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ABSTRACT 

The polymorphic and po ly typ ic  genus Cos ta r i a  of t h e  

nor thern  P a c i f i c  has  previous ly  had uncer t a in  taxonomic t r e a t -  

ment. Var ia t ion  has been recognized a s  s e p a r a t e  s p e c i e s ,  

s e p a r a t e  forms, o r  ignored a l t o g e t h e r .  Comparative morphologi- 

c a l ,  phenologica 1 ,  and ontogenet ic  s t u d i e s  of s e l e c t e d  popula- 

t i o n s  from t h e  B r i t i s h  Columbia c o a s t ,  Canada, -- i n  s i t u  and 

a f t e r  t r a n s p l a n t i n g  do not  suppor t  taxonomic recogn i t ion  for  

t h e  observed v a r i a t i o n .  

Previous ly  two spec ies  (C. c o s t a t a  (Turn. ) Saund. and - C .  

mer tens i i  J. G .  A g . ) ,  one spec ies  (C. - c o s t a t a ) ,  o r  C.  c o s t a t a  - 

wi th  s e v e r a l  v a r i a t i o n s  (C.  - t u r n e r i  (=C. - c o s t a t a )  f .  angus t i -  

f o l i a  and f .  l a t i f o l i a ,  C .  t u r n e r i  var .  p e r t u s a ,  and C.  c o s t a t a  - - -- 

f. cuneata and f. l a t i f o l i a )  have been recognized. 

I n  t h e  p resen t  s tudy  morphologic~ 1 d i f f e r e n c e s  between 

s e l e c t e d  populat ions of southwest B r i t i s h  Columbia Cos ta r i a  

sporophytes were evaluated by comparing mature p l a n t s ,  by 

following t h e i r  phenoloyy and ontogeny, and by t r a n s p l a n t  

s t u d i e s .  These s t u d i e s  were conducted on popula t ions  from 

t h e  following four  s i t e s :  Indian  Arm, s h e l t e r e d  wi th  low 

s a l i n i t i e s  and high summer temperatures;  Sooke, moderately 

exposed t o  wave a c t i o n ;  Poin t  No P o i n t ,  s l i g h t l y  more exposed 

iii 



than Sooke; and Cape Beale,  f u l l y  exposed. The l a t t e r  t h r e e  

s i t e s  had h igher  s a l i n i t i e s  and more c o n s t a n t l y  low temperatures  

than Indian A r m .  

The r e s u l t s  demonstrated two main morphological forms of 

c o s t a r i a .  The ~ o o k e / ~ o i n t  No Po in t  (wave exposed) morphologi- 

c a l  form, which i s  t y p i f i e d  by Cos ta r i a  a t  Sooke, Po in t  No 

Poin t  and Cape Beale,  has a tough b lade  which does not  t e a r  

r e a d i l y ,  prominent r i b s ,  small  b u l l a t i o n s  , and sometimes t h e  

b lade  i s  pe r fo ra ted .  The s t i p e  i s  coa r se ly  r idged.  This  

morphological form i s  v a r i a b l e ,  and inc ludes  a l l  of t h e  taxa 

previous ly  descr ibed  i n  t h e  l i t e r a t u r e .  Most specimens of 

mature Cos ta r i a  c o l l e c t e d  i n  t h e  n o r t h e a s t  P a c i f i c  and from 

Japan correspond t o  t h i s  form. 

The Ind ian  A r m  ( s h e l t e r e d )  morphological form has l i t t l e  

i n  common wi th  t h e  f i r s t  form, and i s  t y p i f i e d  by Cos ta r i a  

a t  Indian  A r m .  I t  has a  c r i s p  b lade  which t e a r s  r e a d i l y ,  

f l a t t e n e d  r i b s ,  l a r g e  b u l l a t i o n s  and no p e r f o r a t i o n s .  The 

s t i p e  i s  f i n e l y  r idged.  This form has not  been descr ibed  o r  

i l l u s t r a t e d  previous ly .  

The Indian  Arm, Sooke, Poin t  No Poin t  and Cape Bealc 

populat ions form a  discont inuous morphological s e r i e s  i n  b lade  

shape, amount of b u l l a t i o n ,  r idges  on t h e  s t i p e  s u r f a c e  and 



presence  o f  p e r f o r a t i o n s .  C o l l e c t i o n s  of C o s t a r i a  from 

o t h e r  s i t e s  i n  t h e  n o r t h e a s t  P a c i f i c  and Japan were found 

t o  f i t  i n t o  t h i s  s e r i e s .  

The C o s t a r i a  t r a n s p l a n t s  d i d  no t  g i v e  d e f i n i t e  r e s u l t s  

a s  t o  t h e  p l a s t i c i t y  of  t h e  morphological  c h a r a c t e r s  s t u d i e d .  

However, wave exposure  would appear  t o  be t h e  major f a c t o r  

de te rmin ing  morphology. Because t h e  c h a r a c t e r s  v a r i e d  wide ly  

i n  response  t o  v a r i a t i o n s  i n  environment,  and because  d i s t i n c -  

t i v e  h a b i t a t s  were n o t  i s o l a t e d ,  phenotypic  p l a s t i c i t y  i s  i n -  

d i c a t e d  t o  account  f o r  v a r i a t i o n  i n  t h e  Sooke/Point No P o i n t  

morphological  form. I n d i a n  Arm, on t h e  o t h e r  hand,  could be  

consitlt~ri:d -.nvi-ronmerlialy d i s t i n c t ,  and t h e  -- C o s t a r i a  p o p u l a t i o n  

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

p h e n o t y p i c a l l y  p l a s t i c .  

S i n c e  v a r i a t i o n  i n  b l a d e  and b l a d e  base  shape has  been 

t h e  f e a t u r e  most commonly used t o  d i s t i n g u i s h  between Cos t a r i a  

c o s t a t a  and - C .  m e r t e n s i i  and/or o t h e r  t axa  o f  C o s t a r i a ,  and 

s i n c e  t h e  C o s t a r i a  d e s c r i b e d  t o  d a t e  have been o f  t h e  Sooke/ 

P o i n t  No P o i n t  morphological  form, t h e  v a r i o u s  names should  

be reduced t o  synonomy w i t h  C .  c o s t a t a .  Although t h e  I n d i a n  - -- 

A r m  morphological  form has  n o t  been d e s c r i b e d  o r  i l l u s t r a t e d  

p r e v i o u s l y ,  i t  f i t s  t h e  s h e l t e r e d  extreme of  t h e  wave exposure  



g r a d i e n t  i n  v a r i a t i o n .  Because of wide polymorphism i n  t h e  

d i  f f  e r e n t  populat ions and between popula t ions ,  t h e  morphologi- 

c a l  forms should not  be given taxonomic s t a t u s .  
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I N T R O D U C T I O N  

c o s t a r i a  i s  a  brown a l g a l  genus of  t h e  order  Laminar ia les ,  

family ~ a m i n a r i a c e a e .  I t  i s  known i n  t h e  n o r t h e a s t  P a c i f i c  

from c e n t r a l  C a l i f o r n i a  t o  t h e  e a s t e r n  extreme of t h e  Aleu t i an  

I s l a n d s  (Druehl, 1970) (Fig.  1).  I t  has been found i n  t h e  

Bering Sea ( S e t c h e l l ,  1893) and i n  t h e  northwest p a c i f i c  on 

t h e  nor thern  end of Honshu I s l a n d ,  Hokkaido, t h e  Kur i l e  I s l a n d s ,  

Saghal ien ,  Kantschatka,  and t h e  Japan Sea c o a s t  of ~ i b e r i a  and 

Korea (Miyabe and Nagai, 1933; Tokida, 1954).  

The sporophyte of Cos ta r i a  i s  c l e a r l y  d i f f e r e n t i a t e d  

i n t o  an undivided b l a d e ,  s t i p e  and h o l d f a s t  (Fig. 2 ) .  The 

i n t e r c a l a r y  meristem i s  loca ted  between t h e  b lade  and t h e  

s t i p e .  Mucilage ducts  a r e  absent .  The b lade  i s  l a r g e  wi th  

f i v e  l o n g i t u d i n a l ,  pe rcur ren t  r i b s  each p r o j e c t i n g  on one 

s i d e  only  and a l t e r n a t e l y  on t h e  two su r faces .  The b lade  

i s  u s u a l l y  b u l l a t e  and sometimes pe r fo ra ted .  S t i p e  length  

i s  v a r i a b l e .  The lower p a r t  of t h e  s t i p e  i s  t e r e t e  i n  c ross  

s e c t i o n ,  t h e  upper p a r t  g e n e r a l l y  f l a t t e n e d  and e l l i p t i c a l .  

The upper p a r t  may a l s o  have l o n g i t u d i n a l  r i d g e s .  T h e  hold-  

f a s t  i s  made up of dichotomously branched hap tc ra  a r i s i n g  

mainly from t h e  base  of  t h e  s t i p e  ( S e t c h e l l  and Gordner, 1925: 

personal  observat ions  ) . 



F i g  1 D i s t r i b u t i o n  o f  C o s t a r i a  i n  t h c  North 

P a c i f i c  Ocean. I n s c t  showing t h c  fou r  

s t u d y  s i t e s  i n  sou thwes t  B r i t i s h  

Columbia. 

A I n d i a n  A r m  

R Sooke 

C P o i n t  No P o l n t  

D Capc Bea le  

A A i n d i c a t e s  t h c  d i s t r i b u t i o n  of  

C o s t a r i a .  -- 





Fig. 2 Diagrammatic r e p r e s e n t a t i o n  of C o s t a r i a  

sporophyte showing d i s t i n c t i v e  morphological 

f e a t u r e s  of  t he  genus. 

a - a R i b s  p r o j e c t i n g  on a l t e r n a t e  s i d e s  
4 

of t h e  b lade .  

B u l l a t i o n s  

P e r f o r a t i o n s  

Ridges on s t i p e  s u r f a c e  

Branching h a p t e r a  
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The b l a d e  has  a  s ing l e - l aye red  epidermis ,  a  c o r t e x  and 

a  c e n t r a l  medulla. The t r a n s i t i o n  zone between t h e  s t i p e  

and b l a d e  and t h e  s t i p e  i t s e l f  d i f f e r  ana tomica l ly  from t h e  

b l a d e  i n  t h a t  t hey  have an epidermal  meristem s e v e r a l  l a y e r s  

t h i c k  (Smith, 1939) .  

The conspicuous d i p l o i d  sporophyte ,  which may reach  3  m 

i n  l e n g t h ,  a l t e r n a t e s  w i t h  a  microscopic  hap lo id  gametophyte. 

On t h e  mature sporophyte  s o r i  develop i n  l a t e  s p r i n g  and 

summer. These c o n s i s t  o f  u n i l o c u l a r  meiosporangia and s t e r i l e  

paraphyses grouped on t h e  s u r f a c e  of  t h e  b lade .  Mature meio- 

sporangia  c o n t a i n  32 f l a g e l l a t e d  meiospores  i is hi bay as hi and 

Inoh,  1957) ,  which a r e  r e l e a s e d  i n  t h e  summer and autumn 

(Yendo, 1911; Angst ,  1927; Kanda, 1936; Sanbonsuga and 

Hasegawa, 1967, 1969) .  

Gametophytes of  C o s t a r i a  have on ly  been s t u d i e d  i n  t h e  

l a b o r a t o r y  (Angst,  1927 ; Kanda , 1936; Sanbonsuga and Hasegawa, 

1967) .  The m o t i l e  meiospores round up b e f o r e  germina t ing  

i n t o  microscopic ,  d ioec ious ,  f i l amentous ,  branched gametophytes. 

Usua l ly  a  s i n g l e  f l a g e l l a t e d  an the rozo id  i s  r e l e a s e d  from each 

an the r id iwn  ( ~ a n d a ,  1936) .  The egg remains a t t a c h e d  t o  t h e  

neck of  t h e  oogonium (Angst,  1927) ,  and t h e  young sporophyte  

beg ins  t o  develop i n  s i t u .  Sporophytes of  C o s t a r i a  a r e  f i r s t  -- 

r ecogn izab le  i n  t h e  f i e l d  i n  January  and February (Yendo, 1911; 

Sanbonsuga and Hasegawa, 1967, 1969) .  



C o s t a r i a  s p o r o p h y t e s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  be 

a n n u a l  b o t h  i n  t h e  n o r t h w e s t  a n d  n o r t h e a s t  P a c i f i c  ( S e t c h e l l  

and G a r d n e r ,  1925; Kanda, 1936; Sanbonsuga and Hasegawa, 1967, 

1 9 6 9 ) ;  a f t e r  t h e  r e l e a s e  o f  mc iospores ,  s p o r o p h y t e s  become 

d e t a c h e d  and a r e  washed away. However, Smith  (1944) s t a t e s  

t h a t  s p o r o p h y t e s  on t h e  Monterey P e n i n s u l a ,  ~ a l i f o r n i a ,  a r e  

p e r e n n i a l .  ~t i s  n o t  knomhow C o s t a r i a  found i n  i n t e r t i d a l  

r e g i o n s  o v e r w i n t e r ,  whe the r  a s  me iospores ,  gametophytes  o r  

m i c r o s c o p i c  s p o r o p h y t e s .  

C o s t a r i a  was f i r s t  d e s c r i b e d  b y  Turner  i n  1819 (pp. 72- 

73;  P1. 2 2 6 ) .  H e  t o o k  most o f  h i s  d e s c r i p t i o n  from a n  un- 

p u b l i s h e d  w r i t t e n  a c c o u n t  by  Menzies who c o l l e c t e d  one specimen 

a t  P o r t  T r i n i d a d ,  C a l i f o r n i a ,  a round  1788-9. T h i s  specimen i s  

now i n  t h e  B r i t i s h  Museum (Fig .  3 ) .  T u r n e r  (1819) i l l u s t r a t e d  

a  p l a n t  w i t h  a  narrow b l a d e  and c u n e a t e  b l a d e  b a s e  and  c a l l e d  

it Fucus c o s t a t u s .  C .  A .  Agardh (1823, pp. 109-110) v i r t u a l l y  

c o p i e d  T u r n e r ' s  d e s c r i p t i o n  b u t  c a l l e d  t h e  p l a n t   ami in aria 

c o s t a t a .  Bory d e  S a i n t - V i n c e n t  (1826, p. 193)  knew C o s t a r i a  

Only from T u r n e r ' s  i l l u s t r a t i o n  and renamed it Agarum 

quinquecos ta tum.  Mertens (1829,  pp. 45-46) d e s c r i b e d  a  p l a n t ,  

which h e  c a l l e d  Fucus c o s t a t u s ,  hav ing  a  b l a d e  much b r o a d e r  

t h a n  t h e  one i l l u s t r a t e d  by  Turner .  He a l s o  d e s c r i b e d  s o r i  



Fig.  3 Type o f  Turner  ' s Fucus cos t a t u s  (1819) , 

c o l l e c t e d  a t  P o r t  T r i n i d a d ,  ~ a l i f o r n i a ,  

around 1788-9. Th i s  specimen i s  t h e  

t ype  f o r  t h e  genus C o s t a r i a .  

Photograph provided by D r .  R .  F. S c a g e l ,  

U n i v e r s i t y  o f  B r i t i s h  Columbia. 





f o r  t h e  f i r s t  t ime .  I n  1830 G r e v i l l e  (p .  39)  changed t h e  

g e n e r i c  name t o  C o s t a r i a  and p rov ided  a  b r i e f  d e s c r i p t i o n  

r e c o g n i z i n g  one s p e c i e s ,  C. t u r n e r i ,  and a s  synonyms g i v i n g  

L. c o s t a t a  C.  A .  Ag. and F. c o s t a t u s  Turn.  P o s t e l s  a n d  - - 

Ruprecht  (1840, p. 12 ;  P I .  24) d e s c r i b e d  c o s t a r i a  t u r n e r i  

and a  b r o a d  form which t h e y  named C.  t u r n e r i  f. l a t i f o l i a .  - 

J. G .  Agardh (1848, pp. 139-140) was t h e  f i r s t  t o  

d e s c r i b e  two d i s t i n c t  s p e c i e s :  ,C. t u r n e r i ,  a narrow form 

w i t h  a  c u n e a t e  b l a d e  b a s e ,  and C .  m e r t e n s i i ,  a  b r o a d  form - 

w i t h  a  c o r d a t e  b l a d e  b a s e .  He gave  F. c o s t a t u s  Turn.  and  - 

L. c o s t a t a  C, A .  ~ g .  a s  synonyms f o r  C. t u r n e r i ,  and g a v e  - - 

F. c o s t a t u s  Mertens and C. t u r n e r i  f .  l a t i f o l i a  i l l u s t r a t e d  - 

by P o s t e l s  and Ruprecht  a s  synonyms f o r  C.  m e r t e n s i i .  - 

Saunders  (1895, p. 5 7 )  changed t h e  s p e c i f i c  name o f  t h e  

narrow b l a d e  form from C. t u r n e r i  t o  C.  c o s t a t a ,  a s  c o s t a t a  - 

Was t h e  s p e c i f i c  e p i t h e t  f i r s t  a p p l i e d  by Turner .  

S i n c e  t h e  d e s i g n a t i o n  o f  two s p e c i e s  by  J. G.  ~ g a r d h  

i n  1848,  some a u t h o r s  have  c o n t i n u e d  t o  r e c o g n i z e  t h e s e  t a x a  

0" t h e  b a s i s  o f  d i f f e r e n c e s  i n  o v e r a l l  b l a d e  s h a p e  and b l a d e  

b a s e  s h a p e  (Kje l lman,  1893;  S a u n d e r s ,  1895; De T o n i ,  1 8 9 5 ) .  

O t h e r s  have  r e c o g n i z e d  o n l y  one v e r y  v a r i a b l e  s p e c i e s  (Harvey, 

l852 ,  1862: Ruprech t ,  1852: S e t c h e l l  and Gardner ,  1903,  1925; 



Okamura, 1928,  1936; Miyabe and Naga i ,  1933; T i l d e n ,  1935;  

Smith ,  1 9 4 4 ) .  D i f f e r e n t  forms o f  C o s t a r i a  have  a l s o  been 

d e s c r i b e d :  C.  t u r n e r i  f .  a n g u s t i f o l i a  and f .  l a t i f o l i a  by  - 

Kutzing ( l 8 4 9 ) ,  C. t u r n e r i  v a r .  2 e r t u s a  by  Harvey (1859) -- 

and C .  c o s t a t a  f .  c u n e a t a  and f .  l a t i f o l i a  by  ~ a g a i  (1940) .  - - 

Ruprecht  (1852) d e s c r i b e d  C.  q u a d r i n e r v i a  from a  s i n g l e  

specimen c o l l e c t e d  a t  Unalaska .  De ~ o n i  (1895) r e p e a t e d  h i s  

d e s c r i p t i o n  b u t  t h i s  p a r t i c u l a r  form h a s  n o t  been found 

s u b s e q u e n t l y  and i t  has  been i n c l u d e d  i n  C. c o s t a t a  

  etche ell and Gardner  , 1925) . 
Doty (1947) c o n s i d e r e d  c h a r a c t e r s  o t h e r  t h a n  t h e  shape  

Of t h e  b l a d e  b a s e  i n  h i s  d e s c r i p t i o n  o f  C. c o s t a t a  and  C.  - 

m e r t e n s i i  i n  Oregon. C. c o s t a t a  was found " i n  t i d e p o o l s  and 

below LLLdor h i g h e r  i n  p r o t e c t e d  l o c a l i t i e s " .  The narrow,  

a l m o s t  l i n e a r  b l a d e  was never  c o r d a t e  and was c o m p a r a t i v e l y  

smooth. The t o p  of  t h e  s t i p e  t ended  t o  b e  wide  and f l a t t e n e d  

w i t h  prominent  r i d g e s .  The h a p t e r a  were  d e l i c a t e  and  a l m o s t  

e n t i r e l y  from t h e  b a s e  o f  t h e  s t i p e .  T u r n e r ' s  (1819) and 

S m i t h ' s  (1944) i l l u s t r a t i o n s  a r e  supposed t o  s u p p o r t  t h i s  

d e s c r i p t i o n ,  though Doty s a i d  t h a t  S m i t h ' s  p l a n t  was o f  a n  

u n u s u a l l y  b road  and b u l l a t e  form. C. m e r t e n s i i  was found i n  

exposed s i t u a t i o n s  p a r t i c u l a r l y  i n  t h e  low i n t e r t i d a l .  The 



blade was broad, much more cordate  b a s a l l y  than - C .  c o s t a t a ,  

and was b u l l a t e .  The s h o r t ,  more c y l i n d r i c a l  s t i p e  was l e s s  

prominently ridged. Accessory haptera  o f t e n  developed from 

above t h e  f i r s t - formed haptera .  Doty gave P o s t e l s  and 

Ruprecht'  s  (1840) and S e t c h e l l  and Gardner 's  (1925, P I .  56b) 

i l l u s t r a t i o n s  a s  examples of t h i s  spec ies  saying t h a t  S e t c h e l l  

and Gardner ' s  i l l u s t r a t e d  form was r a t h e r  narrow a t  t h e  base. 

