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The p a t t e r n  of  import and expqr t  of 1 4 ~ i l a b e l e d  a ~ s i r n i l a t a s  
% 

i n  Macrocyst is  i n t e g r i f o l i a  Bory ( i n  B r i t i s h  Columbia) and i n  - .  M.. 

p y r i f e r a  (L.) C.A. Agardh ( i n  southern  C a l i f o r n i a )  was studtied by . 
f 

l a b e l i n g  s i n g l e  b l a d e s  on f ropds .  A system-of  naming th-e f ronds  - 
was devised  t o  show t h e i r  on togene t i c  r e l a t i o n s h i p s ,  a s  a  b a s i s , f o r  

1 

--- - - A A -A a - - A A + a LA -- - A a - A - A A 

' - _ -  - _ _  --r - -- A -  2- - - v-----u-- 

i t- < 

* - 
./I- unGerstanding t h e  t r s l o c a t i o n  pqtt 'ern.  

I - 
. I .  ', /- A l a g  per iod  of about  4 h  be fo re  t r a n s l o c a t f o n  could be 

r, 
P .  

- 

de tec t ed  was found i n  both s p e c i e s .  Most experiments were.of 24 h 

d u r a t i o n  t o  a l low accumulatio? of 14c i n  weak s i n k s ,  wh i l e  minimizing 

a 
enc losu re  s$resses on t h e  l a b e l e d  b lade .  

I 
o <  

a 

The p a t t e r n  of  import and expor t  was s i m i l a r  t o  t h a t  of 

d ico ty ledons :  a c t i v e l y  growing t i s s u e  imported and d i d  n o t  expof t .  
47- 

A s  a  b l ade  r ached-matur i ty  i t  began t o  expor t ,  at f i r s t  on ly  t o  t h e  f . 
apex abovpe i t ,  l a t e r  a l s o  down t h e  frond t o  sporophyl l s  and frond -, 

., ~ i n i G i a 3 s  a t  t h e  base  df t h e  frond-, and i n t o  t h e  a p i c a l  r eg ions  of 

j ~ e n ~ l e  f ronds ;  f i n a  y t h e r e  was a  phase,  l a t e  i n  t h e  l i f e  of t h e  ' Y 
b lade ,  when' f ranspor t '  was on ly  downwards. Young- f ronds  imported from 

I 

o l d e r  f ronds  u n t i l  they were approximately 1.5-2 m long i n  t he4case  
6 . . of - M: i n t g g r d f o l i a ,  and 3 m long i n  - M. p y r i f e r a ,  by which they had 

'7 

developed mature,  upward-exporting b lades .  The d i s t a n c e s  bf a  b l ade  

- -- - --- - 

r from t h e  apex a t  which e x p o r t  Eegan and ' a t  whicK downward tFi%nslocation '. n - 

began d i f f e r e d  with tkfirral length of XCMX fronds .  Th-irs 3;mgth-- - r- 



- - a - - - - 6 .  - 

- \ .  --- - - - - - - --+4 ---- 
i s  a  func t ion  of t h e  depth bf water  -in which t h e  p l a n t  grows. Thvs 

' L  

' 2  
/ 

-ther,e were d i f f e r e n c e s  between t h e  tw6 spec i e s  ahd bgtweed didffei-eht 0 , , 
c I 

i '  depth, populat ions .of - M. pyrifera ' .  ,,In M. tpyr$f e r a  a t  Arch Rock (8-10 m 1 

L I - *  I * 
., - ' 8 1 '  

belot3 low water)  expor t  began a t  approdimately 1 k f torn"~he .  apex apd. 
9 

d - 
' t 1 , I .  

downwa'rd t r a n s p o r t  3.5'm from tbe  apex. I n  7- M. ' i n t e g ~ i f o l i a  u 1 (1-2 m 2 9 
, C 

1 

L '  ' B  " b e i w  low water)  expor't b ~ g a n  a t  a b ~ u t  0.3 fro? the  apex; wh i l e  downward 
b y .  

f *  ' 1  

-rat& p o r t  b e g m  -ab m t  k 2-ln from.th& +F in-mr f ngi9 a n d - - 0 ~ 5 - m - k t f a f L  - 
' The s e a s o n a l  changes i n  t r a n s l o c a b o n '  p&te;n i n  M. i n t e g r i f o l i a  could . 

I ,  
- 

h I . L 
" r  > 

i 
- I 

* >  
be corre' latgd wi th  g r o w t h . r i t e  changes. . * .  

- 

' . - ;n 
The t i a n s l o c a t i ~ ~  p a t t e r n  w a s  s tud ied  - a t  va r ious  . s tages  of the. , 

developmint qf pdung* M. i n t e g r i f o i i a . .  m e  f  i r i t  few, blade's which a r e  , 
0 i - 

\ * 
formqd . . i n  t h e  p;im'arp f ronds  -- which 'become frbnd i n i t i a l s  and sporophyl l s  

. . ' . 
+ ,  

'-- begin e,xport a t , a b o u t  t h e  t ime they a r e  f r e e d  from t h e  a p i c a l  s c i m i t a r ,  
\ 

. but. cease  'ekporvt.when mature- s t s r i l e  laminae have been formed above them. 

, I . ' No t r a n s i d c a t i o n  was found from a  young$r frbnd t o  an  o l d e r  f rond ,  

b 
nor  was t h e r e  t r a n s l o c a t i o n  upwards from a  b lade  on a frond lacking  the  
a 

I 

a p i c a l  region.  Removal of t h e  a p i c a l  s c i m i t a r  and immature b lades  l e d  

t o  an inc rease  i n  downward expor t .  The a p i c a l  s c i m i t a r  and t h e  immature 

f r e e  b lades  were.found t o  be  two s i n k s  each capable of s u s t a i n i n g  upward 

t r a n s l o c a t i o n  . The c u t t i n g  experiments suggest  t h a t  t h e r e  is  a t i c a l  

domin'ance i n  Macrocystis.  . 
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+ F i r s t  and foremost I must . ,  a t tempt  t o  express  my g r a t i t u d e  t o  

, 
my p r i n c i p a l  adv i se r ,  D r .  Louis D.Draeh1. - T h i s  i s  a d i f f i c u l t  t a s k , ,  
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p ro j ec t -  - t L r o u g f r m y ~ , -  N o t  only--Chat, h e _ p r ~ y  i d e L e n c m a g e m e n  t _anL_, 

fec&endation.s f o r  s t u d i e s  abroad; which bes ides  improving 4' t h e s i s ,  
- 

were . invaluable exper iences  that '  enr iched  my l i f e  and a r e  apprec ia ted  

- - 

more and more a s  time goes by. c, 

I '  
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f 
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% .  
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' 
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0 

% 
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a 
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. - 
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S t a t i o n ,  Barnfield, B.C1 during he yea r s  i n  J h i c h  i t  was becoming 

, - .  --- 

- ( "es tab l i shed"  The r e sea rch  s t a t i o n  was s e t  up through t h e  e f f o r t s  of 

many people b t  t he  f i v e  Western Canadian U n i v e r s i t i e s ,  notab + 
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i 
/ 
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'a 
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My at tempt  t o  s tudy  t r a n s l o c a t i o n  wi th  Y. p y r i f e r a  , i n  Argentina 

' 9 .  
was thwarted d e s p i t e  t h e A s t r e n u o u s  e f f o r t s  o f  4 D r .  Hugo L. Ba r ra l e s .  
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I I 
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\ INTRODUCTION 

* 
I t  has long been supposed t h a t  brown a l g a e  of t he  Order 

~ a m i n a r i a l e s  a r e  a b l e  t o  t r a n s l o c a t e  photoassimilated compounds 

w i t h i n  t h e i r  t h a l l i .  Reinke (1876) f i r s t  repqr ted  f i l amen t s  of 

e longated  c e l l s  w i th  pe r fo ra t ed  end-walls, i n  Laminaria sacchar ina  (L.)- 
-- - - - - - - - ---- 

Lam. and A l a r i a  e s c u l e n t a  (L.) Grev. The f i r s t  r e p o r t  of f i l amen t s  i n  
B 

Macrocyst is  was w i l l ' s  (1884) d e s c r i p t i o n  from M. l uxu r i ans  Hook. f i l  - 3 
et Harv., now r e f e r r e d  t o  M. p y r i f e r a  (L.) C.A. Ag. Since t$en va r ious  - 

au tho r s  have e l abo ra t ed  the'se d e s c r i p t i o n s ,  bo th  a t  the '  l i g h t  microscope . , 

l e v e l  (summarized by.Esau 1969), and a t  the  u l t r a s t r u c t u r a l  l e v e l  

(Z ieg le r  & Ruck 1967; Parker  & P h i l p o t t  1961; Parker  & Huber 1965). I n  
---/ 

r e c e n t  years  Schmitz & Sr ivas t ava  (1974, 1975, 1976) have conducted 

elegan't e l e c t r o n  microscope s t u d i e s  of t h e  development of s i e v e  elements 

i n  va r ious  ke lps .  , 
?. . 

B 

I n v e s t i g a t i o n s  i n t o  t h e  func t ioning  of t h e  s i e v e  elements of 

k e l p s  was a t  f i r s t  deduct ive:  exudat ion was found a t  t h e  c u t  ends of 

s t i p e s  (Cra f t s  1939); then Sargent  & Lan t r ip  (1952) showed t h a t  growth 

of Macrocystis p y r i f e r a ' a p i c e s  could no t  be accounted f o r  by t h e i r  own 

photosynthes is ,  whereas i n  mature reg ions  of t h e  t h a l l u s  carbon f i x a t i o n  

was cons iderably  i n  excess  of growth, and concluded t h a t  t r a n s l o c a t i o n  

r e d i s t r i b u t e d  photoass imi la tes .  D i r ec t  evidence of t r a n s i o c a t i o n  was 

f i rsc  provided by Parker  (1963, 1965), who demonstrate& nrwmremof -14c - -- . - 

and f l u o r e s c e i n  dye both upwards and downwards i n  t h e  s t i p e - o f  M.spyrifera 
- - 

\ f 

from t h e  source  b lade ,  and i n t o  o t h e r  blade;, inc luding  the ,  a p i c a l  blade .  
, 



It has  now been shown f o r  Nexeocys t i s  1 L e u ~ e a n i ~ ( M ~ ) - L ~ ~ ~ i c h o 1 ~  
\ 

& ~ r i g g s - m ,  and f o r  Laminaria hyperborea (Gunn. ) Fos l .  ( S t e i n b i s s  
0 I 0 

& Schmitz 1973),  t h a t  t h e  s i e v e  elements a r e  indeed the  condui t s  f o r  

f o r  t r a n s l o c a t i o n .  

The ,p i c tu re  of t h e  s i e v e  element system t h a t  has  emerged from 

t h e  works of t he  v a r i o u s  au tho r s  c i t e d ,  and e s p e c i a l l y  from those  of 

Schmitz & Sr ivas t ava ,  i s  o n e o L a r e t i r u 1  m of s i e v e  elements,  each cell- - -  
- e 

having a f u l l  complement of mitochondria,  Golgi bodies ,  -endoplasmic 

re t icu ln i ,  e t c . ,  and i n  some s p e c i e s  r e t a i n i n g  t h e  nucleus throughout 
/ 

t h e i r  f u n c t i o n a l  l i f e t i m e .  The s i e v e  elements f  o m  an  &nterconnected 

network i n  t h e  medulla of s t i p e 7 a n d  blades, and o r i g i n a t e  from c e l l s  of 

J t h e  i n n e r  cor tex .  dh 
Although t h e  t r a n s l o c a t i o n  p a t t e r n  had n o t  been demonstrated 

exper imenta l ly  a t  t h e  t ime I began my experiments,  t h e  accepted concept 

of t r a n s l o c a t i o n  i n  Macrocyst is  was one of mature sources  supplying 1 

photoass imi la tes  t o  immature, mer is temat ic  s inks .  This  was a l o g i c a l  

e x t r a p o l a t i o n  from vascu la r  p l a n t  s t u d i e s , @  and had been made even before  

Sargent  b l a n t r i p ' s  work (1952). I n  h igher  p l a n t s  t h i s  concept has  been 

w e l l  worked out  u s ing  r a d i o t r a c e r s  (c f .  Esau 1969; Aronpff e t  a l .  1975). -- 
It can b'e b r i e f l y  summarized a s  fol lows:  The p l a n t  body can be  d iv ided  r 
i n t o  two regions:  those  i n  which photosynthe t ic  carbon f i x a t i o n  accounts i 
f o r  o r  exceeds t h e  needs f o r  t h e i r  own growth, and those  i n  which i t  does 

- -- --- - 

not .  The f i r s t  ca tegory  inc ludes  only  mature l eaves .  The' second ca tegory  
- -- 

( t h e  s i n k s )  i n c l t d e s  non-green sfems, r o o t s ,  and most meris tematic  regions -- 
4 

where &wth o u t s t r i p s  cPrbon f i x a t i o n .  I n  t he  p a r a l l e l  s i t u a t i o n  i n  



D 

Macracys t i s  r i f e r a  i t - w a s  assumed that '  h e e c o n d  ca tegory  would a l s o  
=7r- -- -- - pL 

4 

i n c l u d e  young f ronds  a r i s i n g  from t h e  base of t h e  p l a n t s ,  where l i g h t '  

could be l i m i t i n g  because of t h e  dep th  of water  and t h e  su r f ace  canopy - .  

of a d u l t  f ronds .  Trans loca t ion  i n  vascu la r  p l a n t s  involves  t he  movement 

of pho toas s imi l a t e s  i n t o  t h e  phloem of t he  minor v e i n s  of  t h e  s o m e  
" 

I ' 

l e a v e s ,  and through t h e  s i e v e  tubes of t h e  phloem t o  t h e  s i n k  reg ions  

i ' 

where the  a s s i m i l a t e s  can be  unloaded; i f  t h e r e  i s  no unloading, t h e r e  
- 

may b e  feedback t o  t h e  sources  causing a dr'op i n  photosynthesis .  Angiosperm 
$ ' 

l e a v e s  begin a s  s i n k s ,  bu: when h a l f  t o  three-quar te rs  un fu r l ed  become 

sources ,  a t  . f i r s t  supplying t h e i r  excess  a s s i m i l a t e s  t o  t h e  l eaves  

above them, and l a t e r  t o  stems, r o o t s ,  s t o r a g e  organs., younger shoo t s ,  

0 

and f r u i t .  I 

Although Macrocyst is ,  by analogy, was thought t o - h a v e  a sim'ilar 

t r ans loca t ion '  p a t t e r n ,  Parker '  s experiments had n o t  ,shown t r a n s p o r t  i n t o  

4 
young f ronds ,  nor  had they d e t a i l e d  ~ h i c h ~ b l a d e s  were sources  of a s s i m i l a t e s  

and which were s inks .  The Macrocystis p l a n t  c o n s i s t s  of miristema 2 i c  
J 

r eg ions  separa ted  by mature reg ions ,  and i s  cons iderably  more complex 

than  simple ke lps  such a s  

d i s t a l  (mature) reg ion  'o f  

r eg ion  a t  t h e  junc t ion  of 

1969; ~ U n i n g  e t  a l .  1972, 

Laminaria,  i n  which i t  had been s h o y  t h a t *  t h e  

the  lamina exported t o  t h e  t r a n s i t i o n  meris tematic  

t h e  s t i p e  and lamina, and t o  hap te ra  (Llfning' 

1973). Even the  g i a n t  ke lp  Nereocyst is  Bas 

t h i s  simple l i n e a r  arrangement of source  and s i n k s  (Nicholson & Briggs 

19721, which has  r e c e n t l y  been shown t o  be  gene ra l  i n  .the L p L n a r i a l e s  



, - The 0b jec t ives ;o f  t h e  p re sen t  work were t o  expand Pa rke r ' s  

* ,  
r a d i o t r a c e r  experiments:  to i n v e s t i g a t e  t r a n s l o c a t i o n  i n t o  , .  young f r w d s ,  . 
and t o  de f ine  source  and s i n k  reg ions  of the  f rond .  Experiments were 

' c a r r i e d  ou t  p h n c i p a l l y  on t h e - l o c a l  spec i e s ,  Macrocyst is  i n t e g r i f o l i a ,  

b u t  a  b r i e f  s tudy was a l s d  conducted on M. p y r i f e r a  i n  southern  C a l i f o r n i a  - 
d 

*. 
t o  i n v e s t i g a t e  depth e 3 f p c t s  on t h e  p a t t e r n  of carbon d i s t r i b u t i o n  a s  

- + .  
- w e l l  a s  i n t e r s p e c i e s  d i f f e r ences .  a 
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9. , -,. , L a . $6, ., 

METHODS - -- - - - A- - - - -  ~- 

I. F i e l d  procedures 

S t i p e  e longa t ion  was used a s  an index of t he  

p l a n t s :  f rbnds  tagged wi th  numbered surveyor ' s  t ape  were m&ured wi th  

a meter  s t i c k  approximately weekly. The d a t a  were and smooth 

'., 
curves  drawn through them. Length-increments over 5-day i n t e r v a l s  taken 

J from t h e  yufves were used t o  c a l c u l a t e  percent  d a i l y  e longat ion .  Linear  

r e g r e s s i o n  a n a l y s i s  of percent  d a i l y  e longat ion  ve r sus  loglO average s t i p e  

l e n g t h  i n  each )-day i n t e r v a l  y i e lded  t h e  "s tandard g ~ o w t h  r a t e "  (c) 
(North'-1971), t h e  y - in t e rcep t  of t h e  r eg re s s ion  l i n e ,  t h a t  is ,  t h e  "percent  

d a i l y  e longat ion  normalized t o  a f rond l eng th  of one meter" (North, op. 

i t . ,  . 1 4 3  This  s t a t i s t i c ,  which North haq used ex tens ive ly  t o  compare 

growth r a t e s  of M. p y r i f e r a  over  t i m e  and between popula t ions ,  i s  normally 

g iven  without  u n i t s .  

