
HELGOL.~NDER MEERESUNTERSUCHUNGEN 
Helgol~inder Meeresunters.  51, 137-154 (1997) 

Population dynamics of the date mussel, Lithophaga 
lithophaga (L., 1758) (Bivalvia : Mytilidae), in the 

Evoikos Gulf (Greece) 

S. G a l i n o u - M i t s o u d i  & A. I. Sinis* 

Aristotle University of Thessaloniki, Department of Zoology; P. O. Box 134, 
540 06 Thessaloniki, Greece 

ABSTRACT: Changes  with time in a Lithophaga lithophaga population, spatial distribution, size-fre- 
quency distribution and  recruitment were studied. The populat ion was homogenous,  without 
statistically significant dilferences, down to a depth  of 6 m, the depth  to which sampling was carried 
out. Population density showed periodic variations over the year and changed  as the gradient  of the 
subst ra tum increased. Dispersion indices indicated that individuals were distributed randomly m 
clumps during the period of recruitment at different depths. Juveniles,  up to a length of 4 mm, 
formed the highest  percentage  of the population. Larvae settled at a length of > 260 lam, and indivi- 
duals reached a length of 35 mm by the end of their first year. The appearance  of newly settled in- 
dividuals occurred two months after the maximum occurrence of larvae in the water. High percent-  
ages of settled spat were first observed in early winter at a depth  of be tween  0-3 m although, later, 
h igher  percentages  were found at 3-6 m depth. 

I N T R O D U C T I O N  

Lithophaga lithophaga l ives  in  h a r d  s u b s t r a t a ,  a n d  th is  p r e s e n t s  a p r o b l e m  for q u a n -  

t i t a t i ve  s a m p l i n g .  To da te ,  on ly  o n e  q u a n t i t a t i v e  s t u d y  exis t s  for  th i s  w e l l - k n o w n  M e d i -  

t e r r a n e a n  s p e c i e s  a n d  is r e l a t e d  to p o p u l a t i o n  d e n s i t y  ( K l e e m a n n ,  1973). K l e e m a n n  

f o u n d  f ew  i n d i v i d u a l s  _< 10 m m  and ,  at  mos t ,  t h e s e  r e p r e s e n t e d  a b o u t  10 % of t h e  to ta l  

n u m b e r  of i n d i v i d u a l s  in  t he  s a m p l e .  In th is  s tudy,  a q u a n t i t a t i v e  a p p r o a c h  to t h e  c h a n -  

g e s  w i t h  t i m e  in a p o p u l a t i o n  of L. lithophaga h a s  b e e n  t a k e n .  T h e  s t u d y  w a s  

c a r r i e d  ou t  in  t h e  N o r t h  Evo ikos  Gul f  (Fig. 1) o v e r  a p e r i o d  of 20 m o n t h s  f rom Apr i l  1989 

un t i l  N o v e m b e r  1990 w h e n  m o n t h l y  s a m p l e s  w e r e  co l l ec t ed .  

R e c r u i t e d  i n d i v i d u a l s  (post  l a r vae ,  s p a t  or j u v e n i l e s )  h a v e  a m e t a m o r p h o s i s  l ine  

w h i c h  s e p a r a t e s  t h e  p r o d i s s o c o n c h  II f r om t h e  d i s s o c o n c h  (Lutz & Hidu ,  1979). A c c o r d i n g  

to K a u t s k y  (1982), r e c r u i t m e n t  is d i v i d e d  in to  t wo  p h a s e s :  (a) t h o s e  i n d i v i d u a l s  w h i c h  

se t t l e  a n d  (b) t h o s e  w h i c h  wil l  r e n e w  t h e  s tock.  T h e s e  p h a s e s  a re  r e l a t e d  to t h e  v i ab i l i t y  

of s m a l l  i n d i v i d u a l s  w h i c h  a r e  d i v i d e d  a c c o r d i n g  to s ize  ( l eng th )  in to :  (a) p o s t l a r v a e  

(Webb ,  1986) w h e r e  t he  d e n s i t y  is e x p r e s s e d  as n u m b e r s  p e r  s u r f a c e  a r e a  (Conne l l ,  1985, 

c i t e d  in  M e n g e ,  1991); (b) j u v e n i l e s  o r  n e w l y  h a t c h e d  i n d i v i d u a l s  w i t h  l e n g t h s  > 1 m m  
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(Le Pennec,  1980; Lutz et al., 1982; Webb, 1987) and  (c) spat, which in calculations are re- 
ferred to as recruited individuals and are classified as age 0+ (Muus, 1973). The juveni-  
les and spat (b, c) survive set t lement and  represent  recrui tment  density (Connell,  1985 
cited in Menge,  1991). Thereafter, the term recrui tment  refers to individuals  which are 
> 400 lira and  < 4 mm in length (Muus, 1973). 
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Fig. 1. Map of the study area, showing N. Evoikos Gulf (inset) 



Populat ion dynamics  of Lithophaga lithophaga 

MATERIALS AND METHODS 
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S a m p l i n g  

Random pieces  of rock suitable for colonisation by Lithophaga lithophaga were  

collected monthly  (April 1989 - November  1990) by SCUBA diving from a region of the 
N. Evoikos Gulf (Fig. 1), at depths of up to 6 m. One sample of isolated rocks from a depth  
of be tween  6-8 m was also obtained. 

During sampling,  water  temperatures ,  dissolved oxygen and salinity were  measured  
at sea surface and sea bottom. 

