
EXPERkMENIS WITH THE AMERICAN 

WARD-SHELLED CLAM 

IMercaenaria metrcenaria) 1969. 

% 

-' 
b* r" 

F.A,Gibsm and C.B.Duygan. 



i n t r o d u c t i o n .  The American h a r d - s h e l l e d  clam 

( ~ e r c e n a r i a  m e r c e n a r i a )  i s  a  v a l u a b l e  b i v a l v e  m o l l u s c a n  

s h e l l f i s h  i n  t h e  U.S.A, and Canada. T h i s  b i v a l v e  i s  

somewhat l i k e  t h e  c o c k l e  ( f a m i l i a r  t o  most  I r i s h  peop1.e) I 

o r  t h e  palour-de (Venerup i s  d e c u s s a t a _ )  which i s  g a t h e r e d  on 1 
some p a r t s  of t h e  I r i s h  c o a s t  and e x p o r t e d  t o  France .  U n l i k e  I 
t h e  c o c k l e  which l i v e s  i n  sand ,  o r  t h e  p a l o u r d e  which i s  I 

I 
found  ma in ly  i n  c o a r s e  sand  and s h i n g l e ,  t h e  h a r d - s h e l l e d  

! 
c lam l i v e s  i n  sandy mud. 

Some y e a r s  ago t h i s  clam e s t a b l i s h e d  i t s e l f  i n  

Southampton Water ,  on t h e  s o u t h  c o a s t  of  England. It i s  

t h o u g h t  f h a t  t h i s  p a r t i c u l a r  s t o c k  o r i g i n a t e d  from l i v e  clams 

thrown ove rboa rd  f rom a n  b e r i c a n  l i n e r .  Due t o  t h e  warming 
..~ ~ ' > S  

e f f e c t  o f  t h e  o u t f l o w  f r 0 G . a  l a r g e  power s t a t i o n  n e a r  

South.ampton, coup led  w i t h  n a t u r a l l y  o c c u r r i n g  h i g h  sea -wa te r  

t e m p e r a t u r e s  i n  t h i s  a r e a ,  +he clams were  a b l e  t o  b r e e d  and 

m u l t i p l y .  Normally t h e  sea -wa te r  t e m p e r a t u r e s  a round t h e  

c o a s t s  of  Gt ,  B r i t a i n  and I r e l a n d  a r e  t o o  low t o  p e r m i t  t h e  clams 

t o  m u l t i p l y  by n a t u r a l  b reed ing .  

The F i s h e r i e s  D i v i s i o n  o f  t h e  Department  o f  A g r i c u l t u r e  

and  F i s h e r i e s  had u n d e r  c o n s i d e r a t i o n  f o r  some t i m e  t h e  

i n t r o d u c t i o n  o f  t h i s  s p e c i e s  and i n  1969 s u i t a b l e '  d i s e a s e - f r e e  

h a t c h e r y  r e a r e d  s t o c k  became a v a i l a b l e .  A c c o r d i n g l y ,  a l m o s t  

4 ,000  h a t c h e r y  r e a r e d  s e e d  ciams weqe o b t a i n e d  by c o u r t e s y  o f  
.%- .. . 

t h e  M i n i s t r y  o f  ~ ~ r i c u l t u r e , ~ i s , & r d e s  and Food ( h " l ~ F ) ,  

F i s h e r i e s  Exper imen ta l  S t a t i o n  a t  Conway, Nor th  Wales,  i n  A p r i l  

1969. The s e e d  was d i v i d e d  i n t o  f o u r  l o t s  which were t h e n  

p l a n t e d  a t  s e l e c t e d  s i t e s  i n  Wexford Harbour,  Bannow Bay 

(GO, Wexford) , Cork Harbour and Oys te rhaven  (CO. c o r k ) .  

Because t h e  s e e d  c lams had been  r e a r e d  u n d e r  s t r i c t  c o n t r o l  i n  

t h e  MAFF h a t c h e r y  a t  Conway, t h e y  were  f r e e  o f  u n d e s i r a b l e  

p a r a s i t e s  a n d - p e s t s .  A s m a l l  b a l a n c e  o f  t h e  c l ams  were p l a c e d  

i n  t h e  l agoon  a t  t h e  E.S.B. g e n e r a t i n g  p l a n t  a t  T a r b e r t ,  

Co. Kerry.  



