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STUDIES OF PATELLA VULGATA  L.
I. GROWTH, REPRODUCTION AND ZONAL DISTRIBUTION

D . T. B l a c k m o r e

D epartm en t o f  Z o o lo g y , T he U niversity, Sheffie ld , E ng land

A b strac t: A  p o p u la t io n  o f  P atella  vu lga ta  L . fro m  a  sh e lte re d  c o as t a t R o b in  H o o d ’s Bay, N o r th  
Y o rk sh ire , has been  stu d ied . O n  a lte rn a te  sp rin g -tid es ( fro m  S ep tem b er 1964 to  D ece m b e r 1966) 
th e  p o p u la tio n  w as sa m p le d  a t  seven s ta tio n s  a lo n g  a  t r a n se c t  line w hich  ex tended  fro m  betw een 
M .H .W .S . an d  M .H .W .N . to  betw een  M .L .W .N . a n d  M .L .W .S . T h e  p o p u la tio n  w as fo u n d  to  have 
a  p o lym odal freq u e n cy  d is tr ib u tio n , th e  c o m p o n en ts  o f  w h ich  w ere  d y nam ically  m a in ta in ed . E ach  
co m p o n en t re p re se n te d  a  s e p a ra te  y ea r  g ro u p , th e  g row th  o f  w h ic h  w as m ax im al d u rin g  th e  su m m er 
a n d  w as dep ressed  o v e r th e  w in ter. T h is  p a tte rn  p ersis ted  fro m  y e a r to  y ear b u t  v aried  in  degree , som e 
y ears su p p o rtin g  h ig h e r  g ro w th  ra tes  th a n  o th e rs . A n im als five y ea rs  o ld  an d  o v e r w ere  few  in  n u m b er 
a n d  h a d  no  m e asu rab le  g ro w th  ra te . T h e  lim pets m a tu re d  fo r  th e  first tim e in  th e ir  second  y ear as 
m ales. Fem ales firs t a p p e a re d  in th e  th ird  y e a r  a n d  th e re a f te r  w ere p re sen t in  increasin g  num b ers. 
G o n a d  m a tu ra tio n  co in c id ed  w ith  th e  p e r io d  o f  m ax im u m  in c rease  in  b o d y  size. T h e  se ttlem en t o f  
th e  yo u n g  lim p ets  w as u su a lly  first de tec ted  in  Ja n u a ry . T h e  p a tte rn  o f  th e ir  se ttlem en t an d  sub se­
q u e n t su rv ival w as re sp o n s ib le  fo r  th e  zo n a l p a tte rn  o f  th e  to ta l  p o p u la tio n .

I n t r o d u c t i o n

O f all the  in te rtid a l g as tropods the  com m on  lim pet, Patella  vulgata  L ., is perhaps 
the m ost u b iqu itous. I t  can  be encoun te red  on  m o st shores p rov id ing  th a t th e re  is a 
stab le su b stra tu m  (F re tte r  & G ra h am , 1962). T h e  degree o f w ave exposure experienced 
is n o t a  critical lim iting  fac to r b u t u n d er cond itions o f  very high exposure it m ay be 
lim ited  to  the  u p p e r reg ion  o f  th e  shore, its p lace being  ta k en  below  m ean  tide 
level by P. aspera  L am arck . (B allan tine, 1961a; E b ling , S loane, K itch ing  & D avies, 
1962.).

T he w idespread  d is trib u tio n  o f P. vulgata  a ro u n d  th e  B ritish  Isles has undo u b ted ly  
been  responsib le fo r  th e  num erous accoun ts a lready  devo ted  to  lim pet biology an d  
th e  p ro d u ctio n  o f  ye t a n o th e r  m ig h t seem  superfluous. T h e  p resen t w ork  how ever 
w as designed to  com bine, w ith in  th e  one lim pet p o p u la tio n , the  analyses o f  g row th  
ra tes, d is trib u tio n , an d  b reed ing  cycle (an d  also  tissue com position ; B lackm ore, in  
p rep .). T ho u g h  th is resu lted  in  som e rep e titio n  o f earlier w ork  a detailed  p o p u la tio n  
analysis was considered  to  be an  essen tial p re lim inary  fo r  the  s tudy  o f o th e r aspects 
o f  the problem .

D e s c r i p t i o n  o f  S i t e  a n d  G e n e r a l  M e t h o d s  o f  C o l l e c t i o n

T he p o p u la tio n  of lim pets stud ied  cam e fro m  the  sho re  a t  R o b in  H o o d ’s Bay, 
N o rth  Y orksh ire . T h e  w hole reg ion  here is p a r t  o f  the  C leveland an ticline w hich  a t
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this po in t, due to  a  depression in land , is tilted  back tow ards the land ; th is has resu lted  
in  the  o u tc ro p p in g  rocks o f the shore p ro d u c in g  a  sem icircu lar p a tte rn . E rosion  has 
enhanced  th is  p a tte rn  and  p roduced  a  n u m b er o f  seaw ard  facing scars (see C o lm an  
& Segrove, 1955). A  suitable collecting site  was located  in the bay im m ediate ly  
so u th  o f M ill Beck, which was easily accessible by ro ad  an d  y e t fa r enough  away fro m  
the  village to  avoid  undue a tten tio n  fro m  the public . T h is section  o f the beach ra n  
n o r th -so u th  fo r a b o u t 0.5 m ile (800 m ) a n d  o n  B a lla n tin e i (1961a) scale this reg io n  
o f the  shore  w ou ld  be classified as ‘she lte red ’. A lgae w ere sparse on  the upper p a r t  o f 
the  beach b u t Fucus serratus L. becam e a b u n d a n t 2 f t  (0.6 m ) below  M .L .W .N . a n d  
w as succeeded a t low er levels b y  Lam inaria spp. F aun istica lly  th is region was also p o o r .
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Fig . I . P. vulgata. P rofile  o f  th e  sh o re  a lo n g  th e  tra n se c t a t  R o b in  H o o d ’s Bay w ith  th e  sa m p lin g
sta tio n s  sh o w n .