In order to study recruitment,  monthly p lankton  samples  were  collected vertically, 
and the depth  and number  of samples  (not less than 4) were  recorded. A plankton net  

(diameter  25 cm) with a mesh  size of 50 lam was used from October  1989 to N o v e m b e r  
1990. The total number  of bivalve larvae and the number  of L. lithophaga larvae per m 3 

of water  were  counted  in the monthly samples. 

The numbers  of post larvae which sett led on new substratum (pieces of rock placed 

at depths of 1 m in March 1990) were  counted to de termine  the duration of the larval stage 
and the time of set t lement.  The density of spat was expressed as the numbers  of indivi- 

duals with a length  _< 4 m m / d m  3 substratum, and variations with time and depth  were  de- 
termined. 

P o p u l a t i o n  d e n s i t y  a n d  h o m o g e n e i t y  

The living individuals  of L. fithophaga were  descr ibed as numbers  per unit net  
volume of the r emoved  substratum (1 dm3), after the removal  of other organisms (algae 
and animals). 

The surface r emoved  from the rocky bottom of 24 sampling units was measu red  and 
the der ived surface area of the samples compared  with a quadrat  of 20 x 20 cm (0.04 m 2) 

because  some studies refer to quadrats  ei ther  of 20 x 20 or 25 x 25 cm. The values  of the 
populat ion densi ty ( individuals/r im 3) were  logari thmical ly transformed; the Levene-test ,  

to test for the homogene i ty  of the variations, and two-way ANOVA with respect  to time 
and depth (Zar, 1984) were  applied. 

The vo lume of L. lithophaga and the net  substrate vo lume were  also measured .  

I n d e x  of p r e c i s i o n  

The precis ion index (D) was de te rmined  on the basis of the average  number  of indi- 

viduals (~) in each  sampling unit and the var iance  (s 2) of x (Elliott, 1983): 

1 w D =  

where  n is the number  of sampling units in each  sample.  Six sampling units (n = 6) were  

chosen per  sample,  except  for the first sample  (n = 5), so that precision index was less 
than 20 %. 
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S p a t i a l  d i s t r i b u t i o n  

S 2 
Initially, t he  d i spe r s ion  i n d e x  I = - ~  (Elliott, 1983) w a s  used,  w h e r e  s 2 is the  var i -  

x 
a n c e  of t he  p o p u l a t i o n  a n d  x the  a v e r a g e  n u m b e r  of i nd iv idua l s  in e a c h  s a m p l i n g  unit.  

This  i n d e x  d e p e n d s  s t rong ly  on the  n u m b e r  of ind iv idua l s  (x) in e a c h  s a m p l i n g  unit,  
g i v e n  tha t  n, x a n d  Xx a re  t he  s a m e  for e a c h  sample .  If t he  v a l u e s  of the  i n d e x  are: 

= 1, t he  d is t r ibu t ion  of ind iv idua l s  is r a n d o m  

< 1, the  d is t r ibu t ion  of ind iv idua l s  is n o r m a l  and  
> 1, the  d is t r ibut ion  of i nd iv idua l s  is con t ag ious  

In cases  of d e v i a t i o n  f rom 1 an • _ tes t  was  used:  

X2= s 2 ( n - l )  

For  m o r e  d e t a i l e d  analys is  the  Mor is i ta  i n d e x  (Ig) (Elliott, 1983) was  u sed :  

I g = n  y ( x 2 ) - E x  
(EX) 2 -  EX 

w h e r e  x is t he  n u m b e r  of ind iv idua l s  in a s a m p l i n g  uni t  a n d  n is the  n u m b e r  of s a m p l i n g  

units  in e a c h  sample .  This  i n d e x  is i n d e p e n d e n t  of the  ~ of the  s a m p l i n g  uni t s  and  the  

total  n u m b e r  of i nd iv idua l s  in the  s a m p l e s  (Yx), bu t  is d e p e n d e n t  on the  n u m b e r  of n in 
e a c h  sample .  W h e n  this i n d e x  is: 

= 1, the  spat ia l  d i s t r ibu t ion  is r a n d o m  
< 1, the  spat ia l  d i s t r ibu t ion  is n o r m a l  

> 1, the  spat ia l  d i s t r ibu t ion  is c o n t a g i o u s  
In cases  of d e v i a t i o n  f rom 1, an  X 2 - test  was  used:  X 2 = I~ ( E x -  1) tn - Xx (Elliott,  1983). 

An  i n d e x  s imi lar  to I5 was  also used ,  i.e. the  i n d e x  of m e a n  c r o w d i n g  {Lloyd, 1967, 

c i ted  in Elliott,  1983): 
. 

m = ~ +  ~ - 1  

w h i c h  is of t he  form y = a + bx. 
Us ing  a l inea r  r e g r e s s i o n  of ~ on fit, t he  cons t an t  b a n d  its c o n f i d e n c e  l imi ts  w e r e  cal-  

cu la ted .  W h e n  b = 1 t he  d is t r ibu t ion  is r a n d o m  as is the  e q u a t i o n  of Taylor  (Elliott, 1983) 
wi th  the  d i f f e r ence  tha t  the  i n d e x  of m e a n  c r o w d i n g  (m) is not  a f fec ted  by t h e  dens i ty  of 

the  i nd iv idua l s  in the  s ample ,  bu t  by the  n u m b e r  of s a m p l i n g  units.  

