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ABSTRACT 

Severa l  a spec t s  i n  t h e  development of gametophytes of 

Laminaria sacchar ina  (L . )  Lamouroux were examined i n  r e l a t i o n  

t o  s e l e c t e d  n u t r i e n t s .  Growth, morphology, gametogenesis and 

metabol i tes  were s t u d i e d  i n  d i f f e r e n t  concent ra t ions  of n i -  

t r a t e ,  phosphate, iod ide ,  ioda te  and chlor ide / iodide  r a t i o s  i n  

axenic  c u l t u r e ,  using a  s y n t h e t i c  seawater medium under 

opt imal  l i g h t  and temperature cond i t ions .  

N i t r a t e  and phosphate were r equ i red  f o r  t h e  var ious  

s t a g e s  of gametophyte development and gametogenesis. "under 

n i t r a t e  and phosphate concent ra t ions  optimal f o r  growth 

and gametogenesis maximum q u a n t i t i e s  of DNA, RNA, p r o t e i n ,  

carbohydrate,  and chlorophyl ls  a ,  c  and low q u a n t i t i e s  of 

l i p i d s  were produced. Fur ther  , n u t r i e n t  concent ra t ions  which 

produced h igh  percentage f e r t i l i t y  corresponded with high 

r a t i o s  of RNA/DNA and pro te in /RN~.  

Iodide and ioda te  were n o t  e s s e n t i a l  f o r  a n t h e r i d i a l  

and oogonial  product ion,  b u t  a  s m a l l  a d d i t i o n  of iodine  had 

a  s t imula to ry  e f f e c t .  A t  low concen t ra t ions ,  iodide  was more 

e f f e c t i v e  than  ioda te .  A t  h igh concent ra t ions  ioda te  had a  

l e s s  i n h i b i t o r y  e f f e c t  than iodide .  I n h i b i t i o n  occurred a t  
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iodine  concent ra t ions  60,000 t imes g r e a t e r  than  t h a t  i n  

n a t u r a l  seawater.  This  i n h i b i t i o n  diminished with inc reas in7  

ch lo r ide  concent ra t ion ,  

Anthe r id ia l  product ion occurred under a wider range of 

n u t r i e n t  concent ra t ions  than  oogonial  product ion.  Fur the r ,  

percent  f e r t i l i t y  was g r e a t e r  f o r  t h e  male gametophyte . 
This  i n d i c a t e d  t h a t  t h e  female gametophyte was t h e  l i m i t i n g  

agent  i n  sexual  fus ion .  

The phenology of situ gametogenesis was monitored 

every 10 days f o r  t h r e e  years  i n  Burrard I n l e t ,  B.C., Canada. 

The su r face  water temperature,  s a l i n i t y ,  pH, n i t r a t e ,  n i t r i t e ,  

phosphate, and t o t a l  inorganic  iodine  were monitored weekly 

f o r  the  t h r e e  years .  The waters over ly ing  n a t u r a l  L. 

sacchar ina  popula t ions  were cha rac te r i zed  a s  having consider- 

a b l e  d i u r n a l  and seasonal  v a r i a t i o n  i n  a l l  t h e  monitored 

p r o p e r t i e s ,  

I n  s i t u  gametophytes, which developed from meiospores -- 
l a b e l l e d  with Calcofluor  White, produced gametes throughout 

t h e  year .  An the r id ia l  product ion was e a r l i e r  than oogonial  

product ion.  Gametogenesis took longer  during the  l a t e  autumn- 

e a r l y  winter  than  t h e  r e s t  of t h e  year .  On t h e  basis of t h e  

n u t r i t i o n a l  s t u d i e s  and t h e  seasonal  d i s t r i b u t i o n  of n u t r i e n t s  

i v  



the longer period required for gametogensis during the late 

autumn-early winter was not due to nutrient deficiency but 

most likely temperature and light. 

~ametogenesis did not limit production of new macroscopic 

sporophyte generations; rather the limiting action was the 

response of microscopic sporophytes to their environment. 
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t i o n a l  and f luorescence  microscopy . . 108a & b 
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CHAPTER I 

GENERAL INTRODUCTION 

E f f o r t s  t o  increase  seaweed product ion has  l e d  t o  an 

i n t e r e s t  i n  t h e  mar icul ture  of Laminariales.  Def in i t ion  of 

optimal and i n h i b i t o r y  growth condi t ions  of t h e  gametophyte - 

t h e  sexual  s t a g e  - must be known i f  success fu l  mar icul ture  is  

t o  be achieved by o the r  than tr ial-and-error  methods. 

Nuniberous s t u d i e s  have been made on t h e  response of 

laminar ia lean  gametophytes t o  c u l t u r e  condi t ions .  These 

include l i g h t  i n t e n s i t y  ( S a i t o ,  1956b; Segi  and Kida, 1957, 

1958; Hasegawa, 1962; ~ a i n ,  1964; Yabu, 1964) ,  l i g h t  q u a l i t y  

(Har r i e s ,  1932; S a i t o ,  1956a; Anderson and North, 1966) ,  

temperature ( S a i t o ,  1956a, b ;  Kain, 1964; Yabu, 1964; Druehl, 

1967) ,  inorganic  n u t r i e n t s  (Har r i e s ,  1932; Yabu, 1964) and 

orange ju ice  (Car te r ,  1935) . 
In  none of t h e  above mentioned s t u d i e s  have def ined  media 

or  axenic  c u l t u r e s  been employed. Microorganism contaminates 

may compete f o r  o r  a l t e r  t h e  n u t r i e n t s  and produce i n h i b i t o r y  

o r  s t i m u l a t i v e  substances thus  changing the  c u l t u r e  environ- 

ment. The use of n a t u r a l  seawater o r  f o r t i f i e d  seawater 

precludes knowledge of t h e  organic  and inorganic  substances 



i n  t h e  c u l t u r e  system. Thus, t h e  s i g n i f i c a n c e  of n u t r i e n t  

s t u d i e s  i s  g r e a t l y  enhanced when axenic  c u l t u r e  i n  def ined  

media a r e  used. 

I n  s t u d i e s  p repara to ry  t o  t h e  i n v e s t i g a t i o n ,  a means of 

ob ta in ing  axenic  c u l t u r e s  f o r  t h e  Laminariales was developed 

(Druehl and Hsiao, 1969) .  A def ined  s y n t h e t i c  seawater 

medium, s u i t a b l e  f o r  t h e  c u l t u r e  of ~ a m i n a r i a l e s ,  w a s  obtained 

by modif icat ion of ASP 2 (Provasol i  e t  a l ,  1957) .  

The p resen t  i n v e s t i g a t i o n  explored,  f o r  t h e  f i r s t  t ime, 

t h e  e f f e c t s  of s e l e c t e d  inorganic  n u t r i e n t s  on gametophyte 

development and gametogenesis i n  def ined  media under axenic  

cond i t ions ,  

P a r a l l e l  t o  t h i s  i n v e s t i g a t i o n  a s tudy of n a t u r a l  

v a r i a t i o n  of s e l e c t e d  environmental parameters and t h e  gameto- 

phyte response t o  these  i n  s i t u  condi t ions  was conducted, 

This  t h e s i s  i n v e s t i g a t e s  four  problems: 

1. How do var ious  n i t r a t e  and phosphate concent ra t ions  

a f f e c t  morphology, gametogenesis and metabol i te  product ion 

of gametophytes (Chapter 11) ? 

2 .  How do var ious  forms and concent ra t ions  of iodine  

a f f e c t  morphology, gametogenesis and metabol i te  product ion of 

gametophytes? And a r e  these  e f f e c t s  a l t e r e d  by d i f f e r e n t  



c h l o r i n i t i e s  (Chapter 111) ? 

3 .  What is  t h e  n a t u r a l  v a r i a t i o n  i n  seawater temperature,  

s a l i n i t y ,  pH, n i t r a t e ,  n i t r i t e ,  phosphate and iodine  concen- 

t r a t i o n s  i n  an environment occupied by L. sacchar ina  (Chapter 

I V )  ? 

4. When during t h e  year a r e  gametophytes f e r t i l e  i n  

t h e i r  n a t u r a l  environment (Chapter V)? 

Chapter VI i s  a b r i e f  summary i n  which I d i scuss  t h e  

i n t e r r e l a t e d  a s p e c t s  of t h e  above mentioned problems. 



CHAPTER I1 

CORRELATION OF NITRATE AND PHOSPHATE CONCENTRATIONS WITH 

GAMETOGENES IS AND SELECTED METABOLITES OF L. SACCHARINA 

INTRODUCTION 

A l l  b i o l o g i c a l  growth processes  r e q u i r e  n i t rogen  f o r  

the  s y n t h e s i s  of c e l l u l a r  p r o t e i n s ,  amino a c i d s ,  pu r ines ,  

pyrimidines,  and nuc le ic  a c i d s ,  s i n c e  n i t rogen  is  an impor- 

t a n t  c o n s t i t u e n t  i n  enzymes and many of t h e i r  s u b s t r a t e s .  

Phosphorus p a r t i c i p a t e s  i n  an e s s e n t i a l  way i n  a  number of 

c e l l  func t ions ,  including photosynthesis ,  g l y c o l y s i s ,  oxida- 

t i v e  phosphorylation, p r o t e i n  s y n t h e s i s  and nuc le ic  a c i d  

syn thes i s  (Katchman, 1961) . 
It  i s  we l l  documented t h a t  n i t rogen  and phosphorus con- 

c e n t r a t i o n s  c o r r e l a t e  with phytoplankton growth (Harvey, 1940; 

Jeener ,  1953; Ketchum e t  a l ,  1958) .  I n  n i t rogen  d e f i c i e n t  

c u l t u r e s ,  ch lorophyl l  concent ra t ions  decrease (Ketchum e t  a l ,  

1958; Fogg, 1959; Newmark and Fujimoto, 1959; Richardson et 

a1 1969) and caro tenoid  con ten t  is reduced (Ketchum e t  a l ,  
-8 

1958; Fogg, 1959) . C e l l  d i v i s i o n  and photosynthesis  (Maslov, 

1969) and p r o t e i n  syn thes i s  (Fogg, 1956; ~lyachko-Gurvich 

and Zhukova, 1966) a r e  i n h i b i t e d .  Severa l  s t u d i e s  have shown 



t h a t  ca rboydra t e s  and f a t s  a r e  accumulated i n  n i t r o g e n  

d e f i c i n e t  c u l t u r e s  (Maslov, 1968; Richardson ct a l ,  1969; -- - 
Trukhin,  1968; Zhukova -- e t  a l ,  1 9 6 9 ) .  Phosphorus d e f i c i e n c y  

i n  c u l t u r e s  causes  c e s s a t i o n  of c e l l  d i v i s i o n  (Thomas and 

Dobson, 1968; Maslov, 1969) and breakdown of p r o t e i n  s y n t h e s i s  

(Bezlyudnyi and Belenkevick,  1970) .  There is  a l s o  a  d e c l i n e  

i n  c h l o r o p h y l l  c o n c e n t r a t i o n ,  a  decrease  of c h l o r o p l a s t  

numbers, suppressed  pho tosyn thes i s  and accumulat ion of a 

l a r g e  amount of f a t  ( E p s t e i n  and Allaway, 1967; Kuenzler and 

Ketchum, 1962; Maslov, 1969; Round, 1965) .  

Ribonuc le ic  a c i d  (RNA) i s  a neces sa ry  p recu r so r  t o  

p r o t e i n  s y n t h e s i s .  I t  has  been used a s  a  growth i n d i c a t o r  i n  

microorganisms ( ~ a a l d e  and K j e ldgaa rd ,  1966; Leick,  1968) , 

marine zooplankton ( S u t c l i f f e ,  1965) and i n v e r t e b r a t e s  

( S u t c l i f f e ,  1970) . Davidson and ~ e s l i e  (1950) used deoxyribo- 

n u c l e i c  a c i d  (DNA) a s  a  measure of c e l l  m u l t i p l i c a t i o n ,  and as 

a  s t a n d a r d  of r e f e r e n c e  i n  t h e  e x p r e s s i o n  of biochemical  

changes i n  c e l l  growth and d i f f e r e n t i a t i o n .  The r a t i o s  RNA/ 

DNA and R N ~ / p r o t e i n  a r e  l i n e a r  f u n c t i o n s  of t h e  growth r a t e  

i n  b a c t e r i a l  c e l l s  ( ~ e i d h a r d t  and ~ a g a s a n i k ,  1960; ~ e i d h a r d t ,  

1964; Leick,  1968) ,  a  c o l o r l e s s  a l g a  ( ~ e n e e r ,  1953) ,  and f i s h  

(Bulow, 1970) . 



Concent ra t ions  of DNA, RNA and p r o t e i n  i n  c u l t u r e d  micro- 

organisms a r e  q u a n t i t a t i v e l y  a f f e c t e d  by t h e  chemical  composi- 

t i o n  of t h e  c u l t u r e  media (Schaechte r  -- e t  a l ,  1958; Neidhardt  

and Magasanik, 1960; Kjeldagaard,  1961; Wacker, 1962; Rosset  

e t  a l ,  1966; Pogo e t  a l ,  1966; E p s t e i n  and Allaway, 1967; -- -- 

C a r e l l  -- e t  a l ,  1970) . Nit rogen  d e f i c i e n c y  causes  a  dec rease  

of RNA i n  C h l o r e l l a  (Newmark and Fujimoto,  1959) and marked 

dec rease  i n  t h e  RNA and DNA of Monodus s u b t e r r a n i u s  - c e l l s  

(Fogg, 1959) . Phosphorus d e f i c i e n c y  dec reases  t h e  growth 

r a t e  and RNA c o n c e n t r a t i o n s  i n  Poly tomel la  coeca ( J e e n e r ,  1952) ,  

reduces  t h e  amount of DNA and RNA i n  Euglena g r a c i l i s  ( E p s t e i n  

and Allaway, 1967) .  Def ic iency  of phosphorus a l s o  i n h i b i t s  

t h e  r a t e s  of DNA, RNA and p r o t e i n  s y n t h e s i s  i n  E .  - g r a c i l i s  

( P a r e n t i  -- e t  a l ,  1971) . 
Zhukova -- e t  a 1  (1969) showed t h a t  when C h l o r e l l a  c e l l s  were 

grown i n  n i t r o g e n  d e f i c i e n t  medium, l i p i d s  accumulated 

accompanied by i n t e n s i f i e d  d i v i s i o n  and t i n y  c e l l s  were formed 

a t  t h e  i n i t i a l  s t a g e  of n i t r o g e n  d e f i c i e n c y .  When b i o s y n t h e s i s  

was d i r e c t e d  toward carbohydra te  fo rmat ion ,  l a r g e  c e l l s  were 

formed. 

I n  a l l  t h e s e  s t u d i e s  b a c t e r i a l  c e l l s  and u n i c e l l u l a r  

a l g a e  w e r e  used.  The purpose of t h e  p r e s e n t  s t u d y  w a s  t o  



determine t h e  e f f e c t  of var ious  concent ra t ions  of n i t rogen 

and phosphorus on DNA, RNA, p r o t e i n ,  carbohydrate,  l i p i d  and 

pigment concent ra t ions  i n  the  gametophytes of 1,. sacchar ina .  

In  a d d i t i o n  meiospore germination, gametophyte development, 

morphology and gametogenesis were determined under var ious  

concent ra t ions  of n i t r a t e  and phosphate. 

MATERIALS AND METHODS 

Axenic meiospore suspension 

Mature s o r i  of L. sacchar ina  were c o l l e c t e d  from 

Lumberman's Arch, Burrard I n l e t  (4g0 18 '10"  N ,  123'07 '32" W) 

a t  t h e  0.1 f o o t  t i d e  l e v e l .  Axenic meiospore suspension was 

obtained according t o  Druehl and Hs iao ' s  technique (1969).  A 

sample of t h e  axenic  meiospores was counted using a hemacyto- 

meter (American Opt ica l  Co.) . The rneiospore d e n s i t y  was then  

ad jus ted  by d i l u t i o n  of ASP 2 M  b a s a l  medium t o  g ive  a uniform 

5 
suspension of 1.2 x 10 meiospores/ml. Volumetric 1 - m l  

i nocu la t ions  were taken from the  thoroughly s t i r r e d  spore 

suspension t o  a s su re  a uniform spore inoculum of 1 . 2  x 10 
5 

meiospores i n  15 m l  t e s t  media. 

Basal medium 

The b a s a l  medium based on ASP 2M (Druehl and Hsiao, 1969) 



was prepared without n i t r a t e ,  phosphate and iod ide .  Test  

media were then made up with d i f f e r e n t  concent ra t ions  of t h e  

t e s t  n u t r i e n t .  

Cul ture  appara tus  and condi t ions  

Each c u l t u r e  tube (180 x 15 mm) conta in ing  two g l a s s  

s l i d e s  (76 x 13 mrn) and capped with white p l a s t i c  caps were 

used a s  c u l t u r e  v e s s e l s .  The g l a s s  s l i d e s  provide a  s u b s t r a t e  

f o r  meiospore attachment and were used f o r  monitoring meio- 

spore germination and gametophyte development. 

The c u l t u r e s  were incubated i n  Psycrotherm incubators  

(New Brunswick S c i e n t i f i c  Co .) under optimal condi t ions  f o r  

gametogenesis: 860 l x ,  1 8  h  photoperiod and 10 C (Hsiao 

and Druehl, 1971) . 
Every 10 days s t e r i l i t y  t e s t s  were done as  descr ibed by 

Druehl and Hsiao (1969),  and t h e  media changed. A l l  c u l t u r e s  

were shaken cont inuously s t a r t i n g  t h r e e  days a f t e r  meiospore 

inocu la t ion .  

Evaluat ion of meiospore germination and f e r t i l i t y  

Three days a f t e r  inocu la t ion  d u p l i c a t e  c u l t u r e s  were 

f i x e d  by adding 0.5 m l  of I K I  s o l u t i o n  (Hsiao and Druehl, 1971) . 

Morethan 300 meiospores on each s l i d e  were scored a s  having 

germinated o r  no t  on t h e  b a s i s  of germ tube product ion.  



Every 10 days one s e t  of c u l t u r e s  was preserved and l a t e r  

observed f o r  gametophyte development. S i x  weeks a f t e r  inocula-  

t i o n ,  a l l  p l a n t s  of dup l i ca te  c u l t u r e s  were f ixed  by adding 1 

m l  of concentrated formalin.  La te r ,  t h e  number of c e l l s ,  

oogonia and a n t h e r i d i a  per  gametophyte and percentage of f e r t i l e  

gametophytes t o  the  t o t a l  number of gametophytes were 

determined f o r  more than  100 male and female p l a n t s .  

Determination of metabol i tes  

L. sacchar ina  gametophytes were ha rves ted  from 6-week o l d  - 

c u l t u r e s  f o r  t h e  var ious  t e s t s  a s  fol lows:  2 s e t s  of 5 dup l i -  

c a t e s  f o r  DNA, M A  and p r o t e i n ;  d u p l i c a t e s  f o r  carbohydrates;  

2 s e t s  of d u p l i c a t e s  f o r  pigments and 2 s e t s  of quadrupl ica tes  

f o r  l i p i d s .  A l a r g e  number of r e p l i c a t e s  m e  requ i red  t o  make 

up a s i g n i f i c a n t  q u a n t i t y  of gametophytes f o r  a n a l y s i s  of the  

var ious  metabol i tes .  