A pprox im ately  1 f t  (0.3 m ) below  M .T .L . th e re  w as a  n a rro w  b an d  ( ~  12ft—3.63 m - 
w ide) o f Balanus balanoides L. L ow er dow n th e  shore, a t  ab o u t the level o f 
M .L .W .N ., a  zone o f  very sm all M ytilu s ed u lisL . becam e estab lished  during  the course 
o f th e  w ork. T he only o th er consp icuous an im als p resen t in  an y  num ber were L itto ­
rina littorea  L. an d  Thais lapillus L.

T h e  selected transect line ran  a lm ost due east-w est fo r a b o u t 300 yd (273 m ) and  
ex tended  from  m idw ay between M .H .W .S . an d  M .H .W .N . to  betw een M .L .W .N . 
an d  M .L .W .S . A long  th is line seven co llecting  s ta tio n s w ere m arked  (Fig. 1). T he 
firs t (upper) collecting s ta tion  was ju s t  below  m ean  tide  level. Im m ediately  above 
th is  level a  sh ifting  belt o f  sand  prevented  the  estab lishm en t o f  a  perm an en t lim pet 
p o p u la tio n . T h e  low est s ta tio n  was p o sitio n ed  m idw ay  betw een M .L .W .N . and  
M .L .W .S . a t  a  p o in t im m ediately above the  Fucus serratus zone.

T h e  p o p u la tio n  was sam pled from  all accessible s ta tio n s , approxim ately  once a 
m o n th  on a lte rn a te  spring tides. A t each s ta tio n  an d  o n  each  occasion , n o t less th a n
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125 an im als w ere collected by rem ov ing  all the  lim pets fro m  a  n u m b er o f un it areas, 
each  o f  0.5 m 2, un til th is  n u m b er h ad  been exceeded. A t the  tim e w hen sp a t se ttled  
the  y o ung  lim pets w ere independen tly  sam pled  by collecting from  an area  o f 0.03 m 2.

A fter collection the  lim pets w ere s to red  in  po ly thene bags a t 12 °C w here they  re­
m ained  alive un til req u ired  fo r th e  p o p u la tio n  and  breeding cycle analyses. All in d i­
v iduals w ere exam ined w ith in  5 days o f  collection.

In  analysing  the results, differences betw een sam ples have been considered signifi­
ca n t a t a  level o f P  ^  0.05.

P o p u l a t i o n  S t r u c t u r e  a n d  G r o w t h

Shell leng th  was selected as the  m o st convenien t index o f grow th . All shells were 
m easured  to  the  n ea rest 0.5 m m . an d  th e n  assigned to  w hole m illim etre groups, e.g. 
a  shell in  the  range 20.50-21.49 m m  w as classified as 21.00 m m .

ANALYSIS OF THE POPULATION

G rap h ica l rep resen ta tion  o f  the  d a ta  show ed th a t fo r any m o n th ’s collection the 
p o p u la tio n  w as po lym odal. T h e  sep ara te  m odes were identified by the use o f a rith ­
m etical p ro b ab ility  paper, th e  m e th o d  em ployed  being a  slightly  m odified version of 
th a t described by H ard in g  (1949). F o r  each  com ponen t p o p u la tio n  the m ean length , 
its s ta n d a rd  dev iation , an d  the  p e rcen tag e  o f the  to ta l p o p u la tio n  th a t it fo rm ed w ere 
calcu la ted ; each m o n th , fo u r o r five co m p o n en t popu la tio n s could  be d istinguished 
and  recognized. Iden tification  o f m ore  th a n  five sub -popu la tions was n o t possible 
an d  th e re  rem ained  a  residuum  com p o sed  o f  large, old, slow  grow ing lim pets from  
different year groups.

GRO W TH RATES

T h e m ean  lengths o f the  co m p o n en t p o p u la tio n s  for each m on th ly  collection, are 
p lo tted  as g row th  curves in  F ig . 2. S ince sp a t was usually  first fo und  on the beach in  
Ja n u a ry  it is possib le to  iden tify  each  y ea r  g roup  by the y ear in w hich it  first appeared  
on the beach. I f  sp a t se ttlem en t d id  n o t occur in  Ja n u ary  then  fo r the p resen t purposes 
it was designated as though  it h a d  se ttled  in  the  Jan u ary  n earest to  the  m o n th  in  w hich 
se ttlem ent ac tua lly  occurred . T hus the  sp a t o f N ovem ber 1966 is te rm ed  the 1967 
y ear g roup . T hose year g roups a lready  p re se n t on  the beach a t the s ta rt o f the  survey 
w ere assigned  successively to  those  years p reced ing  th a t in  w hich sp a t se ttlem ent was 
first observed; thus the  fo u r years g ro u p s p resen t in  S eptem ber 1964 w ere successively 
labelled  as the year g roups o f  1964-1961.

F o r  co m p ariso n  o f the g row th  o f  vario u s y ear groups, regression  lines w ere fitted to  
the g row th  curves. W hen the  g ro w th  curve exhib ited  a m a rk e d  change of slope a  new  
regression  line was fitted ; a lth o u g h  th is  m e th o d  was subjective, the  resulting  lines are 
considered  su itab le  ind icato rs o f  seasonal g ro w th  rates.

