . 

T h e R a y l e i g h test g ives a s ta t i s t ica l d i f f é r e n c e f r o m t h e 
u n i f o r m i t y w h e n a p p l i e d to t he d i s t r i b u t i o n of in 

Acanthopleura gemmata ( / ' < 0 . 0 1 ) . b u t n o t in A. brevi
spinosa ( P > 0.1) . A n a l o g i e s exist b e t w e e n the t w o d i s t r i b u 
t ions : a s l ight u p - d o w n b i m o d a l i t y a n d w e a k l e f t w a r d 
c o m p o n e n t ( p r o b a b l y d u e to t h e local m i c r o m o r p h o l o g y 
of t he sho re ) . b u t w i t h a d i f f é r e n c e in o r i e n t a t i o n of 6 3 ° . 
T h e lack o f s ta t i s t i ca l d i f f é r e n c e (1)^29.99 = 0 109; / ' > 0 . 1 ) is 
p r o b a b l y d u e to t h e l a r g e size d i f f é r e n c e b e t w e e n the t w o 
s a m p l e s . M o r e o v e r , t h e l e n g t h s o f i n d i v i d u a l r é s u l t a n t 
vec tors r evea l t h a t A. gemmata p e r f o r m s e x c u r s i o n s in a 
n a r r o w e r r a n g e o f d i r e c t i o n s (ra = 0 .471) t h a n A. brevi
spinosa (ra = 0 .395) . 

T h e d i s t r i b u t i o n o f ^ 5 is n o t u n i f o r m in b o t h Acantho
pleura brevispinosa ( / ' < 0 . 0 1 ) a n d A. gemmata ( i ' < 0 .001) , 
bu t t he m e a n l e n g t h o f t h e r é s u l t a n t vec to r s o f t h e sess ions 
is l o n g e r fo r t h e l a t t e r (rs = 0 .626) t h a n f o r t he f o r m e r (fs = 
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Fig. 4. Acanthopleura brevispinosa and A. 
gemmaïa. Individual Systems of resting points 
of A. brevispinosa (A) and A. gemmaïa (B) 
analyzed according to method A. Abscisse: 
mean distance between resting fixes of each 
chiton (c). Ordinale: number of subunits of 
each individual System (f) 

0.509). T h e t w o s e c o n d - o r d e r r é s u l t a n t d i r e c t i o n s d i f f e r by 
86° ; d i rec t c o m p a r i s o n r e v e a l e d a s i g n i f i c a n t d i f f é r e n c e 
(U^22.22 = 0 .414; P<Om). 

Both spec ies s h o w a r e g u l a r v a r i a t i o n in t h e l e n g t h o f 
the i r f e e d i n g e x c u r s i o n s t h r o u g h o u t t h e s p r i n g - n e a p cycle: 
the m e a n l e n g t h (îg) r e a c h e s a m i n i m u m a r o u n d n e a p t ides 
a n d a m a x i m u m b e t w e e n n e a p a n d s p r i n g (F ig . 9 A - B ) . 
Neve r the l e s s , t h e t w o spec ies d i f f e r in t h e s e c o n d - o r d e r 
m e a n l eng th of the i r excur s ions , l a rge r in Acanthopleura 
gemmata (Ta = 22 .8 c m ) t h a n in A. brevispinosa (Ta = 
10.7 c m ) : t h e d i f f é r e n c e b e t w e e n the t w o d i s t r i b u t i o n s of 
i n d i v i d u a l Ta (F ig . l O A - B ) is s ta t i s t ica l ly s i gn i f i c an t ( U = 
477: z = 5.46; / ' < 0.00003). 

Discussion 

U s e of t h e d i sc rè te s a m p l i n g m e t h o d in s t u d y i n g a n i m a l 
m o v e m e n t p a t t e m s r e q u i r e s a k n o w l e d g e o f the i r ac t iv i ty 

r h y t h m s in o r d e r t o s a m p l e ail t h e r e l evan t p a r t s o f t he i r 
b e h a v i o u r a l cycle a n d avoid t h e u n c o n t r o l l e d m i x i n g o f 
pos i t ions r e l a t i ve to the d i f f é ren t p h a s e s of the i r ac t iv i ty 
r h y t h m . T h i s is pa r t i cu l a r l y t r u e in t h e s tudy o f i n t e r t i d a l 
a n i m a i s , w h o s e act ivi ty is s h a p e d in t ime by c o m p l e x 
i n t e r a c t i o n s o f d i u r n a l a n d t idal r h y t h m s . 