A t  each  l o c a l i t y  t h e  s e e d  clams were p l a n t e d  o u t  and 1 
I 

e n c l o s e d  w i t h i n  p l a s t i c  mesh (6mm) - cove red  open wooden f r a m e s ,  1 
sunk i n  t h e  mud s u r f a c e .  These  f r a m e s  e n a b l e d  t h e  clams t o  

f e e d  n o r m a l l y  and ,  a t  t h e  same time, t o  b e  p r o t e c t e d  by t h e  

p l a s t i c  c o v e r i n g  ( t h r o u g h  which t h e y  cou ld  n o t  e s c a p e )  f rom 

p r e d a t o r y  s h o r e  a n i m a l s  s u c h  a s  t h e  g r e e n  s h o r e  c r a b  ( C a r c i n u s  

maenas) .  I 

funerican h a r d - s h e l l e d  clams have  an a n n u a l  growing p e r i o d  

f rom A p r i l  t o  August  o r  September ,  depend ing  upon t h e  food  

s u p p l y  and t h e  w a t e r  t e m p e r a t u r e s .  The p l a n t i n g s  were examined 

f rom t i m e  t o  t i m e  and t h e  o b s e r v a t i o n s  made a r e  t h e  s u b j e c t  of 

t h i s  l e a f l e t .  

Method, h p p r o x i m a t e l y  903  seed  c lams were  p l a n t e d  a t  each  s i t e ,  

The b a l a n c e  of  t h e  s e e d ,  & b e r i n g  a b o u t  400 ,  b e i n g  p l a n t e d  i n  

t h e  h e a t e d  w a t e r  l agoon  a s s o c i a t e d  w i t h  t h e  E l e c t r i c i t y  Supply  

Board power s t a t i o n  on t h e  e s t u a r y  of  t h e  R. Shannon. Data  I 
c o n c e r n i n g  t h e  l a t t e r  s eed  w i l l  n o t  b e  a v a i l a b l e  u n t i l  1970, I 

I 
A t  Wexford Harbour ,  Bannow Bay, O y s t e r h a v e n  and Cork I 

! 

Harbour  s i t e s  were  s e l e c t e d  where  t h e  bot tom i s  s o f t  and,  i n  l 
e ach  c a s e ,  t h e  wooden f r a m e s  were  p l a c e d  a t  d i f f e r e n t  p o s i t i o n s  ~ 
i n  r e l a t i o n  t o  low w a t e r  s p r i n g  l e v e l s ,  some b e i n g  a t  ex t reme I 
low w a t e r  s p r i n g  mark and o t h e r s  b e i n g  n e a r e r  t o  t h e  low w a t e r  

neap  t i d e  l e v e l ,  I n  choos ing  t h e s e  f o u r  a r e a s ,  w i d e l y  d i f f e r e n t  

s u b s t r a t e s  and p h y s i c a l  c o n d i t i o n s  were  met, k t  Wexford t h e  1 
mud i s  q u i t e .  s o f t ,  w i t h  some:-sand and lumps o f  c l a y  t h r o u g h  it, 

< 
, . 

% e.: 
I n  Bannow Bay t h e  s u b s t r a t e  i s  e n t i r e l y  of  s o f t  mud, r a t h e r  

j 
s imi la r  t o  t h a t  a t  t h e  MAFF l a y i n g s  i n  Nor th  tirales, b u t  t h e  

a r e a  i s  s u b j e c t  t o  c o n s i d e r a b l e  i n f l u e n c e  of  f r e s h  wa te r .  At  

O y s t e r h a v e n  t h e  s u b s t r a t e  i s  o f  a  v e r y  s t i c k y  b l a c k  mud i n  

which i t  i s  d i f f i c u l t  t o  walk w i t h o u t  s i n k i n g  t o  a  d e p t h  o f  

18 i n c h e s .  I n  Cork Harbour  t h e  s u b s t r a t e  v a r i e s  f rom a  l i g h t  I 
I 

muddy s h i n g l e  t o  a  f i r m  sand/mud m i x t u r e ,  The s e l e c t e d  a r e a s  . , 
I 

a r e  shown i n  Fig.  1, K t  t h e  t i m e  o f  p l a n t i n g , t h e  seed  c lams 

v a r i e d  i n  i e n g t h  f rom 8 t o  1 6  m, w i t h  a  mean o f  13 mm. They I 

I 
had been  r e a r e d  i n  1968 and were ,  t h e r e f o r e ,  a b o u t  n i n e  months ! 
o l d  when p l a n t e d .  
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R e s u l t s .  a. F i r s t  examina t ion ,  J u l y  1969. 

