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THE GROWTH AND DISTRIBUTION OF
MONODONTA LINEATA  (da Costa) ? ,
ON A ROCKY SHORE IN WALES

By E D W A R D  E. W IL L IA M S
University College o f  Wales, Aberystwyth*

Monodonta lineata (da Costa) is a  sou thern  form  a n d  the n o rth  coast o f Ire lan d  
represents the  lim it o f its d is trib u tio n  in  the  B ritish Isles.

M cM illan  (1944) describes the  species as hav ing  a  w est a n d  south-w est 
ran g e  in  the  B ritish Isles as a w hole a n d  S o u th w ard  a n d  C risp (1964) in  the ir 
investigations in  I re la n d  found  it p red o m in an tly  o n  the  south  a n d  w est coasts. 
Jeffreys (1865) gives its ex tra  E u ro p e an  locality  as W est A frica. I t  occurs 
th ro u g h o u t W ales an d  is rep o rted  as a b u n d a n t along  the  G ow er coast 
(M cM illan , 1944), a t  D ale  in  P em brokesh ire , (M oyse a n d  N elson-Sm ith , 1963), 
a n d  is found as far n o r th  as A nglesey (Lewis, 1953). I ts  d is trib u tio n  in  the 
A berystw yth  a re a  o f  C a rd ig an  Bay has been stud ied  by  W alton  (1915), and  
m ore recently  by  E vans (1947). B oth rep o rted  th a t its d istribu tion  in  this 
reg ion  is local.

M . lineata prefers ra th e r  she lte red  shores w ith  la rge areas o f rock, bou n d  
boulders an d  m an y  gulleys, b u t  w ith  a  m in im um  o f sand  a n d  loose shingle. 
P reference for th is k ind  of shore has been  no ted  by  Evans (1947), S ou thw ard  
(1954) an d  M oyse a n d  N elson-S m ith  (1963).

S ince no w orker so far h as d e a lt w ith  the  dynam ics o f a  M . lineata popu la tion , 
i t  was decided to  select a  su itab le  po p u la tio n  an d  study th e  deta iled  s tru c tu re  
an d  any  varia tions, seasonal o r otherw ise, w hich m ay  occur over a  period  o f a t 
least 12 m onths. A t the  sam e tim e  the  breed ing  cycle a n d  zonation  on  th e  
b each  was to  be investigated .

T h e  s i t e  a n d  s a m p l i n g  m e t h o d s

T h e  a re a  selected for the  survey  is som e tw o-th irds o f a  m ile (1 • 1 km .) south  
o f B orth  an d  lies b en ea th  th e  200 ft. (66 m .) h igh rocky h ead lan d  C raig- 
y r-W ylfa (M ap  R ef. SW  (22) 600886). I n  ad d itio n  to  a  p o p u la tio n  o f M . lineata, 
th e  beach  also su p p o rted  popu la tions o f Littorina littorea (L )., L. saxatilis (O liv i), 
an d  Gibbula umbilicalis (d a  C osta).

T h e  top p a r t  o f  the  shore consists o f a n  unstab le steeply shelving reg ion  of 
loose shingle ex tend ing  som e 30-35 feet (1 0 -1 1 m .) from  the  base o f the  cliffs 
dow n to M .T .L . (M ean  T id e  L evel). M . lineata was invariab ly  absen t from  this 
reg ion  w hich was therefo re exc luded  from  the survey. T h e  rem a in d er o f  th e  
b each  consists o f g rad u a lly  shelving fla t slabs of solid rock ru n n in g  som e 
250-260  feet (82-85  m .) dow n to E .L .W .S . (Extrem e Low  W a te r  S pring  tides).

T h e  beach as a  w hole faces south-w est w h ich  is th e  d irec tion  o f th e  prevailing
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w ind a n d  w ave action . T h e  extrem e p auc ity  of a lgal g row th  ind icates a t  least a 
m o dera te ly  high fac to r o f exposure to w ave action . Fucus spiralis is one of the 
m ost a b u n d a n t species o f fucoids an d  even this is lim ited  to  a  few sparse tufts on 
the  u p p e r regions o f the  shore im m edia te ly  below  th e  u n stab le  shingle beach.

