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ABSTRACT: The reproductive cycle of a Mytilus edulis popula t ion  in the  lower t idal  zone at the  
is land of Helgoland from Spring 1980 to Summer 1981 is described. In bo th  years the  spawning  
per iod ex tended  from the end  of April  unt i l  the end  of June  at water  tempera tures  be tween  6 ° and  
14 °C. The gametes  were  bui l t  up aga in  in au tumn and  most individuals  were mature  in  February. 
Sex ratio did not differ significantly from 1:1. Fecundity, egg diameter  and  gamete  weight  of this 
and  another  popula t ion in the subt idal  zone were assessed and  size f requency distr ibution of shell 
lengths was established.  Based on data  of body weight  prior to spawning,  the following tendencies  
could b e  outl ined:  an imals  of the  inter t idal  popula t ion  had  significantly smaller  eggs t han  those 
from the  subt idal  area. Al though the  soft body biomass per  uni t  area of the  subt idal  popula t ion was 
nearly double  tha t  of the  tidal, the i r  a n n u a l  egg output  was  near ly  the  same (2.3 x 109 eggs m-2). 
This was ach ieved  by  a smaller  size at  the  onset  of sexual  matura t ion  (18 m m  instead of 30 m m  shell  
length) and  a h igher  egg output  at comparable  shell  lengths  in  the intertidal,  tn  bo th  populations,  
large animals  contr ibuted most to gamete  production, a l though they did not necessari ly dominate  in  
biomass.  

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

It  is  a w e l l  k n o w n  p h e n o m e n o n  t h a t  r e c r u i t m e n t  b y  m e a n s  of a p l a n k t o n i c  l a r v a  is  

c o r r e l a t e d  w i t h  a h i g h  g a m e t e  p r o d u c t i o n  (Crisp ,  1974). T h i s  h o l d s  t rue ,  a l so  for  t h e  

m u s s e l  Mytilus edulis L. w h i c h  f o r m s  a d o m i n a t i n g  e l e m e n t  i n  m a n y  t i d a l  h a b i t a t s  of 

m a r i n e  coas ts .  
T h e  a n a t o m y  of t h e i r  g o n a d s  h a s  b e e n  d e s c r i b e d  b y  F i e l d  (1922) a n d  W h i t e  (1937): 

t h e  r e p r o d u c t i v e  t i s s u e  e x t e n d s  n e a r l y  t h r o u g h  t h e  w h o l e  b o d y  e x c e p t  t h e  foot, t h e  g i l l s  

a n d  t h e  m u s c l e s .  T h u s ,  t h e  g o n a d s  f o r m  a c o n s i d e r a b l e  p a r t  of t h e  b o d y  w e i g h t  p r i o r  to  

s p a w n i n g .  W i d d o w s  (1978), for  e x a m p l e ,  e s t i m a t e d  t h a t  t h e y  c a n  c o n t r i b u t e  u p  to 35 % of 

t h e  sof t  b o d y  w e i g h t .  T h o m p s o n  (1979) c a l c u l a t e d  t h e  r e p r o d u c t i v e  t i s s u e  a s  20  to  59 % 

i n c r e a s i n g  w i t h  m u s s e l  s ize ,  a n d  M i x  e t  al.  (1982) o b t a i n e d  a v a l u e  of 11 to  20 % of t h e  

t i s s u e  w e i g h t  for  m u s s e l s  of 4 0 - 6 0  m m  s h e l l  l e n g t h .  H o w e v e r ,  e x a c t  e s t i m a t e s  of t h e  

g a m e t e  o u t p u t  of m u s s e l s  of v a r i o u s  s i ze s  h a v e  b e e n  r a r e  (see  e .g .  M a t e e v a ,  1948 or  

T h o m p s o n ,  1979). B e y o n d  th is ,  i n  f e w  p a p e r s  h a v e  f e c u n d i t y  d a t a  b e e n  r e l a t e d  to 

p o p u l a t i o n s .  O n l y  Gr i f f i t h s  (1977,  1981) m a d e  s o m e  e s t i m a t e s  for  a p o p u l a t i o n  of 

Choromytilus meridionalis a t  S o u t h  A f r i c a n  coas t s  a n d  K a u t s k y  (1982) for  a p o p u l a t i o n  of 

1Vl. edulis i n  a b r a c k i s h  w a t e r  e n v i r o n m e n t  n e a r  A s k e  ( S w e d e n ) .  