RESULTS 

P o p u l a t i o n  

The  p o p u l a t i o n  of Lithophaga lithophaga in the  s tudy  a r e a  was  h o m o g e n e o u s  in re-  

spec t  of t he  v a r i a n c e  of s a m p l e s  (Levene- tes t ,  A N O V A  : F = 1.26, P = 0.288). No  stat ist i-  

cal ly s ign i f i can t  d i f f e r ences  w e r e  n o t i c e d  ( t w o - w a y  A N O V A )  wi th  d e p t h  (F = 1.556, P = 
0.293). Var ia t ions  in p o p u l a t i o n  dens i ty  we re ,  h o w e v e r ,  r e c o r d e d  b e t w e e n  d i f fe ren t  

m o n t h s  (F = 2.385, P = 0.013). 

T h e r e  w e r e  s e a s o n a l  c h a n g e s  in t he  p o p u l a t i o n  dens i ty  of L. lithophaga in the  s tudy  
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a r e a  d u r i n g  1989-1990 (Fig. 2). T h e  a v e r a g e  popu l a t i on  dens i ty  dur ing  the  course  of the 

s tudy  was  35.83 + 6.67 i n d i v i d u a l s / d m  3 a n d  c o v e r e d  23.15 + 0.045 % SD of the  ne t  sub-  

s t r a t um v o l u m e .  T h e r e  was  no d i f f e rence  b e t w e e n  the  a v e r a g e  va lues  of p o p u l a t i o n  den-  
sity for 1989 a n d  1990, i.e. 32.67 • 8.55 a n d  38.42 • 3.11 i n d i v i d u a l s / d m  3 SD, r e s p e c t i v e l y  

(P = 0.05). 

N / d m  s 
8O 

60 

40 

20 

0 t l l l t I 1 t ~ I I I 

3 4 5 6 7 8 9 10 11 12 1 2 
I 1989 I 

I 

I 

1 1 I I I I I I I 

8, 4 5 6 7 8 9 10 11 12 
1990 

Fig. 2. Monthly changes in the density (N/dm :~) of the Lithophaga lithophaga population in the N. 
Evoikos Gulf. C. I. 95 %: con[idence intervals for 95 % probability 

M i n i m u m  p o p u l a t i o n  dens i ty  va lues  w e r e  r e c o r d e d  in O c t o b e r  1989 a n d  J u l y  1990, 

i.e. 24.33 and  30.5 i n d i v i d u a l s / d m  s, respec t ive ly .  M a x i m u m  vaIues  w e r e  r e c o r d e d  in De-  
c e m b e r  1989 a n d  S e p t e m b e r  1990, i.e. 45 a n d  41 i n d i v i d u a l s / d m  3 ne t  s u b s t r a t u m  vo lume ,  
a g a i n  respec t ive ly .  

T h e  a v e r a g e  p o p u l a t i o n  dens i ty  d e c r e a s e d  wi th  i n c r e a s i n g  dep th  d o w n  to 3-4  m, and  

i n c r e a s e d  s l ight ly  d o w n  to 6 m (Fig. 3), in r e l a t ion  to the  i n c r e a s i n g  g r a d i e n t  of t he  sub-  
s t ra tum.  T h e s e  c h a n g e s  w e r e  not  s ta t is t ical ly  s ign i f i can t  (F = 2.13, P -- 0.175). T h e  h i g h e s t  

r e c o r d e d  v a l u e s  w e r e  at d e p t h s  of 0 - t  m wi th  an  a v e r a g e  dens i ty  of 42.25 i n d i v i d u a l s /  
d m  3 and  a s u b s t r a t u m  g r a d i e n t  of 140 ~ At  d e p t h s  of b e t w e e n  1-6 m the  a v e r a g e  dens i -  
t ies w e r e  32 .55-36.85 i n d i v i d u a l s / d m  3 wi th  subs t ra te  g r a d i e n t s  of 50-90 ~ 

T h e  s a m p l e d  sur face  a reas  w e r e  c o m p a r e d  ini t ia l ly  by m o n t h  and  dep th .  T w o - w a y  
A N O V A  s h o w e d  that  t he r e  w e r e  no s ta t is t ical ly  s ign i f i can t  d i f f e rences  b e t w e e n  dep ths  
(F = 0.62, P = 0.69) a n d  m o n t h s  (F = 2.39, P = 0.11). 

T h e  a v e r a g e  sur face  a rea  of the  s a m p l e s  (382 cm 2) d id  no t  differ  s ta t is t ical ly  f rom a 

su r f ace  a r e a  of 20 x 20 cm (t-test: N = 24, t = - 0 . 9 2  < to/o.o~ = 2.069, N = 24, P = 0.37). Thus,  
the  a v e r a g e  p o p u l a t i o n  dens i ty  of L. lithophaga was  36 i n d i v i d u a l s / d m  a ( e q u i v a l e n t  to 
36 i n d i v i d u a l s / 0 . 0 4  m 2 or 56 ind iv idua l s /0 .0625  m 2 or 900 i n d i v i d u a l s / m  2) w h i c h  o c c u p i e d  

23.15 + 4 .25% SD of t he  ne t  s u b s t r a t u m  v o l u m e .  

T h e  h i g h e s t  density,  91 i n d i v i d u a l s / d m  3 (142 i nd iv idua l s / 0 . 0625  m2), w a s  r e c o r d e d  

in F e b r u a r y  1990 at a d e p t h  of 6 m, and  o c c u p i e d  only  4 % of the  ne t  s u b s t r a t u m  vo lume .  
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In O c t o b e r  1990, a dens i ty  of 74 i n d i v i d u a l s / d m  3 (116 ind iv idua l s  / 0.0625 m 2) at a d e p t h  

of 0-1 m was  r e c o r d e d  a n d  o c c u p i e d  38 % of the  ne t  s u b s t r a t u m  vo lume .  