Wexford Harbour ,  The mean l e n g t h  of  s e e d  clams p l a n t e d  

a t  s i t e  A ( F i g ,  l ) ,  was 13.5 mm i n  h p r i l .  T h i s  s i t e  i s  a t  

t h e  marg in  of  low w a t e r  s p r i n g  t i d e s .  The clams had i n c r e a s e d  I 
t o  18.5 mm by J u l y ,  t h e  5 mm i n c r e m e n t  r e p r e s e n t i n g  37.0% new i 

I 

growth ,  About 2.5% of  t h e s e  spec imens  showed v e r y  l i t t l e  I 
growth  and t h e r e  was 17.5% m o r t a l i t y ,  b u t  f rom measurements  

of  t h e  s i z e  of t h e  dead  clams it was c l e a r  t h a t  t h e y  had d i e d  

s h o r t l y  a f t e r  b e i n g  p l a n t e d .  I 
S i t e  B ( F i g .  1 ) ,  which i s  h i g h e r  up t h e  s h o r e  towards  low 

w a t e r  neap  t i d e  l e v e l ,  showed p o o r e r  growth and h i g h e r  m o r t a l i t y .  

The a v e r a g e  l e n g t h  o f  t h e s e  clams when p l a n t e d  was 12.5 mrn and 
I 

had become 14.2 mm by J u l y ,  r e p r e s e n t i n g  o n l y  13.676 i n c r e a s e .  
f 

Approximate ly  50% of t h e s e  spec imens  showed v e r y  l i t t l e  growth  

and t h e  21.5% m o r t a l i t y  seemed t o  have o c c u r r e d  t h r o u g h o u t  t h e  

p e r i o d  a f t e r  p l a n t i n g .  Clams a t  s i t e  C  were n o t  examined on 

t h i s  o c c a s i o n .  

Bannow Bay. S i t e  D ( F i g ,  1) i s  s i t u a t e d  a l m o s t  a t  t h e  

margin  of  low w a t e r  s p r i n g  t i d e s ,  The a v e r a g e  s i z e  of  t h e  

clams a t  p l a n t i n g  was 13.5 mrn and by J u l y  had r e a c h e d  1 7 , 2  mm, 

an i n c r e m e n t  of 3.7 mm o r  24.7%. M o r t a l i t y  was a b o u t  14.0% I 
and it seemed t o  have  o c c u r r e d  t h r o u g h o u t  t h e  p l a n t e d  p e r i o d .  

S i t e  E ( ~ i ~ .  1 )  i s  s i t u a t e d  midway between low w a t e r  

s p r i n g  t i d e  and low w a t e r  neap  t i d e  marks. Reasonably  good I 
1 

growth  was r e c o r d e d  i n  t h i s  ' z ~ t e .  phe mean s i z e  a t  p l a n t i n g  I 
> ,  

-4 i 
was 13.5 mm and 16.0 mm by J u l y ,  an i n c r e m e n t  o f  2.5 mm o r  I 
18.6% i n c r e a s e .  There  was l i t t l e  growth showing on 50% of  

t h e  spec imens  and m o r t a l i t y  was h i g h  a t  80%. There  was 

c o n s i d e r a b l e  e v i d e n c e  t h a t  many of  t h e  s e e d  had been  a t t a c k e d  

by t h e  p r e d a t o r y  g r e e n  s h o r e  c r a b  ( C a r c i n u s  m a e n a s ) ,  two l a r g e  

spec imens  of  which were d i s c o v e r e d  u n d e r  t h e  y e s h  o f  t h e  frames,  