The only d i f f e r e n c e  I could s e e  between Smi th ' s  (1944) and 

S e t c h e l l  and Gardner ' s  (1925, P1. 56b) i l l u s t r a t i o n s  was t h a t  

t h e  b lade  base was obtuse i n  t h e  former and corda te  i n  t h e  

l a t t e r .  However, Doty claimed t h a t ,  with very few except ions,  

he was a b l e  t o  d i s t i n g u i s h  C. c o s t a t a  from - C .  mer tens i i  i n  

Oregon. 

Herbarium specimens of  c o s t a r i a  from B r i t i s h  Columbia and 

Northern Washington were a l s o  examined, but  l i t t l e  d i f f e r e n c e  

was found between specimens l i s t e d  a s  C .  c o s t a t a  and C. mer- - - - 

t e n s i i  by Scagel (1957).  I n  conclusion,  my prel iminary observa- 

t i o n s  of herbarium specimens of Cos tar ia  from t h e  n o r t h e a s t  

P a c i f i c  showed t h a t  t h e  p l a n t s  could not  e a s i l y  be r e f e r r e d  

t o  e i t h e r  of t h e  two species  a s  descr ibed by Doty (1947) , o r  

t o  t h e  two species  o r i g i n a l l y  descr ibed by J. G .  Agardh (1848) 

which were d i s t ingu i shed  on t h e  b a s i s  of b lade  shape. 



The purpose of my study was t o  de f ine  morphological 

v a r i a t i o n  i n  populations of nor theas t  P a c i f i c  Cos ta r i a  and 

explain i n t e r r e l a t i o n s  between t h e  p resen t ly  recognized taxa  

of  t h i s  genus. Natural  and t r ansp lan ted  populat ions were 

s tud ied  i n  t h e  f i e l d  a t  four s i t e s  i n  southwest B r i t i s h  

Columbia. Col lec t ions  were made a t  o the r  s i t e s  i n  t h i s  a r e a ,  

and herbarium specimens, including h i s t o r i c a l l y  important  

specimens, were examined from t h e  he rba r i a  of t h e  Unive r s i ty  

of B r i t i s h  Columbia (Vancouver) , National  Nuseum of Canada 

(Ottawa),  u n i v e r s i t y  of Washington ( S e a t t l e ) ,  Univers i ty  of 

Ca l i fo rn ia  (Berkeley) , Dudley Herbarium (deposi ted a t  t h e  

Unive r s i ty  of C a l i f o r n i a ,  Berkeley) , and t h e  B r i t i s h  Museum 

(London). 



METHODS 

I .  compara t ive  morphology and anatomy o f  mature  C o s t a r i a .  

I n  o r d e r  t o  compare t h e  morphology and anatomy o f  mature  

C o s t a r i a  ( i . e .  w i t h  s o r i )  t h e  l a r g e s t  p l a n t s  a v a i l a b l e  were  

c o l l e c t e d  from t h e  n o r t h  s i d e  of  Boulder  I . ,  I n d i a n  A r m  (49' 

18 '47"N,  1 2 2 • ‹ 5 6 1 0 6 u ~ )  on June 1 8 ,  t h e  s o u t h  s i d e  o f  W h i f f i n  

S p i t ,  Sooke (48'211 3 0 " ~ ~  123'42 ' 5 4 " ~ )  and t h e  s o u t h w e s t  f a c i n g  

r o c k y  p o i n t  a t  P o i n t  N O  P o i n t  (48'23 '45"N, 123'59' 0 5 " ~ )  on 

J u n e  1 7 ,  and  t h e  sou thwes t  s i d e  o f  Cape B e a l e  (48'47 ' l 5 " ~ ,  

1 2 5 ' 1 2 ' 4 5 " ~ )  on ~ u l y  19 ,  1970 (F ig .  1 ) .  These  s i t e s  w i l l  b e  

r e f e r r e d  t o  a s  I n d i a n  Arm, Sooke, P o i n t  No P o i n t  and  Cape 

Bea le .  S i n c e  n e a r l y  a l l  c o s t a r i a  were  growing s u b t i d a l l y ,  

p l a n t s  were  c o l l e c t e d  by SCUBA. T h e  p l a n t s  were  p r e s e r v e d  

i n  5% f o r m a l i n  i n  s e a w a t e r  (v/v)  and were  b r o u g h t  back  t o  

t h e  l a b o r a t o r y  f o r  s t u d y .  P h y s i c a l  and  b i o l o g i c a l  a s p e c t s  o f  

t h e  s i t e s  were  d e s c r i b e d  from p u b l i s h e d  i n f o r m a t i o n  a n d  

P e r s o n a l  o b s e r v a t i o n s .  

G e n e r a l  o b s e r v a t i o n s  were  made o f  o v e r a l l  b l a d e  s h a p e ,  

c o l o u r ,  t e x t u r e ,  c o n d i t i o n  o f  t h e  b l a d e  end,  b u l l a t i o n s ,  pe r -  

f o r a t i o n s ,  r i b  a r rangement ,  p r e s e n c e  o r  a b s e n c e  o f  r i d g e s  on 

t h e  s t i p e ,  s t i p e  f l e x i b i l i t y ,  amount of  b r a n c h i n g  o f  t h e  main 

h a p t e r a ,  and d i s t r i b u t i o n  of  s o r i .  I n  t h e  f i e l d  it had  been  



noted how t h e  haptera  were a t t ached  t o  t h e  s u b s t r a t e .  Measure- 

ments were made of b lade  length ,  maximum b lade  width,  width 

and thickness  of t h e  middle r i b  15 cm above t h e  junct ion of 

t h e  b lade  and s t i p e ,  length  and thickness  of t h e  s t i p e ,  and 

t h e  diameter of t h e  t h i c k e s t  hapteron o r i g i n a t i n g  from t h e  

s t i p e .  The number of main haptera  were counted. A cent imet re  

r u l e r  was used f o r  l a r g e  measurements and c a l i p e r s  f o r  small  

ones. 

The shape of t h e  b lade  base was descr ibed a s  an angle  

which was measured t o  t h e  nea res t  10' wi th  a  p l e x i g l a s s  

p r o t r a c t o r .  The apex of t h e  angle  was approximately a t  t h e  

junct ion of  t h e  b lade  and s t i p e .  Independent angle  determina- 

t i o n s  and ve rba l  desc r ip t ions  were made of about 300 herbarium 

specimens, and a  c lose  c o r r e l a t i o n  was found between t h e  

following terms and range of angles  : cuneate ,  40'-100; obtuse ,  

0 
110'-180 ; cordate ,  190'-240' ; and a u r i c u l a t e ,  250t0.  

To s tudy the  i n t e r n a l  anatomy of C o s t a r i a ,  s e c t i o n s  20- 

3 0 ~  t h i c k  were c u t  wi th  a  f r eeze  microtome. Observations were 

made on cross  sec t ions  of b lades ,  s t i p e s  and haptera .  Measure- 

ments o f  b lade  and r i b  thickness  1 5  cm from t h e  b lade  base 

( inc luding  thickness  of t h e  cor tex  and medulla) were made with 

a F i l a r  micrometer eyepiece.  The number of c e l l  layers  i n  



t h e  c o r t e x  was a l s o  counted. 

Meiospore suspensions  were made from p l a n t s  c o l l e c t e d  

a t  I n d i a n  A r m  on J u l y  15 and September 17,  a t  Sooke on 

August 2 and September 6 ,  and a t  Po in t  No P o i n t  on August 

3 and September 6 ,  1969, a f t e r  t h e  method of Druehl and 

Hsaio (1969) .  The volume of t h e  meiospores was measured w i t h  

a Cou l t e r  Counter (Model B Cou l t e r  Counter,  w i t h  a  Model M 

volume conve r t e r  a t t achment )  us ing a  5 0 p  a p e r t u r e  tube .  

Means and s t anda rd  d e v i a t i o n s  were determined f o r  d a t a  

where a p p r o p r i a t e .  

11. ~ h e n o l o q y  and ontogeny. 

Phenology : 

I n  t h e  f i e l d  t h e  f i r s t  appearance o f  young sporophytes ,  

t h e  f i r s t  appearance o f  s o r i ,  and t h e  d i sappearance  of  t h e  

m a j o r i t y  of  t h e  sporophyte  popula t ion  were noted.  

Ontoqeny: 

During 1968 and 1969 C o s t a r i a  p l a n t s  were c o l l e c t e d  a t  

Ind i an  Arm, Sooke and Po in t  No Poin t  once a month and were 

preserved  a s  herbarium specimens. Voucher specimens of t h e s e  

p l a n t s  a r e  depos i t ed  i n  t h e  U n i v e r s i t y  o f  B r i t i s h  Columbia 

Phycology Herbarium. The development of C o s t a r i a  was s t u d i e d  
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by  measuring and d e s c r i b i n g  c e r t a i n  c h a r a c t e r s  o f  t h e  specimens 

which had been  grouped i n t o  s e v e r a l  s i z e  and deve lopmenta l  

c a t e g o r i e s .  Blade  l e n g t h ,  maximum b l a d e  w i d t h ,  a n g l e  o f  t h e  

b l a d e  b a s e  and  s t i p e  l e n g t h  were  measured,  t h e  number o f  r ibs  

were  coun ted ,  and b u l l a t i o n s ,  r i d g e s  on t h e  s t i p e ,  and  t h e  

development  o f  s o r i  were  c h a r a c t e r i z e d .  

111. T r a n s p l a n t s  and c o n t r o l s .  

T r a n s p l a n t  s t u d i e s  were  under taken  i n  a n  a t t e m p t  t o  

d e t e r m i n e  t h e  s t a b i l i t y  o r  p l a s t i c i t y  of  c e r t a i n  morpho log ica l  

c h a r a c t e r s  o f  c o s t a r i a  i n  d i f f e r e n t  envi ronments .  C o s t a r i a  

was t r a n s p l a n t e d  from I n d i a n  A r m  t o  Sooke and p o i n t  No p o i n t ,  

from Sooke t o  I n d i a n  Arm, and  from P o i n t  No P o i n t  t o  I n d i a n  

A r m  and Sooke u s i n g  t h e  methods o f  Sundene (1962a,  1962b, 1964) 

and Druehl  ( l 9 6 7 b ) .  S e e  ~ p p e n d i x  f o r  d a t e s  and numbers o f  

t r a n s p l a n t s .  

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

t h a n  20 cm were  a t t a c h e d  t o  c o n c r e t e  b r i c k s  w i t h  r u b b e r  bands  

( a s  i n  F i g s .  18-23) .  A t  I n d i a n  A r m  and Sooke b r i c k s  20 X 9 X 

6  cm were  u s e d ,  b u t  a t  P o i n t  No P o i n t  l a r g e r  b r i c k s ,  40 X 19 X 

9  cm, were  used b e c a u s e  o f  i n c r e a s e d  wave exposure .  

C o s t a r i a  t o  b e  moved t o  o t h e r  s i t e s  were  wrapped i n  p a p e r  

t o w e l l i n g  mois tened w i t h  s e a w a t e r ,  p u t  i n  p l a s t i c  bags  and i c c d .  

P l a n t s  were  sometimes h e l d  f o r  a  few days  i n  a n  aquar ium w i t h  
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a  c a p a c i t y  o f  350 l i t r e s  a t  a p p r o x i m a t e l y  10 C, s a l i n i t y  26-  

29jk b e f o r e  b e i n g  t r a n s p l a n t e d .  

T r a n s p l a n t s  a r e  d e f i n e d  a s  t h o s e  p l a n t s  which were  moved 

t o  a  d i f f e r e n t  s i t e ,  p u t  on b r i c k s  and p l a c e d  a d j a c e n t  t o  

n a t u r a l l y  growing C o s t a r i a  t h e r e .  C o n t r o l  p l a n t s  were  p u t  

on b r i c k s  and r e t u r n e d  t o  t h e  o r i g i n a l  s i t e .  U s u a l l y  c o n t r o l s  

were  removed from and r e t u r n e d  t o  t h e  w a t e r  on t h e  same day. 

I n  one exper iment  c o n t r o l s  were  k e p t  i n  a n  aquar ium f o r  seven  

days  b e f o r e  b e i n g  r e t u r n e d  t o  t h e i r  o r i g i n a l  s i t e   a able V I I )  . 

These  p l a n t s  grew a s  w e l l  a s  c o n t r o l s  which had been  r e t u r n e d  

t h e  same day (Tab les  V I ,  V I I I )  . A l l  t h e  t a b l e s  a r e  i n  t h e  

Appendix,  pp. 90-118. 

Measurements and o b s e r v a t i o n s  o f  t h e  t r a n s p l a n t s  and 

c o n t r o l s  were  made a p p r o x i m a t e l y  once a month. P l a n t s  were  

u s u a l l y  l e f t  on t h e  b r i c k s  u n t i l  t h e y  d i s a p p e a r e d  n a t u r a l l y .  

B lade  l e n g t h ,  b l a d e  w i d t h ,  a n g l e  o f  t h e  b l a d e  b a s e  and s t i p e  

l e n g t h  were  measured. O b s e r v a t i o n s  were  made of  b u l l a t i o n s  , 

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

o f  t h e  p l a n t s .  A pho tograph  o r  t r a c i n g  was used t o  r e c o r d  

t h e  shape  o f  t h e  p l a n t s .  

I V .  Morpholoqy o f  C o s t a r i a  i n  t h e  n o r t h e a s t  P a c i f i c ,  and a  

s t u d y  o f  h i s t o r i c a l l y  i m p o r t a n t  specimens .  

S tudy  of  C o s t a r i a  i n  t h e  n o r t h e a s t  P a c i f i c  from h e r b a r i u m  specimens : 



~ u l l a t i o n s ,  p e r f o r a t i o n s ,  r ibs and s t i p e  s u r f a c e s  of  

ma tu re  c o s t a r i a  were  examined and t h e  a n g l e  o f  t h e  b l a d e  b a s e  

was measured. Most o f  t h e  specimens were  from t h e  U n i v e r s i t y  

o f  B r i t i s h  Columbia he rba r ium and were  c o l l e c t e d  from t h e  

w e s t  and n o r t h  c o a s t s  o f  Vancouver I . ,  Queen C h a r l o t t e  S t r a i t ,  

P r i n c e  Ruper t  a r e a ,  s o u t h e r n  A l a s k a ,  t h e  Gulf  o f  A l a s k a ,  and 

t h e  A l e u t i a n s  a s  f a r  a s  u n a l a s k a  I. 

C o l l e c t i o n s  of  C o s t a r i a  a t  San Juan  I . ,  Washinqton,  and  i n  

s o u t h w e s t  B r i t i s h  Columbia: 

Smal l  c o l l e c t i o n s  o f  C o s t a r i a  were made a t  San Juan  I . ,  

Washington ( 4 8 ' 3 0 ' ~ ~  1 2 3 ' 0 5 ' ~ ) ,  Second Narrows (49'17' 3 0 " ~ .  

1 2 3 • ‹ 0 1 ' ~ )  and S t a n l e y  Park  ( 4 9 ' 1 8 ' ~ ~  123'07 ' 3 0 " ~ )  i n  B u r r a r d  

I n l e t ,  -Thormanby I .  (4g029 'N,  1 2 3 ' 5 9 ' ~ )  o f f  t h e  S e c h e l t  

P e n i n s u l a ,  Hammond Bay ( 4 9 ' 1 4 ' ~ ,  1 2 3 • ‹ , 5 7 ' ~ )  on t h e  e a s t  c o a s t  

o f  Vancouver I .  , and a t  P o r t  Renfrew (48'32'N. 1 2 4 ' 2 7 ' 3 0 " ~ ) ,  

i n  t h e  v i c i p i t y  o f  Bamfield ( 4 8 ' 5 0 ' ~ ,  1 2 5 • ‹ 0 9 ' ~ ) ,  and A m p h i t r i t e  

P o i n t  ( 4 8 • ‹ 5 5 1 3 0 n ~ ,  1 2 5 ' 3 2 ' 3 0 ~ ~ )  on t h e  w e s t  c o a s t  o f  Vancouver I .  

S t u d y  of  h i s t o r i c a l l y  i m p o r t a n t  specimens:  

~ e r b a r i u m  specimens o f  C o s t a r i a  c o s t a t a  and C. m e r t e n s i i  - 

a s  l i s t e d  by  S c a g e l  (1957) and specimens c o l l e c t e d  and 

de te rmined  by  Doty were  examined. These  were  from t h e  

U n i v e r s i t y  o f  ~ r i t i s h  C o l u ~ ~ l b i a ,  N a t i o n a l  Museum o f  Canada, 



U n i v e r s i t y  of  Washington,  U n i v e r s i t y  o f  ~ a l i  f o r n i a  ( ~ e r k e l e y )  

and t h e  Dudley Herbarium. Two specimens o f  Fucus c o s t a t u s  

c o l l e c t e d  by Menzies were  s t u d i e d  from p h o t o g r a p h s ,  t h e  t y p e  

specimen b e i n g  a t  t h e  B r i t i s h  Museum, London, and t h e  o t h e r  

a t  t h e  Royal B o t a n i c  Garden,  Edinburgh. 

V. S t u d y  o f  J a p a n e s e  specimens.  

A few specimens of  C o s t a r i a  from Tsugaru  S t r a i t  and Muro- 

r a n ,  Hokkaido, were  examined. 

C h a r a c t e r i z a t i o n  o f  t h e  S i t e s  

The d e s c r i p t i o n s  o f  t h e  s t u d y  s i t e s  ( ~ i g .  1) i n c l u d e  

oceanograph ic  d a t a  t a k e n  from t h e  l i t e r a t u r e  and  b i o t i c  

d a t a  from p e r s o n a l  o b s e r v a t i o n .  

I n d i a n  A r m  i s  a  s h e l t e r e d  f j o r d  n o r t h e a s t  o f  Vancouver 

On t h e  B r i t i s h  ~ o l u m b i a  mainland.  I t  r e c e i v e s  f r e s h w a t e r  

from t h e  I n d i a n  R i v e r  a t  i t s  n o r t h  end ,  and  opens i n t o  B u r r a r d  

I n l e t  a t  i t s  s o u t h  end. The s t u d y  s i t e  n e a r  t h e  mouth o f  

I n d i a n  A r m  was on t h e  n o r t h  s i d e  o f  Boulder  I .  

There  i s  s e a s o n a l  v a r i a t i o n  i n  t e m p e r a t u r e  and s a l i n i t y  

( G i l m a r t i n ,  1 9 6 2 ) .  The t e m p e r a t u r e  p r o f i l e  i s  two l a y e r e d :  

a t h i n  s u r f a c e  l a y e r  f l u c t u a t i n g  between 5 and  2 1  C, and  a  

deeper  l a y e r  c o n s t a n t  a t  6-8 C.  H i g h e s t  s u r f a c e  t e m p e r a t u r e s  

o c c u r r e d  around J u l y ,  and were  lowes t  a round  December ( G i l m a r t i n ,  



1962).  

S a l i n i t y  s t r u c t u r e  i s  a l s o  two-layered: a  t h i n ,  b rack i sh  

s u r f a c e  l aye r  and a  r e l a t i v e l y  s t a b l e  deeper l aye r  ( ~ i l m a r t i n ,  

1964).  A t  t h e  mouth of Indian  A r m  t h e  s a l i n i t y  may vary from 

13 t o  24%0in the  s u r f a c e  l aye r ,  and from 25 t o  27%0 i n  t h e  

deeper water (Gilmart in ,  1962, 1964) .  

Cos ta r i a  grows s u b t i d a l l y  on a  s u b s t r a t e  of boulders ,  

mud and broken s h e l l s  below t h e  brackish  layer .  s am in aria 

saccharins (Linnaeus) Lamouroux i s  found throughout and above 

t h e  Costar ia  bed and Agarum cribrosum Bory i s  loca ted  below. 