A s has been a lready  ind icated , th e  y o u n g  lim pets w ere first fo u n d  on  th e  beach
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during  the w inter. T he exact m o n th  o f  se ttlem en t varied  fro m  y ea r to  year a n d  d e­
pended  upon  th e  tim e a t w h ich  the  ad u lt p o p u la tio n  reached  m a tu rity  in  the p rev i­
ous au tum n. W hen first detec ted  the  lim pets were o f ab o u t 1 m m  shell len g th  and  
still had the  coiled larval shell. Sm ith  (1935) considers th a t the  p o st-la rv a  se ttles on 
the rocks a t  a  shell length o f 0.2 m m . T h is w ou ld  indicate th a t a t th e  tim e it  w as first 
no ticed  a t R ob in  H o o d ’s Bay, the  sp a t h ad  already  been on  the  beach som e weeks. 
T he free sw im m ing larval stage is lim ited  to  ab o u t tw o weeks (S m ith , 1935; D o d d , 
1957) and  from  the  data  on th e  b reed ing  cycle it w ould seem th a t the sp a t was a b o u t 
five to  six weeks old w hen first detec ted . Since collections w ere ta k en  a t m o n th ly  
intervals it is p robab le  th a t th e  sp a t h a d  se ttled  a  m on th  earlier. I f  th is  w ere the 
case these m inu te  stages w ere overlooked .
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F ig . 2. P. vulgata. G ro w th  curves o f  th e  v a r io u s  year g roups th ro u g h o u t th e  p e rio d  o f  s tudy : 
A  =  1967 yr g ro u p ; B =  1966 y r  g ro u p ; C  =  1965 yr g ro u p ; D  =  1964 y r  g ro u p ; E  =  1963 yr 
g ro u p ; F  =  1962 y r  g ro u p ; G  =  1961 y r  g ro u p : th e  regression  lines in d ica te  th e  m ean  m o n th ly  ra te

o f  g ro w th .

Once the sp a t had  been identified o n  th e  beach its subsequen t g row th  w as easily 
follow ed because it fo rm ed a  com plete  a n d  separate  com ponen t w ith in  the  to ta l p o p u ­
la tion . A fter eight o r nine m o n th s  th e  h ig h e r ra te  o f g row th  o f th e  sp a t as com pared  
w ith the second year lim pets resu lted  in  th e  first year g roup  beginn ing  to  overlap  on 
the second. T he degree o f  overlap  inc reased  w ith  increasing age.

G row th  o f the spa t du ring  th e  firs t six m onths was steady  a n d  relatively  slow , of 
the  order o f  0.40 m m /m o n th  in  1965 an d  0.55 m m /m o n th  in  1966. In  b o th  years 
this ra te  o f g row th  con tinued  u n til Ju n e  w hen  the lim pets h a d  a  m ean  shell leng th  of 
~  4.0 m m . Between June  an d  O cto b e r (1965 and  1966) the  first year g roup  show ed 
a m arked  increase in  g row th  w hich in  1965 was o f th e  o rd e r  of 2.0 m m /m o n th  b u t 
in  1966 only 1.28 m m /m on th . A fte r O c to b e r 1964, 1965 a n d  1966 the  g row th  ra te  o f
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th e  young  o f each  y ear w as reduced  to  give a  m ean  shell length, by D ecem ber, o f 9.8 
m m , 11.5 m m  an d  9.8 m m  respectively. R educed  g ro w th  con tinued  th ro u g h o u t the 
w in ter a t  th e  ra te  o f 0.13 m m /m o n th  in  1964-65 a n d  0.12 m m /m o n th  in  1965-66 
un til the follow ing A pril, w hen a  m arked  increase w as again  detected. T he 1964 year 
g roup  then  increased  1.5 m m /m o n th  until O c to b e r 1965 and  the  1965 year g roup  
0.53 m m /m o n th  un til D ecem ber 1966. By the  end  o f  the  second year these tw o p o p u ­
la tions h ad  m ean  shell lengths o f 17.8 m m  a n d  16.7 m m  respectively. T he length  o f  
the  1965 y ear g ro u p  (16.7 m m ) a fte r tw o years was a lm o st iden tical w ith  th a t ob ta ined  
fo r the 1963 y ear g roup  (16.8 m m ) over a  sim ilar perio d . The sam e grow th  p a tte rn  is 
m ain ta ined  in  o lder an im als b u t the  ra te  o f  g row th  progressively dim inishes. T his is 
well illu stra ted  in  1965 w hen  the  firs t year lim pets increased  by 2.00 m m /m on th , the 
second y ear lim pets by 1.50 m m /m o n th  an d  the  th ird  year lim pets by 1.20 m m / 
m on th . A fter th ree  years on  the beach the lim pets h a d  a tta in ed  a  m ean  shell leng th  of 
approx im ate ly  25.00 m m  b u t subsequen t g row th  w as slow (from  N ovem ber 1965 to  
O ctober 1966, the 1963 y ear g roup  added  only  0.31 m m /m o n th ). By the  end o f  the 
fifth  year iden tifica tion  o f the  co m p o n en t p o p u la tio n s  was im possible. T he grow th  
ra tes o f  lim pets over five years o ld  could  n o t be detec ted  w ith in  the  period  o f investi­
gation.

In  different years each y ear g ro u p  m ay exhib it d ifferen t g row th  ra te s ; fo r exam ple, 
the increase in  shell leng th  o f  the  first, second, an d  th ird  year g roups du ring  the sum ­
m er o f  1965 w as a b o u t tw ice th a t o f the  co rrespond ing  popu la tio n s during  1966. 
A s a  resu lt o f this reduced  ra te  in  1966 th e  m eans o f the  com ponen t popu la tions by 
D ecem ber 1966 w ere very  sim ilar to  those o f D ecem ber 1964. W hether th e  yearly 
fluctuations o f g row th  ra te  resulted  from  changes in  env ironm enta l conditions o r 
w hether it w as endogenously  con tro lled  (i.e. faste r g row th  in  one year being necessari­
ly follow ed by slow er g row th  th e  follow ing year) c a n n o t be determ ined  from  the p res­
en t data .

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

DETERMINATION OF SEX AND GONADAL ACTIVITY

Patella  vulgata  possesses no  know n  secondary  sexual characters and  therefore 
sexing a n d  m easurem ents o f  g o n ad  activ ity  w ere m ade directly  u p o n  th e  gonad . The 
g o n ad  o f the  lim p e t is s itu a ted  on  the  ven tra l side o f  th e  visceral m ass, ad jacen t to  
the foo t. F o r  ro u tin e  ex am in a tio n  the fo o t was freed  fro m  the  visceral m ass by  an  
incision passing  fro m  the  left side o f the  head, a ro u n d  the  body , to  the  r ig h t h a n d  side 
o f  the head , so enab ling  th e  fo o t to  be tu rn ed  back  over the  head  o f the  anim al 
w hilst leaving the  rem a in d er o f  th e  b ody  w ith in  th e  shell and  to  expose th e  g onad  
(see O rto n , S ou thw ard  & D o d d , 1956). T he sex an d  sta te  o f the  gonad  w ere then  deter­
m ined  by the  m e th o d  described by  O rton  et al. (1956).