The  v o l u m e  of s u b s t r a t u m  o c c u p i e d  by  L. Bthophaga w a s  not  the  s a m e  a t  all dep ths :  
A N O V A  : N = 119, F = 48.98, P < 0.05 (Fig. 3), This  d i f f e r ence  was  mos t  e v i d e n t  c lose  to 

the  s ea -bed .  At  all  o the r  dep ths ,  t he r e  w e r e  no s ta t is t ical ly  s ign i f i can t  d i f f e r e n c e s  bet-  

w e e n  the  v o l u m e  of the  ind iv idua l s  in re la t ion  to the  ne t  s u b s t r a t u m  v o l u m e  ( A N O V A  : 

N = 100, F = 0.79, P = 0.531). 

S p a t i a l  d i s t r i b u t i o n  

T h e  i n d e x  of d i spe r s ion  (I) s h o w e d  tha t  Lithophaga lithophaga w e r e  a g g r e g a t e d  in 

the  s tudy  a r e a  d u r i n g  the  w i n t e r  months .  D u r i n g  the  rest  of t he  y e a r  t he  spa t i a l  d is t r ibu-  

t ion was  r a n d o m  (Table 1). T h e  m o r e  d e t a i l e d  Mor is i ta  i n d e x  (I8) g a v e  the  s a m e  resul ts  

as i n d e x  I. T h e  e q u a t i o n  for the  l inea r  r e g r e s s i o n  of t he  a v e r a g e  n u m b e r  of  i nd iv idua l s  

(~) on the  m e a n  c r o w d i n g  i n d e x  (in) was  : ~ =  -2 .92  + 1.18Y,. S ince  b d o e s  n o t  differ  sig- 
n i f ican t ly  f rom 1 (P > 0.05), L. lithophaga are  r a n d o m l y  d i s t r ibu ted  in t he  s t u d y  area.  

T h e  d i spe r s i on  ind ices  (I and  I8) i n d i c a t e d  that  L. fithophaga o c c u r r e d  in  c l u m p s  at 

all dep ths ,  e x c e p t  for 3 m w h e r e  the  d i s t r ibu t ion  was  r a n d o m  (Table 2). T h e  l inea r  re-  
g r e s s ion  e q u a t i o n  of the  a v e r a g e  n u m b e r  of ind iv idua l s  (Xd) on the  m e a n  c r o w d i n g  i ndex  

(m) was  m = - 1 . 9  + 1.19 Xd. S ince  b d o e s  not  differ  s ign i f i can t ly  f rom 1 (P > 0.05), the 

i nd iv idua l s  w e r e  r a n d o m l y  d i s t r ibu ted  in t he  s tudy  a r e a  a n d  b e t w e e n  d i f f e r e n t  dep ths .  

S i z e  f r e q u e n c y  d i s t r i b u t i o n  

F r o m  the  l e n g t h  f r e q u e n c y  d i s t r ibu t ion  h i s t og rams  of the  total  p o p u l a t i o n  f rom J u n e  
to N o v e m b e r  1989 a n d  all  of 1990 (Fig. 4), the  fo l lowing  can  be  a sce r t a ined .  Young  indi-  

v idua l s  w i th  a l e n g t h  of < 4 m m  c o m p r i s e d  the  l a rges t  p e r c e n t a g e  of the  p o p u l a t i o n ,  i. e. 
12.8 a n d  14.86 % in 1989 and  1990, respec t ive ly .  T h e  p e r c e n t a g e  of b i g g e r  ind iv idua l s  

w i th in  the  p o p u l a t i o n  d e c r e a s e d  co r respond ing ly .  Ind iv idua l s  of abou t  15 m m  r e p r e s e n -  
t ed  1 %  of t he  p o p u l a t i o n  and  those  in t he  r a n g e  b e t w e e n  15-52 mm,  less  t h a n  2 %. Indi-  

v idua l s  w i th  a l e n g t h  of 52-80  m m  o c c u r r e d  wi th  a s l ight ly  h i g h e r  p e r c e n t a g e  (< 4 %) in 

re la t ion  to the  n e x t  sma l l e s t  l eng th -c lass ,  T h e  p e r c e n t a g e  g r a d u a l l y  d e c r e a s e d  to ze ro  for 
i nd iv idua l s  > 80 mm.  S ign i f i can t  d i f f e r ences  w e r e  not  o b t a i n e d  in the  p e r c e n t a g e  occur -  

r e n c e  of the  l e n g t h - c l a s s e s  b e t w e e n  the  two  yea r s  of t he  study. 