A l l  t r a n s l o c a t i o n  experiments were c a r r i e d  ou t  i n  s i t u  us ing  SCUBA 

d i v i n g  equipment. Normally a s i n g l e  b lade  somewhere on a frond was s e l e c t e d  

as t h e  experimental  b l ade ,  h e r e i n a f t e r  r e f e r r e d  t o  a s  t h e  l abe l ed  b lade ;  i n  

a few experiments a - group of b l ades  was labe led .  A c l e a r  polyethylene bag, 
. - 

w i t h  a serum cap h e l d  i n  t h e  s i d e  by a s h o r t  p i ece  of p l a s t i c  tubing,  was 

s e a l e d  around t h e  b.ase 8 of t h e  pneumatocyst wi th  a rubber band, enc los ing  

, about  2 l i t r e s o f  t h e  surrounding seawater.  Radioact ive sodium bicarbonate  
\ 

was i n j e c t e d  i n t o  t h e  bag through t h e  serum cap and mixed z t h  t h e  seawater 

14 by a t i t a t i n g  the  bag. Normally about 2 5 0 p ~ i  [ C]-NaC03 w a s  adtfed (2.5 7 - 
z .  4 

b ' '  d, of s tock  s o l u t i o n ) .  ' , i 



P l a s t i c  bags Kave p rev ious ly  been used'to incubat&, - pyrif-era- - 

b l a d e s  wi th  1 4 C  by Parker  (1965) and by Towle 6 pears; (1973). The l a t t e r  

au tho r s  su.ggested t h a t  photosynthes is  may have been nu t r i en t - l imi t ed  i n  

t h e i r  6 h experiments.  In  h i s  24 h experiments on product ion  o: mar ine ,  

--. 
rnacrophytes, Johnston (1969) found t h a t  i f  a r a t i o  no t  exceeding 0.1-0.3 

- g d r y  weight a l g a  per  l i t e r  of seawater was used no n u t r i e n t '  o r .  CO 
2 - 

d e f i c i e n c y  e f f e c t s  were found. Weights of & p y r i f e r a  b l ades  range up t o  

1 . 5  g d r y  w t .  (North 1971) (with t h e  except ion  of sporophyl l s  which a r e  

' cons iderably  heav ie r ) .  This  sugges ts  t h a t  t h e r e  may have been n u t r i e n t -  . 

l i m i t a t i o n  dur ing  my experiments;  t h e  e f f e c t  would have been most pronounced 

when photosynthes is  w a s  h ighes t .  Short-term (1-8 h), experiments were 

c a r r i e d  ou t  on bo th  s p e c i e s  of Macrocyst is ,  bu t  i n  order  t o  have a 

measurable amount of r a d i o a c t i v i t y  i n  t h e  s inks  I chose a 24 h du ra t ion  , 

f o r  most of t h e  experiments.  A few 2-6 day experiments were c a r r i e d  out  -a 

on g. i n t e g r i f o l i a .  (The use of l a r g e r  bag: would have done l i t t l e  t o  4 

t 

m i t i g a t e  the  n u t r i e n t - l i m i t a t i o n  problem inasmuch a s  a s t a t i c  l a y e r  of . 

water  would s t i l l  form over t h e  b l ade  s u r f a c e ;  however l a r g e r  bags would 

have increased  drag  on t h e  frond and t h e  r i s k  of t he  b l ade  be ing  t a r n  away.) 

A t  t h e  end of t h e  experiment t h e  l abe l ed  frond and t h e  young 

f ronds  a s soc i a t ed  wi th  i t  were c u t  from t h e  p l a n t  and brought  t o  t he  

s u r f a c e  (small  p l a n t s  were brought  up whole),  where t h e  l abe l ed  b l ade  w a s  

c u t  from the  s t i p e  w i t h  t h e  bag of r a d i o a c t i v e  seawater  s t i l l  i n t a c t  around 

it. The p o s i t i o n  of t h e  l abe l ed  b l ade  w a s  marked w i t h  surveyor 's  t ape .  

The f ronds  were t r anspor t ed  m f s t  t o  t h e  l a b o r a t o r y  by b o a t  trip of from 
\ 

10  min t o  3 h) .  , P l a n t s  i n  t h e  short- term experiments were e i t h e r  sampled 
P 

f o r  a n a l y s i s  immediately o r  taken t o  t h e  l abo ra to ry  i n  darkened con ta ine r s ,  



b u t  no p re se rva t ion  o r o t h e r  s p e c i a l  t reatment  was undertaken on p l a n t s  

from 24 h experiments.  Duration? given i n  t h e  t a b l e s  of d a t a  do no t  

i n c l u d ~  t r a n s p o r t a t i o n ,  handl ing ,  and drying times. 

During the  course  of t h e  experiments I l abe l ed  'blades i n  every p o s i t i o n  

on a frond from the  a p i c a l  s c i m i t a r  t o  t h e  frond i n i t i a l .  P l a n t s  i n  which 

I was a b l e  t o  f i n d  t h e  primary frond o r  i t s  remains (52 ou t  of 97 experiments 
j-'.A - 

on g. p y r i f e r a )  could b e  aged by t h e  number of f ronds  t h a t  had been formed. 

I n  t h e  case  of M. p y r i f e r a  t h e  youngest p l a n t  had only the  two primary 

f ronds ,  each less than  1 m long;  f o r  - M. i n t e g r i f o l i a  I conducted a s e r i e s  

of experiments on -ve ry  young p l a n t s ,  from t h e  undivided lamina s t a g e  onwards. 

(These s t a g e s ,  and t h e  terminology o f '  f ronds  and t h e i r  p a r t s ,  a r e  descr ibed 

i n  t h e  s e c t i o n  "Morphology and Development of Macrocystis.") . 

11. Laboratory techniques 

b 

The f ronds  were measured O and a record  made of t h e  r e l a t i v e  p o s i t i o n s  

4 

\ ,  of t h e  f ronds  and t h e  b lades .  The f ronds  o r  p a r t s  e r e  s t r e t c h e d  o u t  on 

l i n e s  t o  dry. Blades were then  picked of f  and p u t  i n t o  numbered bags o r  

d i shes .  A l l  b l ades  on s h o r t  f ronds  were sampled f o r  14d con ten t ,  b u t  on 

longe r  fronds only t h e  b a s a l  laminae ( inc lud ing  sporophyl l s  and frond 

i n i t i a l s ) ,  a p i c a l  laminae ( a p i c a l  s c i m i t a r  and immature f r e e  b l a d e s ) ,  and 

a few laminae on each s i d e  of t h e  l abe l ed  b l ade  were k e p t  f o r  sampling. 

The samples c o l l e c t e d  i n  C a l i f o r n i a  were r e tu rned  t o  S.F.U. f o r  ana lys is i  

'Throughout t h e  r e s u l t s  I have depic ted  s e l e c t e a  experiments.  These 

' i l l u s t r a t i o n s  were drawn t o  show t h e  ontogenet ic  r e l a t i o n s  of t h e  f ronds  

t o  each o t h e r ,  b u t  do no t  show t h e  a c t u a l  s p a t i a l  r e l a t i o n  of t h e  f ronds  

(cf F i g  8). 



. i  - 
f 

It w a s  no t  p r a c t i c a l  t o  sample thausands of. t i 3 . a d e s 4 p a ~ i p t L v e L y f  - - - -- . 
because uptake of 14c over a  b l ade  i s  uneGen ( c f .  Fig.  1 3  and 18) .  

C 

14 Y 

Therefore  a n a l y s i s  of t o t a l  C conten t  was conducted on a  s i n g l e ,  weighed 

,- 
sample about 25 mg d ry  w t . ,  from t h e  proximal r eg ion  (meris tematic  i n  

immature b lades)  of ea'ch lamina, where most a c t i v i t y  accumulated. Because 

of t h e  q u a l i t a t i v e  n a t u r e  of t he  a n a l y s i s ,  loss of 1 4 C  from blades  during 

d ry ing  and s t d r a g e  w a s  considered inconsequent ia l ,  even though some 
- - - 

v o l a t i l e  compounds may have escaped from the  d r i e d  t i s sue .  [wal len & Geen 

-- (1968) found t h a t  approximately 31% of t h e  r a d i o a c t i v i t y  was l o s t  from 

phytoplankton dry ing  on membrane f i l t e r s ;  t h i s  q u a n t i t y  d i d  n o t  i nc rease  

over  8 weeks of s to rage .  Considerably sma l l e r  l o s s e s  would be expected . d  - 
-C\ 

from massive t i s s u e  such a s  Macrocystis laminae.] 

The dry  t i s s u e  was placed i n  a  s c i % t i l l a t i o n  v i a l ,  rewetted with,  
'i - 
I.. 

0.1-0.2 m l  water ,  and digested, f o r  l i q u i d  s c i n t i l l a t i o n  counting by t h e  
> 

5 

Mahin- ofb berg p e r c h l o r i c  acid-hydrogen peroxide method (Lobban 1974). . = i 

[This  method was c r i t i c i z e d  by Fuchs & de Vrles  (1972), who claimed it, \ _  

.It 

d i d  n o t  g ive  c o n s i s t e n t  r e s u l t s .  However, C r a i g i e  ( i n  p repa ra t ion )  has  

%a 

r e c e n t l y  conducted ex tens ive  t e s t s  of t h e  method and f o u n Q t h a t  a c i d  . ; 
- qd , I L  

s t r e n g t h ,  temperature,  and time of hea t ing  a r e  a l l  c r i t i c a l  f o r ' q u a f l t i t a t i v e  
'E . - ' ,: + 

work. Fuchs & de Vr i e s  d id  n o t  re-wet t h e i r  t i s s u e  saniples, and thus  

t h e i r  a c i d  6oncent ra t ion  was too  h igh . ]  Raw d a t a  i n  counts  p e r  5 o r  10 min 

were co r r ec t ed  f o r  quenching by an  external-stanklard counting e f f i c i e n c y  

t curve  an2 converted t o  d i s i  t e g r a t i o n s  per  minute (dpm) by a n  off=l ine-  -- - -- 

APL computer program. Sine t he  b e c k g r o u d  ef ~ h e  via& a& ee&& ---- 

could n o t  be ~ r e c o u n t e d ,  a n  average of 25 cpm w a s  assumed and sub t r ac t ed  

from t h e  raw c o u n t s , ' b u t  i n  view of t h e  unce r t a in ty  of t h e  background, 



*- - .and on t h e  bas is '  ob ta ined  i n  seve'ral blank t r i a l s ,  I have chosen 
P 

100 dpm7lO mg dry lowest l e v e l  of q 'significant: '  a c t i v i t y .  
- 

Autoradiographs of p l a n t  m a t e r i a l  were prepared by exposing X-ray 

f i l m  s h e e t s  f o r  up t o  12 days t o  t i s s u e  d r i e d  onto  herbarium shee t s .  

A number of experiments on t r a n s l o c a t i o n  i n  very  s m a l l  M. i n t e g r i f o l i a  
i - 

was conducted i n  t he  l abo ra to ry ,  i n  a  tank of running seawater .  On t he  ' - - 

-n, 

s m a l l e s t  p l a n t s  i t  was necessary  t o  u s e - a  p l e x i g l a s  chamber s ea l ed  t o  t h e  ,. 
b lade  su r f ace  wi th  a  s u r g i c a l  g lue  X~Gning -- e t  a l .  1972).  

111. The s tudy s i t e s  and s p e c i e s  i n v e s t i g a t e d  

1. Macrocyst is  i n t e g r i f o l i a  Borv 

This  spec i e s  occupies  t h e  no r the rn  p a r t  of t h e  range of Macrocystis 

i n  North, America, ex tending  from Kodiak, Alaska t o  Monterey, Ca l i fo rn i a .  
k 

I t -  c h a r a c t e r i s t i c a l l y  grows i n  a r e a s  somewhat p ro t ec t ed  from t h e  f u l l  f o r c e  

of t h e  open ocean, and can be found i n  very  p ro t ec t ed  wa te r s  provided t h e r e  

i s  a modest amount of cu r r en t .  The t o t a l  depth range of t h i s  s p e c i e s  i s  

from about I m above t o  8 m below zero G d e .  

The p l a n t s  of t h i s  spec i e s  i n  Barkley Sound, Vancouver I s l and  

(Fig. 1 )  a r e  a l l  i n  r a t h e r  s h e l t e r e d  waters ,  and grow i n  t h e  shal lower S 

p a r t  of t he  depth range f o r  t h e  spec ies .  The cond i t i ons  a t  t h e  two 

p r i n c i p a l  s tudy sites, Barnfield I n l e t  and Ross Islets, can b e  summarized 

Bamfield I n l e t :  The k e l p  bed s tud ied  was on t h e  e a s t  s i d e  of M i l l s  

Peninsula ,  Bamfield, near  t h e  mouth of t h e  I n l e t .  The s u b s t r a t e  is broken 







rock t o  about -2 m ,  beiow which a r e  sediments. The p l a n t s  a r e  a t t ached  
- -- - - - -  

- -- 

down t o  a depth of 1 m below zero t i d e .  The s i t e  has  weak c u r r e n t s ,  and 

i s . g e n e r a l l y  s u b j e c t  t o  l i t t l e  wave a c t i o n ,  except  dur ing  n o r t h e r l y  . 
win te r  storms. + 8 

; '," ' - 4, 

3 - Ross I s l e t s :  Experiments were c a r r i e d  o u t  i n  t h e  ke lp  bed i n  
t ,  '. c - 

L 

t h e  S.W. group of islets,  where t h e  p l a n t s  grow down t o  about -3 m. The 

s u b s t r a t e  is  bedrock, p a r t l y  o v e r l a i n  by sand and s h e l l  sand. The s i t e  is  

p ro t ec t ed  from wave a c t i o n  i n  s p r i n g  and summer, b u t  is  sub jec t ed  t o  

s t r o n g  surge dur ing  f a l l  and win te r .  There is  a moderate, c h i e f l y  n o r t h e r l y  
I 

c u r r e n t .  Ic 

I 
The San J o s e  I s l e t s  p l a n t s  a r e  subjec ted  t o  both  moderate wave 

a c t i o n ,  owing t o  t h e  long f e t c h  of S  and W winds up Trevor Channel and 

SE storms ac ros s  Numukamis Bay, and t o  moderate c u r r e n t s .  The p l a n t s  he re  
- 
were of p a r t i c u l a r  i n t e r e s t  a s  t h e  deepes t  ones were 6-8 m below low - - 

water;a depth comparable t o  tbeAM. p y r i f e r a  s tud ied .  - 

6 

2. Macrocystis p y r i f e r a  (L.) C.A. Agardh 

This  s p e c i e s  over laps  t h e  southern  e x t e n t  of M. i n t e g r i f o l i a ,  - 
and is  found as f a r  a s  no r the rn  Baja Ca l i fo rn i a .  Within t h i s  range s e v e r a l  

k inds  of p l a n t s  have been recognized. The type M. p y r i f e r a  has  a  - 
c o n i c a l  h o l d f a s t ,  and the  lower p a r t s  of t he  s t i p e  a r e  no t  f l a t t e n e d  

(Neushul 1971). This  is  marked c o n t r a s t  t o  M. i n t e g r i f o l i a  i n  which t h e  - 

bases  of t he  s t i p e s  form a d i s t i n c t  rhizome. Neushul-(X959, 19713 --- -7 - - --- 

d i s t i ngu i shed  a  form of M. p y r i f e r a  which has  more f l a t t e n e L s t i p e & w s  2- -- 
a- 

1 

than  t y p i c a l  M. p y r i f e r a y e t  l a c k s  t h e  rhizome of M. i n t e g r i f o l i a .  H e  - - 







1 3  

- - -  -- - 

f e l t  t h a t  i t  was c l o s e s t  t o  M. a n g u s t i f o l i a  B o r y ( a  southern  hemisphere ' . 

s p e c i e s  -- Womersley 1954),  and termed i t  "M. ~ u s t i f o l i a  *northern * 

% 

hemisphere phase". It occurs  a t  s c a t t e r e d  l o c a t i o n s  i n  sou the rn  CalLforn ia ,  

inc luding  the  Santa Barbara reg ion  where some of my experiments were 
C 

\ ? . ,  i 

3 conducted. ~owevek ,  I observed a  g rad ien t  o f  hchdf as't cha rac t e r s .  .betwe& 
* t .  

Y I < 1 * 1 1  - - r 

thdse  G l i n t s  and t y p i c a l  - N:. b;yrifera ; k i c f i4 i  . s tud ied  a ? & r & 2  d e l  Mar + -, 
* , C \  ** 

and San clemewtk Iszand ,  and it"is my o6in ion  t h a t  a l l  the-Mawacjrs t is  -,-- 

i n  southern  C a l i f o r n i a  s h i u l d  be  r e f e red  t o  M. - 

& Lobban 1975, pp. 672-673). For t h e  purposes 

two groups of p l a n t s  a r e  t r e a t e d  s e p a r a t e l y  -- 

doubt,  b u t  'a lso becguse they grew a t  d i f f e r e n t  

The s tudy  a r e a s  i n  2 u t h e m  C a l i f o r n i a  

p y r i f e r a  ( c f .  Ba r ra l e s  

of t h i s  d i s s e r t a t i o n  the  

no t  only because of t h i s  

depths.  

'-< 
(Fig.  2) were 2~ fol lows:  

Corona d e l  Mar ' (~ewport  Beach): t h e  p r i n c i p a l  s tudy  s i te  was 

,near Arch Rock, about 2 km SE of t h e  mouth of Newport Bag. The,.area is  
-"? 

somewhat p ro t ec t ed  fqom t h e  f u l l  f o r c e  of ocean s w e l l s  by . t h e  southern  

group of Channel I s l ands .  Never the less ,  s u b s t a n t i a l  s w e l l s  w e r e  encountered, 

even a t  t h e  seabed , ,on  s e v e r a l  occasions during t h e  s tudy  (October and 

November 1974).  The p l a n t s  were a t t ached  8-10 m below zero  t i d e .  

V i s i b i l i t y  was gene ra l ly  a s  poor a s  i n  B r i t i s h  Columbia W t e r s  i n  summer. 

The s u b s t r a t e  w a s  bedrock, w i th  some patches of sand. 

A few p l a n t s  were s t u d i e d  nea r  t h e  no r the rn  t i p  of San Clemente -/ . 

*Is land ,  where the  p l a n t s  -grew deeper - ( t o  - 1 5  m). The water- t h e r e  w a s  L 

ve ry  much l e s s  t u r b i d  - -  - than a t  - t h e  - mainland -- -- s t a t i o n s .  Wave - - exposure is  - -- 

probably r a t h e r  l e s s  than a-t Corona d e l  Mar, a s  t h e  s i t e  w a s  i n  the  l e e  
Y 

of t h e  i s l a n d .  The s u b s t r a t e  was s i m i l a r ,  t o  t he  depth the  p l a n t s  grew, 



b 
1 - turnLing t o  sediments a t  g r e a t e r  depths.  

\ '  
A few shallow-growing p l a n t s  a t t ached  t o  t h e  p i l i n g s  of t he  . 

Kerqkhoff Marine Laboratory je t ty ,  and the  rocks nearby ( i n < t h e  en t rance  L r 

_ -  i . " . b. 

t b  ;ay) we;e s t d i e d  f o r -  comparison &th. BI  C. $facro&ptis. &&all, 
+ - L  . y' f L. ' _  G , ' , .  

C .  i -, . A  

*a co  s iderabie '  depth range of M. py r i • ’ e r a  was s t u d i e d  t o  
> 

Y .  , 
.. - 

I L / -  

. 2  

t h i s  f a c t o r  might have on t r a n s l o c a t i o n .  - --- - 

A t r i p  was made t o  t he  Univers i ty  of C a l i f o r n i a  a t  Santa  Barbara 

(UCSB) t o  s tudy  t r a n s l o c a t i o n  i n  "E. a n g u s t i f o l i a  nor thern  hemisphere 

phase". These p l a n t s  grew a t  -5 m on a  b a s i c a l l y  sandy . s u b s t r a t e  'and 

formed ex tens ive ,  r a t h e r  f l a t t e n e d ' h o l d f a s t s ,  and a l s o  grew a t t ached  t o  

dead h o l d f a s t s  (which appa ren t ly  p e r s i s t  f o r  a  long  t ime).  Wave exposure 

i s  probably s i m i l a r  t o  Arch Rock. V i s i b i l i t y ,  

was b e t t e r  than a t  Arch Rock. 