T h e  r e p r o d u c t i v e  cyc l e  of m u s s e l s  c a n  b e  f o l l o w e d  b y  a n  a s s e s s m e n t  of t h e  m o r p h o -  
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logy of its gonads. This idea  was first postulated by Johnstone (1898) and developed 
further by Chipperfield (1953). The most deta i led schedules for classification have been  
publ ished by Lubet (1957), Wilson & Hodgkin (1967), Ltmetta (1969) and Seed (1969}. 

Whereas for other localities the reproductive cycle of Mytllus has been  described in 
this way in detail  (e.g. the Atlantic coast of Prance by Lubet, 1957, 1959; the coasts of 
England by Seed, 1969, 1975), only rather general  statements about its reproduction in 
the German Bight have been made by few authors. K~ndler (1926), for example, found its 
larvae in the plankton from April  to December, and Werner  (1940) concluded from 
plankton samples that they would spawn from spring to autumn. The most precise 
information dates are from Kfihl (I972), who observed spawning activity in the Elbe 
estuary near Cuxhaven from May to June and found its larvae in the plankton from May 
to September. 

Thus, there is a gap in the knowledge we possess of this species, especial ly 
concerning its reproductive cyle in the German Bight, and a lack of fecundity data in 
general.  

MATERIALS AND METHODS 

Gonad cycle 

Every fortnight from Spring 1980 to Summer 1981, a sample of 50 specimens (40 rnm 
shell length) was removed from a mussel bank in the lower tidal zone of the rocky shore 
of Helgoland. Only in autumn and winter was the sampling frequency reduced to 4- 
week-intervals. 

Gonad tissue of 25 of these animals derived from the mantle was crushed on a slide 
and classified under a microscope according to Chipperfield (1953) and Bayne & 
Thomspon (1970): 

Stage 0: thin mantle; no gonads detectable; or: the animal has just spawned 
(checked mantle). Stage I: thick mantle; no gonads dectectable. Stage 2: gonads with 
unripe gametes can be detected in the mantle (sperms not motile; the germinal vesicles 
of less than a quarter of the eggs observed burst in seawater). Stage 3: gonads with ripe 
gametes can be detected in the mantle (most sperms motile; the germinal vesicle of more 
than a quarter of the eggs observed burst in seawater). 

The other 25 animals were put separately in water of 18 °C with vivid aeration to test 
the effect of this spawning stimulus. In samples taken after 31 July 1980 this stimulus 
was made more effective by keeping them at 6 °C for a fortnight before this procedure. 

The surface temperature of the water, published every day by the meteorological 
station at Helgoland, was noted on every sample date. 

Fecundity estimates 

Smaller animals of the tidal population were also examined and, in addition, 
animals of various sizes of a subtidal population from a breakwater off "Helgoland- 
Diine". The latter were conditioned for up to 2 months at about 8 °C with Isochrysis 
galbana and Dunaliella tertiolecta as food for larval rearing experiments. Spawning was 
init iated by the stimulus described above. 

Only animals showing vigorous spawning activity were evaluated. The gametes 
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were  counted  in a Coul ter  Counter  {Model TA~) after appropr ia te  di lut ion in 0.45 ~tm 
fi l tered seawater ;  a 280 ~ n  tube  was  app l ied  for the eggs  and a 100 ~tm tube for the 

sperm, subtract ing a b l ank  value.  Routinely,  the m e a n  d iameter  of 10 eggs  was assessed 

under  a microscope by means  of a micrometer .  
For w e i g h t  determinat ions ,  a k n o w n  quant i ty  of game tes  was  f i l tered on p r e w e i g h e d  

glass fibre filters, f reeze  dr ied  for at least  3 h and w e i g h e d  on a Perkin  E lmer  ba lance  
(AD-2) wi th  an accuracy of + 1 Fg. The  eggs  w e r e  w a s h e d  on the  fil ter wi th  double  

dest i l led water.  This p rocedure  was  omit ted  wi th  the sperm, because  this leads  to a loss 

in organic  substance as p re l iminary  exper iments  showed.  The  w e i g h t  was  ca lcu la ted  

with  respect  to b l ank  values  (only 0.45 ~ n  f i l tered seawater)  and the ash content  of the 

sample  (weight  after 3 h at 500 °C in a muffle oven). 