F ro m  these analyses a  m ean  g o n ad a l co n d itio n  (M .G .C .)  ca lcu lated  as follow s was 
determ ined  fo r  th e  p o p u la tio n . T h e  n u m b er o f lim pets in  each  g onad  stage w as m u l­
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tip lied  by the num ber allo tted  to  the  stage {i.e. 0 -V ) an d  the values so ob ta in ed  w ere 
ad d e d  together. T his g rand  to ta l w as then  d iv ided by the num ber of in d iv id u als  in  
the  w hole sam ple to  give the M .G .C . T h is was determ ined  fo r lim pets in  tw o  size 
g roups, nam ely, those w ith  a  shell len g th  betw een 15-25 m m  (15-25 m m  g ro u p ) and  
those  w ith a  shell length greater th a n  30 m m  ( > 3 0  m m  g ro u p ) and  taken  f ro m  the  
collections from  sta tions 1 and  7 (i.e ., the h ighest an d  low est). In  each group m ales and  
fem ales w ere trea ted  separately. T he sm alle r size g roup  inc luded  m ost of th o se  an i­
m als m atu ring  fo r the first and  second  tim e w hile those in  the  larger size g ro u p  
w ere m atu ring  fo r the th ird  or su b seq u en t tim e.

S tage B rie f  d esc rip tio n  o f  gonad

0 (o r  N ) In ac tiv e  o r  n eu te r; e ith e r  ru d im e n ta ry
v irg in  s ta g e  o r  restin g  a f te r  d ischarge  o f  gam etes.

I B eginn ing  to  dev e lo p  an d  sex d e tec tab le  bu t 
o n ly  slig h t in c rease  in size.

II D ev e lo p in g  to  o n e -th ird  fu ll size.
III B etw een o n e - th ird  a n d  tw o -th ird s fu ll size.
IV T w o -th ird s  fu ll size.
V F u lly  develo p ed .

THE BREEDING CYCLE

A t m atu rity  the w hole p o p u la tio n  consisted  o f a b o u t 20 %  neu ter, 60 % m ale and  
20 % fem ale anim als.

O rton  et al. (loc. cit.) found  th a t the  tim e involved in  m a tu ra tio n  and spaw ning 
depended  u p o n  the locality: m ore n o rth e rly  popu la tio n s to o k  longer to  com plete the 
cycle th a n  did those  in the sou th  and the re fo re  spen t less tim e in  the neuter condition . 
In  the  po p u la tio n  a t R obin  H o o d ’s B ay the  breed ing  period  was ab o u t nine m onths 
b u t was clearly  dependen t u pon  fac to rs  o th e r th a n  la titude . In  1965 there w ere only 
tw o m onths w hen the po p u la tio n  cou ld  be classed as neu ter, w hereas in 1966 there 
w ere fo u r m onths (Fig. 3). T he em ergence from  the  resting  cond ition  began d u ring  
the  sum m er, in 1965 in  A ugust b u t in  Ju ly  in  1966. In  the larger anim als m a tu ra tion  
reached  a  peak  afte r 3 -4  m onths (N o v em b er in 1965, S eptem ber in  1966) a t a M .G .C . 
betw een stages I I I  and  IV. Since no  co llec tion  con tained  anim als all a t stage V a 
M .G .C . of V was never observed. A fte r spaw ning, the p o p u la tio n  regressed to  the 
spen t cond ition  w hich, in 1966, w as a tta in ed  by ab o u t M arch . In  1965, after a d rop  
to  stage I  by D ecem ber 1964, ab o u t fo u r m on ths elapsed before th e  spent cond ition  
was reached. T he in terval betw een the  peak  M .G .C . an d  the  fully spent cond ition  
varied  betw een 3 and  6 m onths. T w o to  th ree  m on th s after the peak  M .G .C . the oocytes 
showed signs o f degeneration  ind icating  th a t, a t least in the  la tte r  period of gonad 
regression, gam ete release was unlikely. P rio r to  the period  of degeneration the 
oocytes w ere generally  m uch m ore loosely packed  th an  in the period  p rio r to  the peak 
M .G .C . F ro m  the  classification of O rto n  et al. (loc. cit.) this is indicative of a spaw n-
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ing gonad . W hether th e  gonad  had  spaw ned  (B allan tine, 1961b) or was still spaw ning 
is n o t know n. S ince a  few ovaries w ith  loosely packed  oocytes were p resen t before 
the peak  M .G .C . an d  som e w ith  closely packed  oocytes afte r the peak, it is likely 
th a t the po p u la tio n  as a  w hole did n o t release the  gam etes synchronously . T he breeding 
cycle o f P. vulgata  a t R ob in  H o o d ’s Bay m ay th e n  be regarded  as beginning w ith  the 
m a tu ra tio n  o f th e  g onad  ab o u t Ju ly , subsequen t to  the co ldest m onths o f the year; it 
proceeds for a b o u t fou r m on ths d u rin g  a  period  o f h igh tem peratu res and  increased 
food  supply  h  S paw ning  occurs in  the  au tu m n  follow ed by spatfall tow ards the end of 
the  year. A fter spaw ning , the gonads , w h ich  m ay still con ta in  gam etes, p robab ly  
reso rb  the rem ain ing  eggs and  sperm . W hen  re so rp tio n  is com plete a period  o f two 
to  fou r m onths is passed  w ith o u t any  visually  recognizable gonad  being p resen t be­
fore m a tu ra tio n  begins anew .

v i

IV -

c

c

19 6 5 1966

F ig . 3. P. vulgata. T h e  m e a n  g o n ad  co n d itio n  (M .G .C .)  fo r  lim pets a t  R o b in  H o o d ’s Bay th ro u g h ­
o u t th e  p erio d  o f  s tu d y : lim pets >  30 m m  sh e ll len g th  f ro m  St. 1 ------- ; lim pets 15-25 m m  shell
len g th  f ro m  St. 1 • • • •; lim p ets  >  30 m m  she ll len g th  f ro m  St. 7 ---------- ; lim pets 15-25 m m  shell

len g th  fro m  S t. 7 ----------- .