'. 

a t  t he  time of my v i s i t ,  



MORPHOLOGY AND DFlrELOPMENT O F  MACROCYSTIS' - 

- -  

, 

A d e s c r i p t i o n  of  the  morphblogy -and develo&ent qf  t M&ocystis G 

> - - _  

- -  Y 

* '- 

spek ie s ,  baskcj, on the  l i t e r a c u r 6  and my own observa t ions ,  is  presented ,* 

< 
d 

he re  i n  o rde r  t h a t  t he  r r a n s l o c a t i o n ' r e s u l t s  can be understood i n  terms 

of t he  growth of t h e  p l a n t s .  . - 

The e a r l y  development of Macrocystis 

by Brandt (1923), ~ k o t t s d e r ~  (1907), Neushul 

Bakbeen  descr ibed  and i l Ius tFs ted  

& Haxo (1963) f o r  M. p y r i f e r a ,  . 

-1. 

and by Scagel (1948) {or - M. i n t e g r i f o l i a .  It is t h e  same i n  both spec ies .  

B r i e f l y  summarized (Fig. 3 ) ,  t h e  i n i t i a l  s p l i t  i n  t he  young p l a n t  ( t h e  

undivided lardina s t a g e )  (Fig. 3b) is  dichotomous, producing two b lades ,  
' 4 

u n i l a t e r a l  d i v i s i o n s  (Fig.  3 c-e) forming 

The f i r s t  two b l ades  fo r sed  I r e f e r  

1971 c a l l s  them b a s a l  meristems).  Each of 

t hese  i s  capable of forming a  new frond. The two o r  more b l ades  above 

t h e  f r o n d - i n i t i a l s o a r e  sp6rophyl l s  ( i n  t h a t  they bkcome f e r t i l e  when t h e  . 

frond matures) ,  and t h e  remaining blades, , formed l a t e r ,  u s u a l l y  remain 

s t e r i l e  (Fig. 3h). F igure  4  shows i n  mo5-e d e t a i l  a  grond of M. i n t e g r i -  - 

f o l i a  a r i s i n g  from t h e  h o l d f a s t ,  t o  d e f i n e  the  s t r u c t u r e s  mentioned i n  

t h e  t e x t .  
t 

The development of t h e  h o l d f a s t  and of l a t e r  f ronds  d i f f e r s  some- 

h a t  between M. p y r i f e r a  and M. i n t e g r i f o l i a .  I w i l l  de sc r ibe  t h e  l a t e r  7 - - 
- -  - 

s t a g e s  of g. p y r i f e r a ,  and then show how - M. i n t e g r i f o l i a  (which has  been 
-- 

descr ibed  by Scagel  1948) d i f f e r s .  



F i g u r e  3.  Development o f  Macrocys t i s  f r o n d s .  ( a )  shows a f r o n d  

i n i t i a l  o r  a  ve ry-young  p l a n t .  The young p l a n t  s p l i t s  d i c h o t o $ o u s l y  

( b ) ,  and t h e n  each b l a d e  b e g i n s  u n i l a t e r a l  d i v i s i o n  ( c ) ,  f i r s t  s p l i t t i n g  
r 

o f f  a f rond  i n i t i a l .  , (d) shows t h e  f r o n d  i n i t i a l  from ( a ) ,  o r  one of 
% 

t h e  f r o n d s  of (c )  d i v i d i n g  u n i l a t e r a l l y ;  t h e  newly-forming f r o n d  i n i t i a l  

( 1 s t  f rond  i n i t i a l )  is- shown w i t h  a s p l i t  s t a r t i n g .  I n  ( e )  t h i s  newly 

formed f r o n d  i n i t i a l  h a s  s e p a r i t e d  from t h e  a p i c a l  s c i m i t a r ;  i t s  subsequent  
e' 

development r e p e a t s  ( a )  and ( d ) .  The a p i c a l  s c i m i t a r  from (e) i s  shown 

i n  ( f )  - (h) p roduc ing  t h e  2nd f r o n d  i n i t i a l  ( i n  f ) ,  and a s p o r o p h y l l  . 
( i n  g )  . ,(h) shows a  much l a t e r  s t a g e  i n  t h e  l i f e  of t h e  f r o n d  [ a t  t h i s  . 

s t a g e  t h e  1st- f rond  i n i t i a l  would b e  deve lop ing  through ( f )  and (g ) ] .  
.> 

-7 t 

T 





i n t e g r i f o l i a  f r o n d ,  roughly t o  F i g u r e  4. Drawing of a ~ a c r o c ~ s t i s  
. , 

scale ,  t o  show t h e  str&t&es mentioned i n  t h e  &text ,  
. a, 
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F i g u r e  5. Diagram of a q o u n g  Macrocy s t i s  p l a n t ,  showing t h e  two 

0 -\ 

primary f r o n d s  (lo), w i t h  t h e  two 2 f r o n d s  b e g i n n i n g  t o  d e v e b p .  
i. 





I 

F i g u r e  6. Two s t a g e s  i n  t h e  l a t e r  development o f  Macrocys t i s  p y r i f e r a  , 

( d i a g r a m a t i c )  . (a) a p l a n t  w i t h  2' and 3' t h e  surface-canopy f r o n d s  ; 

(b) a p l a n t  w i t h  2 " ,  3 ' ,  and 4" t h e  surface-canopy f r o n d s .  Both diagrams 

were p repared  from a c t u a 1 , s p e c i m e n s  c o l l e c t e d  a t  Arch Rock. These 
. . 

d i a g r a m s . d o  n o t  r e f l e c t -  t h e  a c t u a l  s p a t i a l  r e l a t i o n s h i p s  of t h e  f r o n d s  

( c f .  F i g .  8 ) ,  inasmuch a s  t h e  b ranches  'do  n o t  a r i s e  u n i l a t e r a l l y  from 

t h e  p a r e n t  fronds;but a r e  shown t h i s  way to, f a c i l i t a t e  u n d e r s t a n d i n g  

t r a n s l o c a t i o n  p a t t e r n s .  









The f i r s t  p a i r  of f ronds  produced I r e f e r  t o  a s  t he  primary 

f rdnds  ( lo )  (Fig. 5) .  The f i r s t  i rond  i n i t i a l  on each of t hese  develops. . 

0 
i n t o  t h e  2 f rond ,  b u t  t h e  second f r o n d - i n i t i a l  r a r e l y  develops i n t o  a  

0 
1' frond.  The next  f rond t o  be  produced i s  t h e  3 , from t h e  f i r s t  frond- 

0 0 
i n i t i a l  of t h e  2 . The gene ra l  progress ion  of t h e  - s e r i e s  of f ronds  

0 0 0 0 
can be s t a t e d  a s  : x - x+l -+ x+2 . . . , where x i s  t h e  . o ldes t  frond 

0 
under s tudy .  The seco6d f r o n d - i n i t i a l  .of 2  develops soon a • ’  t e r  t h e  4' 

f rond begins  t o  e longa te ;  t h i s  f rond I r e f e r  t o  a s  2 '  . . Simi l a r ly ,  t h e  

0 
second f r o n d - i n i t i a l  of 3 develops i n t o  3 ' .  Each frond t h a t  is  produced, 

0 
w i th  t h e  except ion of 1 , forms two new fronds:  2' + 3' and 2 ' ,  

3' 4 4' and 3' . Simi l a r ly ,  2'  forms two fronds:  2" from the  f i r s t  

X 
f r o n d - i n i t i a l ,  and 2 from the  second f r o n d - i n i t i a l  (Fig. 6a) .  The 

gene ra l  o u t l i n e  of - M. p y r i f e r a  development is shown i n  Fig.  7 .  

An o l d e r  p l a n t  of M. p y r i f e r a ,  showing t h e  approximate r e l a t i v e  - 

s i z e s  (ages) of t h e  f ronds ,  is  given d i ag rama t i ca l ly  i n  Fig. 6b; a t  t h i s  

0 0 
s t a g e  i n  t h e  specimen shown 1 , 2 , 3O, and 2 ' were a l l  dead, only stumps 

~4 f  t h e  s t i p e s  remaining, and 2"", 3X, 3"', 4 ' ,  5', and 6' had a l l  been r  

broken o r  grazed o f f .  It is  n o t  poss ib l e  t o  t r a c e  t h e  f ronds  back t o  lo 

much a f t e r  t , h i s  s t a g e  because of t h e  growing number of stumps and t h e  

developing h o l d f a s t .  A s  t h e  p l a n t  ages,  hap te ra  a r e  produced from t h e  
- 

bases  of t h e  o l d e r  s t i p e s ,  even tua l ly  burying the  lower branch p o i n t s  i n  

t h e  c o n i c a l  mass of hap te ra .  
- - - 

The r e a l  s p a t i a l  r e l a t i o n  of t he  f ronds  of a young p l a n t  wi th  s i x  
- -- - 

a d u l t  f ronds  i s  shown i n  F ig .  8, a long wi th  a  diagram p a r a l l e l  t o  those  

i n  Fig.  6. This  f i g u r e  can a l s o  r ep re sen t  a  p o r t i o n  of an o l d  p l a n t  -- i n  
P> 

r 
0 

t h a t  ca se  the  fronds a r e  named x , el0, e t c .  









i terminal blade 



I n  t h e  case  of  M. i n t e g r i f o l i a  t h e  bases  of t h e  lo f?xmds begin 
a 

0 
t o  f l a t t e n  ou t  i n t o  t h e  rhizome a t  about  t he  t i m e  t he  2 f ronds  begin t o  

develop. From chen on the  rhizome f l a t t e n s  ahead of f rond development 

s o  t h a t  t h e  appearance is of f ronds  a r i s i n g  from the  top  of t h e  h o l d f a s t  

(Fig. 9 ) .  Branches occur i n  t he  rhizome where second frond i n i t i a l s  * 

- .  
develop i n t o  fronds.  The development of second frond i n i t i a l s  i n  M. 

i n t e g r i • ’ o l i a  seems t o  be  l e s s  f requent  than i n  M. p y r i f e r a .  

The growth r a t e  of g. i n t e g r i f o l i a  i n  B r i t i s h  Columbia, a s  

measured by s t i p e  e longa t ion ,  shows a l a r g e  seasonal  v a r i a t i o n  (Fig. l o ) ,  

whereas - M. p y r i f e r a  (North 1971) has  a more o r  less uniform r a t e  through- 

ou t  t h e  year  i n  southern  C a l i f o r n i a .  This d i f f e r e n c e  i n  par.t r e f l e c t s  

ZS 

t h e  d i f f e r e n t  water  temperature and l i g h t  regimes in  t h e  two reg ions .  ' 



RESULTS 

I. Trans loca t ion  i n  M. i n t e g r i f o l i a  

A s e r i e s  of experiments was run May 4 ,  1976, t o  i n v e s t i g a t e  shor t -  

term (1-7.5 h)  t r a n s l o c a t i o n .  The experiments were begun a t  0800 PST 

under overcas t  and r a i n .  The r e s u l t s  (Fig. 11)  c l e a r l y  show a 4 h l a g  

be fo re  export  of 14c was d e t e c t a b l e .  A c t i v i t y  was f i r s t -  de t ec t ed  i n  t h e  - 
- 

s t i p e  immediately above t h e  l abe l ed  b lade  a f t e r  4  h ;  a c t i v i t y  i n  o t h e r  

b lades  a t  t h i s  t i m e  was very  s l i g h t .  However, a f t e ~ 5 . 2  - h cons iderable  - 

, 14 
C had accumulated i n  t h e  b l ades  towards the  apex, most found i n  

i 
\ 

t h e  sampled b lade  c l o i e s t  t o  t he  source ( t h r e e  b l ades  immediately above 
5'' 

t h e  l abe l ed  b lade  were n o t  sampled). Af te r  7.5 h t h e  peak of 14C, 

accumulation had s h i f t e d  toward t h e  apex (Fig. 12 ) .  

The r e s u l t s  of t h e  24 h experiments f o r  Bamfield I n l e t  (1973) 

and Ross I s l e t s  (1975) have each been broken down i n t o  subseason u n i t s  

according t o  t h e  t r ends  i n  s t i p e  e longat ion  rates shown i n  Fig, 10.  

Because of t h e  d i f f e r e n t  l o c a t i o n s ,  and t h e  very  d i f f e r e n t  cond i t i ons  i n  

t h e  two yea r s ,  t h e  r e s u l t s  f o r  each s i t e  w i l l  b e  t r e a t e d  sepa ra t e ly .  Very 

b r i e f  summaries of t he  d a t a  a r e  given i n  t h e  accompanying Tables;  more 

complete d a t a  a r e  given i n  t he  correspondingly numbered Appendix Tables. 
CTj  
i >  

The complet% set 6f d a t a  s h e e t s  has  been depos i ted  i n  t h e  Data F i l e  of 

Depository of Unpublished Data, Nat ional  Science Library ,  Nat iona l  Research p- 

Council  of Canada, Ottawa, K I A  0S2. 
3 .  

i 
1 was unable t o  c o r r e l a t e  t r a n s l o c a t i o n  p a t t e r n  changes wi th  a  

b l a d e ' s  number from the  apex, because t h e . f r e e i n g  of a  b l ade  from the  

a p i c a l  s c i m i t a r  is  a  combination of s p l i t t i n g  and t e r i n g ,  which i s  



D 0 

F i g u r e  1 0 .  His tograms of  t h e  s t a n d a r d  growth r a t e s  (G)  o f  M. - - 

i n t e g r i f  o l i a  f r o n d s  a t  Bamf i e l d  I n l e t ,  1973 ( shaded) ,  and a t  &ss 

4 
Islets, 1975. (Standard growth r a t e  is  e x p l a i n e d  on page 4 . )  The 

s e a s o n a l  t r e n d  i s  a p p a r e n t  i n  b o t h  y e a r s ,  a l t h o u g h  d i f f e r i n g  i n  

d e t a i l .  





Figure  11. Resu l t s  of t h e  3 h ,  4 h ,  5 .2  h ,  and one of t h e  7 .5  h 

experiments on g. i n t e g r i f o l i a  a t  Ross Its. , May 4 1976/Activities 

i n  dpm a r e  f o r  t h e  t o t a l  sample, which cons i s t ed  of two i f  mm diameter 

d i s c s  of proximal t i s s u e  from b lades  above t h e  l abe l ed  b l ade ;  3 d i s c s  

a long  t h e  length  of l abe l ed  b l ades  themselves.  Labeled b l ades  shown 

s t i p p l e d ;  n . s .  = n o t  sampled. Source b l ades  were 0.41, 0.68, 0.55, 

and 0.65 m r e s p e c t i v e l y  from t h e  ap ices  of t h e i r  f ronds .  





Figure 12.  Accumul#ion of  r a d i o a c t i v i t y  by t h e  proximal r eg ion  of  

young b lades  over  t ime. Each curve shows t h e  a c t i v i t y  of t h e  sample 

from t h e  immature b l ades  of one frond.  The 4 h,  5.2 h  and 7.5 h curves  

a r e  f o r  t h e  experiments  shown i n  F igure  15; t h e  24 h curve  i s  from an 

experiment a t  Clarke-Owens, June 7 1975, and t h e  q u a n t i t y  of 14c i n  

t he se  b l ades  should n o t  b e  compared t o  t h e  o t h e r  curves .  The peak of 

. , 
accumulation i s  seen  t o  s h i f t  wi th  t i m e  from c l o s e  t o  t h e  l abe l ed  b l ade  

t o  t h e  f i r s t  f r e e  b lade .  (Compare w i t h  Fig.  19) ap isc im = a p i c a l  

s c i m i t a r .  



Blade number f r o m  apex 



Figure 13. Autoradiograph of t h e  apex of a  Macrocystis i n t e g r i f o l i a  

f rond t o  show uptake of 14c by the  proximal mer is temat ic  regi0n.s only.  

I n  t h i s  p a r t i c u l a r  exper  f ment t he  l abe l ed  b lade  was 0.68 m from the  

0 
apex of the  x  f rond;  t h e  apex shown i n  the  autoradiograph was of t h e  

x+1•‹ frond (0.16 m long) .  The r a d i o a c t i v i t y  i n  t he  p a i r s  of d i s c s  c u t  

from t h e  b lades  were 85,345 dpm and 1,016 dpm. (P lan t  #50, Bamfield 

I n l e t ,  Sept.  16 1973.) Sca le  = 5Q mm. 
> 





i r r e g u l a r ,  being p a r t l y  a func t ion  of wave a c t i o n  (and handling): The 

r e s u l t s ,  throughout t he  d i s s e r t a t i o n ,  a r e  t h e r e f o r e  given i n  r e l a t i o n  
- -- -- 

t o  t h e  d i s t a n c e  of t h e  l abe l ed  b lade  from the  apex ( i . e .  from t h e  l a s t  

s p l i t  i n  the  a p i c a l  meristem). With a  smal l  number of experiments (264 

a d u l t  p l a n t s )  i t  is n o t  p o s s i b l e  t o  have l abe l ed  a  b l ade  a t  every 

cent imeter  from t h e  apex, t h e r e f o r e  a  s ta tement  such a s  t h a t  upward expor t  

ceased about 2  m from the  apex means t h a t  expor t  was found from a b lade  

1.95 m from t h e  apex (and from younger b l a d e s ) ,  bu t  n o t  from a b lade  2.03 

m from t h e  apex (or  o l d e r  b l ades ) .  

1. Bamfield I n l e t ,  1973 

The r e s u l t s  a r e  b e s t  separa ted  i n t o  two d i f f e r e n t  per iods  of t he  

year  (Tables 1, 2) :  s tandard  growth r a t e ,  - G,  r i s i n g  i n  May-June, and - G 
"f 

f a l l i n g  from t h e  summer peak i n  August-October. There was i n  both groups 

an i n i t i a l  phase i n  t h e  l i f e  of t he  b lade  dur ing  which t h e r e  was import,  

bu t  no expor t .  Autoradiography (Fig.  13)  shows t h a t  t h e  proximal,  

% 
meristematic  p a r t  of t h e  laminae, and t h e  growing s t i p e  and pneumatocysts, 

accumulated 14c, b u t  t he  d i s t a l  r eg ions  of t he  laminae d id  n o t ;  t h e r e  

was a  r a t h e r  sharp  cut-off between t h e  importing and non-importing reg ions .  

When the  b lade  was approximately 0.3 ' f rom the  apex of t h e  frond expor t  
" 

began, and was a t  f i r s t  exclusive.1y upwards. 

