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ABSTRACT

The e f f e c t s  o f  copper, z in c , mercury, and m ethyl mercury on th e  growth 
in  c u l t u r e  o f  s t a g e s  in  th e  l i f e  h i s t o r y  o f  L a m in a r ia  s a c c h a r in a  w ere 
in v e s tig a te d . The developm ental s ta g e s  Between m icroscopic  gametophyte and 
young sp o ro p h y te  ( s p o r e l in g )  w ere th e  m o st s e n s i t i v e ,  w i th  s i g n i f i c a n t  
re d u c tio n s  in  th e  s iz e  o f th e  sp o re lin g s  a t  nom inal c o n c e n tra tio n s  of 
10 p g  Cu.I -1 , 100 p g  Z n .l-1 , 5 p g  H g.l-1 , and 0.5 p g  H g (m e th y l) .I- 1 . These 
r e s u l t s  s u g g e s t  t h a t  th e  te c h n iq u e  u s in g  L . s a c c h a r in a  i s  among th e  more 
s e n s i t iv e  o f th o se  re p o rte d  f o r  th e se  m e ta ls .

P re lim in a ry  in v e s t ig a t io n s  o f  th e  accum ulation  o f  copper by sporophytes 
c u l tu r e d  in  s u b l e t h a l  c o n c e n t r a t io n s  o f th e  m e ta l  a r e  d e s c r ib e d ,  and th e  
p o t e n t i a l  o f  L. s a c c h a r in a  f o r  f i e l d  m o n ito r in g , a s  w e l l  a s  l a b o r a to r y  
t o x ic i ty  te s t in g ,  i s  d iscussed .

P resen t ad re ss  : 1Br.ixham L ab o ra to ry , ICI PLC Brixham 
Devon TQ5 8BA, U nited  Kingdom

24 Main S t r e e t ,  Broadmayne,
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u m m j c n c w

T o x ic ity  t e s t s  w ith  a lg ae  a re  reco g n ised  as  im p o rtan t in  th e  assessm ent 
o f  th e  p o te n t ia l  im pact o f  chem icals on t h e  m arine environm ent. M acroalgae 
(seaw eed s) have a  num ber o f  a d v a n ta g e s  o v er t h e  more commonly u sed  
p lan k to n ic  m icroalgae  (Burrows, 1971), and  th e  use o f  L am inaria  sacch a rin a  
has been rep o rted  as  a  b io assay  organism  f o r  seaw ate r q u a l i ty  (Burrows and 
Pybus, 1971), and as a  to x ic i ty  t e s t  o rganism  fo r  d e te rg e n ts  (Pybus, 1973), 
and cadmium (Markham e t  a l . ,  1980).

The purpose o f  th e  p re se n t s tu d y  w as to  in v e s t ig a te  th e  s e n s i t iv i ty  o f 
L a m in a r ia  s a c c h a r in a  t o  heavy  m e ta ls ,  a n d  to  a s s e s s  th e  p o t e n t i a l  o f  t h i s
a lg a  fo r  both  la b o ra to ry  and f i e l d  p o l lu t io n  s tu d ie s .

«A TER IA IS AND METHODS

ESTABLLS0MMT OP CU1MJHË8

F e r t i l e  sporophytes o f  L am inaria  s a c c h a r in a  were ob ta ined  from shores 
in  Anglesey, N orth W ales. Zoospores were re le a se d  w ith in  a  few hours when 
rep ro d u c tiv e  p o r tio n s  o f  th e  frond  were p la c e d  in  f i l t e r e d  seaw ate r. Volumes 
o f  t h i s  zoospore suspension  were used to  in o c u la te  c u l tu re  medium in  v e s se ls  
c o n ta in in g  g l a s s  m ic ro sc o p e  s l i d e s ,  o n to  w hich  th e  z o o sp o re s  s e t t l e d  and 
a ttach ed  w ith in  24 h.