The gametophytes were scraped from t h e  g l a s s  s l i d e s  with 

a rubber s p a t u l a  and cent r i fuged.  Af ter  c e n t r i f u g a t i o n  t h e  

medium was removed with a micropipe t te  a t t ached  t o  a vacuum 

pump. The a lgae  were washed once with ASP 2 M  b a s a l  medium 

and prepared f o r  assay of DNA, RNA and p r o t e i n  based on t h e  

method of S m i l l i e  and Krotkov (1960) . Each sample was 

e x t r a c t e d  twice success ive ly  with 10 m l  of co ld  methanol 

conta in ing  0.05 M formic a c i d ,  co ld  5% t r i c h l o r a c e t i c  a c i d ,  



cold  95% e thano l ,  b o i l i n g  95% e thano l ,  b o i l i n g  ethanol-ether  

mixture ( 2 :  1) and b o i l i n g  e t h e r .  Af te r  each t rea tment ,  t h e  

samples were cen t r i fuged  f o r  10 min. The d r i e d  res idue  from 

t h e  e t h e r  washing was e x t r a c t e d  with 5 m l  of 5% p e r c h l o r i c  

a c i d  a t  90 C f o r  15 min. Af ter  c e n t r i f u g a t i o n  t h e  supernatant  

was assayed f o r  DNA by diphenylamine t e s t  and f o r  RNA by the  

o r c i n o l  method (Schneider,  1957) ; t h e  p r e c i p i t a t e  was 

resuspended i n  1 m l  of 1 N NaOH f o r  60 min a t  room tempera- 

t u r e ,  and then assayed f o r  p r o t e i n  by t h e  method of Lowry 

e t  a 1  (1951).  Pigments, t o t a l  l i p i d s  and t o t a l  carbohydrates -- 

were determined by t h e  methods of S t r i c k l a n d  and Parsons 

(1968) . 

RESULTS 

The n i t r a t e  and phosphate experiments on - I,. saccharina 

gam&ophytes were c a r r i e d  ou t  i n  October, 1969 and February, 1970. 

?here was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  r e s u l t s  on t h e  

twooccas ions ,  and t h e r e f o r e  t h e  da ta  have been averaged. 

The e f f e c t  of n i t r a t e  and phosphate on meiospore qermination 

Percent  germination of &. sacchar ina  meiospores increased  

with inc reas ing  phosphate concent ra t ions  up t o  15 pg-a t / l  i n  



a l l  n i t r a t e  concent ra t ions  t e s t e d   able 1 ) .  A l l  phosphate 

concent ra t ions  t e s t e d  with n i t r a t e  concent ra t ions  5 and 80 +g- 

a t / l  promoted germination. 

The e f f e c t  of n i t r a t e  and phosphate on gametophyte morpholoqy, 

development and qametoqenesis 

Considerable v a r i a t i o n  i n  gametophyte morphology was 

observed between var ious  n i t rogen  and phosphorus t rea tments  

(F ig .  1 A-K) . 
In n i t rogen-  and phosphorus-free medium, t h e  meiospores 

developed i n t o  gametophytes with a few c e l l s .  B y  t h e  end of 

t h e  6-week experiment, t h e s e  p l a n t s  had produced n e i t h e r  

a n t h e r i d i a  nor oogonia (Fig.  1 A) . In t h e  phosphorus-free 

medium, male gametophytes produced a n t h e r i d i a  only  with n i t r a t e  

a t  80 p g - a t / l  o r  higher  b u t  they  produced a n t h e r i d i a  i n  a 

n i t rogen-f ree  medium with phosphate a t  20  + g - a t / l  o r  h igher  

(Table 2 ) .  The female gametophytes d i d  no t  produce oogonia i n  

t h e s e  cond i t ions ,  n e i t h e r  i n  a phosphorus-free medium with 

n i t r a t e  up t o  160 pg-a t / l ,  nor i n  a n i t rogen-f ree  medium with 

phosphate above 25 pg-a t / l .  In  high concent ra t ions  of n i t r a t e  

and phosphate, t h e  meiospores developed i n t o  gametophytes 
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Figure  1 A-K. Examples of morphological  v a r i a b i l i t y  i n  - Lam- 

i n a r i a  s accha r ina  gametophytes grown i n  ASP 2~ 

- 
b a s a l  medium p l u s  50 ~g I -1/1 a s  K I  and wi th  

d i f f e r e n t  concen t r a t ions  of n i t r a t e  and phos- 

pha te  observed a t  t h e  end of s i x  weeks c u l t u r e .  

A.  Nitrogen- and phosphorus-free medium 

B. 40 pg-a t  N O ~ - N / ~  and 1 p g - a t  Po4-P/1 

C .  160 pg-at  NO - ~ / 1  and 1 pg-at  P O ~ - P / ~  
3 

D. 588.3 pg-at  N03-~/1 and 1 pg-at  PO - ~ / 1  
4 

E .  1176.6 pg-at  NO3 - ~ / 1  and 1 pg-at  P O ~ - P / ~  

F. 10 ~ g - a t  N O ~ - N / ~  and 28.7 pg -a t  p04-P/1 

G .  40 pg-at NO3-N/1 and 10 pg-at  P O ~ - P / ~  

H. 160 pg-at  NO - ~ / 1  and 10 pg-at  PO - ~ / 1  
3 4 

I. 588.3 pg -a t   NO^ - ~ / 1  and 15 pg-at  PO - ~ / 1  
4 

J. 1176.6 pg-at  NO - ~ / 1  and 15 
3 pg-at  P O ~ - P / ~  

K. 1176.6 pg-at  NO3 -N/1 and 28.7 pg-at  po4-p/1 





with more c e l l s  (F ig .  2 and 3) and profuse branching (Eig .  

1 J,  K ) .  The lowest combined nitrogen-phosphorus concentra- 

t i o n  which produced oogonia was 5 pg-at  NO - ~ / 1  and 10 + g - a t  
3 

P O ~ - P / ~ .  Anther id ia  however were produced with 5 pg-at  NO3- 

N / 1  and 5 rg -a t  Po4-P/1 (Table 2 ) .  

The percentage f e r t i l i t y  of male gametophytes was g r e a t e r  

than female i n  a l l  t e s t  media (Fig .  4 and 5 ) .  Generally,  a 

g r e a t e r  percentage f e r t i l i t y  f o r  both male and female gameto- 

phytes was obtained a s  concent ra t ions  of n i t r a t e  and phosphate 

were increased.  But i n  media with concent ra t ions  above 588.3 

,,,g-at NO - ~ / 1  and 15 pg-a t  P O ~ - P / ~ ,  t h e  male gametophytes 
3 

were s l i g h t l y  i n h i b i t e d  i n  a n t h e r i d i a l  product ion and t h e  f e -  

male gametophyte g r e a t l y  i n h i b i t e d  i n  oogonial  product ion.  

The r a t i o  of female t o  male gametophytes (both f e r t i l e  

and s t e r i l e )  i n  t h e  var ious  concent ra t ions  of n i t r a t e  and 

phosphate ranged from 0.91 t o  1.11 (Table 2 ) .  The average 

r a t i o  was 0.98 f o r  a l l  concent ra t ions  used. 

The e f f e c t s  of n i t r a t e  and phosphate on s e l e c t e d  metabol i tes  

The fol lowing d a t a  a r e  based on t h e  amount of metabol i te  

5 
produced pe r  c u l t u r e ,  i . e .  by 1.2 x 10 meiospores a f t e r  6 

weeks c u l t u r i n g  . 



Figure 2 .  Number of c e l l s  per  male gametophyte of 

Laminar i a  sacchar ina  i n  d i f f e r e n t  n i t r a t e  and 

phosphate concent ra t ions .  V e r t i c a l  bars denote 

99% confidence l i m i t s .  





Figure 3 .  Number of c e l l s  per  female gametophyte of 

Laminaria sacchar ina  i n  d i f f e r e n t  n i t r a t e  and 

phosphate concent ra t ions .  V e r t i c a l  b a r s  denote 

99% confidence l i m i t s .  
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Figure 4 .  E f f e c t  of n i t r a t e  and phosphate concent ra t ions  

on percentage f e r t i l i t y  of   am in aria saccharina 

male gametophytes. 
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Figure 5 .  E f f e c t  of n i t r a t e  and phosphate concent ra t ions  

on percentage f e r t i l i t y  of Laminar i a  sacchar  ina  

female gametophytes. 
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The e f f e c t s  of varying concen t ra t ions  of n i t r a t e  and 

phosphate on concent ra t ions  of DNA, RNA, p r o t e i n  and carbo- 

hydra te  were very  s i m i l a r   a able 3 ,  4,  5 ,  and 6 ) .  The optimal 

n i t ra te -phosphate  concent ra t ion  f o r  product ion of these  

metabol i tes  was 588.3 pg-at No3-N/1 and 15 pg-at P O ~ - P / ~ .  A t  

t h e  maximum concent ra t ions  of n i t r a t e  and phosphate t h e  con- 

c e n t r a t i o n  of a l l  four  metabol i tes  decreased. 

RNA/DNA r a t i o s  increased  with inc reas ing  phosphate concen- 

t r a t i o n s  up t o  15 pg-a t / l  i n  a l l  n i t r a t e  concent ra t ions  (Fig .  

6 ) .  The g r e a t e s t  RNA/DNA r a t i o  occurred i n  t h e  c u l t u r e  of 

588.3 pg-at NO -Nf wi th 15 pg-at P O ~ - P / ~ .  A t  phosphate con- 
3 

c e n t r a t i o n s  h igher  than 15 pg-a t / l ,  t h e  r a t i o s  s t e a d i l y  

increased  with inc reas ing  n i t r a t e  up t o  40 p g - a t / l ;  then  

decreased with h igher  n i t r a t e  concent ra t ions  except  t h e  c u l t u r e s  

of 160 Clg-at / l .  

~rotein/IWA r a t i o s  were low a t  concent ra t ions  of n i t r a t e  

below 80 pg-at / l  i n  a l l  phosphate concen t ra t ions  (Fig.  7 ) .  

They increased  with g r e a t e r  concen t ra t ions  of n i t r a t e  and 

phosphate. The g r e a t e s t  r a t i o  was obta ined  a t  160 pg-at  NO3- 

~ / 1  and 10 pg-at P O ~ - P / ~ ;  it s l i g h t l y  decreased with phosphate 

h igher  than  10 pg-a t / l .  The protein/IWA r a t i o s  i n  t h e  c u l t u r e s  

of 588.3 pg-at  N O ~ - N / ~  increased  with inc reas ing  phosphate up 
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Figure 6 .  RNA/DNA r a t i o s  of   am in aria sacchar ina  gametophytes 

i n  d i f f e r e n t  n i t r a t e  and phosphate concent ra t ions .  





Figure  7 .  .  rotei in/^^^ r a t i o s  of Laminaria s accha r  i n a  

gametophytes i n  d i f f e r e n t  n i t r a t e  and phosphate 

c o n c e n t r a t i o n s .  
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t.o 15 pg-a t / l  and then remained cons tan t .  Rat ios  i n  t h e  cu l -  

t u r e s  of 1176.6 pg-at NO3-N/1 were t h e  h i g h e s t  a t  28.7 pg-at 

PO - ~ / 1 ,  and somewhat decreased a t  57.4 pg-at P O ~ - P / ~ .  
4  

Total  l i p i d s  decreased with inc reas ing  phosphate concen- 

t r a t i o n s  i n  t h e  media  a able 7 ) .  The g r e a t e s t  amount of l i p i d s  

was synthes ized  i n  low concent ra t ions  of n i t r a t e  and phosphate. 

In  high n i t r a t e  and phosphate concent ra t ions  t h e  l i p i d  concen- 

t r a t i o n  decreased. The h i g h e s t  concent ra t ion  of l i p i d s  was 

found i n  30 pg-at No3-N/1 i n  a  phosphorus-free medium. 

Both chlorophyl ls  a  and c  were a t  maximum concent ra t ion  

i n  the  medium containing 588.3 pg-at N O  - N / 1  and 15 pg-at Po4- 
3  

~ / 1  (Table 8  and 9 ) .  A t  n i t r a t e  concent ra t ions  from 0 t o  80 

p g - a t / l  ch lorophyl l  c  concent ra t ions  were g r e a t e r  than  

chlorophyl l  a  a t  a l l  phosphate concent ra t ions .  From 160 pg- 

a t  N O ~ - N / ~  t h e  concent ra t ions  of these  two pigments were q u i t e  

s i m i l a r  . 
T o t a l  caro tenoids  of the  gametophytes increased  with 

inc reas ing  phosphate concent ra t ions  up t o  20  pg-at / l  i n  a l l  

n i t r a t e  concen t ra t ions tes t ed ,  b u t  decreased when phosphate was 

higher  than 20 pg-at / l  (Table 10) .  N i t r a t e  concent ra t ions  above 

80 p g - a t / l  produced a  s i g n i f i c a n t l y  g r e a t e r  concent ra t ion  of 

caro tenoids  up t o  28.7 pg-at PO -~/1.  
4 
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DISCUSS I O N  

The experimental  d a t a  show t h a t  meiospore germination 

was s t imula ted  with inc reas ing  phosphate concent ra t ions  under 

optimal concent ra t ions  of n i t r a t e ,  bu t  inappropr ia t e  combina- 

t i o n s  of n i t r a t e  and phosphate concent ra t ions  produced an 

adverse e f f e c t .  These f ind ings  may be explained i f  meiospore 

germination r e q u i r e s  phosphate f o r  energy source and as an 

i n i t i a t o r  of t h e  germination sequence, 

ger  f o r  t h e  u t i l i z a t i o n  of phosphate. 

32  
(1961) demonstrated t h a t  P was taken 

and n i t r a t e  a s  a t r i g -  

S r in ivasan  and Halvorson 

up i n t o  nucleot ides  

during germination of b a c t e r i a l  spores .  Nishi  (1961) r epor ted  

t h a t  i n t r a c e l l u l a r  u t i l i z a t i o n  of r e s e r v e  phosphates,  such a s  

polyphosphate and phospholipid,  i n  germination spores  of 

Aspergi l lus  n i q e r ,  was l a r g e l y  a f f e c t e d  by t h e  composition of 

t h e  germination medium, e s p e c i a l l y  a t  a de f i c i ency  of n i t r o -  

gen. 

The optimal concent ra t ions  of n i t r a t e  and phosphate i n  

ASP 2 M  f o r  gametogenesis i n  &. sacchar ina  were 588.3 pg-at 

NO - ~ / 1  and 15 p g - a t ~ ~ ~ - ~ / l .  These n u t r i e n t  concent ra t ions  
3 

i n  c u l t u r e  were approximately 32 t imes h igher  than n i t r a t e  

and 7 times h igher  than  phosphate than  those  i n  n a t u r a l  seawater 

where the  p l a n t s  were c o l l e c t e d  (Chapter I V ) .  I t  i s  no t  



known i f  a l l  n u t r i e n t s  a r e  u t i l i z e d  by t h e  a lgae  o r  bound i n  

t h e  c h e l a t i n g  agent ,  EDTA i n  t h e  c u l t u r e ,  t o  form complexing 

compounds which a r e  r e l a t i v e l y  unavai lab le  t o  t h e  a lgae .  

Wiessner (1962) has  shown t h a t  a d d i t i o n a l  q u a n t i t i e s  of t h e  

n u t r i e n t  elements p a r t i c u l a r l y  t r a c e  metals  must be added t o  

t h e  c u l t u r e  medium with EDTA a s  a c h e l a t o r ,  t o  compensate f o r  

t h e  u n a v a i l a b i l i t y  of bound n u t r i e n t s .  

The optimal concent ra t ions  of n i t r a t e  and phosphate i n  

ASP 2M f o r  growing L. sacchar ina  meiospores i n t o  gametophytes 

were 588.3 pg-at N O ~ - N / ~  and 15 pg-at po4-P/1. I n  t h i s  

condi t ion ,  t h e  meiospores had h i g h e s t  germination, a c t i v e l y  

divided,  and t h e  r e s u l t a n t  gametophyte had t h e  h i g h e s t  per-  

centage f e r t i l i t y .  Consequently, these  gametophytes had t h e  

g r e a t e s t  number of c e l l s  per  p l a n t ,  and had t h e  g r e a t e s t  

biomass a s  determined by metabol i te  concent ra t ions .  Nitrogen 

and phosphorus a r e  r equ i red  f o r  t h e  growth, development and 

reproduct ion of a lgae  (Chu, 1943; Provasol i ,  1958) and 

p a r t i c i p a t e  d i r e c t l y  or i n d i r e c t l y  i n  most of t h e  r e a c t i o n s  

a s s o c i a t e d  with photosynthesis .  The former i s  a c o n s t i t u e n t  

of t h e  var ious  a l g a l  pigments, e s s e n t i a l  i n  p r o t e i n  s y n t h e s i s  

and a l s o  of a l l  t h e  a c t i v e  p r o t e i n  and pept ide  molecules t h a t  

serve  a s  enzymes i n  photosynthesis .  When c u l t u r e s  were grown 



e i t h e r  i n  n i t rogen-  and/or phosphorus-free media, or  i n  t h e  

media conta in ing  suboptimal combinations of n i t r a t e  and phos- 

phate  concent ra t ions ,  c e l l  d i v i s i o n  and development were 

i n h i b i t e d .  I t  might be expected t h a t  photosynthesis  would 

be reduced, r e s u l t i n g  i n  l e s s  product ion of carbohydrates 

and p r o t e i n s .  

The amount of n i t rogen a v a i l a b l e  t o  L. sacchar ina  would - 

determine the  amount of l i p i d  accumulation, s i n c e  n i t rogen  

de f i c i ency  l i m i t s  growth, and causes photosynthe t ic  a c t i v i t y  

t o  be d i r e c t e d  t o  l i p i d  syn thes i s .  This  has  been demonstrated 

i n  s e v e r a l  f reshwater  a lgae  by Fogg and Collyer  (1964).  They 

a l s o  concluded t h a t  t h e  accumulation of l i p i d s  regarded a s  

c h a r a c t e r i s t i c  of c e r t a i n  a lgae ,  perhaps may depend more on 

environmental condi t ions  under which such s p e c i e s  h a b i t u a l l y  

grew than on g e n e t i c a l l y  determined p e c u l i a r i t i e s  of meta- 

bolism. 

Many phys io logica l  processes  a r e  l i m i t e d  by phosphate 

concen t ra t ions ,  s i n c e  t h e  a v a i l a b i l i t y  of inorganic  phosphate 

and ADP determine t h e  amount of ATP s y n t h e s i s .  I t  may be 

i n f e r r e d  t h a t  t h e  amount of carbohydrate and p r o t e i n  produced 

i n  L. sacchar ina  inc reases  with inc reas ing  phosphate concen- 

t r a t i o n s ,  bu t  l i p i d  s y n t h e s i s  is  i n  t h e  r eve r se  d i r e c t i o n .  