[A group of seven experiments was run i n  J u l y  1974 a t  t h e  Bamfield 

I n l e t  s i t e  t o  a s s e s s  expor t  from very  young laminae. The d i s t a n c e s  of 

t h e  l abe l ed  b l ades  from t h e  ap ices  of t h e i r  f ronds-were:  0,1& 0 .12 ,~0 .15 ,  

0.20, 0.26, 0.40, and 0.50 m. Only i n  t h e  l a s t  ca se  was t h e r e  s i g n i f i c a n t  
-- - - 

t r a n s l o c a t i o n  t o  t h e  a p i c a l  s c i m i t a r  a f t e r  24 h (2,598 dpm/lO mg dry w t ) . ]  



Table 1. Synopsis of t r a n s l o c a t i o n  experiments on - M. i n t e g r i f o l i a  a t  

Bamfield I n l e t ,  May-June 1973. The r e s u l t s  a r e  arranged i n  o rde r  of 
8 

* 
i nc reas ing  d i s t a n c e  (d) of t h e  l abe l ed  b lade  from the  apex of t h e  frond 

i t  was on. The conclusion from these  experiments,  i n  s p i t e  of s e v e r a l  

except ions ,  is  t h a t  downward expor t  began from b lades  about  1 .2 m from 

the  apex. More complete d a t a  a r e  given i n  Appendix Table 1 (p. 97) .  

Synoptic t a b l e s  a r e  presented f o r  d a t a  given i n  t h e  Appendix 

Tables with t h e  same numbers (1-6 and 9-11) t o  provide an e a s i l y  

0 
assessed  summary of t h e  d i r e c t i o n  of export .  I n  a l l  c a s e s  x  was t h e  

l abe l ed  f rond ,  and a c t i v i t y ,  A,  i n  t h a t  column means upward t r a n s l o c a t i o n  

occurred. A c t i v i t y  i n  o t h e r  columns means. there was downward t r a n s l o c a t i o n  

from the  labe led  b l ade  i n t o  t h e  younger f ronds .  (A) = small amount of 

a c t i v i t y  ( l e s s  than 500 dpm/lO mg dry  wt) .  Absence of p a r t i c u l a r  

j uven i l e  f ronds from t h e  groups s tud ied  i s  ind ica t ed  by --. 



Table 1. 

Frond 

M d 
0 

X ' x+1•‹ x+2 O X+3O 



Table 2.' Synopsis of t r a n s l o c a t i o n  experiment r e s u l t s  f o r  g. i n t e g r i -  

f o l i a  a t  Bamfield I n l e t ,  August-October 1973, showing downward 

t r a n s l o c a t i o n  from b l ades  > 0.5 m from t h e  apex. See legend of  Table 

1 (p.  3 More compfete d a t a  given i n  Appendix Table  2 (p. 101).  

Frond 

-- 

(A) 



Table 2, cont. 

Frond 

* long-term experiments (48 h and 72 h) 

1 0  x apex damaged 

2 ~ '  : no activity 



- 

Figure 14. Example of t r a n s l o c  a t i o n  i n  t h e  f a l l .  The l abe l ed  b l ade ,  

0 
2.03 m from the  apex of t h e  x  f rond ,  exported only downwards, t o  t h e  

0 0 0 0 
sporophyl l s  of x  and t o  t h e  a p i c a l  reg ions  of x+l , x+2 , and x+3 . 
(P l an t  1/31,  amf fie id I n l e t ,  August 26-31: 14c was appl iLd f o r  ~ 2 4  h ,  

and the  p l a n t  harves ted  a f t e r  a  f u r t h e r  4  days ~ f ~ t r a n s l o c a t i o n .  Frond 

0 
lengths :  x  = 3.36 m; x+1•‹ = 1.43 m.) ~ u m b e r i  a r e  r a d i o a c - t i v i t y  i n  

4'--% 

dpm'/lO mg dry w t .  Labeled b l ade  shown s t i p p l e d .  Sporophylls  i n  t h i s  

diagram, and i n  o t h e r  t r a n s l o c a t i o n  diagrams a r e  shown thus :  





0 

*< 2- - The d i r e c t i o n  of expor t  from mature b l a d e s  v a r i e d  wi th  s e a s o n : - -  
- 

i n  May-June (Table 1 )  expor t  was only upwards u n t i l  t h e  b l ade  was 

approximately 1.2 m from t h e  apex, when expor t  down t h e  s t i p e  and i n t o  

0 0 
t h e  a p i c e s  of juveni le ' f ronds  (x+l , xC2 ) and i n t o  frorid i n i t i a l s  

0 d 
(x+3O, x+4 ) became we l l - e s t ab l i shed  . Upward expor t  cont inued evdn 

'\ from very  o ld  b lades  ( t h e  d l d e s t  was 3.23 m frdm the  apex) .  However, 

dur ing  August-October (Tab3 &> downward expor t  began f rom much y o u n s r  - - 

* 

b lades ,  a t  about 0.5 m from t h e  apex, and upward expor t  ceased by about  

2 m.from the  apex. A t  t h i s  season t h e r e  were many sporophyl l s ,  some 
- 
V 

wi th  s o r i ,  and i n  many cases  they accumulated s i g n i f i c a n t  a c t i v i t y  (Pig. 

14 ) .  

A s e r i e s  of experiments conducted i n  November '1973, a t  Wizard 

I s l e t ,  showed t h a t  t h e r e  w a s  very  l i t t l e  t r a n s p o r t  a t  t h a t  t ime, which 

was a f t e r  t h e  end of t h e  growing season. Such expor t  a s  e x i s t e d  f i t t e d  the  

f a l l  pa t  t e rn .  

2. Ross Islets, 1975 t 

Experiments on t h e  gene ra l  t r a n s l o c a t i o n  p a t t e r n  , were conducted I 

i n  February, March, and August-November. The growth rate was not  measured 

i n  February o r  March, b u t  t h e  p l a n t s  were in e x c e l l e n t  cond i t i on ,  and 5 

was probably > 2; b w a y  , as opposed t o  only 2.5 i n  May 1973 

(Fig. 10 ) .  However, a very  heavy se t t l emen t  of e p i p h y t i c  animals caused 
- - - -  - - - - - - - - - - - - 

G t o  d e c l i n e  from mid J u l y  u n t i l  t h e  end of August when d e f o l i a t i o n  - 
9 

$ only on .the a p i c a l  reg ions  of t h e  f ronds  and on v e r y .  smal l  f  rands which 



- were only l i g h t l y  ep iphyt ized  (Lobban 1976).  A s  a" 

1 
codd i t i ons ,  t h e r e  w a s  a &ber of r ap id  changes i n  

- 

r e s u l t  of t hese  

t h e  t r a n s l o c a t i o n  

t t e r n ,  which t h e  experiments f o r  t he  most p a r t  were too  few t o  more 

than h i n t  a t .  * 

A l l  sou rce  b l ades  i n  t h e  February and March experiments were l e s s  

than 0.7 m from t h e  apex, and t r a n s p o r t  was only upward 
- - 

. 'Con t ro l s  f o r  ha rves t ing  experiments (descr ibe& below) i n  mid 

June to  l a t e ' J u l y  showed e r r a t i c  r e s u l t s ,  most l i k e l y  due t o  frond-to- 

, frond d i f f e r e n c e s  i n  t h e  cond i t i ons  of t h e  source  b l ades  and t h e  s i n k s  
7 

(degree of epiphyt ism,  e t c  . ) . Trans loca t ion  p r a c t i c a l l y  ceased 

end of J u l y ,  both a t  Ross I s l e t s  and a t ,  sari,-~ose' I s l e t s  (experiments 

J u l y  25 and August 1 ) .  Experi-nfs Aug d' t . 2 8  and September 16 ,  and 
; 

c o n t r o l s  f o r  September 14 h a r v e s t i n g  egperiments ,  showed r a t h e r  e r r a t i c  

r e s u l t s  again. (Table 4) : t h e r e  was'a change from a p a t t e r n  c l o s e  t o  t he  

f a l l  p a t t e r n  i n  Fig.  15  t o  only-upward t r a n s p o r t .  This  change was 

0 complete by September 24 experiments when t h e r e  was expdr t  t o  t h e  x apex 

rom a l l  l abe l ed  b l ades ,  0.15 m t o  2.05 m from t h e  apex (Table 4).  

~ u r i n k  t h i s  t ime G r o s e  a l i t t l e  from t h e  low of 1.1 a t  tfSe end of - 
i 

August, b u t  remained l e s s  than  1.4 u n t i l  t h e  end of t h e  growing season 
i 

i n  October, when i t  aga in  f e l l  (Fig. 10 ) .  I n  November t h e r e  was almost 

no, t r a n s l o c a t i o n ,  a s  I had found a t  Wizard I s l e t  i n  1973 (page 35). The 

o v e r a l l  p a t t e r n s  of t r ang loca t ion  i n  M. i n t e g r i f o l i a  a r e  summarized i n  - 
- -- - - -- - - - - -- - - - - - - - 

- 

Fig. 15. Since t h e  growth r a t e s  over  t h e  1973 season (Fig. 10 )  foTlowed 
- p-p - - - 

b t y p i c a l  b o r e a l  c l ima te  growth curve,  t h e  r e s u l t s  f o r  ~ & f i e l d  I n l e t  1973 : 

a r e  taken a s  t h e  b a s i s  f o r  t h i s  diagram, supported by t h e  February and 

March r e s u l t s  from Ross I s l e t s .  



Table 3. Synopsis of t r a n s l o c a t i o n  experiment r e s u l t s  on M. i n t e g r i f o l i a  
4 

a t  Ross I s l e t s ,  February and March 1975, showing only  upward t r a n s p o r t .  
1 _ 

. sc legend of Table  1 (p. 31). More complete d a t a  a r e  given i n  
! -  - , 

/ 
-: -- Appendix Table 3 (p. 107) .  e 

(A) 

A 

A 



pp 

Synopsis of, translocation experiment results for M. Table 4. 

- integrifolia at Ross Islets, August-September 1975, showing a change 

\ ' 
'fyomian irregular pattern in August to only-upward transport in 

i 

Septemb3. See legend for Table 1 (p. 31). More complete data are 

given in Appendix Table 4 (p. 109). 

August 27-28 



Table 4 ,  cont .  

Frond 



Table  5. Synopsis of t r a n s l o c a t i o n  experiment r e s u l t s  f o r  M. 

i n t e g r i f o l i a  a t  San ~ o s e '  I s l e t s  i n  A p r i l  and May 1976. More complete 
.m 

5 (p; 113),. See legend f o r  Table  1 ~ d a t a  a r e  g iven  i n  Appendix Table 

(P. 31).  

Frond 
1 



3.  Experiments on deep - M. i n t e g r i f o l i a  

0 .  

Two groups of experiments on p l a n t s  6.5 m below ze ro  t i d e  a t  
i 

San JOS& I s l e t s  i n  J u l y  1975 suggested a more c o n s i s t e n t  t r a n s l o c a t i o n  

p a t t e r n ,  somewhat d i f f e r e n t  from the  shal lower p l a n t s ,  and much ' l i k e  

t h e  p a t t e r n  I found i n  - M. p y r i f e r a  ( s ee  below). The f i r s t  group of 
p-p 

experiments (Appendix Table 5)  showed only upward t r a n s l o c a t i o n , - b u t  

t h e  second group, a t  t h e  end of t he  month, showed no t r a n s p o r t ,  as 

found a t  Ross Islets a t  t h a t  t i m e .  

I. 

Fur ther  experiments on t h i s  popula t ion  were c a r r i e d  ou t  i n  Apr i l  

a i d  May 1976. The r e s u l t s  (Table 5) suggest  t h a t  downward t r a n s p o r t  

began from younger t i s s u e  than i n  Bamfield I n l e t  o r  Ross Islets p l a n t s  

a t  t h a t  season, between 0.6 and 1 .0  m from t h e  apex. However, t he  

r e s u l t s  were no t  as c lear -cu t  a s  had been a n t i c i p a t e d  from t h e  1975 

experiments. 

C- 

ud'- 
* 

4. Development of t r a n s 1  t i o n  i n  young p l a n t s  

There was no expor t  from t h e  d i s t a l  reg ion  of t h e  "apical'! b lade ,  

o r  t h e  f i r s t  f r e e  b lade  (zO frond i n i t i a l )  i n  p l a n t s  wi th  t h e  o r i g i n a l  

lamina (cf.  Fig.  3b) up t o  p l a n t s  wi th  t h e  2' f rond  i n i t i a l  f r e e  of t h e  

a p i c a l  s c i m i t a r  (c f .  Fig. 3e) .  ~ x ~ e r i l h e n t s  on o l d e r  p l a n t s  showed t h a t  

t h e  expor t  pa t  tern from t h e  f i r s t  few blades- twbe  m t  -off t h e - a p i c a l  + 

s c i m i t a r  w a s  d i f f e r e n t  - - from l a t e r  bladesaLdmilardi.st;affeeCI-~+-- 

apex. The f i r s t  b lade  t o  be  formed (2' f r o n d - i n i t i a l )  exported from -C 

soon a f t e r  being c u t  o f f  t h e  a p i c a l  scimitar (approximately_O.l m from 



Figure  15. Diagramatic summary of Macrocyst is  i n t e g r i f o l i a  t r a n s l o c a t i o n  

p a t t e r n  i n  s p r i n g  and i n  f a i l ,  based p r i n c i p a l l y  oneda ta  from Bamfield 

J n l e t  p l a n t s ,  May-June, and August-October, r e s p e c t i v e l y .  Diagrams 

a r e  n o t  t o  s c a l e .  Arrows i n d i c a t e  import o r  expor t ,  and t h e  d i r e c t i o n  

of  expor t  : 

f upward expor t  

. downward expor t  

I 

-, import ,  no expor t  - predomhant ly  o r  exc lus ive ly  expor t  

import + expor t  

--+ some import 



SPRING 

immature  

sp orophy# 

f r o n d  in i t ia l  

1 immature 

f rond  ' ini t ial  



t h e  apex) a t  l e a s t  u n t i l  t h r e e  more b lades  had been formed (Table 6 ;  Fig. 

16) .  It began t o  i m p & t  when downward expor t  began from t h e  b lades  above - 
i t .  

The second b l ade  formed, which normally becomes a sporophyl l ,  a l s o  - 

began t o  export  soon a f t e r  be ing  c u t - o f f  t h e  a p i c a l  s c i m i t a r  (about 4 0 7  
1 

m from t h e  apex) ,  and cont inued t o  expor t  a t  l e a s t  u n t i l  11 more Tree 
- -- 

b lades  had been formed. The t h i r d  blide' ,  which might form s o r i ,  began 
L 

expor t  l a t e r ,  when t h e r e  w e r e  2-3 f r e e  bladis '  above it (ca. 0.10-0.25 m 
< . -  - 

from t h e  apex] ; some ddwnward expor t  began around 0.75 m from t h e  apex. 

s o r t  may cease soon a f t e r  t h e  b lade  is 1 m f rom- the  apex, b u t  t h e r e  i s  

only one experiment t o  g ive  evidence on t h i s .  

A s  t h e  number of  b l ades  on t h e  f rond  inc reased ,  t h e  d i s t a n c e  from 
B 

t h e  apex t o  t h e  source  b l ade  a t  which expor t  began became c l o s e r  t o  t he  

d i s t a n c e  found f o r  a d u l t  f ronds ,  approximately 0.3 m (Fig. 15 ) .  

Two experiments on t h e  f r e e  b lades  of very  s m a l l  2' f ronds  showed 

no t r a n s p o r t ;  on t h e  con t r a ry ,  a l l  b l ades  on such f ronds  are import ing 

from t h e  lower b lades  of lo (Pig. 17) .  I n  a l l  subsequent f rond genera t ions ,  

t h e  f i r s t  few b lades  on t h e  x+1•‹ do not  expor t  ( see  11.1, above). 



44 

A - 

Table 6. Synopsis of t r a n s l o c a t i o n  e??periment r e s u l t s  on young p l a n t s  
e 

M. i n t e g r i f o l i a .  Experiments were conducted i n  t h e  l abo ra tg ry  o r  - d 

t h e  f i e l d ;  more d e t a i l s  i n  Appendix 6 ('P. L16J A = a c t i v i t y  found 

t h e  frond apex; 0 = no expor t .  (See legend t o  Table  1 (p. 31) .) 

Blade number To ta l  number5 of f r e e  b l ades  

from base of 1 2 . 3  4 . 5  6 " 7  8 9 10 11 12  1 3  14 15 16 

frond --. 

1 A A A 



Figure 16. Experiment on a of M.  i n t e g r i f o l i a  showing - - - 
0 

expor t  from a. 2 f  of t he  ver]i s h o r t  lo 

-- -- - - frond. (P lan t  # 111, from t h e  popula t ion  t r ans • ’  e r r e d  t o  Wizard- 

It. Experiment -- i n - s i t u  J u l y  14-15 1974.) Numbers a r e  dpm/lO mg 

dry  w t .  Labeled b l ade  shown s t i p p l e d .  (T'heLfronds have been 

twis ted  around ( c f .  Fig.  5) t o  show the  b l ades  and d a t a  more 

c l e a r l y .  ) 





" 
0 

Figure 17. ~ r a n s l d c a t i o n  i n  qh young 2  f ronds  of - M. i n t e g r i f o l i a :  --- - ( a )  - . 

l abe l ed  b lade  on the  2O f rond ,  showing no A p o r t ;  (b) l abe l ed  b l ade  

0 0 
low on 1 , showing import of a s s i m i l a t e s  by 2  . (a :  p l a n t  #137, 

August 12; b: p l a n t  8144, ~ e ~ t e r n b e r  8 

a c t i v i t y  i n  dpm/lO mg d ry  w t .  Labeled 

1974.) Numbers a r e  radio-  

b l ade  shown s t i p p l e d .  . c 













+ = -- - - - 

5. Harvesting and t r ans loca t ion  

Export from labeled  blades on f ronds- lacking the  apex was 

exclus ively  downwards (e.g. f13; 37, 43, 45 (Appendix Tables 1 and 2))  ; 

blades above the  labeled  b lade  did not  accumulate a c t i v i t y .  S imi lar ly ,  

the re  was no import b young fronds lacking the apex (#21; 37, 39) 
\\ 

Experiments conducted i n  1975 (Table 7) showed t h a u p w L  
-P- -- 3 

t r anspor t  continued i f  e i t h e r  the  a p i c a l  sc imi ta r  (#214), o r  t h e  i 
\ 
\ 

f r e e  blades ( f  215, 217) w e r e  r e b v e d ,  but  not  i f  ba th  w e r e  cu t  of f  

216). I n  a few experiments Ce.g. f170, 171) t h e r e  is an ind ica t ion  of 
\ 

\ 

a surge of a s s imi la te s  upwards, towardy the  cu t ,  immediately a f t e r  

cu t t ing ;  but  t h i s  surge  is shown t o  be shlr t- term (one o r  two days) by 
\ 

the  prior-cut con t ro l s  (Table 7) ,  the  fronds a t  Bamfield I n l e t  which 

lacked an apex, and t h e  experiments i n  September (Table 7) i n  which the  

apex and/or immature b lades  w e r e  removed 4 days before  the  experiment 

was begun. 

11. Translocat ion i n  Macrocystis p y r i f e r a  

Short-term experiments (Table 8) showed some t r ans loca t ion  a f t e r  

5 h, both t o  the  apex of t h e  labeled  frond (Cl, C4) and .to the  juveni le  

frond (C2). No activity w a s  found outs ide  the  labeled  blade i n  1, 2, 

o r  3 h experiments (C27-31), but  t h i s  may be due t o  the  labeled  blades 
- - , - - -  - - -- -- - 

having been only about 1 m from the  apex, where export  i s  j u s t  beginning I 

(see below). 



kltfetat%-aphy Wg. f 8 + t j  skoued eaf, as &M/f""grif~l+t+------ - 
\ 

'h 

t of 14c i s  only by the proximal, meristematic region of the  blade. 