Under th e  c o n d itio n s  employed, th e  zoospores germ inated w ith in  3 days 
and developed to  form  th e  m icroscop ic  m ale and fem ale  gam etophytes. A fte r 
f e r t i l i s a t i o n  th e  s p o re lin g s  developed b y  c e l l  d iv is io n  and en largem ent, th e  
m a jo r i ty  c o m p r is in g  e ig h t  o r  m ore c e l l s  w i th in  20 to  30 days o f  zo o sp o re  
r e l e a s e .  When m a c ro sc o p ic , a f t e r  a p p ro x im a te ly  45 d a y s , th e  young 
s p o ro p h y te s  w ere  rem oved fro m  th e  s l i d e s  and c u l tu r e d  in  a  f r e e - f l o a t i n g  
c o n d itio n .
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CULTURE CCHDmCKS

The s to ck  and exp erim en ta l c u l tu re s  were m ain tained  under s e m is ta t ic  
c o n d itio n s  w ith  renew al o f th e  medium tw ic e  p e r week. The c u l tu re  medium was 
p re p a re d  from  f i l t e r e d  (1 pim) s e a w a te r ,  c o l l e c t e d  fro m  a  p o s i t i o n  16 km 
o ffsh o re  in  th e  I r i s h  sea, and i s  d esc rib ed  in  T able I .

Table I .  Composition o f  th e  c u l tu re  medium

Compound Q uan tity  (mg)

NaNO-z
Na2HP04 .12H20

4 2 .0
11.0

FeCl-z. oHpO 
MnSO/. 4HpO

0.27
0.024

KT 1 .7
Vitam in B12 0.001
F i l te r e d  seaw ater to  1 000 ml

G la s s  c u l t u r e  v e s s e l s  c o n ta in in g  5 1 o f  medium w ere  em ployed , w ith  
g e n t l e  a e r a t i o n  o f  th e  c u l t u r e s  e x c e p t  d u r in g  z o o sp o re  s e t t l e m e n t .  The 
c u l tu re s  were m ain ta ined  a t  a  tem p era tu re  o f  8  + 1 °C w ith  a  photoperiod o f 
18 h a t  a  l ig h t  in te n s i ty  o f  app rox im ate ly  2 500 lux.

TOXICITY EXPFRDÏEHTS

The s e p a r a te  e f f e c t s  o f  c o p p e r , z in c ,  m ercu ry  ( in o rg a n ic )  and m e th y l 
m ercury were in v e s t ig a te d  on :

1. th e  growth o f  m acroscopic sporophytes ;
2 . th e  developm ent o f  zoospores, th rough th e  gam etophyte s ta g e s , to  

m icroscopic sp o re lin g s .

The g row th  o f  th e  m a c ro sc o p ic  s p o ro p h y te s  was e x p re s se d  a s  th e  
p e rc e n ta g e  in c r e a s e  in  s u r f a c e  a r e a  o f  th e  f ro n d s .  G roups o f  20 o r 30 
sporophy tes, c u ltu re d  from th e  zoospores o f  a  s in g le  "paren t"  were c u ltu red  
in  a  ra n g e  o f  c o n c e n t r a t io n s  o f  each  m e ta l  f o r  14 d a y s , and th e  g ro w th  
compared w ith  t h a t  o f  a  c o n tro l group.
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The d ev e lo p m en t o f  z o o sp o re s  in o c u la te d  i n to  c o n t r o l  and m e ta l 
tre a tm e n ts  was determ ined by m icro sco p ic  exam ination o f randomly se le c te d  
s l i d e s  rem oved from  th e  v e s s e l s  a t  i n t e r v a l s ,  th e  f i n a l  a s s e s s m e n t b e in g  
based  on th e  s i z e  ( c e l l  num ber) and s u r v i v a l  ( d e n s i ty  o f  p l a n t s  on th e  
s l id e )  o f  th e  sp o re lin g s .

The c o n c e n t r a t io n s  o f  th e  m e ta ls  w e re  a c h ie v e d  by th e  a d d i t io n  o f  
c o n c e n tra te d  s to c k  s o lu t i o n s  o f  th e  m e ta l  c h lo r id e  o r  s u lp h a te  ( z in c )  in  
deion ised  w ater, th e  maximum a d d it io n  b e in g  4 m l.l“ "'. C oncen tra tions were 
expressed a s  w eight o f  th e  m eta l ion  per l i t r e .

