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Ecological studies o n  a tropical limpet Cellana radiata 
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Abstract 

Some aspects of the habitat zones, distribution pattern, 
and population density with reference to tidal levels of the 
tropical limpet Cellana radiata (BoRzr are presented. Observa- 
tions have also been made on the 'homing' behaviour of the 
limpet. Unlike the temperate limpets, no migration to different 
tidal levels during different seasons was observed in C. radiata. 

Introduction 

Although extensive investigations have been car- 
ried out on the biology of the temperate  limpets (par- 
ticularly on Patella vulgata from the French and British 
coasts), very little is known about  the tropical forms. 
The distribution of Patella vulgata in the intertidal 
regions has been studied by  several workers, e.g. 
O~TON (t929), Plymouth,  England; ESLICK (~940), 
Por t  St. Mary, Isle of Man; EvAdes (i947a, b, 1953, 
t958), Cardigan Bay  (Wales), south coast of England, 
west coast of France;  DAS and SES~A~PA (i947), 
Cullercoats, England; EBZa:~G et al. (1962), Lough 
Ine, Ireland. 

The population density of Patella vulgata in relation 
to the habitat ,  effects of wave action and different tidal 
levels has also received the at tention of several workers 
(O~ToN, t929; DAS and S E S ~ P A ,  1947; JONES, t948; 
SOVTHWA~D and O~TON, 1954; SOVTHWA~D, 1956). 
Furthermore,  a t tempts  have been made to s tudy the 
'homing'  behavionr of Patella vulgata by M o R G ~  
(1894), RUSSELL (t907), O~TON (1929) and J o l t ,  s 
(1948). 

The genus Cellana is distributed along the coasts of 
India, Ceylon, Is land of Luzon, J apan  and Australia. 
In  the present s tudy an a t t empt  has been made to 
compare the distribution and habits of the local trop- 
ical limpet Cellana radiata with those of limpets from 
the temperate  water. 

Material and methods 

Collections were made at  5 stations, which were 
based on the physical nature of the substra tum (Fig. t). 
The stations a t  Visakhapatnam, India,  are separated 
from one another by  wide stretches of sand and all of 
them are exposed to direct surf action and insolation. 
Stations I to I I I  are characterized by  the presence of 

big boulders, and Stations IV  and V by  the presence 
of shingles. The density of the animals a t  the 5 stations 
was measured by  counting specimens in areas of t m 2. 
Detailed observations were, however, made a t  Pa lm 
Beach (Station II) ,  as this station offered a wide range 
of habitats.  

The tidal levels and their vertical range a t  Waltair  
coast (Visakhapatnam) have been described by  RAo 
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Fig. 1. Coast line of Visakhapatnam, India, showing the loca- 
tions of Stations I to V 

and RAo (1962) and are summarized in Table I.  Col- 
lections were made at  4 tidal levels, i.e. Mean High 
Water  Spring (MHWS), Mean High Water  Neap 
(MHWN), Mean Sea Level (MSL) and Mean Low 
Water  Neap (MLWN), and also a t  the exposed, semi- 
exposed and protected surfaces in relation to the wave 
action. 

Population studies were made on Oellana radiata 
collected from boulders with even surfaces, as the 
smaller forms tended to lodge themselves in nooks and 
crevices of rocks with uneven surface. Large boulders 
exceeding I m in height were selected for the s tudy of 
the vertical distribution and the different tidal levels 
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etched on the rock surface during the MLWS period. 
The quanti tat ive studies on the limpets occupying the 
4 tidal levels were carried out by  clearing the animals 
in an area of 0.25 mL taking a uniformly distributed 
area of the animals. The plants and animals in the 
immediate vicinity of the limpets were also collected 
and identified. 