These f i g u r e s  show an inc rease  i n  a r e a  accumulating a c t i v i t y  a s  the  

blades 'matured. There was a gradation i n  a c t i v i t y  from the  pneumatocyst 

toward the  d i s t a l  p a r t  of the  lamina. There was a smooth curve of a c t i v i t y  

i n  the  25 mg samples of blades (Fig. 19) versus b lade  number from the  

apex, with - a peak i n  t h e  blades immediately below the  a p i c a l  sc imi ta r .  

1. Macrocystis p y r i f e r a  a t  Arch Rock 

This population was the  one I s t u d i e d h e  most. The r e s u l t s  
I 
i 

. (Table 9) show t h a t  the re  w a s  a t  f i r s t  a period during which immature 

I \ 
blades imported but d id  not  export .  A s  the  d is tance  of a b lade  from the  

\ '. 
apex apppached 1 m export  began (Table 9: ~ 9 4 % )  (Fig. 20). The blade 

w a s  s t i l l  not  f u l l y  grown a t  t h i s  s t age ,  and import continued (Fig. 19).  

There was a t r a n s i t i o n  region from about 0.75 m t o  1.1 during which 

export  began, but  I cannot determine from my experiments the  d i s t ances  
b 

from the  apex which a blade was both importing and exporting. 

Damward export  began when the  blade was about 3.6  m from the  

apex, the  t r a n s i t i o n  region i n  t h i s  case being r a t h e r  wider than the  

f i r s t :  from about 3.5-4.5 rn from the  apex. The two 2 O  fronds i n  Fig. 21 

show t h i s  d i f f e rence  i n  export  d i r e c t i o n  with blade pos i t ion .  



-- 

Table 8. Results of short-term experiments on g. pyrifera, San Clementel 

I., October 8 and 21. In the Oct. 21 group (C27-C30)' the length given 

(in brackets) is the amount of frond harvested, not total length. The 

labeled blades were removed from the bags at harvest, rinsed in 

unlabeled seawater, and dried in darkness. Experiments are arranged 

in increasing duration. A complete list of abbreviations and conventions 

- - - - - - -- - - 
- -  - - - --- 

usedis given in the appendix. 



Figure 18. A u t e a d i e g r a p h s  ~f the a p i c e s  of (a) ,a m a t u r e  f r o n d  - pp - pppp 

0 f 
(~90-2'1, and (b) a  young 1 frond (C11) ,- i n  both cases  on t h e  same 

frond a s  the l abe l ed  b l a d e s ,  which were, r e s p e c t i v e l y ,  1.65 m and 
* 4 

0.60 m from the  apex. The o u t l i n e s  of t h e  non-radioact ive p a r t s  of 

t h e  b lades  have been drawn i n .  A l l  the  b lades  i n  ( a )  were a t tached  

t o  the a p i c a l  s c i m i t a r  be fo re  press ing;  t h e  jagged o u t l i n e  of t h e  

h r s t  f r e e  b lade  i n  (b) shows , t h a t  i t  r e c e n t l y  t o r e  away .from t h e  

a p i c a l  s c imi t a r .  Sca l e s  = 50 h. 





- 

Figure 19. Graph of  a c t i v i t y  i n  t h e  s i n g l e  samples from t h e  proximal 

reg ions  of each lamina a s  a  func t ion  of d i s t a n c e  from t h e  apex. This 

example is  t h e  j u v e n i l e  f rond  of C 6  ( c f .  Fig.  26) which had a l eng th  

0 
of 1 .03  m. The source  b l a d e , . l a b e l e d " f o r  48 h ,  was on x , which 

i 
lacked t h e  apex. . Because t h e  r a d i o a c t i v e  a r e a  i n c r e a s e s  i n  immature 

b l ades  (c f .  Fig .  18 ) ,  t h i s  graph is  n o t  a  r e p r e s e n t a t i o n  of t o t a l  
~3 

import i n t o  t he  laminae ( see  t e x t ) .  Blades were probably mature 

from about  #13 on. 





Table 9./-Synopsis of  t r a n s l o c a t i o n  experiments on M. - p y r i f e r a  a t  Arch 

0 
expor t  t o  x apex is  seen  i n  t h e  .87 m experiment,  and 

downward expor t  i s  f i r s t  seen  about 3 . 6  m from thd apex. 

Table 1 (p. 31) .  Fu r the r  d a t a  given in Appendix Table 

Rock. Upward - .  

1 . 2 7  m below; 

See legend of 

9 (p. 119) .  

Frond - - -  



, 

Table 9 ,  cont. 



expor t  of cur ren t ly- labe led  photoass imi la tes  decl ined.  This  phase had 

-- very d i f f u s e  boundaries ,  b u t  began approximately 6 m from tihe apex. 
.A 

Apical  s c i m i t a r s  (C80, C86) and frond i n i t i a l s  ((274-76, C78) 

d id  n o t  export .  Some expor t  was found from spprophyl l s  on very  o l d  

f ronds  (C13, C79), b u t  i t  w a s  very  low; sporophyl l s  were o f t e n  s i n k s  

(Fig. 26a, b ) .  ~ ~ o r o ~ h ~ l l s  and frond i n i t i a l s  imported from blades  low on 

t h e  frond which were a l s o  expor t ing  t o  
- 

0 
lower b lades  of x-1 . No a c t i v i t y  was 

(e.g. Fig. 21) .  The va r ious  phases of 

young f ronds ,  and/or  from the  
- - - - - - - - - - 

found i n  t h e  growing hapEera samples 

import and expor t  a r e  summarized 

i n  Fig.  22. 

Downward expor t  w a s  d i r e c t e d  t o  young f ronds ,  r a t h e r  than t o  

o l d e r  b lades  below t h e  l abe l ed  blade.  Any youn4 frond c l o s e  t o  the  

frond wi th  the  l abe l ed  b l ade  rece ived  a s s i m i l a t e s .  Thus in C32 (Fig. 21) 

0 and C37 both 2'  and 4O contained a c t i v i t y  from 2 , and a  very  small ,amount 

0 0 
of a c t i v i t y  was a l s o  f o u n d u i n  3 . However, 3  w a s  q u i t e  long,  and the 

immature b lades  would have been supported c h i e f l y  by mature b l ades  on  

the  'same frond-. A c t i v i t y  d i d  no t  pass  from one s i d e  of  t h e  p l a n t  t o  t h e  

o t h e r  (e.g. C43, C52; Fig.  24a, c . ) .  

Fig. 23 shows the  gene ra l  case  f o r  expor t  t o  j uven i l e  f ronds.  . 
0 a 

The x would-be suppor t igg  x", and x '  i f  t h i s  w a s  n o t  long enough t o  - 

' 0  
suppor t  i t s e l f  (cf. Fig.  21, C32-3 ) ; x0 would probably no longer  suppor t  

0 0 
the  - s e r i e s  of f ronds ,  s i n c e  x+l would be mature and suppor t ing  x+1' 

x+3* and x+4'). 



- - 

F i g u r e  20. Example of a n  exper iment  on a b l a d e ,  1 .92  m from t h e  apex ,  

e x p o r t i n g  on ly  upwards. Diagram n o t  t o  s c a l e .  Labeled b l a d e  shorn 

s t i p p l e d ,  and marked w i t h  *. .n.s. = n o t  sampled. 





r . -  
Figure 21. Change from only-upward t o  upward and downward t r a n s p o r t .  

Be twohalves h ~ l a p t w e r e  a l m o s t i d e n  - t i c a l i n f  rod l e n  p ths. 

0 
The labe led 'b lade  w a s  6n ' the 2' i n  each each. The two 1 's were . - 
absent .  The l abe l ed  b l ade  on ~ 3 3  ( r i g h t  hand- h a l f )  was 1.98 m from 

. * 

thea apex (41st  b lade)  
0 , and exported only t o  t h e  2 apex;qwhereas t h e  \ '- 

v L . . 
3.64 m from t h e  apex (47th b l ade )  expdrted both 

4 

* -  

l abe l ed  b lade  of C32, 

0 0 
upward t o  t h e  2 apex, and downward t o  theC.2' and 4 f ronds ,  and, t o  - 

I 

0 
a smal l  ex t en t  t o  t h e  3 . , I n  o t h e r  experiments i t  has been shown t h a t  

~ N 

a c t i v i t y  from one h a l f  of t h e  does n o t  c ros s  t o  t h e  o t h e r .  No 

a c t i v i t y  w a d  found i n  t h e  h a p t e r a  t i p s  of t h i s  p l a n t .  Data 5t-1 dpm/lO 
, . . 

mg dry w t .  Labeled b i ades  shown s t i p p l e d  and mai'ked w i t h  *. 





Figure  22. Diagram, n o t  t o  scale, t o  summarize impo t t / e@r t ,  and , A  - l 

- - 
-- A - - - . - -- -- - &- - mu 3- --_ .- 

expor t  d i r e b t i o n  p a t t e r n s  i n  mature f ronds  of Macrocyst is  p y r i f e r a .  

i . '  
Downward t r a n s p o r t  p k e s  a s s i m i l a t e s  ou t  of t h e  f rond  t o  j u e e n i l e  

b - 

without  l a b e l i n g  b l ades  $elow t h e  source  except  
- # 

' "  
f ronds ,  - usuaLly 

sporophyl l s  and 

upward expor t  

-import,  no expor t  

.-predominantly o r  e x c l u s i v e l y  expor t  
m 

i m p o r t  + expor t  

expor t  





\ 
- 

..A' ? 
- - - F i g u r e - .  - Tiarrarn;  -nor troL y, - & - e q i  -frcsm--smrce&l&ou---- -- - 

1 
mature f ronds  of - M. expor t ing  p a r t l y  o r  wholly . , 

0 -  
downwards. In t h i s  gene ra l  diagram, t h e  x+l  would be s i m i l a r  t o  - 

- - - -- 

" t h e  2' of C32 (Fig. 21). Fu r the r  d e t a i l s  in  t h e  t e x t .  
a 





v G, 

A, 

2. * &cro'cystis p y r i f e r a  a t  ~ e r ~ k h o f f  ~ a r i n e  Laboratory 
i r 

it I n  con t ras t  t o  the  well-defined p a t t e r n  of export  and import 
4 

d d  
found ' in '  the  ~ r & h  Roch population, the  t;anslocation p a t t e r n  i n  p lan t s  
* 

b 

growing 1z2 'm below low waterrlln Newport Bay was l e s s  c l e a r  (Table l o ) ,  

, fronds were~mucli.shorter than t h o s e - a t  Arch Rock -- only about 3 m long' 

a \ 
when full grown ---the t r a n s i t i o n  region are no t  expected a t  the same + 

d i s t ances  from t h e  apex. 

T 

Within the  eiperiments c a r r i e d  out ,  a l l  ' fronds showed. t ranspor t  . 

/' - t o  the  apex of the  labeled  frond, except C40 i n  which the re  was no , 

s. 

- transport  a t  a l l .  Although the  blade number and d i s t ance  from the  apex 
* 

i n  t h i s  frond would reasonably s u g g e s t  the blade was mature, b iades  c l o s e r  
/- - 

t o  the  apex (e.g. C47, C45, C42) d i b  show upward t r anspor t ;  i n  a l l  these  

\ 

cases the  blades w e r e  n o t , f u l l y  grown. Import f requent ly  dropped off  
, 1 

sharply  5-10 blad,es behind t h e  apex- (Fig. 24a, c: compare with Fig. 19) , - 0 

- k 
J 

suggest ing t h a t  blades a r e  formed slowly enough t h a t  the  f i r s t  few f r e e  

b lades  have enough mature t i s s u e  t o  expprt  photoassimilates.   he; c l o s e s t  

blades t o  the  apex t h a t  were labeled were on C52*(7th blade) and C45 - 
(8th b lade) ,  both of which showed upward t ranspor t .  

. \ 
* - 

Transport was exclus ively  upwakds uftTTpt%= s o u i c e  bla= was -aboutp 
- 

* 
f nt f-mm t h e  a p e x ~ 4 3 - i t I s o s k e c t d o w n w a r ~ o n ,  although 

r -  

i n  C46 (Fig. 24b) the  c l o s e s t  young frond with an apex was 4' (3' boce 

the  labeled  b lade) ,  and 14c was not  found outs ide  the  3.'. 



- - - - - - - -- - - -- 

Table 10.  Synopsis of t r a n ~ l o ~ c a t i o n  egperirnent r e s u l t s  f o r  M, p y r i f e r a  
< .  

- 

a t  Kerc&off Marine Laboratory.  See legend f o r  Table  1 (page 31). 
Ll - * I  

More complete d a t a  are given i n  Appendix Table 1 0  (p. 124). 
I 

4. 
. , 

4 

I ?  Frond - - -- - 
" A -  - L --- --- - - L- L-L 

4- --- 
- --? -- 

I i .  I 

. i 
d 

0 
Y1 x r .  x+1•‹ x+zO x ' o t h e r  

4 

, 
A ' (A) -- 7 

-- A .  .32 
3 

* & .44 A -- -- 
8 

-- -- 

-- - 
P 47 -- -- 

1 



Figure 24. Examples of experiments a t  KercEhoff Marine Laboratory, 

. ' 
M. p y r i f e r a  1-2 m below low water .  Labeled b lades  s t i p p l e d  and marked - \ 

a 
e 

with  *. 
r h> 

( a )  C52: The experiment w i th  t h e  l abe l ed  bJade c l o s e s t  t o  t h e  apex; 
- P - - - - - - 

nZGerthele2F & i w i n g r t h  upwardt and downward t r a n s p o r t .  Note t h a t  no 

a c t i v i t y  c rossed  i n t o  t h e  r i g h t  hand group o f  f ronds .  Note t h e  sharp  

drop i n  ,import be tween- the  3rd and 5 t h  f r e e  b l ades  &om the  apex of 
- - 

t h e  l i b e l e d  frond (4'). ~ d u r c e  b l ade  was judged t o  be "only j u s t  

mature" a t  the  t i m e  of t h e  experiment. 

(b) C46: The o l d e s t  M. p y r i f e r a  s tud ied ,  a s  f a r  as could b e  determined.. - 

In  . the K.M.L4. p l a n t s  t h e  h a p t e r a  d i d  n o t  obscure t h e  fower dichotomies,  

s o  t h a t  i t  was p o s s i b l e  t o  t r a c e  f ronds  f u r t h e r  than i n  Arch Rock p l a n t s .  
- - - - 

Trans loca t ion  was upwards and downward;, b u t  n o t  o u t  of t h e  frond. Note 

t h a t  t h e  l abe l ed  f rond ' s  j uven i l e  (3") lacked t h e  apex. 

(c) C43: The experiment wi th  t h e  l abe l ed  b l ade  f a r t h e s t  away from the  

apex, showing both upward and downward t r a n s l o c a t i o n .  ( N o t e t h a t  a l though 

the  3' and 4' on t h e  s i d e  of tlie l abe l ed  f&nd rece ived  14c,  and 3O and 4' 
\ 

on the  o the r  s i d e  d id  not .  Note t h e  sharp  drop i n  import between t h e  12th  
P 

.and 13th f r e e  b l ades  on .the l abe l ed  frond (2'). 

i 
I 

- - - 7 -  - - - -  - - - - -- - ---- - - - 
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\ - 
Table 11.  e*erTment resu l t s ,  Santa ~ a r b a r a .  

4 
, See legend d e t a i l s  are given i n  , Appendix 

7 
d P 

X 
0 .  x+1•‹ x+zO other 

(A) 

1 0  . . -  
x lacked apex - a c t i v i t y  i n  base of frond only-. B 

, . 



Table 12. Trans loca t ion  from source  b lades  on primary fronds. 
w 

Experiments a t  Arch Rock, C a l i f o r n i a .  See Appendix f o r  l ist  ~f 

abbreviatio 'hs and conventions. 

Notes 1. Source = 2nd + 4 t h  - f r e e  b l ades  (3rd m_issing) 

7-y - . #  

2. mrce  = 4 t h  + 5 t h  f r e e  b l ades  \ ,. 

. - - - -  -- 

i. 

^ . .  
see Fig. 2Lb. e 
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&& . < 0 
- - F i s ~ ~ Z f r .  Twoexamples o f m o x L b ~ t d & s  -on prisnary_(L )-frondsA A 

Q, 
Note 'that the  source  b l ades  i n  C96 a r e  well w i th in  i h e  *region  a 

imp6rt ing i n  C89. Labeled b l ades  were 0.18 and 

ap ices ,  i n  t h e  region i n  which i n  

only  import (cf. Fig.  22) .  

0.49 m from t h e  

subsequent f rond 





Figure  26. E f f e c t  of apex l o s s  on t r a n s l o c a t i o n  t o  t h e  j u v e n i l e  f rond.  
- .  

-- -- 
Both c a s e s  a r c  M . ~ y M e r a  from Arch-Rockcand were  exposed c o n t i n i i 5 S l ~  - 

t o  14c f o r  48 h (Table 9 ) .  (a)  C8: l a b e l e d  b l a d e  on f rond  w i t h  t e rmina l  

b l ade  (nongrowing apex) ,  r a d i o a c t i v i t y  i n  samples from spo rophy l l s  of  

0 
x and spo rophy l l s  and apex of  t h e  j u v e n i l e  f rond  of t h e  o;der of  10  3 

0 dpm/lO mg dry wt. (b) C6: very  s i m i l a r  p a i r  of f ronds ,  , b u t  w i t h  x 
: 

l a ck ing  t h e  apex, a c t i v i t y  i n  samples from j u v e n i l e  f rond  and base  o f  , 

0 4 
x- of t h e  order  of 1 0  dpm/lO mg d ry  wt. Labeled b l a d e s  shown s t i p p l e d  

and marked wi th  *. 
sL1 





. . 
p2 --- - - -- 

- c 

-p 

3. Macrocyst is  a t "  San taBarb=ra% 

The t r a n s l o c a t i o n  r e s u l t s  (Table 11) show a s i m i l a r  p a t t e r n  t o  

p l a n t s  a t  Arch Rock. Export began i n  younger t i s s u e ,  a t  around 0.45 m from , 
6 T. 

t h e  apex, bu t  t h i s  i s  probably because t h e  p l a n t s  were growing i n  shal lower 

water  than Arch Rock p l a n t s  and were t h e r e f o r e  s h o r t e r .  Export was 
+% 

exnu-ly-upwar&q u n t i l  t h e  b lade  was about 3 m from t h e  apex, below 
-- -- ----A LAP--- - -Ap--- - , 

whiSlf tke i i t t l e  expor t  found w a s  c h i e f l y  downward i n t o  ydung fronds.  