A com parison  o f  the g o n ad  size o f lim pets in  the  15-25 m m  an d  >  30 m m  groups 
show s th a t the  m ean  size o f  the g o n ad  o f the  la rger lim pets w as generally relatively 
g rea ter th an  th a t o f  the  sm aller an im als, p a rticu la rly  ab o u t the  tim e of m atu rity . This 
difference w as n o te d  by B allan tine  (1961b) a t  P lym outh  a n d  he m entions th a t there 
young  anim als fa iled  to  spaw n “ p ro p e rly ”  since there was no  decrease in  the relative 
vo lum e o f the  g o n ad  a t  the  a p p ro p ria te  tim e. T h e  ra te  o f sh rinkage of the g onad  in 
lim pets o f the 15-25 m m  g roup  a t  R o b in  H o o d ’s Bay tended  to  be less th a n  in  the 
la rger lim pets. T he effect o f sex o n  g o n ad a l size was also ap p a ren t, b u t was less than  
th a t  o f size (age). O f those an im als in  the  >  30 m m  g roup  the fem ales tended  to  
have sm aller gonads th a n  the  m ales, th is  difference being m o re  p ronounced  in  lim pets 
in  the 15-25 m m  size g roup . T here  ap p eared  to  be no  difference betw een St. 1 an d  

1 See p ag e  210.
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St. 7 (Fig. 3) w ith regard  to  the tim e th e  p eak  o f  m a tu ra tio n  was reached  o r the  
size o f  the gonads a t m atu rity . T his is in  co n tra s t to  the results o f  W illiam s (1964) 
w ho fo und  th a t in  L ittorina littorea  (over a  sim ila r tida l range) m a tu ra tio n  p roceeded  
m ore quickly on  the  upper th a n  o n  the low er shore.

THE EFFECT OF AGE ON SEX AND MATURITY

F ro m  A ugust 1966 to D ecem ber 1966 every an im al th a t was collected  (6 284) w as 
sexed. T he frequency o f neu ter, m ale, an d  fem ale lim pets was then  co rre la ted  w ith  
size, an d  the peaks o f  d istribu tion  o f each sex w ere re la ted  to the m ean  size o f the v a r­
ious year g roups ob ta ined  from  the g row th  curves. T h e  d is trib u tio n  o f  neu ter, m ale , 
an d  fem ale anim als is co rre la ted  w ith th e  m eans o f the  various year g roups. T h e  re­
sults o b ta in ed  were, how ever, som ew hat a t variance w ith others o b ta in ed  la ter f ro m

200-1
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F ig . 4 . P. vulgata. S ize-frequency  d a ta  fo r  lim p e ts  co llec ted  fro m  St. 7 on  30th  N o v e m b e r  1967: 
to ta l p o p u la t io n ,  ; n e u te r , • • • •; m ale , -   ------ ; f e m a le ,  .

analyses of lim pets from  only  one in te rtid a l level a n d  it w ould seem  th a t g row th  
varia tions due to  level m asked  the  d is trib u tio n a l p a tte rn  o f neu ter, m ale and  fem ale 
lim pets w ith in  the to ta l popu la tio n . A nalysis o f lim pets from  a  single level is m ore  
sa tisfac to ry  (Fig. 4). T he n eu te r p o p u la tio n  was d istribu ted  a lm o st n o rm ally  and  
co rresponded  w ith  the first year g ro u p . T h e  d is trib u tio n  o f the m ale lim pets consisted  
o f tw o clearly  defined peaks to g e th er w ith  a  ta il. T h e  first o f these peaks co rresp o n d s 
to  th e  second year g roup o f  lim pets w hich w as, the refo re , pu re  m ale. T h e  second 
m ale peak  was equivalen t to  the  th ird  y ear g roup  b u t associated w ith  it w as a very 
sm all p o p u la tio n  o f fem ale lim pets. T h e  n u m b er o f these th ird  y ear fem ales w as sm all 
b u t analyses ind icated  th a t they w ere th ird  y ear anim als. A fter the th ird  y ear the 
num bers o f fem ale lim pets fo rm  an  increasing ly  g rea ter p ro p o rtio n  o f  th e  p o p u la ­
tion , an d  by the  fou rth  year m ales a n d  fem ales w ere p resen t in ab o u t equal num bers. 
O lder y ear g roups were com prised  o f  even g rea te r n u m b ers  o f fem ales b u t no lim iting  
size w as reached  above w hich m ales w ere n o t found . These results su b stan tia te  the 
view o f O rton  (1946) th a t ind iv iduals o f Patella  vulgata  m ay undergo  a  sex change,



208 D .  T .  B L A C K M O R E

from  m ale to  fem ale, during  th e ir  lifetim e. T h e  belief th a t som e m ale lim pets may 
never change sex is su p p o rted  by the  presence o f  a  m ale  p o p u la tio n  w ith in  the oldest 
age g roup . N o  evidence was o b ta in ed  to  suggest th a t the higher incidence o f fem ale 
lim pets w ith in  the  la rger size g roups m ay be a  resu lt o f a  d ifferential g row th  rate 
betw een th e  tw o sexes.

I t  can  be concluded  th a t in  th is locality  lim pets in  the ir first year do n o t m ature. 
D uring  the ir second  year m a tu ra tio n  p roduces all m a le  anim als. M a tu ra tio n  in  the 
th ird  year aga in  results in  an  a lm o st com plete  p o p u la tio n  o f m ales, together w ith a 
very few fem ales an d  only in  th e  fo u rth  y ear a re  fem ales a t  all a b u n d a n t, having 
developed from  lim pets w hich, in  p rev ious years, w ere m ale.

