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ABSTRACT: Gigartina acicularis is an  intertidal,  perennia l  red alga which  reaches  its nor thern  
distr ibutional limit in the nor th-eas tern  Atlantic on  the Irish coast. It has  only rarely been  found with 
reproductive structures in the British Isles. Plants isolated vegeta t ively  from field-collected p lants  
near  the nor thern distr ibutional  l imit in I reland formed tetrasporangia,  the tetras_pores of which  
gave rise to plants  which  formed gametang ia  and  carposporophytes at  I6°C, 8:16 h. Sporel ings  
grown from the carpospores of these plants  formed te t rasporangia  at all daylengths  tested (16--8 h) 
at 13-20 °C; but  there was a quant i ta t ive  photoper iodic  response  in the  number s  of p lants  forming 
tetrasporangia, and  in the numbers  of sori formed, at 13-16 °C. Only one in 20 plants  became  fertile 
at 16 °C, 16:8 h and  8:7.5:1:7.5 h, but  16 in 20 plants  reproduced at 16 °C, 8:1--6 h. At 20 °C, 16:8 h and  
8:16 h, all plants formed tetrasporangia,  and  formation was most  rapid under  the  long-day regime.  
No tetrasporangia were formed at 9-10°C, regardless  of daylength.  Apical  e longat ion of these  
plants  also appeared to show a quant i ta t ive  photoper iodic  response at 16°C, 1 h l ight  breaks  in a 
16 h n ight  giving more or less a long-day response.  This effect was appa ren t  about  4 weeks  before 
the formation of the first tetrasporangia.  There  would therefore appear  to be  quant i ta t ive  photo- 
periodic control of tetrasporogenesis  in the Irish s train of G. acicularis. Tempera tu re  and  photo- 
periodic control of reproduction in this  species only part ial ly accounts for the observed rarity of 
reproductive structures in populat ions of this species near  the nor thern  limit of its distribution.  

I N T R O D U C T I O N  

Gigartina acicularis ( G i g a r t i n a l e s ,  G i g a r t i n a c e a e )  is a r e l a t i v e l y  u n c o m m o n ,  p e r e n -  

n ia l ,  i n t e r t i d a l  r e d  a l g a  in  t h e  B r i t i s h  Is les .  It g r o w s  i n  t h e  l o w e r  i n t e r t i d a l  a n d  t h e  

s h a l l o w  s u b t i d a l  i n  s h e l t e r e d  or s e m i - e x p o s e d  l o c a l i t i e s  a n d  is o f t e n  a s s o c i a t e d  w i t h  s i l t  

or f i ne  s a n d .  T h e  s p e c i e s  is f o u n d  f r o m  t h e  B r i t i s h  I s l e s  ( k n o w n  n o r t h e r n  l i m i t  is  

R o u n d s t o n e ,  Co. G a l w a y ,  I r e l a n d ;  5 3 ° 2 4 ' N ,  0 9 ° 5 5 ' W )  s o u t h  to C a m e r o u n ,  f r o m  N o r t h  

C a r o l i n a  to U r u g u a y ,  a n d  i n  t h e  e a s t e r n  M e d i t e r r a n e a n  ( see  G u i r y  & C u n n i n g h a m ,  

1984}. In t h e  n o r t h - e a s t e r n  A t l a n t i c ,  r e c o r d s  of r e p r o d u c t i v e  p l a n t s  a r e  v e r y  r a r e ;  

c y s t o c a r p i c  p l a n t s  h a v e  o n l y  b e e n  f o u n d  o n  o n e  o c c a s i o n  i n  t h e  Br i t i sh  I s l e s  { D e v o n  i n  

J a n u a r y ,  1829), a n d  t e t r a s p o r a n g i a l  p l a n t s  s e e m  a l so  to b e  e x t r e m e l y  u n c o m m o n  (on ly  