N o g ê n e r a i r u l e s c a n b e o b t a i n e d fo r t h e t i m e m o d u 
la t ion o f ac t iv i ty in l i t toral mo l luscs w h e r e the i n t r a s p e c i f i c 
d i f f é r e n c e s a r e s o m e t i m e s very large . P r o s o b r a n c h h m p e t s 
s e e m to m o v e m a i n l y once a day , d u r i n g high t ide o r b y 
n igh t ( H a r t n o l l a n d W r i g h t . 1977; N e w e l l . 1979). w h i l e 
p u l m o n a t e h m p e t s m o v e mos t ly w h e n sp l a shed by t h e 
e b b i n g o r flooding t ide ( T h o m a s , 1973). S u c h c h i t o n 
species a s Mopalia lignosa ( F u l t o n , 1975) m o v e a n d res t 
a c c o r d i n g to t h e t i m e of the dav , wh i l e Nuitalina cali-

fornica (N i sh i , 1975) m o v e s a c c o r d i n g to the t idal r é g i m e . 
Chiton stokesi ( S c h m i d t - E f f i n g . 1980) a n d . p r o b a b l y , 
Cyanoplax hanwegii ( W e n t w o r t h - L y m a n n , 1975) s h o w a 
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Fig. 6. .Acanthopleura brevispinosa and A. 
gemmata. Cumulative curves of t in time. 
relative to the day-night-day trios of posi
tions. Two examples for A. brevispinosa 
( A - B ) and A. gemmata ( C - D ) are 
shown 
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Fig. 8. Acanthopleura brevispinosa and A. gemmata. Orientation of the noctumal excursions of A. brevispinosa (A) and A. gemmata (B). 
Frequency distribution (in percentage) of ail 0 , recorded (inner polygon); distribution of 0$ (triangles) and of 0a (circles). Filled symbols 
refer to résultant directions of non-uniform distributions (Rayleigh test: P<0 .05) . Ouler arrows show the second-order résultant direc
tions of the 0 i ($i) , of the 0s (^s). and of the 0a (<f a) distributions 

m o r e c o m p l e x d i u m a l - t i d a l r h y t h m . Also t h e Acantho
pleura spp. o f this s tudy sha re a n i n t eg ra t ed d i u m a l - t i d a l 
r h y t h m in c o m m o n wi th o t h e r l i t toral mo l lu sc s ( such as 
Nerita spp . ) l iving o n t rop ica l shores wi th s e m i d i u m a l 
t ides (Vann in i a n d Chelazz i , 1978: Che lazz i , 1982). S ince 
their activity ( f eed ing excurs ions) occurs on ly d u r i n g 
n o c t u m a l low tides, s a m p l i n g the i r pos i t ion at each low 
t ide (twice a d a y ) gives ail t he i n f o m i a t i o n necessa ry for 

the u n d e r s t a n d i n g of their spatial behav iour , i.e. rest ing 
hab i t s a n d fo rag ing strategy. 

W i d e l y q u o t e d discrète s a m p h n g s tudies of h t t o r a l 
mol luscs su f fe red f r o m i n a d é q u a t e t e m p o r a l schedules . 
F r a n k (1964) r e c o r d e d the pos i t ion of a large n u m b e r of 
m a r k e d A cmaea digiialis over a long t ime. bu t a p p a r e n t l y 
pa id n o a t t en t i on to their activity cycle. U n d e r w o o d (1977) 
deve loped a quan t i t a t i ve m e t h o d for s tudying the m o v e -
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Fig. 10. Acanthopleura brevispinosa and A. gemmata. Length of the feeding excursions in A. brevispinosa (A) and A. gemmata (B). Fre
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m e n t s of s o m e Aus t r a l i an in t e r t ida l gas t ropods , la ter species inves t iga ted . U n d e r w o o d ' s m e t h o d a l lows a n a n a l -
a p p l i e d to d i f f é r en t ecological inves t iga t ions ( M a c k a y a n d ysis of cons tancy to t h e res t ing site, bu t n e t a t rue 
U n d e r w o o d . 1977; Creese a n d U n d e r w o o d , 1982), but his dé f in i t ion of the m o v e m e n t p a t t e r n . T h e a u t h o r ' s cor rec t 
d i u m a l s a m p l i n g o v e r l o o k e d the f e e d i n g p h a s e of the statistical ana lys is a n d his m o d e l of r a n d o m m o v e m e n t 
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Fig. 11. Acanthopleura brevispinosa and A. gemmata. Diurnal 
(open circles) and nociumal (fiUed circles) mean levels above the 
clifT base occupied by the two species in the study area, during the 
central part of the study period 