The amount of DNA per nucleus i s  f a i r l y  cons tan t  f o r  a 

given spec ies  of animal c e l l s  (Mirsky and R i s ,  1951) .  

Davidson -- e t  a 1  (1949) , and Hull  and Kirk (1950) r epor ted  t h a t  

t h e  n u c l e i ~  a c i d  content  of c u l t u r e d  c e l l s  der ived from f r e s h l y  

explanted t i s s u e s  v a r i e d  with t h e  n u t r i t i o n a l  s t a t e  of t h e  

c u l t u r e .  A f a s t  and b e t t e r  growing c u l t u r e ,  with 588.3 ~ g -  

a t  NO - ~ / 1  and 15 pg-at  P O ~ - P / ~ ,  cons i s t ed  of gametophytes 
3 

t h a t ,  on average,  had a l a r g e r  number of c e l l s  per  p l a n t ,  

denser contents ,  and contained more DNA, RNA and p r o t e i n  than  

t h e  c e l l s  i n  poor,  slow growing c u l t u r e s ,  p a r t i c u l a r l y  those 

which were nitrogen-and/or phosphorus-free media. Higher 

concent ra t ions  of metabol i tes ,  except ing l i p i d ,  r e f l e c t  t h e  

g r e a t e r  biomass of c u l t u r e s  grown under optimal condi t ions ,  

but  r a p i d l y  growing c u l t u r e s  con ta in  not  only more n u c l e i  and 

protoplasm b u t  a protoplasm r i c h e r  i n  RNA. Hotchkiss (1955) 

showed t h a t  DNA molecules a r e  me tabo l i ca l ly  r e l a t i v e l y  s t a b l e  

i n  most t i s s u e s  and a r e  produced i n  r a t h e r  s t r i c t  r e l a t i o n  t o  

growth. One may conclude t h a t  t h e  t o t a l  amount of DNA p r e s e n t  

is  an important measure of c e l l  number and r e f l e c t s  t h e  occur- 

rence of growth. 

A s  concent ra t ions  of n i t r a t e  and phosphate were increased,  

up t o  t h e  optimum t h e  concent ra t ion  of both RNA and DNA in -  



creased,  however t h e  r a t i o  of RNA/DNA a l s o  increased ,  i n d i c a t i n g  

t h a t  RNA increased  t o  a g r e a t e r  e x t e n t  and was t h e r e f o r e  more 

s u s c e p t i b l e  t o  change i n  n i t r a t e  and phosphate concent ra t ions .  

A s i m i l a r  e f f e c t  was seen a t  suboptimal concent ra t ion  of 

n i t r a t e  and phosphate 10 pg-at NO - ~ / 1  and 15 pg-a t  PO - ~ / 1  
3 4 

where t h e  q u a n t i t i e s  of both RNA and DNA decreased, b u t  t h e  

decrease i n  RNA was g r e a t e r  than DNA producing a low RNA/DNA 

r a t i o .  Smell ie  (1955) showed t h a t  DNA might be a comparatively 

i n e r t  component, whereas RNA was a c t i v e l y  engaged i n  t h e  

metabolic processes  of t h e  c e l l .  The amount of RNA may vary 

cons iderably  i n  d i f f e r e n t  s t a g e s  of l i f e  cyc le  and growth i n  

d i f f e r e n t  n u t r i e n t s  (Smell ie ,  1955; Eps te in  and Allaway, 1967; 

C a r e l l  -- e t  a l ,  1970; Hobson and P a r i s e r ,  1971; Pa ren t i a  e t  a l ,  -- 

1971) .  The p r o t e i n / ~ ~  r a t i o s  were a f f e c t e d  by t h e  low concen- 

t r a t i o n s  of n i t r a t e .  They were high when t h e  c u l t u r e s  were 

s u f f i c i e n t l y  suppl ied  with n i t r a t e  and phosphate and t h e  p l a n t s  

had b e t t e r  growth and g r e a t e r  f e r t i l i t y .  The h igher  r a t i o  of 

RNA/DNA i n  - L. sacchar ina  gametophytes were c o n s i s t e n t  with t h e  

h igher  percentage f e r t i l i t y  of both male and female gameto- 

phytes . ~t seems reasonable t o  i n f e r  t h a t  t h e  high RNA/DNA 

i s  c o r r e l a t e d  with condi t ions  opt imal  f o r  gametogenesis i n  

L . sacchar i n a  . - 



The r a t i o s  of RNA/DNA and protein/RNA a r e  considered t h e  

more accura te  ind ices  of metabolic a c t i v i t y  than DNA, RNA and 

p r o t e i n  alone s i n c e  the  r a t i o s  a r e  no t  a f f e c t e d  by d i f f e r e n c e s  

i n  biomass of &. sacchar ina  gametophytes developed i n  t h e  

var ious  n i t rogen  and phosphorous t rea tments .  

Since the  concent ra t ions  of metabol i tes  introduced,  with 

the  meiospores a r e  no t  known, I was not  a b l e  t o  determine t h e  

e f f e c t s  of d i f f e r e n t  NO and PO concent ra t ions  on metabol i te  
3 4 

s y n t h e s i s ,  only  t h e  s tanding  crop of metabol i tes  a f t e r  s i x  

week c u l t u r e .  



CHAPTER I11 

RESPONSE OF &. SACCHARINA GAMETOPHYTES T O  DIFFERENT 

I O D I N E  CONCENTRATIONS, AND CHLORIDE AND I O D I D E  RATIOS 

INTRODUCTION 

Iodine i s  h igh ly  concentrated by some members of t h e  

Phaeophyta and Rhodophyta, p a r t i c u l a r l y  by the  Laminariales 

( F r i t s c h ,  1945 ; Black, 1948; G r i m m ,  1952) . Concentrat ions can 

reach 30,000 times t h a t  i n  seawater ,  and can c o n s t i t u t e  1% 

of the  d r y  weight of Laminaria d i g i t a t a  (Black, 1948; Vinogradov, 

1953; Levring -- e t  a l ,  1969) .  The g r e a t e s t  accumulation of 

iodine i s  i n  t h e  meris tematic  t i s s u e  a t  t h e  base of t h e  Lamin- 

a r i a  blade ( F r i t s c h ,  1945) . I t  can be accumulated a s  inorganic  

iodide ,  iodoamino-acids and iodoprote ins  ( S c o t t ,  1954; Tong 

and Chaikoff,  1955; Roche -- e t  a l ,  1963; Levring -- e t  a t ,  1969) .  

The mechanisms of iodide uptake and accumulation have been 

demonstrated i n  L. f l e x i c a u l i s ,  - L. sacchar ina  (Roch and Yagi, 

1952) and - L. d i g i t a t a  (Shaw, 1959) .  Shaw (1960, 1962) found 

t h a t  iodide  uptake by L. d i g i t a t a  was accompanied by a vigorous 

b u r s t  of r e s p i r a t i o n .  

Iodine was necessary f o r  t h e  growth of Asparaqopsis (von 

Stosch, 1964) , Polysiphonia u r c e o l a t a  ( F r i e s ,  1966) , t h e  

Conchocelis phase of Porphyra t ene ra  ( ~ w a s a k i ,  1957) ,  Ecto- 



carpus --- f a s c i c u l a t u s  (Pedersen, 1969) and Pe ta lon ia  f a s c i a  

(Hsiao, 1969) . 
Vinogradov (1953) showed t h a t  more s a l i n e  s e a s  and a r c t i c  

zones favored t h e  accumulation of iodine  i n  Phaeophyceae. He 

a l s o  showed t h a t  Phaeophyceae c o l l e c t e d  near t h e  shore and a t  

r e l a t i v e l y  shallow depths contained l e s s  iodine than those taken 

from t h e  open sea .  

A d i r e c t  r e l a t i o n s h i p  between c h l o r i d e  and iodine  was 

found by Lewis and Powers (1941) who found t h a t  ch lo r ide  had an 

a n t a g o n i s t i c  e f f e c t  on iodine t o x i c i t y  i n  corn.  

Iodine had a  s t imula to ry  e f f e c t  on seed germination of corn 

(Powers, 1939) ,  on p o l l e n  germination (Portyanko and Kudrya, 

1966; Kostina et a& 1969) and amino a c i d  s y n t h e s i s  i n  h igher  

p l a n t s  (Portyanko e t  a l ,  1969) .  Sokoloff -- e t  a 1  (1963) r epor ted  

t h a t  iodine  ( thyroxine)  i n t e n s i f i e d  p r o t e i n  s y n t h e s i s  by a c t i -  

v a t i n g  amino a c i d s  t o  a t t a c h  t o  so lub le  RNA. Powers (1939) 

noted t h a t  iodine  seemed t o  promote development of ch lorophyl l  

i n  p l a n t s .  

Iodovo la t i sa t ion  u s u a l l y  occurs  when Laminaria ~ n d e r s o n i i  

i s  exposed t o  t h e  a i r  during low t i d e  (Bl inks ,  1951) . The 

r e l e a s e d  iodine  may inf luence  a l g a l  development, growth and 

reproduct ion .  

The fol lowing experiments were c a r r i e d  ou t  t o  l e a r n  the  



e f f e c t s  of d i f f e r e n t  iodine  concen t ra t ions ,  a s  wel l  a s  the  

i n t e r r e l a t e d  e f f e c t s  of ch lo r ide  and iodide  on meiospore germ- 

i n a t i o n ,  gametophyte development and gametogenesis of - L. - sac- 

char ina  in  a  def ined  medium under axenic  c u l t u r e  condi t ions .  -- 

MATERIALS AND METHODS 

5 
About 1 . 2  x  10 axenic  meiospores were inocula ted  i n t o  15 

m l  of t e s t  media, prepared with 588.3 pg-at NO3 - ~ / 1  and 15 pg-  

a t  Po4-P/1, which produced maximum growth and development of 

L.  sacchar ina  gametophytes, a s  descr ibed  i n  t h e  preceding Chap- - 
2 3 

t e r .  To t h e s e  media were added, 0 ,  20, 40, 60, 80, 10 , 10 , 
4 5  6  

10 , 10 and 10 pg iod ine / l  i n  t h e  forms of NaI, K I ,  NaI03 and 

K1O3 these  concent ra t ions  include t h e  range measured over 3  

years  i n  Burrard I n l e t  (2.9-29.2 pg / l )  ; and the  value of iodine  

i n  open ocean waters determined a t  60 p g / l  by Barkley and Thomp- 

son (1960).  The h igher  concent ra t ions  were used as represen ta -  

t i v e  of l o c a l i z e d  condi t ions  of i o d o v o l a t i s a t i o n  a t  low t i d e .  

The e f f e c t s  of ch lo r ide  on iodide  t o x i c i t y  i n  - L. sacchar ina  

gametophytes w e r e  s t u d i e d  by p lac ing  t h e  meiospores i n  ASP 2M 

b a s a l  medium conta in ing  588.3 pg-at  N03-~/1 and 15 pg-a t  PO4- 

6 
~ / 1 ,  optimal f o r  growth and development, t o  which 10 ~g iodine /  

1 were added. This  concent ra t ion  i n h i b i t e d  gametophyte . Sodium 

c h l o r i d e  was then  added i n  q u a n t i t i e s  of 9 ,  13.5, 18,  27 and 36 



g / l .  The r a t i o s  of ch lo r ide  t o  iodide  were 5.84, 8.56, 11.29, 

19.75 and 2 2 . 2 1  i n  t h e  above media, and r e s p e c t i v e  s a l i n i t i e s  

were 13.3,  16.7, 23.8, 30.0, and 38.9%. 

The c u l t u r e  cond i t ions ,  eva lua t ion  of meiospore germination 

and f e r t i l i t y ,  determinat ion of me tabo l i t e s  and a n a l y s i s  of r e -  

s u l t s  were made i n  t h e  same way a s  descr ibed  i n  Chapter 11. 

Meiospore germination was counted 3 and 10 days a f t e r  inocula-  

6  - 
t i o n  i n  experiments using 10 pg I -1/1 and i n  experiments 

using ch lo r ide  and iodide  toge the r ,  a s  t h e r e  was no germination 

i n  t h e  f i r s t  3  days. 

RESULTS 

These experiments were performed on two occasion,  October, 

1970 and May, 1971. A s  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be- 

tween t h e  r e s u l t s ,  t h e  averages of t h e  da ta  a r e  presented  below. 

The e f f e c t  of iodine  concent ra t ions  on meiospore qermination 

Meiospore germination of &. sacchar ina  increased  with i n -  

c reas ing  iodine  a s  iodide  up t o  80 pg / l  and increas ing  iodine  

a s  ioda te  up t o  100 pg/1 (Fig.  8) . Germination decreased with 

h igher  concent ra t ions  of iodine  i n  both these  forms. Inhib i -  

3 
t i o n  began a t  iodine  concent ra t ions  h igher  than 10 pg/ l ,  and 

was g r e a t e r  with iodide .  No meiospores had germinated 3 days 



Figure 8. E f f e c t  of iodine  concent ra t ions  on meiospore 

germination of Laminaria sacchar ina  3 days a f t e r  

i n o ~ u l a t i o n .  





6 
a f t e r  inocu la t ion  i n  t h e  c u l t u r e s  conta in ing  10 pg I--1/1 

and by t h e  t e n t h  day t h e r e  was only 13.1% germination i n  K I  

and 14.5% i n  NaI c u l t u r e s .  

General ly ,  i n  concent ra t ions  lower than 80 ~ g / l  iodine  

a s  potassium s a l t s  gave a  g r e a t e r  pe rcen t  germination than 

sodium s a l t s .  A t  concent ra t ions  above 100 ,p,g/l, i oda te  had 

a  h igher  pe rcen t  germination than  iodide .  

The e f f e c t  of iodine  concent ra t ions  on qametophyte development, 

morpholoqy and gametoqenesis 

The meiospores of &. sacchar ina  developed i n t o  normal 

gametophytes i n  both iodine- f ree  medium and t h e  medium with 

t h e  h i g h e s t  iodine  concent ra t ion .  There were no s i g n i f i c a n t  

morphological v a r i a t i o n s  i n  a l l  t e s t  media (Fig .  9 A - I )  . Male 

gametophytes produced a n t h e r i d i a  about 21 -30 days a f t e r  

6 
i nocu la t ion  i n  a l l  iodine  concent ra t ions  t e s t e d ,  up t o  10 pg 

I--I& where a n t h e r i d i a l  product ion took 31-40 days. The t i m e  

r equ i red  f o r  oogonial  product ion was 21-30 days when t h e  

female gametophytes were grown i n  iodine  concent ra t ions  from 

4 5 0 t o  10 p g / l ,  31-40 days i n  10 pg 10;-1/1 and 41-42 days i n  

6 10 p,g I--1A. 

The percentage f e r t i l i t y  of male gametophytes was 

g r e a t e r  than  female gametophytes i n  a l l  t e s t e d  media (Fig.  10) . 



Figure 9 A - I .  Examples of morphological v a r i a b i l i t y  observed 

i n  Laminaria sacchar ina  gametophytes grown i n  

ASP 2 M  b a s a l  medium p l u s  588.3 pg-at N 0 3 - ~ / 1  

and 15 pg-at  P O ~ - P / ~ ,  and with d i f f e r e n t  

forms and concent ra t ions  of iodi-ne . 
A. Iodine-free medium 

B. 80 pg 10;-1/1 a s  NaIOJ 

6 
C. 10 pg I--1/1 a s  KI 

6 
I. 10 pg I--1/1 a s  NaI 

Figures  A,  C ,  F ,  G a r e  magnified t o  t h e  s c a l e  

shown i n  Fig.  G.  Figures  B, D, E l  H I  I a r e  

magnified t o  t h e  s c a l e  shown i n  F ig .  B. 





Figure 10. E f f e c t  of iodine  concent ra t ions  on f e r t i l i t y  

of Laminaria sacchar ina  gametophytes as a 

percentage of t o t a l  gametophytes. 





The g r e a t e s t  f e r t i l i t y  of both male and female gametophytes 

was found i n  KIO a t  80 pg 10;-1/1, and t h e  lowest f e r t i l i t y  3  
6 - 

i n  K I  a t  10 pg I - 111. 

The r a t i o  of female t o  male gametophytes (both f e r t i l e  

and s t e r i l e )  i n  d i f f e r e n t  iodine  concent ra t ions  v a r i e d  from 

0.97 t o  1.03 (Table l l ) ,  with an average r a t i o  of 1.00 f o r  

a l l  condi t ions .  

The e f f e c t  of iodine  concent ra t ions  on s e l e c t e d  metabol i tes  

The e f f e c t s  of iodine  were q u i t e  s i m i l a r  on t h e  concen- 

t r a t i o n s  of DNA, RNA and p r o t e i n  (Fig .  11-13) . There was an 

increase  i n  concent ra t ions  of a l l  3 metabol i tes ,  up t o  t h e  

maximum, which occurred a t  about 80 pg iod ine / l  i n  a l l  four  

iodine  forms. A t  h igher  iodine  concent ra t ions ,  t h e  quant i -  

t i e s  of DNA, RNA and p r o t e i n  decreased, t h e  minimum q u a n t i t i e s  

6 
occurr ing  a t  the  h i g h e s t  concent ra t ion  of iodide ,  10 pg/ l  

(F ig .  11-13) . Although t h e r e  was a  marked decrease i n  DNA 

and RNA a t  iodine  concent ra t ions  above 100 pg/ l ,  t h e  RNA/ 

DNA r a t i o  remained q u i t e  cons tant  f o r  both iodide  and ioda te  

up t o  t h e  h i g h e s t  concent ra t ion ,  where t h e  r a t i o  decreased 

apprec iably  i n  t h e  media conta in ing  iodide  (Fig .  1 4 ) .  

~ r o t e i n / R N ~  r a t i o s  increased  with increas ing  iodine  

concent ra t ions  up t o  approximately 80 ,,,g/l (F ig .  1 5 ) ,  and 
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Figure 11. E f f e c t  of iodine concent ra t ions  on DNA concen- 

t r a t i o n s  of Laminaria sacchar ina  gametophytes. 





Figure 1 2 .  E f f e c t  of iodine  concent ra t ions  on RNA concen- 

t r a t i o n s  of Laminar i a  sacchar ina  gametophytes . 





Figure 13. E f f e c t  of iod ine  concent ra t ions  on p r o t e i n  

concent ra t ions  of Laminaria sacchar ina  gameto- 

phytes  . 





Figure 14. Effect of iodine concentrations on RNA/DNA ratios 

in Laminaria saccharina gametophytes. 





Figure 15. E f f e c t  of iodine  concent ra t ions  on p r o t e i n h ~ ~  

r a t i o s  i n  Laminaria sacchar ina  gametophytes. 





decreased with h igher  iodine  concent ra t ions ,  with the  minimum 

r a t i o  i n  t h e  h i g h e s t  concent ra t ion  of iod ide .  

The carbohydrate content  of gametophytes increased  with 

inc reas ing  iodine  concent ra t ions  up t o  80 p g / l ,  and decreased 

with h igher  iodine  concent ra t ions  (Fig .  16) . Carbohydrate 

concent ra t ions  diminished i n  t h e  media conta in ing  iodide from 

3 4 
10 pg/l  and i o d a t e  from 10 1 The iod ides  showed a 

g r e a t e r  i n h i b i t o r y  e f f e c t  than ioda te .  