The t h r e e  o the r  s i t e s ,  Sooke, Point  No po in t  and Cape 

Beale,  a r e  more exposed and oceanic.  A t  Sooke, on t h e  south- 

west coas t  of Vancouver I . ,  Cos tar ia  was s tud ied  on t h e  south - 

s i d e  of Whiffen S p i t .  po in t  No Poin t  i s  a l s o  on t h e  south- 

west coas t  of Vancouver I. j u s t  nor th  and west of Sooke, and 

Costar ia  was s tud ied  on a  rocky po in t  facing southwest. A t  

Cape Beale,  on t h e  west coas t  of Vancouver I . ,  Cos tar ia  was 

c o l l e c t e d  from a  southwest facing rocky shore.  

Sooke and Poin t  N O  po in t  a r e  on t h e  s t r a i t  of Juan de 

Fuca where i n  open waters  t h e  annual range o f  s u r f a c e  tempera- 

t u r e  i s  smal l ,  7-11 c (pickard and McLeod, l 9 5 3 ) ,  and t h e  

temperature of deeper water i s  approximately 7 C t h e  year 
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round ( ~ e r l i n v e a u x  and T u l l y ,  1 9 6 1 ) .  The s u r f a c e  s a l i n i t y  

v a r i e s  l i t t l e  from 32%, ( P i c k a r d  and McLeod, 1953 ; H e r l i n v e a u x  

and T u l l y ,  1 9 6 1 ) .  Below t h e  s u r f a c e  t h e  s a l i n i t y  is a b o u t  

33.5%,  (Her l inveaux  a n d  T u l l y .  1 9 6 1 ) .  Widdowson (1965a) made 

some measurements a l o n g  t h e  n o r t h e r n  s h o r e  o f  t h e  S t r a i t  o f  

Juan d e  Fuca and  found t h a t  t h e r e  may b e  more s e a s o n a l  v a r i a -  

t i o n  i n  t e m p e r a t u r e  and s a l i n i t y  t h a n  i n  t h e  open w a t e r  of  

t h e  S t r a i t .  

The s t u d y  s i t e  on Whiffen  S p i t .  Sooke, i s  m o d e r a t e l y  

exposed b e i n g  p r o t e c t e d  by  a  head land  t o  t h e  s o u t h  o f  t h e  

S p i t .  P o i n t  N O  P o i n t  i s  more exposed b e i n g  f u r t h e r  nor thwes t  

a l o n g  t h e  c o a s t  (widdowson. 1965a) and t h u s  t h e r e  may b e  l e s s  

v a r i a t i o n  i n  onshore  t e m p e r a t u r e  and s a l i n i t y  p a t t e r n s  t h a n  

a t  Sooke b e c a u s e  o f  more wave mixing. 

Cape Bea le  i s  f u l l y  exposed t o  open ocean s w e l l .  I n  

t h i s  a r e a  t h e r e  i s  r e p o r t e d  t o  b e  more s e a s o n a l  v a r i a t i o n  i n  

S u r f a c e  t e m p e r a t u r e  a n d  s a l i n i t y  t h a n  i n  t h e  S t r a i t  o f  J u a n  

d e  Fuca ( ~ i c k a r d  and  McLeod. 1953) . S u r f a c e  t e m p e r a t g r e s  

r a n g e  from 7 t o  13 C and s u r f a c e  s a l i n i t i e s  from 2 8  t o  31% 

( ~ i c k a r d  and  McLeod, 1 9 5 3 ) .  

A t  Sooke C o s t a r i a  grows mainly  s u b t i d a l l y .  The s u b s t r a t e  

c o n s i s t s  o f  b o u l d e r s  and sandy  mud and t h e  s h o r e  s l o p e s  g e n t l y  



westwards. There i s  a  g r e a t  abundance of a lgae  and t h e  

number of spec ies  i s  considerably g r e a t e r  than a t  Indian 

A r m .  Cos tar ia  i s  codominant i n  t h e  ke lp  bed wi th  many 

o the r  Laminariales:  Cymathere t r i p l i c a t a  (Pos te l s  and Ruprecht) 

J. Agardh, Hedophyllum s e s s i l e  (C.  Agardh) S e t c h e l l ,  Laminaria 

groenlandica Rosenvinge, Pleurophycus gardner i  S e t c h e l l  and 

Saunders , N e ~ q s t i s  luetkeana (Mertens ) Pos te l s  and Ruprecht , 

A l a r i a  marqinata Pos te l s  and Ruprecht, Egreqia menziesi i  

(Turner) Areschoug , and Pteryqophora c a l i f o r n i c a  Ruprecht. 

?.t Point  No Poin t  t h e  shore i s  rocky i n t e r t i d a l l y  wi th  

sand beyond t h e  rocks s u b t i d a l l y .  Cos tar ia  grows mainly 

s u b t i d a l l y  i n  rock crevices  and on boulders i n  t h e  sand. As 

a t  Sooke t h e r e  i s  an abundance of a lgae  and a  r ichness  of 

spec ies  bu t  w i t h  much l e s s  Costar ia .  Other ~ a m i n a r i a l e s  

Present  a r e  Cymathere t r i p l i c a t a ,  ~edophyl lum s e s s i l e ,  

Laminaria qroenlandica and &. s e t c h e l l i i  S i l v a ,  ~ l e u r o p h y c u s  

ga rdner i  , Lessoniopsis li t t o r a  l i s  (Far low and S e t c h e l l )  R e i n k ,  

Nereocys tis luetkeana,  Ala r i a  marqinata, Eqregia menziesi i  and 

Pterygophora c a l i  forn ica .  

A t  Cape Beale Costar ia  was c o l l e c t e d  from t h e  low i n t e r -  

t i d a l  where i t  was growing i n  rock c rev ices .  P o s t e l s i a  palmae- 

formis Ruprecht, an a lga  found only i n  very wave exposed areas ,  
__C_ 



i s  found i n  t h i s  r e g i o n  a l o n g  w i t h  Cymathere t r i p l i c a t a ,  

Hedophyllum s e s s i l e ,  Laminar ia  g r o e n l a n d i c a  and - L. s e t c h e l l i i ,  

P leurophycus  g a r d n e r i ,  ~ e s s o n i o p s i s  l i t t o r a l i s ,  N e r e o c y s t i s  

l u e t k e a n a ,  Ala . r ia  marg ina ta  and - A .  - nana S c h r a d e r ,  and  Eqreq ia  

m e n z i e s i i .  



RESULTS 

I .  Comparat ive morphology and anatomy o f  mature  c o s t a r i a .  

The f o l l o w i n g  i s  a d e s c r i p t i o n  of  t h e  morphology and  

anatomy o f  some of  t h e  l a r g e s t  C o s t a r i a  w i t h  s o r i  c o l l e c t e d  

June ,  1970,  a t  I n d i a n  Arm, Sooke and P o i n t  No P o i n t ,  and J u l y ,  

1970,  a t  Cape Bea le .  S t a n d a r d  d e v i a t i o n s  and a b s o l u t e  r a n g e s  

a r e  g i v e n  f o r  measurements i n  T a b l e s  I and  I1 t o  i n d i c a t e  

p l a n t  v a r i a b i l i t y .  

B lade  morpholoqy: 

A l l  b l a d e s  d i s p l a y e d  d i s t a l  e r o s i o n .  The ends o f  1 n d i a n  

A r m  b l a d e s  t e n d e d  t o  b e  e roded  a t  r i g h t  a n g l e s  t o  t h e  l o n g i t u -  

d i n a l  a x e s  of  t h e  p l a n t s  whereas  b l a d e  ends a t  Sooke, p o i n t  

No P o i n t  and Cape Bea le  were  u s u a l l y  e roded  l o n g i t u d i n a l l y  

( F i g s .  4 - 7 ) .  P o i n t  NO p o i n t  b l a d e s  were  s h o r t e r  t h a n  p l a n t s  

from t h e  o t h e r  t h r e e  p l a c e s  (Tab le  I ) .  Blades  d e c r e a s e d  i n  

w i d t h  r e l a t i v e  t o  l e n g t h  from I n d i a n  A r m  t o  Sooke,  t o  P o i n t  

No P o i n t ,  t o  Cape Bea le  (Tab le  I ) .  Blade  b a s e s  were  m o s t l y  

Obtuse o r  c o r d a t e  a t  I n d i a n  A r m ,  mos t ly  c o r d a t e  a t  Sooke,  

m o s t l y  o b t u s e  a t  p o i n t  N O  p o i n t ,  and were  c u n e a t e  a t  Cape 

B e a l e  ( F i g s .  4-7 ; T a b l e  I ) . 
The r a t i o  o f  b l a d e  l e n g t h  t o  maximum b l a d e  w i d t h  and  

t h e  a n g l e  o f  t h e  b l a d e  b a s e  de te rmined  o v e r a l l  b l a d e  shape .  



Fig. 4 Mature Cos ta r i a  from Indian  A r m  

c o l l e c t e d  on June 18, 1970, showing 

b lade  and b lade  base  shape and l a r g e  

b u l l a t i o n s .  Blade end tends t o  be  

eroded a t  r i g h t  angles  t o  t h e  l o n g i t u d i n a l  

a x i s .  (compare wi th  Figs. 5-7 ) . 





Fig .  5 Mature C o s t a r i a  from Sooke 

c o l l e c t e d  on J u n e  17 ,  1970,  

showing b l a d e  and b l a d e  b a s e  

shape  and s m a l l  b u l l a t i o n s  . 
Blade end t e n d s  t o  be eroded 

l o n g i t u d i n a l l y  . 





Fig .  6 Mature C o s t a r i a  from P o i n t  No P o i n t ,  

c o l l e c t e d  on June  1 7 ,  1970, showing 

b l a d e  and b l a d e  b a s e  shape ,  sma l l  

b u l l a t i o n s  and ,prominent ribs. Blade 

end tends  t o  be  eroded l o n g i t u d i n a l l y .  





Fig .  7 Mature C o s t a r i a  from Cape Beale  

c o l l e c t e d  on J u l y  19,  1970, showing 

b l a d e  and b l a d e  b a s e  shape ,  b u l l a t i o n s  

a long  t h e  edges o f  t h e  b l a d e ,  prominent 

r i b s  and p e r f o r a t i o n s .  Blade end t ends  

t o  b e  eroded l o n g i t u d i n a l l y .  





I n  a  l i n e a r  b l a d e ,  t h e  s i d e s  were  a l m o s t  p a r a l l e l .  Cape 

Bea le  p l a n t s  had narrow l i n e a r  b l a d e s ,  p o i n t  No p o i n t  p l a n t s  

g e n e r a l l y  had narrow l i n e a r  b l a d e s  b u t  some had o v a t e  b l a d e s ,  

Sooke b l a d e s  w e r e  b r o a d  l i n e a r  and  o v a t e ,  and I n d i a n  A r m  b l a d e s  

were m o s t l y  o v a t e  ( F i g s .  4 - 7 ) .  

F i v e  ribs p r o j e c t  a l t e r n a t e l y  from t h e  two f a c e s  of t h e  

b l a d e  ( F i g .  2 ) .   lades w i t h  fewer o r  more r ibs  were  r a r e l y  

found,  b u t  such  anomal ies  c o u l d  g e n e r a l l y  b e  e x p l a i n e d  by  

r i b  f u s i o n  o r  s p l i t t i n g .  The ribs were  o f t e n  v e r y  f l a t t e n e d  

P a r t i c u l a r l y  n e a r  t h e  b l a d e  b a s e  a t  ~ n d i a n  Arm, b u t  were  much 

more prominent  a t  t h e  o t h e r  t h r e e  p l a c e s .  A t  1 n d i a n  A r m  and 

Sooke, t h e  middle  r i b  was u s u a l l y  w i d e r  and f l a t t e r  t h a n  t h o s e  

On e i t h e r  s i d e  o f  i t ,  which i n  t u r n  were wider  t h a n  t h e  

Outermost r ibs .  However, a l l  f i v e  r ibs o f  P o i n t  No p o i n t  and 

B e a l e  p l a n t s  t ended  t o  have  s i m i l a r  w i d t h s .  

I n d i a n  A r m  p l a n t s  h a d  l a r g e r  b u l l a t i o n s  t h a n  Sooke p l a n t s ,  

and P o i n t  No P o i n t  p l a n t s  had much s m a l l e r  b u l l a t i o n s  t h a n  a t  

the  o t h e r  two s i t e s  ( F i g .  8). The s i z e  o f  b u l l a t i o n s  on Cape 

B e a l e  p l a n t s  was s i m i l a r  t o  t h o s e  a t  P o i n t  N O  P o i n t .  A t  Cape 

B e a l e  t h e  b u l l a t i o n s  t ended  t o  occur  a l o n g  t h e  edges of t h e  

b l a d e ,  t h e  a r e a  between t h e  ribs b e i n g  n e a r l y  smooth (F ig .  8D). 

I n d i a n  A r m  b l a d e s  were  c r i s p  and  t o r e  e a s i l y  when t h e y  



F i g .  8 P a r t  o f  C o s t a r i a  b l a d c s  from I n d i a n  

Arm, Sookc,  P o i n t  No P o i n t  and  Cape 

B e a l e  showing b u l l a t i o n s ,  p e r f o r a t i o n s  

and  s o r i  a l o n g  ribs. 

A and B I n d i a n  Arm, J u n e  1 8 ,  1970 

C Sooke,  J u n e  1 7 ,  1970 

D Cape B e a l e ,  J u l y  1 9 ,  1970 

E and F P o i n t  No P o i n t ,  J u n e  1 7 ,  1970 

1. B u l l a t i o n s  

2 .  S o r i  

3. P e r f o r a t i o n s  





were handled, whereas p l a n t s  from t h e  o the r  t h r e e  p laces  were 

tougher and t o r e  much l e s s  r e a d i l y .  A l l  b lades were a  golden 

brown co lour ,  and t h e  t h i c k e r  o r  more b u l l a t e  a  b lade ,  t h e  

darker  t h e  colour .  The blades were more opaque where s o r i  

were p resen t .  

P e r f o r a t i o n s ,  nea r ly  round, smooth-edged h o l e s ,  2-10 mrn 

i n  diameter ,  were found i n  some blades.  Indian  A r m  blades 

were not  per fora ted .  Some blades a t  Sooke and Point  No po in t  

had a  few s c a t t e r e d  pe r fo ra t ions .  However, t h e r e  were many 

P e r f o r a t i o n s  i n  Cape Beale b lades ,  r e g u l a r l y  arranged i n  

two rows on e i t h e r  s i d e  of t h e  middle r i b  (Fig.  7 ) .  Blades 

i n  a l l  a r e a s  o f t e n  had i r regular-edged h o l e s ,  t h e  r e s u l t  of 

grazing and abras ion .  

Blade anatomy: 

The loca t ions  of b lade  and r i b  measurements a r e  given i n  

Fig.  9. Blade thickness  between t h e  r i b s ,  15 cm from t h e  

b lade  base ,  was s i m i l a r  a t  a l l  four s tudy s i t e s .   able 11). 

The b lade  has an epidermis,  co r t ex  and medulla. The 

epidermis c o n s i s t s  of one c e l l  layer  of pigmented c e l l s  The 

cor t ex  is s e v e r a l  c e l l s  t h i c k ;  t h e  ou te r  c e l l s  a r e  smal ler  

and pigmented, and t h e  inner  ones a r e  l a r g e r  and un2igmented. 

The thickness  of  t h e  co r t ex  and number of c e l l  l aye r s  were 



F i g .  9 A d iagrammat ic  t r a n s v e r s e  s e c t i o n  o f  

a C o s t a r i a  b l a d e  showing i n t e r n a l  

s t r u c t u r e  and  p o s i t i o n s  o f  mensure- 

ments  t a k e n  f o r  T a b l e  11. 

Blade  t h i c k n e s s  i n c l u d i n g  

epidermis h u t  n o t  s p o r s n y i a .  

T h i c k n e s s  o f  b l a d e  c o r t c x .  

T h i c k n e s s  o f  b l a d c  medul la .  

R i b  t h i c k n e s s  i n c l u d i n g  

e p i d e r m i s  b u t  not s p o r a n g i a .  

T h i c k n e s s  o f  r ib  c o r t c x ,  

r i d g e  s i d e .  

T h i c k n e s s  o f  r i b  c o r t c x ,  f o l d  

s i d e .  

T h i c k n e s s  of  r i b  medul la .  





s i m i l a r  a t  a l l  f ou r  p l a c e s  (Fig.  10; Table  11). The medulla 

i s  made up of l o o s e l y  i n t e r t w i n i n g  f i l amen t s  ( ~ i g .  1 0 ) .  

Although t h e  t h i ckness  o f  t h e  medulla was s i m i l a r  a t  a l l  f ou r  

p l a c e s  (Table 11), t h e  measurements may n o t  be  ve ry  , a c c u r a t e  

a s  t h e  medulla tended t o  g e t  squashed dur ing  s e c t i o n i n g .  

The edge o f  b l ades  a t  a l l  four  p l a c e s  had t h e  same 

t h i c k n e s s  o r  was on ly  a  l i t t l e  t h i c k e r  than  t h e  r e s t  o f  t h e  

b l a d e  a t  t h e  same d i s t a n c e  from t h e  b l a d e  b a s e  ( ~ i g s .  1 1 A - E ) .  

The edges of  p e r f o r a t i o n s  have s i m i l a r  anatomy t o  b l a d e  edges 

(Fig.  1 1 ~ ) .  

The wid th  of t h e  middle r ib  15 cm from t h e  b l a d e  base  

became p r o g r e s s i v e l y  narrower from Ind ian  A r m  t o  Sooke, t o  

P o i n t  No P o i n t ,  t o  Cape Beale (Table I ) .  R i b  t h i c k n e s s  o f  

I n d i a n  A r m  p l a n t s  was s i g n i f i c a n t l y  t h i n n e r  than  r i b  t h i ckness  

O f  p l a n t s  from t h e  o t h e r  t h r e e  p l a c e s  (Table 11). 

I n  d e s c r i b i n g  r i b  anatomy ' r i d g e  s i d e '  r e f e r s  t o  t h e  

s i d e  o f  t h e  r ib  which p r o j e c t s  from t h e  b l a d e  s u r f a c e  and 

' f o l d  s i d e '  t o  t h e  o p p o s i t e  s i d e  (Fig.  9 ) .  I n  a l l  p l a n t s  

c o r t i c a l  c e l l s  on t h e  r i d g e  s i d e  tended t o  b e  s m a l l e r  t han  

c e l l s  o f  t h e  b l ade .  The c o r t e x  on t h e  r i d g e  s i d e  o f  Sooke, 

P o i n t  No P o i n t  and Cape Beale  p l a n t s  was cons ide rab ly  t h i c k e r  



F i g .  10 T r a n s v e r s e  s e c t i o n s  o f  b l a d e s  o f  

mature  C o s t a r i a  from I n d i a n  Arm, Sooke, 

P o i n t  No P o i n t  and Cape Bea le ,  showing 

s i m i l a r  t h i c k n e s s  and number o f  c e l l  

l a y e r s  i n  t h e  c o r t e x  o f  each.  ( S e c t i o n s  

t aken  app rox ima te ly  15 cm from t h e  b l a d e  

' b a s e ) .  

A I n d i a n  A r m ,  June  18 ,  1970 

r! Sooke, Ti:ne 17 ,  1970 

C P o i n t  N o  P o i n t ,  June  17 ,  1970 

D Cape Bea le ,  J u l y ,  19 ,  1970 

1 Epidermis 

2 Cor t ex  

3 Medulla 

4 S o r u s  





F i g .  11 T r a n s v e r s e  s e c t i o n s  o f  b lar le  marg ins  

o f  m a t u r e  -- C o s t a r i a  from I n d i a n  Arm, 

Sooke and P o i n t  No P o i n t ,  and  o f  t h e  

edge o f  a p e r f o r a t i o n  o f  m a t u r c  

C o s t a r i a  from Cape B e a l c .  ( S e c t i o n s  

t a k e n  approximately 15  c m  from the  

b l a d e  b a s c )  . 