The structure of these  two popula t ions  was examined  in Ju ly  1981: areas of 152 cm 2 

were  r emoved  from the substrate,  a size f requency  distr ibution es tabl i shed and the data  
ext rapola ted  to 1 m 2. 4 samples  were  t aken  at low water  in the t idal  zone, 6 samples  by 
SCUBA div ing  in the subtidal  zone.  

RESULTS 

G o n a d  c y c l e  

Dur ing  both years, the mussels  showed  spawning  act ivi ty from the end  of Apri l  unt i l  
the  end  of J u n e  at wa te r  t empera tu res  b e t w e e n  6 ° and  14 °C (Fig. 1). This was  more  

obvious in Spr ing 1981 than  in Spr ing 1980: after ini t ial  spawning  which  ended  in the 
midd le  of May, the gonads  recovered  unt i l  the b e g i n n i n g  of J u n e  before  they  were  

comple te ly  emptied.  Subsequent ly ,  most  animals  s tayed in a sexual ly  indifferent  stage; 
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Fig. 1. Mytflus edulis: Gonad  cycle dur ing  the  period of observation; water  surface tempera ture  at 
the sample date, gonad index calculated as mean gonad stage, response to a spawning stimulus 

(+: at least one animal spawned} and gonad stage as described in the text 
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t h e  g a m e t e s  w e r e  b u i l t  u p  a g a i n  i n  N o v e m b e r .  M a n y  a n i m a l s  w e r e  m o r p h o l o g i c a l l y  r i p e  

as  e a r l y  as  F e b r u a r y .  F r o m  t h i s  t i m e  on,  s o m e  a n i m a l s  s h o w e d  a p o s i t i v e  r e a c t i o n  to  a 

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

Fo r  t h e  e s t i m a t i o n  of t h e  s e x  ra t io ,  o n l y  t h e  13 s a m p l e s  w e r e  e v a l u a t e d  w h e r e  t h e  s e x  

of n e a r l y  e a c h  a n i m a l  c o u l d  b e  r e c o g n i z e d :  of t h e  25 m u s s e l s  e x a m i n e d ,  11.8 --4- 2.9 w e r e  

m a l e s  a n d  13.2 + 2.9 w e r e  f e m a l e s  ( m e a n  _ s t a n d a r d  d e v i a t i o n ) .  T h i s  r e s u l t  r e v e a l s  a 
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Fig. 2. Mytilus edulis: Gamete  output  of specimens of the  inter t idal  and  subt idal  population;  
es t imated data from gamete  counts (1 egg  ± 67.4 ng; 1 sperm ± 6.0 pg) and  calculated graphs;  y: dry 

weight  of the  gametes  (g); x: shell  l ength  (ram); r: correlat ion coefficient 
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s l i g h t  b u t  i n s i g n i f i c a n t  (95 % - l e v e l )  d o m i n a n c e  of t h e  f e m a l e  a n i m a l s  of 0 .53:0.47.  T h e  

c a l c u l a t i o n s  o n  t h e  e g g  o u t p u t  of t h e  p o p u l a t i o n s  (see  b e l o w )  a re  b a s e d  o n  t h i s  s e x  ra t io .  

In  t h e  t i d a l  p o p u l a t i o n ,  s e x u a l  m a t u r i t y  w a s  f i rs t  o b s e r v e d  i n  s p e c i m e n s  of 18 m m  

s h e l l  l e n g t h ;  i n  t h e  s u b t i d a l  p o p u l a t i o n ,  i n  s p e c i m e n s  of 30 m m  s h e l l  l e n g t h  i n  a s a m p l e  

t a k e n  i n  M a r c h  1981. 

F e c u n d i t y  

E g g  a n d  s p e r m  n u m b e r s  a n d  t h e  f i t t e d  g r a p h s  a r e  g i v e n  i n  F i g u r e  2. T h e  w e i g h t  

d e t e r m i n a t i o n s  i n d i c a t e d  t h e  f o l l o w i n g  r e s u l t s  ( m e a n  ± s t a n d a r d  d e v i a t i o n ;  n: n u m b e r  of 

e s t i m a t e s ) :  

1 e g g  (78 ~ m  d i a m e t e r ) :  67.4 __ 6.1 n g  d ry  w e i g h t ;  n = 7 

1 s p e r m :  6.0 +_ 1.1 p g  d ry  w e i g h t ;  n = 4. 