R e c r u i t m e n t  

Se t t l ed  Lithophaga lithophaga spa t  h a d  a shel l  l e n g t h  of > 260 pm. T h e  first  j u v e n i l e  
L. lithophaga w h i c h  se t t l ed  on p i e c e s  of rock  p l a c e d  in t he  sea  w e r e  r e c o r d e d  af te r  Sep -  

t e m b e r  1990 a n d  h a d  l e n g t h s  of b e t w e e n  393-560  gm,  wi th  an  a v e r a g e  l e n g t h  of 420 pm. 
T h e  h i g h e s t  dens i ty  of n e w l y  se t t l ed  ind iv idua l s  (6.9 i n d i v i d u a l s / d m  3) w a s  r e c o r d e d  in 

N o v e m b e r ,  two  m o n t h s  af ter  the  h i g h e s t  o c c u r r e n c e  of l a r v a e  in the  water .  In  D e c e m b e r ,  

Fig. 3. Schematic representation of the vertical section of the study area where the variation of the 
mean density (N/dm 3) of Lithophaga lithophaga and the percentage relation of the animals'  volume 

to the substrate volume at different depths (Vi/V%) are shown 
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Table 1. Dispersal  indices used  to de te rmine  the spatial distribution of Lithophaga lithophaga 
dur ing the invest igat ion from April 1989 to N o v e m b e r  1990. s'-': variance of the m e a n  n u m b e r  ~ of 
date musse ls  in the sampl ing  units; n: n u m b e r  of sampl ing  units; I and I8 : dispersal  indices;  X2t and 

•  test ings of the dispersal  indices respectively; r~: c rowding index 

Sampl ing  n ~ s 2 I 18 • • ih 

mon ths  

4/1989 5 16.20 34.69 2.14 1.26 10.70 "~ 24.80 
5/1989 6 36.00 138.06 3.72 1.07 18.60 20.05 
6/1989 6 30.83 60.53 1.96 1.03 9,80* 10.52 
7/1989 6 41.33 351.19 8,50 1.15 42,50 42.05 
8/1989 6 33.33 286,62 8.60 1.19 43.00 42.81 
9/1989 6 33.83 216.97 6.41 1.13 32.05 31.26 

10/1989 6 24.33 47.06 1.93 1.03 09.65 �9 9.35* 
11/1989 6 33.17 82,08 2.47 1.04 12.35 �9 12.92" 
12/1989 6 45.00 243.05 5.40 1.08 27.00 26.52 

1/1990 6 38.83 165.69 6.84 1.13 34.20 35.16 
2/1990 6 41.17 598.78 14.54 1.28 72.70 73.88 
3/1990 6 37.83 307.65 8.13 1.16 40.65 41.16 
4/1990 6 39.17 102.62 2.62 1.03 13.10 *�9 12.02"" 
5 / t990 6 40.67 45,02 1.11 1.00 5.55* 5.00* 
6/1990 6 37.17 86.12 2.32 1.03 11.60 �9149 11.66 �9149 
7/1990 6 30.50 34.34 1.13 1.00 5,65* 5.00* 
8/1990 6 36.00 87.98 2.44 1.03 12,20"* 10.55"" 
9/1990 6 41.00 71.57 1.75 1.02 8,75" 9.90 ~ 

10/1990 6 39.83 314,71 7.90 1,15 39.50 40.70 
11/1990 6 40,50 37.09 0.92 1,00 4,60* 5.00* 

�9 Dispersal  index values  
** f o r P < 0 . 0 1  

equal  to 1 for P < 0.05 and 

ih = - 2 . 9 2  + 1.18 
b = 1.18_+ 0.25, 
b = 1 for tn_2 and  
P >0 .05  

Table 2. Mean  densi ty ~ (number  of ind iv idua ls /dm 3) of Lithophaga lithophaga individuals,  the 
pe rcen tage  of respect ive volume Rv(%) they occupy in the net subs t ra te  at different  dep ths  (d) or 
totally (t) and the dispersal  (Id, I~ld I) and  c rowding  (ii~) indices, nd: n u m b e r  of sampl ing  units; Sd2: 

var iance of XO; X2ta, X2raldl: test ings of the spatial  distribution indices; Ih: c rowding  index 

Depth  Xd Rv na Qd Id I~/d/ X2Id X2RS(d) 

(d) 1%) 

1 42,25 24 20 182.4 4,32 1.07 82.00 78.00 
2 34.15 29 20 109.3 3.20 1.06 60.81 59.92 
3 32.55 27 20 60.0 1.84 ~ 1,02" 35.02 32.00 
4 32.85 28 20 161.0 4.90 1.11 93.12 91.16 
5 36.85 26 20 150.8 4.09 1.08 77.34 77.88 
6 37.42 5 19 431.1 11.52 1.27 207.32 209.70 

~t 35.83 23.15 rn = -1.9 + 1.19 -~a b = 1.19 _+ 0.98 
Rvltl% 6.67 4.50 b = 1 for t,_l and  P > 0.05 

�9 Values equal  to 1 for P = 0.01 
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Fig. 4. Frequency distribution of the lengths of the Lithophaga lithophaga population during the 

period from June 1989 to November 1990. Range of class: 0.2 cm; n: number of individuals 

the set t lement  density decreased to 2 indiv iduals /dm ~ and the average length increased 
to 570 ~m. 

Monthly changes  in larval length, which was evaluated using individuals  cultured in 
the laboratory (Galinou-Mitsoudi,  1994) and 33 individuals recently settled on the pieces 
of rocks, are given in Figure 5. It was observed that after metamorphosis  and settlement,  
shell length increased rapidly up to an age of 6 months. Thereafter, growth rate decrea- 
sed but  then increased again after the individuals  were 8 months old (length of 1.5 mm). 

Spat density varied over the course of the year. Lowest densities were recorded in 
October 1989 and September  1990, while highest  densities were recorded in winter  and 
spring months. 