S i t e  F  ( F i g .  l ) ,  i s  l o c a t e d  h i g h  up on t h o  s h o r e  n e a r  low 

w a t e r  neap t i d e  mark,  and f rom it t h e  p o o r e s t  g rowth  r a t e  was I 
r e co rded .  From a  mean s i z e  of  13.5 mm a t  p l a n t i n g  t h e  seed  I 
clams grew t o  1 4 - 3  irm by J u l y ,  an i n c r e m e n t  o f  0,8 mm o r  6.0% 1 

i 
I 
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The m o r t a l i t y  was 14.0% and seemed t o  have  o c c u r r e d  immedia t e ly  

a f t e r  p l a n t i n g ,  

Cork Harbour.  S i t e  G (F ig .  1 )  i s  l o c a t e d  a t  t h e  margin  

of  low w a t e r  s p r i n g  t i d e s  and t h e  mean l e n g t h  o f  t h e s e  clams a t  

p l a n t i n g  was 13.0 riim and t h e y  i n c r e a s e d  t o  17.0 mm by J u l y ,  o r  

a n  i n c r e m e n t  o f  4.0 mm, r e p r e s e n t i n g  a  30% i n c r e a s e .  M o r t a l i t y  

was 2G% and a p p e a r e d  t o  have o c c u r r e d  i n  J u n e ,  b e c a u s e  most  of  

t h e  dead  spec imens  were  o v e r  15.0 mm i n  l e n g t h .  

S i t e  H ( F i g .  1 )  i s  loca- ted  a t  low w a t e r  neap  t i d e  l e v e l  and 

t h e  clams had grown q u i t e  w e l l ,  b e i n g  1 7 - 2  mm i n  l e n g t h ,  a n  

i n c r e a s e  o f  4.2 mm on t h e i r  p l a n t e d  l e n g t h  and r e p r e s e n t i n g  a n  

i n c r e m e n b o f  31%, M o r t a l i t y  was a g a i n  20%, most  o f  it h a v i n g  

o c c u r r e d  i n  June, I n  b o t h  t h e s e  c a s e s ,  s i t e s  G and H ( F i g ,  11, 

u n u s u a l  f r e s h  w a t e r  run-of? c o u l d  have  s p r e a d  o v e r  t h e  p l a n t e d  

a r e a  from t h e  d r a i n e d  f i e l d s  on -the immediate  sho re .  It was 

n o t e d  t h a t  t h e s e  f i e l d s  had bzen  h e a v i l y  t r e a t e d  w i t h  a  

h e r b i c i d e  some t i m e  p r i o r  t o  J u l y ,  

S i t e  I (Fig .  1) i s  l o c a t e d  on f i ~ m  sandy/mud, b u t b y  J u l y  

t n i s  a r e a  had become s o  h e a v i l y  cove red  w i t h  a  d e n s e  growth  of 

f i l a m e n t o u s  brown seaweed, t h a t  it was i m p o s s i b l e  t o  examine 

t h e  s e e d  clams and ,  a t  t h e  samf t i m e ,  a v o i d  d i s t u r b i n g  them 

t o o  much, T h e r e f o r e ,  examina t ion  o f  t h e s e  p l a n t i n g s  was 

pos tponed  until!. November, by which t i m e  t h e  seaweed would have  

d i e d  away. 

Ovs terhaven .  A l l  s eed  Pi-ams were  p l a c e d  n e a r  t h e  margin  
*+ .s< 

o f  low w a t e r  s p r i n g  t i d e ,  a t  s l ~ e  J (F ig ,  1 ) .  The mean l e n g t h  

of  t h e  clams a t  p l a n t i n g  was 13.0 mm, and by J u l y  t h e y  had 

i n c r e a s e d  t o  17.5 mm, o r  a n  i n c r e m e n t  of  4.5 mm, r e p r e s e n t i n g  

a  35% improvement. M o r t a l i t y  was heavy a t  37% and most  of  t h i s  

had t a k e n  p l a c e  a t  o r  soon a f t e r  p l a n t i n g ,  b e c a u s e  o v e r  h a l f  

t h e  dead  spec imens  had n o t  exceeded  t h e  mean p l a n t i n g  l e n g t h .  
4 

The mud i n  t h i s  a r e a  i s  o f  a  heavy c o n s i s t e n c y  and c o n t a i n s  

much s u l p h u r a t e d  hydrogen and t h i s ,  t o g a t h c r  w i t h  a l a r g e  

number o f  s m a l l  c r a b s  ( u n i d e n t i f i e d )  u n d e r  t h e  mesh of  t h e  

f r a m e s ,  may have  been  l a r g e l y  r e s p o n s i b l e  f o r  t h e  h i g h  i 



5, 

m o r t a l i t y ,  A 1 1  t h e  su:vivin,:; c lams s e r e  t r a n s f e r r e d  t o  

a n o t h e r  :xrt  o f  0;rcterhaven aJ i  s i t e  i; ( F i ? .  l), %::here a  

more muddy sand c o n s t i t u t e d  t h e  s u b s t r a t e .  

b. Second e x a m i n a t i o n ,  Augus t ,  1969. 