Z o n a t i o n

F ro m  prev ious accounts it  is c lear th a t the n o rm a l range o f P. vulgata  can be re­
garded  as ex tending  from  M .L .W .S . to  M .H .W .S . b u t th a t th is range is m odified 
accord ing  to  th e  degree of exposure. A t R o b in  H o o d ’s B ay the range o f P. vulgata  
ex tended  f ro m ju s t below  M .H .W .S . to  ab o u t M .L .W .S . A t its low est level the lim pet 
p o p u la tio n  was a  m ixed one o f b o th  P. vulgata  an d  P. aspera.

A nalysis o f zo n a l p a tte rn s  w ith in  the  p o p u la tio n  o f  lim pets was m ade on those anim als 
w hich had  previously  been collected  fo r the  analysis o f p o p u la tio n  structu re . The 
p o p u la tio n  could  be satisfactorily  d ivided in to  fo u r  g roups. Size g roup  I con ta ined  all 
lim pets (19 629) w ith  a  shell leng th  o f 14 m m  o r  less. T h e  m ajo rity  o f these anim als 
h ad  been o n  the  beach  fo r a  p e rio d  o f u p  to  18 m o n th s  an d  w ere still virgin. Size 
g roup  I I  co n ta ined  all anim als (7200) o f  shell leng th  15-21 m m . T he m axim um  age of 
these anim als, as determ ined  fro m  the  g row th  curves, w as 2.5 years; the m ajo rity  o f 
the  lim pets w ith in  th is size g roup  w ere m ales w hich had  m atu red  fo r the first time. 
Size g roup  I I I  co n ta ined  anim als (3048) o f shell leng th  22-26  m m ; a t this size there 
was a  m arked  degree o f  p o p u la tio n  overlap  b u t essentially it con ta ined  lim pets in 
e ither th e ir  3rd o r 4 th  year and  thus co n ta ined  a  h igh p ro p o rtio n  o f fem ales. Size 
g roup  IV  co n ta in ed  all anim als (1906) o f shell leng th  27 m m  an d  over, the  ages of 
w hich w ere inde term inate . T h e  d is trib u tio n a l p a tte rn s  o f each o f the fo u r groups, 
p e r m 2, a t  each  s ta tio n  th ro u g h o u t th e  sam pling  p erio d  are illu stra ted  in  Fig. 5.

T h e  zo n a tio n  o f G ro u p  I  an im als results d irec tly  from  th a t o f the spat. A lthough  
n o  figures a re  availab le fo r the  spa tfa ll in  the  w in te r o f 1964/65 it is ap p a ren t fro m  the 
size an d  d is trib u tio n  o f G ro u p  I an im als th a t spa tfa ll occurred  m ore o r  less uniform ly 
th ro u g h o u t the  sam pling  area  an d  th a t a p a r t fro m  m ino r varia tions there was a 
u n ifo rm  decrease in  the  size o f  this g ro u p  d u rin g  the  year. In  m a rk e d  co n trast there 
w as a n  increase o f G ro u p  I  lim pets a t St. 6 in  Ja n u a ry  1966 an d  a  little  la ter a t St. 7. 
T his w as due to  the  appearance o f th a t  y ea r’s sp a t; there was no  co n co m itan t change 
in  num bers a t  the  u p p e r five s ta tions. Since th is p a tte rn  v irtua lly  persisted  fo r alm ost 
the  nex t twelve m o n th s  it seems c lear th a t e ither th e  spa tfa ll was restric ted  to  the  lower 
tw o sta tio n s, o r th a t, afte r a  u n ifo rm  se ttlem en t, som e unknow n environm ental
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co n d itio n  resu lted  in  the des truc tion  o f  the sp a t a t S t. 1-5 before it had  re a c h e d  a 
m easu rab le  size. T he th ird  se ttlem ent (N ov . 1966) was som ew hat in te rm ed ia te , 
sp a t se ttlem en t o r survival reaching as fa r as St. 4 . A t the higher sta tions the sp a t w as 
co n cen tra ted  aro u n d  the dam per regions o f  the rocks. T he low er s ta tions, w h ich  d id

' iiUiiiiii

F ig . 5. P. vulgata. Z o n a l p a tte rn  o f  lim pets a t  R o b in  H o o d ’s B ay from  5 th  F e b ru a ry  1965 to  14th 
D ece m b e r 1966: a , G ro u p  I in d iv iduals o f  sh e ll len g th  iS 14 m m ; b , G ro u p  II ind iv id u a ls  o f  sh e ll 
len g th  15-21 m m ; c, G ro u p  I II  ind iv iduals o f  she ll len g th  2 2 -2 6  m m ; d , G ro u p  IV  in d iv id u a ls  o f

shell len g th  Í2 27 m m .

n o t d ry  o u t fo r very long, had  a  m ore u n ifo rm  d is trib u tio n . A p art from  the  h igh 
num bers a t St. 6 and  7 there was a  tendency  fo r persis ten tly  higher num bers o f G ro u p
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I  a t St. 2 w hich m ay be a ttr ib u te d  to  a  low er g row th  ra te  o f the lim pets a t this s ta tion  
an d  occasioned by the  presence o f  barnacles (see F ischer-P iette, 1948).

The d is trib u tio n  o f  lim pets in  G ro u p s  II, III, a n d  IV  was sub ject to  m uch less 
v aria tion  th a n  those in  G ro u p  I, th o u g h  num bers w ere higher a t som e sta tions than 
a t o thers. L im pets in  G ro u p  II exh ib ited  tw o peaks o f p o p u la tio n  density . One was 
a t St. 2, no  d o u b t as a  resu lt o f th e  associa tion  o f  barnacles, an d  a n o th e r  a t St. 5. 
T his la tte r p eak  is believed to  be re la ted  to  the sm aller num bers o f G ro u p  I  a t 
th is sta tion . T h o u g h  the  cause o f  this is uncerta in  it m ay  have resu lted  from  the 
adverse effect o f a  persisten t th in  covering  o f sand  on  sp a t se ttlem ent an d /o r  survival. 
G ro u p  I I I  ind iv iduals also  show ed  the ir h ighest num bers a t St. 5 a  fu rth e r  reflection 
o f the su itab ility  o f th is  s ta tio n  fo r the larger lim pets. T he greatest concen tra tion  of 
G ro u p  IV  lim pets occu rred  a t St. 7. T his is believed to  be th e  ou tcom e o f increased 
grow th  as a resu lt o f  the p rox im ity  o f  Fucus (see F ischer-P iette, 1948).