ACCOMOIATICH

The a c c u m u la tio n  o f  c o p p e r  by s p o ro p h y te s  exposed  to  a  ran g e  o f  
co n cen tra tio n s  o f copper f o r  14 days was in v e s t ig a te d , by removing p la n ts  a t  
i n t e r v a l s  f o r  a n a l y s i s  o f  t h e  f r o n d  t i s s u e s  by  a to m ic  a b s o r p t i o n  
spectrophotom etry  fo llo w in g  ac id  d ig e s t io n . The d i s t a l  p o rtio n  o f th e  frond , 
n o t g ro w in g  d u r in g  th e  e x p o su re  p e r io d ,  was a n a ly s e d  s e p a r a t e ly  fro m  th e  
grow ing p o rtio n  (c lo se  to  th e  ju n c tio n  o f  frond and s t ip e ) .

Three p la n ts  were sampled from a  c o n tro l  and each m etal tre a tm e n t on 
each occasion. A nalyses of 35 a d d i t io n a l  p la n ts ,  sampled from th e  pop u la tio n  
used  to  p ro v id e  th e  e x p e r im e n ta l  g ro u p s , w ere  c a r r i e d  o u t to  p ro v id e  an 
a d d it io n a l  "co n tro l"  b a s e lin e  f o r  com parison.

RESILTS

TOXICITY

The e f f e c t s  o f  c o p p e r , z in c  and in o r g a n ic  and m e th y l m ercu ry  on th e  
growth o f  th e  m acroscopic sporophy tes a r e  shown in  F ig . 1. The r e s u l t s  fo r  
each m e ta l  s u g g e s t  a  c o n c e n t r a t io n  r e l a t e d  re sp o n se  above a  c e r t a i n  
th re sh o ld , w ith  s ig n i f ic a n t  (P = 0.05) in h ib i t io n  o f  growth a t  50 jjg  Cu.l- 1 , 
1 000 j ig  Z n .l“ 1 , 50 jug H g.l- 1 , and  5 ) ig  H g (m e th y l) .I - 1 .
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F ig . 1. The e f f e c t s  o f  copper (a), z in c  (b), and in o rg an ic  and m ethyl 
m ercury (c) on grow th (14 days) o f  th e  sporophyte o f  L am inaria  
sa c c h a rin a .

The e f f e c t s  on th e  s i z e  o f  s p o r e l i n g s  c u l t u r e s  from  z o o sp o re s  in  th e  
m e ta l  t r e a tm e n t s  a r e  shown in  F ig . 2. The c o n c e n t r a t io n s  found  to  c au se  a 
s ig n i f i c a n t  in h ib i t io n  o f grow th in  th e s e  experim ents w ere low er, in  each 
case , th an  fo r  th e  sporophyte, and were 10 p g  Cu.l“ 1, 1 0 0 p g  Zn.l- 1 , 
5 p g  H g . l -1  , and  0 .5  p g  H g ( m e th y l ) . l -1  . S u r v i v a l  a t  t h e s e  " e f f e c t  
c o n c e n t r a t io n s "  was red u ced  o n ly  f o r  in o r g a n ic  m ercu ry . F or c o p p e r, z in c ,
and m e th y l m ercu ry , th e  c o n c e n t r a t io n s  c a u s in g  a  s i g n i f i c a n t  d e c re a s e  in

—1 —1 —1s u rv iv a l  were 25 p g . l  , 1 000 p g . l  and 1 p g . l  ' re sp e c tiv e ly .

ACCUMHATTCH

The a c c u m u la t io n  o f  co p p er by th e  d i s t a l  p o r t i o n  o f  th e  f ro n d  (n o t 
grow ing d u rin g  exposure), when c u ltu re d  in  s u b le th a l  c o n c e n tra tio n s  o f  th e  
m e ta l ,  i s  shown in  F ig . 3- S i g n i f i c a n t  a c c u m u la tio n  had o c c u r re d , a t  a l l  
c o n c e n tra tio n s  o f  copper examined, w ith in  the  14 day p e rio d , and th e  t i s s u e  
copper c o n c e n tra tio n s  w ere reaso n ab ly  w e l l  r e la te d  to  co n c e n tra tio n  in  th e  
medium.
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F ig . 2 . The e f f e c t s  o f  co p p er ( a ) ,  z in c  (h ) , in o r g a n ic  m ercury  (c ) , 
and m e th y l m ercu ry  (d) on t h e  c e l l  num ber o f  s p o r e l in g s  o f  L. 
sa cch a rin a , c u ltu re d  from zoospores in  th e  m eta l tre a tm e n ts .