The amount of ch lorophyl l  a ,  chlorophyll c  and caro tenoids  

reached a  maximum a t  iodine  concent ra t ion  between 60 and 80 

1 (Fig .  17-19) . A l l  pigment q u a n t i t i e s  decreased i n  h igher  

6  - 
concent ra t ions  of iodine ,  t o  a  minimum a t  10 p,g I -1/1. 

The e f f e c t s  of ch lo r ide  and iodide  on meiospore qermination, 

gametophyte development, morphology, qametoqenesis and s e l e c t -  

ed metabol i tes  

6  
In media with 10 pg I--1/1 a s  K I  and d i f f e r e n t  amounts 

of NaC1, meiospores of - L. sacchar ina  germinated between 4 and 

10 days a f t e r  inocu la t ion ,  b u t  t h e  percent  germination was 

very  low, ranging from 8.1 t o  13 .I% (Fig .  20) . ~ e r m i n a t i o n  

increased  with inc reas ing  r a t i o s  of c h l o r i d e  and iodide  up 

t o  11.29 and a  s a l i n i t y  of 23.85(6, and decreased with g r e a t e r  

c ~ - / I -  r a t i o s  and h igher  s a l i n i t i e s .  



Figure 16. E f f e c t  of iodine  concent ra t ions  on carbohydrate 

concent ra t ions  of Laminaria sacchar ina  gameto- 

phytes  . 





Figure 17. Effect of iodine concentrations on chlorophyll 

a concentrations of Laminaria saccharina 

gametophytes. 





Figure 18. E f f e c t  of iodine  concent ra t ions  on chlorophyl l  

c  concent ra t ions  of Laminaria sacchar ina  gameto- 

phytes  . 





Figure 19.  E f f e c t  of iodine  concent ra t ions  on t o t a l  

caro tenoid  concent ra t ions  of Laminaria sacchar ina  

gametophytes. 





Figure 20 .  E f f e c t  of ~1- / I -  r a t i o s  on rneiospore yerrnina- 

t i o n  of Laminaria sacchar ina .  





- - 
Meiospores developed i n t o  gametophytes i n  a l l  C 1  /I 

r a t i o s  t e s t e d .  Gametophyte morphology v a r i e d  with ~1- / I -  

r a t i o s  ( F i g .  2 1  A - E ) .  The f i laments  were more compacted i n  

t h e  lowest ~1- / I -  r a t i o ,  and more p ro fuse ly  branched with 

g r e a t e r  ~1- / I -  r a t i o s  up t o  11.29, b u t  with h igher  r a t i o s  

the  gametophytes became l e s s  branched. General ly ,  t h e  male 

gametophytes were more branched than t h e  female gametophytes. 

A t  f i v e  r a t i o s  of ~1-/I-  between 8.56 and 2 2 . 2 1 ,  male 

gametophytes produced a n t h e r i d i a  31 t o  40 days a f t e r  inocula-  

t i o n ,  and female gametophytes produced oogonia 41-42 days 

a f t e r  inocula t ion .  

~1- / I -  r a t i o  by t h e  

The percentage 

g r e a t e r  than  female 

No oogonia were formed i n  t h e  lowest 

end of t h e  6-week experiment. 

f e r t i l i t y  of male gametophytes was 

gametophytes i n  a l l  ~1- / I -  r a t i o s  t e s t e d  

(F ig .  22) . The g r e a t e s t  f e r t i l i t y  of both male and female 

gametophytes was found i n  ~1- / I -  r a t i o  = 11.29. The per -  

centage f e r t i l i t y  decreased with h igher  o r  lower ~1- / I -  r a t i o s .  

In  t h e  s t u d i e s  on i n t e r r e l a t e d  e f f e c t s  of ch lo r ide  and 

iodide  t h e  r a t i o  of female t o  male gametophytes (both f e r t i l e  

and s t e r i l e )  v a r i e d  from 0.98 t o  1.02 (Table 12) and t h e  

average was 0.99 

The ~1-/I- r a t i o  of 11.29 produced t h e  g r e a t e s t  amounts 



Figure 2 1  A-E. Examples of morphological v a r i a b i l i t y  observed 

i n  Laminaria sacchar ina  grown i n  d i f f e r e n t  

~1- / I -  r a t i o s .  

A. ~1- / I -  r a t i o  of 5.84 

B. ~1- / I -  r a t i o  of 8.56 

C .  ~1- / I -  r a t i o  of 11.29 

D. ~1- / I -  r a t i o  of 19-75 

E .  ~ 1 - h -  r a t i o  of 2 2 . 2 1  





- 
Figure 2 2 .  E f f e c t  of ~ 1 - / I  r a t i o s  on f e r t i l i t y  of 

Laminaria sacchar ina  gametophytes a s  a percentage 

of t o t a l  gametophytes. 
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of DNA, RNA, p r o t e i n ,  carbohydrate,  ch lorophyl ls  a ,  c and 

caro tenoids  i n  - L. sacchar ina  gametophytes (F ig .  23-25) . With 

lower or  h igher  c ~ - / I -  r a t i o s ,  t h e  concent ra t ions  of metabo- 

l i t e s  were g r e a t l y  diminished. The g r e a t e s t  RNA/DNA (Fig .  

26) and  protein/^^^ r a t i o s  (F ig .  27) were found i n  c ~ - / I -  

r a t i o s  of 11.29. These r a t i o s  decreased with lower and 

h igher  ~1- / I -  r a t i o s .  

DISCUSS ION 

Iodine s t imula ted  meiospore germination i n  L. sacchar ina  

when iod ides  were l e s s  than 80 p,g I--1/1 and i o d a t e s  were 

l e s s  than  100 p g  10~-1-1/1 i n  t h e  media. A l l  forms i n h i b i t e d  

germination a t  h igher  concent ra t ions .  Portyando and Kudrya 

(1966) found iodine  a s t imula to r  of p o l l e n  germination i n  

h igher  p l a n t s .  They suggested t h a t  iodine  e i t h e r  might 

i n t e n s i f y  t h e  a c t i v i t y  of t h e  ox ida t ive  enzymes o r  be used 

a s  a c a t a l y s t  i n  t h e  genera t ion  of chain r e a c t i o n s  when t h e  

p o l l e n  germinated. Kel ly  (1953) r e p o r t e d  t h a t  r a d i o a c t i v e  

iodine  uptake by Ascophyllum was r e l a t e d  t o  r e s p i r a t i o n ,  and 

uptake was s t imula ted  by t h e  a d d i t i o n  of glucose and sucrose  

t o  t h e  medium, which he suggested func t ion  as r e s p i r a t o r y  



Figure 2 3 .  E f f e c t  of ~1-/I- r a t i o s  on DNA and RNA concen- 

t r a t i o n s  of Laminaria sacchar ina  gametophytes . 





- 
Figure 2 4 .  E f f e c t  of ~ 1 - / I  r a t i o s  on p r o t e i n  and carbo- 

hydra te  concent ra t ions  of   am in aria sacchar ina  

gametophytes . 





Figure 25 .  Ef fec t  of ~1-/I-  r a t i o s  on chlorphylls  a ,  c 

and t o t a l  carotenoid concentrations of Laminaria 

saccharina gametophytes. 





Figure 26 .  E f f e c t  of ~1- / I -  r a t i o s  on RNA/DNA r a t i o s  i n  

Laminaria sacchar ina  gametophytes. 
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~ i g u r e  27 .  E f f e c t  of CI-/I- r a t i o s  on p r o t e i n h ~ ~  i n  

Laminaria sacchar ina  gametophytes. 





in termedia tes .  Shaw (1960) showed t h a t  iodide  uptake by - L. 

d i q i t a t a  b lades  was accompanied by approximately a f i v e f o l d  

inc rease  i n  t h e  r a t e  of oxygen consumption. In  my s tudy 

meiospore germination was i n h i b i t e d  by high iodine  concentra- 

t i o n s .  This  may be due t o  a s t i m u l a t i o n  of carbohydrate 

u t i l i z a t i o n  by iodine ,  s o  t h a t  energy necessary f o r  germination 

was not  a v a i l a b l e .  

Af te r  t h e  meiospores had germinated, gametophytes grew 

i n  a l l  t h e  iodine  concent ra t ions  t e s t e d  without  s i g n i f i c a n t  

morphological v a r i a t i o n .  They produced a n t h e r i d i a  and 

oogonia even i n  t h e  iodine- f ree  medium and i n  t h e  medium with 

t h e  h i g h e s t  iodine  concent ra t ion .  This  i n d i c a t e s  t h a t  

iodine  i n  t h e  medium i s  no t  e s s e n t i a l  f o r  growth and gameto- 

genes i s  of L. sacchar ina .  However, s m a l l  add i t ions  of iodine  

s t imula ted  growth, development and f e r t i l i t y .  Iodine concen- 

2 - 
t r a t i o n s  ranging from 80 t o  10 pg I -1/1 and from l o 2  t o  10 

3 

pg 10;-1/1 were l e s s  e f f e c t i v e .  Concentrat ions g r e a t e r  than  

- 4 l o 3  pg I -1/1 o r  10 pg 10;-1/l had an i n h i b i t o r y  e f f e c t .  

Von Stoch (1964) showed t h a t  Asparaqopsis grew twice a s  

wel l  i n  10 p mol K I / ~  than  2 p mol K I / ~ ,  and abnormal growth 

occurred i n  iodine-free medium. F r i e s  (1966) , using both 

inorganic  and organic  iod ine ,  demonstrated t h a t  t h e r e  was a 



l i n e a r  c o r r e l a t i o n  between iodine  concent ra t ion  and growth 

of Polysiphonia u r c e o l a t a  a t  l e a s t  f o r  concent ra t ions  from 

1-8 p mol/l. However, she found t h a t  growth of Nemalion 

multifidum and ~ o n i o t r i c h u m  eleqans d i d  no t  inc rease  with 

increas ing  concent ra t ions .  The Conchocelis phase of Porphyra 

grew b e s t  with 10 pg iod ine / l  a s  K I ;  h igher  concent ra t ions  

i n h i b i t e d  growth ( ~ w a s a k i ,  1967) . Pedersen (1969) r epor ted  

t h a t  iodine  was an abso lu te  requirement f o r  growth of 

Ectocarpus f a s c i c u l a t u s ,  b u t  a concent ra t ion  of 64 p mol K I / ~  

was i n h i b i t o r y ,  while Lithosiphon p u s i l l u s  grew b e s t  a t  t h i s  

iodine  concent ra t ion .  Hsiao (1969) demonstrated t h a t  d i f f e r e n t  

s t a g e s  of t h e  l i f e  h i s t o r y  of Pe ta lon ia  f a s c i a  r equ i red  

d i f f e r e n t  iodide  concent ra t ions  f o r  t h e i r  development: 

protonemata and p le thysmothal l i  surv ived  i n  iodide- f ree  medium, 

and f o r  R a l i f s i a - l i k e  t h a l l i  and b lades  t h e  minimal iodide  

2 
concent ra t ions  r equ i red  were 50.76 x 10 pg I--1/1 a s  K I  and 

1 
50.76 x 10 pg I - - I ~  a s  K I  r e s p e c t i v e l y .  Harr ies  (1932) found 

t h a t  a small  amount of iodide ,  50.8 pg I--1/1 as KI added t o  

n a t u r a l  seawater gave opt imal  development of - L. c l o u s t o n i  

gametophytes. Increased concent ra t ions  d i d  n o t  produce a 

corresponding e f f e c t  on growth and reproduct ion ,  and iodide  

3 
concent ra t ions  h igher  than  50 -8 x 10 ~g I--1/1 were i n h i b i t o r y .  



My r e s u l t s  agree  with H a r r i e s ' ,  d e s p i t e  t h e  d i f f e r e n c e  i n  

t h e  c u l t u r e  medium. 

Sokoloff -- e t  a 1  (1963) showed t h a t  6.5 x ~ o - ~ M  thyroxine 

( 3 ,  5, 3 ' , 5 I - t e t ra iodothyronine)  i n t e n s i f i e d  p r o t e i n  

s y n t h e s i s  by promoting t h e  attachment of amino a c i d s  t o  M A .  

Portyanko -- e t  a 1  (1969) demonstrated t h a t  0.001% K I  stimu- 

l a t e d  amino a c i d  s y n t h e s i s  i n  corn and ba r l ey .  These two 

s t u d i e s  i n d i c a t e  t h a t  iodine  is  r e l a t e d  t o  RNA and p r o t e i n  

s y n t h e s i s .  A t  h igh concent ra t ion  iodide  had a marked e f f e c t  

on t h e   protein/^^^ r a t i o ,  the  p r o t e i n  being apprec iably  

reduced. The d i r e c t  e f f e c t  of iodine  on RNA and p r o t e i n  

s y n t h e s i s  can not  be deduced from t h i s  s tudy.  Fur ther  s t u d i e s  

of t h e  e f f e c t s  of iodine  concent ra t ion  on r e s p i r a t i o n  and t h e  

a t t e n d a n t  product ion of metabol i tes  might g ive  a  c l e a r e r  

p i c t u r e  of t h e  d i r e c t  e f f e c t  of iodine  on t h e  c e l l  metabolism 

of L. sacchar ina  gametophytes . 
Powers (1939) showed t h a t  iodine  seemed t o  s t i m u l a t e  

development of ch lorophyl l  i n  h igher  p l a n t s .  In  my s tudy 

of L. sacchar ina  gametophytes it was found t h a t  concent ra t ions  

of ch lorophyl ls  a  and c  d i d  inc rease  up t o  t h e  optimal iodine  

concent ra t ion .  The a c u t a l  mechanism involved i s  unknown f o r  



marine a lgae .  

General ly ,  optimal concent ra t ions  of iodide  f o r  meiospore 

germination, f e r t i l i t y  and metabol i te  concent ra t ions  were 

lower than  ioda te .  A t  h igh  concen t ra t ions ,  iodide  had a much 

g r e a t e r  i n h i b i t o r y  e f f e c t  . 
Iodine was taken up a s  iodide  by Phaeophyta (Roche and 

Yagi, 1952; Shaw, 1959, 1960) ,  b u t  n o t  d i r e c t l y  a s  ioda te  

(Ba i ly  and Kelly,  1955) .  Iodate  must f i r s t  be reduced by t h e  

p l a n t s  before  it can be absorbed (Bors t  Pauwels, 1961) .  

According t o  Ekdahl (1948),  iodide  h a s  a marked weakening 

e f f e c t  on t h e  c e l l  membranes of r o o t  h a i r s  of young wheat 

p l a n t s .  This  might make t h e  c e l l  membrane more permeable t o  

iodide than t o  ioda te  which d i d  no t  have such an  e f f e c t .  

Borst  Pauwels (1962) showed t h a t  t h e  r a t e  of iodine  uptake by 

o a t s  a s  iodide  was more than  double t h a t  taken up a s  ioda te .  

Umaly and Poel .(1971) expla ined  such d i f f e r e n t i a l  rates of 

iodine  uptake by p l a n t s  a s  due t o  t h e  l a r g e  p o t e n t i a l  d i f f e r -  

ence between t h e  oxida t ion  s t a t e  of +5 i n  ioda te  and -1 i n  

iodide .  The lower forms of iodine  appear t o  be taken up more 

e a s i l y  than  t h e  heavier  and h igher  forms. From t h i s  I suggest  

t h a t  t h e  optimum iodine  concent ra t ion  f o r  meiospore germina- 

t i o n  and growth of L. sacchar ina  gametophytes a s  wel l  as 



syntheses  of me tabo l i t e s  was surpassed sooner with iodide  

than with t h e  equiva lent  concent ra t ion  of ioda te .  

NO meiospores germinated 3 days a f t e r  inocu la t ion  i n  

6 
t h e  medium conta in ing  10 pg I--1/1, an iodine  concent ra t ion  

60,000 t imes g r e a t e r  than t h a t  i n  n a t u r a l  seawater.  Meio- 

spore germination and gametophyte growth, a s  wel l  a s  DNA, 

RNA, p r o t e i n ,  RNA/DNA,  protein/^^^, carbohydrate and pigment 

content  i n  L, sacchar ina  gametophytes increased  a s  t h e  ~ 1 - /  

I- r a t i o s  increased  up t o  11.29 a t  a s a l i n i t y  of 23.8%, They 

decreased with h igher  o r  lower c h l o r i d e  concent ra t ions .  

Male gametophytes produced a n t h e r i d i a  i n  a l l  c ~ - / I -  r a t i o s ,  

whereas female gametophytes produced oogonia i n  t h e  range 

from 8.56 t o  22.21 and a t  a s a l i n i t y  of 16.7-38.9%. Druehl 

(1967) grew L. sacchar ina  gametophytes i n  n a t u r a l  seawater 

with a broad range of s a l i n i t i e s  from 17 t o  32% a t  10 C ,  

and they  a l l  became f e r t i l e .  L e w i s  and Powers (1941) found 

t h a t  iodine  uptake and accumulation by a corn p l a n t  w a s  no t  

a f f e c t e d  by t h e  ch lo r ide  concent ra t ions  i n  t h e  c u l t u r e  so lu-  

t i o n s ,  b u t  t h a t  ch lo r ine  uptake and accumulation w a s  

increased  markedly with inc reas ing  iodide  concent ra t ions .  

They concluded t h a t  t h e  presence of adequate ch lo r ide  seemed 

t o  reduce t h e  t o x i c  a c t i o n  of iodides .  Black (1948) found 



t h a t  L. d i q i t a t a  taken from open s e a  contained more iodine  

than i n  t h a t  from t h e  loch.  Vinogradov (1953) a t t r i b u t e d  t h e  

g r e a t e r  iodine  accumulation by Phaeophyceae from t h e  open 

sea  t o  t h e  g r e a t e r  iodine  concent ra t ions  of these  waters .  

I suggest  t h a t  ch lo r ide  r a t h e r  than  s a l i n i t y  counterac ts  

i n h i b i t i o n  of meiospore germination, gametogenesis and 

metabol i te  product ion caused by high iodide  concent ra t ions  

i n  L. saccharina.  Therefore,  marine a lgae  can grow i n  a 

p l e n t i f u l  supply of ch lo r ide  and a t  t h e  same time permit  

t h e  accumulation of iodine  without t o x i c  e f f e c t s .  