E leven i sq. m. sta tions w ere m arked  o u t from  th e  top  o f  the  rocky zone, 
w hich w as ju s t below  M .T .L ., dow n to E .L .W .S . (Fig. i) .  E ach  sta tion  was 
designed to  be rep resen ta tive  of the b ea ch  level on  w hich it was located. 
Sam ples w ere taken  a t approx im ate ly  m o n th ly  in tervals on  sp ring  tides from  
M ay , 1961 to  J a n u a ry , 1963. A t each co llection  every  specim en of M . lineata 
was taken  from  each of the  1 sq. m. stations. A t all tim es o f the  y ear x  io  bench 
m agnifiers w ere used on the  beach  to assist in  th e  search  for th e  young  forms. 
In  ad d itio n  rock pools w ere d rained  a n d  sam ples o f rock rem oved  to the 
lab o ra to ry  in  o rder th a t these sm all form s be located  a n d  ad eq u a te ly  sam pled.

D u rin g  the  period  o f the  survey 4,574 specim ens o f  M . lineata w ere taken on 
22 collections, the  average n u m b er p er co llection  being 208.

T r e a t m e n t  o f  s a m p l e s

A lin ear m easurem ent, shell w id th , w as used as a  g row th  ind ica to r. Shells 
w ere m easured  using a  sliding h an d  m ic ro m ete r a n d  alloca ted  to  o • 5 m m . size 
groups, e.g. shells whose w id th  is given as 7 m m . include all those 6 • 75 m m . 
w ide a n d  over an d  less th a n  7-25  m m .

T h e  d a ta  w ere analysed using arithm etica l p ro b ab ility  g rap h  paper. T his 
m ethod  enables th e  m eans o f unequa l a n d  overlapp ing  com ponents o f a  p opu­
la tion  to be d e term in ed , H a rd in g  (1949) an d  W illiam s (1964).

A n a l y s is  o f  p o p u l a t i o n  s t r u c t u r e

P ro b ab ility  g raphs show ing p o p u la tio n  stru c tu re  w ere construc ted  for each 
m on th ly  sam ple. T h e  popu la tion  o f M . lineata a t C raig-yr-W ylfa h a d  a  poly- 
m odal frequency  d is tribu tion  an d  the com ponen t popu la tions p resen t in  
successive sam ples for the  w hole o f the survey period are  show n (Fig. 2).

As can  b e  seen, tw o com ponen t popu la tions w ere detec ted  in  the samples 
collected from  M ay  to  Ju ly , 1961; p o p u la tio n  A  w ith  shell w id th  m eans of 
9 - 1 1 m m . an d  po p u la tio n  B w ith  m eans o f 1 5 -5 -1 6 -2 4  m m . In  A ugust, 1961 
a  th ird  popu la tion , A 1, w ith  a  m ean  o f 2 • 74 m m . rep resen ting  the  young  brood, 
ap p eared . In stead  o f now  having  th ree populations, how ever, only tw o were 
a p p a ren t, the  new  one w ith  a  m ean  o f 2 • 74 m m . and  a  second w ith  a  m ean  of 
16 m m . rep resen ting  th e  orig inal two populations. As can  be seen the m erging 
of these was n o t a  g rad u a l process.

F rom  a  study  o f  th e  grow th  o f po p u la tio n  A1 (Fig. 2) p o p u la tio n  A  is con­
sidered to  rep resen t th e  survivors o f the i9 6 0  settlem ent. T h o u g h  the  num ber of 
an im als in  p o p u la tio n  A  is very  low, ow ing p robab ly  to  a  rela tively  poor 
se ttlem en t in  i960 , they  rep resen t a  considerab ly  percen tage o f the to tal 
p o p u la tio n  p rio r  to  th e  se ttlem ent o f the 1961 brood. T h e  la tte r, popu la tion  A 1, 
was first collected on  11 A ugust, 1961. T h is was a  good se ttlem en t an d  the 
num bers w ere such th a t  com ponen t A  was difficult to d e tec t if  the  en tire  
po p u la tio n  was ana lysed  as a  w hole. T h e  size o f the  an im als in  popu la tion  A 1 
is such, how ever, th a t  they  form  an  easily recognizable com ponen t w hich  can
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P op u la tion  B

15 -2 4 _

P op u lation  / ^ '  ' +

P op u la tion  A

Pop u lation  A

196319621961

F i g . 2 .