The percentage  numbers  of spat varied over the time. Set t lement was recorded in 
both years of the study (1989 and  1990) dur ing  the first winter months, at depths of bet- 
ween  3-6 m, followed by depths of be tween  0-3 m. A total number  of 747 spat were used 
in calculations, represent ing 23 % of the total n u m b e r  of individuals collected from June  
1989 to November  1990 (Fig. 6). 

From the monthly length frequencies  (Fig. 7), the following were ascer tained : (a) the 
smallest individuals collected be long to length-classes 0.5-1.0 mm and 1.0-1.5 mm. They 
were collected in Oc tober -November  1989 and September  1990 respectively, after the 
commencemen t  of the reproductive period. Water temperatures  were < 25~ salinity 
> 32 %0 and dissolved oxygen was > 8 mg �9 1-1 dur ing  both years; (b) individuals  of the 
0.5-1.0 mm length class collected in October 1989 be longed either to the 25-30 or 
30-35 mm length-classes in the following October. The biggest  increase in length  was re- 
corded from April to September  1990; (c) after the first year, juveni les  reached a mean  
length of 35 mm. 
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Fig. 5. Monthly growth (L} of Lithophaga iithophaga larvae and spat during the first months of their 

life 
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Fig. 6. Monthly changes in the percentage (%) of Lithophaga lithophaga spat in relation to depth 

The average length of all the Lithophaga lithophaga (<_ 0.4 cm) varied with time 
(Fig. 8a). The yearly minima (November 1989 and July 1990) were followed almost 
immediately by yearly maxima (December 1989 and September 1990). It was noted that 
after the months where maximum values were recorded, the average length of the indi- 
viduals decreased gradually and then stabilised for 3 months (August-October 1989 and 
F e b r u a r y - A p r i l  1990). 
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There was little change in the average length of the spat during the course of the 
study for the two depth groups (0-3 and 3-6 m), apart from October 1989 and  September  
1990. In these months, the average length  of the juveni les  at a depth of 0-3 m was larger 
than that of those at 3-6 m (Fig. 8b). 

From the analysis of the length f requency distribution histograms (method of Hazen  
according to Harding,  1949) it was ascer ta ined that only one age-group had lengths  

35 mm and  that monthly changes  in it (Fig. 9) were not large. In Sep tember  1989 and 
July 1990 a decrease in the average length of the individuals was recorded. There 
was no change  in the average length of spat from February up to and inc lud ing  June  
1990. 
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Fig. 8 a+b. Monthly changes in the mean length (L) of Lithophaga lithophaga spat; a: irrespective of 
depth; b: in relation to depth. C.L 95 %: confidence intervals for 95 % probability 
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Fig. 9. Density analysis of Lithophaga lithophaga spat using Hazen's graphical probability method 
for the period from June 1989 to November 1990. SD: standard deviation 

DISCUSSION 

P o p u l a t i o n  

The study area is exposed  to prevai l ing N and NE winds with an intensity of up to 9 

on the Beaufort scale. The Evoikos Gulf is also character ised by a strong tide (Leontaris, 
1984-85). 

The substratum of the study area in the N. Evoikos Gulf is l imestone, the gradient  of 
which varies with depth. The average  populat ion densities of Lithophaga lithophaga also 

show changes  with depth  and with gradient,  in ag reemen t  with Kleemann (1973). 

Quant i ta t ive  measuremen t s  of L. lithophaga populat ion density have  only been  re- 
ported by Kleemann (19731 for the N. Adriatic Sea. Taramelli  et al. (1977) showed  that 

small individuals of 5 mm average  length  sett led at densities of be tween  1-3 individuals /  
20 x 20 cm, surface area, and their p resence  decreased  gradual ly to zero from 0-6 m 
depth. 

The max imum (116 and 142 individuals/0.0625 m z at 0-1 and 6 m, respect ively)  and 
the average  max imum populat ion densit ies (56 individuals/0.0625 m z) in the N. Evoikos 

Gulf, compared  with those (100 and 48 individuals/0.0625 m 2) of the N. Adriatic Sea, dif- 

fer in terms of values and the depth  at which they were  recorded. Possible reasons for 
these differences are considered to be: (a) the difference in gradient;  (b) the degree  of 

substratum hardness; (c) the hydrodynamics  (tide, waves) of the region; {d) the collection 
of a relat ively large n u m b e r  of young L. Bthophaga in the N. Evoikos Gulf with a length  

of be tween  1-3 mm using a sieve of 0.5 mm mesh; (e) the intensity of date  mussel  ex- 
ploitation (Fischer et al., 1987) and (f) the sampling season. 

The max imum numbers  of young individuals  recorded from the N. Evoikos Gulf was 

at 6 m depth  on stones. It is possible that these stones or iginated from ei ther  (1) relat ively 
recent  landslides from the upper  littoral zone and that  the individuals which  colonised 

them are young  and of small size, or (2) originate from the breaking  of rocks during date 

mussel  harvest ing (> 5 cm) for commercia l  use. The de tached  pieces of rock fall to the 
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seabed  and contain only small individuals.  When these pieces of rock are large enough  
not to be moved by currents or by other factors, the contained date mussels:  
(a) die when  the borehole open ing  is facing the surface of the sea (Kleemann,  1973) or 

facing the sea bottom. Shells of dead  L. lithophaga in such stones were  full of mud 
and other material,  i.e. detritus. 

(b) survive in the other positions. 
The densit ies reported for the N. Adriatic Sea by Kleemann  (1973) and  those for the 

N. Evoikos Gulf, in this study, are much  higher than densities reported for other species 
of the same genus,  such as, L. plumula (9 ind iv idua l s /dm 3) in California, USA (Haderlie, 
1980a) and L. bisulcata (0.21 ind iv idua l s /kg  substrate) in Jamaica (Scott, 1988). 