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

"8 

l : n  

Interfidat 
50 

9:y=6.61 x10 -~" x 1"67 
/+0 c~: y = 1 . 6 9 x 1 0 - 1 0 ~  

20 30 /+0 50 
SheU. length [mini 

 sol 
o ~0 

o 

~ 30 
OJ 

4 . -  

E 

4 -  

._~ 
N 

SubfidQ[ 

(~: y=7.48 x I0-5x 1.97 
c~: y=8.62 x10-5x 1"90 

I I I I I 

30 ~0 50 60 70 80 
She[[ [engl-h [mini 

Fig. 3. Mytilus edulis: Gamete  weigh t  (percentage of the t issue weight)  as a function of the shell  
length;  calculated from data g iven  in text and  Figure 2; y: gamete  weight  (percentage of the tissue 

weight);  x: shell  l ength  (mm) 

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

(1980) for t h e  t i s s u e  d r y  w e i g h t  of t h e  a n i m a l s  i n  b o t h  p o p u l a t i o n s  p r i o r  to  s p a w n i n g  i n  

S p r i n g  1979: 
y = 3 .98 x 10 -5 x 2.53 ( i n t e r t i da l )  

y = 3.77 x 10 -5 × 2.64 ( sub t ida l )  

y: t i s s u e  d r y  w e i g h t  (g), x: s h e l l  l e n g t h  (ram) 

T h e  m e a n  e g g  d i a m e t e r  of t h e  t i d a l  a n i m a l s  w a s  s i g n i f i c a n t l y  (95 % - l e v e l )  s m a l l e r  

t h a n  t h a t  of t h e  s u b t i d a l  m u s s e l s  (n: n u m b e r  of a n i m a l s  e v a l u a t e d )  

73.0 __ 3.9 ~ m  d i a m e t e r ;  n = 9 ( i n t e r t i da l )  

77.1 ± 2.3 ~ m  d i a m e t e r ;  n = 10 ( s u b t i d a l )  
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Fig. 4. Mytilus edulis: Contribution of 1 mm size classes to egg output and tissue biomass of the 
subtidal and the intertidal population (absolute values); calculated from a size frequency distribu- 

tion and data given in text and Figure 2 

In further extrapolations the s a m e  w e i g h t  was  a s sumed  for both the intertidal  and the 
subtidal  animals ,  b e c a u s e  more  de ta i l ed  data on the e g g  w e i g h t  w e r e  lacking.  

Figure 4 demonstrates  that the subtidal  populat ion  had a h igher  b iomass .  In 
contrast, both populat ions  produced  nearly the  same  amount  of e g g s  per unit  area. This  
is a c h i e v e d  by  two mechan i sms:  smal ler  animals  are a lready sexua l ly  mature and 
s p e c i m e n s  of the s a m e  shel l  l eng th  s h o w  a greater e g g  output in  the  intertidal  popula-  
t ion than in  the subtidal.  

The  largest an imals  (e.g. those  of 40 -45  m m  she l l  l eng th  in  the intertidal  and of 
60 -65  m m  shel l  l ength  in the  subtidal  population)  do not necessar i ly  dominate  in  
biomass .  Nevertheless ,  it is these  an imals  w h i c h  contribute most  to the e g g  output of 
both populat ions.  

DISCUSSION 

It is w i d e l y  accepted  that temperature is the most  important factor control l ing the 
reproduction of marine  mol luscs  (Giese,  1959). The critical temperatures  in the repro- 
duct ive  cycle  of Mytilus edulis have  b e e n  reported as indicated  in Table  1. General ly ,  
they  agree wi th  those observed  here. 
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Fig. 5. Mytilus edulis: Contribution of 5 mm size classes to egg output and tissue biomass of the 
subtidal and the intertidal population (relative values)~ calculated from Figure 4 

Most a t tent ion has b e e n  d rawn to the lower l imit  at which gonada l  activity is 
ini t iated.  Only  few authors stress the point  that reproductive activity can be  suppressed 
as wel l  by h igh  temperatures  (e.g. Lubet, 1959; Wilson & Hodgkin,  1967). In h igher  
lat i tudes with a marked  a n n u a l  cycle, the sea tempera ture  passes this span  twice. 
Consequent ly ,  two s p a w n i n g  periods have b e e n  reported especial ly  of European  mus-  
sels i n  the southern  regions of their  occurrence e.g. i n  France and  Spain (see Lubet, 1959; 
Pilar-Aguirre,  1979). Even in  British waters two spawning  periods have b e e n  observed 
dur ing  warm summers  (Campbell ,  1969; Seed & Brown, 1975; Lowe et al., 1982}. 