G row th  curves show ing com ponen t populations p resen t in  successive sam ples o f th e  M . lineata 
p o p u la tio n  a t  C ra ig -y r-W ylfa , from  M ay, 1961 to  J a n u a ry , 1963. T h e  m e th o d  o f  analysis is

described  in  th e  text.

be read ily  sep ara ted  from  the  to ta l p o p u la tio n  un til A ugust, 1962. Beyond this 
d a te  the  p o p u la tio n , i.e. A 1, begins to ov erlap  an d  m erge w ith  popu la tion  A. 
Between A ugust, 1961 a n d  A ugust, 1962 it  is therefore possible to exam ine the 
grow th  o f p o p u la tio n  A  by  rem oving popu la tion  A 1 from  any  sam ple an d  
analysing th e  rem a in d er in  the  usual w ay. T h e  grow th o f this com ponen t is 
shown b y  th e  d o tted  line (Fig. 2). A lthough  the  relatively  sm all po p u la tio n  A 
was largely  obscured  b y  th e  se ttlem ent o f  A1 in  A ugust, 1961 th is effect was no t 
repeated  in  A ugust, 1962. W hen  a t this tim e  the  total p o p u la tio n  was analysed, 
A 1 could read ily  b e  detec ted  even in  th e  presence o f th e  new  se ttlem en t, i.e. 
popu la tion  A 11.

As can  be seen (Fig. 2), th e  grow th o f  young  forms (popu lation  A 1) is very 
rap id , increasing  from  2 • 74 m m . on 11 A ugust, 1961 to 7 ■ 54 m m . on  io  N ovem ­
ber, 1961, i.e. m ore  th a n  4 -5  m m . in  th ree  m onths. In itia lly  g row th  m ust have
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been  even faster since no represen tatives of th e  you n g  b rood  w ere taken  in ter- 
tida lly  in  th e  sam ple ob ta in ed  on  16 Ju ly , 1961, y e t on 11 A ugust, 1961 they 
are  rep resen ted  by  a  p o p u la tio n  w ith  a  m ean  shell w id th  of 2 • 74 cm . N o refer­
ence is m ade in  the  lite ra tu re  to  the  size o f M . lineata im m ediate ly  following 
settlem ent, how ever the  sm allest specim ens found d u rin g  the  p resen t survey 
h a d  shell w idths o f only  r m m .

As is show n (Fig. 2), g row th  in  these sm all forms, popu la tion  A, is ha lted  
d u rin g  the w in ter m onths an d  th e  reason for this is th o u g h t to  be reduced  feed­
ing activ ity  due to low tem peratu res. T h e  cessation o f  grow th  d u rin g  th e  w in ter 
o f 1961/62 ca n n o t b e  co rre la ted  w ith  an  increase in  sexual ac tiv ity  since du ring  
this period  popu la tion  A1 is rep resen ted  by  anim als w ith  a  m ean  shell w id th  of 
7 -7 -5  m m . only, a n d  a  b reed in g  cycle survey ind ica ted  th a t an im als sm aller 
th a n  11 -1 1 -5 m m . do n o t m a tu re  a t  the  a p p ro p ria te  tim e of the  year. A t the 
end  o f M ay  grow th  recom m enced  a n d  by  A ugust, 1962, a t  the  end o f  th e ir  first 
y ea r’s grow th, the  an im als com prising  popu la tion  A 1 h ad  a  m ean  o f  10-24 m m -

P opu lation  A 1 con tinued  to  grow  th ro u g h o u t 1962, a lbeit a t  a  m uch  reduced  
ra te , an d  by  D ecem ber h a d  a  m e an  shell w id th  o f 14-5 m m . T herea fte r very 
little  g row th  took place. T h is  tren d  could n o t be p roperly  eva lua ted , how ever, 
because the en tire  po p u la tio n  o f M . lineata a t  C raig-yr-W ylfa was w iped  o u t by 
the  extrem ely cold w in te r o f 1962-63. Consider, how ever, the  grow th  of 
popu la tion  A  (Fig. 2), d e tec tab le  only w hen  po p u la tio n  A 1 was excluded from  
the sam ples. By A ugust, 1962 this h ad  a  ca lcu lated  m ean  shell w id th  of 
14-24 m m ., an d  it  is th o u g h t likely th a t a t  C raig-yr-W ylfa M . lineata a tta in s  a 
shell w id th  o f 14 -14-5  m m . a t  the  end o f the second year. A bove this size it is 
very difficult to detec t year g roups ow ing to  th e  rela tively  sm all num bers o f 
an im als in  the  la rger size groups. H ow ever, po p u la tio n  B (Fig. 2) is considered 
to rep resen t ind iv iduals a t  least th ree  years old.