" Paper presented at the Seaweed Biogeography Workshop of the Internat ional  Working Group on 
Seaweed Biogeography, he ld  from 3-7 April  1984 at the Depar tment  of Mar ine  Biology, Rijk- 
suniversiteit  Groningen {The Netherlands}. Convenor:  C. van  den  Hoek. 
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k n o w n  record is from Galway  Bay in  November,  1966). Elsewhere in the north Atlantic 
(mainly France,  Spa in  and  Portugal}, te t rasporangial  p lants  have b e e n  reported from 
Ju ly  to J anua ry  and  cystocarpic plants  from November  to March. Guiry & Cunningham 
(1984) found that  male  and  female p lants  of this species from nor thern  France only 
formed g a m e t a n g i a  in  cul ture at tempera tures  of 14-18 °C inclus ive  and  at daylengths of 
12 h and  less. Gametogenes i s  is thus conf ined to the a u t u m n  in  nor thern France and, at 
the nor thern  dis t r ibut ional  l imit  in  the eas tern  Atlantic,  would  be restricted to exception- 
ally warm autumns .  In a p re l iminary  study of the effects of day leng th  and  temperature on 
the formation of te t rasporangia  in  mature  p lants  of Gigartina acicularis, Guiry & 
C u n n i n g h a m  (1984) found that they deve loped  at all daylengths  tested at 16 °C and none 
were formed at 10°C; there did, however,  seem to be a response to daylength as 
sporangia  were formed more rapidly at the shorter daylengths.  

The present  paper  describes a series of exper iments  des igned  to elucidate photo- 
periodic and/or  tempera ture  responses in  te t rasporangial  plants  of a G. acicularisisolate 
from the Irish coast nea r  the nor thern  dis t r ibut ional  l imit  of the species in  the Atlantic. 

MATERIALS AND METHODS 

Sterile p lants  of Gigartina acicularis were collected at New Quay, Co. Clare, Ireland 
(53o09.3 ' N; 09 ° 13' W) on 14 Sep tember  1982, and  were isolated vegeta t ively  into culture 
at 16°C 8:1--6h (light:dark) at 5 ~tmol m - 2 s  -1. Cultures  were rendered  unia lga l  as 
follows: Penic i l l in  G (Na salt) was used at about  5 mg 1 -~ of cul ture med ium to eliminate 
sensi t ive prokaryotic organisms;  G e r m a n i u m  dioxide was used at concentrat ions of 
5 ~tg 1-1 of cul ture m e d i u m  to control diatoms; tips were then  excised cont inuously  until 
they were  free of any  other con tamina t ing  algae.  This technique  works well  for G. 
acicularis as the tips adapt  quickly to cul ture conditions,  and  subsequen t ly  grow rapidly. 

All p lants  were grown in  enr iched  seawater,  a modif icat ion of the Grund  medium 
(McLachlan, 1973); Guiry & C u n n i n g h a m  (1984) give full details of its composition. 
Stock cultures were m a i n t a i n e d  in  glass dishes of 200 ml capacity; dishes and media 
were changed  every 14 days. Spores were inocula ted  on to glass microscope slides using 
f ine -drawn Pasteur pipettes.  For the studies on growth and  reproduct ion of tetrasporan- 
gial  plants,  sporel ings  were excised from the glass slides at 2-4 mm long (about 8 weeks 
after spore inoculat ion)  us ing  a scalpel.  For studies of the effects of daylength and 
temperature ,  d isposable  plastic petri dishes with a volume of about  50 ml were used. 
Two repl icate  cul tures of 10 plants  each were grown unde r  each regime. The plastic 
dishes and  the med ia  were changed  every 7 days, at which t ime the plants  were gently 
wiped  with paper  tissues, measured,  and  examined  unde r  a b inocular  microscope for 
reproduction.  When  measu r ing  plants,  the m a x i m u m  length  was t aken  to the nearest 
0.5 mm, and  no effort was  made  to s t ra ighten  curved plants.  This species is a particularly 
sui table  subject  for growth measuremen t s  as growth is more or less l inear  for the first 
40-50 mm of thal lus  formation, and  the l ead ing  shoot persists after lateral  branching.  