(C70 s t ands  a s  an except ion:  i t s  l abe l ed  b lade ,  4.4 m from t h e  apex, 
* 

$ 

exported only upwards.) - 

" .  
d 

~ a n s l o c k t i o n  i n  lo fronds  of - M. pyt!ifera 

4- y 
0 I 

Export from l a b e l e d  b lades  on 1 fronds began i n  much y o w g e r  

) -  - 
, 

t i s s u e  than  was t h e  case  f o r  later-formed fronds (Table 12) .  Source 

b l ades  0.15-0.60 m f r o m t h e  apex showed only upward t r a n s l o c a t i o n .  The 

reg ion  of import + expor t  seems t o  be  wider  than i n  later f ronds  (Fig. 25). . 
I 

5. Trans loca t ion  i n  f ronds  ' l ack ing  the  apex 

During t h e  course  of t h i s  s tudy  s e v e r a l  l abe l ed  b l a d e s  were on 

f ronds  l ack ing  t h e  apex; i n  a d d i t i o n ,  t h e  young frond of C46 lacked t h e  

ape$ There was no upward t r a n s p o r t  i h  any of t hese  cases .  Comparison 

of C6 and C8 (Table 9;  Fig. 265, o r  C71 and C72 (Table l l ) ,  shows t h a t  

- - - - - -- 

t h e r e  was an inc rease  in  tr ~ l o c a t i o n - t o  t h e  younggfrond f f F t h e l a 6 e I e d -  - )" q. 

I 
f rond  lacked the apex, ---- - 



I. Trans loca t ion  p a t t e r n  i n  Macrocystis , * 

1 

* -  

- 
'-. 

I n  Macrocystis,  a s s i m i l a t e s  from the  many mature,  s o u r c e  b lades  

between t h e  immature b l ades  and the  sporophyl l s  on a f rond  a r e  p a r t i t i o n e d  

between t h e  nearby a p i c a l  growing p o i n t s  ( s t rong  s i n k s )  and t h e  s p o r o p h y ~ l s ,  

' f  fondp i ~ f t  i a l s  , - - z a p r o m y t h e  K o Z a i  t cweaksinks).f - i i ~ ~ l ~  ca t i on i n  
t ' . 

t h i s  genus thus  fo l lows  the  mature-source t o  meris tematic-s ink p a t t e r n  

descr ibed f o r  Laminaria spp. and o t h e r  smal l  ke lps  (LUning e t  a l .  19!3;. -- - - -  

Nicholson & Briggs 1972; Schmitz & .Sr ivas t ava  1974, 1975, 1976; Schmitz 

& Lobban 1976)-, b u t  a new dimension is  added s i n c e  a s  many a s  4 ap i ces  . 
4. 

may rece ive  a s s i m i l a t e s  s imultaneously from any given source  b lade ,  ' 

depending.on ( l ) . t h e  p o s i t i o n  of t he  source  i n  r e l a t i o n  t o  t h e  apex of - 

its f rond ,  and (2) t h e  l eng ths  of t h e  nearby juven i l e  f ronds .  The 

t r a n s l o c a t i o n  p a t t e r n  of a b lade  can be  c o r r e l a t e d  wi th  i ts  dis tance.  - f '  

from the  apex, which i s  a measur; of i ts  maturi ty .  S imi l a r ly ,  import 

i n t o  a j uven i l e  f rond depends on its matur i ty :  f ronds  of about  2 m .  
- 

l eng th  i n  M. i n t e g r i f o l i a ,  3 m i n  M. p y r i f e r a ,  have mature b l ades ,  and no - - 
longer  import. 

The short-term experiments on 1. i n t e g r i f o l i a  show a l a g  per iod  

of about  4 h be fo re  14c i s  d e t e c t a b l e  i n  t h e  frond o t h e r j t h a n  i n  t he  

l abe l ed  blade.  This  l a g ,  which is  n o t  found i n  h ighe r  p l a n t s  (c f .  F i she r  
- - - -  p- - >-, - - - *e 

19751, can be  i n t e r p r e t e d  a s  t h e  time taken f o r  (1) up,qke and f i x a t i o n  
- - - - - - - - 

I%s - 

of l abe l ed  b icarbonate ,  (2) bui ld-up of 14c i n  the  pool- o f - a s s i m i l a t e s  t b  , 



be  loaded h t o  the  sieve-element system, (3)  time f o r  t h e  loading  and 
j .  

t r a n s l o c a t i o n  of t h e s e  l abe l ed  a s s i m i l a t e s ,  and (4) t i m e  f o r  accumulated 

14c t o  reach 100 d p m / s a q e .  Pa lke r ' s  (1965) s i n g l e  experiment on an  
- 

i n t a c t  f rond of - M. p y r i f e r a  i n  s i t u  showed a smal l  amount of a c t i v i t y  ' 

i n  t he  apex, 2.5 m from the  l abe l ed  b l ade ,  Af te r  4 h. I obta ined  s l i g h t l y  

expor t  a f t e r  only 3 h. 

3 
The d i s t a n c e  of t h e  b l ade  from the  apex a t  which expor t  began 

0 

c o r r e l a t e s ,  i n  g. i n t e g r i f o l i i ,  wi th  t h e  d i s t a n c e  where Sharp (1974) 

found lamina expansion t o  b e  almost completed '(0.3 m from t h e  apex).  
0 

I have no da t a  on t h e  p o s i t i o n  of t h e  b lade  i n  M. p y r i f e r a  a t  which 
--/ 

lamina expansion is complete,  b u t  on t h e  b a s i s  of t h e  t r a n s l o c a t i o n  

r e s u l t s  I wquld e x p e c t , i t  t o  be  between 0.5 and 1.0 m from the  apex. On . - 

, 
t h e  b a s i s  of ;ascular p l a n t  f i nd ings  (Turgeon & Webb 1973, 1975), a i  wel l '  

a s  evidence from o t h e r  ke lps  (Luning -- e t  aL 1973; Schmitz & Sr ivas t ava  

1975, 1976; Schmitz & Lobban 1976),  I expect  t h a t  t h e  d i s t a l  reg ion  

of t h e  immature b l a d e s ,  which autoradiography showed t o  be  non-importing, 

would b e  suppfying a s s i m i l a t e s  t o  t h e  proximal region.  I have n o t  con- 
\ 

dueted experiments t o  v e r i f y  t h i s ,  and i t  may be  t h a t  i t  only suppor ts  

3 
i ts own growth. 

The graph of a c t i v i t y  - i n  - t h e  sample from each - b l a d e  - (Fig. 19) is  
- - - - - - --- -- 

by no means a graph of  a s s i m i l a t e  import by blades.  However, i n  con- - -- __ . , 7- - __--- 
14 - 

j unc t ion  wi th  the  smooth Jncrease i n . l a m i w  area'  accumulating *+C, seen  
. , 

f 
i n  t h e  aukoradiographs, a curve f o r  ' t o t a l  import dnd export. by t h e  laminae 

. . 
L 



would probably b e  s i m i l a r  i n  shape 
.= 

t o  t h e  graph foy Cucurbi ta  pep0 L. 

give0 by Turgesn & Webb (1975, f i g .  7).  . 
I? 

Low a c t i v i t y  (and occas iona l ly  high a c t i v i t y )  w a s  o f t e n  foun& 

i n  mature b l ades ,  p a r t i c u l a r l y  those c l o s e j o  t h e  l abe l ed  b l a d y  I n  
73 

Macrocystis t h i s  might be  a t t r i b u t e d  t o  t he  r e t i c u l a t ~  n a t u r e  of t h e  , 

s i e v 4 e m e n t  s y s t e m  and -tlre--facre t h a n h e  f are no t  b q a n i z e d  

i n t o  d i s c r e t e  bundles.  However, many b lades  he t r a n s p o r t  pa th  

d id  no t  accumulate d d t e c t a b l e  r a d i o a c t i v i t y  i n  24 h.\ h Thrower 

t 
(1973) po in t  o u t  t h a t  ~ r o n o f f ' s  (1955) r epo r t  of no movement of l abe l ed  

I 
=L as s fmi l a t e s  from one l e a f  t o  an o l d e r  l e a f  has  been confirmed many times. 

However, t h e  fo l lowing  s ta tements  by Canny 6 Askham (1967) perhaps o f f e r  , 

an explana t ion  of a c  h v i t y  i n  mature blades:  "The mature l e a f  is  a h ighly*  

spec i a l i zed  expor t e r  of sugar  and cannot be made t o  r eve r se  i t s  p o l a r i t y .  
t 

Yet i t  i s  equa l ly  w e l l  kndwn t o  a l l  who have made t h i s  kind of autora-  r 
# 

diograph t h a t  t h e r e  i s  almost always a , f a i n t  image produced by a  mature 

l e a f  which i s  dismissed a s  being i n s i g n i f i c a n t .  ... It seemed t o  us  

t h a t  t h i s  f a i n t  image ... might r ep re sen t  the  l abe l ed  con ten t s  of t he  

phloem t r a n s l o c a t i o n  system d i f fused  abbut chi l e a f  dur ing  drying,  and 

1 dimmed by s h i e l d i n g  of i n t e rpos ing  t i s sue . "  They concluded t h a t  t r a e e r  

may spread i n t o  an expor t ing  l e a f ,  a g a i n s y  n e t  movement of non-tracer ,  

b u t  only a s  f a r  as t h e  unloading boundarie . I p o i n t  t h i s  ou t  e s p e c i a l l y  b 
+ 

- - - - - - - -- - -  
s i n c e m y  method of  dry ing  would-have allowed t r a c e r  from t h e  whole s t i p e  

* 

between t h e  q m n c e  bfdde a k F t h e p t u r e  b l x e  X T i j i u i i o n  t o  have d i f -  
' 

I \ 

fused i n t o  the  blade.  Although i t  has more r e c e n t l y  been shown t h a t  % 



c e r t a i n  cond i t i ons ,  such a s  darkness  o r  CO s t a r v a t i o n  can reverse  2- 
1 .  

the  p o l a r i t y  ( ~ e y s e r  -- e t  a l .  1975; Schmitz & Sr ivas t ava  1975),  radio-  

- a c t i v i t y  i n  nyiture b l ades  of Maerocystis can l i k e l y  b e  dismissed from 

a cons idera t ion  of t r a n s l o c a t i o n  under normal condi t ions .  
-s 

I 
I 

There is hots export  a 3  i m p o r t  from b lades  of Macrocystis f o r  

a  s h o r t  (but a s  y e t  - undetermined) - time a s  they approach m a t u r i t y .  The 
6 .  

magnitude of expor t  and import is  much g r e a t e r  than  could be  accounted 

f o r  by d i f f u s i o n  a g a i n s t  a flow of non-tracer a s s i m i l a t e s .  Temporary 

. b i - d i r e c t i o n a l  t r a n s l o c a t i o n  when expor t  f i r s t  begins  is w e l l  known i n  

vascu la r  p l a n t s ,  and i s  a consequence of export  from t h e  t i p  of t h e  l e a f  A 

and import by the  base  (Jones & Eagles 1962; Turgeon & Webb 1973). It 

i s  a l i t t l e  ha rde r  t o  s e e  how s u c h ' b i - d i r e c t i o n a l  t r a n s p o r t  is  accom-: 
d 

p l i shed  i n  a  r e t i c u l a t e  system.of s i e v e  elements.than i n  d i s c r e t e  

\ 

bundles ,  b u t  s e l e c t i v e  c a l l o s e  depos i t i on  m y  w e l l  p lay  a  r o l e  
A " .  

i n  s epa ra t ing  t h e  importing-and expor t ing  p a r t s  of t h e  re t icu lum.  
I 

Cer t a in  of t h e  M. p y r i t k r a  experiments i n d i c a t e  a d e c l i n e  i n  - 

accumulation of r a d i o a c t i v i t y  i n  t h e  proximal r eg ibns  of immature laminae 

wi th  inc reas ing  age of t h e  l abe l ed  blade.  However, o t h e r  experiments 

showed t h a t  o t h e r  f a c t o r s  must p lay  major r o l e s  i n  determining t h e  

amount of r a d i o a c t i v i t y  i n  t h e  s i n k s ,  which my single-sample, qua l i -  

t a t i v e  experiments were n o t  designed t o  resolve.  These f a c t o r s  might 

- - - - - - - - - - - - - - 

inc lude  t o t a l  photosynthesis  of t h e  l abe l ed  b l a d e s  (dependent on h e a l t h ,  

-- --- - If ght conditicsns , ec ) ,r growth rates- a f - t h e  STiiii-eratGre dur ing  % 

- i r  a . -t' ' 
t h e  .experiment, deptKs of source and s i n k s ,  and s o  f o r t h .  ( .  

2 



- -- -- -- -- 

My experiments do n o t  t ake  i n t o  account ca'rbon f i x e d  tiy t h e  b lade  be fo re  - 

t h e  experiment beg&. I f  senesc ing  laminae expor t  s t o r a g e  carbon, : 

a s  f o r  

b l ades  

carbon 

parent  

example tobacco l eaves  ha;e 6?en found - ton dd (Shiroya -- et  a l .  

t h e r e  could b e  s u b s t a n t i a l  undetected t r a n s l o c a t i o n  t o  younger ~ 

o r  f r o n d s ,  and t h i s  m a t e r i a l  would a l s o ' d i l u t e  any newly-fixed 

being exported.  e -" 

-- - -  
a _  

0 
Trans loca t ion  i n  1 f ronds ,  which grow wi thout  b e n e f i t  of a  

f rond ,  shows a d i f f e r e n t  p a t t e f h  from t h a t  i n  subsequent frond ' 

- .  I 

genera t ions .  Export was found from sporophyl l s .  and frond i n i t i a l s  w h d  - - 

they  had j u s t  been f r e e d  from t h e  a p i c a l  s c i m i t a r , - u n t i l  mature s t e r i l e  

b lades  had been formed. # 

I 

1 - 
11. Trans loca t ion  and t h e  environment of M. i n t e g r i f o l i a  and M. p y r i f e r a  

- - 

Two f e a t u r e s  of t h e  environments which d f f f e r  s i g n i f i c a n t l y  
I 5 ' 

between - M. i n t e g r i f o l i a  and - M. p y r i f e r a ,  and a f f e c t  t r a n s l o c a t i o n ,  a r e  

seasonal  f l u c t u  i o n s ,  and t h e  depths of t h e  p l a n t s .  7 
s t t i o n  reg ions  -- where downward t r a n s l o c a t i o n  begins,  

t r a n s p o r t  ceases  -- change wi th ' s eason  i n  - M. i n t e g r i f o l i a ,  

by changes in,  r a t e .  I i n t e r p r e t  t h i s  change 

a s  a c  ange from p r i n c i p a l l y  upward t r a n s p o r t  suppor t ing  growths of P 
e x i s t  ng f ronds  which have survived t h e  win te r ,  t o  p r i n c i p a l l y  down- { -  - - - 

- -- - - - - - - -- 

, 
o r  t supper t i n g  s ~ o r o p h y l l s  ( reproduct ion)  and product ion of 

- 
e 

(propagat ion and overwintering)+. 5rowth of - M. p y r i f e r a  - ,  i n  
, L 

d 

, - /f. ' , 
I r 

> 9 -, 4 I ' 



southern  C a l i f o r n i a  v a r i e s  l i t t l e  throughout the  year  (North 1971),  s o  , . 
1 t 

t h a t  one does no t  a n t i c i p a t e  changes i n  t r a n s l o c a t i o n  p a t t e r n  from - 
growth t d  s t o r a g e  (LUning e t  a l .  1973 found' t h a t  Laminaria s accha r ina ,  

which grows a l l  yea r ,  t r ans loca t ed  throughout t h e  w i n t e r ,  whereas - L. 

hyperborea ceased growth i n  t h e  f a l l  and s to red  a s s i m i l a t e s  i n  t h e  

lamina f o r  t he  f l u s h  - o f < s p r i n g  -- growth); - Nevertheless ,  - t h e  experiments 
- - - - - - - pp - -- 

1 

on - M. p y r i f e r a ,  which were a l l  conducted i n  October and November, may 

n o t  r ep re sen t  a year-round p a t t e r n  of t r a n s l o c a t i o n .  A t  t h a t  time 
4, 

t h e  n i t r a t e  and n i t r i t e  concent ra t ions  were very low i n  t h e  s u r f a c e  

wa te r s  a t  Arch Rock and San Clemente I s l a n d  (North & Anderson 1975). 

North (1975) noted t h a t ,  "The k e l p  bed a t  Cameo Shores [Arch Rock] d i s -  
7 

played a q u i t e  n o t i c e a b l e  canopy d e t e r i o r a t i o n  a t  t h i s  t i m e  [Octpber 21  

19741, presumably from adverse water  temperatures dur ing  summer and .ear ly  

f a l l . "  It could b e  t h a t  subsur face  b l ades  (which were l abe l ed  i n  my 
1 . -  

experiments) were expor t ing  more t o  t h e i r  own frond ap ices  a t  t h i s  time, . 
0 

a t  t h e  expense of t h e  juven i l e  f ronds ,  i n  order  t o  supplement t h e  a p i c a l  

n i t rogen  supply. The t r a n s l o c a t e  of Macrocystis is known t o  con ta in  a 

h igh  propor t ion  of amino a c i d s  (Parker  1966; Schmitz unpublished) ; and 

i t  i s  q u i t e  p o s s i b l e  t h a t  t h e  a p i c a l  b l ades  could r e t a i n  t h e  amino a c i d s  
- 

f o r  growth, and e x c r e t e  t h e  excess  carbon; imrnat~re  'blades of - M. 

i n t e g r i f o l i a  have been shown t o  exc re t e  14c rece ived  from a source  

blad* below (Fankboner 6L Druehl , 1976) , and two phytoplankters  ha=--- 

been shown t o  t a k e u p  amino a c i d s  from seawater and p r e f e r e n t i a l l y  r e t a i n  

t h e  p i t rogen  (Stevens & North 1971). The f a t e s  of t h e  carbon and the  

% 

l i t r a g e n  i n  the! . t r ans loca t ion  s t ream have n o t  been invest igated- ,  nor  is 



pp 

t he  composition of Macrocyst is  exudates known. (Sotne n i t rogenous  p. 

m a t e r m  -- a s  w e l l  a s  carbohydrates  -- were exuded from Laminaria - k 

spp.,  fol lowing d e s i c c a t i o n  s t r e s s  (S iebur th  1969);)  The quan t i t y  of 

a s s i m i l a t e s  rece ived  by t h e  j u v e n i l e  f ronds ,  a s  f a r  a s  I . c a n  judge 

from my q u a l i t a t i v e  experiments,  is  low. The young f ronds  a r e  growing 

in*eep, poorly l i t  waterb, and a r e  l i k e l y  dependent on a s s i m i l a t e s  
pL - - -- - - -- - -  -L- 

from t h e  parent  f rond f o r  growth (Sargent 6 Lan t r ip  1952). North (1968) - 

A ,  

showed a decrease i n  the  growth r a t e  of young f ronds  when t h e i r  connection 

t o  t h e  parent  f rond was severed. (However young t i s s u e s  of Laminaria 
t 

have been found t o  have ex t r ao rd ina%i ly  high r a t e s  of dark-C02- 

f i x a t i o n ,  both i n  l i g h t  and i n  darkness  (Wil lenbrink,  pers .  comm.) 

and t h i s  might a l s o  be s o  i n  Macrocyst is . )  q t h e  a d u l t  f rond ap ices  

i n  my experiments were indeed se rv ing  as unusual ly s t r o n g  s i n k s ,  t h e  

. t r ans loca t ion  p a t t e r n  a t  o t h e r  t imes of year  could b e  expected t o  d i f f e r  
' 

-m 14 
from $he" one I f ound-in t h e  fol lowing,  ways: (1) i f  more C were.. 