S p a t i a l  d i s t r i b u t i o n  

The spatial distribution of Lithophaga lithophaga is random from the last months of 
spring to the first months of winter. During winter  and spring, an increased densi ty was 
recorded which is at tr ibuted to an increase  in group size. 

The occurrence of this kind of distr ibution is identical to the time of recrui tment .  A 
similar distribution was observed by Kosler (1968) for the bivalve Mya arenaria, al though 
L. lithophaga has a non- random - v a r i a b l e  distribution in corals (Scott, 1988). 

Views appear  to differ with regard to the general  type of distr ibution of animals  in a 
substratum. Clark & Milne (1955) and  Hughes  (1970) report that, in the sub-li t toral  zone, 
the distribution of animals  is random, as is also recorded here for the dis tr ibut ion of the 
L. lithophaga populat ion in the N. Evoikos Gulf. Kosler (1968) found that in the eulittoral 
zone, distributions were typically contagious. Depend ing  on the appropriate  availabili ty 
of substra tum and  predat ion (Gaucher, 1965, cited in Hughes,  1970), this leads to the ran- 
dom distribution of clumps. 

Downing & Downing  (1992) carried out a study of the spatial aggrega t ion  of 76 po- 
pulat ions of the freshwater mussel  species and found aggregat ion in 53% of the cases. 
Downing & Downing  (1992) bel ieved that these differences were due to the size and  num-  
ber  of sampling units and  also to popula t ion  density. They suggested 5 sampl ing  units as 
be ing  suitable for an average populat ion density of 100 indiv iduals /m 2. It should be 
noted  that in this study, 6 sampl ing units  were used for an average popula t ion  densi ty of 
900 individuals /m 2, 

L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  

The presence  of spat (Fig. 4) implies that up to a length  of -< 0.4 cm a nd  an  age of 
about  1 year, the young  Lithophaga lithophaga m a n a g e  to survive with larger  conspeci- 
tics. This advantageous  condit ion appears  to be lost relatively quickly (in a period of 
about  5 years) and  could be due to intraspecific and interspecific competit ion,  as follows: 

- in competit ion for free space for the boreholes be tween  conspecifics ei ther a l ready sett- 
led or in the process of settl ing 

- in cases where  the borehole crosses the borehole of either larger individuals  or of other 
endolithic species, mainly  bivalves 

- the covering of the borehole by other organisms, such as sponges, i.e. Cliona 
- increased mortality of spat (Lutz & Kennish,  1992) 
- to physicochemical  parameters  and  to predat ion (Lutz & Kennish, 1992). 
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Kleemann  (1974) reports cases of L. lithophaga borehole crossing and survival 
depend ing  upon: (a) the size of the animal; (b) the rate of opening of the borehole; (c) 
the condition of the periostracum and  (d) on the general  physical condit ion of the mus- 
sel. 

Hancock (1973, cited in Brousseau & Baglivo, 1988) suggests that competi t ion for 
food and  space be tween  spat and adults can cause a reduct ion in juveni le  survival. In ad- 
dition, Hancock (1973, cited in Caddy, 1989) proposed that the highest  competi t ion rates 
can be expected from individuals  which settled in the previous year. 

L. fithophaga at lengths of be tween  15-52 mm are be tween  6-25 or even  up to 36 
years of age. They comprise 20-25 % of the populat ion and are affected mainly  by 
- the suitability of the substratum for the normal  growth of their shells (Kleemann, 1973) 

- other larger-sized endolithic organisms, mainly  bivalves, either of the same or different 
species, when  these cross their path dur ing the excavation of their boreholes 

- predat ion (Haderlie, 1980b). 
Individuals of lengths be tween  5.2-8.0 cm and  an age greater than be tween  25-30 

years old are least affected by the above ment ioned  factors and show a dominance  which 
could be due to their size, physical endurance  and successful set t lement at the post-lar- 
val stage. The reduction in percentage  occurrence of individuals > 8 cm in length is at- 
t r ibuted mainly to natural  mortality. L. lithophaga of a length > 5 cm and  which comprise 
about  45 % of the populat ion are commercially exploited. 

R e c r u i t m e n t  

Variations in populat ion density of L. Iithophaga during the course of the study were 
due to recruitment in November  1989 and  October 1990. Before a new recruitment,  the 
min imum recrui tment  value for juveni les  of the previous years was obtained.  These in- 
dividuals are those which have survived competitors and predators (the main  causes of 
spat mortality; cf. Muus, 1973), dispersion, climatic and  food difficulties and  an inability 
to find an appropriate substratum. 

From the analyses of spat length  (length-classes, temporal  changes  in relation to 
depth), there is one age-class, the first (0+), with lengths of up to 3.5 mm. The average 
length  of this class was 1.75-2.50 mm depend ing  on the method of analysis. 

Agius (1974, 1976) found one L. lithophaga 2.3 mm long which was active and  could 
move using either its foot or by "swimming" to the water  surface and by floating using 
the opened  valves of its shell. Two possible explanat ions were proposed by Agius (1974, 
1976) for the above observation: (a) that it swam out of its borehole or (b) that it had just 
metamorphosed and  was searching for a suitable place to open a borehole. In this study, 
individuals  of L. lithophaga of a similar size had metamorphosed,  and settled spat of < 2.0 
m m  in length were observed in small cavities and cracks in rocks, in the openings  of ser- 
pul id tubes on the posterior edges of shells of larger conspecifics and  on the anterior and 
dorsal regions. In many  cases it was found that they had already excavated their bore- 
holes. The fact that small, free, L. fithophaga were found in the water by Agius (1974, 
1976) could result from byssal detachment .  