Table i. Vertical intertidal zones o/the rocky shore on the Waltair 
coast, India (After RAo and RAo, 1962) 

Zone Abbreviation Height 
used (feet) (m) 

Extreme High Water Springs EHWS 6.6 t.98 
Mean High Water Springs MHWS 4.9 1.47 
Mean High Water I~eaps MHWN 3.5 1.05 
Mean Sea Level MSL 2.8 0.84 
Mean Low Water Neaps MLWN 1.7 0.51 
Mean Low Water Springs MLWS 0.3 0.09 

The movements  of Oellana radiata were studied in 
the field by  observing the limpets during successive 
low- and high-tide periods. After noting the nature of 
the substra tum (smooth or rough), the limpets and 
their position on the rock surface were marked with 
an enamel paint  during the low-tide period. They were 
observed in the successive high- and low-tide periods 
and the maxlmuna distance which they moved was 
measured. 

To s tudy the distribution of different sizes at  the 
4 tidal zones and a t  the exposed, semi-exposed and 

protected surfaces, the limpets were sorted into 3 mm- 
length groups and the percentage frequencies of differ- 
ent size groups a t  the same tidal zone and rock surface 
and the same size groups a t  different tidal zones and 
rock surfaces were calculated. 

Results 

Dis t r ibu t ion  on the shore 

The local limpet Od/ana radiata is found in a 
var iety of locations such as smooth and rough rock 
surfaces, shingles, rocky platforms, and vertical boul- 
ders in the tidal zone. They occur from the most 
wave-beaten rock surfaces to the most  protected sur- 
faces. They are abundant  in the wash and splash zones 
and comparat ively rare in the spray zone. They are 
also present in various kinds of micro-habitats like 
crevices, cracks, gullies, overhangs and rock pools, but 
sparse on rocks entrusted with barnacles and weeds�9 
Young C. radiata are most  abundant  on the surfaces 
directly exposed to wave action and also in shady 
locations such as crevices, cracks, and overhangs�9 

A diagrammatic representation of the zonation at  
Palm Beach is shown in Fig. 2. On large boulders, 
which jut ted out above sea level, C. radiata were found 
to extend vertically from MLWN to MHWS. On the 
semi-exposed surfaces the limpets are mostly confined 
to the region between MLWN and MHWS; on surfaces 
directly exposed to wave action they extend a little 
above MHWS. 

Cellana radiata were absent where the rock surface 
is heavily scored, and also on shifting pebbles in the 
shingle zone. They are seldom present below MLWS 
and above MttWS. 
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Fig. 2. Diagrammatic representation of zonation at Palm Beach 
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Popula t ion  densi ty  

The popu la t i on  dens i ty  of  CelIana radiata a t  the  
5 s ta t ions  is g iven in Table  2. M a x i m u m  dens i ty  
occurred a t  S t a t i on  I I ,  P a l m  Beach  (65/m~), which is 
per iod ica l ly  exposed  and  submerged  and  also sub jec ted  
to  h e a v y  wave  act ion.  Min imum dens i ty  occurred a t  

Table 2. Cellana radiata. Population den- 
sity at the 5 stations 

Station Numbers/m e Average/m e 

I t 5 - -  75 45 
I I  20--110 65 
I i I  30-- 75 50 
IV and V 10-- 50 25 

Table 3. Cellana radiata. Population density at di#e~'ent habitats 
at Palm Beach, Waltair, India 

Habitat Density/m e 

Bare rock 20--  75 
Rocks covered partly by Chaetomorpha, 

Enteromorpha, Ulva and Porphyra 50--150 
Rocks covered partly by Sargassum and Gracilaria 15-- 50 
Rocks covered partly by barnacles 

(Chthamalus sp.) 20--100 
Rock crevices and cracks 30--100 
Rock pools 50--] 50 

Popu la t i on  densi t ies  of  Cellana radiata in the  
p ro tec ted ,  semi-exposed and  exposed  surfaces a t  the  
4 t ida l  zones/0.25 m ~ a t  P a l m  Beach  is shown in 
Table  4. The resul ts  show t h a t  m a x i m u m  dens i ty  
occurs a t  MSL, above  and  below which popu la t i on  
numbers  decrease.  The  average  numbers  of  l impets  on 
the  exposed  surface were more  t h a n  those  on the  semi- 
exposed  and  p ro t ec t ed  surfaces of  the  4 t ida l  zones 
(Table 4). 