Cork Harbour ,  The clams had i n c r e a s e d  from 17.0 mm t o  

22.6 mm, a n  i n c r e m e n t  of  5 .6  mm, i - ep respen t ing  a  f u r t h e r  33% 

growth  improvement,  The y i e l d  o f  meat was 17% of  t h e  t o t a l  

whole l i v e  w e i g h t  sampled. Once a g a i n  clams a t  S i t e  I c o u l d  

n o t  b e  examined b e c a u s e  of  t h e  brown seaweed cove r ing .  

Oys te rhaven ,  The mean s i z e  of  t h e  clams had o n l y  

i n c r e a s e d  m a r g i n a l l y  o v e r  t h e i r  s i z e  of  17,5 mm i n  e a r l y  J u l y ,  

t h o u g h t h e  e f f e c t s  of movement f rom S i t e  J t o  S i t e  K c o u l d  

e x p l a i n  t h i s ,  b e c a u s e , m o s t . b i v a l v e s  s u f f e r  a s e v e r e  growth 
. t 

check  a f t e r  t r a n s p l a n t a t i o n .  M o r t a l i t y  was a g a i n  h i g h  a t  

35%- The y i e l d  o f  e d i b l e  meat  was found  t o  b e  13% of  t h e  

whole  l i v e  we igh t .  

c . .  F i n a l  e x a m i n a t i o n , ' O c t o b e r  and November, 1969. 

Wexford Harbour .  The c lams a t  s i t e  A had grown t o  a  

l e n g t h  o f  31 mm by Oc-kober, 1969,  whish r e p r e s e n t s  a  t o t a l  

i n c r e m e n t  of  17 ,5  m m ,  o r  130% i n c r e a s e  i n  t h e  s i x  months 

s i n c e  t h e y  had been  p l a n t e d .  M o r t a l i t y  remained  c o n s t a n t  a t  

a b o u t  17% f o r  t h e  whole p e r i o d ,  A t  s i t e  B f u r t h e r  up t h e  

s h o r e  towards  low w a t e r  neap  t i d e  l e v e l ,  t h e  f i n a l  mean growth 

r e c o r d e d  was 23.1 mm, o r  a n ' i n c r e a s e  of  9 * 6  mm on p l a n t e d  s i z e  

o r  a n  improvement of 71%. %oztali . ty i n  t h i s  a r e a  was q u i t e  
* 4' 

h i g h  a t  27,8%. The clams a t  t h e  h i g h e s t  s e c t i o n  o f  S i t e  C a t  

low w a t e r  neap t i d e  l e v e l  gave  t h e  p o o r e s t  r e s u l t s ,  t h e  

f i n a l  l e n g t h  of  t h e s e  clams b e i n g  o n l y  3 mrn l a r g e r  t h a n  t h e i r  

p l a n t e d  s i z e ,  r e p r e s e n t i n g  o n l y  22% i n c r e a s e .  T h i s  improvemeni 

was n o t  o f f s e t  by t h e  low m o r t a l i t y  o f  6,O%. 

Bannow aav ,  These  p l a n t i n g s  ~ o n t i n u e d ~ t o  show h i g h  

m o r t a l i t y ,  44% a t  S i t e  D and 42% a t  S i t e  E. Growth a t  t h e  

b e s t  s i t e  ( S i t e  D )  c o n t i n u e d  t o  show improvement f rom 1 7 0 2  mm 

t o  20.7 mm, a  f u r t h e r  i n c r e m e n t  of  a b o u t  20%. However, t h i s  

was a b o u t  11 mm s m a l l e r  t h a n  t h e  b e s t  s i t e  - and 24 mm l e s s  

t h a n  t h e  neap t i d e  s i t e  i n  Wexr'ord Hcrbour.  