However,  tempera ture  is not  the only  factor control l ing the reproduct ion of Mytllus. 
As Bayne & Worrall  (1980) po in ted  out, gametogenes is  is only  in i t ia ted  at a certain 
temperature  if sufficient nu t r ien t  reserves wi th in  the an imal  or food in  the env i ronment  
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Table 1. Mytilus edulis. Critical temperatures in tile gonad cycle in European waters as reported by 
various authors 

Gametogenetic Spawning Locality Authority 
activity 

> 7 °C > 9.5 °-12.5 °C England Chipperfield (1953) 
- > 10 °C France (Atlantic Coast) Bouxin (1954) 

> 7 °C 8 ~-18 °C France (Atlantic Coast) Lubet (1959) 
- > 5.5 °C England (North Sea Coast) Seed (1969) 

> 6°C - England (Channel) Campbell (1969) 

are present.  This may account  for the absence  of a second spawning  period in  a u t u m n  in  
the popula t ion  examined.  

Lubet (1956, 1959) observed that there may be a discrepancy be t w e e n  the mor- 
phological  and physiological  maturi ty  of an  animal.  The posit ive react ion of the an imal  
to an (obviously rather  unspecific) spawn ing  st imulus depends  on the release of a 
neurohormone.  This can expla in  why the mussels  in  the field did not  spawn  before the 
end  of April, a l though they were  a l ready morphological ly  ripe in  February.  

Mussels  are of separate  sex; hermaphrodi t i sm was never  observed dur ing  the course 
of this invest igat ion.  Lubet  {1959} calculated a probabi l i ty  of 1:1000 for hermaphrodi t -  
ism. In agreement  wi th  this, Suni la  (1981) found only  2 hermaphrodi tes  among  1832 
mussels  examined.  

Especial ly in  the older l i terature a dominance  of male  mussels  has b e e n  reported 
(Johnstone, 1898; Pelseneer,  1926; White, 1937; Mateeva,  1948). Sugiura  (1959) found 
sex ratio varying with size. More recent  l i terature agrees that males  and  females occur at 
a sex ratio of 1:1, i n d e p e n d e n t  of size and  habi ta t  (Lubet, 1959; Seed, 1969; Pilar- 
Aguirre,  1979; Sunila,  1981). This is confirmed by the statistically ins igni f icant  differ- 
ence  be tween  the f requency of male  and  female mussels  found here. 

The first onset of sexual  matura t ion  is not  related to size bu t  ra ther  to age a nd  growth 
rate (Seed, 1969). In some biotopes the mussels  are only  a few months  old (Lubet, 1959), 
in  others 1 year (Seed, 1969) or even  older (Sunila, 1981). Consequent ly ,  the size at 
which Mytilus edulis attains sexual maturi ty  varies greatly. Shell lengths  reported by 
various authors are: 4 m m  (Wilson, 1887), 18-22 mm (White, 1937; Mateeva,  1948), 15-30 
m m  (Bouxin, 1954), 5-7  mm (Lubet, 1959), 23-24 mm (rarely 10 mm; Sugiura, 1959), 2-7 
mm (Seed, 1969), 23 m m  (Cossa et al., 1979), 35 m m  (Pilar-Aguirre, 1979) and  2 mm 
(Kautsky, 1982). 

For the populat ions  examined  it may well  be that some mussels  a t ta in  sexual  
maturi ty  in  the first year  of life. According to my own observations on growth rates of 
mussels  at tached to rafts, they can grow to a shell  length  of 20 m m  or more by November  
of the year  of birth. It is k n o w n  that  the growth of mussels  i n  the t idal  zone is s lowed 
down (Baird, 1966). This expla ins  why smaller  specimens  were  mature  in  the in ter t idal  
populat ion.  However,  a certain part  of the popula t ions  examined  do not necessar i ly  
become sexually mature  un t i l  the second year  of life as the smaller  immature  an imals  i n  
both populat ions  prove. 