4 

impo;ted by t h e  young f rohds  i t  might become d e t e c t a b l e  

experimental  per iod;  (2) upward expor t  might begin  

probably end sooner; (3)  downward t r a n s l o c a t i o n  would probadly begin 

sooner.  

r7 
The a c t u a l  d i s t a n c e s  from the  apex t o  t h e  t r a n s i t i o n  reg ions  

a 

depend on t h e  o v e r a l l  l eng th  of a f u l l  grown frond.  I n  - M. i n t e g r i f o l i a  

(1-2 m be lowlow water )  expor t  began a t  0.3 m f rom- the  apex, while  down- 
a -  - - - - -- - - - - 

ward t r a n s p o r t  began about 1.2 m from the  apex i n  s p w ,  0.5 m i n  f a l l .  
- - - - - - - - - - 

For - M. p y r i f e r a  t h e  t r a n s i t i o n  reg ions  Were a t  about  0.5 and 3 .0  m a t  

Santa Barbara (5 m below low wa te r ) ,  and 1 m and 3.5 m from t h e  apex a t  

-. 

< 

.- - - - < -  
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/' 

- - - -- - -- 

'Arch Rock (8-10 m below low water ) .  A s  f a r  a s  I can determine from 

the  low number of experiments ,  expor t  i n ,  t h e  shallow - M. p y r i f e r a  * - 

i n  Newport Bay begun 0.15-0.3 m from t h e  apex. The r e s u l t s  of M. 
0 - 

, i n t e g r i f o l i a  were r a t h e r  more v a r i a b l e  than  those  from M. p y r i f e r a ,  . 

which I a t t r i b u t k . p a r t l y  t o  the-more f l u c t u a t i n g  environment of t h e  

shal lower p l an t s .  I n  genera l  t h e  shal lower the  p l a n t ,  t h e  s h o r t e r  the ." * 
- - - - - -- 2- 

f ronds ,  and t h e  c l o s e r  the  t r a n ~ i t i o n ~ r e g i o n s  t o  t h e  apex. 

Macrocystis h a s  a s u r f a c e  canopy whi-ch shades deeper p a r t s  

of t h e  p l a n t ,  bu t  a l s o  provides  a s s i m i l a t e s  t o  them. The deeper t he  

t i s s u e ,  of course,  t h e  l e s s  l i g h t  i t  w i l l  r e ce ive ,  because of l i g h t  ; 
, - 

a t t e n u a t i ~ n  by t h e  water  c o l h n ,  and the more important  w i l l  b e  the 

'ass imilates  rece ived  from o l d e r  p a r t s  of t h e  p l a n t .  As a young frond 
0 

grows, i t  develops mature b lades  and e longates  i a t o  g r e a t e r  illum%iated 

water ,  and import from,the o t h e r  dec l ines  and even tua l ly  ceases .  

Thus t r a n s l o c a t i o n  ould be more important  i n  g. 

p y r i f e r a  than i n  3. i n t & i f o l i a .  

111. Harvest ing , and a p i c a l  dominance 

The immediate e f f e c t  of c u t t i n g  the  apex of a n  M. i n t e g r i f o l i a  - 

1 f r o n d  was ; 'apparent ly,  t h e  c r e a t i o n  of a s i n k  a t  the  wound; 1 4 c  

accumulated i n  t h e  b l ade  Cs)- immediately- below -the-cut, B e - e x p l a n a d o n  - ---s- 

- 
of t h e  surge  of t r a n s p o r t  may be  simply t h a t  i t  is a phys i ca l  func t ion  

- - - - - - - - - - - - 

of sever ing  t h e  s i e v e  tubes.: Milburn ( i n  ~ L b a n t ,  1975, p. 222) suggested 



- - --< -- -- 

t 

e ,, # 

t h a t  t h e  cu t  . . .g  o e s  a very- long  way t o  d r a i n i n g  t h e  rurgo,r p re s su re s  
- u 

fpom t h e  whole s y s  tem." I f  t h i s  is  the  case ,  then  t h e  s i e v e  sap  which . , 

r e p l ~ e s  the  sap  which "as exuded could conta in  a cons iderable  am6unt 

of 1 4 C  i n  my labeling.exper%ents.  - ,  There would then b e  a d i f f u s i o n  
' 

1 4 '  1 P 

of C ag  i n s t ,  o r  i n  t he  absence o f ,  f lqw from t h e  mature bf a d e i  nea r  

t h e  rurCCanny & Askham 1 9 6 7 ) )  Whatever t h e  expiana t ion  f o r  t h e  -- 

a c t i v i t y  near  t h e  c u t ,  t he  e f f e c t  is  a short-term one, one o r  two days C 

a t  most, and subsequent ly t h e  a s s i m i l a t e s  which were going t o  t h e  apex 

of  t h e  c u t  f rond a r e  r e d i s t r i b u t e d  t o  t h e  remaining s i n k s  -- ap ices  of 

young f ronds ,  and sporophyl l s  a t  the  base of t h e  c u t  f rond.  I n  my 
J 

q u a l i t a t i v e  experiments t h i s  i nc rease  i s  not  apparTnt i n  - M. i n t e g r i f o l i a ,  

b u t  can be  seen i n  M. p y r i f e r a ;  t h e  ,change i n  p a t t e r n  i s  c l e a r  i n  both  

spec i e s .  

' f  
Clendenning (1968) thought cha t  ha rves t ing  a f f e c t e d  t h e  ke lp  

chi-efly ,by i n c r e a s i n g  t h e  pene t r a t ion  of l i g h t ,  and decreas ing4  t rans-  

l oca t ion .  However, h a r v e s t i n g  seems t o  i nc rease  t h e  t r a n s l o c a t i o n  t o  

d 

t h e  young fronds.  The combined e f f e c t s  of +translocation ahd l i g h t  6 .  

should r e s u l t  i n  t h e  canopy reforming f & t e r  than  would be  p red ic t ed  

from t h e  growth r a t e s  ?IF c$e youni  ' fronds alone. Of course ,  t h e  amount 
0 -  

of e x t r a  carbon they. r ece ive  w i l l  depend on t h e  a m o p t , o f  mature t i s s u e  
' ,: 4, 

l e f t  on the  parent  f rond -- t h e r e  must be  a p o i n t  where t h e  amount of 

- 

source  t i s s u e  l o s t  is  equa l  t o  t h e  amount of s i n k - l o s t ; - I f  % Z E t i s s u c ~  --- 

i s  c u t  o f f ,  growth of  t h e  you& f - t i ~ i * m - - r r g  l o n g  

f ronds  completely from k e l p  p l a n t s  r e s u l t e d  i n  a marked decrease  i n  th&./. 



8 

gm&b r8Ees ef €?he short f rmds  f?kmtI-r%?68).- -But, a s  ~ o r t h  (op. 

c i t . )  found, t h e  o v e r a l l  r e a c t i o n  of a p l a n t  t o  - c u t t i n g  w a s  very  
=. 

v a r i a b l e ,  depending p a r t i c u l a r l y  on the  amount of t i s s u e  i n  t h e  canopy, 

amount removed, and t h e  l i g h t  increas'e r e s u l t i n g  from c u t t i n g .  

The d i f f e r e n c e  i n  t r a n s l o c a t i o n  t o  t he  l a b e k d  frond apex 

compared wi th  the  j u v e n i l e  fro8nd apex, and t h e  ve ry  marked inc rease  
0 ,  

. 10s t, i n d i c a t e s  a p i c a l  dominance ificrocys tis. T h e  ques t ion  of 

hormonal a c t i v i t y  i n  ke lps  i s  s t '  1 -very much open, b u t  ev idence ' i s  d 
accumulating t o  imp l i ca t e  hormones n o t  only i n  t rans loca t ion ,  b u t  a l s o  

in f r u c t i f i c a t i o n  and senescence. " 

IV. Trans loca t ion  i n  Macrocystis and i n  vascu la r  p l a n t s  

i 
- - - 

'Ihe p a t t e r n  of  import and expor t  from maturing laminae o f  

Macrocystis shows g r e a t  s i m i l a r i t y  t o  tbe p a t t e r n  w e l l  known i n  many 
d 

dicoty ledons  (Shiroya - et  -. a l .  1961; Hale h Weaver 1962, f i g .  23; Thrower 
.- . 

1967; Larson & Gordon 1969): immature leaves  import only,  b u t  when h a l f  

t o  three-quar te rs  expanded begin expor t ,  f i r s t  upwards, then downwards 
4 

II. 

o u t  of t h e  shoot  t o  s t o r a g e  o r  younger meristems. The massive suppor't 

of f l m e r s  and f r u i t  i n  angiospeims c o n t r a s t s  wi th  the  g e n h ~ - a ~ l y  low 

14 
import of C by sporophyl l s  of Macrocystis,  bu t  product ion of f lowers  

- - ---- - -- - *-- . --- - -- ---- - -- 
1 

aKd f r u i t  occurs  l a t e  i n  t he  l i f e  of t h e  p l a n t  (or  i n  t he  p a r t i c u l a r  

growfng season) ,  and o f t e n  involves  r e l a t i v e l y  massive s t r u c t u r e s .  In B 
4 

! 
4 
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- 

h - -- 

c o n t r a s t ,  sporophyl l s  a r e  among t h e  f i r s t  b lades  formed ( c f .  p.  1 3 ) ,  

and they a r e  a l ready  l a r g e  when s p l i t  o f f  t he  a p i c a l  s c imi t a r .  
Q 

Frequent ly,  b u t  no t  am, t h e  sporophyl l  branches and may become 

\ very  l a rge .  However, t h i s  takes  p l ace  over t h e  whole l i f e  of $he 

f  ropd (about 6  mo. -- North 1961) and even beyond ( s ince  t h e  lower 

p a r t  of the  s t i p e  bea r ing  t h e  sporophyl l s  f r equen t ly  remains when t h e  

r e s t  of t he  frond h a s  decayed). Photosynthesis  i n  t h e  sporophyl l  can 

p a r t l y  meet t he  r e s p i r a t i o n  requirements (L.D. Druehl,  i n  prep. ) ., ID i 

is  t h e r e f o r e  n o t  s u r p r i s i n g  t o  f i n d  t h a t ,  i n  a  24 h pei-iod, t h e  amount 

of r a d i o a c t i v i t y  accumulated i n  sporophyl l s  i s  low compared t o  f a s t -  

growing t i s s u e .  

Macrocys t is a l s o  d i f f e r s  somewhat from dico ty ledons  i n  t h e  

change from import t o  export .  Because t h e  d i s t a l  p a r t  of t h e  developing 

lamina is  p a r t  of t h e  already-formed a p i c a l  s c i m i t a r ,  t h e r e  is  l i t t l e  

growth in it ( t h e  proximal p a r t  of t h e  lamina is  m e r i s t & t i c ) , .  and no 
A 

import i n t o  t h e  d i s t a l  reg ion  of e i t h e r  t h e  a p i c a l  s c i m i t a r  o r  t he  f r e e  

blades.  I n  d ico ty ledons  t h e  whole , leaf  a r e a  i s  involved i n  expansion, 

and a t  f i r s t  t h e  whole l e a f  imports (Turgeon & Webb 1973). Subsequently,  

t h e  importing a r e a  s h r i n k s  toward the  proximal p a r t  o f  t h e  l e a f ,  and the* 

d i s t a l  reg ion  then  beg ins  t o  expor t ,  f i r s t  t o  t h e  proximal park,  and 

then,  whi le  t h e  l e a f  i s  s t i l l  import ing,  ou t  of t h e  l e a f  t o  younger 

- - T g t r u & t h e r e - a r - w ) r s  t is 'and dic% ty- 
& 

l&ons,  t h e r e  a r e  a l s o  i n t e r e s t i n g  ana logies  w i t h  monocotyledons, 
* 



, 

p a r t i c r l a r l y  some of t h e  g ra s ses ,  - -- - 

frond production i n  Macrocystis.  I n  t he  v e g e t a t i v e  s t a t e  of c e r t a i n  
8 

g r a s s  p l a n t s ,  l eaves  (e.g.  corn: Hofs t ra  & Nelson 1969) and t i l l e r s  b 

' 4 h 

(rye:  Sagar & Marshal l  1966; Marshal l  & Sagar 1968) a r e  i n t e r -  

dependent. I have no evidence from Macrocystis p y r i f e r a ,  bu t  i n M .  - 

i n t e g r i f o l i a  t h e  f rond  i n i t i a l  on t h e  primary f rond  supported t h e  a p i c a l  

blades unCL  he frond-had a b ~ u t  1 2  b lades ;  t h e r e a f t e r  t h e - f r r ~ & ~ - ~  

i n i t i a l  d i d  n o t  expor t .  Frond i n i t i a l s  on subsequent f ronds ,  i n  bofh 

s p e c i e s ,  d id  n o t  expor t ,  and t h e r e  i s  no movement from younger f ronds  

t o  o lde r  even when t h e  younger frond l acks  the  apex. When r y e  in te rnodes  

began t o  expand, and e s p e c i a l l y  when t h e  in f lo re scence  was formed, t h e  

meristems and l e a f  i n s e r t i o n s  became more separa ted  (Ryle & Powell 1972),  
\ 

I 
, 

and interdependence changed t o  t h e  f a & l i a r  p a t t e r n  of expor t  upward 

from upper l eaves ,  downward from lower l eaves  (Rawson & Hofs t r a  1969; 

' A  I 

Ryle & Powell 1972). A c l o s e  analogy e x i s t s  between Macrocystis and 

Agropyron repens (L.) Beaw. (couch g r a s s ) :  i n ' t h e  s e e d l i n g  s t a g e  of . 

t h i s  g ra s s  a s s i m i l a t e s  from t h e  leaves  supported t h e  primary shoot  and 
1 ' 

r o o t  meristems; l a t e r  t i l l e r s  began t o  grow and were supported b y , t h e  

primary shoot ,  b u t  no a c t i v i t y  passed from t h e  tillers t o  t h e  primary 

shoot  (Rogan & Smith 1974). The beginning of expor t  from c e r e a l  leaves  

may begin  l a t e r  than i n  d i c o t s ,  because of t h e  h i g h l y  po la r i zed  growth 

from a proximal m e r i s t e m  (Fe l ippe  & Dale 1972). I n  - M. i n t e g r i f o l i a  

t h e  onse t  of expor t  wasshown t o  co inc ide  wi+h-maturity+f the-lamina .- - - T- -- - 

P e r h a F s i b e - g r e a t e s t  d i t f e r e n c e  i n  t r a n s l o c a t i o n  p a t t e r n  between 
a. 



Macrbcystis and land p l a n t s  i s  t h a t  i n  t h e  l a t t e r  roo t  and shoot  growth * 

a r e  of t h e  same o rde r ,  and a l a r g e  propor t ion  p•’ t he  leavesh+e&ilatest S. + 
I " -  

\ '  
$ 2  

g o  t~ t h e  roo t s .  I n  Macrocyst is  hapteroa  d&%th is  r e l a t ivk - ly  h o w ,  - 

i n  terms of biomass 'added, and itnport,& cbrrespo_ndingly low. (The 
e 

hap te ra  a r e  weakly pigmented, b u t  i t  has  no t  y e t  been shown whether a 
7 - 

s i g n i f i c a n t  amount of t he  growth comes from t h e i r  own photosynthes is . )  

- - -- - -- 

It i s  beyond t h e  s c o p e , ~ $  t h i s  s tudy  t o  cons ider  t h e  mechanism 

by which the  observed "movement -of 14c takes  p lace .  However, i t  s y u l d  
e 

b e  remembered t h a t  t h e  s t r u c t u r e  of s i e v e  elements i n  ke lps  is  very 

d i f f e r e n t  from s i e v e  tubes of vascu la r  p l a n t s :  (1)  t h e  s i e v e  elements 

a r e  f u l l y  f u n c t i o n a l  c e l l s ,  wi th  a f u l l  cytoplasm (some even r e t a i n  t he  

nuc leus ) ,  and abundant v e s i c l e s  (Schmitz & Sr ivas t ava  1974, 1975, 1976; 

J Schmitz i n  Johnson 1975, p. 72) ,  and l a c k  companion c e l l s  (Z ieg le r  

1963; .F%rker & Huber 1965; Schmitz & Sr ivas t ava  op. c i t . ;  Parker  1971); 

. (2) t h e  re t icu lum they  form i s  much f i n e r  and more open than i n  vascu la r  

p l a n t s ,  wi th  many more anastomoses than angiosperms (Aloni & Sachs 1973; 
-- 

Schmitz & Sr ivas t ava  1974). Despi te  t h e s e  r e c e n t  s t u d i e s  on k e l p  s i  . %  * 
elements ,  s t u d i e s  on Macrocystis p e r t a i n  l a r g e l y  o r  exc lus ive ly  t o  t h e  

' s ieve p l a t e s  (Wil le  1885; O l ive r  1887; Sykes 1908; Esau -- e t  a l .  1953; 

Accor t in i  1960; Z ieg le r  1963; Parker  6 P h i l p o t t  '1961; B. Parker  1964; 

J. Parker  1964; reviewed by Esau 1969). ~ c h m i t z  & Sr ivas t ava  (1974a) 

r e c e n t l y  demonstrated a h igh  turnover  of ATP i n  s i e v e  elements of 
- - -  - - -  - - - - - -- -- - - - -- - -- - - - 

Macrocystis i q t e g r i f  o l i a .  I n   ami in aria d i g i t a t a ,  ~ e g o t  e t  a l .  (1976) 
- -  - 

showed i n h i b i t i o n  by cyclohexamide of long-dis tance i o n  t r a n s p o r t  (e.  g. 32p).  