C3rk Harbour. By November t h e  clams a t  S i t e  G had increased  

from 17,C nun t o  25,0 mm and those  a t  s i t e  H from 17.a im t o  

20.0 mm, r e p r e s e n t i n g  i n c r e a s e s  of 47.0% and 2096, r e spec t ive ly ,  

M o r t a l i t y  remaiqed a t  over  20% i n  both cases .  

For t h e  f i r s t  t ime s i n c e  p l a n t i n g  took p l a c e  i n  A p r i l  

t h e  clams a t  S i t e  I were examined, TI.JO of t h e  frames could 

n o t  be found and they  may have been i n t e r f e s r e d  with. The 

clams i n  t h e  o t h e r  frame had grown from 13.0 mm t o  30,O mm 

o r  an i n c r e a s e  i n  s i z e  of 13i)bfb and had s u s t a i n e d  a  25% 

m o r t a l i t y ,  

Oysterhaven. These clams were examined f o r  the  l a s t  t ime i n  

1969 i n  t h e  m o ~ t h  of November, They had inc rea sed  i t 1  s i z e  - 
from 17.5 rnrn t o  22.0 mm (25%) and, t h e  sane t ime,  m o r t a l i t y  

dropped from 37% t o  15%. These c i a  had been t r a n s f e r r e d  

from s i t e  J t o  s i t e  K and t h e  drop i n  m o r t a l i t y  i s  a t t r i b u t e d  

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

Discuss ion,  The d a t a  from a l l  t h e s e  s i t e s  a r e  g iven i n  

Table  1. From t h e s e  d a t a ,  two s i t e s  emerged c l e a r l y  t o  be 

s u i t a b l e  f o r  growing clams, namely Wexford Harbour ( S i t e  A) 

and Cork Harbour ( S i t e  I )  where, a t  t h e  end of t h e  f i r s t  

growing per iod ,  t h e  increment more than  dodbled t h e  l eng th  a t  

p l an t ing .  A t  Wexford Harbour i t y  was 8% l e s s  than  i n  

Cork Harbour, sugges t ing  it t o  e  b e s t  s i t e  so far t e s t e d .  

Ne i the r  Bannow Bay appear t o  be s u i t a b l e  f o r  

clam c u l t u r e ,  t h e  g  slow and t h e  s u r v i v a l  

r a t e s  low, 

Furthermore,  p l a n t i n g  t h e  clams a t  o r  a s  c l o s e  a s  

p o s s i b l e  t o  extreme low wate r  s p r i n g  t i d e  l e v e l ,  produces t b e  

f a s t e s t  growth r a t e ,  A t  t h e  same t ime,  clams so  f a r  down 

t h e  shore  a s  t h i s  p r e s e n t  management d i f f i c u l t i e s ,  because 

t h e r e  i s  only  a  sma l l  number of s p r i n g  t i d e s  low enough t o  
t 

expose them i n  t h i s  s i t u a t i o n .  

Those clams placed i n  t h e  hea ted  wa te r s  o f  t h e  lagoon a t  

t h e  outf low from t h e  E.SaB. gene ra t i ng  s t a t i o n  a t  Ta rbe r t ,  

Co. Kerry have n o t  y e t  been examined c l o s e l y  enough f o r  

d e t a i l s  t o  be  inc luded  i n  t h i s  l e a f l e t .  1 
I 



TABLE 1, R e s u l t s  o f  p l a n t i n g  iitercenaria mercenar ia  
i n  f o u r  l o c a l i t i e s  i n  1969. 

i 

i Wexf ord Harbour 

Bannow Bay 

S i t e  D (Fig.1 ' S i t e  E (F ig .  1 
S i t e  F ( F i g , l )  

Cork Harbour 

S i t e  G ( ~ i g . 1  1 S i t e  H (Fig.1 
1 S i t e  I ( ~ i g . 1 )  
i 

Oy s t e rhaven  

S i t e  J (Fig.1 
S i t e  K (Fig .1  

--a ... ! ,i 
i 

;s, %" 

1J.Omm 
13.Omm 
13 .Omm 

13.0mn1 
1.7.5mm 

12.0mm 
7. Ornm 

17.0mm 

22% 
2 3% 
25% 

25.Omm 92% 
20. O m  54% 
3 0 . 0 m m  i 130% 

4.5mm 37.0% 17.5mm 
4 . ~ ~  i 15.0% 22.0nm 

! 

1 62% 

- 