Counts of gametes  re leased by  a mussel  have b e e n  rare in  the literature. Sometimes 
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Table 2. Mytilus edulis. Data on numbers of eggs produced 
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Egg number Shell length (mm) Authority 

6-9 × 106 50-100 Field (1909) 
0.1-3 × 106 14-50 Mateeva (1948) 

0.5 x 106 40-50 Bayne et al. (1975) 
7.6 X 106 68 Bayne et al. (1978} 

Table 3. Mytilus edulis. Fecundity estimates of various authors; GW: gamete dry weight (rag); W: 
tissue dry weight (g); * calculated from weight losses 

Locality Fecundity Authority 

Petpeswick ~ in 1974 
{Canada} L in 1975 

in 1977 
Lynher (United Kingdom} 
Cattewater (United Kingdom} 
Mothecombe (United Kingdom) 
Helgoland (intertidal) 
Helgoland (subtidal) 

GW = 205 W 2"638 

GW = 305 W I"74a 
GW = 325 W I'274 

*GW = 104 W 1"4° 
*GW = 21 W 1"29 
*GW = 193 W TM 

GW = 530 W l'~s 
GW = 150 W 1"75 

Thompson (1979) 
Thompson (1979) 
Thompson (1979) 
Bayne & Worrall (1980) 
Bayne & Worratt (1980) 
Bayne & Worrall (1980) 
This study 
This study 

fecundi ty  has b e e n  es t imated  by the loss of body we igh t  dur ing the spawning  per iod 

(e.g. Bayne & Worrall,  1980). Data  repor ted  are summar ized  in Tab les  2 and 3. Egg  
number  varies great ly  wi th  body size. The  equat ions  indicate  that  a 1-g mussel  (shell 

l eng th  about  50-60 mm) re leases  b e t w e e n  21 and 530 mg  gamete  dry weight .  
It is difficult to dec ide  whe the r  the gamete  counts reflect  the true amount  of gametes  

the mussel  produces  dur ing a spawning  period. It may  be  an overest imation,  because  

one tends to eva lua te  only the good spawners.  On the other  hand,  it is known that  
mussels  re lease  gametes  severa l  t imes  dur ing a spawning  per iod wi th  intermit tant  

recovery periods (White, 1937; Mateeva ,  1948; Lubet, 1957, 1959; Seed, 1969, 1975). 

Thus, the t rue amount  may  we l l  be  pe rmanen t ly  underes t ima ted  by this procedure.  

Furthermore,  in these  exper iments  the re la t ively  long condi t ioning per iod  of some 

subtidat  animals  may  have  caused  some bias. However ,  as more  p r e d s e  data  are 

lacking,  these  fecundi ty  es t imates  must  be  accepted.  
In contrast to the t rend ob ta ined  in Figure  2, it seems doubtful  that  ma le  mussels  

have  a lower  game te  output  than  females .  Griffiths (1977) found no signif icant  differ- 

ences  b e t w e e n  female  and male  Choromytilus meridionalis. The  t rend observed  may  

have  b e e n  caused  by the inc reased  care which  was  t aken  with  the females  in  later  

rear ing  experiments .  
Condit ions of life in the t idal  zone are stressful, due, for example ,  to changes  in 

tempera ture  and salinity. Besides  this, mussels  in the t idal  zone can only feed  at h igh  

tide; so they suffer from shortage of food compared  with  those in the subtidal.  As a 
consequence ,  their  growth is s lowed down and they  at tain only a smal ler  final size. 

Never theless ,  the amount  of eggs  re leased  by mussels  in the t idal  zone is grea ter  than 
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that relased by  mussels  of comparable  size in  the subtidal .  Thus, the t idal  popula t ion  
manages  to produce near ly  the same egg n u m b e r  per  un i t  area as the subt idal  popula-  
t ion does despite their lower biomass (see Fig. 4). 

This makes  sense from the ecological point  of view: As I have had the chance of 
observing both the t idal  and  the subt idal  popula t ions  s ince the b e g i n n i n g  of 1979, I 
assume t h a t  they are well  es tabl ished with an  equ i l ib r ium of young  and  old animals.  
Mussels change their  modes of growth dur ing  their  life. Whereas  in  young  animals  
product ion is conf ined to somatic growth, older animals  tend  to put  more and  more of 
their effort into reproduction,  Dur ing  somatic growth inter-  and  intraspecific competi t ion 
i s r e d u c e d  (Theisen, 1968; Dayton, 1971; Harger, 1972; Menge  & Sutherland,  1976}. 
Thus, unde r  favourable  condit ions the "somatic period" is intensif ied.  In contrast, 
stressful condit ions s t imulate  the mussels  to enhance  their  " reproduct ive period" in  
order to search for n e w  grounds  to settle. 