D esai (1959), w orking a t  C riccie th  in  N o rth  W ales, describes size/age groups 
for M . lineata. H e  does no t, how ever, describe the  m ethod  o f analysis used to 
establish them  a n d  as a  resu lt his findings ca n n o t be com pared  w ith  those of 
the  p resen t survey.

W h e th e r the  p ic tu re  o f  the  com position of the  M . lineata po p u la tio n  a t 
C raig-yr-W ylfa is a  tru e  one is n o t ce rta in  in  view of the rela tively  sm all n u m b er 
of specim ens taken  in  the  collections. F or reasons given the i960 b rood  was 
considered a  b a d  y e a r ; even in  1961 the  num bers o f sm all form s taken  in te r- 
tida lly  w ere re la tive ly  sm all a n d  can  only be considered bare ly  sufficient to 
m a in ta in  th e  ad u lt popu la tio n . M . lineata is a  sou thern  form  a n d  etfen in  the  
A berystw yth  a re a  is close to  its no rth ern m o st lim it. A  m ore detailed  an d  
ac cu ra te  survey requires th a t  a  p o p u la tio n  m uch  farth er south , n ea re r the 
cen tre  of the geograph ica l d is trib u tio n  of the  species, e.g. w est coast o f F rance , 
should  be studied.

B r e e d i n g  c y c l e

In  a  survey involving the  estim ation  of the sta te  o f m a tu rity  o f a n  an im al it  is 
essential th a t as m a n y  re le v a n t factors as possible be considered in  o rd er to  
m in im ize error.

As a  m em ber o f th e  T ro c h id a e  M . lineata shows no developm ent o f  such 
specialized co p u la to ry  an d  accessary sexual structures as a re  found for exam ple
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in  the  L itto rin idae , in  w hich they can  b e  used for the  recogn ition  o f develop­
m en ta l stages (W illiam s, 1964a). T h e  sexing o f im m atu re  or p a rtia lly  m a tu resp ec i-  
m en so f M . lineata is often difficult; in o rd e r  to do so th e  rig h t k idney opening, lying 
in  the  m a n tle  cavity , m ust be exam ined. In  the fem ale this open ing  is su rro u n d ­
ed by  la rg e  swollen lips b u t in  the m ales the  lips a re  m u ch  sm aller an d  n o n ­
swollen (R andles, 1905; F re tte r an d  G ra h am , 1962). W h en  th e  anim als a re  
fully m a tu re  sexing presents no  p rob lem  since the  females co n ta in  large well 
developed oocytes.

D esai (1959) described a  gonad  index  for M . lineata b ro ad ly  based on one 
described by  O rto n  et al. (1956) for Patella vulgata L . In  bo th  m ales an d  females 
D esai recognized five developm ental a n d  th ree spaw ning  stages. A  m odification  
o f th is index  was used in  the  presen t survey. T h e  various developm enta l an d  
spaw ning  stages a re  described elsew here (W illiam s, 1964b).

P re lim in ary  investigations revealed th a t in  th e  M . lineata p o p u la tio n  a t  
C raig-yr-W ylfa an im als sm aller th a n  11-11-5  m m - do n o t m a tu re  a t the  
ap p ro p ria te  tim e o f th e  year, i.e. the an im als do n o t m a tu re  u n til th e ir  second 
year. T h e  p resen t survey was based on a  consideration  o f an im als w ith  a  shell 
w id th  of a t  least 11 m m . from  all levels o f th e  beach . T o  avoid unnecessary 
dep letion  of the popu la tio n , sam ples of anim als taken  in  the  m a in  collections 
w ere u tilized . A nim als w ere rem oved from  the ir shells, exam ined  in  w ater 
un d er a  b inocu lar m icroscope an d  assigned to  one o f the  developm ental or 
spaw ning stages. D u rin g  the survey, w h ich  lasted  from  9 Ja n u a ry , 1962 to 
28 J a n u a ry , 1963, a  to ta l o f 834 anim als w as exam ined. As can  be seen (T ab le  1) 
the cycle in  m ales a n d  females is very sim ilar.