Photon f luence densi t ies  were measured  us ing  a LI-COR Model  185-B meter and a 
LI-190SB q u a n t u m  sensor. Fluorescent  l ight  was  provided by cool-white 65/80 W tubes 

p laced  vert ical ly above the dishes. Tempera tu re  was measured  us in  G Nickel  Chromium/ 
Nickel  A l u m i n i u m  thermocouples  immersed  in  250 ml of dist i l led water. All tempera- 
ture readings  cited in  the text are accurate to + 1 °C. 
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RESULTS 

Initial isolation of plants 

V e g e t a t i v e  p l a n t s  i s o l a t e d  f rom f i e l d - c o l l e c t e d  m a t e r i a l  r e g e n e r a t e d  w e l l  i n  c u l t u r e  

af ter  a b o u t  4 w e e k s  a t  16 °C, 8:16 h. T e t r a s p o r e s  w e r e  r e l e a s e d  a f t e r  a b o u t  8 w e e k s  u n d e r  

th is  r e g i m e  f rom t ips  on ly  2 m m  long .  N u m e r o u s  t e t r a s p o r e s  w e r e  r e l e a s e d  ove r  a p e r i o d  

of a b o u t  a m o n t h .  T h e s e  w e r e  i n o c u l a t e d  on to  g l a s s  s l i d e s  a n d  w e r e  g r o w n  at  16°C, 

16:8 h, 20 ~tmol m -2 s -1. U p r i g h t  f ronds  w e r e  f o r m e d  w h i c h  r e a c h e d  16-21 m m  l o n g  a f t e r  

10 w e e k s ;  t h e s e  w e r e  t h e n  t r a n s f e r r e d  to 16 °C, 8:1-6 h, 20 ~n'nol m - 2  s-1 .  M a l e  a n d  f e m a l e  

r e p r o d u c t i v e  o r g a n s  w e r e  f o r m e d  o n  s e p a r a t e  p l a n t s  14 d a y s  la te r .  C y s t o c a r p s  f o r m e d  o n  

t h e  f e m a l e  p l a n t s  a n d  c a r p o s p o r e s  w e r e  r e l e a s e d  at  16 °C, 8:16 h,  20 ~tmol m - 2  s -  1 a f t e r  a 

f u r t h e r  11 w e e k s .  T h e s e  c a r p o s p o r e s  w e r e  i n o c u l a t e d  onto.  g l a s s  s l i d e s  a n d  w e r e  g r o w n  

at  16°C,  16:8 h, 20 ~tmol m -2 s -1. Af t e r  6 w e e k s  t h e  c a r p o s p o r e t i n g s  w e r e  3 -4 .5  m m  l o n g  

a n d  w e r e  d e t a c h e d  m a n u a l l y  a n d  g r o w n  in  p l a s t i c  pe t r i  d i s h e s .  

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

s p o r a n g i a l  p l a n t s  

S p o r e l i n g s  3 -4 .5  m m  l o n g  d e r i v e d  f rom c a r p o s p o r e s  f rom a s i n g l e  c y s t o c a r p  w e r e  

g r o w n  at  t he  t e m p e r a t u r e s  a n d  d a y l e n g t h s  s h o w n  in  T a b l e  1. T h e  p l a n t s  g r e w  m o r e  

r a p i d l y  at  20°C,  16:8 h t h a n  at  20°C,  8:1"-6 h {Pig. I), a n d  s t a r t e d  to r e l e a s e  t e t r a s p o r e s  

af ter  4 w e e k s .  Al l  p l a n t s  h a d  r e l e a s e d  t e t r a s p o r e s  by  t h e  f i f th  w e e k  {Table 1). T h e r e  was ,  

h o w e v e r ,  a h i g h  d e g r e e  of n e c r o s i s  a p p a r e n t  i n  b o t h  {repl icate)  cu l tu res ,  p a r t i c u l a r l y  

Table i. Effects of daylength (h) and temperature on numbers  of plants (of twenty) of the Irish strain 
of Gigartina acicularis forming tetrasporangia at weekly intervals. " = light break of i h in a 16 h 

night. No tetrasporangia were formed before the fourth week  

Temperature Daylength 
(°C) (h 

light: dark) 