CHAPTER I V  

ENVIRONMENTAL CHARACTERISTICS OF STUDY SITES 

INTRODUCTION 

Laminar i a  sacchar i n a  is widely d i s t r i b u t e d  i n  t h e  nor th-  

e a s t  P a c i f i c  from Adak I s l and ,  Alaska t o  Coos Bay, Oregon, 

with an i s o l a t e d  populat ion a t  Santa  C a t a l i n a  I s l and ,  C a l i f o r -  

n i a  (Druehl, 1969) .  Laboratory and f i e l d  experiments demon- 

s t r a t e d  t h a t  - L. saccharina had a wide range of to le rance  t o  

temperature and s a l i n i t y ,  and i t s  d i s t r i b u t i o n  along southern 

B r i t i s h  Columbia coas ts  was probably c o n t r o l l e d  by water 

motion (Druehl, 1967) . 
The purpose of t h e  p resen t  s tudy was t o  desc r ibe  

genera l  f e a t u r e s ,  a s  wel l  a s  seasonal  and d i u r n a l  v a r i a t i o n s  

of temperature,  s a l i n i t y ,  pH, n i t r a t e ,  n i t r i t e ,  phosphate, 

and iodine  a t  Lumberman's Arch (49•‹18'10" N ,  123•‹07'32" W ) ,  

Burrard I n l e t ,  B.C., Canada (Fig.  28) , from where t h e  p l a n t s  

were c o l l e c t e d  f o r  t h e  preceding c u l t u r e  experiments. This  

information was a l s o  c o r r e l a t e d  with -- i n  s i t u  phenological  

s t u d i e s  of &. sacchar ina  gametophytes a t  Lumberman's Arch 

(Chapter V ) .  S imi lar  da ta  were obta ined  a t  Brockton Poin t  

(4g018'03" N ,  123O06'56" W) t o  l e a r n  how t h e  sewage o u t f a l l  



Figure 2 8 .  The l o c a t i o n  of Burrard I n l e t  and Lumberman's 

Arch and Brockton Poin t  ( i n s e r t ) .  





might a f f e c t  the  environmental parameters under cons idera t ion  

and t h e  growth of L. sacchar ina .  

Burrard I n l e t  i s  o r i e n t e d  i n  an east-west  d i r e c t i o n  and 

connects with t h e  S t r a i t  of Georgia a t  i t s  mouth. Indian 

A r m  I n l e t  opens i n t o  Burrard I n l e t  near i t s  head and i s  one 

source of f reshwater .  Freshwater from t h e  Fraser  River 

f l u s h e s  i n  a t  t h e  west end of Burrard I n l e t .  There a r e  

s e v e r a l  sewage o u t f a l l s  along t h e  shores  of Burrard I n l e t  

(F ig .  28)  . One of them is  loca ted  a t  Brockton Poin t .  

MATERIALS AND METHODS 

Surface water samples were c o l l e c t e d  weekly from June 

30, 1968 t o  June 26, 1971 on t h e  ebbing t i d e ,  wi th in  h a l f  an 

hour of low t i d e .  Var ia t ion  i n  monitored parameters a s  a 

func t ion  of t h e  d i u r n a l  t i d e s  was determined over 3 years  

a t  t h e  time of t h e  g r e a t e s t  t i d a l  amplitude f o r  t h e  middle 

month of t h e  3-month per iods ,  r e l a t e d  t o  per iods  of runoff 

as descr ibed  by Gi lmar t in  (1962) i . e .  winter  minimum runoff  

(January-March), sp r ing  maximum runoff  (April-June) , summer 

minimum runoff  (July-September) and autumn maximum runoff  

(October-~ecember) .  The four  pe r iods  l i s t e d  above w i l l  be 



r e f e r r e d  t o  a s  winter ,  sp r ing ,  summer and autumn r e s p e c t i v e l y .  

A p l a s t i c  bucket and p l a s t i c  beaker were used t o  

c o l l e c t  water samples. Beakers of water were scooped from 

t h e  water/beach i n t e r f a c e  a t  s h o r t  i n t e r v a l s  along approxi- 

mately 20  m of shore.  The f i n a l  sample was a composite of 

u s u a l l y  more than 20 subsamples. Separa te  thermometers 

were used t o  measure a i r  and seawater temperatures.  The pH 

was measured with a b a t t e r y  powered F i she r  Accumet pH meter 

model 210, and s a l i n i t y  was determined i n  t h e  f i e l d  with a 

Goldberg ref rac tometer  ( ~ r n e r i c a n  Opt ica l  Co.) . Water samples 

f o r  a n a l y s i s  of n i t r a t e ,  n i t r i t e ,  phosphate, and iodine  were 

immediately f i l t e r e d  through g l a s s  wool, t i g h t l y  plugged i n t o  

t h e  neck of a p l a s t i c  funnel .  The f i l t e r e d  samples were 

placed i n  8-oz polyethylene screw-cap b o t t l e s ,  and quick- 

f rozen  i n  an ice-chest  with dry i c e .  The f rozen  samples were 

then s t o r e d  a t  -25 C u n t i l  analysed.  

Color imetr ic  chemical ana lyses  were performed with a 

Hi tach i  Perkin-Elmer model 13 9 U V - V i s  spectrophotome t e r  using 

t h e  following methods: n i t r a t e  (wood e t  a l ,  1967) ;  n i t r i t e  

(Bendschneider and Robinson, 1952) ; phosphate ( s t r i c k l a n d  

and Parsons, 1968) and t o t a l  inorganic  iodine  ( ~ u b r a v 6 i 6 ,  

1955) .  The r e s u l t s  a r e  mean va lues  of a t  l e a s t  d u p l i c a t e  



samples. 

RESULTS 

The information obtained a t  Lumberman's Arch and 

Brockton Poin t  were, i n  a l l  b u t  a few cases ,  i d e n t i c a l .  The 

sewage o u t f a l l  a t  l a t t e r  s i t e  d id  no t  appear t o  apprec iably  

a f f e c t  t h e  parameters measured. The da ta  f o r  Lumberman's 

Arch a r e  d iscussed  and t h e  d a t a  from Lumberman's Arch and 

Brockton Poin t  a r e  presented  i n  i l l u s t r a t i o n s  (Fig.  29-39). 

General Fea tures  

Grained rocks form a major p o r t i o n  of t h e  i n t e r t i d a l  

a rea  a t  Lumberman's Arch. Clayed s i l t s  and s h e l l s  a r e  found 

between the  rocks.  Laminaria sacchar ina  grows on rocks and 

s h e l l s .  The o the r  ke lps  found a r e  A l a r i a  t e n u i f o l i a  S e t c h e l l ,  

C o s t a r i a  c o s t a t a  (Turner) Saunders and Nereocyst is  luetkeana 

(Mert .) P o s t e l s  and Ruprecht . 
I n  Burrard I n l e t  t h e  t i d e s  a r e  t h e  mixed semi-diurnal 

type with a maximum range of 15.9 f t  (Canadian ~ y d r o g r a p h i c  

Service  1968-1971). There a r e  two h igh  and two low t i d e s  

every  24 hours ,  each with a dura t ion  of about 6 hours (Fig.  

29-32) . The sp r ing  low t i d e s  occurred around mid-day during 



Figure 29. Average d i u r n a l  v a r i a t i o n s o f  p H ,  s a l i n i t y ,  sea-  

water temperature,  n i t r a t e ,  n i t r i t e ,  phosphate, 

and t o t a l  inorganic  iodine  during one complete 

t i d a l  cyc le  f o r  t h e  winters  of 1969-71. 



HOUR OF DAY (P.S.T.) 



Figure 30. Average d i u r n a l  v a r i a t i o n s  of pH, s a l i n i t y ,  sea-  

water temperature,  n i t r a t e ,  n i t r i t e ,  phosphate, 

and t o t a l  inorganic  iodine  during one complete 

t i d a l  cyc le  f o r  t h e  s p r i n g s  of 1969-71. 



HOUR OF DAY (P.S.T.) 



Figure 31. Average d i u r n a l  v a r i a t i o n s  of p H ,  s a l i n i t y ,  sea-  

water temperature,  n i t r a t e ,  n i t r i t e ,  phosphate, 

and t o t a l  inorganic  iodine  during one complete 

t i d a l  cyc le  f o r  t h e  summers of 1968-70. 
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Figure 3 2 .  Average d i u r n a l  v a r i a t i o n s  of pH, s a l i n i t y ,  sea- 

water temperature,  n i t r a t e ,  n i t r i t e ,  phosphate, 

. and t o t a l  inorganic  iodine  during one complete 

t i d a l  cyc le  f o r  t h e  autumns of 1968-70. 
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t h e  s p r i n g  and summer, and around mid-night dur ing  t h e  

autumn and win ter .  

The fol lowing d e s c r i p t i o n s  of pH, s a l i n i t y ,  temperature ,  

and n u t r i e n t s  a r e  based on two types  of d a t a .  The f i r s t  i s  

used t o  desc r ibe  seasonal  v a r i a t i o n s  (F ig .  33-39) . H e r e ,  

monthly va lues  were determined by averaging weekly d a t a  c o l -  

l e c t e d  a t  low t i d e .  I n  t h e  second, d i u r n a l  v a r i a t i o n  i s  

descr ibed  a s  a func t ion  of t i d a l  phase. Each p l o t t e d  va lue  

r e p r e s e n t s  a t h r e e  year  average f o r  each t i d a l  phase (F ig .  29-32), 

PH 

Higher pH va lues  were found i n  summer (8.14) than i n  

win ter  (7.52) a t  Lumberman's Arch (F ig .  3 3 ) .  In  s p r i n g  and 

summer pH va lues  w e r e  a l i t t l e  h ighe r  dur ing t h e  day than 

t h e  n i g h t  (F ig .  30, 3 1 ) .  

S a l i n i t y  

S a l i n i t y  f l u c t u a t i o n  v a r i e d  with  seasons and t i d a l  

phases (F ig .  34, 29-32). It inc reased  t o  a maximum i n  win te r  

of 26.1-27.8% and decreased t o  a minimum i n  summer of 19.5- 

20.0%. S a l i n i t y  v a r i e d  cons iderably  dur ing  t h e  d i u r n a l  t i d a l  

cyc le  (F ig .  29-32). The g r e a t e s t  d i u r n a l  v a r i a t i o n  i n  s a l i n i t y  

over a 24 hour pe r iod  occurred dur ing  t h e  s p r i n g  (14.5-26.%). 



Figure  3 3 .  Seasonal  v a r i a t i o n s  (monthly means) of p H  i n  

Burrard I n l e t  a s  measured weekly a t  low t i d e .  





Figure 34. Seasonal v a r i a t i o n s  (monthly means) of s a l i n i t y  

i n  Burrard I n l e t  a s  measured weekly a t  low 

t i d e .  





Temperature 

The h i g h e s t  su r face  water temperatures occurred i n  J u l y ,  

15.6-16.0 C ,  and t h e  lowest temperatures i n  January,  4.7-7.0 

C (F ig .  35) . The annual mean temperature over 3 years  was 

10.2 C .  

Surface water temperatures showed some v a r i a t i o n  with 

t h e  t i d a l  cyc le  during t h e  sp r ing  and summer, b u t  v a r i e d  l i t t l e  

during autumn and winter  (Fig.  29-32) . The g r e a t e s t  d i u r n a l  

v a r i a t i o n s  occurred i n  sp r ing  (9-11.5 C)  . 
N i t r a t e  

The annual v a r i a t i o n  of n i t r a t e  concent ra t ions  is shown 

i n  Fig .  36. The h i g h e s t  n i t r a t e  concent ra t ion  occurred during 

January (27.1-29.6 pg-at/l) . The lowest n i t r a t e  concent ra t ion  

occurred i n  J u l y  and August (6.0-7.2 pg-a t / l )  . There were 

two n i t r a t e  maxima a t  Lumberman's Arch during t h e  winter  of 

1968-1969, t h e  f i r s t  one occurred i n  November and t h e  second 

one i n  January.  These two peaks s h i f t e d  two months l a t e r  i n  

1970 and 1971. 

There was a  cons iderable  d i u r n a l  v a r i a t i o n  i n  n i t r a t e  

concent ra t ion  f o r  a l l  four  seasons (Fig .  29-32) . Var ia t ion  

was g r e a t e s t  a t  Lumberman's Arch during sp r ing  (9.5-20.2 pg- 

a t / l )  , and l e a s t  during t h e  winter  (23.6-30.3 pg-at / l )  . 



Figure 35. Seasonal v a r i a t i o n s  (monthly means) of su r face  

seawater temperature i n  Burrard I n l e t  a s  measured 

weekly a t  low t i d e .  





Figure 36. Seasonal v a r i a t i o n s  (monthly means) of n i t r a t e  

i n  Burrard I n l e t  a s  measured weekly a t  low t i d e .  





N i t r i t e  

Seasonal d i s t r i b u t i o n  of n i t r i t e  was i r r e g u l a r  (F ig .  

37) . The h ighes t  monthly n i t r i t e  concent ra t ion  of 0.74-0.79 

pg-at / l  occurred i n  d i f f e r e n t  months over t h e  3-year per iod.  

The g r e a t e s t  d iu rna l  v a r i a t i o n  (Fig.  29-32) of n i t r i t e  

occurred during the  summer (0.19-0.65 pg-at / l )  . 
Phosphate 

There was considerable  v a r i a t i o n  i n  monthly mean inor-  

ganic  phosphate concent ra t ions  (Fig .  3 8 ) ,  and t h e  occurrence 

of high and low peaks was i r r e g u l a r  a t  Lumberman's Arch. 

Diurnal v a r i a t i o n  ( ~ i g  . 29-32) of phosphate was g r e a t e s t  

during summer a t  Lumberman's Arch (0.7-5.4 pg-a t / l )  . 
Iodine 

The t o t a l  inorganic  iodine  concent ra t ion  i n  su r face  

seawater d i d  not  fol low a  seasonal  p a t t e r n  (Fig .  39) . The 

g r e a t e s t  mean monthly value f o r  Lumberman's Arch was 29.2 pg/ 

1 and t h e  lowest was 2.9 pg/ l .  

There was considerable  d i u r n a l  v a r i a t i o n  i n  iodine  

concent ra t ions  (Fig.  29-32) . The g r e a t e s t  v a r i a t i o n  occurred 

during t h e  sp r ing ,  9.6-34.2 pg/ l ,  and l e a s t  during t h e  autumn, 

7.6-23.8 cLg/l .  



Figure 3 7 .  Seasonal v a r i a t i o n s  (monthly means) of n i t r i t e  

i n  Burrard I n l e t  a s  measured weekly a t  low t i d e .  





Figure 38. Seasonal v a r i a t i o n s  (monthly means) of phosphate 

i n  Burrard I n l e t  a s  measured weekly a t  low t i d e .  





Figure 3 9 .  Seasonal v a r i a t i o n s  (monthly means) of t o t a l  

inorganic  iodine  i n  Burrard I n l e t  a s  measured 

weekly a t  low t i d e .  





DISCUSS I O N  

The environmental f e a t u r e s  monitored i n  Burrard I n l e t  

were g r e a t l y  inf luenced by t h e  season and t h e  t i d a l  phase 

and were s i m i l a r  f o r  Lumberman's Arch and Brockton Poin t .  

The annual and seasonal  su r face  seawater temperatures 

were s i m i l a r  a t  t h e  two s i t e s  with minima occurr ing  i n  

January and maxima i n  Ju ly .  

The summer minimum i n  s a l i n i t y  seems t o  be inf luenced 

by Frase r  River discharges s i n c e  t h e  s a l i n i t y  s t a r t s  t o  f a l l  

i n  e a r l y  Apr i l  and reaches a minimum i n  mid-June. Pickard 

and McLeod (1953) showed t h a t  t h e  average monthly discharge 

11 
of t h e  Fraser  River r o s e  from a minimum of 0.8 x 10 cubic  

11 
f e e t  i n  March t o  a maximum of 9 x 10 cubic  f e e t  i n  l a t e  

May. 

The d iu rna l  v a r i a t i o n  i n  pH may p a r t l y  be r e l a t e d  t o  

high carbon dioxide during t h e  n igh t  and low carbon dioxide 

during t h e  day as  a r e s u l t  of t h e  plant /animal  metabolism. 

Other f a c t o r s  which may cause v a r i a t i o n s  i n  pH a r e ,  f o r  example, 

seasonal  v a r i a t i o n s  i n  l i g h t  i n t e n s i t y  which would a f f e c t  

photosynthesis ,  and t h e  amount and chemical cha rac te r  of run- 



o f f  water.  

Nu t r i en t  cyc les  i n  Burrard I n l e t  a r e  s i m i l a r  t o  those 

i n  shallow c o a s t a l  waters ,  b u t  the  inf luence  of r i v e r  d i s -  

charge and sewage a r e  more apparent .  N i t r a t e  and phosphate 

concent ra t ions  were r e l a t i v e l y  high compared t o  Indian A r m ,  

t h e  S t r a i t  of ~ e o r g i a  and P a c i f i c  Ocean (Table 1 3 ) .  Re la t ive ly  

low concent ra t ions  of n i t r a t e  and phosphate were found I n  

summer a t  both s t a t i o n s .  This  may be a t t r i b u t e d  t o  t h e i r  

removal by phytoplankton blooms and t h e  r a p i d  growth of t h e  

macroalgae. Kelps which grew i n  the  i n t e r t i d a l  during t h e  

spr ing ,  d ied  i n  t h e  summer, b u t  s u b t i d a l  p l a n t s  continued 

t o  grow. P lan t  decay would regenera te  n i t r a t e  and phosphate. 

The regenera t ion  of phosphate is  favored i n  e s t u a r i e s  

( C a r r i t t  and Goodgal, 1954) , and i ts  r a t e  is  more r a p i d  than 

n i t r a t e  (Ri ley ,  1967) .  N i t r a t e  and phosphate began t o  inc rease  

i n  t h e  autumn and continued t o  do s o  throughout the  winter  

months a t  both s t a t i o n s .  N i t r a t e  concent ra t ions  a t  Brockton 

Poin t  and Lumberman's Arch reached t h e i r  h i g h e s t  l e v e l s  i n  

December and January r e s p e c t i v e l y .  Phosphate concent ra t ions  

a t  Brockton Poin t  reached t h e i r  h i g h e s t  l e v e l s  over t h e  3 years  

i n  February and March, and a t  Lumberman's Arch i n  December, 

February, March and August. During these  same months t h e  





s a l i n i t y  was h igher ,  corresponding t o  a genera l  reduct ion  i n  

Fraser  River discharge (Pickard and McLeod, 1953) .  

In  e s t u a r i e s ,  t h e  r e l e a s e  of phosphorus from t h e  s i l t  

occurs with an inc rease  i n  pH ( C a r r i t t  and Goodgal, 1954) .  

Such an e f f e c t  is  important i n  an i n l e t ,  where pH v a r i e s  with 

the  season, s t a t e  of t h e  t i d e s  and b i o l o g i c a l  a c t i v i t y .  

Frolander (1964) showed t h a t  n i t r a t e  and phosphate v a r i e d  with 

b i o l o g i c a l  a c t i v i t y  and depth.  He a l s o  showed t h a t  t h e  

phosphate concent ra t ion  of su r face  water tends t o  be h i g h e s t  

a t  n i g h t ,  when photosynthe t ic  a c t i v i t y  is absent .  With 

increased  t u r b i d i t y  and/or increased  depth (and subsequent 

l i m i t i n g  of photosynthe t ic  a c t i v i t y ) ,  phosphate concent ra t ion  

r i s e s .  