The a c c u m u la tio n  o f  co p p er by th e  g ro w in g  p o r t io n  o f  th e  f ro n d  was 
low er, and more e r r a t i c ,  than  fo r  th e  d i s t a l  p a r ts  and th e re fo re  th e  r e s u l ts  
a r e  n o t  d e s c r ib e d  h e re  in  d e t a i l .  I t  i s  p ro b a b le  t h a t  g ro w th  o c c u r r in g  in  
t h i s  p a r t  o f  th e  f ro n d  te n d e d  to  " d i l u t e "  th e  t i s s u e  c o n c e n t r a t io n s  
r e s u l t in g  from uptake  o f  copper.
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P ig . 3« The accum ulation  o f  copper by th e  d i s t a l  frond  t i s s u e s  o f  th e  
sporophyte o f  l a m in a r ia . sacch arin a .

D iaC D SSrC H  AHD c c h c e u s ic h s

U n ti l  more i s  known abou t th e  form , o r  sp é c ia tio n , o f  heavy m eta ls  in  
s e a w a te r ,  and th e  f a c t o r s  a f f e c t i n g  t h e i r  b i o l o g i c a l  a v a i l a b i l i t y ,  th e  
re lev an ce  o f  th e  r e s u l t s  o f  la b o ra to ry  to x i c i t y  t e s t s  to  th e  f i e ld  s i tu a t io n  
i s  u n c e r ta in . However, c o n s id e ra tio n  o f th e  s e n s i t i v i t y  o f  an organism  to  
heavy  m e ta l s ,  and th e  t e c h n iq u e s  a v a i l a b l e  f o r  s tu d y in g  t h a t  o rg a n is m 's
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r e s p o n s e , i s  w o r th w h ile .  F i r s t l y ,  an u n d e r s ta n d in g  o f  th e  b i o l o g i c a l  
s i g n i f i c a n c e  o f  e le v a te d  c o n c e n t r a t i o n s  o f  m e t a l s  m u s t b e  g a in e d ,  
u l t im a te ly ,  from b io lo g ic a l  system s th a t  a r e  s e n s i t iv e  to  sm a ll d if fe re n c e s  
in  b io lo g ic a l  a v a i l a b i l i ty .  Secondly, because  o f th e  w ea lth  o f in fo rm atio n  
a v a i l a b l e  in  th e  l i t e r a t u r e ,  th e  r e l a t i v e  s e n s i t i v i t y  o f  a  te c h n iq u e  to  
heavy m eta ls  can be ev a lu a ted , which may h e lp  in  c o n sid e rin g  i t s  va lue  fo r  
s t u d y i n g  t h e  e f f e c t s  o f  o t h e r  ty p e s  o f  c o n ta m in a n t  o f  t h e  m a r in e  
environm ent.

I t  i s  beyond th e  scope o f  t h i s  paper t o  review  f u l ly  th e  l i t e r a t u r e  on 
th e  t o x i c i t y  o f  th e s e  m e ta ls .  H ow ever, th e  r e s u l t s  o f  t h i s  s tu d y  a re  
compared in  Table I I  w ith  th o se  f o r  s e v e ra l  o f th e  more s e n s i t iv e  organism s 
t h a t  have been  r e p o r te d .  C om prehensive  c o m p a riso n s  o f  th e  s e n s i t i v i t y  o f  
organism s to  copper and m ercury a re  made b y  Taylor (1978) and T aylor (1977) 
re s p e c tiv e ly . I t  was concluded th a t  th e  s e n s i t i v i t y  o f  la m in a r ia  sacch a rin a  
was s im i la r  to  th a t  o f  th e  more s e n s i t iv e  o f  the  m arine organism s f o r  which 
d a ta  a re  a v a ila b le , f o r  th e  m e ta ls  employed.