A and  B I n d i a n  A r m ,  J u n c  1 8 ,  1970 

C a n d  D Sookc,  J u n e  1 7 ,  1970 

E P o i n t  No P o i n t ,  J u n e  1 7 ,  1970 

F Capc B c a l e ,  J u l y  1 9 ,  1-970 

Epidcrmi  !; 

C o r t e x  

Mcclu 1 la 





and had more c e l l  layers  than t h a t  of Indian A r m  p l a n t s .  The 

former p l a n t s  had approximately 30 c e l l  layers  i n  t h e  r i d g e  

s i d e  co r t ex  compared t o  approximately 15 c e l l  l aye r s  i n  

Indian A r m  p l a n t s .  The cor t ex  of t h e  fo ld  s i d e  was a l s o  

t h i n n e s t  a t  ~ n d i a n  Arm, but  t h e r e  was a  s i m i l a r  number of 

c e l l  l aye r s  a t  a l l  four places .  The thickness  of t h e  medulla 

Was s i m i l a r  f o r  a l l  p l a n t s  but  most v a r i a b l e  a t  Cape ~ e a l e .  

The r i b  medu l l a  was s l i g h t l y  t h i c k e r  than t h e  medulla of 

t h e  b lade  between t h e  r i b s  ( ~ i g .  1 2  ; Table 11 ) . 

Sari 
2__. 

S o r a l  cover var ied  on t h e  blades of c o s t a r i a  a t  t h e  

I l f f ~ ~ e n t .  ~ c , r - a t l o n ~ .  3 n  the  bas i s  of a few p l a n t s ,  t h e  

following t rends  were seen. S o r i  covered most of t h e  b a s a l  

t h i r d  of mature b lades ;  were found along and on t h e  fo ld  s i d e  

O f  r i b s  of t h e  middle t h i r d ,  and occurred occas ional ly  along 

r i b s  o f  t h e  t o p  t h i r d .  A t  Indian Arm, s i n c e  t h e  r i b s  were 

f l a t t e n e d ,  s o r i  were found on t h e  r idge  s i d e  a s  we l l  a s  t h e  

f o l d  s i d e  of r i b s  on t h e  b a s a l  t h i r d  of blades (Figs .  12A, B) 

and s i n c e  t h e  b u l l a t i o n s  were l a r g e ,  t h e  s o r a l  cover was 

continuous.  S o r i  were only very r a r e l y  found on t h e  

s i d e  of  t h e  prominent r i b s  a t  t h e  o the r  t h r e e  p laces  

(Figs. 12~-F) . On Sooke, po in t  N o  Point and Cape Beale 



F i g .  12 Transverse s c c t i o n s  o f  r ibs  o f  m a t u r e  

C o s t a r i n  from I n d i a n  Arm, Sooke,  P o i n t  

No P o i n t  and  Capc B c a l e .  Meiosporang ia  

a r c  a b s e n t  on t h e  r i d g e  s i d c  o f  r ibs a t  

Sookc,  P o i n t  No P o i n t ,  a n d  Capc B e a l e  

( -  . ( S e c t i o n s  t a k e n  a p p r o x i m a t e l y  

15  c m  from t h e  b l a d e  b a s e ) ,  

A and  B I n d i a n  A r m ,  J u n c  1 8 ,  1970 

C Sookc,  J u n c  1 7 ,  1970 

D Cape B c a l c ,  J u l y  1 3 ,  1970 

E and  F P o i n t  K O  P o i n t ,  J u n e  1 7 ,  1970 

Ep ide rmis  

C o r t e x  on r i d g e  s i d c  o f  r i b  

Medulla  

C o r t e x  on f o l d  s i d c  o f  r i b  

S o r u s  





p l a n t s  which had smal ler  b u l l a t i o n s  than Ind ian  A r m  p l a n t s ,  

s o r i  were found i n  t h e  hollows of b u l l a t i o n s  ( ~ i g .  10C). 

S o r i  can be seen along t h e  r i b s  of  Indian  A r m ,  Sooke, Po in t  

No Po in t  and Cape Beale blades i n  ~ i g s .  7A, B ,  C ,  D and F. 

S o r i  d i d  not  extend t o  t h e  edge of b lades .  

Mature meiosporangia were approximately 70p long. The 

5 
volume of a  meiospore was approximately 4 7 p  a t  Indian  Arm, 

Sooke and Po in t  No Point .  Meiospores from Cape Beale were 

n o t  measured. 

S  t i p e  morphology: 

S t i p e  length  was v a r i a b l e  a t  a l l  four  p laces   a able I ) .  

Some of t h e  longes t  s t i p e s  were found a t  Poin t  N O  P o i n t ,  though 

not  i n  t h e  June 1970 c o l l e c t i o n .  The top  of t h e  s t i p e  f o r  a l l  

p l a n t s  was e l l i p t i c a l  i n  c ross  s e c t i o n  and t h e  bottom t e r e t e .  

The g r e a t e s t  diameter (Fig.  13b) of t h e  s t i p e  top  and diameters  

Of t h e  s t i p e  middle and bottom (Fig.  13c, d )  were v a r i a b l e  

b u t  s i m i l a r  a t  Indian  Arm, Sooke, Poin t  N O  Poin t  and Cape 

Beale. The l e a s t  diameter of t h e  s t i p e  t o p  (Fig.  13a) was 

s m a l l e s t  a t  Ind ian  Arm (Table I ) .  

The t o p  ha l f  of s t i p e s ,  o r  more if  t h e  s t i p e s  were long,  

was almost  always r idged.  Sooke, Poin t  No Poin t  and Cape 

Beal s t i p e s  were coa r se ly  r idged,  whereas s t i p e s  from Ind ian  



F i g .  13 Diagram showing p o s i t i o n s  of s t i p e  

and h a p t e r o n  measurements f o r  

Table I. 

a L e a s t  d i a m e t e r  o f  s t i p e  t o p  

b G r e a t e s t  d iamete r  o f  s t i p e  t o p  

c Diameter  of s t i p e  mi-ddle 

d Diameter of  s t i p e  bot tom 

e Diameter  of  t h i c k e s t  h a p t e r o n  

o r i g i n a t i n g  from t h e  s t i p e .  





-38- 

A r m  were f i n e l y  r idged o r  n e a r l y  smooth (Figs.  7 ,  14A-C) . 

Many s t i p e s  with coarse  r idges  a l s o  had smal l  protuberances 

on t h e  c r e s t  of t h e  r idges  (Fig.  U D ) .  Except on Ind ian  

A r m  p l a n t s ,  f i n e  r idges  sometimes continued up t h e  p r o j e c t i n g  

s i d e  of r i b s  a  few cm beyond t h e  t o p  of t h e  s t i p e  (Fig. 14B, c ) .  

Ind ian  A r m  s t i p e s  were very f l e x i b l e ,  and when a p l a n t  

was out  of  t h e  water  they  gave t h e  b lade  no support .  A t  

t h e  o t h e r  t h r e e  p laces  t h e  s t i p e  was more r i g i d  and gave 

b lades  some support  when t h e  p l a n t  was emerged. 

S t i p e  anatomy: 

S t i p e  anatomy was s i m i l a r  i n  a l l  p l a n t s  s t u d i e d .  1t 

was a i f f i c u l t  t o  determine where t h e  o u t e r  l a y e r s  (epidermal 

meristem of Smith, 1939) end, and c o r t e x  begins.  The c e l l s  

of t h e  o u t e r  l a y e r s  were pigmented and densely packed. The 

outermost c o r t i c a l  c e l l s  were s i m i l a r  t o  t h e  o u t e r  l a y e r s ,  

b u t  t h e  i n n e r  c o r t i c a l  c e l l s  became l a r g e r ,  unpigmented and 

l e s s  densely packed towards t h e  c e n t r e  of t h e  s t i p e .   he 

medulla was e l l i p t i c a l  and t h e  f i laments  more t i g h t l y  packed 

than i n  t h e  medulla of t h e  b lade  or  r i b s  (Fig.  1 5 ) .  I n  c ross  

s e c t i o n  c e l l s  o f  t h e  s t i p e  r idges  were small  and dense ly  packed 

l i k e  t h e  c e l l s  of t h e  o u t e r  l aye r s  of t h e  s t i p e  elsewhere.  

Ridges appeared higher  where protuberances occurred. 



Fig .  14 S t i p e  morphology o f  ma tu re  c o s t a r i a  

from I n d i a n  A r m ,  Sooke and P o i n t  No 

P o i n t ,  showing n e a r l y  smooth (A)  

and c o a r s e l y  r i d g e d  s t i p e s  (B-D) .  

Ridges  may c o n t i n u e  up p r o j e c t i n g  s i d e s  

o f  ribs (B, C ) .  

A I n d i a n  A r m ,  J u n e  1 8 ,  1970. 

B Sooke, J u n e  1 7 ,  1970. 

C P o i n t  No p o i n t ,  J u n e  1 7 ,  1970 

D Sooke, J u n e  1 7 ,  1970 





F i g .  15 T r a n s v e r s e  s e c t i o n s  o f  s t i p e s  from 

I n d i a n  Arm, Sooke and P o i n t  No P o i n t  

showing i n t e r n a l  s t r u c t u r e  and  r i d g e s .  

( S e c t i o n s  t a k e n  from n e a r  t h e  t o p  o f  

t h e  s t i p e s )  . 

A I n d i a n  Arm, J u n e  18, 1970. 

B Sooke, J u n e  17 ,  1970. 

C P o i n t  No P o i n t ,  J u n e  17 ,  1970. 

1 Epidermis  

2 C o r t e x  

3 Medu l l a  

4 A r i d g e  





Hapteron morpholoqy : 

The number of haptera  o r i g i n a t i n g  from t h e  s t i p e  base 

was s i m i l a r  a t  Sooke, Point  No Point  and Cape Beale ,  whereas 

they  were more numerous a t  Indian A r m  (Table I ) .  The hap te ra  

a r o s e  from t h e  base of t h e  s t i p e  and above t h e  base  i n  whorls.  

Haptera h igher  up were usua l ly  t h i c k e r  than those  which a r o s e  

from t h e  base.  The diameters of t h e  t h i c k e s t  hap te ra ,  measured 

near  t h e i r  o r i g i n  ( ~ i g .  1 3 e ) ,  were s i m i l a r  a t  a l l  four  p laces  

(Table I ) .  Haptera branch dichotomously and branching was 

most profuse  a t  Indian  A r m  (Fig,  1 6 ) .  A t  t h i s  l o c a t i o n  

haptera  were a t t ached  loose ly  t o  t h e  s u b s t r a t e ,  bu t  f i rmly  

t o  boulders  and rock a t  Sooke, poin t  N O  Poin t  and Cape Beale. 

Hapteron anatomy: 

The o u t e r  l aye r s  and cor t ex  of haptera  were s i m i l a r  t o  

those of t h e  s t i p e .  I t  was not easy t o  d i s t i n g u i s h  t h e  medulla, 

which cons i s t ed  of t i g h t l y  packed c e l l s .  

I n  summary, t h e  main morphological and anatomical charac ters  

of Cos ta r i a  t h a t  d i f f e r e d  between t h e  four  s i t e s  were r i b  

th ickness ,  b u l l a t i o n s  , b lade  t e x t u r e ,  p e r f o r a t i o n s ,  th ickness  

of t h e  s t i p e  top ,  amount of r idging  on t h e  s t i p e  s u r f a c e  and 

branching of  t h e  haptera .  



Fig .  1 6  Comparison o f  h a p t e r o n  a r rangement  on s t i p e s  

and d e g r e e  o f  b r a n c h i n g  o f  t h e  main h a p t e r a  

o f  C o s t a r i a  from I n d i a n  Arm, Sooke and P o i n t  

No P o i n t .  

A and B I n d i a n A r m .  June  1 8 ,  1970. 

C and D Sooke,  J u n e  17 ,  1970. 

E and F P o i n t  No P o i n t ,  J u n e  17 ,  1970. 

A, C and E show t h e  e n t i r e  h o l d f a s t .  I n  B, D 

and F t h e  main h a p t e r a  (1) have  been c u t  o f f  

t o  show t h e i r  a r rangement  on t h e  s t i p e  ( 2 ) .  





Phenolo_qy and  ontogcny -- 

Phenology:  

I n  1969 young C o s t a r i a  p l a n t s  were  f i r s t  found e a r l y  i n  

F e b r u a r y  a t  I n d i a n  A r m  and Sooke and l a t e  i n  F e b r u a r y  a t  

P o i n t  No P o i n t .  S i n c e  t h e r e  were  a lways  fewer C o s t a r i a  a t  

P o i n t  No P o i n t ,  s m a l l  p l a n t s  may n o t  have  been s e e n  e a r l i e r  

i n  February .  P l a n t s  grew r a p i d l y  u n t i l  t h e  s o r i  a p p e a r e d  

i n  mid-May a t  I n d i a n  A r m  and  Sooke and mid-June a t  P o i n t  N O  

P o i n t .  S o r i  were  found on c o s t a r i a  a s  e a r l y  a s  t h e  end o f  

A p r i l  a t  S t a n  Ley P a r k ,  in B u r r a r d  I n l e t .  B lade  l e n g t h  and  

w i d t h  i n c r e a s e d  up t o  June  o r  l J ~ l y  ( ~ a b l e s  1 1 1 - V )  , b u t  a f t e r  

( J u l y  blades became v e r y  t o r n  and mean b l a d e  l e n g t h s  and  

w i d t h s  d e c r e a s e d .  Sporophy tes  began t o  d i s a p p e a r  a f t e r  

me iospores  had been r e l e a s e d  from mid-August a t  I n d i a n  A r m ,  

and from e a r l y  September a t  Sooke. There  were  a lways  fewer  

p l a n t s  a t  P o i n t  NO P o i n t ,  and t h e y  remained i n  good c o n d i t i o n  

even i n  September and October .  

A few o l d  p l a n t s  were  s t i l l  p r e s e n t  a t  I n d i a n  A r m  a t  

t h e  end o f  October  and beg inn ing  o f  November. I n  a d d i t i o n ,  

some p l a n t s  up t o  30 cm long w i t h  n e a r l y  e n t i r e  b l a d e s  and  

s o r i  were  found a t  t h i s  t i m e  (UBC 45632-7) .  These  seemed t o  

have s t a r t e d  growing l a t e  i n  t h e  s e a s o n  b e c a u s e  t h e  b l a d e s  



were  n e a r l y  e n t i r e ,  were  n o t  covered  by e p i p h y t e s  and  t h e  

meiospores  had n o t  been r e l e a s e d .  A s i m i l a r  combina t ion  of  

o l d  p l a n t s  and  l a t e  d e v e l o p e r s  were  found a t  Sooke i n  mid- 

Oc tober  and a t  t h e  end o f  November. I t  was d i f f i c u l t  t o  

t e l l  i f  t h e r e  were  l a t e  d e v e l o p e r s  a t  P o i n t  N O  P o i n t  a s  p l a n t s  

t h e r e  remained i n  good c o n d i t i o n .  Some l a t e  d e v e l o p e r s  were  

s t i l l  found a t  I n d i a n  A r m  e a r l y  i n  December (UBC 45638) , b u t  

t h e r e  i s  no i n f o r m a t i o n  f o r  Sooke and P o i n t  No P o i n t  f o r  

t h a t  t i m e  a s  no o b s e r v a t i o n s  c o u l d  b e  made due t o  rough 

w e a t h e r .  

Ontogeny : 

The f o l l o w i n g  a c c o u n t  o f  t h e  ontogeny o f  C o s t a r i a  is 

b a s e d  on monthly o b s e r v a t i o n s  and c o l l e c t i o n s  from I n d i a n  

Arm, Sooke and  p o i n t  No P o i n t .  The development  o f  C o s t a r i a  

was fo l lowed  b y  d e s c r i b i l q  s e l e c t e d  c h a r a c t e r s  o f  specimens  

w i t h o u t  s o r i  i n  g r o u p s  b a s e d  on b l a d e  l e n g t h  ( l e s s  t h a n  5 

cm, 5-10 c m ,  10-20 cm, 20-30 cm, and l o n g e r  t h a n  30 cm) ,  and 

o f  l a r g e r  specimens  w i t h  s o r i  i n  g roups  b a s e d  on t h e  month .- - 

c o l l e c t e d .  The ends o f  b l a d e s  up t o  30 cm long were  u s u a l l y  

l i t t l e  t o r n ,  and  s o  t h e  g roups  c o u l d  b e  d e s c r i b e d  on t h e  

b a s i s  o f  b l a d e  l e n g t h .  L a r g e r  p l a n t s  u s u a l l y  have  v e r y  t o r n  

e n d s ,  and s o  a n o t h e r  c r i t e r i o n  was needed t o  d i s t i n g u i s h  t h e  



g r o u p s .  The l a r g e s t  measurements o f  b l a d e  l e n g t h  and  b l a d e  

w i d t h  r e c o r d e d  a t  I n d i a n  Arm, Sooke and P o i n t  No P o i n t  i n  

1968 and 1969 were  a s  f o l l o w s :  

I n d i a n  A r m  Sooke P o i n t  No P o i n t  

B lade  l e n g t h  ( c m )  17 0  230 250 

Blade  w i d t h  (cm) 75 60 25 

P r o p o r t i o n a l  i n c r e a s e s  i n  b l a d e  l e n g t h  and b l a d e  w i d t h  

p a r t l y  e x p l a i n  t h e  shape  o f  t h e  b l a d e  b a s e .  UP t o  t h e  3 0 t  

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

p l a n t s  became w i d e r  t h a n  Sooke p l a n t s ,  which on t h e  whole  

were  w i d e r  t h a n  p o i n t  No p o i n t  p l a n t s  (Tab les  1 1 1 - V )  . Mature 

I n d i a n  A r m  p l a n t s  were  s l i g h t l y  w i d e r  t h a n  mature  Sooke p l a n t s ,  

a n d  mature  P o i n t  N O  P o i n t  p l a n t s  were  c o n s i d e r a b l y  n a r r o w e r .  

B lade  w i d t h  u s u a l l y  c e a s e d  t o  i n c r e a s e  a f t e r  s o r i  were  

produced.  

Only t h e  s m a l l e s t  p l a n t s  a t  I n d i a n  Arm, less t h a n  5 c m  

l o n g ,  were  c u n e a t e .  The b l a d e  b a s e s  s o o n  became o b t u s e  and  

t h e  a n g l e  i n c r e a s e d  u n t i l  mature  p l a n t s  were  o b t u s e  o r  c o r d a t e ,  

and  some were  even a u r i c u l a t e  (Tab le  111). The a n g l e  o f  t h e  

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

a p p e a r a n c e  o f  s o r i .  Most Sooke p l a n t s  were  s t i l l  c u n e a t e  i n  

t h e  3& c m  g r o u p ,  b u t  t h e y  t h e n  became o b t u s e ,  and m a t u r e  



p l a n t s  were  main ly  o b t u s e  and c o r d a t e ,  w h i l e  some were  

a u r i c u l a t c  (Tab le  I V ) .  Some P o i n t  No P o i n t  p l a n t s  remained 

c u n e a t e  even w i t h  s o r i ,  b u t  most became o b t u s e ,  and  a  few 

c o r d a t e  when mature  (Tab le  V ) .  

The development  o f  t h e  b l a d e  b a s e  and  b l a d e  shape  o f  

t y p i c a l  I n d i a n  A r m ,  Sooke and P o i n t  No P o i n t  p l a n t s  i s  shown 

i n  compos i t e  d iagrams (F ig .  17 ) . 
The t h r e e  midd le  r ibs  developed f i r s t ,  and  t h e n  t h e  two 

o u t e r m o s t  ones .  ~ l l  i n i t i a l l y  appeared  n e a r  t h e  b l a d e  b a s e ,  

A t  I n d i a n  A r m  a  few 10-20 cm p l a n t s  s t i l l  had o n l y  t h r e e  

ribs whereas  o n l y  a  few 5-10 c m  Sooke p l a n t s  had t h r e e  r i b s ,  

and  some p l a n t s  l e s s  t h a n  5 cm a t  p o i n t  No p o i n t  a l r e a d y  

had f i v e  r i b s .  The r i b s  o f  I n d i a n  A r m  c o s t a r i a  were  n e v e r  

p rominen t  a n d  u s u a l l y  became v e r y  f l a t t e n e d  i n  mature  b l a d e s  

whereas  t h e  r i b s  s t a r t e d  and remained prominent  a t  Sooke 

and  P o i n t  N O  P o i n t .  The s m a l l e s t  p l a n t s  r e c o g n i z a b l e  a s  

C o s t a r i a  had t h e  f o l l o w i n g  d imensions :  

I n d i a n  A r m  Sooke P o i n t  No P o i n t  

B lade  l e n g t h  (cm) 2 .8  1- 9 1.8 

Blade  w i d t h  (cm) 0 -  8  0.7 0-  6 

Most I n d i a n  A r m  b l a d e s  remained n e a r l y  smooth up t o  

10-20 c m  long.  Sooke and  P o i n t  No p o i n t  b l a d e s  l e s s  t h a n  5cm 



Fig.  17 Composite diagrams showing fou r  s t a g e s  

i n  t h e  development of b l a d e  shape and 

b l a d e  base  shape of  t y p i c a l  C o s t a r i a  

a t  I n d i a n  Arm, Sooke and P o i n t  No P o i n t .  