Weeks from start 

4 5 6 7 8 9 I0 11 12 13 

20 16 : 8 3 20 
20 8 : 16 - 4 9 13 13 16 20 20 20 20 
18 8 : 16 2 3 4 8 14 14 19 19 19 19 
16 16 : 8 . . . . .  1 1 I I 1 

16 14 : 10 . . . . . .  1 2 3 3 

16 10 : 14 . . . . .  6 11 15 15 16 

16 8 : 16 . . . . .  7 15 16 16 16 

16 LB" - . . . . . .  I 1 1 

15 16 : 8 - - - 1 1 2 2 2 2 2 
13 16 : 8 . . . .  1 2 2 2 2 2 
10 16 : 8 . . . . . . . . . .  

10 14 : 10 . . . . . . . . . .  
10 10 : 14 . . . . . . . . . .  
10 8 : 16 . . . . . . . . . .  
I0 LB" - . . . . . . . . .  
9 16: 8 . . . . . . . . . .  
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Fig__:. 1. Apical elongation of Gigartlna acicularls tetrasporangial plants at 20 °C, 16:8 h and 20 °C, 
8:16 h. Values represent the mean lengths of 20 plants at week__ly intervals; standard deviations did 

not exceed ± 3.7 mm at 8:16 h 

after tetraspore release, and  the plants  d ied  after the sixth week.  This necrosis {West & 
Guiry, 1982; Guiry & C u n n i n g h a m ,  1984) in i t ia l ly  manifests  itself as a distal g reen ing  of 
the fronds which rapidly spreads to cover the whole thal lus  surface. Ultimately, the 
whole  surface of the p lan t  becomes white  in  colour. This p h e n o m e n o n  did not seriously 
affect the formation of te t rasporangia  bu t  growth rates were erratic {Fig. 1}. At 20°C, 
8:16 h, tetraspores were not  re leased unt i l  the fifth week  {Table 1), all plants  had  formed 
te t rasporangia  by the tenth week,  and  tetraspore re lease was cont inuous  from the fifth to 
the ten th  week  {Table 2}. In contrast  to p lants  g rown at 20 °C, 16:8 h, necrosis was only 
observed on one p lan t  at 20°C, 8:16 h and  this only at the base. 

At 18 °C, 8:16 h, two plants  formed te t rasporangia  after 4 weeks  and  thereafter there 
was a gradual  increase  in  the n u m b e r  of p lants  forming te t rasporangia  unt i l  the tenth 
week  {Table 1} w h e n  19 of the 20 plants  had re leased tetraspores. The remain ing  plant 
did not form tetrasporangia.  Elongat ion  rates were roughly similar to those observed at 
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Table 1. Effects of day length  (h) and  tempera ture  on numbers  of plants  (of twenty) of the Irish strain 
of Gigartina acicularis forming te t rasporangia  at weekly  intervals.  * = l ight  b reak  of 1 h in a 16 h 

night.  No te t rasporangia  were  formed before the  fourth week  

Tempera ture  Daylength  Weeks  from start 
(°C) (light : dark) 4 5 6 7 8 9 10 11 12 13 

20 16 : 8 + + 
20 8 : 16 -- + + + + + + + + + 
18 8 : 16  + + + + + + + + + + 
16 16 : 8 . . . . .  + . . . .  
16 14 : 10 . . . . . .  + -- + -- 
16 10 : 14 . . . . .  + + + + + 
16 8 : 16 . . . . .  + + + + + 
16 LB ° -- . . . . . .  + -- -- 
15 16 : 8 -- -- -- + -- + + -- -- -- 
13 16 : 8 . . . .  + + . . . .  

20 °C, 8 :16  h. T e t r a s p o r e s  w e r e  r e l e a s e d  c o n t i n u o u s l y  f r o m  t h e  f o u r t h  to  t h e  t h i r t e e n t h  

w e e k  ( T a b l e  2). 

