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The secretion of a stLnry mucus flom the faot, besides being necha-

ni-call-y essential for the loccmotj.on of nany moll-uscs' seêns to cons-

lj.tute a system of external storège of infolnlation used for orieô-

èation lcwards biological.Ly signifj.cant goaLs such as hiding Praces'

sexuaL par lners  o r  PreY. Field observalions atC LaboratorY

experiments havê shown that nanY species are able tc lnÈerpreÈ

chemical informat' ion contai: led i i1 !hei! mucous l lai ' ls '  In some cases

.he t! 'ai l-  fol lolr ing mechani-sd can involve Che :ecognil lon of

' 'personal" :raj.1s and the Cet.ecl!on of t lai l  polarizal ion { ' 'Ùel-1s &

B u c k l e y ,  L 9 7 2 ;  c o o k  &  c o o k ,  1 9 7 5 ) ,

The t jai l_ fol lolr ing behaviour can aLso be considered as a necha'r isi i

f ,ar inforrnalion exchange beèveen nenbers of a population \ ' /hen it  !s

used for congregating into conûnon shelters or $rating aggregaèes' For

son1e 1iètcral species,at least, iè seems reasooablê to exclude that

ttre peliodical onsttorê clustering couLd be based on indépendênt èr:d

concordanl responses of the different animals to lhê same

environmental cues.

Î ' t te tradi.t i .onal elhologica.L aPproach to this problem, consist ing 1n

the experiFental manj-Pulation of t 'he t!èi l ,  can be part j 'al ly f1aÈked

by èheoretical studies on èhe vaLidity of dj-fferent h\æotheses

concerning the orientaèion mechanisns' l t le pulpose of such thêoretical

sludies is to t ink èhe outputs of the two levels of enpir i-cal



anaLysis: the "nicro-analys i s " of lhe physio-etholog ical aspects of

orientation, and èhe "nacro-analys i s " of such bulk phenomena ès the

spacial distribution and diffusion of che PoPulètion'

The bioloqical ptlenomenôn

Cl,usteruq Ls a conmoû stless leducing behaviour present j 'n many

inter-.iCal nolLuscs species (see, ior istance, Vanni'ni & Chelèzzi '

197g) .  Desp i ie  lhe  d i f fe rences  in  Lhe sPec i f i c  bebav iour '  th j -s

phenomenon liay be dêscribed as in Fig. 1 (left) '  Duling thê non-active

periods, the popul,ation of, sr1aj.Is Present on èhe shÔre calt be

Figule 1. Left: schematic representètion of the spatièl- dislr ibution

of  sna i l s  on  a  rocky  shore . Tvo hoLês shelèering clusters of

d 'ferent dimensions (ÀF) and sorne scaltered aairnals (X) are shown'

Right: syhbolic aePresentation of thê inechanism determininq '.hê

var ia l ion  o f  c lus te r  d i -mens iôn .

divided into a scattered (X) and a prolected Populètion inhabiting a

variable nurnber (Hg) of equidimensional protecèed lÔcations (holes);

the  to la l  a rea  o f  the  H l  ho les  Presênc  on  a  g iven sur fèce  cons t i lu tes

the  pro tec ted  su ! face  (Ps) .  Under  na tura l  cond i t ions  thê  c lus te rs

dj.saggregate during each aclivity phase and the scatlered an'l

protected snails melt into a cofiûnon grouP of feeding animals' fhe

cluEter is re-formed at t 'he end of the feedi.nq period' During each

aggregation-dj-saggregaticn cYcle a dynamic exc'bange of animals bet! 'een

lhe Èvo f,ractioos can be observed. This ki.nd of modification in Èhe

spaliaL arrangment of ètre snail PoPulation can be synthelically



represented by the chemical sl 'mboli 'srn sho.. ' ! l  i :1 Fi 'g'  1 (! ight) where Hi-

i s a c f u s t e r c o n t a t n j . n g i s n a j . l . s a n d N i s t h e c a r l y i n g c a p a c i t y o f t h e

hol,es, i .e. lhe maximum ôumbêr of ènil l lals lrôich cne hole can sheller '

ag  (0 (  f (N -1 )  and  b i  (1 -< i<N)  a . re  Ihe  l a te -cons tan ts  o f  èbe  p rocess '