In  b o th  sexes developm ent s ta rted  a t  the end  o f O c to b e r (developm ental 
stage 2), b u t it was som e io  m onths la te r , in  th e  following A ugust, th a t the  first 
anim als w ere considered capab le  of spaw ning, i.e. spaw ning stage 1. Spaw ning, 
though  g rad u a l, occupied  a  m uch  sho rte r period  o f tim e, an d  b o th  sexes w ere 
fully spen t, spaw ning  stage 3, by the  beg inn ing  of O ctober. T h e  gonad  re­
m ained  inactive (developm ental stage 1 ) for only  a  very  sho rt period  o f tim e. 
O n ly  in  O c to b e r w ere all specim ens considered to be a t  this stage, for by the 
beg inn ing  o f the follow ing N ovem ber the  anim als h a d  s ta rted  to  m a tu re  again . 
T hese results a re  co m p arab le  to those of D esai (1959) an d  correspond very 
closely w ith  the  b reed in g  cycle in  G. umbilicalis (W illiam s, 1964b). Because the 
gonad  in  M . lineata is active for m ost o f th e  year, i t  seems p ro b ab le  th a t 
m a tu ra tio n  has little  effect on grow th  rate .

Z o n a t i o n

T h e  vertical d is trib u tio n  o f M . lineata has been described by  several workers. 
F leure an d  G ettings (1907) described i t  as occurring  a t  “ h igh  tide  level”  in 
C a rd ig an  B ay; C o lm an  (1933), w orking a t  W em bury , found th a t i t  occupied a 
very n arro w  vertical range , from  ju s t below  E .H .W .N . (E x trem e H igh  W ate r 
N eap  tides) to  ju s t below  M .H .W .N . (M ean  H igh  W a te r  N eap  tides), a  range 
o f som e 2 feet (o -6  m .). M oore (1940), how ever, also w ork ing  a t  W em bury , 
found the  species over a  m uch  w ider range , M .L .W .N .-M .H .W .N ., a  range 
o f som e 7 feet (2 m .).

E vans (1947), w ork ing  a t  A berystw yth , regarded  i t  as being  com m on at 
M .H .W .N . an d  occasionally  as high as M .H .W .S . (M ean  H igh  W a te r  Spring
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tides), in  localities w here th e re  is a  lo t o f w eed cover. E vans sta ted  th a t the 
species is com m on dow n to M .T .L . (M ean  T id e  L evel), a n d  th e  fu rthest dow n 
the shore he collected specim ens was 18 inches (0 -5  m .) below  M .L .W .N . A t 
o th e r localities in  the  area , how ever, E .L .W .N . (E x trem e Low  W a te r  N eap  
tides) ap p eared  to  b e  the  lower lim it, a n d  Evans concluded  th a t th e  low er 
lim it o f M . lineata is generally  variable. S ou thw ard  a n d  C risp (1954), w orking 
in  Ire lan d , reco rd  th e  “ preferred  tida l level”  as M .T .L .-H .W .N ., a n d  M oyse 
an d  N elson-Sm ith  (1963), a t  D ale, give the  vertical d istribu tion  as M .L .W .S . 
to  ju s t above M .H .W .N .

O w ing to the presence of the  u n stab le  shingle b each  ju s t above s ta tion  1 
(E .L .W .N .), w hich acts as a  physical b a rrie r, the  M . lineata popu la tion  a t 
C raig-yr-W ylfa can  be considered to  b e  a  m id  o r  low er litto ra l one. T h e  
zonation  of the  popu la tion  for the  period  o f the survey is show n (Fig. 3). As can  
be seen the an im als rem a in  on  the u p p e r  regions d u rin g  th e  sum m er m onths 
m oving dow n the  b each  as tem peratu res begin to  fall in  O c to b e r an d  N ovem ­
ber. T h e  coldest m onths o f the  y ear a re  spen t on  the  low er regions w here  the  
anim als a re  exposed for the  shortest possible tim e. D esai (1959) records a 
sim ilar seasonal vertical m ig ra tion  in  a  M . lineata po p u la tio n  a t  C riccieth  in 
N o rth  W ales.