A t  16°C,  e l o n g a t i o n  r a t e s  w e r e  s i g n i f i c a n t l y  a f f e c t e d  b y  d a y l e n g t h  (Fig. 2). A t  

d a y l e n g t h s  of 1 6 : 8 h ,  8 :7 .5 :1 :7 .5  h, a n d  14:1---0h, e l o n g a t i o n  r a t e s  w e r e  v e r y  s i m i l a r ,  

w h e r e a s  a t  10:14 h, a n d  8 :16  h, e l o n g a t i o n  r a t e s  w e r e  c l e a r l y  s u p p r e s s e d  f r o m  a b o u t  t h e  

f o u r t h  w e e k  o n w a r d s .  T h e  f o r m a t i o n  of t e t r a s p o r a n g i a  a t  16 °C s h o w e d  q u i t e  a d i f f e r e n t  

p a t t e r n  to t h a t  o b s e r v e d  a t  20 °C0 n o n e  b e i n g  p r o d u c e d  b e f o r e  t h e  s e v e n t h  w e e k  ( T a b l e  1) 

a n d  m o s t  s t a r t e d  to r e l e a s e  t e t r a s p o r e s  a t  t h e  n i n t h  w e e k  ( T a b l e  2). A t  16°C,  16:8  h, o n l y  

o n e  p l a n t  of t w e n t y  h a d  f o r m e d  t e t r a s p o r e s  a f t e r  13 w e e k s  w h e r e a s  a t  16°C,  8 :16  h 

s i x t e e n  p l a n t s  h a d  r e p r o d u c e d  a f t e r  t h e  s a m e  p e r i o d  ( T a b l e  1). A t  16°C,  8 :7 .5 :1 :7 .5  h,  

only___one p l a n t  h a d  f o r m e d  t e t r a s p o r a n g i a  a f t e r  13 w e e k s .  A f t e r  t h e  s a m e  p e r i o d  a t  16 °C, 

14:10 h, t h r e e  p l a n t s  of t w e n t y  h a d  r e p r o d u c e d  a n d  a t  10:14 h, s i x t e e n  p l a n t s  h a d  

r e p r o d u c e d  ( T a b l e  1). S p o r e  r e l e a s e s  a t  16°C,  8 :16  h a n d  10:14 h w e r e  c o n t i n u o u s  a f t e r  

t h e  n i n t h  w e e k  b u t  w e r e  s p o r a d i c  a t  16°C,  16 :8  h,  14:1---0 h,  a n d  8 :7 .5 :1 :7 .5  h ( T a b l e  2). A t  

13 °C, 16:8  h,  a n d  15 °C, 16:8  h,  v e r y  f e w  p l a n t s  f o r m e d  t e t r a s p o r a n g i a  d u r i n g  t h e  c o u r s e  

of t h e  s t u d y  ( T a b l e  1) a n d  t e t r a s p o r e  r e l e a s e s  w e r e  a g a i n  s p o r a d i c  ( T a b l e  2). 

G r o w t h  r a t e s  a t  16:8 h u n d e r  a r a n g e  of t e m p e r a t u r e s  a r e  s h o w n  in  Fig.  3. In i t i a l ly ,  

e l o n g a t i o n  r a t e s  w e r e  g r e a t e s t  a t  20  °C b u t  a f t e r  t h e  f i f th  w e e k  t h e  f o r m a t i o n  of t e t r a -  

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

15 °C t h a n  a t  16 °C, s u g g e s t i n g  t h a t  t h i s  is  t h e  o p t i m u m  t e m p e r a t u r e  for  t h e  I r i sh  s t r a i n  of 

G. acicularis. A c o n s i d e r a b l e  g a p  is e v i d e n t  b e t w e e n  13 a n d  10 °C (Fig. 3) b u t  t h i s  m a y  

no t  b e  p a r t i c u l a r l y  s i g n i f i c a n t  i n  t h e  l i g h t  of t h e  2 °C d i f f e r e n c e .  