Shell  length distribution 

The d i s t r ibu t ion  of 3 m m  length  groups a t  the  
4 t i da l  zones, a t  the  exposed,  semi-exposed and  pro-  
t ec t ed  surfaces in shown in Figs.  3 to  6. The smal ler  
size groups occur ma in ly  a t  higher  levels and  exposed  
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Fig. 3. Cellana radiata. Percentage frequency of different size 
groups in the same tidal zone 

Table 4. Cellana radiata. Population density on the 3 roclc aur]aces 
o~ the 4 tidal zones 

Zone Number of Average number of animals/0.25 m e 
samples Protected Semi- Exposed 
examined exposed 

5'IHWS 14 4 6 8 
~'IHWN 13 8 10 t2 
MSL 15 10 12 t4  
MLWN 16 6 8 t 0 

S ta t ions  I V  and  V (25/m2), which are submerged  for 
longer per iods  and  where surf  ac t ion  is less pronounced .  

Popu l a t i on  densi t ies  of  Cellana radiata in different  
h a b i t a t s  a t  P a l m  Beach  are shown in Table  3. Dens i ty  
was high in rock  pools,  crevices, cracks a n d  also on 
rocks p a r t l y  covered b y  algae such as Chaetomorpha, 
Enteromorpha, Ulva and  Porphyra. Dens i ty  was low 
on rocks t h i ck ly  covered b y  weeds such as Sargassum 
and  Gracitaria. 
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surfaces t h a n  a t  lower levels and  semi-exposed and  
p ro t ec t ed  surfaces. I t  m a y  be seen f rom Fig.  3 tha t ,  
among  the  different  size groups,  the  g rea tes t  percent -  
age of  l impets  occurr ing a t  M H W S ,  M t t W N  and  MSL 
were in the  i6  to  i8  m m  size group,  and  a t  M L W N  in 
the  19 to 2 i  m m  size group.  On the  exposed,  semi- 
exposed  and  p ro t ec t ed  surfaces, the  i3  to  15 m m  size 
group,  the  i6  to  t8  m m  size group,  and  the  i9  to  2 i  m m  
size group were dominan t ,  respec t ive ly  (Fig. 4). A m o n g  
the  same size groups a t  different  t ida l  levels, the  t0  to  
12 m m  size group was m a x i m u m  a t  M H W S  and  
M H W N ,  the  22 to 24 m m  size group a t  MSL, and  the  
31 to  33 m m  size group a t  M L W N  (Fig. 5). Fig.  6 
shows the  d i s t r ibu t ion  of  the  same size groups on the  
3 rock  surfaces. The  l0  to 12 ram size group are pre- 
d o m i n a n t  on the  exposed  surface, the  m a x i m u m  size 
groups  of  i6  to  i8  m m  and  25 to  27 m m  are found  on 
the  semi-exposed and  p ro t ec t ed  surfaces, respect ive ly .  

A compar ison  of  Figs.  3 to  6 shows t h a t  the  smal ler  
sizes of  Cellana radiata predomina t e  a t  h igher  levels 
on the  exposed  surface, and  the  larger  sizes a t  the  
lower levels on the  p ro t ec t ed  surface. 
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M o v e m e n t s  

The an imals  f i rmly adhere  to  the  s u b s t r a t u m  when 
exposed  to  air  and  begin to  move only when i n u n d a t e d  
b y  the  incoming t ide.  l~esu]ts of  observa t ions  of  
movemen t s  of CeUana radiata l iving a t  the  high and  
low wate r  zones of the  smooth  and  rough rock  surfaces 
are given in Table  5. This  shows t h a t  the  m a x i m u m  
dis tance  moved  b y  l impets  l iving a t  higher  levels is less 
t h a n  those l iving a t  lower levels. The d is tance  moved  
was also found  to  be more  on a smoo th  surface t h a n  
on a rough  surface. The  res t r i c ted  m o v e m e n t  of  the  
l impets  a t  higher  levels m a y  be due to  the  shor ter  
per iod  of submergence  in compar ison  wi th  l impets  
inhab i t ing  the  lower levels. Most  of the  l impets  on the  