A I n d i a n  A r m  

B Sooke 

C P o i n t  N o  P o i n t  

1 February 

2 March 

3 May 

4 J u l y  

1-3 C o s t a r i a  w i thou t  s o r i  

4 C o s t a r i a  w i t h  s o r i  





long were smooth o r  had on ly  sma 11 b u l l a t i o n s  nea r  t h e  b l a d e  

base .  B u l l a t i o n s  f i r s t  appear  nea r  t h e  b l a d e  b a s e  and then  

grow i n  s i z e  a s  t h e  p l a n t s  grow. 1ndian  A r m  p l a n t s  had 

fewer b u l l a t i o n s  p e r  u n i t  a r e a  than  Sooke p l a n t s ,  which i n  

t u r n  had fewer b u l l a t i o n s  than  t h o s e  from p o i n t  No p o i n t .  

A t  I n d i a n  A r m  and Sooke mature p l a n t s  appeared l e s s  b u l l a t e  

where t h e r e  was a  cont inuous s o r a l  cover.  A t  P o i n t  No P o i n t ,  

s o r a l  cover  was no t  cont inuous and t h e  b l ades  remained b u l l a t e .  

A t  I n d i a n  A r m  s o r i  f i r s t  appeared a long t h e  r i b s  of t h e  

t o p  and middle t h i r d s  o f  t h e  b l a d e  i n  pa tches  o r  a lmos t  

con t inuous ly .  They then  appeared on t h e  f o l d  s i d e  o f  ribs, 

and f i n a l l y  on t h e  r i d g e  s i d e .  I n  bo th  c a s e s ,  t h e y  e i t h e r  

sp read  towards t h e  mid l ine  of t h e  r i b s  o r  s t a r t e d  i n  patches  

on t h e  ribs. There  were ve ry  few pa t ches  o f  s o r i  between t h e  

ribs on t h e  t o p  t h i r d  o f  t h e  b l a d e s ,  b u t  more between t h e  

ribs on t h e  middle t h i r d .  S o r i  developed l a s t  on t h e  bottom 

t h i r d .  The r i d g e  s i d e  of  t h e  middle ribs tended t o  b e  covered 

b e f o r e  t h e  r i d g e  s i d e  of  t h e  o u t e r  ribs. I n d i a n  A r m  b lades  

Usua l ly  had l a r g e  b u l l a t i o n s  and s o r i  were n e a r l y  cont inuous 

on b o t h  s i d e s  of t h e  b l a d e ,  p a r t i c u l a r l y  on t h e  bottom t h i r d .  

Where covered by s o r i  t h e  r i b s  became even more f l a t t e n e d  

t h a n  usua l .  
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A t  Sooke t h e  sequence of development was s i m i l a r  t o  

t h a t  a t  I n d i a n  A r m ,  b u t  where t h e  s o r i  f i r s t  appeared between 

t h e  ribs t h e y  tended t o  occur  i n  t h e  hollows of  b u l l a t i o n s  on 

one s i d e  o f  t h e  b l a d e  only .  The r i d g e  s i d e  of  r i b s  was 

g e n e r a l l y  f r e e  of  s o r i .  S o r i  developed l a s t  o u t s i d e  t h e  

outermost  r i b s .  Blades were l e s s  b u l l a t e  and ribs s l i g h t l y  

f l a t t e n e d  where s o r i  were n e a r l y  cont inuous on t h e  lower h a l f  

of  t h e  b l a d e .  

Unl ike  I n d i a n  A r m  and Sooke p l a n t s ,  a t  P o i n t  No p o i n t  

s o r i  d i d  n o t  develop on t h e  t o p  t h i r d  o f  t h e  b l a d e  f i r s t ,  

and were n o t  u s u a l l y  found t h e r e .  S o r i  appeared a long  t h e  

ribs o f  khc bo1:tom an$ m.iddle t h i r d s  and between t h e  r i b s  in 

t h e  hollows o f  b u l l a t l o n s  on t h e  bottom t h i r d .  They were  

n o t  u s u a l l y  found on t h e  r i d g e  s i d e  of r i b s .  S o r i  became 

n e a r l y  cont inuous between t h e  r i b s ,  b u t  were more patchy 

o u t s i d e  t h e  outermost  r i b s .  Ribs remained prominent and t h e  

b l a d e  b u l l a t e  even where covered by sari. 

A f t e r  meiospore r e l e a s e ,  t h e  p l a n t s  became co lon ized  by 

ep iphy te s  such a s  dia toms,  f i lamentous  a l g a e ,  bryozoans and 

hydrozoans. Blades of  I n d i a n  A r m  p l a n t s  tended t o  b e  covered 

more e x t e n s i v e l y  by bryozoans than  Sooke o r  P o i n t  No P o i n t  

b l a d e s .  F i n a l l y ,  l a r g e  p o r t i o n s  of b l a d e  t o r e  o f f .  P l a n t s  
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a t  I n d i a n  A r m  became v e r y  t o r n  and b r i t t l e ,  b u t  a t  Sooke 

ribs p r o j e c t e d  from t h e  t o r n  b l a d e s .  c o s t a r i a  a t  P o i n t  No 

P o i n t  t e n d e d  t o  remain i n  b e t t e r  c o n d i t i o n .  

S t i p e  l e n g t h  i n c r e a s e d  up t o  301- cm g r o u p ,  a n d  was 

q u i t e  v a r i a b l e  i n  ma ture  p l a n t s  (Tab les  1 1 1 - V )  . A t  I n d i a n  

A r m  t h e  s t i p e  s u r f a c e  remained smooth up t o  and  i n c l u d i n g  

t h e  20-30 c m  g roup .  Some o f  t h e  p l a n t s  i n  t h e  30-1- cm g r o u p  

and  n e a r l y  a l l  t h e  mature  p l a n t s  had f i n e l y  r i d g e d  s t ipes.  

Many Sooke p l a n t s  o f  10-20 cm s t i l l  had smooth s t i p e s .  They 

t h e n  became f i n e l y  r i d g e d ,  and when l o n g e r  t h e n  30 cm, c o a r s e l y  

r i d g e d .  P o i n t  N O  p o i n t  p l a n t s  were  s i m i l a r  t o  Sooke p l a n t s ,  

b u t  f i n e  r i d g e s  were  found on t h e  s t i p e s  of  p l a n t s  5-10 c m  

l o n g ,  and  c o a r s e  r i d g e s  on l a r g e r  p l a n t s .  S h o r t  s t i p e d  p l a n t s  

a t  P o i n t  No P o i n t  t ended  t o  b e  somewhat l e s s  c o a r s e l y  r i d g e d .  
1 

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

phenology.  

1 
Voucher specimens  t o  i l l u s t r a t e  t h e  ontogeny o f  C o s t a r i a  a t  

t h e  t h r e e  s i t e s  a r e  a s  f o l l o w s :  I n d i a n  A r m  p l a n t s  w i t h o u t  

s o r i ,  UBC 45743-45752; ~ n d i a n  A r m  p l a n t s  w i t h  sari, UBC 45621-8; 

Sooke p l a n t s  w i t h o u t  s o r i ,  UBC 45753-4 and UBC 45756-45770; 

Sooke p l a n t s  w i t h  s o r i ,  UBC 45639-45654; P o i n t  No P o i n t  p l a n t s  

w i t h o u t  sari, UBC 45771-45781; and P o i n t  No P o i n t  p l a n t s  w i t h  

s o r i  UBC 45657-45673. 
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Some l a t e  d e v e l o p e r s  were  found a t  I n d i a n  A r m  and  Sooke,  a n d  

p l a n t s  a t  P o i n t  N o  P o i n t  remained i n  good c o n d i t i o n  l a t e  i n  

t h e  y e a r .  D i f f e r e n c e s  i n  t h e  ontogeny o f  I n d i a n  Arm, Sooke 

a n d  P o i n t  N O  p o i n t  p l a n t s  were  s e e n  i n  t h e  development  o f  

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

t h e  s t i p e .  The p a t t e r n  o f  s o r u s  a p p e a r a n c e  on P o i n t  No P o i n t  

b l a d e s  was a l s o  d i f f e r e n t  from t h a t  on I n d i a n  A r m  and  Sooke 

p l a n t s .  

111. T r a n s p l a n t s  and c o n t r o l s  

I n  t h i s  s e c t i o n  t h e  development  of  t h e  c o n t r o l s  w i l l  

be commented upon, and t h e  way i n  which t h e  t r a n s p l a n t s  d i f f e r e d  

f ro~n  t h c  c o n t r o l s  w i l l  bc described. Emphasis i s  p l a c e d  on 

t - r a n s p l a n t s  t h a t  had a n  i n i t i a l  b l a d e  l e n g t h  o f  less t h a n  2 0  

c m ,  and which w e r e  s t a r t e d  e a r l y  i n  t h e  y e a r ,  u s u a l l y  be tween 

F e b r u a r y  a n d  A p r i l ,  Data ?.re ma in ly  from t r a n s p l a n t s  made i n  

1969. 

T r a n s p l a n t s  and  c o n t r o l s  were  c o n s i d e r e d  t o  have  grown 

w e l l  if t h e y  were  i n  s i m i l a r  c o n d i t i o n  and r e a c h e d  d imensions  

s i m i l a r  t o  n a t u r a l l y  growing p l a n t s .  There  was a  h i g h  l o s s  o f  

p l a n t s  a f t e r  t r a n s p l a n t i n g  and a l t h o u g h  s t a t i s t i c a l  comparisons 

c o u l d  n o t  b e  made, some c o n c l u s i o n s  c o u l d  be drawn. 

I n d i a n  A r m  C o s t a r i a  c o n t r o l s  ( ~ i g .  18; UBC 45735-41) 



Fig .  18 Transplant  s t u d i e s :  

con t ro l s  s t a r t e d  on 

and March 20, 1969,  

Indian A r m  c o s t a r i a  

February 2 7 ,  March 6 

photographed a t  l a t e r  

da tes  t o  show development. 

S t a r t e d  on February 2 7 .  

Photographed on May 9. 

I I  " June 11. 

f I " August 13. 

S t a r t e d  on March 3. 

Photographed on May 9. 

I I 'I August 13. 

S t a r t e d  on March 20. 

Photographed on  June 18. 

I 1  " J u l y  15. 

I 1  I' August 13. 





s t a r t e d  on F e b r u a r y  27, 1969, r eached  l a r g e r  d imens ions  t h a n  

d i d  p l a n t s  s t a r t e d  on March 6  and  March 20 ( T a b l e s  V I - V I I I )  , 

b u t  o t h e r w i s e  t h e i r  development  was s i m i l a r  t o  t h a t  o f  

I n d i a n  A r m  p l a n t s  d e s c r i b e d  i n  S e c t i o n  I1 (Tab le  111). Of 

t h e  p l a n t s  s t a r t e d  on February  27, s0ri were  f i r s t  r e c o r d e d  

on t h e  f o u r  c o s t a r i a  w i t h  t h e  l a r g e s t  b l a d e  b a s e  a n g l e s  on 

J u n e  11. S o r i  p r o b a b l y  appeared  i n  May b u t  t h e  p l a n t s  were  

n o t  examined a t  t h a t  t ime .  P l a n t s  s t a r t e d  on March 6 a n d  

March 20 produced s o r i  by  J u l y  15. 

I n d i a n  A r m  C o s t a r i a  t r a n s p l a n t e d  t o  Sooke on ~ e b r ' u a r ~  22 

d i d  n o t  grow w e l l  i n  b l a d e  l e n g t h  and w i d t h  compared t o  t h e  

c o n t r o l s  (Tab le  VI - I X ) .  The p l a n t s  became v e r y  t o r n ,  though 

what  was l e f t  o f  t h e  t o r n  p l a n t  t ended  t o  be h e a l t h y .  P l a n t s  

s t a r t e d  on March 30 grew even l e s s  (Tab le  X ) .  Some o f  t h e  

b l a d e s  a p p e a r e d  t o  b e  l e s s  b u l l a t e  t h a n  t h e  c o n t r o l s .  The 

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

I 
S t i p e s  became f i n e l y  r i d g e d  a  l i t t l e  e a r l i e r  t h a n  t h o s e  o f  I 

I 

I 
t h e  c o n t r o l s .  No s o r i  were  produced a s  t h e  p l a n t s  d i d  n o t  

I 

I s u r v i v e  long enough. 

I n d i a n  A r m  C o s t a r i a  t r a n s p l a n t e d  t o  P o i n t  No P o i n t  in 

I 1969 d i d  n o t  s u r v i v e .  Two l a r g e r  p l a n t s  w i t h  i n i t i a l  b l a d e  

I 

I 
l e n g t h s  o f  25.5 and  45.0  cm were  s t a r t e d  on March 29 a n d  had 
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become v e r y  t o r n  w i t h i n  two weeks. Some p l a n t s  i n  1968 

s u r v i v e d  somewhat l o n g e r  t h a n  t h i s  (Tab les  X I - X I 1 1  ) . The 

p l a n t s  grew l i t t l e  and  t h e  shape  of t h e  b l a d e  b a s e  remained 

o b t u s e  (F ig .  19 ;  UBC 45719-21, 45723) .  The b l a d e s  became 

v e r y  t o r n  and  were  l e s s  b u l l a t e  t h a n  u s u a l .  One 8 cm long  

p l a n t  s t a r t e d  on J u l y  9  had developed s o r i  by  September 2 8  

(Tab le  X I I I ;  UBC 45723) .  

Sooke C o s t a r i a  c o n t r o l s  (F ig .  20; UBC 45728-9) s t a r t e d  

on March 30 and A p r i l  26 d i d  n o t  grow a s  w e l l  a s  p l a n t s  

s t a r t e d  on F e b r u a r y  22 (Tab les  X I V - X V I ) .  However t h e i r  

deve lopmenta l  

Sooke p l a n t s  

22,  s o r i  were  

p a t t e r n  was s i m i l a r  t o  t h a t  of  n a t u r a l l y  growing 

(Table  Iv ) .  O f  t h e  p l a n t s  s t a r t e d  on F e b r u a r y  

f i r s t  s e e n  on t h e  two C o s t a r i a  w i t h  t h e  l a r g e s t  

b l a d e  b a s e  a n g l e s  i n  J u n e  (Tab le  X I V )  . N O  s0ri were  produced 

on p l a n t s  s t a r t e d  on March 30 and A p r i l  26. 

Sooke C o s t a r i a  t r a n s p l a n t e d  t o  I n d i a n  A r m  (E'ig. 21; UBC 

45731-4) on F e b r u a r y  20 grew w e l l  u n t i l  A p r i l  24  a able XVII )  . 
T h e r e  was l e s s  growth o f  p l a n t s  s t a r t e d  on F e b r u a r y  27 (Tab le  

XVIII )  . Most o f  t h e  b l a d e s  o f  b o t h  s e t s  o f  p l a n t s  became 

b r i t t l e  and u n h e a l t h y  by May and June .  T r a n s p l a n t s  produced 

s l i g h t l y  g r e a t e r  b l a d e  b a s e  a n g l e s  e a r l i e r  t h a n  d i d  t h e  c o t i t r o l s ,  

L i k e  t h e  c o n t r o l s ,  c o a r s e  r i d g e s  developed on t h e  s t i p e s .  Sari 



Fig .  19  T r a n s p l a n t  studies: I n d i a n  Arm C o s t a r i a  

t r a n s p l a n t e d  t o  P o i n t  No P o i n t  on May 1 3 ,  

1968 and  photographed on June 1 3 ,  1968. 





Fig .  20 Transp lan t  s t u d i e s :  A Sooke C o s t a r i a  

c o n t r o l  s t a r t e d  on February 22, 1969, 

photographed a t  l a t e r  d a t e s  t o  show 

development . 

1 Photographed on May 18. 

2 1 1  " July 1 2 .  

3 .  I t  " August 2 .  





F i g .  21  T r a n s p l a n t  s t u d i e s  : Sooke C o s t a r i a  

t r a n s p l a n t e d  t o  I n d i a n  A r m  on F e b r u a r y  2 0  

and  F e b r u a r y  2 7 ,  1969,  photographed a t  

l a t e r  d a t e s  t o  show development .  

A S t a r t e d  on F e b r u a r y  20. 

Photographed on May 9. 

S t a r t e d  on F e b r u a r y  20. 

Photographed on J u n e  11. 

S t a r t e d  on F e b r u a r y  27 .  

Photographed on May 9. 

1 1  " J u l y  15. 





w e r e  s e e n  on June 11 on t h e  p l a n t  w i t h  t h e  l a r g e s t  a n g l e  

s t a r t e d  on F e b r u a r y  20, and on J u l y  15 on b o t h  p l a n t s  s t a r t e d  

on February 27. 

P o i n t  No P o i n t  c o s t a r i a  c o n t r o l s  (F ig .  2 2 ~ )  s t a r t e d  on 

March 2 9  and A p r i l  25 d i d  n o t  grow w e l l  and were  l o s t  o r  v e r y  

t a t t e r e d  ( T a b l a  XIX-XX) . The development o f  t h e  c o n t r o l s  was 

poor  compared t o  t h e  n a t u r a l l y  growing P o i n t  No p o i n t  p l a n t s  

( T a b l e  V ) .  

P o i n t  No P o i n t  C o s t a r i a  t r a n s p l a n t e d  t o  1 n d i a n  A r m  

( F i g s .  22B, C ;  UBC 45730) on A p r i l  3 grew l i t t l e  (Tab le  XXI) . 

T h e r e  was a s l i g h t  i n c r e a s e  i n  b l a d e  w i d t h  and a n g l e  compared 

to the conCic>ls,  b u t  t h ~ x  i r l c reases  were  l e s s  t h a n  t h a t  found 

i n  n a t u r a l l y  growing p l a n t s  (Tab le  v ) .  However, b l a d e  w i d t h  

and  a n g l e  i n c r e a s e d  i n  n a t u r a l l y  growing p l a n t s .  A t  1 n d i a n  

A r m  t h e  b l a d e s  became t w i s t e d ,  b r i t t l e  and u n h e a l t h y  i n  May 

and June .  No s o r i  were  produced.  

P o i n t  No P o i n t  C o s t a r i a  t r a n s p l a n t e d  t o  Sooke (F ig .  23;  

UBC 45727) on March 30 and May 18 grew b e t t e r  t h a n  t h e  c o n t r o l s  

( T a b l e s  ~ I I - X X I I I ) .  S o r i  were  produced on J u l y  12 and 

September 6 on the lower h a l f  o f  t h e  b l a d e s  o f  t h e  two remain ing  

p l a n t s  s t a r t e d  on March 30 and May 18 r e s p e c t i v e l y .  The 

c o n t r o l s  d i d  n o t  s u r v i v e  long enough t o  p roduce  s o r i .  



F i g .  2 2  T r a n s p l a n t  s t u d i e s :  A P o i n t  No P o i n t  

C o s t a r i a  c o n t r o l  s t a r t e d  on A p r i l  25. 

(A) and P o i n t  No P o i n t  C o s t a r i a  

t r a n s p l a n t e d  t o  I n d i a n  A r m  on A p r i l  3 .  

1969 (B,  C ) ,  photographed a t  l a t e r  

d a t e s  t o  show developm2nt.  

P o i n t  N o  P o i n t  c o n t r o l  s t a r t e d  

on A p r i l  25. 

I Photographed on J u l y  13.  

2 !I " August  3,  

B and  C P o i n t  No P o i n t  C o s t a r i a  t r a n s -  

p l a n t e d  t o  I n d i a n  A r m  on A p r i l  3 .  

B 1 Photographed on May 9. 

2 11 " J u n e  11. 

C 1 Photographed on May 9. 

2 I 1  " J u n e  11. 





Fig. 23 Transplant  s t u d i e s :  Point  No Po in t  

Cos ta r i a  t r ansp lan ted  t o  Sooke on May 18, 

1969, photographed a t  l a t e r  da tes  t o  

show development. 

A S t a r t e d  on May 18. 

1 Photographed on June 15. 

2 I I " July 1 2 .  

3 I 1  " August 2 .  

B S t a r t e d  on May 18. 