D is c u s s io n

A  seasonal v a ria tio n  in  g ro w th  ra te  has been dem onstra ted  in  all b u t the larger 
lim pets and  th is  can  be re la ted  to  changing  cond itions w ith in  th e  environm ent. 
D u rin g  th e  early  m on th s o f  the  year, a t a  tim e w hen sea an d  a ir tem peratu res are low 
there is little g row th . T he m a rk e d  increase in  g row th  w hich occurs ab o u t June is 
la te r than  w ould  be expected  if  the  lim pet responded  im m ediately  to  an  increase in 
tem peratu re  an d  food  w ith  a n  increase in  shell length . I t  could, how ever, be argued 
th a t increase in  shell leng th  does n o t occur earlier because the  tem p era tu re  is too  low 
fo r active grow th , b u t th is  seem s unlikely  in  view o f the  results on  the  accum ulation  
o f food  reserves a n d  v a ria tio n  in  b o d y  d ry  w eight (B lackm ore, in  p rep .) w hich ind i­
cate th a t the lim pets do  respond , as regards the ir m etabolism , to  the  environm ental 
cond itions in ab o u t A pril; these  include an  increased  food  supply  associated  w ith 
the spring  d ia tom  increase b u t th is  does n o t ap p e ar to be reflected in  the  shell length 
u n til June. D u rin g  the w in ter the  b ody  d ry  w eight of the  lim pet o f u n it size is a t its 
low est level. T he w eight, to g e th er w ith  fo o d  reserves, increases during  the spring  and  
early  sum m er an d  it is th e re fo re  suggested  th a t the increase in  shell leng th  does n o t 
occur until the w eight o f  the  b o d y  reaches a  certain  level. T his level is clearly  no t 
solely dependen t u p o n  food  reserves because lim pets o f <  10 m m  shell leng th  show ed 
a  sim ilar g row th  p a tte rn  b u t n o  seasonal p a tte rn  in  fo o d  reserves was observed. 
I t is therefo re considered  th a t i t  is a n  increase in  w eight w hich is necessary a n d  th a t 
this p robab ly  acts by  increasing  the  rela tive volum e o f the  an im al w ith in  the shell so 
allow ing the m an tle  to  sp read  fu rth e r  o u t to  give an  increased  shell deposition .

The high sum m er g row th  ra te  co n tin u es u n til after spaw ning w hen low er tem pera­
tures, an d  also p ro b ab ly  decreased  fo o d  supply, resu lt in  a  m uch  low er ra te  o f  grow th. 
C essation  o f feeding a t this tim e ap p e a rs  unlikely  since the guts o f  the  lim pets are full, 
w hereas in  experim entally  sta rved  lim pets they  are em pty. B arry  & M u n d ay  (1959), 
afte r m easuring  the levels o f  g lycogen an d  b lood  glucose o f lim pets in  various condi­
tions, believe th a t the very low  levels in  the  w in ter, w hich co rrespond  w ith  those  in



G R O W T H ,  R E P R O D U C T I O N  A N D  Z O N A T I O N  O F  P A T E L L A  V U L G A T A 211

sta rved  anim als, are an  ind ica tion  o f cessation  o f feeding. I t  seem s p ro b ab le , how ever, 
th a t the food in take  a t th is tim e was so low  th a t all the ingested food  was im m edia te ly  
utilized. The very low , b u t m easurab le, g row th  ra te  is consisten t w ith  th is  sugges­
tion .

T h e  seasonal varia tion  in  grow th  ra te  w hich is evident in  the lim pets a t R o b in  
H o o d ’s Bay seem s to  be characteristic  o f lim pets on  B ritish shores (R ussell, 1909; 
O rto n , 1928a, b ) a lth o u g h  stud ies in  F rance  by H a tto n  (1936) a n d  F ischer-P ie tte  
(1941, 1948) ind icate  th a t the re  n o  a rrest o f g row th  occurs d u rin g  the  w inter. A t 
R ob in  H o o d ’s Bay the  n u m b er o f five-year o ld  lim pets was sm all a n d  g row th  w as n o t 
m easurable. F ischer-P iette  (1948) considers th a t (in  lim pets w ith  a g ro w th  ra te  sim ilar 
to  those  a t R ob in  H o o d ’s B ay) grow th  continues fo r 9 or 10 years before d ea th  ensues. 
H e does no t ind icate w hat p ro p o rtio n  o f  the po p u la tio n  was com prised  o f these o ld  
lim pets bu t, from  the  p resen t results, if  the lim pets d o  reach th is age they m u s t 
fo rm  a  negligible p ro p o rtio n  o f the to ta l popu la tion .

T he m axim um  ra te  o f g row th  o f  lim pets a t R o b in  H o o d ’s Bay co incided  w ith th e  
p e rio d  of gonad  m a tu ra tio n . O rto n  (1928b) considered, how ever, th a t shell g ro w th  is 
depressed in m idsum m er as well as in  the w inter p robab ly  as a  resu lt o f  a  d iversion  of 
food  m aterial to  the  developing gonad  o r even due to  a  cessation  o f  feeding (O rto n  
e t al., 1956). D u rin g  the p resen t study  th e re  was n o  evidence fo r such  a  decrease in  
g row th  during the sum m er; o n  the  con trary , a t th is tim e o f the  year g ro w th  was a t  its 
m axim um . T he absence o f  an y  reduc tion  in  grow th  ra te  during  m a tu ra tio n  can  be 
rela ted  to  the presence o f fo o d  reserves w hich are fo rm ed  p rio r  to  shell g row th  an d  
m a tu ra tio n  (B lackm ore, in  p rep .). These reserves are sufficient in  them selves to  
p rov ide for gonad  fo rm ation , so th a t prov id ing  th a t food  is ava ilab le d u rin g  m a tu ra ­
tio n  it may be u tilized  m ainly fo r increase in  shell length. N o  ind ica tion  has been fo u n d  
th a t feeding was reduced d u rin g  the sum m er. T he gut, ra th e r th a n  being em pty , was 
filled w ith m ore organic m ateria l th a n  a t o ther tim es o f theyear. I t  h as been observed 
th a t  in  Littorina littorea  the  g row th  ra te  is reduced du ring  m a tu ra tio n  (W illiam s, 
1964) b u t th is  an im al m atu res du ring  the w inter m onths an d  so the effects o f decreased 
tem pera tu re  can n o t be elim inated .