As well as postu la ting  th a t th e  m ig ra tion  is governed b y  te m p era tu re  D esai 
also suggests th a t the  m ovem ent up  th e  shore is connected  w ith  spaw ning, 
anim als m oving u p  the  beach  to spaw n. I t  is tru e  th a t in  th e  p resen t survey 
m ovem ent u p  th e  beach  coincides alm ost exactly w ith  th e  spaw ning  o f the  fully 
m a tu re  section o f  the  po p u la tio n  (T ab le  1). H ow ever, an im als below  11- 
11*5 m m ., i.e. im m atu re , also m igra te  u p  the beach  in  the  sum m er. I t  is though t 
likely, therefore, bearing  in  m ind  th a t M . lineata is a  so u th ern  form , th a t  the 
m igration , b o th  u p  a n d  dow n the beach , is largely  tem peratu re-con tro lled . 
M oreover, this seasonal m ig ra tion  possibly explains th e  som ew hat d ifferen t 
vertical zones ascribed  to  the species by various authors.

S u m m a r y

1. M o n th ly  sam ples o f Aí. lineata w ere collected from  M ay , 1961 to  Ja n u a ry , 
1963, from  eleven 1 sq. m . stations a long  a  transect line a t  C raig-yr-W ylfa, ju s t 
south  o f B orth. I n  all 4,574 individuals w ere  collected a n d  m easured.

2. D a ta  o b ta in ed  each  m o n th  was analysed  using a rith m etica l p ro b ab ility  
g raph  paper. T h e  po p u la tio n  was found  to  have a  po lym odal frequency  dis­
tribu tion , the  overall s tru c tu re  being  dynam ica lly  m ain ta in ed .

3. T h e  various com ponen t popu la tions h a d  d ifferen t g row th  ra tes resu lting  
in  shell w id ths o f 10 -10 -5  m m . a t  one year, 14-14-5 m m . a t  tw o years, and  
over 14-5 m m . a t  th ree  or m ore years.

4. G row th  is red u ced  by  low tem p era tu res  b u t appears to  b e  little  affected
by m a tu ra tio n .

5. T h e  an im als show ed a  m arked  seasonal m igra tion  : dow n the  b each  in  the 
w in ter an d  u p  aga in  in  th e  sum m er.

6. A nim als m a tu re  for the  first tim e a t  11 -1 1 -5 m m . shell w id th .
7. In  b o th  sexes developm ent o f  th e  gonad  begins in  la te  O c to b e r an d
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2.10. 62

30.10.62

2711.62
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28 .1 .63
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proceeds g rad u a lly  for som e io  m onths. S paw ning  begins in  A ugust an d  the 
anim als a re  spen t by  early  O ctober, m a tu ra tio n  beg inn ing  aga in  in  the 
follow ing N ovem ber.

A c k n o w l e d g e m e n t s

I a m  in d eb ted  to  Professor Bryn Jones, Zoology D ep a rtm en t, A berystw yth , 
in  w hose d ep a r tm e n t the  w ork was ca rried  ou t, an d  in  p a rticu la r  to  D r. E. E. 
W atk in  w ho suggested th e  p rob lem  a n d  proffered  m u ch  v a luab le  advice an d  
encou ragem en t th ro u g h o u t th e  work.

I a m  also in d eb ted  to  D r. A. D u rra n t, o f the D ep a rtm en t o f A gricu ltu re , 
A berystw yth , for all th e  help an d  advice he so freely gave on the various 
statistical m ethods u tilized . I  also wish to  express m y g ra titu d e  to  the  technical 
staff o f the  Zoology D ep a rtm en t of A berystw yth , an d  to  D r. F . Segrove of the 
Zoology D ep a rtm en t, Sheffield.

T h e  w ork  was m ade  possible by a  g ra n t from  the  D ep a rtm en t o f  Scientific 
an d  In d u s tr ia l R esearch.
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