HO

!rn

( 1 )

l t te  s teadY-s ta te  êqua l ions  fo r  Fg ,  . . ' ,  fu  a re :

-  a i X S i + b i + l  H i + l =  C

i =  1 ,  . . ' ,  N - L

1,/lth the lotal populatj-on P = x + iFi

and the lotal number of ho1e5. l i t  -  Hj.

The dist l ibution of cluster dlmension at èhe steady-staÈe is given by:

Thj.s stêady-state is urique ènd stable for everY vaf,ues of lhe

paranneters. À general discussj-on of this class of differentj 'a1

equations lnay be f,ound in Nicolj-s & Prigogitle (L977)'

ltte folLowing variabl-es are comput edAaod used:

( i )  the  pro têc+-ed popu la t ion '  PP =  à  j  l r j '

/ i i) The protected flacti-cn. pr = I - '-x / p.

( l i i  ) T-he aggregated frac' ' j-cn . ÀF= PF - H1 / P '

( iv) Tbe turn-over betx,een X ànd PP at the steadY state' To = l jHj'

If individual orientation mêchanisils ale co!!cerned, the expressj'on

of t 'he la!ê-constants ir system (1) are:

à i = à r  ( 1  - i  / N ) r

= - a O l l o X + b 1  ! 1 1  = 0

= a i -1  x  E i -1  -  b i  E i

= an-1 X !ln-L - bn go

( 3 )

whêre (t - i  /  N) is thê fractj-on of freê places in a hole vthi le b !s

the  i nve rse  o f  t he  rnean  t imê  o f  an  i nd i v idua l '  s  p resence  i n  e

cluster. The probabil i fy of f inding a hol-e by chancê, a| can be

conpu têd  by  the  exp rêss io i  (L  /  s ) (D  +  d )  A ,  ' r he re  L  i s  t he  l eng th  o f

the homewald branch of t 'he feeding excursion, A is Èhe probabil i ty of

stoppj-ng lrhên a hole is found ôJrd s is the surface; D and d are the

c iêJûe te rs  o f  t ' he  ho le  and  the  sna i l s  l espec t i ve l y  ( cu r i o ,  1976) '

subs l i t u t i ng  eqs .  (3 )  i n  sys tem (2 ) ,  l t  i s  poss ib le  to  co f tp l r l e  t he

clus'.er-di-.nension frequency-distr lbutioo'rhich nay be recognizêd as



bi-loni.al dist l ibuti-on :

( 4 )  H i  /  É è  =  ( N !  /  ( i l  ( N  -  i ) l )  P i  q n - i

wtlere:

( 5 )  p = a r X / ( N b t a r x ) i  q = N b /  ( N b + a ' x )

fhe turn-ovel and lwo Cerived variables can be cornputed:

( 6 )  T O = b ( P - X ) ;  T O l P = b P F i  T O , / P P = b

It l  !bê case of, cfustering based on chemical comltunical ion belween

snail€, the sui!àble expressions of t 'he raÈe constanls alê:

( 7 \ ê i =  ( a r + i a c )  ( l - i l N ) r  b i = b i l  ( 1  + e i )

T1Ie te!]tr a^ is the Frobabj-l j-Èy of follolring a conspecific's èraiL t 'o a

cluster, and (1 + e i) is a simPle exPression !,/hich simul-alês the

lrappj.ng effect of a ueb of t lails (in f,acè each menber of a cluste!

is rdore l ikely to find a lrail leadi.ng lo its own clustêr than co a

. '  f fe ren l  one) .