Table 5. Cellana radiata. Range o/movement on the rough and 
smooth rock sur/aces o/the high and low water zones 

Level Nmnber of Maximum distance moved (cm) 
animals Rough surface Smooth surface 
observed 

High level 10 2 5 
(MHWS) 

Low level 10 8 15 
(MLWN) 

rough rock  surface r e tu rned  to the i r  scars or 'homes '  
which can be recognised as depressions on the  rock 
surface. Many  l impets  on the  smooth  surface d id  no t  
r e tu rn  to the i r  scars. 

Discuss ion  

The presen t  inves t iga t ion  a t t e m p t s  to compare  the  
d i s t r ibu t ion  and  hab i t s  of  a local  t rop ica l  l impe t  
Cellana radiata with  the  t e m p e r a t e  form Patella vulgata 
which is widely  d i s t r ibu ted  on the  coasts  of F rance  and  
the  Br i t i sh  Isles. C. radiata is r e s t r i c t ed  to the  warm 
waters  of the  Indo-Pac i f ic  region,  and  is common on the  
east  and  west  coasts  of Ind ia .  

A compar ison  of  the  h a b i t a t  zones of  the  two forms 
shows t h a t  bo th  forms prefer  clean rock  surfaces with-  
out  much  overgrowth  b y  weeds or e n t r u s t e d  animals ,  
and  also surfaces which are  n o t  heav i ly  scored. They  
also avoid  shif t ing pebbles  and  boulders  and  prefer  
s table  locations.  The l impets  are found on bo th  smooth  
and  rough  surfaces and  also in crevices, cracks,  gullies, 
overhangs  and  rock  pools.  They  inhab i t  all  t ypes  of  
exposed,  semi-exposed and  shel tered locat ions (O~xoN, 
1929 ; EvANs, 1947a). 

DAS and  SESI-IAPPA (1947) found  Patella vulgata 
ex tend ing  f rom Low W a t e r  Spring (LWS) to High  
W a t e r  Spring (HWS) a t  Cullercoats,  wi th  a ver t ica l  
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d i s t r i bu t ion  of  a b o u t  4 m, while a t  Cardigan  Bay,  EvAns  
( i947a)  repor t s  a ver t ica l  range  of more  t han  5 m 
for the  same species f rom E x t r e m e  Low W a t e r  Spr ing 
(ELWS)  to E x t r e m e  High  W a t e r  Spring (EHWS) .  I n  
compar ison  wi th  P. vulgata, the  ver t ica l  range  of  Cel- 
lana radiata is ve ry  much  more  res t r ic ted ,  as the  ver t i -  
cal t i da l  range  of  the  W a l t a i r  ( India)  coast  is only  
a b o u t  I m .  C. radiata are  se ldom presen t  above  E H W S  
and  below MLWS,  ind ica t ing  t h a t  the  animals  requi re  
some a m o u n t  of  exposure.  The  differences observed  in 
the  number s  of  C. radiata a t  differeu~ t i da l  levels m a y  
be due to  the  differences in  the  per iods  of exposure  and  
submergence  a t  these  levels. EVANS (1947a) observed  
t h a t  P. vulgata was la rge ly  r e s t r i c t ed  to the  area  
be tween  the  t ide  m a r k s  and,  according to th is  au thor ,  
the  necess i ty  for some a m o u n t  of  exposure  to  ah  " is the  
p r ime  fac tor  deciding the i r  d i s t r ibu t ion .  