At  9 - 1 0 ° C ,  n o  t e t r a s p o r a n g i a  w e r e  f o r m e d  r e g a r d l e s s  of d a y l e n g t h  ( T a b l e  1) a n d  

e l o n g a t i o n  r a t e s  w e r e  s i g n i f i c a n t l y  d e p r e s s e d  c o m p a r e d  to t h o s e  a t  1 3 - 2 0  °C (Figs  3 a n d  

4). A t  10 °C, e l o n g a t i o n  r a t e s  w e r e  c l e a r l y  d e p e n d e n t  o n  h o u r s  of l i g h t  a n d  n o  p h o t o -  

p e r i o d i c  e f fec t  w a s  a p p a r e n t  (Fig. 4). In  g e n e r a l ,  p l a n t s  g r o w n  a t  10 °C w e r e  w h i t i s h  or  

y e l l o w i s h  a t  t h e i r  t i p s  a n d  t h e  i m m e d i a t e  a p i c a l  a r e a  w a s  r a t h e r  d i s t o r t e d .  No  n e c r o s i s  

w a s  o b s e r v e d  a t  10°C.  

N o  d i f f e r e n c e s  in  b r a n c h i n g  of a n y  s i g n i f i c a n c e  w e r e  o b s e r v e d  b e t w e e n  t h e  p l a n t s  
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Fig. 2. Apical elongation of Gigartina acicularis tetrasporangial plants under various photoregimes 
at 16 °C. Values represent  the mean lengths of 20 plants at weekly intervals; s tandard deviations did 
not exceed  _+ 3.5 ram. The erratic apical elongation figures at 8:16 h, from the tenth week were due 

to the plants forming large numbers  of tetrasporangial sori which caused the plants to curl 
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Fig. 3. Apical e longat ion of Gigartina acicularis te t rasporangia l  plants  at various tempera tures  
under  a photoregime of 16:8 h. Values  represen t  the  m e a n  lengths  of 20 plants  at  weekly  intervals;  

s tandard deviat ions did not exceed +__ 3.7 mm 



342 M, D. Guiry  

E 

.1. 
I-. 

z 
u.I 
- - I  

z 
,< 
Lkl 

:E 

15" 

10- 

5" 

10:14 h 

;o ,'s 

WEEKS FROM START 

Fig. 4. Apical elongation of Gigartina acicularis tetrasporangial plants at various photoregimes at 
10°C. Values represent the mean lengths of 20 plants at weekly intervals; standard deviations did 

not exceed _+ 1.95 mm 

grown at different tempera tures  and  day leng ths  (Fig. 5 A-J).  Plants grown at 20°C 
t ended  to be nar rower  t han  those grown at 15-16 °CI and  plants  g rown at 10 °C tended  to 
be  broader.  

DISCUSSION 

Al though a full set of day lengths  at 20 °C has not  b e e n  at tempted,  it seems from the 
ava i lab le  data  that a day leng th  effect on te t rasporangia l  formation and  tetraspore 
re lease s imilar  to that found at 13-16°C does not exist (Table 3). Tetrasporangia  are 
formed very rapidly and  in  large n u m b e r s  at 20 °C, 16:8 h; formation and  release is rather 
more gradua l  at 20°C, 8:16 h, but  all p lants  become fertile. Elongat ion rates at 20°C 
were  clearly affected by day leng th  from the very b e g i n n i n g  (Fig. 1}. However, the 
formation of te t rasporangia l  soft in  large number s  even tua l ly  curtails growth rates at 
20 °C, 8:16 h (Fig. 1). At 18 and  20 °C, 8:16 h, tetraspore release is almost cont inuous once 
it has b e e n  in i t ia ted  (Table 2)i s imilar ly tetraspore release is cont inuous  at 16 °C, 10:14 h 
and  8:1-'6 h bu t  is in i t ia ted  much later than  at 18°C. At 16°C, 16:8 h and  14:1--0 h~ 15°C, 
16:8 h; and  13 °C, 16:8 h releases are sporadic and  very few plants  become fertile. 