The t h r e e  year average of n i t r i t e  a t  Lumberman's Arch 

was 0.42 pg-a t / l  and Brockton Poin t  was 0.38 CLg-a t / l .  These 

were much h igher  than va lues  f o r  the  S t r a i t  of Georgia, 0 . I3  

p g - a t / l  (Bishop e t  a l ,  1966) . N i t r i t e  concent ra t ion  was 

s l i g h t l y  h igher  i n  t h e  autumn a t  Brockton Poin t  than a t  

Lumberman's Arch, bu t  t h e  oppos i te  occurred during t h e  

summer. 

Iodine concent ra t ions  d i d  no t  vary s i g n i f i c a n t l y  from 

season t o  season between t h e  two s t a t i o n s .  S l i g h t l y  h igher  



iodine  concent ra t ions  occurred a t  Lumberman's Arch which i s  

c l o s e r  t o  t h e  s e a  than Brockton Po in t .  ~ o d i n e  concent ra t ions  

a t  both s t a t i o n s  were lower than i n  t h e  S t r a i t  of Georgia 

which had a concent ra t ion  of 25 g / l  (Cameron, 1922) , and 

lower than f o r  t h e  n o r t h e a s t  P a c i f i c  Ocean, 60 p g / l  (Barkley 

and Thompson, 1960) and 40 yg/ l  f o r  western nor th  P a c i f i c  

(Sugawara and Terada, 1957) . These f ind ings  a r e  i n  c lose  

agreement with Vinogradov ' s (1953) d a t a  which showed t h a t  

more iodine  is i n  t h e  open s e a  than near the  shore .  H e  a l s o  

found t h a t  t h i s  v a r i a t i o n  p a r a l l e l s  t h e  d i f f e r e n c e s  i n  t h e  

ch lo r ine  concent ra t  ion. 

The n a t u r a l  h a b i t a t  of t h e  s t u d i e d  L. sacchar ina  - 

popula t ion  may be descr ibed  a s  v a r i a b l e .  A l l  of t h e  monitored 

parameters d isp layed considerable  d i u r n a l  v a r i a t i o n s  and some 

seasonal  v a r i a t i o n .  No c o n s i s t e n t  d i f f e r e n c e  i n  t h e  monitored 

parameters were observed between t h e  two s tudy s i t e s .  



CHAPTER V 

I N  SITU STUDIES OF THE DEVELOPMENT OF GAMETOPHYTES AND -- 

VERY YOUNG SPOROPHYTES OF L. SACCHARINA I N  BURRARD INLET 

INTRODUCTION 

Gametophytes of L. sacchar ina  a r e  pe renn ia l  and become 

f e r t i l e  during a l l  months of t h e  year on the  Devon and 

Argyl l  c o a s t s  (Parke,  1948) .  Druehl (1965) noted young 

macroscopic sporophytes of &. sacchar ina  i n  Burrard I n l e t  

during February-March and again i n  e a r l y  autumn. 

The gametophytes and very  young sporophytes of t h e  four  

laminar ia lean  spec ies  p resen t  a t  Lumberman's Arch ( s e e  Chap- 

t e r  I V )  could not  be d i s t ingu i shed  by t h e i r  morphology u n t i l  

t hey  were approximately 5 cm long. Therefore,  t o  s tudy  t h e  

development of t h e  gametophytes of L. sacchar ina ,  it was - 

necessary t o  mark them. 

The purpose of t h e  p r e s e n t  s tudy was t o  determine t h e  

r e l a t i o n s h i p  between the  var ious  environmental f a c t o r s  and 

seasonal  development of -- i n  s i t u  L. sacchar ina  gametophytes. 

Meiospores were l a b e l l e d  with a f l u o r e s c e n t  b r igh tener ,  

Calcofluor  m i t e  (American Cyanamid Co.) s o  a s  t o  d i s t i n g u i s h  

them from o the r  spec ies  of Laminariales.  



Fluorescent  b r igh tener s  were f i r s t  used by Darken (1961, 

1962) a s  v i t a l  s t a i n s  and markers f o r  g e n e t i c a l  and develop- 

mental s t u d i e s  of microorganisms. They were used a s  t r a c e r s  

f o r  eco log ica l  s t u d i e s  of s o i l  microorganisms (Eren and 

Pramer, 1968) ,  f o r  hos t -pa ras i t e  r e l a t i o n s h i p  s t u d i e s  (Pat ton  

and Johnson, 1966; Wilson, 1966) and f o r  morphogenetical 

s t u d i e s  with c e l l u l a r  s l ime molds (Harrington and Raper, 1968) .  

Cole (1964) f i r s t  app l i ed  the  use of f l u o r e s c e n t  b r igh tener s  

t o  the  gametophytes of Laminariales,  and found t h a t  0.01% 

Calcoluor White PMS was s t a b l e ,  i n t e n s e l y  f l u o r e s c e n t  a t  pH 

7.8,  nontoxic,  qu ick ly  and permanently absorbed by the  

c e l l u l o s i c  c e l l  wa l l s ,  and t r anspor ted  i n  subsequent gameto- 

p h y t i c  growth. She suggested t h a t  f l u o r e s c e n t  b r i g h t e n e r s  

could be app l i ed  i n  c y t o l o g i c a l ,  g e n e t i c a l ,  developmental 

and eco log ica l  s t u d i e s  of marine a l g a e  i n  t h e  f i e l d  and 

labora tory .  Nakazawa -- e t  a 1  (1969) l a b e l l e d  Fucus eggs with 

Calcofluor  White t o  s tudy  r h i z o i d  d i f f e r e n t i a t i o n .  They 

found t h a t  Calcofluor  White w a s  nontoxic  f o r  c e l l  growth and 

s t a i n e d  only t h e  c e l l  wal l .  



MATERIALS AND METHODS 

Mature s o r i  were c o l l e c t e d  from Lumberman's Arch, Burrard 

I n l e t  a t  t h e  0.1 f o o t  t i d e  l e v e l  during a l l  months of t h e  

year .  A meiospore suspension was obta ined  according t o  Druehl 

and Hsiao" technique (1969),  and ad jus ted  t o  about 1 . 2  x 10 
5 

meiospores/ml. Meiospores were l a b e l l e d  i n  t h e  l a b o r a t o r y  

with 0.01% Calcofluor  White ST s o l u t i o n  (v/v autoclaved 

seawate r ) .  After  24  hours they  s e t t l e d  on g l a s s  s l i d e s  

( s i n g l e  f r o s t e d )  which were then  p laced  i n  a p l e x i g l a s s  s l i d e  

holder  (F ig .  40) , and r i n s e d  s e v e r a l  t i m e s  with autoclaved 

n a t u r a l  seawater.  The holder  was then secured t o  a b r i c k  

with rubber bands, and placed a t  t h e  0.1 f o o t  t ide l e v e l  a t  

Lumberman ' s Arch. 

Each month from J u l y ,  1968 t o  June, 1971 30 s l i d e s  were 

p laced  i n  t h e  f i e l d .  Five t o  tear? s l i d e s  were r e t r i e v e d  

every t e n  days o r  more f r equen t ly .  During pe r iods  of neap 

t i d e s  a scuba d ive r  c o l l e c t e d  t h e  s l i d e s .  They were examined 

under both b r i g h t - f i e l d  white l i g h t  and u l t r a v i o l e t  c o n t r a s t  

f l u o r e s c e n t  l i g h t .  The time of development f o r  oogonia and 

a n t h e r i d i a  was recorded from t h e  d a t e s  they  were f i r s t  

observed. 



Figure  40. S l i d e  ho lde r  used t o  o u t p l a n t  meiospores i n  

phenologica l  s t u d i e s .  





The f luorescen t  was de tec ted  using a Reicher t  Zetopan 

phase c o n t r a s t  microscope equipped with a high p ressu re  

mercury vapour lamp HBO 200W a s  t h e  u l t r a v i o l e t  l i g h t  source,  

an E4 e x c i t e r  f i l t e r ,  a r e d  f i l t e r  RG %nun, a UV absorpt ion  

f i l t e r  SP 1 and a c o n t r a s t  f luorescence  condenser. This  s e t -  

up emi t ted  a wavelength of approximately 362 nm. 

Photographs were taken using a Reicher t  photo-automatic 

camera with Kodak panatomic x f i lm.  Exposure t imes ranged from 

0.5 t o  4 seconds f o r  white l i g h t  and from 60 t o  300 seconds 

f o r  u l t r a v i o l e t  l i g h t ,  depending on t h e  specimens and t h e  

magnif icat ions employed. 

RESULTS 

The n a t u r a l  populat ion of - L. sacchar ina  sporophytes 

produced s o r i  a t  Lumberman's Arch throughout t h e  year .  The 

g r e a t e s t  number of p l a n t s  became f e r t i l e  between May and June, 

and between October and December. The l a b e l l e d  meiospores 

developed i n t o  gametophytes ranging from s i n g l e  c e l l  female 

p l a n t  t o  fi lamentous p l a n t s  u s u a l l y  male with many vege ta t ive  

c e l l s ,  which produced oogonia, a n t h e r i d i a  and gametes a t  a l l  

times of t h e  year  a able 14, F ig .  4 1 ) .  The maximum time 



Table 14. Maximum time i n  days f o r  gamete product ion by l a b e l l e d  

s i t u  Laminar i a  sacchar ina game tophytes  i n  Burrard I n l e t .  - 

Month 1968 1969 1970 1971 Average 
d d ?  d  ? d Q d ? 

January 

February 

March 

Apr i 1 

May 

June 

J u l y  

August 

September 

October 

November 

December 



Figure 41. Meiospores labelled with Calcofluor White ST of 

in situ Laminaria saccharina developed into -- 
gametophytes and a microscopic sporophyte (small 

arrow) as viewed by conventional (A) and 

fluorescence (B) microscopy. Only labelled 

meiospores fluoresce intense white (large arrow) , 

and they are readily differentiated from the 

gametophytes and microscopic sporophytes of 

other 3 laminarialean species. 





r equ i red  f o r  gamete product ion by L. sacchar ina  is  shown i n  

Table 14. Oogonia and a n t h e r i d i a  were produced i n  t h e  s h o r t e s t  

time during l a t e  winter  and sp r ing .  The longes t  t i m e  r equ i red  

was i n  l a t e  autumn and e a r l y  winter .  Gametophytes produced 

a n t h e r i d i a  a few days e a r l i e r  than  oogonia. Microscopic 

sporophytes were observed through t h e  year .  However, n a t u r a l l y  

growing young macroscopic sporophytes were observed only 

during February-March and September -October. 

DISCUSSION 

The gametophytes of - L. sacchar ina  developed from meio- 

spores  l a b e l l e d  with Calcofluor  White, and produced a n t h e r i d i a  

and oogonia during a l l  months of t h e  year i n  Burrard I n l e t  a t  

t h e  0.1 f o o t  t i d e  l e v e l .  The l a b e l l e d  p l a n t s  were always 

covered a t  low t i d e .  The average low t i d e  l e v e l  a t  t h e  s t u d y  

s i t e  was 3.4 f e e t  over 3 years ,  and even t h e  lower low water 

of t h e  l a r g e  t i d e  was 0.3 f o o t  (Canadian Hydrographic Service  

1968-1971) . 
The r e g u l a r  production of gametes throughout the  t h r e e  

year s tudy  pe r iod  demonstrated t h a t  -- i n  s i t u  condi t ions  d i d  

no t  l i m i t  gametogenesis. General ly ,  gametogenesis took 



longer from November t o  January than during t h e  remainder of 

t h e  year .  This  i n d i c a t e s  t h a t  some f a c t o r  o r  f a c t o r s  may be 

suboptimal during l a t e  autumn and e a r l y  winter and l i k e l y  

would be temperature and/or l i g h t ,  r a t h e r  than  n u t r i e n t s ,  a s  

they  were a t  h igh  l e v e l s  during t h e  above mentioned per iod .  

Gametophytes became f e r t i l e  i n  Apr i l  and August when 

phosphate and n i t r a t e  were a t  t h e i r  lowest concent ra t ions ,  and 

s o  a t  o the r  t imes of t h e  year these  two n u t r i e n t s  would n o t  

l i m i t  f e r t i l i t y .  I n  f a c t  t h e  a c t u a l  concent ra t ion  of n u t r i e n t s  

might be h igher  i n  t h e  microhabi ta ts ,  occupied by t h e  

gametophytes, than i n  t h e  overlying waters  where n u t r i e n t  

concent ra t ions  were measured. Frequent ly,  L. sacchar ina  - 

gametophytes d id  produce gametes during Apr i l  and August i n  

Burrard I n l e t ,  a  time when su r face  concent ra t ion  of n u t r i e n t s ,  

e s p e c i a l l y  phosphate, were low. However, t h e  microhabi ta t  

n u t r i e n t  concent ra t ions  might we l l  have been h igher  and t o -  

ge the r  with n a t u r a l  l i g h t  and temperature condi t ions ,  made 

gamete product ion poss ib le .  I demonstrated t h a t  gametophytes 

of L. sacchar ina  i n  axenic  c u l t u r e  with optimal l i g h t  and 

temperature r equ i red  a t  l e a s t  5 pg-at  NO - ~ / 1  and 10 pg-at  
3 

PO - ~ / 1  (Chapter 11). Harr ie s  (1932) found t h a t  t h e  f e r t i l i t y  
4 

of L. sacchar ina  v a r i e d  with n i t r a t e  concent ra t ion  when t h e  



p l a n t s  were i l luminated  with a s u i t a b l e  l i g h t  i n t e n s i t y  and 

suppl ied  with s u f f i c i e n t  phosphate. 

However, f e r t i l i t y  a l s o  v a r i e d  with l i g h t  i n t e n s i t y ,  

photoperiod (Hsiao and Druehl, 1971) and temperature ( ~ s e n g  

e t  a l ,  1962; Kain, 1969) . General ly ,  during t h e  pe r iod  be- -- 

tween l a t e  winter  and sp r ing ,  and i n  e a r l y  autumn, t h e s e  

parameters p l u s  t h e  n u t r i e n t s  promoted most r a p i d  f o r  

oogonial  and a n t h e r i d i a l  production. During l a t e  autumn and 

e a r l y  winter  t h e  seawater temperature ranged from 4.7 t o  8.4 

C (Chapter IV), and l i g h t  had lower i n t e n s i t y  and s h o r t e r  

photoperiods . Although t h e r e  were s u f f i c i e n t  n u t r i e n t s ,  t h e  

gametophytes took a longer  time t o  produce gametes. Burrows 

(1961) found t h a t  t h e  gametophytes of L. sacchar ina  became 

f e r t i l e  almost equa l ly  wel l  a t  5 and 10 C under c u l t u r e  

condi t ions  using enr iched ~rdschre ibermedium,  18 h l i g h t  and 

300 f t - c .  ~ a r r i e s  (1932) showed t h a t  t h e  f e r t i l i t y  of L. 

sacchar ina  v a r i e d  with l i g h t  i n t e n s i t y  when n i t r a t e  and 

phosphate were i n  s u f f i c i e n t  q u a n t i t y .  

These e a r l i e r  s t u d i e s  support  my conclusion t h a t  some 

aspec t  of l i g h t  and/or temperature a r e  t h e  l i m i t i n g  f a c t o r s  

i n  gametogenesis of L. sacchar ina  i n  Burrard I n l e t .  

The iodine  concent ra t ion  of seawater i n  Burrard I n l e t  



d i d  no t  change s i g n i f i c a n t l y  from season t o  season. The 

gametophytes of 4. sacchar ina  d i d  n o t  r e q u i r e  iodine  f o r  

gametoyenesis, b u t  s m a l l  add i t ions  had a s t imula to ry  e f f e c t  

(Chapter 111) . 
When one cons iders  t h e  f a c t s  t h a t  (1) gametogenesis 

occurs throughout t h e  year and ( 2 )  new macroscopic sporophytes 

a r i s e  only  i n  l a t e  winter  and e a r l y  autumn t h e  following con- 

c lus ion  i s  reached. The es tabl i shment  of a new genera t ion  of 

macroscopic sporoply tes  i s  not  l i m i t e d  -- i n  s i t u  by gametogenesis 

b u t  by t h e  response of newly produced microscopic sporophytes 

t o  t h e i r  environment. O f  t h e  environmental parameters monitored 

(Chapter I V )  n i t r a t e  concent ra t ion ,  s a l i n i t y  and temperature 

showed g r e a t e s t  seasonal  v a r i a t i o n .  The n i t r a t e  concent ra t ion  

and s a l i n i t y  were lowest and temperature h i g h e s t  during t h e  

summer pe r iod  when new macroscopic sporophytes were n o t  produced. 

Fur the r ,  l i g h t  i n t e n s i t y  and photoper iod  were g r e a t e s t  during 

t h i s  pe r iod  (Druehl, 1965) .  Druehl (1967) showed t h a t  &. sac- 

char  ina  was eurythermal and euryhal ine  . N i t r a t e  might be 

l i m i t i n g  b u t  e s t a b l i s h e d  macroscopic sporophytes grow a c t i v e l y  

during t h i s  time ( ~ r u e h l ,  1965) .  Therefore I be l i eve  t h a t  

l i g h t  is t h e  l i m i t i n g  f a c t o r  i n  macroscopic sporophyte produc- 

t i o n .  The e f f e c t  being t h a t  during t h e  summer t h e r e  is t o o  



much i n s o l a t i o n  - a  funct ion  of photoperiod and i n t e n s i t y .  

However, t h e r e  i s  a l s o  a  p o s s i b i l i t y  of some det r imenta l  

synergism e x i s t i n g  between l i g h t  and some o the r  parameter - 

perhaps temperature - which might determine time of macro- 

scopic  sporophyte product ion.  



CHAPTER V I  

SUMMARY 

A s tudy  was made of t h e  e f f e c t s  of s e l e c t e d  inorganic  

n u t r i e n t s  ( n i t r a t e ,  phosphate and iodine)  on meiospore 

germination, morphology, gametogenesis and metabol i tes  of 

Laminar i a  sacchar i n a  game tophytes  i n  axenic  c u l t u r e s .  Fur the r ,  

t h e  phenology of gametophytes was followed i n  s i t u  and r e -  

l a t e d  t o  n a t u r a l  v a r i a t i o n s  i n  t h e  concent ra t ions  of t h e s e  

s e l e c t e d  inorganic  n u t r i e n t s .  

A l l  n u t r i t i o n a l  experiments were conducted twice,  once 

i n  t h e  l a t e  winter -ear ly  sp r ing  and once i n  t h e  autumn. The 

r e s u l t s  of these  experiments were e s s e n t i a l l y  t h e  same, i n d i -  

c a t i n g  t h a t  t h e  meiospore p r e h i s t o r y  d i d  n o t  a f f e c t  t h e  

response of t h e  subsequent gametophytes. 

General ly ,  t h e  gametophytes r e f l e c t e d  optimal c u l t u r e  

condi t ions  by having a h igher  percentage germination, by 

producing more gametangia per  p l a n t ,  by having a g r e a t e r  

percentage f e r t i l i t y  and producing more metabol i tes  (except- 

ing l i p i d s )  per  c u l t u r e d  meiospore . 
Optimal l e v e l s  of n i t r a t e ,  phosphate and iodine  were 

cons iderably  h igher  than those found i n  t h e  overlying water.  