1 photographed on July 1 2 .  

2 I t  " August 2 .  

3 I I " September 6. 





The h a p t e r a  o f  a l l  t h e  t r a n s p l a n t s  were  s i m i l a r  t o  t h e  

c o n t r o l s  and t o  t h e  n a t u r a l l y  growing p l a n t s .  C o s t a r i a  

w i t h  b l a d e  l e n g t h s  i n i t i a l l y  g r e a t e r  t h a n  2 0  cm, whe the r  

c o n t r o l s  o r  t r a n s p l a n t s ,  t ended  t o  grow b e t t e r  t h a n  p l a n t s  

w i t h  i n i t i a l  b l a d e  l e n g t h s  l e s s  t h a n  2 0  cm. For  example,  

P o i n t  No P o i n t  c o n t r o l s  s t a r t e d  on May 17 and J u n e  14,  1969, 

grew q u i t e  w e l l  w i t h  a  change i n  b l a d e  b a s e  shape  from c u n e a t e  

t o  o b t u s e  a n d  w i t h  t h e  p r o d u c t i o n  o f  s o r i  on some b l a d e s .  

I n i t i a l l y  l a r g e r  Sooke and P o i n t  No P o i n t  p l a n t s  a l s o  grew 

b e t t e r  a t  I n d i a n  Arm, b u t  t h e y  s t i l l  became b r i t t l e  and  

u n h e a l t h y  i n  May and  June .  

I n  summary, t h e  t r a n s p l a n t s  g e n e r a l l y  grew and  s u r v i v e d  

less w e l l  t h a n  d i d  t h e  c o n t r o l s .  The a n g l e  o f  t h e  b l a d e  b a s e  

a n d  b u l l a t i o n s  o f  some t r a n s p l a n t s  t ended  t o  d e v e l o p  d i f f e r e n t l y  

from t h o s e  o f  t h e  c o n t r o l s .  T h e r e  was l i t t l e  o r  no  change i n  

t h e  prominence o f  t h e  r i b s ,  s t i p e  l e n g t h ,  r i d g e s  on t h e  s t i p e  

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

I V .  Morphology o f  C o s t a r i a  i n  t h e  n o r t h e a s t  P a c i f i c ,  and  a  

s t u d y  of  h i s t o r i c a l l y  i m p o r t a n t  specimens .  

S t u d y  o f  c o s t a r i a  i n  t h e  n o r t h e a s t  P a c i f i c  from h e r b a r i u m  

specimens  : 

~ o s t  C o s t a r i a  i n  t h e  n o r t h e a s t  P a c i f i c  had p rominen t  r i b s  



and coar se ly  r idged s t i p e s .  The b u l l a t i o n s  were d i f f i c u l t  

t o  determine on pressed specimens, but  appeared t o  be variable. 

These p l a n t s  were grouped according t o  t h e  angle  of  t h e i r  

b lade  base  and whether t h e  blades had regu la r  pe r fo ra t ions  

o r  not.  The d i f f e r e n t  groups (cuneate/perforated,  cuneate/ 

not p e r f o r a t e d ,  obtuse/perforated,  obtuse/ not  pe r fo ra ted ,  

cordate/not  pe r fo ra ted  and aur i cu la te /no t  pe r fo ra ted )  were 

p l o t t e d  on a  map of t h e  n o r t h e a s t  P a c i f i c  (Fig. 2 4 ) .  

Pe r fo ra ted  p l a n t s  were q e n e r a l l y  found on the  outermost 

c o a s t s  . The only cordate /per fora ted  specimen (UBC 22801) 

c o l l e c t e d  came from ~ l o k a c h e f  I . ,  Alaska (57'24' 05"N, 136'52' 

W). Non-perforated p l a n t s  showed no c l e a r  d i s t r i b u t i o n  

p a t t e r n  (Fig.  24) .  The e x i s t i n g  wave exposure da ta  a r e  

s u b j e c t i v e  observat ions made by e a r l i e r  c o l l e c t o r s .  ~ h e s e  

da ta  i n d i c a t e d  t h a t  c o l l e c t i o n s  of Cos tar ia  were made mainly 

i n  moderately exposed and exposed a r e a s .  

Co l l ec t ions  of c o s t a r i a  a t  San Juan I . ,  washington, and i n  

southwest B r i t i s h  ~ o l u m b i a :  

Observations on Costar ia  c o l l e c t e d  a t  San Juan I .  , 

Washington, arid i n  southwest B r i t i s h  Columbia a r e  summarized 

i n  Table XXLv. Large immature and mature Cos ta r i a  from Second 

Narrows and Stanley  Park were s i m i l a r .  These p l a n t s ,  p a r t i c u l a r l y  



Fig. 2 4  D i s t r i b u t i o n  i n  t h e  nor theas t  p a c i f i c  

of mature Cos ta r i a  wi th  prominent r i b s ,  

variable b u l l a t i o n s  and coa r se ly  r idged 

s t i p e s ,  grouped according t o  t h e  shape 

of t h e  b lade  base and t h e  presence o r  absence 

of p e r f o r a t i o n s .  (Data from herbarium 

specimens ) . 

cunea te /per  f ora t ed  

~ u n e a t e / n o t  pe r fo ra ted  

~ b t u s e / p e r f o r a t e d  

obtuse/not pe r fo ra ted  

cordate /not  pe r fo ra ted  

~ u r i c u l a t e / n o t  pe r fo ra ted  

Moderately s h e l t e r e d  

Moderately cxposed 

Exposed 





from Second Narrows (where t h e r e  i s  a  s t r o n g  c u r r e n t ) ,  tended 

t o  have long s t i p e s  which w e r e f a i r l y  c o a r s e l y  r i dged .  San 

Juan I. p l a n t s  resembled them b u t  had longe r ,  more c o a r s e l y  

r i d g e d  s t i p e s  and more prominent r i b s .  Mature Hammond Bay 

and Thormanby I. p l a n t s  were s i m i l a r  t o  each o t h e r  and had 

s h o r t ,  n o t  v e r y  c o a r s e l y  r i dged  s t i p e s .  The main d i f f e r e n c e  

between C o s t a r i a  i n  t h e  v i c i n i t y  of   amf field, and C o s t a r i a  

a t  P o r t  Renfrew and Amphi t r i t e  P o i n t  w a s  t h a t  more p l a n t s  had 

p e r f o r a t e d  b l a d e s  i n  t h e  former a r e a  am able XXIV). 

Young C o s t a r i a  from San Juan I. (UBC 45686) , Second 

Narrows (UBC 45674) and S t a n l e y  Park (UBC 45679) had l a r g e  

b u l l a t i o n s  , : inconspicuous r i b s  and smooth s t i p e s  . A t  Hammond 

Bay (UBC 45690) and Thormanby I. (UBC 45694-5) young p l a n t s  

were  similar, b u t  had s h o r t e r  s t i p e s .  However, a t  P o r t  Ren- 

f rew (I~BC 45702--5, 45707) ,  t h e   amf field v i c i n i t y  (UBC 45708) 

and Amphi t r i t e  p o i n t  (UBC 45712) young C o s t a r i a  had more 

b u l l a t i o n s  , prominent r i b s  and r idged  s t i p e s .  

Study o f  h i s t o r i c a l l y  impor tan t  specimens : 

Many of  t h e  specimens l i s t e d  by Scage l  (1957) were 

immature. From Table  XXV i t  can be  seen t h a t  - C. c o s t a t a  

and - C. m e r t e n s i i  bo th  w i t h  and wi thou t  s o r i  have a  v a r i a b l e  

b l a d e  b a s e ,  c o a r s e l y  r i dged  s t i p e  (except  f o r  some young 
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p l a n t s ) ,  prominent r i b s ,  and b u l l a t i o n s  v a r i a b l e  i n  s i z e .  

None of t h e  p l a n t s  a r e  pe r fo ra ted  (Figs.  25, 26) .  Specimens 

a r e  e i t h e r  s i m i l a r  t o  Costar ia  a t  Sooke and Poin t  No Po in t  

(Figs.  25A, B,  2 6 ~ ,  B )  , o r  t o  a  form of Costar ia  which grows 

around Oak Bay, v i c t o r i a  (Figs.  25C, 2 6 ~ ) .  

There i s  no d i f f e r e n c e  between specimens from t h e  Dudley 

Herbarium l a b e l l e d  C. c o s t a t a  and - C. mer tens i i  by Doty (F ig .  

27; Table X X V )  . Only one p l a n t  has s o r i .  A l l  have cuneate 

o r  obtuse b lade  bases ,  coa r se ly  ridged s t i p e s ,  prominent r i b s ,  

many smal l  b u l l a t i o n s  (except f o r  one p l a n t )  and a r e  not  per- 

fo ra ted .  They resemble Costar ia  from Sooke o r  Poin t  No Point .  

The type  o f  Turner ' s  Fucus cos ta tus  (1819) which I s tud ied  

a t  t h e m i t i s h  ~ u s e u m ,  London, was c o l l e c t e d  by Menzies a t  P o r t  

Tr in idad ,  C a l i f o r n i a ,  and has an obtuse b lade  base  (Fig .  3 ) .  

I t  i s  s i m i l a r  t o  c o s t a r i a  a t  Point  No Point .  Another specimen, 

a t  t h e  Royal Botanic Garden,   din burgh, c o l l e c t e d  by Menzies 

on t h e  northwest coas t  of America i n  1788 i s  s i m i l a r  t o  t h e  

type specimen, bu t  has a  more cuneate b lade  base.  T u r n e r ' s  

i l l u s t r a t i o n ,  copied from a  drawing by ~ e n z i e s ,  may have been 

a  composite of t h e s e  two specimens. 

I n  summary, most herbarium specimens of mature Cos ta r i a  .- 

from t h e  nor theas t  p a c i f i c  had many small  b u l l a t i o n s ,  prominent 

r i b s  and coa r se ly  r idged s t i p e s .  Per fora ted  p l a n t s  g e n e r a l l y  



F i g .  25 C o s t a r i a  c i t e d  a s  - C. c o s t a t a  b y  

S c a g e l  ( l 9 5 7 ) ,  showing v a r i a t i o n  

i n  b l a d e  morphology. Compare 

w i t h  F i g .  26. 

A UC 132658 

B CAI? 1642 

C UC 777300  

M a g n i f i c a t i o n  x 1/4 





F i g .  26 C o s t a r i a  c i t e d  a s  C.  m e r t e n s i i  - - 

by S c a g e l  ( l 9 5 7 ) ,  showing v a r i a t i o n  

i n  b l a d e  morphology. 

A CAN 1638 

B UBC 242 

C UBC 243 

M a g n i f i c a t i o n  x 1/4 





F i g .  2 7  C o s t a r i a  f r o m  t h e  D u d l e y  H e r b a r i u m  

d e t e r m i n e d  as - .  C .  co s t a t a  and C .  - 

m e r t e n s i i  by  D o t y .  

A C. cos ta ta  (DUD 3 0 7 0 2 7 )  - 

B C .  c o s t a t a  (DUD 3 0 7 3 1 6 )  - 

C  C .  m e r t e n s i i  (DUD 3 0 7 0 2 8 )  - 

D  C. m e r t e n s i i  (DUD 3 0 7 0 2 9 )  -- 

~ a g n i f i c a t i o n  x 11'4 
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came from t h e  outermost coas t s .  Cos tar ia  c o l l e c t e d  a t  Sari 

Juan I. and i n  southwest ~ r i t i s h  Columbia were q u i t e  v a r i a b l e  

morphologically.  The h i s t o r i c a l l y  important specimens 

were a l s o  va r i ab le .  

V. Study of Japanese specimens. 
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DISCUSSION AND CONCLUSIONS 

The r e s u l t s  of observat ions and some experimental  work 

on c o s t a r i a ,  p a r t i c u l a r l y  a t  t h e  four  Study s i t e s  i n  southwest 

B r i t i s h  columbia , demons 'crate two main morphological forms, 

One morphological form, which w i l l  be c a l l e d  t h e  Sooke/ 

Po in t  j<o Poin t  form (=S/PNP form) , has prominent r i b s ,  sma l l  

b u l l a t i o n s ,  may have p e r f o r a t i o n s ,  and has a  tough b lade  which 

does n o t t e a r  r e a d i l y  and a  coa r se ly  r idged s t i p e .  This  is 

t y p i f i e d  by Costar ia  a t  Sooke, Poin t  No Po in t  and Cape Beale 

(F igs .  5 - 7 ) .  I n  a d d i t i o n  t h e  r i b s  a r e  t h i c k  wi th  about  30 

c e l l  l a y e r s  i n  t h e  co r t ex  on t h e  r i d g e  s i d e   a able 11; Fig.  

1 2 ) .  Sari a r e  r a r e l y  found continuously over t h e  b lades  of  

t h e  s / p ~ p  form and do not  extend over t h e  r i d g e  s i d e  of r i b s .  

The haptera  a r e  not  very branched (Figs.  1 6 ) .  Blade shape 

v a r i e s  from narrow l i n e a r  t o  ovate  and b lade  base  shape u s u a l l y  

v a r i e s  from mncate  t o  cordate  (Tables 1 ,  IV, V;  Figs .  5-7).  

S ince  Turner (1819) , t h e  S/PNP form has  been t h e  form of  

Cos ta r i a  most f r equen t ly  descr ibed ,  whether a s  one v a r i a b l e  

spec ies  (Mertcns, 1829; P o s t e l s  and Ruprecht, 1840; Kutzing, 

1849; Ilarvey, 1852, 1862 ; Ruprccht, 1852 ; Areschoug, 1883; 

S e t c h c l l  and Gardner, 1903; T i lden ,  1935; Smith, 1944) o r  a s  

two o r  more taxa (Agardh, 1848; Kjellman, 1893; Saunders,  1895 



De Toni ,  1895) .  The d e s c r i p t i o n s  have been of  p l a n t s  w i t h  

prominent r i b s ,  r e g u l a r  b u l l a t i o n s  and c o a r s e l y  r i d g e d  s t ipes 

M O S ~  a u t h o r s  have a l s o  s a i d  t h a t  p e r f o r a t i o n s  may be  p r e s e n t ,  

The morphologica l  f e a t u r e s  used t o  d i s t i n g u i s h  s p e c i e s  o r  

d i f f e r e n t  forms of  C o s t a r i a  have been t h e  shape of  t h e  b l a d e  

and b l a d e  base .  However, t h e  complete range o f  v a r i a t i o n  in 

shape  can b e  s een  i n  t h e  S/PNP form (Tables  I ,  I V ,  V; Figs.  

5 -7) .  

Specimens of  c o s t a r i a  c o l l e c t e d  i n  Oregon and C a l i f o r n i a  

and determined by Doty (Table X . V ;  Fig .  27) f a l l  w i t h i n  t h e  

range  of  t h e  S/PNP form. Specimens of  - C. c o s t a t a  and C. - 

m e r t e n s i i  from ~ r i t i s h  Columbia and Northern Washington l i s t e d  

by Scage l  (1957) were most iy  of  t h e  S/PNP form  able XXV; 

Figs .  2 5 ~ ,  B ,  and 2624, B )  . ~ e s c r i p t i o n s  and i l l u s t r a t i o n s  of  

C o s t a r i a  by Japanese  a u t h o r s  (Okamura, 1892; 1928, P1. 226; 

1936, p1. 143; Nagai, 1940; Tokida,  1954; Segawa, 1967, p i .  23) 

a r e  a l s o  of  t h i s  form. Herbarium specimens from Tsugaru S t r a i t  

(UC 200176) and Hokkaido (uC 96714, UBC 42819, UBC 45831-3) 

c l e a r l y  f i t  t h e  S/PNP form anda re  p e r f o r a t e d .  

The second morphological  form i s  t y p i f i e d  by C o s t a r i a  a t  

I n d i a n  A r m  (Fig.  4 ) .  Th i s  form (=IA form) has  f l a t t e n e d  r jbs ,  

l a r g e  b u l l a t i o n s ,  no p e r f o r a t i o n s ,  a  c r i s p  b l a d e  which t e a r s  
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I r e a d i l y  and a  f i n e l y  r i dged  s t i p e .  The r i b s  a r e  t h i n  w i t h  
I 

abou t  15 c e l l  l a y e r s  i n  t h e  r i d g e  s i d e  c o r t e x  (Table  11; 

Fig .  1 2 ) .  S o r i  may b e  C O ~ ~ ~ ~ U O U S  over  t h e  s u r f a c e  o f  b l ades  

i n c l u d i n g  t h e  r i d g e  s i d e  of  r i b s .  The h a p t e r a  a r e  e x t e n s i v e l y  

branched (Fig .  1 6 ) .  Blade shape i s  u s u a l l y  o v a t e  and b l a d e  

b a s e  shape ob tuse  o r  c o r d a t e  (Tables  I ,  111; ~ i g .  4 ) .  

To d a t e  t h e r e  has been no d e s c r i p t i o n  o r  i l l u s t r a t i o n  

of  t h e  IA form. S e t c h e l l  and Gardne r ' s  (1925) broad d e s c r i p t i o n  

of v a r i a t i o n  i n  t h e  genus d i d  no t  i n c l u d e  t h i s  form, a l t h o u g h  

one o f  t h e i r  i l l u s t r a t i o n s  (PI. 7%)  i s  c l o s e r  t o  a n  I A  form 

t h a n  t o  a  S/PNP form. 

The phenoloqy of the  S/PNP and I A  forms was s i m i l a r ,  

D i f f e r e n c e s  i n  t h e  ontogeny of  t h e  two forms l a y  i n  t h e  

development of t h e  same c h a r a c t e r s  which d i s t i n g u i s h  t h e  

mature p l a n t s  (Tables 1 1 - V ) .  The t ime of development of  t h e  

d i f f e r e n t  c h a r a c t e r s  was a l s o  d i s t i n c t i v e :  The I A  form be- 

came r e l a t i v e l y  wider  and developed an  ob tuse  o r  c o r d a t e  

b l a d e  b a s e  e a r l i e r  t han  d i d  t h e  S/PNP form, whereas b u l l a t i o n s  

and r i d g e s  on t h e  s t i p e  developed e a r l i e r  on t h e  S/PKP form.  

Each o f  t h e  fou r  popu la t ions  of  C o s t a r i a  examined had 

sor,~e d i s t i n c t i v e  f e a t u r e s  of  t h e i r  own. The I n d i a n  A r m  p l a n t s  

were q u i t e  d i s t i n c t ,  a s  desc r ibed  above. Inc luded  i n  t h e  



s / p ~ p  form, c o s t a r i a  a t  Sooke were u s u a l l y  l a r g e  p l a n t s  w i t h  

r e l a t i v e l y  broad b l ades .  A t  p o i n t  NO P o i n t ,  t h e  p l a n t s  were 

s m a l l e r  w i t h  narrower b l a d e s ,  s m a l l e r  b u l l a t i o n s  and a  d i f f e r e n t  

p a t t e r n  o f  so rus  development. c o s t a r i a  a t  Cape Bea le  were 

d i s t i n g u i s h e d  by t h e i r  much p e r f o r a t e d  b l ades .  These f o u r  

popu la t ions  form a  s e r i e s  a s  r ega rds  b l a d e  shape ,  amount of  

b u l l a t i o n  and presence  of  p e r f o r a t i o n s  a s  fo l lows:  I n d i a n  

A r m  ---=$ Sooke + P o i n t  No p o i n t  + Cape Beale  ( ~ a b l e s  I ,  

1 1 1 - V ;  F igs .  4-7) .  

Small  c o l l e c t i o n s  of  C o s t a r i a  were made from o t h e r  s i t e s  

i n  southwest  ~ r i t i s h  ~ o l u m b i a  and Sari Juan I . ,  Washington, 

These wej-c: found t o  L i t  l n t o  t h i s  s e r i e s  (Table  X X I V )  , C o s t a r i a  

a t  Second Narrows and S t a n l e y  Park were s i m i l a r  t o  p l a n t s  a t  

I n d i a n  A r m  a l t hough  p l a n t s  w i t h  long s t i p e s  were f a i r l y  

c o a r s e l y  r i dged .  Some p l a n t s  a t  Oak Bay, v i c t o r i a  (F igs .  25c, 

26C)  r e se&led  t h e  I A  form, b u t  had longe r ,  more c o a r s e l y  

r i d g e d  s t i p e s  and more prominent r i b s ,  a s  had some specimens 

a t  Sari Juan I .  Other  C o s t a r i a  from d i f f e r e n t  l o c a l i t i e s  on 

Sari Juan I. were of the S/PNP form. C o s t a r i a  a t  Hamrnond Bay 

and Thormanby I .  were s i m i l a r  t o  p l a n t s  3.t Sooke b u t  had s h o r t  

s t i p e s  w i t h  f i n e  r i d g e s .  P l a n t s  a t  P o r t  Renfrew, i n  t h e  

v i c i n i t y  of   amf field and a t  Amphi t r i t e  P o i n t  resembled C o s t a r i a  



a t  Poin t  N O  po in t  or  Cape Beale depending on whether t h e  

b lades  were pe r fo ra ted  or  not .  