w h e r e A. brevispinosa has neve r been r eco rded . T h e 
critical m e c h a n i s m in reduc ing interspecif ic c o m p é t i t i o n 
for food seems to be this d i f fé ren t m o v e m e n t p a t t e r n 
(Fig. 11). which ampl i f i e s the zona l s épa ra t ion b e t w e e n the 
two species whi le feeding. T h e reason why A. gemmata 
does not rest a t the levé! whe re it feeds is p r o b a b l y to 
r educe p r é d a t i o n dur ing high t ide (Chelazz i et ai., in 
p r épa ra t i on ) . 

A s imi lar m e c h a n i s m for r e d u c i n g food c o m p é t i t i o n is 
p r o b a b l y w i d e s p r e a d a m o n g in ter t ida l mol luscs a n d s eems 
p résen t also b e t w e e n Nerita plicata ( zone-conse rva t ive ) 
a n d A', textilis (migra to r ) w h e n b o t h are p résen t o n t he 
s ame shore (Chelazz i , 1980). 

T h è s e f ind ings indicate that a m o r e deep ly e tho log ica l 
a n d q u a n t i t a t i v e a p p r o a c h to t he field s tudy of t h e s e ^ 
a n i m a i s m a y revea l critical a d a p t a t i o n s in the co lon iza t ion 
of the in te r t ida l env i ronmen t . 

ha rd ly c o m p e n s a t e for the lack of c o m p l è t e i n f o r m a t i o n , 
which obviously inc ludes t he f e e d i n g s t ra tegy of t he 
individuals . 

O u r M e t h o d A. based on ly on the analys is of the 
rest ing points , fai led to reveal any s ign i f ican t d i f f é rence in 
the b e h a v i o u r of the two Acanthopleura spp . Only M e t h 
od B, based on bo th d i u r n a l a n d n o c t u r n a l points , a n d the 
direct analys is of the f eed ing excurs ions , r evea led b e h a v -
ioural d i f fé rences , which r e d u c e in te rspec i f ic food c o m p é 
tition and al low the two species to co lon ize the s a m e 
stretches of coast . 

Both species s h o w a s t rong c o n s t a n c y to their res t ing 
site over shor t pe r iods . bu t pe r iod ica l ly m o v e to a new site. 
Acanthopleura brevispinosa c h a n g e s ils res t ing pos i t ion 
m o r e f r equen t ly . p r o b a b l y in re la t ion to t he use of less 
d i f fe ren t ia ted sites wi th respec t to A. gemmata (Che lazz i 
et al., in p r é p a r a t i o n ) . Per iod ica l shif ts to a new h o m e are 
c o m m o n l y r eco rded in o t h e r l i t toral mol luscs . such as 
Cellana nigrolineata ( H i r a n o . 1979 b) a n d Patella vulgata 
(Jones . 1948: Lewis . 1954). T h e f r é q u e n t shif t to a n e w 
h o m e seems typical of j u v é n i l e s a m o n g h o m e r l impets , 
a n d this b e h a v i o u r is no t su rp r i s ing in ch i tons , wh ich lack 
a p r o t r u d i n g shell precisely fitted to the i r regular i t ies of 
the rock at the res t ing po in t . 

A second a n d m o r e év iden t d i f f é r e n c e b e t w e e n the two 
species c o n c e m s the use o f the f e e d i n g a rea . Aga in 
Acanthopleura brevispinosa c h a n g e s its f e ed ing g r o u n d 
m o r e f r equen t ly , p r o b a b l y d u e to the m o r e u n i f o r m 
d is t r ibu t ion of the algal film at t he level o c c u p i e d by this 
species. O n the con t ra ry . A. gemmata - wh i ch usual ly 
f r équen t s a lower level in t he eu l i t tora l , w h e r e algal 
diversity is h ighe r a n d species a r e d i s t r i bu t ed in p a t c h e s -
is m o r e s i te-conservat ive . 

T h e mos t s t r iking a n d ecological ly s igni f icant d i f fé r 
ence b e t w e e n the two species e m e r g e d f r o m the s tudy of 
the o r ien ta t ion a n d ex tens ion of the i r f e ed ing excurs ions . 
T h e preva i l ing d o w n w a r d o r i en t a t i on a n d longer excur 
sions to reach the f eed ing g r o u n d a l low Acanthopleura 
gemmata to exploi t the a lgal c a n o p y of t he lower euh t lo ra l . 
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