The a v a i l a b i l i t y  of n i t r a t e  and phosphate t o  gametophytes i n  

t h e i r  n a t u r a l  h a b i t a t s  is  not  known. However, l e v e l s  of t h e s e  

n u t r i e n t s  a r e  most l i k e l y  h igher  than  i n  t h e  overlying waters  

monitored i n  t h i s  s tudy.  

In  a l l  t h e  c u l t u r e  condi t ions  t h e  male gametophyte had 

a  g r e a t e r  percentage f e r t i l i t y  than t h e  female gametophyte, 

and a n t h e r i d i a  were produced through a  g r e a t e r  range of 

n u t r i e n t  condi t ions  than  oogonia. From t h i s  it might be 

i n f e r r e d  t h a t  t h e  female i s  t h e  l i m i t i n g  agent  i n  sexual  

fus ion .  In  s i t u  observat ions  demonstrated t h a t  t h e  male 

produced anther  i d i a  e a r l i e r  than  t h e  female, thus  adding 

f u r t h e r  weight t o  t h i s  conclusion. 

Iodine was no t  e s s e n t i a l  f o r  gametogenesis, b u t  a t  

l e v e l s  4-5 t imes t h a t  found i n  the  overlying water a  s t imula-  

t o r y  e f f e c t  was observed. Larger q u a n t i t i e s  were i n e f f e c t i v e  

and high concent ra t ions  had an i n h i b i t o r y  e f f e c t  which was 

diminished by inc reas ing  ch lo r ide  concent ra t ions .  The n a t u r a l  

c h l o r i n i t y  of seawater might coun te rac t  adverse iodine  e f f e c t s  

on t h e  p l a n t s  thus  allowing them t o  accumulate high concentra- 

t i o n s  of iodine.  

I n  s i t u  gametophytes, which developed from l a b e l l e d  -- 
meiospores, produced gametes and microscopic sporophytes 



during a l l  months of t h e  year .  There was a tendency f o r  

gametogenesis t o  t ake  longer during t h e  pe r iod  between l a t e  

autumn and e a r l y  winter than t h e  remainder of t h e  year .  The 

g r e a t e s t  concent ra t ion  of n i t r a t e  and phosphate were found 

during t h e  pe r iod  mentioned above, and iodine  remained 

e s s e n t i a l l y  cons tant  throughout t h e  year .  Th i s  i n d i c a t e s  

t h a t  some o the r  f a c t o r  or  f a c t o r s  might be respons ib le  f o r  

l i m i t i n g  growth of t h e  new sporophyte genera t ion .  Most 

l i k e l y  t h e s e  f a c t o r s  a r e  temperature and/or l i g h t  i n t e n s i t y  

and photoperiod. Druehl (1965) observed t h a t  young macro- 

scopic  sporophytes of &. sacchar ina  appeared during February- 

March and again i n  e a r l y  autumn. My observat ions  (Chapter V) 

agree with Druehl ' s  (1965) d e s c r i p t i o n .  When I consider  t h a t  

gametes and microscopic sporophytes were produced throughout 

t h e  year and t h a t  macroscopic sporophytes a r i s e  during two 

f a i r l y  we l l  def ined  seasons I am l e d  t o  t h e  conclusion t h a t  

gametogenesis does not  l i m i t  t h e  new genera t ions  of sporo- 

phytes  b u t  r a t h e r  t h e  response of microscopic sporophytes t o  

t h e i r  environment is the  l i m i t i n g  a c t i o n .  



LITERATURE CITED 

Anderson, E .K. and North, W. J. 1966. Prel iminary f ind ings  
of t h e  e f f e c t s  of l i g h t  i n t e n s i t y  and co lo r  on gameto- 
phyte development. Kelp Hab. Imp. P r o j . ,  Annual Report, 
1965-66, C a l i f .  I n s t .  Tech., pp. 55-68. 

Anderson, G.C. ,  Parsons,T.R. and Stephens,  K.  1969. N i t r a t e  
d i s t r i b u t i o n  i n  t h e  s u b a r t i c  Northeast  P a c i f i c  Ocean, 
Deep-sea Res. 3: 329-334. 

Bai ly ,  N.A. and Kelly,  S.  1955. Iodine exchange i n  
Ascophyllum. Biol .  Bul l .  109: 13-21. 

jBarkley, R - A .  and Thompson, T.G. 1960. The t o t a l  iodine  
and iodate- iodine content  of s e a  water.  Deep-sea Res. 
7: 24-34, - 

~Bendschneider ,  K.  and Robinson, R . J .  1952. A new spect ro-  
photometric determinat ion of n i t r i t e  i n  sea  water.  J. 
Mar. Res. - 2: 87-96. 

Bezlyudnyi, N.N. and Belenkevich, 0 , A .  1970. Dependence of 
n i t rogen  metabolism on condi t ions  of phosphorus n u t r i t i o n  
and t h e  form of n i t rogen  f e r t i l i z a t i o n  i n  winter  r y e  
p l a n t s .  Sov ie t  P l a n t  Physiol  . 17: 827-831. 

Bishop, S.O., Ful ton ,  J . D . ,  Kennedy, O.D. and Stephens,  K .  
1966. Data record  phys ica l ,  chemical and b i o l o g i c a l  
da ta ,  S t r a i t  of Georgia, March t o  October 1965. F i sh .  
Res. Bd. Canada MS Rep. Ser .  No. 211, 171 pp. 

Black, W.A.P. 1948. The seasonal  v a r i a t i o n  i n  chemical 
c o n s t i t u t i o n  of some of t h e  s u b - l i t t o r a l  seaweeds common 
t o  Scot land.  1. Laminaria c l o u s t o n i ;  2. - L. d i g i t a t a ;  
3 .  L. sacchar ina  and Saccorhiza bulbosa.  J. Soc. Chem- 
Ind. (London) - 67: 165-176. 

Blinks,  L. R. 1951. Physiology and biochemistry of a lgae .  
In  Smith, G.M. (ed , )  , Manual of Phycology, ~ o n a l d  Press ,  
N.Y. ,  p .  263-91. 



Borst  Pauwels, G.W.F.H. 1961. Iodine a s  a micronut r ien t  
f o r  p l a n t s .  P l a n t  and S o i l  14: 377-392. 

Borst  Pauwels, G.W.F .H. 1962. An i n v e s t i g a t i o n  i n t o  t h e  
e f f e c t s  of iodide  and ioda te  on p l a n t  growth. P lan t  
and S o i l  15: 284-292. - 

Bulow, F . J .  1970. RNA-DNA r a t i o s  a s  i n d i c a t o r s  of r ecen t  
growth r a t e s  of a f i s h .  J. F i sh .  Res. Bd. Canada 27: - 
2343-2349. 

Burrows, E .M. 1961. Experimental ecology with p a r t i c u l a r  
r e fe rence  t o  t h e  ecology of Laminaria sacchar ina  (L . )  
Lamour. Recent Advances i n  Botany, pp. 187-189. Univ. 
of Toronto Press .  

Cameron, A.T.  1922. A note  on t h e  r e l a t i v e  c h l o r i n e ,  
bromine, and iodine  con ten t  i n  t h e  waters of t h e  S t r a i t  
of Georgia, B.C. Contr.  Canada Biol .  1: 75-80. - 

Canadian Hydrographic Service .  1968-1971. Canadian t i d e  and 
c u r r e n t  t a b l e s ,  Vol. 5 ,  Juan de Fuca and ~ e o r g i a  S t r a i t s .  
Marine Service  Branch, Department of Energy, Mines and 
Resources, Ottawa. 

C a r e l l ,  E .F . ,  Johnston, P.L. ,  and ~ h r i s t o p h e r ,  A.R. 1970. 
Vitamin B12 and t h e  macromolecular composition of 
Euqlena. J. C e l l  Biol .  47: 525-530. - 

C a r r i t t ,  D.E. and Goodgal, S.  1954. Sorpt ion  r e a c t i o n  and 
some eco log ica l  impl ica t ions .  Deep-sea Res. 1: 224-243. - 

C a r t e r ,  P.W. 1935. E f f e c t  of orange ju ice  on t h e  growth 
of Laminaria gametophytes. Nature 135: 958-959. - 

Chu, S.P. 1943. The inf luence  of t h e  mineral  composition of 
t h e  medium on t h e  growth of p lanktonic  a lgae .  11. The 
inf luence  of t h e  concent ra t ion  of inorganic  n i t rogen  and 
phosphate phosphorus. J. Ecol.  31: 109-148. 

Cole, K.  1964. Induced f luorescence  i n  gametophytes of some 
~ a m i n a r i a l e s .  Can. J. Bot, 42: 1173-1181, with two p l a t e s .  - 



Darken, M.A. 1961. Applicat ions of f l u o r e s c e n t  b r igh tener s  
i n  b i o l o g i c a l  techniques.  Science 133: 1704-1705. 

Darken, M.A. 1962. Absorption and t r a n s p o r t  of f luorescen t  
b r igh tener s  by microorganisms. Appl. Microbial. - 10: 
387-393. 

Davidson, J . N . ,  L e s l i e ,  I. and Waymouth, C .  1949. The 
nucleoprotein content  of f i b r o b l a s t s  growing i n  v i t r o .  
4 .  Changes i n  the  r ibonuc le ic  a c i d  phosphorus (RNAP) 
and deoxyr ibonucle ic  a c i d  phosphorus (DNAP) content .  
Biochem. J. 44: 5-17. 

Davidson, J . N .  and L e s l i e ,  1. 1950. A new approach i n  t h e  
biochemistry of growth and development. Nature 165: 
49-53. 

Druehl, L.D. 1965. On t h e  taxonomy, d i s t r i b u t i o n ,  and 
ecology of t h e  brown a l g a l  genes Laminaria i n  t h e  north-  
e a s t  P a c i f i c .  Ph.D. Thes is ,  Un ive r s i ty  of B r i t i s h  
Columbia, Vancouver. 

Druehl, L.D. 1967. D i s t r i b u t i o n  of two spec ies  of 
Laminaria a s  r e l a t e d  t o  some environmental f a c t o r s .  J. 
Phycol. 3: 103-108. 

Druehl, L.D. 1969. The n o r t h e a s t  P a c i f i c  r i m  d i s t r i b u t i o n  
of t h e  Laminariales.  Proc. I n t e r n .  Seaweed Symp. - 6: 
161-170. 

Druehl, L.D. and Hsiao, S.I.C. 1969. Axenic c u l t u r e  of 
~ a m i n a r i a l e s  i n  def ined media. Phycologia 8: 47-49. - 

. ~ u b r a v G i d ,  M .  1955. Determination of iodine  i n  n a t u r a l  
waters  (sodium ch lo r ide  a s  a  reagent  i n  t h e  c a t a l y t i c  
r educ t ion  of c e r i c  ions )  . Analyst  80: 295-300. 

Ekdahl, I. 1948. The a c t i o n  of c h l o r a t e  and some r e l a t e d  
substances upon r o o t s  and r o o t  h a i r s  of young wheat 
p l a n t s .  Kgl.~antbruks-H'cigskol. Ann. 15: 113-172. 

Eps te in ,  H.T. and Allaway, E .  1967. P r o p e r t i e s  of s e l e c t i v e l y  
s t a r v e d  Euqlena. Biochim. Biophys . Acta. 142: 195-207. 



Eren, J. and Pramer, D. 1968. Use of a f l u o r e s c e n t  br ightener  
a s  a i d  t o  s t u d i e s  of f u n g i s t a s i s  and nematophagous 
fungi  i n  s o i l .  Phytopathol. - 58: 644-646. 

Fogg, G.E.  1956. Photosynthesis and formation of f a t s  i n  a 
diatom. Ann. Bot. - 20: 265-285. 

Fogg, G .E .  1959. ~ i t r o g e n  n u t r i t i o n  and metabolic p a t t e r n s  
i n  a lgae .  Symp. Soc. Exptl .  Bio l .  13: 106-125. 

Fogg, G.E.  and Col lyer ,  D.M. 1964. The accumulation of 
l i p i d s  by a lgae .  In  Burlew, J.S. (ed.)  , Algal  c u l t u r e  
from labora to ry  t o  p i l o t  p l a n t .  Carnegie I n s t i t u t i o n  
of Washington Publ ica t ion  600, Washington, D.C., p. 177- 
181. 

F r i e s ,  L. 1966. Inf luence of iodine  and bromine on growth 
of some r e d  a lgae  i n  axenic  c u l t u r e .  Physiol .  P l a n t .  
19: 800-808. - 

F r i t s c h ,  F.E. 1945. The s t r u c t u r e  and reproduct ion of t h e  
a lgae .  cambridge u n i v e r s i t y  Press .  

Fro lander ,  H.F. 1964. Bio logica l  and chemical f e a t u r e s  of 
t i d a l  e s t u a r i e s .  J. Water Po l l .  Cont. Fed. - 8: 1037-1048. 

Ful ton ,  J . D . ,  Kennedy, O.D. ,  Stephens, K. and Skelding, J. 
1968. Data record  phys ica l ,  chemical and b i o l o g i c a l  
da ta  S t r a i t  of Georgia, 1967. F i sh .  Res. Bd. Canada MS 
Rep. Ser .  No. 968, 197 pp. 

Gi lmar t in ,  M. 1962. Annual c y c l i c  changes i n  t h e  phys ica l  
oceanography of a B r i t i s h  Columbia Fjord .  J. Fish.  R e s .  
Bd. Canada - 19: 921-974. 

G r i m r n ,  M.R. 1952. Iodine content  of some marine a lgae .  
P a c i f i c  S c i .  5: 318-323. 

Harr ington,  B . J .  and Raper, K.B. 1968. Use of a f luorescen t  
b r i g h t e n e r  t o  demonstrate c e l l u l o s e  i n  t h e  c e l l u l a r  s l ime 
molds. Appl. Microbiol. 16: 106-113. 



Harr ie s ,  R .  1932. An i n v e s t i g a t i o n  by c u l t u r a l  methods of 
some of t h e  f a c t o r s  inf luencing  t h e  development of t h e  
gametophytes and t h e  e a r l y  s t a g e s  of t h e  sporophytes of 
Laminaria d i q i t a t a ,  L. sacchar ina  and L. c lous ton i .  
Ann. Bot. - 46: 893-928. 

Harvey, H. W. 1940. Nitrogen and phosphorus r equ i red  f o r  
t h e  growth of phytoplankton. J. mar. b i o l .  A s s .  U.K. 
24: 115-123. - 

Hasegawa, Y, 1962. An eco log ica l  s tudy  of Laminaria 
anqus ta ta  Kjellman on t h e  c o a s t  of Hidaka Prov., 
Hokkaido. Bul l .  Hokkaido Reg. F i sh .  Res. Lab. No. 24: 
116-138, with p l a t e s  I-XVII .  

Hobson, L.A. and P a r i s e r ,  R . J .  1971. The e f f e c t  of inorganic  
n i t rogen  on macromolecular s y n t h e s i s  by ~ h a l a s s i o s i r a  
f l u v i a t i l i s  Hustedt and C y c l o t e l l a  nana Hustedt grown 
i n  batch c u l t u r e ,  J. exp. mar. Bio l .  Ecol .  6: 71-78. 

Hotchkiss,  R.D. 1955. The b i o l o g i c a l  r o l e  of t h e  deoxypentose 
n u c l e i c  a c i d s .  I n  Chargaff,  E .  and  avids son, J . N .  (eds.), 
The nuc le ic  a c i d s ,  chemistry and biology,  Vol. 2,  p.  
435-73, Academic Press ,  N.Y. 

Hsiao, S.I.C. 1969. L i f e  h i s t o r y  and iodine  n u t r i t i o n  of 
t h e  marine brown a l g a ,  Pe ta lon ia  f a s c i a  (O.F. ~ i i l l . )  
Kuntze. Can. J. Bot. 47: 1611-1616. 

Hsiao, S.I.C. and Druehl, L.D. 1971. Environmental c o n t r o l  
of gametogenesis i n  Laminaria sacchar ina .  I. The e f f e c t s  
of l i g h t  and c u l t u r e  media. Can, J. Bot. - 49: 1503-1508. 

Hul l ,  W. and Kirk,  P.L. 1950, Tissue  c u l t u r e  s t u d i e s .  111. 
The r e l a t i o n s h i p  of incorpora t ion  of r a d i o a c t i v e  phos- 
phorus i n  nuc le ic  a c i d  t o  t h e  growth of c e l l s  i n  v i t r o .  
J. Gen. Physiol .  33: 335-342. 

Iwasaki, H. 1967. N u t r i t i o n a l  s t u d i e s  of t h e  e d i b l e  sea-  
weed Porphyra t ene ra .  11. N u t r i t i o n  of Conchocelis. J. 
Phycol. 2: 30-34, 



Jeener ,  R .  1952. S tud ies  on t h e  evo lu t ion  of nucleoprote in  
f r a c t i o n s  of t h e  cytoplasm during t h e  growth of a c u l t u r e  
of Polytomella coeca. 11. Rate of s y n t h e s i s  of n u c l e i c  
a c i d ,  s t u d i e d  by means of l a b e l l e d  phosphate. Biochim. 
Biophys. Acta. - 3 :  270-282. 

Jeener ,  R .  1953. Ribonucleic a c i d  t o  p r o t e i n  s y n t h e s i s  i n  
continuous c u l t u r e s  of Polytomella coeca. Arch. Biochem. 
Biophys . - 43 : 3 81 -3 88. 

Kain, J . M .  1964. Aspects of t h e  b io logy of Laminariahyper- 
borea.  111. Surv iva l  and growth of gametophytes. J, 
m a r .  b i o l .  A s s .  U.K. 44: 415-433. 

~ a i n ,  J , M .  1969, The b io logy of  ami in aria hyperborea. V. 
comparison with e a r l y  s t a g e s  of competi tors .  J. mar. 
b i o l .  A s s .  U , K .  - 49: 455-473. 

Katchman, B . J .  1961, Phosphate i n  l i f e  processes .  In  
van Wazer, J . R .  ( e d . ) ,  Phosphorus and i t s  compounds, Vol. 
11. Technology, b i o l o g i c a l  func t ions  and a p p l i c a t i o n s .  
In te r sc ience  Publ i shers ,  N.Y., p. 1281-1343. 

Kel ly,  S. 1953. Respi ra t ion  and iodine  uptake i n  Ascophyllum, 
Biol. Bul l .  104: 138-145. 

Ketchum, B.H, ,  Ryther, J . H . ,  Yentsch, C.S. and Corwin, N.  
1958. P roduc t iv i ty  i n  r e l a t i o n  t o  n u t r i e n t s ,  Rapp. 
Proces-Verb. Reunions, Cons. Perm. I n t .  Explor. M e r .  - 144: 
132-140. 

Kjeldgaard,  N.O. 1961. The k i n e t i c s  of r i b o n u c l e i c  a c i d  
and p r o t e i n  formation i n  Salmonella typhimurium during 
t h e  t r a n s i t i o n  between d i f f e r e n t  s t a t e s  of balanced 
growth. Biochim, Biophys . Acta . 49: 64-76. 

Klyachko-Gurvich, G.L. and Zhukova, T.A. 1966. Changes i n  
t h e  f a t t y  a c i d  b iosyn thes i s  under condi t ions  of n i t rogen  
s t a r v a t i o n  i n  C h l o r e l l a  pyrenoidosa. Sovie t  P lan t  
Phys io l ,  13: 11-19. 