From laboratory exper iments  it is known  that stressed mussels  reduce their  egg size. 
Bayne et al. (1978} ob ta ined  egg dry weights be tween  22 to 129 ng. This t rend is also 
indicated  by a comparison of the egg diameter  of an imals  from the t idal  and  subt idal  

populat ion.  
Other authors es t imated  the dry weight  of M. e d u l i s  eggs as 51 ng  (Ockelmann,  

1965}, 52.5 ng  (Bayne et al., 1975) and  47.3 ng  (Thompson, 1979), which  is in  good 
agreement  with my data. 

The data on the egg output  of the popula t ions  can hardly  be  compared with those of 
Griffiths (1981} and  Kautsky (1982}. Griffiths (1981) calculated a m e a n  a n n u a l  gamete  
output  of a C. m e r i d i o n a l i s  popula t ion  as 1392 g m -2 (eggs and  sperm) which is about  
4-5  t imes higher  than  my own data. Perhaps a species-specific as wel l  as a geographic  
difference may account  for a good deal  of this discrepancy. T h e  M.  e d u l i s  popula t ion  
Kautsky (1982) examined  was severely stressed by the low ambien t  sa l ini ty  (~ 7 %0). This 
is manifes ted by an  extremely slow growth. The comparat ively low a n n u a l  egg output  
(8 x l0  T eggs m -2) is contrasted by  a h igh weight  specific fecundi ty  ( increasing from 38 
to 52 % of the soft body  weight  from 10 to 30 mm shell  length}. 

Dare (1976) appl ied  the term "carrying capacity" to describe the m a x i m u m  biomass 
of mussels  in  a biotope. For the popula t ion  examined  he est imated a va lue  of 1.2 kg dry 
flesh weight  m -2. Griffiths (1977} quotes 790 g dry flesh weight  m -2 for a C. m e r i d i o n a l l s  

populat ion.  This agrees fairly well  with the biomass of the inter t idal  poPulat ion (996 g 
m-2). The high biomass in  the subt idal  (2261 g m -2) is p resumably  caused by structured 
surfaces sometimes a l lowing  the formation of little ropes of mussels  c l ing ing  together. 

Al though the biological  m e a n i n g  of the gamete  re lease is to guaran tee  the existence 
of the species, the normal  fate of the egg or the larva is not  to grow up  to a mussel,  but  to 
contr ibute to the nut r i t ion  of animals  in  the sur rounding  biotope. This is more pro- 
nounced  for the sperms released. Assuming  stable popula t ion  size and  that an  an imal  
wil l  reproduce twice dur ing  its life, the probabi l i ty  that one egg wil l  develop to a 
sexual ly mature an ima l  is about  the reciprocal value of the ind iv idua l  a n n u a l  egg output  
(i.e. one to several  million}. 

It is well  k n o w n  that  a variety of mar ine  organisms feed on mussel  larvae e.g. 
Noc t i l uca  mil iarls ,  spionid  larvae, zoea larvae, ctenophores (own observations),  her r ing  
larvae (Lebour,  1933, Checkley,  1982) and  even adul t  mussels  (Bayne, 1964}. The 
importance of the larvae as food organisms must  be  especial ly  discussed in  the l ight  of 
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t h e i r  l o c a l l y  a n d  t e m p o r a l l y  p a t c h y  d i s t r i b u t i o n .  M a x i m u m  c o n c e n t r a t i o n s  of m u s s e l  

l a r v a e  a c t u a l l y  o b s e r v e d  i n  n a t u r e  r a n g e  f r o m  3 to  40 l a r v a e  p e r  l i t e r  (e.g.  F i s h  & 

J o h n s o n ,  1937; T h o r s o n ,  1946; R e e s ,  1954; S c h r a m ,  1970; H e r n r o t h  & A c k e f o r s ,  1979). 

F r o m  t h i s  p o i n t  of v i e w  t h e y  m u s t  h a v e  s o m e  s i g n i f i c a n c e ,  e s p e c i a l l y  b e c a u s e  t h e i r  

o c c u r r e n c e  c o i n c i d e s  w i t h  t h a t  of m a n y  o t h e r  m e r o p l a n k t o n i c  o r g a n i s m s .  
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