For convenience, i n  Table XXV, specimens were des ignated  

a s  s i m i l a r  t o  Cos ta r i a  a t  Oak Bay, V i c t o r i a ,  i f  they  had 

broad blades wi th  l a r g e  b u l l a t i o n s  and f l a t t e n e d  r i b s ,  and 

had a  long coar se ly  r idged s t i p e  (Figs .  25C, 2 6 ~ ) .  These 

p l a n t s  a r e  c l o s e r  t o  t h e  I A  form than t o  t h e  S/PNP form, and 

were only l i s t e d  by Scagel  f o r  San Juan I .  and Oak Bay. N O  

C o s t a r i a  having a  long s t i p e  was ever found without  being 

a t  l e a s t  f a i r l y  coa r se ly  ridged. 

The morphological s e r i e s  i n  southwest B r i t i s h  Columbia 

has  t h e  appearance of a  discontinuous c l i n e  wi th  t h e  IA form 

a t  one extreme. The S/PNP form has s e v e r a l  r a t h e r  i n d i s t i n c t  

subgroups, wi th  c o s t a r i a  a t  Cape Beale a t  t h e  o t h e r  extreme 

from t h e  IA form. Experimentally,  t r a n s p l a n t i n g  between 

d i f f e r e n t  environments i n  t h e  f i e l d  has been used t o  de te rmine  

t h e  s t a b i l i t y  o r  p l a s t i c i t y  of morphological c h a r a c t e r s  i n  any 

one populat ion (Sundene, 1962a, 1962b; Druehl, 1967b; Norton, 

1969).  I n  t h e  p r e s e n t  s tudy,  t r a n s p l a n t s  of C o s t a r i a  were 

made between Indian Arm, Sooke and Po in t  No Poin t .  The Sooke 

and po in t  No Point  s i t e s  a r e  more exposed t o  wave a c t i o n  

than t h e  Indian  A r m  s i t e .  The s a l i n i t y  i s  h igher  a t  t h e  f i r s t  



two s i t e s ,  and b o t h  s u r f a c e  t e m p e r a t u r e  and s a l i n i t y  a r e  

f a i r l y  c o n s t a n t .  A t  I n d i a n  A r m  t h e r e  i s  c o n s i d e r a b l e  f l u c t u -  

a t i o n  a n n u a l l y  i n  s u r f a c e  t e m p e r a t u r e  and  s a l i n i t y .  

T h e r e  were  no major  changes i n  C o s t a r i a  t r a n s p l a n t e d  

between I n d i a n  A r m ,  Sooke and P o i n t  N O  P o i n t ,  b u t  t h e r e  

p l a n t s  a t  Sooke d e c r e a s e d ,  and some b l a d e s  became s l i g h t l y  

smoother  t h a n  u s u a l  (Tab les  IX, X )  . The smoother  b l a d e s  may 

be  e x p l a i n e d  a s  f o l l o w s .  Growth of  t h e  b l a d e s  may have  been  

c o u l d  have  obscured  a n  i n c r e a s e  i n  l e n g t h .  B u l l a t i o n s  would 

were  v e r y  t o r n ,  o n l y  a  few b u l l a t i o n s  would b e  s e e n  on t h e  

remain ing  p i e c e s  o f  b l a d e .  

change a t  P o i n t  No P o i n t ,  b u t  e x a c t  measurements were  n o t  

made (Tab les  X I - X I I I ;  F i g .  1 9 ) .  A s  a t  Sooke,  some I n d i a n  A r m  

s u r v i v a l  o f  I n d i a n  A r m  p l a n t s  a t  Sooke and P o i n t  No P o i n t  

( T a b l e s  XIX, XX) was p r o b a b l y  due t o  mechan ica l  damage t o  t h e  

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



b r i c k s  and s a n d  was washed o v e r  them by  t h e  g r e a t e r  w a t e r  

movement, Nor ton  (1969) found t h a t  S a c c o r h i z a  p o l y s c h i d c s  

t r a n s p l a n t e d  from a  s h e l t e r e d  a r e a  t o  a n  a r e a  w i t h  s t r o n g  

c u r r e n t  d i d  n o t  s u r v i v e  b e c a u s e  t h e y  soon were  s e v e r e l y  t o r n .  

Sooke p l a n t s  a t  I n d i a n  A r m  deve loped  a  g r e a t e r  b l a d e  

b a s e  a n g l e  e a r l i e r  t h a n  d i d  Sooke c o n t r o l s  ( T a b l e s  XIV, ~ ~ 1 1 ,  

X V I I I )  . The s h e l t e r e d  envi ronment  o f  I n d i a n  A r m  may have 

i n d u c e d  t h i s ,  a s  t h e  b l a d e s  o f  some L a m i n a r i a l e s  t e n d  t o  b e  

b r o a d e r  i n  s h e l t e r e d  t h a n  i n  exposed a r e a s  (Sundene,  1962b,  

1964;  Nor ton ,  1 9 6 9 ) .  Sooke p l a n t s  a t  I n d i a n  A r m  became v e r y  

u n h e a l t h y  i n  May and J u n e  ( ~ i g .  2 1 ) .  

P o i n t  No p o i n t  p l a n t s  a t  I n d i a n  A r m  grew bet ter  t h a n  d i d  

t h e i r  c o n t r o l s  i n i t i a l l y ,  b u t  l i k e  t h e  Sooke p l a n t s  t h e i r  b l a d e s  

became b r i t t l e  and t r a n s l u c e n t  i n  May and June when t h e  p l a n t s  

were  dy ing  (Tab les  X I X - X X I ;  F i g .  2 2 B l  C )  . Sundene (1962b) 

found t h a t  A l a r i a  e s c u l e n b  t r a n s p l a n t e d  t o  a  f j o r d  where  i t  

d i d  n o t  n o r m a l l y  o c c u r ,  grew w e l l  d u r i n g  t h e  w i n t e r  a n d  e a r l y  

s p r i n g  b u t  d e g e n e r a t e d  and d i s a p p e a r e d  d u r i n g  t h e  summer and 

e a r l y  autumn. H e  a t t r i b u t e d  t h i s  t o  t h e  low s a l i n i t y  and  

p a r t i c u l a r l y  t h e  h i g h  summer t e m p e r a t u r e s  i n  t h e  f j o r d .  Sun- 

dene(1964)  and Drueh l  (1967b) o b t a i n e d  s i m i l a r  r e s u l t s  with 

t r a n s p l a n t e d  Laminar ia  d i q i t a t a  and - L. q r o e n l a n d i c a  r e s p e c t i v e l y .  
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1 Apart from cxposurc, temperature and s a l i n i t y  were t h e  
I 

only f a c t o r s  considered t h a t  d i f f e r e d  between t h e  s i t e s .  The 
I 
I 

d e t e r i o r a t i o n  of t h e  Sooke and Point  No Poin t  Cos ta r i a  a t  

Ind ian  A r m  may have been caused by high summer temperatures  

and low s a l i n i t i e s .  There i s  no experimental  evidence f o r  t h i s ,  

and t h e  d e t e r i o r a t i o n  may have been caused i n  p a r t  o r  wholly 

by o t h e r  f a c t o r s ,  such a s  n u t r i e n t $  p o l l u t i o n  o r  d i sease .  

Point  N O  Point  c o s t a r i a  t r ansp lan ted  t o  Sooke grew b e t t e r  

than  d id  t h e  c o n t r o l s  and remained hea l thy  (Tables = I ,  XXIII;  

Fig.  2 3 ) .  some p l a n t s  produced s o r i .  Sooke i s  l e s s  exposed 

than po in t  N O  p o i n t ,  which may account f o r  t h e  b e t t e r  s u r v i v a l  

a1-ir3 qrowtl) . , f  thc::e t r a n z 2 l a n t s .  

Var ia t ion  i n  b lade  morphology has usua l ly  been a s s o c i a t e d  

wi th  d i f f e r e n c e s  i n  exposure t o  waves, and s o  t r a n s p l a n t i n g  

techniques have been c a r r i e d  out  t o  i n v e s t i g a t e  t h i s  (Sundenel 

1962a, 1962b, 1964; Norton, 1969) .  However, i n  Cos ta r i a  b lade  

and b lade  base shape a r e  p a r t l y  r e l a t e d  t o  t h e  s t a g e  of 

development (Tables 1 1 1 - V ;  Fig.  1 7 ) .  Small Indian  Ayrn p l a n t s  

had cuneate  bases  which soon became obtuse and even tua l ly  

co rda te  be fo re  reaching matur i ty  (Table 1 1 1 ) ,  whereas s / p ~ p  

forms remained cuneate 7-onger and t h e  mature p l a n t s  were 

obtuse o r  cordate  (Tables IV, V ) .  Agardh (1848) was t h e  f i r s t  
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t o  r e a l i z e  t h a t  t h e  shape of Cos ta r i a  changes wi th  age.  

Park e  (1948) and Burrows (1964) found t h a t  t h e  shape of  

t h e  b lade  base of two Laminaria spec ies  was a  funct ion  of  

growth r a t e .  F a l l i s  (1916) measured growth r a t e s  i n  Cos ta r i a  

b u t  d id  not  r e l a t e  tham t o  change i n  b lade  shape. 

Other au thors  explained t h e  v a r i a b l e  shape of t h e  b lade  

base  i n  terms of t h e  s t a g e  of development of Cos ta r i a  and/or 

t h e  e f f e c t  of t h e  environment, p a r t i c u l a r l y  exposure t o  waves 

( S e t c h e l l ,  1893; S e t c h e l l  and Gardner, 1925; Okamura, 1928, 

1936; Kanda, 1936; Nagai, 1940; Tokich, 1954) .  Mature 

C o s t a r i a  a t  Cape Beale and Poin t  No Poin t  tend t o  have 

s t reaml ined  l i n e a r  blades wi th  cuneate  o r  obtuse  bases  ( ~ a b l c  

I ; Figs .  6 , 7 ) .  ~ h c  p l a n t s  a r e  u s u a l l y  no t  very large. ~f t h e y  

a r e  l a r g e ,  t h e  b lades  a r e  much longer than  broad,  and t h e  p l a n t s  

tend t o  grow s u b t i d a l l y .  These p l a n t s  a r e  w e l l  adapted f o r  

much t o s s i n g  about i n  exposed a r e a s .  A t  Sooke and Ind ian  A r m ,  

t h e  b lades  tend t o  be more ovate ,  broader  and l a r g e r  su able I; 

Figs .  4 , 5 ) .  

Nearly a l l  t h e  herbarium specimens of mature C c s t a r i a  

examined from t h e  n o r t h e a s t  P a c i f i c  were of t h e  S/PNP form, 

and were c o l l e c t e d  from moderately exposed and exposed a r e a s ,  

No p a t t e r n  emerged when groups of Cos ta r i a  were p l o t t e d  



according t o  b lade  base shape (Fig.  24) . However , more 

p e r f o r a t e d  p l a n t s  were found on t h e  outermost c o a s t s .  The IA 

form may have appeared r a r e  because f e w  of t h e  c o l l e c t i o n s  

were made i n  mainland i n l e t s .  Cos ta r i a  was found t o  grow sub- 

t i d a l l y  up Ind ian  A r m  whereas i t  grew i n  t h e  low i n t e r t i d a l  

a s  w e l l  a s  s u b t i d a l l y  i n  open c o a s t a l  a r e a s  (Druehl, 1967a) .  

Var ia t ion  i n  cha rac te r s  o the r  than b lade  shape have a l s o  

been r e l a t e d  t o  exposure. Widdowson (1965b) s t u d i e d  morpho- 

l o g i c a l  v a r i a t i o n  i n  Hcdophyllum s e s s i l e .  I n  t h i s  spec ies  t h e  

presence of b u l l a t i o n s  and degree of s p l i t t i n g  of t h e  b lade  

vary wi th  t h e  s t a g e  of  development a s  w e l l  a s  w i t h  exposure 

t o  Lqaves and sunl ight  The s i z e  of  b u l ! i t i o n s  i n  C o s t a r i a  

seems t o  decrease  wi th  inc reas ing  exposure from Ind ian  A r m  t o  

Po in t  N O  Poin t  (Fig.  8 ) .  Small b u l l a t i o n s  may s t r eng then  t h e  

b lade ,  a l low water t o  pass more e a s i l y  over t h e  b lade ,  and 

i n c r e a s e  t h e  s u r f a c e  a r e a  f o r  photosynthes is .  The tough b lades  

of  Cape Eealc  Cos ta r i a  were n e a r l y  smooth between t h e  r i b s  and -- 

had b u l l a t i o n s  o u t s i d e  t h e  outermost r i b s  (F igs .  7 ,  8D) . The 

b u l l a t i o n s  on e i t h e r  s i d e  of t h e  middle r i b  may have become 

p e r f o r a t e d ,  making t h a t  p a r t  smoother. C o s t a r i a  - blades  may 

o f f e r  l e s s  r e s i s t a n c e  t o  water movement i f  they a r e  p e r f o r a t e d .  

Norton (1969) found t h a t  t h e  b lades  of Saccorhiaa poly- 

schicles growing i n  sheltered places  t o r e  under t h e i r  own 



w e i g h t  when removed from t h e  w a t e r ,  whereas  -- S. p o l y s c h i d e s  

i n  more exposed s i t e s  had tough  b l a d e s .  S i m i l a r l y  I A  form 

C o s t a r i a  t o r e  r e a d i l y  when h a n d l e d ,  b u t  t h e  S/PNP form was 

tough .  Nor ton  and  Burrows (1969) a l s o  found t h a t  t o u g h ,  

t h i c k  - S .  p o l y s c h i d e s  had a l a r g e r  number o f  c o r t i c a l  c e l l s  

t h a n  d i d  p l a n t s  i n  a  s h e l t e r e d  a r e a .  The t h i c k n e s s  o f  C o s t a r i a  

b l a d e s  betwecn t h e  r ibs  d i d  n o t  v a r y  much a t  t h e  d i f f e r e n t  

s i t e s  ( T a b l e  11; F i g .  1 0 ) .  However, t h e  r ibs o f  t h e  S/PNP 

form were  n e a r l y  t w i c e  a s  t h i c k  a s  t h e  ribs o f  t h e  IA form, 

and most o f  t h e  e x t r a  t h i c k n e s s  came from t h e  i n c r e a s e d  number 

o f  c e l l  l a y e r s  i n  t h e  r i d g e  s i d e  c o r t e x   able 11; F i g .  1 2 ) .  

These  t h i  (yker r ibs  p robab ly  ( j i v e  added s t r e n q t - h  t o  t h e  b l a d e ,  

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

a c r o s s .  The t h i c k e r  r ibs would a l s o  e x p l a i n  why C o s t a r i a  

b l a d e s  become more e roded  l o n g i t u d i n a l l y  w i t h  i n c r e a s i n g  ex- 

p o s u r e  t o  waves ,  r a t h e r  t h a n  e roded  a t  r i g h t  a n g l e s  t o  t h e  

l o n g i t u d i n a l  a x i s ,  a s  t e n d e d  t o  o c c u r  a t  I n d i a n  A r m .  

S o r u s  a p p e a r a n c e  and  d i s t r i b u t i o n  on t h e  b l a d e  may b e  ex- 

p l a i n e d  a s  f o l l o w s .  A t  I n d i a n  A r m  and Sooke,  b l a d e s  a r e  l e s s  

t o r n  t h a n  a t  P o i n t  No P o i n t  o r  Capc B e a l e  and s o r i  a r e  f i r s t  

v i s i b l e  on t h e  u p p  and o l d e r  2 o r t i o n s  o f  t h e  b l a d e s  ; t h e y  

l a t e r  c o v e r  more o f  t h e  lower  p a r t s .  Due t o  e r o s i o n  o f  t h e  



b lade  ends i n  p l a n t s  from Point  No Poin t  and Cape Beale ,  s o r i  

seem t o  develop c h i e f l y  on t h e  lower h a l f  of b lades .  S o r i  a r e  

d i s t r i b u t e d  almost cont inuously on t h e  comparatively smooth 

b lade  s u r f a c e s  of t h e  I A  form. However, t h e  S/PKP form shows 

a  discont inuous d i s t r i b u t i o n  of s o r i .  The more s h e l t e r e d  micro- 

environment of t h e  hollows of  t h e  b u l l a t i o n s  may favour sorus  

development. 

I t  i s  d i f f i c u l t  t o  r e l a t e  s t i p e  length  of Cos ta r i a  t o  

exposure,  b u t  a longer s t i p e  may al low a  p l a n t  f r e e r  movement 

i n  an exposed a r e a .  Druehl (1967b) found t h e  s h o r t  s t i p e  form 

of  Laminaria qroenlandica t o  occur i n  q u i e t  waters  and t h e  long 

s t i p e  form i n  moreeqoscd ;3rwis, The IA form Cos ta r i a  had 

f i n e l y  r idged ,  more s l ender  s t i p e s  than t h e  S,/PNP form which 

were coa r se ly  ridged (Table I ;  Figs .  1 4 , 1 5 ) .  Like t h e  t h i c k e r  

r i b s  on t h e  b lades ,  coarse  r idges  may s i m i l a r l y  add t o  t h e  

s t r e n g t h  o f  t h e  s t i p e .  The added s t r e n g t h  would be p a r t i c u l a r l y  

advantageous where t h e  s t i p e  becomes f l a t t e n e d  a t  t h e  junct ion 

o f  t h e  s t i p e  and b lade .  Ridqes a l s o  i n c r e a s e  s u r f a c e  a r e a ,  

p o s s i b l y  f o r  photosynthes is .  On t h e  whole, s h o r t  s t i p e s  tenclccj 

t o  be l e s s  r idged than long s t i p e s  even i n  exposed a r e a s  and 

long s t i p c s  were always f a i r l y  coa r se ly  r idged o r  coa r se ly  

r idged even i n  l e s s  exposed a r e a s .  



Indian  A r m  form -- Cos t a r i n  had numerous, p ro fuse ly  branched 

haptera  loose ly  a t t ached  t o  t h e  subc3trate. The S/PNP form had 

fewer, l e s s  branched hap te ra  which a t t ached  t i g h t l y  t o  t h e  sub- 

s t r a t e .  The many haptera  of t h e  I A  form seemed t o  bind t h e  

mud without  adhering t o  a  s o l i d  s u b s t r a t e .  The t i g h t l y  a t t a c h e d  

hap te ra  may be c o r r e l a t e d  wi th  g r e a t e r  water  movement, a s  

l o o s e l y  a t t a c h e d  p l a n t s  i n  an exposed a r e a  would g e t  washed 

away. 

Changes i n  morphology have usua l ly  been a s s o c i a t e d  wi th  

water  movement (Knlght and Parke,  1950; Burrows and Lodge, 

1951; Kain, 1962; Sundene, 1962a, 1962b, 1964; Druehl,  1967b; 

Norton, 1 9 k  FJowI?-rcr, '?:I r row- (1964)  has r e l a t e d  v a r i a t i o n  

i n  t e x t u r e ,  muci lagc  ducts  and anatomy of laminar ia lean  b lades  

t o  d i f f e r e n c e s  i n  temperature.  The e f f e c t  of s a l i n i t y  on mor- 

phologica l  c h a r a c t e r s  of k e l p  sporophytes has not  been s t u d i e d ,  

a l though Sundene (1962b, 1964) a t t r i b u t e d  t h e  d e t e r i o r a t i o n  of  

t r a n s p l a n t e d  A l a r i a  and Laminaria p a r t l y  t o  low f j o r d  s a l i n i t i e s .  