At 16°C, daylength  clearly affects e longa t ion  rates {Fig. 2). At 14:10 h, 8:7.5:1:7.5 h 
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Table 3. Summary of effects of daylength and temperature on tetrasporangial formation in plantsof 
Gigartina acicularis. Numbers of plants (of twenty) forming tetrasporangia 11 weeks after initiatioa 

of experiment. - = conditions not attempted; " -- light-break of 1 h in a 16 h night 

Daylength Temperature (°C) 
(h light : dark) 9 10 13 15 16 18 20 

16 : 8 0 0 2 2 1 - 20 (after 5 weeks) 
14 : 10 - 0 - - 2 - - 

10 : 14 - 0 - - 15 - - 
8 : 1 6  - 0 - - 16 19 20 
LB" - 0 - - 1 - - 

and 16:8 h e longa t ion  rates are roughly  the same.  Al though  the different ial  rates become 
apparen t  before te t rasporangia l  formation, it is p robable  that  ene rgy  is being diverted 
away  from growth to the format ion of ene rgy  reserves  for te t rasporangia l  initiation and 

support.  That  the rate of e longa t ion  is not  mere ly  an effect of total inc ident  l ight energy is 

c lear  from the observat ion  that the n igh t -b reak  r e g i m e  (9 h l ight  in 24 h) gave more or 
less the same growth  rate as the 14:10 h r e g i m e  (14 h l ight  in 24 h). It should, however, 

be  borne  in mind  that n igh t -b reak  plants  formed only one  te t rasporangia l  sorus (Tables 1 
& 2). At 10 °C, on the other  hand,  g rowth  rates s e e m e d  to be  strictly re la ted  to the number 

of hours of l ight  (Fig. 4). It is therefore  difficult  to postulate  a long-day,  true photo- 

per iodic  response  in the apica l  e longa t ion  of fronds at 16°C, as it is impossible to 

separa te  it from te t rasporangia l  formation with  any deg ree  of certainty.  
Te t rasporangia l  formation at 16°C does, however ,  s eem to display a true photo- 

per iodic  response.  Light breaks  of 1 h in the midd le  of a 16 h n ight  reduce  the response 
to that  of a 16:8 h r eg ime  and dec reas ing  day leng ths  cause  an increas ing  response. It is 

in te res t ing  to note that  long daylengths ,  in addi t ion  to r educ ing  the number  of planis 

forming te t rasporangia ,  p robably  also depress  the n u m b e r  of sori p roduced  on individual 

plants;  this is ev iden t  from the inc idence  of spore re leases  at these daylengths  (Table 2). 
At 16 °C, 14:10 h and 8:16 h, te t raspores  are r e l eased  cont inuously  once formed, whereas 
at 13, 15 and 16 °C, 16:8 h, and 16 °C, 14:1--0 h, te t raspore  re leases  are sporadic. The latter 

is also true of the n igh t -b reak  regime.  

Most of the pho toper iod ic  responses  that have  b e e n  repor ted  to date  in marine r e d  

a lgae  have  b e e n  "abso lu te"  (Lfining, 1980, 1981a) responses  (Table 4), and most have 

b e e n  in the formation of t e t rasporangia  or in the ini t ia t ion of upr ight  fronds. Dring (1967) 
and Rentschler  (1967) have  repor ted  a quant i ta t ive  photoper iodic  response in the 

format ion of conchosporang ia  in Porphyra tenera Kjel lman.  These  reproductive struc- 
tures are gene ra l ly  the site of meiosis  in the Bangia les  and are homologous with 

te t rasporangia .  Maggs  & Guiry (1982) have  repor ted  a quant i ta t ive  photoperiodic 
response  in the formation of te t rasporangia  in Halyrnenia latifolia Kfitzing (Rhodophyta} 

from Ireland;  but  t e t rasporangia l  format ion was  comple te ly  b locked  at daylengths of 
20:5 h. It may be that s imilar  long-day  b lockages  of sporogenes is  may be present in 