Îl:e variation of the To / PP latio and PF as a functioô of èhe

dênsi.ly of, populaèj.on (P) ls shown in F!9. 2 (a and b, respectively).

Line b shors ghê existence of tt/o vall les of P deserving sPecial

atÈention: f irstLy îD, the èhlesbold value producing êlr abruPt rise in

the PF. secondLy MD, !s lhe densièy giving èhe naxj-mum value of PF'

t r i ô , r a  . .  - 7 F , i : r r ô h  . f  1 o

N  =  5 0 ,  a r =  I 0 - +  ( N s . r +  1 ) ,

(a )  and  PF  (b )  as  a  func t i on  o f  P .

. 0 1 ,  b =  r  /  3 ,  e = . 0 5 '

:__=l_::_:___-:'
P =  25 .  The

vari-ation of To
other paramete!

as a function of N.
1 .

/  P P  ( a )
value s

and  PF  (b )
as  j . n  F i9 .



In Fig. 3 To / PP (a) and PF (b) are - l lottec as a function of :he'

hole dimeosioô' I t  as uèeresting tc note lhat l ine b is U-shaped'

1 r h e P F c e c r e a s e s a s N b e c a E e s L a r g e r t h a ! ] ' , r e a c h j . ] r g à n i n i l n u $ v a l u e

a f t e r w h i c h | h e P F n o n c l o n a l l Y l n c r e a s e s . l h j - s r e s u l l a p p e è r s o n l y r f

a !  i n  eq .  (8 )  i s  re la t i ?e l y  La rqe ,  i ' e '  w t l en  tàe  e f , f i cencY  o f  + -hê

i.ndivj.dual- comPonent of the orientation ûechanj-sm is high' while the

second is given by !5e occu-ence o: cooPêrative behaviour '

Interestingly enough' '-he clusler dj-aeDsi-ons distr ibutj 'on given

! . i t h i n c r e a s i l g v a l u e s o f N j - s c l e a r l y û o n - b i n o m j . a l ( F i g . 4 ) . F o r

1al9e values of N lhe bi-noûial dj-str ibution aPproaches l:he nortnal

d i s t r i b u t i o n , w h j . l e t h e d i s t r i b u t i o n r e . I . a t j . v e L o t h e c o o P e r a t i v e

orienlatj .on nêchanj-sms s}.ows ej-ther a r alkd bi ldodali ly (Fig' 4' b) or

à  s r r o n g  k u l t o s i s  ( F i 9 .  4 ,  c ) .

Distibution of cluster di-rnension for di 'fferent l i  vaLrles

-D= 75 and the ccher palaneler values as in Fig' L'

Discus  3  i on

An intêrestj.ng resulL of, lhe model is ehe different frequency-

dj-stribution of cruster dimension when assuhing individual ( e 'g '

self-trai1ing, idj-otetic ;rlechanj'sms or toPographic memory) o!

cooPeraÈj.ve (  in te r -  ind iv idua l trai l-  foI lo\^' ing ) o r  i  en ta l i on

mechanisms, Ttl is consll tutes a ùseful tool lor t}Ie interpetration of

daÈa obtaiôed in èhe f i-eld because the differênce betvteen siFulated

and enpir iéâl dj-str ibuttons can be statj 'st ical ly lested by the use of

non-parânet r i c  tes ts  (S ieqet ,  1956 )  . À secood ald t'o lhe sludy of

È h e o r i e a t a è i o n m e c t l a n l s m s i n v o l v ê d i n t } t e a g g r e g a t i o n o f i n t e r t i d a . L

molluscs is given by the analysis of fhe turn-over beÈween '-he

scattered and aggrêgated fractions. Prelininaty analysis of the



turn-over in a oatural populal ion of Neri:a t 'exti l is have shoued â

strong oêgativê correlaèion to l i ie val!:e of :he aggrêgaced poPulatr"n

present in Cle sludy area, whj.ch is !n agreedenl with the modeL's

ou tpu r  i n  t he  case  o f  coopera l i ve  o l i en la l i on '