An i n t e r e s t i n g  smal l  c o l l e c t i o n  of Cos ta r i a  was made i n  

June,  1971, a t  Bamficld a t  about 1 2  m below t h e  extreme low 

t i d e  l e v e l .  Here Cos ta r i a  was growing wi th  Laminaria saccharins 

and Zostcra  marina which a r e  u s u a l l y  found i n  more s h e l t e r e d  

p laces  (Druehl,  F r s -  comm. 1 .  Thc b lades  of t h e  C o s t a r i a  were 



more d e l i c a t c  than u s u a l  f o r  t h a t  a r c a  w i t h  l a r g e  b u l l a t i o n s ,  

f l a t L c i ~ c ~  1'1bs anti no perforations (UBC 45795-9) . T h e r e  werc? 

s o r i  a long  t h e  ribs on t h e  upper  p a r t  o f  some b l a d e s  (UBC 45795-6) .  

The s t i p e s  were  c o a r s e l y  r i d g e d  and t h e  h a p t e r a  q u i t e  b ranched .  

Except  f o r  t h e  c o a r s e l y  r i d g e d  s t i p e s ,  t h e  p l a n t s  r e sembled  t h e  

s h e l t e r e d  I A  form - C o s t a r i a  - ( F i g .  2 8 ) .  However, t h e  d e e p  growing 

p l a n t s  wcrc  most s i m i l a r  t o  C o s t a r i a  from Second Narrows. Sun- 

dene  ( 1 9 6 2 ~ )  and Kain (1362)  found t h a t  some o t h e r  members o f  

t h e  L a m i n a r i a l e s  growing i n  d e e p  w a t e r  i n  more exposed a r e a s  

t e n d e d  t o  have  t he  same Form cis p l a n t s  growing i n  more s h e l t e r e d  

p l a c e s .  Second Narrows i s  s h e l t e r e d  b u t  h a s  a  s t r o n g  c u r r e n t ,  

I I - , ~ ?  3 l j l , l ~ 3 4  , , 1 lonti - + 1  31- would be ' , e t t e r  a d a p t e d  f o r  

su rv . iv ; l l  ,n a c u l ~ c n t  than a p l a n t  w i t h  a  s h o r t  s t i p e .  A s  n o t e d  

e a r l i e r ,  long s t i p e s  a r e  a lways  r i d g e d .  The p r e s e n c e  o f  a  

c u r r e n t  where  t h e  collection was made a t  Bamfie ld  would e x p l a i n  

t h e  l o n g ,  c o a r s e l y  r i d g e d  s t i p e .  

Trends  i n  t h e  morphology o f  ma tu re  C o s t a r i a  a s  r e l a t e d  t o  

a  wave e x p o s u r e  g r a d i e n t  from s h e l t e r e d  t o  f u l l y  exposed may 

be summari::cd a s  f o l l o w s  : 

S h e l t e r e d  F u l l y  exposed 

Broad b l a d c  Narrow b l a d e  

L a r g c  a n g l c  o f  b l a d e  b a s e  Smal l  a n g l e  o f  b l a d e  b a s e  



Fig .  2 8  Cos ta r i a  c o l l e c t e d  i n  J u n e ,  1 9 7 1 ,  

about 1 2  m below extreme low tide 

l e v e l  a t  Barnfield (UBC 4 5 7 9 5 ) .  





R i b s  f l a t t e n e d  

B u l l a t i o n s  l a r g e  

C r i s p  b l a d e ,  t e a r s  e a s i l y  

No p e r  f o r a t i o n s  

S t i p e  s u r f a c e  smooth o r  
f i n e l y  r i d g e d  

H a p t e r a  e x t e n s i v e l y  
b ranched  

Taken i n d i v i d u a l l y ,  t h e s e  

- 8 5 -  

R i b s  prominent  

~ u l l a t i o n s  s m a l l  

Tough b l a d e ,  does  n o t  t e a r  e a s i l y  

P e r f o r a t i o n s  

S t i p e  s u r f a c e  c o a r s e l y  r i d g e d  

Hap te ra  n o t  e x t e n s i v e l y  b r a n c h e d  

a r e  n o t  good taxonomic c h a r a c t e r s  

b e c a u s e  t h e y  r e g u l a r l y  i n t e r g r a d e .  Combinat ions  o f  c h a r a c t e r s  

make t h e  ex t reme  forms o f  C o s t a r i a  ( e . g .  from I n d i a n  A r m  and  

Cape ~ c a l e )  q u i t e  d i r t i n c t i v e ,  b u t  t h e  i n t e r m e d i a t e  forms 

(e .g .  tram Sa11 J u a n  1. and  Oak Bay, V i c t o r i a )  c o m p l i c a t e  t h e  

p a t t e r n .  Because o n l y  f o u r  ( g e o g r a p h i c a l l y  s e p a r a t e d )  popu la -  

t i o n s  were  s t u d i e d  c -x tcns ive ly ,  more i n t e r m e d i a t e s  may b e  found 

a round  t h e  i s l a n d s  o f  t h e  S t r a i t  o f  Georg ia  and  a l o n g  t h e  

B r i t i s h  Columbia mainland and e a s t  c o a s t  o f  Vancouver I .  The 

r a n g e  o f  v a r i a t i o n  i s  summarized i n  P i g .  2 9  and  t h e  r e l a t i v e  

f r e q u e n c i e s  o f  each  m o r p h o l o g i c a l  v a r i a n t  i s  g i v e n  f o r  C o s t a r i a  

from t h e  major  c o l l e c t i o n  s i t e s .  

The v a r i a t i o n  s e e n  w i t h i n  any  one p o p u l a t i o n  may p a r t l y  

b e  e x p l a i n e d  b y  t h e  b r e e d i n g  s y s t e m  of C o s t a r i a ;  s e x u a l  r e p r o -  

d u c t i o n  would f a v o u r  o u t b r e e d i n g .  Meiospores  a r e  r e l e a s e d  



Fig. 2 9  Summary of t h e  range of v a r i a t i o n  i n  prominence 

of r i b s ,  r idges  on t h e  s t i p e  s u r f a c e ,  b u l l a t i o n s  

and p e r f o r a t i o n s  i n  Cos ta r i a  from a r e a s  of  

d i f f e r e n t  wave exposures,  arranged according 

t o  b lade  base shape. A t  t h e  major c o l l e c t i o n  

s i t e s  ( Indian  Arm, Sooke, Po in t  No Poin t  and Cape 

Beale) t h e  more f requent  morphological v a r i a n t s  

a r e  shown by d u p l i c a t e  and t r i p l i c a t e  symbols. 

Some data  come from t h e  smal l  c o l l e c t i o n s  i n  

southwest B r i t i s h  Columbia and from herbarium 

specimens from t h e  nor theas t  Paci  f i  c ,  wherever 

wave exposure da ta  were a v a i l a b l e .  

r Ribs not  prominent 

s S t i p e  smooth o r  f i n e l y  r idged 

b  Bu l l a t ions  few and l a r g e  

p Per fo ra t ions  absent  

Bb Bul l a t ions  v a r i a b l e  

R Ribs prominent 

S S t i p e  coa r se ly  r idged 

B Bu l l a t ions  many and small  

P Pe r fo ra t ions  p resen t  
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over  s e v e r a l  months. They a r e  m o t i l e  and would b e  d i s p e r s e d  

by wa te r  movements. Male gametes a r e  a l s o  m o t i l e .  I n  t h e o r y  

t h e r e  i s  a  p o t e n t i a l  f o r  gene exchange between a l l  popu la t ions  

o f  C o s t a r i a ,  b u t  it i s  n o t  known how f a r  meiospores can  b e  

d i s p e r s e d  nor  f o r  how long t h e y  a r e  v i a b l e .  

D i f f e r ences  i n  C o s t a r i a  p l a n t s  may be  accounted f o r  

by  phenotypic p l a s t i c i t y  o r  e c o t y p i c  v a r i a t i o n .  Phenotypic 

p l a s t i c i t y  i s  i n d i c a t e d  where morphological  c h a r a c t e r s  v a r y  

wide ly  i n  response  t o  v a r i a t i o n s  i n  environment.  Exper imenta l ly ,  

t r a n s p l a n t s  should d i s t i n g u i s h  between phenotypic  p l a s t i c i t y  

and e c o t y p i c  v a r i a t i o n .  The C o s t a r i a  t r a n s p l a n t s  d i d  not g i v e  

d e f i n i t e  r e s u l t s  a s  t o t h e  p l a s t i c i t y  of  t h e  v a r i o u s  c h a r a c t e r s  

s t u d i e d .  However t h e  sporophytes  used i n  t h e  t r a n s p l a n t  e x p e r i -  

ments a l r e a d y  had b l a d e s  up t o  20  cm long and s o  had probably  

s p e n t  severa l  weeks i n  t h e i r  f i r s t  environment.  Thus,  t h e  

r e a c t i o n  of  t h e  t r a n s p l a n t s  t o  t h e  second environment may 

have been cond i t i oned  p h y s i o l o g i c a l l y  and/or morphologica l ly  

by t h e i r  expe r i ence  i n  t h e  f i rs t .  Hence t h e  I A  form could 

n o t  s u r v i v e  mechanical  damage from wave a c t i o n  i n  t h e  upper 

s u b t i d a l  o f  moderate ly  exposed and exposed c o a s t s  w h i l e  t h e  

S/PNP form could n o t  s u r v i v e  t h e  h i g h  summer tempera tures  and 

low s a l i n i t i e s  of a  mainland i n l e t .  To d i s t i n g u i s h  between 



phenotypic  p l a s t i c i t y  and e c o t y p i c  v a r i a t i o n ,  i d e a l l y  

meiospores should  b e  t r a n s p l a n t e d .  

N a t u r a l  s e l e c t i o n  o f  t h o s e  meiospores ,  gametophytes o r  

young sporophytes  most s u i t e d  t o  each environment could  a l s o  

c o n t r i b u t e  t o  observed v a r i a t i o n  i n  t h e  c l i n e ;  t o  f i n d  t h e  

e f f e c t  of  s e l e c t i o n ,  s u r v i v a l  and development of  t h e s e  s t a g e s  

would have t o  be  followed i n d i v i d u a l l y .  

On t h e  southwest  and wes t  c o a s t s  o f  Vancouver I .  e c o t y p i c  

v a r i a t i o n  o f  C o s t a r i a  would seem u n l i k e l y  because d i s t i n c t i v e  

h a b i t a t s  a r e  n o t  i s o l a t e d ,  sugges t ing  t h a t  phenotypic  p l a s t i c i t y  

would b e  r e s p o n s i b l e  f o r  t h e  v a r i a t i o n .  However, I n d i a n  A r m  

could b e  c:ons; (1erec3 (I:-~virc): -1cll ta1ly d i s  ti n c t ,  and t h e  popula- 

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

s t r o n g l y  pheno typ ica l ly  p l a s t i c .  A t  Bamfield t h e  deep growing 

C o s t a r i a ,  which were s i m i l a r  t o  C o s t a r i a  a t  I n d i a n  A r m  and 

Second Narrows, were s p a t i a l l y  c l o s e  t o  a n  exposed a r e a  and 

geograp l l i ca l ly  s e p a r a t e d  from s h e l t e r e d  I n d i a n  A r m  and 

Burra rd  I n l e t .  The tempera ture  and s a l i n i t y  ranges  a t  Bamfield 

were a l s o  q u i t e  d i f f e r e n t  from I n d i a n  A r m .  I n  t h i s  c a s e  eco- 

t y p i c  d ivergence  seems u n l i k e l y .  

I n  conc lus ion ,  from my o b s e r v a t i o n s  and t r a n s p l a n t i n g  

exper iments ,  i t  i s  n o t  p o s s i b l e  t o  s a y  w i t h  c e r t a i n t y  what 



causes v a r i a t i o n  i n  Cos t a r i a ,  bu t  phenotypic p l a s t i c i t y  seems 

most. l i k e l y  wi th  wave 2xposure t h e  major f a c t o r  determining 

morphology. 

S ince  v a r i a t i o n  i n  b lade  and b lade  base shape has been 

t h e  f e a t u r e  most commonly used t o  d i s t i n g u i s h  between C o s t a r i a  

c o s t a t a ,  C. mer tens i i  and/or o the r  taxa of C o s t a r i a ,  and s i n c e  

t h e  Cos ta r i a  descr ibed  t o  d a t e  have been of t h e  S/PNP form, 

t h e  var ious  names should be reduced t o  synonomy wi th  - C .  c o s t a t a .  

T u r n e r ' s  Fucus c o s t a t u s  (1819) i s  t h e  type  specimen f o r  t h e  

genus =staria and t h e  spec ies  C. c o s t a t a  (Fig.  3 ) .  Although 

t h e  XA form has not  been descr ibed  o r  i l l u s t r a t e d  p rev ious ly ,  

i t  f i t s  the s h e l t e r e d  extremclof t h e  wave exposure g r a d i e n t  i n  

v a r i a t i o n .  Thus t h e  S/PNP form could be c a l l e d  a  'wave exposed 

morphological form' and t h e  I A  form a  ' s h e l t e r e d  morphological 

form1.  Because of wide polymorphism i n  t h e  d i f f e r e n t  popula t ions  

and between popula t ions ,  the  morphological forms should not  be 

g iven  taxonomic s t a t u s .  



APPENDIX 

I n  T a b l e s  I - XXV t h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e  used:  

Mean 

S .  D. 

CUN 

OBT 

COR 

AUR 

No. 
o f  p l a n t s  

Mean measurement 

S t a n d a r d  d e v i a t i o n  

Cunea te  

Obtuse  

C o r d a t e  

A u r i c u l a t e  

Number o f  p l a n t s  u s e d  t o  c a l c u l a t e  means and  

s t a n d a r d  d s v i a t i o n s  ( T a b l e s  V I  - X X I I I )  . Higher  

number r e p r e s e n t s  sample  s i z e ;  lower  number 

r e p r e s e n t s  fewer measurements made b e c a u s e  p a r t s  

of some p l a n t s  i n  t h e  sample  were  damaged. 





aJ L. 
LZ W 
U 

-0 
C C 
.d m 
a o 
O r .  
ui m 
3 r' 







m c u n  
. i d  

0 ,-+ 
V 



E3z3 
U O U  









TABLE X 

T r a n s p l a n t  s t u d i e s :  I n d i a n  A r m  C o s t a r  i a  t r a n s p l a n t e d  t o  Sooke on  March 
3 0 ,  1969,  showing b l a d e  a n d  s t i p e  measurenlcn ts  f o r  
successive s a m p l i n g  d a t e s .  

Mar. 3 0  Apr.  1 3  Apr.  26 

Mean S.D. Mean S.D. Mean S.D. ------  

Blade  l e n g t h  (cm) 1 1 . 0  2 .  9 7 . 6  2 . 4  7 . 0  2 . 1  

Maximum b  l a d e  
w i d t h  (cm) 5 . 2  1 . 9  4 . 4  1 . 0  3 . 1  1 . 2  

B lade  b a s e  a n g l e  123 27 8  0  14 8  7  2  5  

B lade  b a s e  s h a p e  C UN CUN CUN 
OBT OBT 

S t i p e  l e n g t h  (cm) 1 . 2  0 . 3  1 . 3  0 . 2  1 . 6  0 . 7  

N O .  o f  p l a n t s  8 4-  8 3- 5  

TABLE X I  

R a n s p l a l l t  s t u d i e s :  I n d i a n  A r m  C o s t a r i a  t r a n s p l a n t e d  t o  P o i n t  N O  P o i n t  
on  May 1 3 ,  1968,  showing b l a d e  a n d  s t i p e  measu remen t s  
f o r  s u c c e s s i v e  s a m p l i n g  d a t e s .  

May 13  J u n e  1 3  J u l y  9  

Mean S.D. Mean S.D. Mean S.D. -- . - -  -- 
Blade  l e n g t h ( c m )  7 . 9  - - -  1 4 . 5  - - -  18 .8  - - -  

Maximum b l a d e  
w i d t h  (cm) 7 . 1  - - -  6 . 5  - - -  7 . 2  - - -  

Blade  b a s e  s h a p e  OBT OBT OBT 

S t i p e  l e n g t h  (cm) 1 . 8  - - -  3 . 5  ---  4 . 6  - - -  

No. o f  p l a n t s  1 1 1 



T r a n s p l a n t  s t u d i e s :  I n d i a n  A r m  Cos t a r i a  t r a n s p l a n t e d  t o  P o i n t  p o i t l t  
o n  June  1 3 ,  1968 ,  showing b l a d e  and  s t i p e  measurenien ts  
f o r  s u c c e s s i v e  s a m p l i n g  d a t e s .  

J u n e  1 3  J u l y  9 

Mean S.D. Mean S.D. ----  

Blade  l e n g t h  (cm) 7 . 2  - - -  8 . 5  - - -  

Maximum b l a d e  
w i d t h  (cm) 5 . 1  - - -  3 . 5  - - -  

Blade  b a s e  s h a p e  OBT OB T  

S t i p e  l e n g t h  (cm) 2 . 3  - - -  2 . 4  - - -  

No. o f  p l a n t s  2  2 

T r a n s p l a n t  s t u d i e s :  I n d i a n  Arm COS t a r i a  t r a n s p l a n t e d  t o  P o i n t  No P o i n t  
o n  J u l y  9 ,  1968,  showing b l a d e  and  s t i p e  measu remen t s  
f o r  s u c c e s s i v e  s a m p l i n g  d a t e s .  

B lade  l e n g t h  (cm) 

Maximum b l a d e  
w i d t h  (cm) 

B lade  b a s e  a n g l e  

B lade  b a s e  s h a p e  

S t i p c  l e n g t h  (cm) 

No. o f  p l a n t s  

J u l y  9  

Mean S.  D. - - 

9 . 2  6 . 9  

OBT 

1 . 5  1 . 0  

Aug. 23  

Mean S .  D.  -- 
1 4 . 9  1 1 . 8  

5 . 6  3 . 1  

---  - - - 

OBT 

2 . 3  1 . 7  

S e p t .  28  

Mean S.D.  -- 

7 . 9  - - -  
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TABLE xv 

T r a n s p l a n t  s t u d i e s  : Sooke C O S  t a r  i a  c o n t r o l s  s t a r t e d  on  
March 3 0 ,  1969,  showing  b l a d e  and  
s t i p e  measu remen t s  f o r  s u c c e s s i v e  
s a m p l i n g  d a t e s .  

Mar. 3 0  

Mean S.D. -- 
Blade  l e n g t h  (cm) 11.1 4 . 7  

Maximum b l a d e  
w i d t h  ( c m )  3 . 7  1.1 

Blade  b a s e  a n g l e  54  6  

B lade  b a s e  s h a p e  CUN 

S t i p e  l e n g t h  (cm) 1.1 0 . 6  

No. o f  p l a n t s  5  

Apr .  26  May 18  

Mean S . D .  Mean S .D.  - -- 
1 8 . 8  1 0 . 8  3 2 . 8  2 0 . 9  

4 .8  1 . 7  5 . 9  2 . 9  

5  0  16  53  1 5  

CUN CUN 

2 . 9  1.1 4 . 5  1 . 3  

4 -  5  4  
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T r a n s p l a n t  s t u d i e s :  

B lade  l e n g t h  (cm) 

Maximum b l a d e  
w i d t h  (cm) 

B lade  b a s e  a n g l e  

B lade  b a s e  s h a p e  

S t i p e  l e n g t h  ( c m )  

No. o f  p l a n t s  

P o i n t  No P o i n t  C o s t a r i a  c o n t r o l s  
s t a r t e d  on  March 2 9 ,  1969,  s h o w i n g  
b l a d e  a n d  s t i p e  measu remen t s  f o r  
s u c c e s s i v e  

Mar. 29 

Mean S .D.  -- 

1 1 . 9  3 . 8  

s a m p l i n g  d a t e s .  

Apr.  25  May 1 7  

Mean S.D. Mean S .D.  - -- 
1 1 . 4  2 . 3  1 2 . 0  - - -  





TABLE XXI 

T r a n s p l a n t  s t u d i e s :  P o i n t  NO P o i n t  C o s t a r  i a  t r a n s p l a n t e d  
t o  I n d i a n  Arm o n  A p r i l  3 ,  1 9 6 9 ,  
showing b l a d e  a n d  s  t i p e  m e a s u r e m e n t s  
f o r  s u c c e s s i v e  s a m p l i n g  d a t e s .  

B l a d e  l e n g t h  (cm) 

Maximum b l a d e  
w i d t h  (cm) 

B l a d e  b a s e  a n g l e  

B l a d e  b a s e  s h a p e  

S t i p e  l e n g t h  (cm) 

No. o f  p l a n t s  

Apr. 3 Apr .  24 J u n e  11 

Mean S.D. Mean S.D. Mean S.D.  -- -- -- 
1 1 . 0  4 . 1  1 8 . 4  6 . 5  1 7 . 0  - - -  
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