T ab le  I I .  S e n s i t i v i t y  " th r e s h o ld "  r e p o r te d  f o r  s e l e c t e d  m arin e  
organisms

Organism Threshold (pig.l"-1 ) R eference

Cu Zn Hg

L am inaria sa c c h a rin a  
(a lg a )

10 100 5 T his study

Cam panularia f le x u o sa  
(hydro id )

10 - 2 1

C r is t ig e r a  sp . 
(pro tozoan)

- 125 3 2

Skeletonem a costatum  
(m icroalga)

10 50 5 3 , 4 , 5

Key to  re fe re n ce s  : 1 = S tebb ing  (1976)
2 = Gray and Venti l i a  (1973)
3 = Burrows and S h arp ies  (1972)
4 = Jensen  e t  a l .  (1974)
5 = R ice e t  a l .  ( 1973)
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J e n s e n  (1981 ) re v ie w e d  th e  v a r io u s  a p p ro a c h e s  t h a t  have been used  tc  
in v e s t ig a te  th e  e f f e c t s  o f  heavy m e ta ls  on a lg ae  in  both th e  lab o ra to ry  and 
th e  f i e l d .  Many o f  th e  d i f f i c u l t i e s  a s s o c ia te d  w ith  u se  o f  u n i c e l l u l a r  
a lg ae  f o r  such purposes m ight be overcome by th e  use  o f m acroalgae such as 
L am inaria. Although th i s  s tu d y  employed s t a t i c  c u l tu re s ,  re g u la r  replacem ent 
o f th e  medium probably  helped to  reduce th e  in te r a c t io n s  betw een th e  m etal 
and th e  e x t r a c e l l u l a r  p ro d u c ts  o f  th e  a lg a  and th e  ch an g es in  a l g a l  
p h y s io lo g y  a s s o c ia te d  w i th  c u l t u r e s  in  a  l i m i t e d  volum e o f  medium. In 
a d d i t i o n ,  b o th  th e  m ic ro s c o p ic  and m a c ro sc o p ic  s ta g e s  o f  L a m in a r ia  
sacch a rin a  a re  amenable to  c u l tu re  under con tinuous-flow  co n d itio n s  which 
could enable to x ic a n t c o n c e n tra tio n , n u t r ie n t  s t a tu s  and a lg a l  growth r a te  
to  be more f u l ly  c o n tro lle d .

The r e s u l t s  o f  th e  p re lim in a ry  accum ulation  s tu d y  w ith  copper rep o rted  
here , and th e  work o f  Bryan (1969) w ith  L am inaria  d ig i t a t a  and z in c , su g g est 
t h a t  th e  f ro n d  t i s s u e  o f  L a m in a r ia  may e x h i b i t  r e l a t i o n s h i p s  b e tw een  
in te r n a l  and e x te rn a l c o n c e n tra tio n s  o f m eta ls  which could be e s ta b lish e d  in  
th e  l a b o r a to r y  to  h e lp  t h e  i n t e r p r e t a t i o n  o f  f i e l d  m on ito ring  programmes. 
Jensen  (1981) describ ed  some o f  th e  d i f f i c u l t i e s  a sso c ia te d  w ith  th e  sp e c ie s  
o f  seaw eed  t h a t  a r e  c u r r e n t l y  u se d  in  su ch  m o n ito r in g  w ork. Many o f  th e s e  
would be overcome u s in g  L am in aria  sa c c h a rin a  because th e  lo c a lis e d  grow th 
zone e n a b le s  t i s s u e  t o  th e  r e l i a b l y  aged u s in g  h o le s  punched in  th e  f ro n d  
(P a rk e , 1948). F u r th e rm o re  th e  a b i l i t y  to  t r a n s p l a n t  l a b o r a to r y  c u l tu r e d  
sporophytes su c c e s s fu lly  to  an a r t i f i c i a l  s u b s tr a te  in  th e  f i e ld  has been 
d esc rib ed  by Thompson (1977), and th e  grow th o f  n a tu ra l  p o p u la tio n s has been 
s tu d ie d  in  d e t a i l  (Parke, 1948).

Thus L a m in a r ia  s a c c h a r in a  may be p o t e n t i a l l y  v a lu a b le  n o t o n ly  a s  a 
l a b o r a to r y  t e s t  o rg a n ism , b u t a l s o  a s  a  means o f  b r id g in g  th e  gap b e tw een  
la b o ra to ry  and f i e l d  o b se rv a tio n s .
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