ÀIso reLevant is lhe capacity of tbe modeL Lo reproduce the

il l f l -uence o! shore morphologY on lhe behaviour '  IndividuaL or

collective orleoÈatJ-on nechanisms are selected under different'  shore

c o n f o r î a t i o n s t o i r l a x l m l z e t h e P r o t e c t e d f r a c ' - i c n o f P o p u ! è è i o n ' a s i s

observêd in the f ield when strai ls shift  fron clustêring t 'o non-

clustering as they move from areas wilh sf la1L holes Co areas wilh

la rge  ho leg  ( va ln in i  &  che lazz i ,  t 97g ) .

lhe need to qualtt i fy physicat and bêhavi-oura! pêrahetêrs Present in

the nodel- nay guide futule experi inental êlralysis of lhe greqarj 'ous

' 'baviour of i-ntert idaL noll-uscs. In palt icular, Lhe imPortance of

the quantif icatj.oo of the paPulation densièy

aff,ects the behaviour of different Poplrlatioos

differênE envirolnnents - has to be stlessêC'
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In Fig. 3 To / PP (a) and PE (b) are =blot"-ed as à function of :he-

hole dinension. It  is interesting tc note lhat l ine b is Û-shaPed'

T h e P F d e c r e a s e s a s N b e c a m e s L a r g e r t h a ! ] ' , r e a c h j . l g a n i n i s u r n V a l l r e

after whict! the PF noôctcnafl) '  j -ncreases' This resul..  aPPears onLy i!

a r  i n  eq .  (8 )  i s  re la t i ve l y  l e rqe ,  i ' e '  " t t t en  t i ê  e f f i ' cency  o f  . . he

indivldual component of r-he oriental io!! ûechanism is high' whj '1e the

second is given by è5e occulence of cooPerative behaviour '

Intelestingly enough, :-he c1' lster di-dêDsi-ons dist i ibution givên

w iÈh  inc rea€ ing  ?a1ues  o f  N  i s  c fea rLy  oon -b inomia l  (F ig '  4 ) '  Fo r

Iarge vall tes of N the binomial distr ibution apPrÔaches r- l !e ûo!f lal

d i s t r i b ' t r i o n , \ . , h i l e t ' h e d i s t r i b u l i . o n l e i a t i v ê t o è h e c o o p e r a t l v e

orientation mêchanisms shows either a nalked bj 'modalièY (Fig' 4' b) or

a  s t r o n g  k u r l o s i s  ( F i g . 4 ,  c ) '

F igu ! ' e  4 .
P S = 6 0 ,

Distibution of cluster di-mension for Ci ' f"e!ent 1l values

P= 75 and the other palanete. eaLues ès i- 'r  Fig' I '

An interestj-ng result of the nodeL i5 the dj-ff,erent frequency-

d is t r ibu t j -on  o f  c l -us te r  d imens ion  v ,hen assuminq ind iv iduaL (e '9 '

self-trail ing, idiotetic mechanisns or topoqraphic menoryl or

cooperatrve ( intêr- indieidual LrâiL- fol lowing ) orienLalj-on

m e c h a n i s m s . T h i s c o n s t i t u t e s a u s e f u l t o o ] . f o r t f l e i n t e r p e t r a t i o n o f

data oblained in lhe fLeld because t'he difference belween simulated

and empiricâ1 aistributions can be slalisticalLy tested by the use of

non-parare t r i c  tes ts  (s iege l ,  1956 )  . À second ald to lhe study of

Èhe orientation lnectranisms involved in the aggregation of interl ldal

molluscs is given by the analysis of lhe lurn-over bellÀ'een lhe

scattered and aggregated f i 'actions. Prel j 'minarf '  analysis of the
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