T he peak M .G .C . of th e  p o p u la tio n  has been considered  to  be the  app rox im ate  
tim e o f spaw ning b u t due to  th e  tim e in terval betw een co llections p ea k  spaw ning 
co u ld  have occurred  w ith in  a  tw o m o n th  period . T he m ethod  em ployed  in  d istinguish­
ing  the  sta te  o f  m a tu rity  o f  the  lim pets does n o t enable one to  say ju s t  w hen a  lim pet 
h ad  spaw ned an d  also if  it had  sto p p ed  spaw ning. T he presence o f som e individuals 
w hich had  gonads in  the spaw ning  cond ition  a t the collection p rio r  to  th a t in w hich 
the  peak  M .G .C . was observed  an d  also som e w ith  ap p aren tly  develop ing  gonads 
afte r the peak  suggests th a t the  spaw ning period  m ay extend over a  longer tim e th a n  
tw o m onths; how ever, the n u m b e r o f such lim pets w as com paratively  sm all and  it is 
considered th a t th e  m a jo rity  o f lim pets spaw ned  over th e  p eak  M .G .C . T he p resen t 
results are n o t conclusive o n  this po in t, b u t it seems unlikely th a t in  th is  locality  
spaw ning con tinues un til n o  gam etes rem ain  as O rton  et al. (1956) im ply. F ro m
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th e  p resen t d a ta  it  seems as th o u g h  spaw ning  is som ew hat in term ed iate  between the  
p ro longed  spaw ning  as suggested by O rto n  et al. (1956) an d  the  sudden spaw ning  as 
suggested by B allantine (1961b).

A fte r spaw ning  the d istribu tion  over th e  beach o f the young  lim pets is subject to  
w ide varia tion . T h e  1965 year g ro u p  show ed a n  even d istribu tion  over the w hole 
range stud ied  w hereas in  Ja n u a ry  1966, sp a t was confined to  the  low est s ta tio n s. In  
N ovem ber 1966 the  d istribu tion  w as so m ew h at in te rm edia te . D uring  1965 subsequent 
m o rta lity  was no  g rea ter a t the u p p er en d  o f the  beach  th a n  a t the lower. T he p rep o n ­
d eran ce  in  1966 o f  sp a t a t the low er s ta tio n s w as e ith e r the  resu lt o f  a  localized sp a t­
fall o r the resu lt o f  an  enorm ous m o rta lity  w hich affected th e  u p p er shore sp a t before 
it reached  a m easurab le  size. W hatever the  reasons fo r the  v aria tion  in  sp a t d istribu ­
tio n  it seems c lear th a t the  effect o f localized  se ttlem en t influenced the zo n a tio n  o f  the  
a d u lt lim pets. O n the upper shore th e  p o p u la tio n  tended  to  be com posed o f larger 
lim pets th a n  a t the  low er sta tions, a  s itu a tio n  s im ila r to  th a t described by D as & 
S eshappa (1948) a n d  Jones (1948). T he suggestion  th a t th is zo n a tio n  is a  resu lt o f 
m ovem ent afte r settlem ent, as D as & S eshappa th in k , seem s un likely  and certainly it  
w as n o t detected  a t R ob in  H o o d ’s Bay. T h e  g rea ter p ro p o rtio n  o f large lim pets a t 
th e  h igher s ta tio n s can  be accoun ted  fo r pu rely  on  the  settlem ent-survival p a tte rn  o f  
th e  spat. T he m ig ra tion  o f lim pets a t  v arious seasons w hich was no ted  by  Lewis 
(1954) a t A berystw yth  has n o t been detected  d u rin g  the  p resen t investigation; how ­
ever, cond itions in  the  tw o h ab ita ts  are so m ew h at different. A t A berystw yth  the 
p o p u la tio n  was p resen t on a  b reakw ater an d  thus any  up w ard  m ovem ent w ould  rep ­
resen t a sim ilar m ovem ent in  the tida l range w hile a t R ob in  H o o d ’s Bay an  upshore 
m ovem en t o f m an y  yards w ould be necessary fo r any appreciab le increase in vertical 
heigh t. I t  the re fo re  seems th a t the vertical m ovem ent observed by Lewis occurred  
solely  because it  was in  the range o f  the lim pets no rm al m ovem ents.

M ovem en t is, how ever, believed to  occur a t  R o b in  H o o d ’s Bay, n o t seasonally, b u t 
as a resu lt o f p o p u la tio n  pressure. T his occurred  a t  St. 6 w hich w as s ituated  on the  
face o f  a steep scar an d  always had  a  g ood  spa tfa ll {e.g., in  Ja n u a ry  1966, ~  880/m 2). 
R o u g h  seas are believed to  induce sp a t se ttlem en t (F ischer-P ie tte , 1948) and  it seems 
likely, therefore, th a t  the m ore tu rb u le n t cond itions associated  w ith  this scar face, 
to g e th e r  w ith  its low  level, m ay have resu lted  in  the  h igh  spatfa ll. T his very h igh 
density  o f lim pets p ro b ab ly  caused a  p o p u la tio n  p ressu re  w hich p roduced  a m igration  
o f  a  few feet to  th e  to p  an d  b o tto m  o f  th e  scar (w here spatfa ll w as less) an d  thus gave 
rise to  th e  low er num bers fo r G ro u p s  II, I II  an d  IV  (see F ig. 5) a t th is s ta tion  as com ­
p a re d  w ith o thers.
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