~ o s t i n a ,  A.E . ,  Petrochenko, U.A., Portyanko, V.V. and Dulova, 
M.K. 1969. S t imula t ion  of p o l l e n  germination by pre-  
l iminary  t rea tment  with halogen. Sovie t  P lan t  Physiol .  
16: 877-879. - 



Kuenzler, E .  J. and Ketchum, B.H. 1962. Rate of phosphorus 
uptake by Phaeodactylum tr icornutum. Biol .  Bul l .  123: - 
134-145. 

Leick, V. 1968. Rat ios  between con ten t s  of DNA, RNA and 
p r o t e i n  i n  d i f f e r e n t  microorganisms a s  a func t ion  of 
maximal growth r a t e .  Nature 217: 1153-1155. - 

Levring, T . ,  Hoppe, H.A. and Schmid, 0. J. 1969. Marine 
algae - A survey of r e sea rch  and u t i l i z a t i o n .  Cram, 
De Gruyter and Co . , Hamburg. 

Lewis, J . C .  and Powers, W.L. 1941. Antagonis t ic  a c t i o n  of 
ch lo r ides  on t h e  t o x i c i t y  of iod ides  t o  corn.  P l a n t  
Physiol .  16: 393-398. 

Lowry, O.H., Rosebrough, N . J . ,  F a r r ,  A.L. and Randall,  R . J .  
1951. p ro te in  measurement with t h e  Fo l in  phenol reagent .  
J. Biol .  Chem. 193: 265-275. - 

~ a a l d e ,  0. and Kjeldgaard, N.O. 1966. Control of macro- 
molecular syn thes i s .  W. W. Benjamin Inc. ,  N e w  York. 

Maslov, Yu. I. 1968. Mineral n u t r i t i o n  and l i p i d  composition 
of Ch lo re l l a .  Mater. Rab. Soveshch. Vop. Krugovorota 
Veshchestv Zamknutoi S i s t .  Osn. Zhiznedeyatel .  Nizshikh 
Organizmov, 5 th  1967, pp. 96-98. 

Maslov, Yu. I. 1969. Inf luence of l ack  of some mineral  
n u t r i e n t s  on biochemical composition of Ch lo re l l a .  Vestn. 
Leningrad. Univ. Bio l .  1969: 145-151. 

Mirsky, A.E.  and R i s ,  H. 1951. The desoxyribonucleic a c i d  
con ten t  of animal c e l l s  and i ts  evolu t ionary  s i g n i f i c a n c e .  
J. Gen. Physiol .  34: 451-462. 

Nakazawa, S., Takamura, K.  and Abe, M. 1969. Rhizoid d i f f e r -  
e n t i a t i o n  i n  Fucus eggs l a b e l l e d  with Calcofluor  white and 
b i re f r ingence  of c e l l  wal l .  Bot. Mag. Tokyo 82: 41-44. 

Neidhardt,  F.C.  and Magasanik, B. 1960. S tud ies  on t h e  r o l e  
of r i b o n u c l e i c  a c i d  i n  t h e  growth of b a c t e r i a .  ~ i o c h i m .  
Biophys. Acta. 42: 99-116. 



~ e i d h a r d t ,  F .C. 1964. The r e g u l a t i o n  of RNA syn thes i s  i n  
b a c t e r i a .  In  Davidson, J . N .  and Cohn, WOE. ( e d s . ) ,  
Progress  i n  n u c l e i c  a c i d  r e sea rch  and molecular biology,  
Academic Press ,  N.Y. ,  Vol. 3 .  p. 145-81. 

Newmark, P, and Fujimoto, Y. 1959. Nucleic a c i d s  of n i t rogen  
d e f i c i e n t  C h l o r e l l a  pyrenoidosa. Fed. Proc. 18: 293, - 

Nishi ,  A , ,  1961. Role of polyphosphate and phospholipid i n  
germinating spores  of Asperg i l lus  n i g e r .  J. Bact. 81: - 
10-19. 

P a r e n t i ,  F. ,  ~ e l l % ~ u i l a ,  A .  and Parenti-Rosina,  R. 1971. 
D i f f e r e n t i a l  e f f e c t  of phosphate s t a r v a t i o n  on s y n t h e t i c  
and d i v i s i o n  r a t e s  of Euqlena. Exp t l ,  C e l l  Res. 65: - 
117-122. 

Parke, M.W. 1948. S tudies  on t h e  B r i t i s h  Laminariaceae. I. 
~ r o w t h  i n  ~ a m i n a r  ia  sacchar  ina  (L. ) Lamour. J. m a r .  b i o l  . 
A s s .  U.K. 27: 651-709. 

Pa t ton ,  R.F. and Johnson, D.W. 1966. pene t ra t ion  of p ine  
needles  by Cronartium bas id iospores  l a b e l l e d  with a 
f l u o r e s c e n t  b r igh tener .  Phytopathol . 56: 894 (Abstr  .) . - 

Pedersen, M. 1969. The demand f o r  iodine  and bromine of 
t h r e e  marine brown a lgae  grown i n  b a c t e r i a - f r e e  c u l t u r e s .  
Physiol  . Plan t .  22: 680-685. 

Pickard,  G.L. and McLeod, D.C. 1953. Seasonal v a r i a t i o n  of 
temperature and s a l i n i t y  of s u r f a c e  waters  of t h e  
B r i t i s h  Columbia coas t .  J. F i s h ,  Res. Bd, Canada 10: 125- - 
145. 

Pogo, B.G.T., Ubero, I . R .  and Pogo, A.O. 1966. Nucleic a c i d  
and p r o t e i n  content  of Euqlena q r a c i l i s  i n  d i f f e r e n t  
growth media. Expt l .  C e l l  R e s .  42: 58-66. - 

Portyanko, V.F. and Kudrya, L.M. 1966. Halogens a s  s t imula-  
t o r s  of p o l l e n  germination, S o v i e t  P l a n t  Physiol .  - 13: 
954-957. 



Portyanko, V . F . ,  Lyzhenko, 1.1. and 
The e f f e c t  of iodine ,  bromine, 
t e n t  of amino a c i d s  i n  p l a n t s .  
16: 735-738. - 

Portyanko, V.V. 1969. 
and c h l o r i n e  on t h e  con- 

Sov ie t  P l a n t  Physiol .  

Powers, W.L. 1939. W i l l  iod ine  come t o  be considered an 
e s s e n t i a l  p l a n t  n u t r i e n t ?  Science - 89: 434-435, 

Provasol i ,  L. ,  McLaughlin, J . J . A .  and Droop, M.R. 1957. The 
development of a r t i f i c i a l  media f o r  marine a lgae .  Arch. 
Mikrobiol. - 25 : 392-428. 

Provasol i ,  L. 1958. N u t r i t i o n  and ecology of protozoa and 
a lgae .  Ann. Rev. Microbiol.  12: 279-308. 

Richardson, B . ,  Orcut t ,  D.M. , Schwertner , H.A. , Martinez, C. L. , 
and Wickline, H.E. 1969. E f f e c t s  of n i t rogen  l i m i t a t i o n  
on t h e  growth and composition of u n i c e l l u l a r  a lgae  i n  
continuous c u l t u r e .  Applied Microbial. - 18: 245-250. 

Ri ley ,  G.A. 1967. Mathematical model of n u t r i e n t  condi t ions  
i n  c o a s t a l  waters .  Bul l .  Bingham Oceanogr. Col l .  19: 
72-79. 

Roche, J. and Yagi, Y .  1952.  Sur l a t  f i x a t i o n  de l ' i o d e  
r a d i o a c t i f  par  l e s  a lgues  e t  s u r e  l e s  c o n s t i t u a n t s  
iodgs des Laminaries. Compt. Rend. Soc. de Biol .  146: - 
642-645. 

Roche, J., Fontaine,  M. and Leloup, J. 1963. Hal ides .  I n  
F lo rk in ,  M. and Mason, H.S. (eds.), Comparative Biochemis- 
t r y ,  Vol. 5 ,  p. 493-547, Academic Press ,  N.Y. 

Rosset,  R . ,  J u l i e n ,  J. and Monier, R. 1966, ~ i b o n u c l e i c  a c i d  
composition of b a c t e r i a  a s  a func t ion  of growth r a t e ,  J. 
Mol. Bio l .  18: 308-320. 

Round, F.E. 1965. The biology of t h e  a lgae .  Edward Arnold 
(Pub l i she r s )  , London. 



S a i t o ,  Y. 1956a. An e c o l o g i c a l  s tudy  of Undaria p i n n a t i f i d a  
Sur .  I. On t h e  in f luence  of environmental  f a c t o r s  upon 
t h e  development of gametophytes. Bu l l .  Jap .  Soc. S c i .  
F i sh .  - 2 2 :  229-234. 

S a i t o ,  Y. 1956b. An e c o l o g i c a l  s tudy  of unda r i a  p i n n a t i f i d a  
Sur .  11. On t h e  in f luence  of t h e  environmental  f a c t o r s  
upon t h e  m a t u r i t y  of gametophytes and e a r l y  development 
of sporophytes.  Bu l l .  Jap.  Soc. S c i .  F i s h .  22: 235-239. - 

Schaechter ,  M.,  ~ a a l d e ,  0 .  and Kjeldgaard,  N.O. 1958. 
Dependency on medium and temperature  of ce l l  s i z e  and 
chemical composition dur ing  balanced growth of Salmonella 
typhimurium. J. Gen. Microbial. 19: 592-606. 

Schneider ,  W.C. 1957. Determination of n u c l e i c  a c i d s  i n  
t i s s u e s  by pentose a n a l y s i s .  I n  Colwick, S.P. and 
Kaplan, N.O. (eds.), Methods i n  Enzymology, Vol. 111, 
p. 680-684, Academic P r e s s ,  N.Y. 

S c o t t ,  R. 1954. Observations on t h e  iodo-amino-acids of 
marine a l g a e  using iodine-131. Nature 173: 1098-1099. - 

Seg i ,  T .  and Kida, W. 1957. S t u d i e s  on t h e  development of 
Undaria undar io ides  (Yendo) Okamura. I .  On t h e  develop- 
ment of gametophytes and in f luence  of l i g h t  i n t e n s i t y  
on it. Rep. Fac. F i sh . ,  P r e f e c t .  Univ. M i e ,  2:  517-526. - 

Seg i ,  T. and Kida, W. 1958. S t u d i e s  on t h e  development of 
Undaria undar io ides  (Yendo) Okamura. 11. On t h e  develop- 
ment of t h e  sporophytes and i n f l u e n c e  of l i g h t  on it. 
Rep. Fac. F i sh . ,  P r e f e c t .  Univ. M i e ,  3: 236-246. - 

.&haw, T.I .  1959. The mechanism of iod ide  accumulation b t h e  
brown seaweed Laminaria d i q i t a t a .  I. The uptake of 13  1 I 
Proc. Roy. Soc. B 150: 356-371. - 

"Shaw, T . I .  1960. The mechanism of iod ide  accumulation by t h e  - 
brown seaweed Laminaria d i q i t a t a .  11. Resp i ra t ion  and 
iod ide  uptake.  Proc. Roy. Soc. B 152: 109-117. 



Shaw, T . I .  1962. Halogens. I n  ~ e w i n ,  R.A. ( e d . ) ,  Physiology 
and ~ i o c h e m i s t r y  of Algae, Academic Press ,  N.Y.,  p.  247- 
2 53. 

Smel l ie ,  R.M.S. 1955. The metabolism of t h e  nuc le ic  a c i d s .  
I n  Chargaff,  E .  and Davidson, J . N .  (eds.), The nuc le ic  
a c i d s ,  chemistry and biology,  Vol. 2 ,  p. 393-434, Academic 
Press ,  N.Y. 

S m i l l i e ,  R.M. and Krotkov, G .  1960. The es t ima t ion  of nuc le ic  
a c i d s  i n  some a lgae  and h igher  p l a n t s .  Can. J. Bot. 38: 
31-49. 

Sokoloff ,  L., Kaufman, S . ,  Campbell, P.L., F ranc i s ,  C.M. and 
Gelboin, H.V. 1963. Thyroxine s t i m u l a t i o n  of amino a c i d  
incorpora t ion  i n t o  p r o t e i n - l o c a l i z a t i o n  of s t imula ted  
s t e p .  J. Biol .  Chem. 238: 1432-1437. 

S r in ivasan ,  V.R. and Halvorson, H.O. 1961. Phosphorylation 
of nucleosides during germination of b a c t e r i a l  spores .  
Biochem. ~ i o g h y s .  Res. Comm. - 4: 409-413. 

.I S t r i c k l a n d ,  J.D.H. and Parsons,  T.R. 1968. A p r a c t i c a l  
handbook of seawater a n a l y s i s .  Bul l .  F i sh .  Res. Bd. 
Canada - 167: 1-311. 

Sugawara, K. and Terada, K.  1957. Iodine d i s t r i b u t i o n  i n  t h e  
western P a c i f i c  Ocean. J. Eear th  S c i .  (Nagoya Univ.) 
5: 81-102. - 

S u t c l i f f e ,  W.H. Jr. 1965. Growth es t ima tes  from r i b o n u c l e i c  
a c i d  content  i n  some small  organisms. Limnol. Oceanogr. 
lO(supp1) : R253-R258 - 

S u t c l i f f e ,  W.H. Jr. 1970.  elations ship between growth r a t e  
and r i b o n u c l e i c  a c i d  concent ra t ion  i n  some i n v e r t e b r a t e s .  
J. Fish .  Res. Bd. Canada 27: 606-609. - 

Thomas, W.H. and DobSon, A.N. 1968. E f f e c t s  of phosphate 
concent ra t ion  on c e l l  d i v i s i o n  r a t e s  and y i e l d  of a t r o p i -  
c a l  oceanic  diatom. Biol .  Bul l .  134: 199-208. 



Tong, W. and Chaikoff,  I.L. 1955. Metabolism of I 13' by t h e  
marine a l g a ,  Nereocyst is  luetkeana.  J. Biol .  Chem. 215: - 
473-484. 

Trukhin, N.V. 1968. Growth and chemical composition of 
Ch lo re l l a  pyrenoidosa i n  absence of n i t rogen.  Sovie t  
P l a n t  Physiol  . 15 : 703-709. - 

Tseng, C.K., Wu, C.Y. and Ren, K.Z. 1962. The in f luence  
of temperature on t h e  growth and development of t h e  
Haidai  amin in aria japonica) gametophytes. Oceanologia 
Limnologia S i n i c a  - 4: 22-28. 

Umaly, R.C. and Poel,  L.W. 1971. E f f e c t s  of iodine  i n  
var ious  formulat ions on t h e  growth of b a r l e y  and pea 
p l a n t s  i n  n u t r i e n t  s o l u t i o n  c u l t u r e .  Ann. Bot. 35: - 
127-131. 

Vinogradov, A.P.  1953. The elementary chemical composition 
of marine organisms. Sears  Foundation f o r  Marine 
Research, Yale Univers i ty .  

von Stosch,  H.A. 1964. Wirkungen von Jod und a r s e n i t  auf 
meeresalgen i n  Kultur .  Proc. I n t e r n .  Seaweed Symp. 4: 
142-150. 

Wacker, W.E.C. 1962. Nucleic a c i d s  and metals .  111. 
Changes i n  n u c l e i  a c i d ,  p r o t e i n ,  and metal con ten t  a s  a 
consequence of z i n c  de f i c i ency  i n  Euglena q r a c i l i s .  
~ i o c h e m i s t r y  1: 859-865. 

Wiessner, W. 1962. ~ n o r g a n i c  micronut r ien ts .  I n  ~ e w i n ,  R.A. 
( e d . ) ,  ~ h y s i o l o g y  and ~ i o c h e m i s t r y  of Algae, Academic 
Press ,  N.Y. ,  p. 267-286. 

Wilson, H.M. 1966. Conidia of B o t r y t i s  c ine rea  l a b e l l i n g  
by f l u o r e s c e n t  v i t a l  s t a i n i n g .  Science 151: 2 1 2 .  

, Wood, E . D . ,  Armstrong, F.A.J. and Richards,  F.A. 1967. 
Determination of n i t r a t e  i n  seawater by cadmium-copper 
r educ t ion  t o  n i t r i t e .  J. m a r .  b i o l .  A s s .  U.K. 47: 23- 
31. 



Yabu, H. 1964. E a r l y  development of seve ra l  spec ies  of 
Laminariales i n  Hokkaido. Mem. Fac. F i sh .  Hokkaido 
Univ. - 12: 1-72. 

Zhukova, T.S., Klyachko-Gurvich, G . L . ,  Vladimirova, M.G. and 
Kurnosova, T . A .  1969. Comparative c h a r a c t e r i z a t i o n  of 
t h e  growth and d i r e c t i o n  of b iosyn thes i s  of var ious  
s t r a i n s  of C h l o r e l l a  under condi t ions  of n i t rogen  s t a rva -  
t i o n .  11. Formation of carbohydrates  and l i p i d s .  Sovie t  
P l a n t  Physiol .  16: 79-83. - 



CURRICULUM VITAE 

Name: Stephen I-chao Hsiao 

Place and year of b i r t h :  Taiwan, China, 1937 

Education: 

Experience: 

Tunghai Unive r s i ty  
Taiwan, China 
Department of Biology, 1957-61 
B ,Sc. (Biology) 1961 

Memorial Unive r s i ty  of Newfoundland 
S t .  John ' s ,  Newfoundland 
Department of Biology, 1965-67 
M.Sc. (Biology) 1968 

Simon Frase r  Unive r s i ty  
Burnaby, B r i t i s h  Columbia 
Department of B io log ica l  Sciences 
Graduate S tud ies  1968-71 

Teaching A s s i s t a n t  
Department of Biology 
Tunghai Unive r s i ty  
1962-65 

Laboratory Demonstrator 
Department of Biology 
Memorial Unive r s i ty  of Newfoundland 
1965-67 

Teaching A s s i s t a n t  
Department of B io log ica l  Sciences 
Simon Frase r  Universi t  y 
1968-71 



pub l i ca t ions :  

Hsiao, S.I.C. 1969. L i f e  h i s t o r y  and iodine  n u t r i t i o n  of 
t h e  marine brown a l g a ,  Pe ta lon ia  f a s c i a  (0.F. ~ u l l . )  
Kuntze. Can. J. Bot. 47: 1611-1616. 

Druehl, L.D. and Hsiao, S.I.C. 1969. Axenic c u l t u r e  of 
Laminariales i n  def ined  media. Phycologia 8: 47-49. 

Hsiao, S.I.C. 1970. Light  and temperature e f f e c t s  on t h e  - 
growth, morphology and reproduct ion  of Pe ta lon ia  
f a s c i a .  Can. J. Bot. 48: 1359-1361. - 

Hsiao, S.I.C. and Druehl, L.D. 1971. Environmental c o n t r o l  
of gametogenesis i n  Laminaria sacchar ina .  I. The 
e f f e c t s  of l i g h t  and c u l t u r e  media. Can. J. Bot. 49: 
1503-1508. 