Studies  on the  popu la t ion  dens i ty  of Cellana radiata 
have  shown t h a t  t h e y  occur in m a x i m u m  numbers  on 
the  exposed  surface in  the  MSL zone wi th  a decrease 
in numbers  above  and  below this  zone. The  predomi-  
nance  of  smal ler  sized l impets  on the  exposed  surface 
m a y  accoun t  for the i r  larger  number s  as compared  
wi th  t he  fewer b u t  large sized ind iv idua l s  on the  pro-  
t e c t ed  surface. SOUTHWARD (i953) and  SOVT~WA~D 
and  O~TON (1954) also observed  an  increase  in  numbers  
of  Patella vulgata on surfaces exposed  to  wave  act ion.  
They,  however ,  po in t ed  out  t h a t  popu la t ion  dens i ty  is 
qui te  inseparab le  f rom the  size of  the  indiv iduals .  

The  homing  behav iour  of  Cellana radiata is s imilar  
to  t h a t  descr ibed  for Patella vulgata f rom the  Br i t i sh  
coasts  (HAWKSEAW, 1879; MORGAN, 1894; DAVIS, 
i895;  RVSS~LL, i907;  OI~TON, 1914, 1929; Jo~Es ,  
i948). The  l impets  move  only  when the  rock  surface 
is i n u n d a t e d  b y  the  t ides.  A r e tu rn  to  t he  scar  or 
or iginal  ' home '  was observed  in  t he  ease of l impe t s  on 
rough  surfaces;  those  on smooth  surfaces d i sp layed  no 
such 'homing '  behaviour .  

There  is no evidence of  a n y  seasonal  mig ra t ion  of  
Cellaua radiata to  lower levels in spr ing and  summer  
and  to  h igher  levels in win te r  and  a u t u m n  as observed  
in Patella vulgata b y  L ~ w i s  (1954). The  seasonal  var ia -  
t ion  in t e m p e r a t u r e  on the  W a l t a i r  coast  is only  4 ~ to  
5 ~ Therefore,  the  absence of  seasonal  migra t ions  in 
C. radiata m a y  be due to the  absence of  m a r k e d  
seasonal  f luc tuat ions  in  t e m p e r a t u r e  in  the  a mb ie n t  
condi t ions  of  a t rop ica l  loca t ion  such as Wa l t a i r .  I n  
Fissurella barbadensis, which is also s imi la r ly  located,  
~5fAm) (1967) obse rved  no seasonal  migra t ion .  

S u m m a r y  

L The d i s t r ibu t ion  of  Cellana radiata ( B o ~ )  a t  
5 s ta t ions  along the  coast  of  V i s a k h a p a t n a m ,  Ind ia ,  
is descr ibed.  

2. C. radiata are p resen t  in all  k inds  of loca- 
t ions,  ex tending ,  ver t ica l ly ,  f rom M L W N  to MIIWS.  

They  are  absen t  on shif t ing pebbles  and  on rocks which 
are heav i ly  scored. 

3. M a x i m u m  popu la t ion  dens i ty  of the  l impe ts  
occurred a t  P a l m  Beach  (Sta t ion I I ) .  This  beach  is 
per iod ica l ly  exposed  and  submerged,  and  the  wave  
ac t ion  is p ronounced .  Popu la t i on  de ns i t y  is m i n i m u m  
on shingles (Sta t ions  I V  and  V), which are  submerged  
for longer  per iods  and  where wave  ac t ion  is less marked .  

4. Popu la t i on  dens i ty  of C. radiata is m a x i m u m  on 
rocks p a r t l y  covered b y  a lgae  and  in mic ro -hab i t a t s  
such as rock  pools,  cracks and  crevices. 

5. The  m a x i m u m  number  of  l impets  occupy  the  
MSL on the  exposed  surface;  the  ind iv idua l s  occupying 
the  exposed  surface are of  n o t a b l y  smal ler  size. 

6. C. radiata f i rmly adhere  to  t he  s u b s t r a t u m  when 
exposed  to  the  air  and  move  a b o u t  on ly  when t h e y  are 
submerged.  R e t u r n  to  the  scar  or ' home '  was observed  
only  in l impe ts  l iving on rough  rock  surfaces. 
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