The appearance  of spat in 1989, one month  after the start of the reproductive period 
and, in 1990, two months after, are at t r ibuted to in te r -annua l  differences in hydrography 
(Galinou-Mitsoudi & Sinis, 1994) which significantly affect the growth of larvae (Loosa- 
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noff  & Davis ,  1963; R a i m b a u l t ,  1966; H r s - B r e n k o ,  1974; C u l l i n e y  et  al., 1975; M e a d o w s  & 

C a m p b e l l ,  1972; His  et  al., 1989). C u l l i n e y  et  al. (1975) a n d  His  et  al. (1989) c o n s i d e r  t h a t  

t e m p e r a t u r e  is t h e  m o s t  i m p o r t a n t  f a c t o r  a f f e c t i n g  l a r v a l  g r o w t h .  T e m p e r a t u r e  r e m a i n e d  

h i g h  in A u g u s t  1990, w h i l e  s a l i n i ty  a n d  d i s s o l v e d  o x y g e n  v a l u e s  d e c r e a s e d .  T h e s e  con-  

d i t i ons  w e r e  r e v e r s e d  in  S e p t e m b e r  to a p p r o a c h  t h o s e  of O c t o b e r  1989. Th i s  p o s s i b l y  c a u -  

s e d  t he  spa t  to a p p e a r  o n e  m o n t h  l a t e r  in  1990 (Fig. 8). T h e  t e m p o r a l  d e l a y  i n  s e t t l e m e n t  

a t  d e p t h s  of b e t w e e n  0 - 3  m c a n  b e  a t t r i b u t e d  to t h e  fac t  t h a t  s e t t l e m e n t  o c c u r r e d  ea r l i e r  

in  t h e  d e e p e r  wa te r ,  w h e r e  c o n d i t i o n s  a r e  m o r e  s t ab l e ,  i.e. w a v e s ,  t e m p e r a t u r e ,  g r a d i e n t ,  

so t h a t  a r e d u c e d  v a l u e  for t he  a v e r a g e  l e n g t h  of t h e  s p a t  w a s  r e c o r d e d .  T h e  o p p o s i t e  oc-  

c u r r e d  a t  d e p t h s  of b e t w e e n  0 - 3  m w h e r e  h y d r o d y n a m i c s  p l a y  a s i g n i f i c a n t  ro le  in  t he  

t i m e  of s e t t l e m e n t  a n d  g r o w t h  r a t e  (Tait, 1981; S e e d  & S u c h a n e k ,  1992). A d e l a y  c a n  also 

b e  c a u s e d  b y  a s h o r t a g e  of food  (Lucas,  1982). 

S p a t  d e n s i t y  w a s  g r e a t e r  a t  d e p t h s  of b e t w e e n  3 -6  m t h a n  at  d e p t h s  of b e t w e e n  

0 -3  m. T h e  a v e r a g e  l e n g t h s  of i n d i v i d u a l s  w e r e  g r e a t e r  at  d e p t h s  of b e t w e e n  0 -3  m t h a n  

b e t w e e n  3 -6  m (Fig. 8b). T h e  n e g a t i v e  g r a d i e n t  of t h e  s u b s t r a t e  a t  0 -3  m d e p t h ,  e x p o s u r e  

to t h e  w a v e  a c t i o n  f r o m  t h e  n o r t h  a n d  n o r t h e a s t ,  a n d  t h e  loca l  t i des  a re  p r o b a b l y  r e a s o n s  

w h i c h  c o n t r i b u t e  to u n s t a b l e - u n f a v o u r a b l e  c o n d i t i o n s  for s e t t l e m e n t ,  a n d  i n i t i a l  g r o w t h .  

K a u t s k y  (1982) h a s  r e p o r t e d  s imi l a r  f i n d i n g s  for  iVIgtilus edulis at  d e p t h s  of b e t w e e n  

0 - 2  m a n d  a lso  r e p o r t s  t h a t  Cardium sp. h a s  a g r e a t e r  s e t t l e m e n t  at  d e p t h s  of b e t w e e n  

3 - 6  m t h a n  a t  0 -3  m. T h e  g r o w t h  of Pecten m a x i m u s  s p a t  is g r e a t e r  in  s h a l l o w  w a t e r  

w h e r e  m a x i m u m  p h y t o p l a n k t o n  c o n c e n t r a t i o n s  o c c u r  ( T h o u z e a u ,  1991). I m m e d i a t e l y  

a f t e r  t h e  a p p e a r a n c e  of r ec ru i t s  in  t he  p o p u l a t i o n  of L. li thophaga, a n  i n c r e a s e  in  t h e  ave r -  

a g e  l e n g t h  of i n d i v i d u a l s  w a s  r e c o r d e d .  Th i s  i n c r e a s e  is not ,  h o w e v e r ,  d u e  to t h e  fas t  

g r o w t h  of t he  rec ru i t s ,  b u t  to t he  s low g r o w t h  of i n d i v i d u a l s  of t he  p r e v i o u s  y e a r  w h i c h  

w e r e  a l r e a d y  p r e s e n t  in  t he  s a m e  r e g i o n .  
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