There a r e  many problems which remain. Some, such a s  t he  f a t e  - 
of C- and N-compounds imported by young t i s s u e ,  and how the  r e t i c u l a t e  

s i e v e  element system might b e  d iv ided  between upward and 

have been r a i s e d  i n  the  foregoing  d i scus s ion .  Some-other 

ques t i ons  a r e :  t h e  k i n e t i c s  of load ing  a s s i m i l a t e s  i n t o  t h e  

elements ,  of transpor:, and of unloading;  and t h e  r o l e  
- A - - --- 

r egu la t i on  a•’ f r a n c l o c a t i o n  p a t t e r n s .  My s t u d i e s  have a t  b e s t  def ined t h e  

problems, and provided t h e  necessary  background a g a i n s t  which t o  begin 

more d e t a i l e d ,  and q u a n t i t a t i v e  experiments ,  l e ad ing  u l t i m a t e l y ,  one 

hopes, t o  an understanding o f  t h e  mechanism of t r a n s l o c a t i o n  i n  brown 

L 

a lgae .  While comparisonQw$th land p l a n t  t r a n s l o c a t i o n  is  i n s t r u c t i v e  i n  

eva lua t ing  r e s u l t s  on a lgae ,  and i n  po in t ing  o u t  d i r e c t i o n s  of researgh  - .  
t h a t  a r e  l i k e l y  t o  b e  f r u i t f u l ,  o n e p e e d s  t o  be  c a r e f u l  t o  n o t  qa r ry  tfie 

, ana log ie s  too  f a r .  Current  t h ink ing  on evolu t ionary  re la t ionsh" ips*beween  

p l a n t s  p l aces  t h e  h ighe r  brown a l g a e  e a  branch w e l l  s epa ra t ed ,  by non- 

/i. \ 

t r a n s l o c a t i n g  a lgae ,  from land  plants, ,  and i t  is  unreasonable t o  pre- 

suppose homologies between a l g a l  a n d v a s c u l a r  p l a n t  t r ans Ioca t ion ;  

r a t h e r ,  they a r e  an example of p a r a l l e l  evo lu t ion .  9 
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Appendix Tables:  More complete d a t a  a r e  given he re  than i n  t h e  , * 

gynopt ic  t a b l e s  i n  the  t e x t  f o r  t h e  resulCg of  the  va r ious  groups of 
i - 

t r a n s l o c a t i o n  experiments .  A copy of t he  f u l l  s e t  of d a t a  s h e e t s ,  wi th  
, 

t h e  complete d a t a  f o r  a l l  t h e  experiments,  has  been lodged Y_o t he  Data 

F i l e  of Depository of Unpublished Data, Nat iona l  Science Library ,  Nat iona l  

Research Council  of Canada, Ottawa. 

-- -- -- - 

The fo i lowing  1Gf of a b b G v i a t i o n s  and convent ions a p p l i e s  

t o  a l l  the  Tables  i n  t h e  Appendix, a s  w e l l  a s  t o  Table 7  (pages 47-50), 

f Table 8 @age 53 ) ,  and Table 12 (page 67).  
f 

Unless o therwise  noted experiments were of 24 h du ra t i on ,  w i th  

continuous feed ing  wi th  14c. 

A c t i v i t y  is  given i n  dpm/lO mg dry  w t .  Maximum a c t i v i t y  means-- 

t he  h i g h e s t  sample dpm i n  fhe  a p i c a l  s c i m i t a r  and a s s o c i a t e d  immature 

blades.  

l abe l ed  

0 dpm means "less than 100 dpmflO mg d ry  w t " *  (see page 7 ) .  

d (m) = d i s t a n c e  from t h e  l abe l ed  b l ade  t o  t h e  apex of  t h e  

frond. 
3 

da te  = d a t e  of h a r v e s t  (end of experimental  per iod)  . . 

apiscim = a p i c a l  s c i m i t a r  
f 

\ 

f r .  b l .  = f r e e  blade '  
. . 

. 
- - - ----- ~~ - - ~- - - ~ - 

- - p- ---- 
- - 

rond i n i t i a l  

n. a .  = no apex 
, 



-- 

L 
? = .contamination suspected 

Abbreviat ions f o r  s tudy  s i t e s  i n  Barkley sound: R = Ross 

/ 
I s l e t s ;  C-0 = Clarke-Owens; S J  = San Jose  I s l e t s ;  BMS = Bamfield 

& r i n e  S t a t i o n ; ' B I  = Bamfield I n l e t ;  W I  = Wizard I s l e t .  - - 
% - * i n d i c a t e s  t h e  labe led  



Table  1. R e s u l t s  of t r a n s l d c a t i ' o n  exper iments  on 5. i n t e g r i f o l ' i a  a t  

~ a r n f i e t d  I n l e t ,  May-June 1973. 

P l a n t  d a t e  d (m) f r o n e  l e n g t h  ' a c t i v i t y  i n  .maximum 

(m> . .. a p i s c i m  a c t i v i t y  
1 

. C .  . 

. - 
6 

, t 
June  5 .32 2.04 0 446 

.49 0 0 

1 O 2.29 0 0 

1.3 J u n e  24 (. 33) 

7 June  5 .34 xO* 1.27 5508 

5 June  5 



Table 1, cont .  

- - - - - - -- - - 

P l a n t  d a t e  d (d frond length  a c t i v i t y  in- maximum 

( m) apisc im a c t i v i t y  - 

June 2 8  .38 

June 28 . .56 

June 24 .74 

June 28 ' .83 

June 24 .99 

- - 

x+3O fr. i n i t .  598 'Wl/-" 

fr. i n i t .  366 366 



T a b l e  1,  con t .  

- pp-pp- - - -- 

P l a n t  d a t e  d  (m) f r o n d  l e n g t h  a c t i v i t y  i n  maximum 

(d a p i s c i m  a c t i v i t y  

3  May 23 Note  1 x O * 1.39 1014 1769 

. . 

26 June  28 1 .03 xO* 2.05 ' 7820 9767 

18 June  28  1.16 xO* 2.10 61812 64886 
f 

x ' .26 0  0 

J u n e  20 

J u n e  24 Note  2  

June  28 



Table  con t  . L 

/ 

P l a n t  

(m) a p i s c i m  a c t i v i t y  

2.23 xO* 2.90 

x+1•‹ 1.40 

X+2O .11 

xt3O fr. i n i t .  

June  28 

June  28 ' 

y+20(xM?) 

xt3O (x" ' ?)  

June  28  

)- , 

bla& number Notes.  1. 1abel.ed 

2. l a b e l e d  b lade  number 
*.- 

+ 
-. 

- 
P 
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on g. i n t e ~ r i f o l i a  a t  

- -- - - ----- - A - -- - - - - 

P l a n t  d a t e  l eng th  a c t i v i t y  ' in  maximum 

(d apisc im a c t i v i t y  

Sep 1 .35 2O-k .70 97820 131731 

f 3' and 4' I 0 0 
- -- - A- A- - 

o t h e r  1•‹,20,30,40 . 0 0 .  

Sep 1 ( 3 7 )  xO* 2.42 n.a. 0 

0 - 

x+l .54 8571 21445 

x+2O f r .  i n i t .  23661 - 

Sep 16 . 39  xO* 153481 1512473 

4 

C X+l0 0 0 

x+20 - 190 190 

Aug 27 .40 xO* 2.23(Note 1) 145 413 

Aug 27 - 4 7  - x* -- - 1-84 - - 34685 - - 5 0 9 4 6 -  --  - 

O c t  13 (Note 2) .46 xO* ( 84) n.a. O(Note -3) 
t 



Table 2, cont. 102 

- - - -  - -- --- 

Plant date d (m) frond length' activity in maximum 

(4 ~ apiscim activity 

2g4 Aug 28 .63 lo* 1;76 17727 48571 I:: : 15 76943 76943 f 

r 

fr.init. 2993 - 

Sep 1 

Oct 13 

Sep 1 

Sep 21 

Sep 16 .68 1.15 584 5 84 1 ,  4 1  -- 1016 85345 

fr.init. 196 - 

- (-91) xO* (3.60) n.a. 358 (Note 3) 

x+1•‹ 1.35 2 144 7424 

x+2 O .31 2411 7105 

xt3O fr.init. 1374 - 



Table .2, cont. 103 

Plant date d(m) 'frond length - activity - - - - in - - - maximum --- 

apiscim activity , 
d 

326 Aug 31 (1.01) xO* (1.93) n.a. 0 
< 

Sep 1 1.04 xO* 

Sep 16 1.07 xO* 

Sep 21 1.07 

. . 

Sep 21' 1.12 

fr. ini t. 997 

4 8 Sep 16 1.15 xO* 2 ..23 242 1019 



Table 2,  cont .  

P l a n t  d a t e  d(m) frond length - a c t i v i t y  i n  maximum :-- 
-- 

, 

apiscim a c t i v i t y  

- 

Oct 13  1.25 

Sep 2 1  

Sep 21 

-. 

Sep 1 

316 Aug 31 

x+3O f r  . i n s t .  1154 - 
- -- - - P - - 

P 
- 

xO* 5.31 (Note 1) 1 4 2 ( ~ o i e  3) 

x+3O fr. i n i t .  823 - 

*lo 1.03 169 243 

x+zO fr .  i n i t .  363 - 

t 
xt2O 1025 2340 

x+3O f r. ini t . 794 - 



T a b l e  2,  con t .  

(m) a p i s c i m  a c t i v i t y  

652 Oct 13 2.40 xO* 4.66 251 251  (Note 3) 

7423 13238,  (Note 3) 

x+2 O fr. i n i t .  

0 0 (Note 3) 

9745 13991 (Note 3) 

\ 

632 Oct 1 3  - 
x+1•‹ ( 979) n.a. 0 (Note 3) 

x+2O fr. i n i t .  30676 37165 



Table  2 ,  cont, 

\ Notes.  1. x0 w i t h  t e r m i n a l  b l a d e  

I, 

2. 72 ' h  con t inuous  l a b e l  1 

3 .  High a c t i v i t y  i n  "sporophyl ls  ' 
-, 

4 .  24 h  l a b e l ,  48 h exper iment  T 

5. Apex da  n y e d .  T h i s  experiment shown i n  Schmitz 

& Lobban ( l 9 7 6 ) ,  f i g .  7. L, 

-A - - - - - - - - - -  --- 
6. 24 h  l a b e l ,  5 day  exper iment  

\ 

7. 24 h l a b e l ,  6 day exper iment  

8. l a b e l e d  b l a d e  s e n e s c e n t  . 
I I 
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T a b l e  3 . + l t s  o f  t r a n s l o c a t i o n  exper iments  0ntP-l. l n t e R r i f o l i a  a t  

Ross I s l e f s ,  February  and March, 1975. 
I 

- -A- 

P l a n t  d a t e  d ( m )  f r o n d  l e n g t h  a c t i v i t y  i n  wximum 

(m) : a p i s c i m  - a c t i v i t y  

147 , Feb 9  .34 ' xO* 1.35 53'68 09930 r 

150 Feb 9  .37 xO* . 1.33 0  346 . 

r ' x+1•‹ fr .  i n i t .  0  - - P  0  

149 Feb 9  

1 5  1 Feb 9  

153 Mar 9  

I 155 . Mar 9  

1 54 Mar 9  

- - - 

152 Mar 9  

4 



Table  3 ,  con t .  

P l a n t  d a t e  d m  f r o n d  l e n g t h  a c t i v i t y  i n  maximum 

(4 a p i s c i m  a c t i v i t y  

156 Mar 
. . 
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Table 4. Results of translocation experiments on M. integrifolia - 

_I 

. -  
at Ross Islets, August-November 1975. 

Plant date d (m) frond length activity maximum 

(d apiscim . activity 

August 27-28 

203 Aug. 28 



Table  4 ,  con t . 
4 

P l a n t  - - - - - - - d a t e  d (m) f rond  Tengt3- a c t i v i t y  maximum 
/- 

(m> a p i s c i m  a c t i v i t y  

september 13-14 and 16-17 

210 S e p t .  1 4  .59 xO* 24,090 28,550 P: : : X+l0 283 283 

x ' fr. i n i t .  349 - 

S e p t .  1 7  .35 xO* 2.62 36,140 43,320 

*lo .15 0 0 -  

I I 

f 2'29 .O* 

8.35 0 0 

x ' .68 0 0 



Table 4 ,  cont  . 

P l a n t  
8" 

d a t e  d ( m )  frond l e n g t h  actAviry maximum. 

(d apisc im a c t i v i t y  

September 23-24 

Sept .  24 .30 



Table 4, cont.  

Plant  d a t e  
., 

d (m) frond length  a c t i v i t y  yaximum 

(d apiscim a c t i v i t y  

November 14-15 

m5 Nov. 15 

o the r  2O, 3' 0 0 

Notes: 1. both x0 and x+1•‹ labeled  
0 

- - - 
2. t e r m i n a l ~ b l a d e ~ o n _ x  - ---- - -- - -- -- 

-_ 

0 3. x apex l o s t  during harves t ing  
- 

- - - - -  

7 m F r n i t a r  + 1 f r e e  blade missing 
-- from x apex 

5. a p i c a l  sc imi ta r  i n  poor condit ion on x o 



Table 5. Results of translocation experiments on g. integrifolia at 
- - - -  - 

San J O S ~  Islets. 

Plant date d ( m )  frond length activity in maximum 

(4 apiscim activity 

1975 experiments. - 

185 July 17 

7. 

187 July 17 

186 July 17 

a *  

184 July 17 

183 July 17 1.96 xO* 4 . 1 3  

1976 experiments 

-- 

262 May 11 
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Table 5, cont. 
- - -  P 

Plant date d (m) frond length activity,in ' maximum 

( ml apiscim activity 

Apr 22 .49 . xO* 1.45 24440 - 34930 

x+2O fr.init. 0 0 
i 

May 11 - - 758 2 - k  1- \ 5 i 
- - 2 43 1 1 - - -26ZLLfN~te 4-)- 

&lo .08 - 1550 1550 
X+2O fr. init. 1386 - 

May 11 .54 xO* 3.24 2465 2465 

Apr 22 

. - 

May 11 

0 Apr 22 .b6 xO* 1.86 0 

x+1•‹ 1.16 - 14190 15250 

x+30/4' fr . ini t . 2 1450 28820 



T a b l e  5 ,  cont .  

apiscim a c t i v i t y  

243 Apr 22 . 90  xO* 1.44 28630 29830 

264 Map 11 . .95 xO* 2 922 3 845 3845(Note 1) 

. O  
238 Apr 22 .97  . x *  1 .81 

263 May 11 1 .00  xO* 2 .34  13022 ' 13834 

+so fr.init. 14025 - 

237 Apr 22 1 .36 xO* 2.36 0 O(Note 1) 
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T a b l e  6 .  T r a n s f o c a t i o n  exf ier iments  on young 2. i n t e g r i f o l i a .  Expor t  . . 

f rom b l a d e s  on young lo f rands .  ExpeSlaenesar-r~ouged-mow-export---- -- ,. 
from a  p a r t i c u l a r  b l a d e  as more b l a d e s  a r e ,  fo rmid  a b o v e : i t .  Cond i t ions :  

L = i n  l a b o r a t o r y ;  C = chamber used f o r  l ' abe l ing ;  D = c o ~ t i n u o u s  i l lum-  
. . 1 

i n a t i o n .  Exper iments  i n  s i t u  a t :  W = Wizard I t . ,  J u l y  9-Sep 8  1974; BI = 

'Barnfiela I n l e t ,  f a l l  1973; R = Ross Its; J u l y  1974. 

d  B lade  P t o t a l  # s i n k  miximum p l a n t  # & 

, - -  --- - - - -- - - - - -- - - -- 

(# from base )  . f r .  b l .  (m) ( i f a n y ) '  a c t i v i t y  , c o n d i t i o n s  
1 
- \ 

, 
L 

Apiscim - 0  . -  4 0 103; L,C 

. . 
I _  

- 
1 (2O) , 1 - ca .  , l 2  lo* . " 54587 102; L,C 

9. 

1 c a .  .12 ' , -0 ' 97; L,C,D 

-* 4 ca . .  18 lo* ' . 340 113; W 
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Table 6 ,  cont.  

t o t a l  1) d s ink  maximbm p lan t  1) & 
Blade ($1 

from base) 
a c t i v i t y  condi t ions  

3 ,  cont 

10 ca. .70 
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- - -- - -- - -- 

Blade # t o t a l  il d s i n k  maximum p l a n t  # ,  & 

from 'base f r . b l .  (m> ( i f  any) a c t i v i t y  condi t ions  



Table 9 .  Results of translocation experiments on M. pyrifera at Arch 
!z!!!- . 

Rock, October and November 1974. 

d 

Plant (m) 

length activity in 

(m) apiscim max. activ. frond 

apiscim = source 

0 

. O F  - -  - 

X 

0 
x * (Note 1) 

- - - - a - -- 
apiscim = source 0 

C82 .'38 2'* (Note 2) 

0 
x * (Note 2) 

2 ' * 



Table  9 ,  con t .  

l e n g t h  a c t i v i t y  i n  . 

f r o n d  a p i s c i m  max. a c t i v .  
B 

P l a n t  (m) 

term. b l a d e  

(Note 3)  

2'; o t h e r  3O 

(Note 3) 



t 

Table 9,  cont . - - 

l eng th  

P lan t  frond apiscim max. a c t i v t  

/ 

term. b lade  0 
I 
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Table 9,  cont .  
- -- - - - - -- - - -- 

d length  a c t i v i t y  i n  

P l an t  (m) f rond (m) a p i s c i p  max. a c t i v .  . * 

P l a n t s  i n  which source  was a sporophyll  o r  f rond- in i t i -a l :  

2"* (Note 4) 
0 

2', 5 - 

C 7 8  0 2'* (frond i n i t i a l )  

0 0 
2' (n .a . ) ,  3 , o t h e r  2 (n.a.) 

o t h e r  3 O ,  4O 
* 

0 3'" ( frond i n i t i a l ) -  

C75  0 5O* (frond i n i t i a l )  - 
(.25 from apex 4O 

344 (Note 5 )  

0 

C79 m ? 2O (sporophyll*) 
- - - 

Notes. 1. F i r s t  4 f r e e  b lades  = source  1 



3 b lades  l abe l ed ;  a c t i v i t y  d e c l i n e s  from \ t -  

sources  

Steady d e c l i n e  fram l abe l ed  b l ade  

Whole 2" (apiscim + 3 
l abe l ed  

I n  base  of frond only -- - 

# = 48,h experiment 

f r . b l . )  was 



124 

Table 10.  Results of translocation experiments on M. pyrifera at 
- -- -- -- -- 

Kerckhoff ~arine Caboratory (1 .5-2.5 m below low water), October 

25-26 and 29-50 1974. 

0 
activity in 

frond apical scimitar max. activ. Plant d 

lo, zO, 3O: gone 

4O, 2', 5O, of' other side 

3O, 4O, of other side 

lo, 2•‹,-z30_: gone 
w 

1•‹, 2O, 21, 3': gone 



/ , - 
r Table l o , .  cont .  

- -- ~ ~ - r g ? - ~  

frond a p i c a l  s c i m i t a r  max. a c t i v i t y  

- - 

Plan t  d  

4O, 2", 2X, 6O 

lo, zO, 2 1 ,  3': gone 

2•‹* 108,600 

lo 0 

3O: a b o r t i v e  0 

3' (of 'other  s i d e )  0  

lo, 2O, 3': gone 

lo, 21 ,  2", 2*, hO, 3': gone 



Table 10, c Y e  t --, 

Plant 

- 

activity in ,- 
frond apical scimitar max. activity 



l i b l e  11. R e s u 1 F s l o c a t i o n  experiments on Macrocystis af Santa 

Barbara, Novemb r 4-7, 1974, P -- 

k l ength  
a c t i v i t y  $0 

P lan t  (m) frond (m i  apisc im max. a c t i v .  

e 

C66 .43 xO* O..> "- 
0 

C72 1.68 
C.. xO* 



Table 11, cont .  

d . l eng th  a c t i v i t y  i n ,  

P l a n t  (m) f rond  (d . apiscim a x .  a c t i v .  
B 

C63 . 2.72 xO* I 929 2,895 

o t h e r  3O, 4O 0 0 

i 

Notes. 1. A c t i v i t y  i n  base  of frond only. C. j 
8 