Porphyra tenera and G. acicularis and that  there  is no real  di f ference be tween  qualita- 
t ive  and quan t i t a t ive  photoper iod ic  responses  excep t  that the critical daylength  exceeds 
16 h in the latter. 
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It has become increas ing ly  apparen t  in  recent  years that the vast majori ty  of the 
Florideophycidae (= Nemal iophycidae)  have a Polyslphonia-type life history. There 
are, however, persis tent  reports that one phase of a PoIyslphonia-type life history is of 
much more f requent  occurrence in  na ture  than  another.  Te t rasporangia l  p lants  often 
ou tnumber  game tang ia l  p lants  in  m a n y  species of Ceramia les  (e.g. Drew, 1955; Dixon, 
1970; Fritsch, 1945; Edwards, 1973). Iridaea cordata (Gigart inaceae)  exhibi ts  a h igher  

Table 4. Species of Rhodophyta which show a short-day photoperiodic response and in which a 
night-break is effective in reducing the response to the level of long-day response. Q = quantitative 

response. A = absolute response. L = latitudinal ecotypes are known 

Species Response Type Source 

Porphyra tenera 
Bangia fuscopurpurea 
Calosiphonia verrnicularis 
Asparagopsis arrnata 
Bonnernaisonia harnifera 
Acrochaetium asparagopsis 
Halyrnenia latifolia 
Dumontia contorta 
Bonnernaisonia asparagoides 
lv[eredithia rnicrophylla 
Rhodochorton purpureum 
Mastocarpus stellatus ° 
Gigartina acicularis 

Conchosporangia 
Conchosporangia 
Tetrasporangia 
Tetrasporangia 
Tetrasporangia 
Tetrasporangia 
Tetrasporangia 
Upright fronds 
Upright fronds 
Tetrasporangia 
Tetrasporangia 
Tetrasporangia 
Garnetangia 
Tetrasporangia 

Q Dring (1967), Rentschler (1967) 
A Richardson & Dixon (1968) 
A Mayhoub (1975); Mayhoub et al. (1976} 
A Lfining (1981b) 
A Ltining (1980, 1981a, 1981b) 
A Abdel-Rahman (1982) 
Q, L Maggs & Guiry {1982, unpubl.) 
A Rietema & Breeman {1982) 
A Rueness & .~sen (1982) 
A Guiry & Maggs {1982, unpubl.) 
A, L Dring & West {1983} 
A Guiry & West {1984) 
A Guiry & Cunningham (1984} 
Q This study 

* Previously known as Gigartina stellata (see Guiry et al., 1984} 

frequency of tetrasporophytes than  gametophytes  in  the wild (Hansen  & Doyle, 1976) 
whereas  Iridaea flaccida has a very low f requency of tetrasporophytes (20 %) {Abbott, 
1980). These differences in  f requency of phases  may, of course, be due to factors other 
than photoregime and/or  tempera ture  l imitations;  such env i ronmen ta l  parameters  as 
differential grazing pressure,  growth rates, survival  abil i t ies  and  spore product ion  and  
germina t ion  all may be involved in  preferent ia l ly  se lect ing one phase  or another  {West & 
Hommersand,  1982). The gametophytes  of Gigartina acicularis rarely become fertile at 
these la t i tudes (Guiry & C u n n i n g h a m ,  1984) due  to l imi ta t ion by both tempera ture  and  
photoregime.  The pauci ty  of reports of te t rasporangia l  p lants  in  the wi ld  in  the British 
Isles is rather more difficult to expla in  as the factors control l ing the formation of 
te t rasporangia  are not as l imit ing seasonal ly  as those control l ing game tang ia l  formation. 
At least some plants  should form te t rasporangia  dur ing  the summer  and  a u t u m n  when  
water  temperatures  are in excess of 13 °C. The apparen t  lack of reports of te t rasporangia l  
plants  of G. acicularis in  the Med i t e r r anean  and  in  tropical and  subtropical  regions may 
be a result  of summer  temperatures  in  excess of 18°C s t imula t ing  the formation of 
te t rasporangia  on very small  plants,  and  these p lants  are not apparen t  in  rout ine  field 
collections. Further phenologica l  s tudies of reproduct ion  in  these areas are clearly 
necessary. 
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T h e  f ac to r s  w h i c h  c o n t r o l  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  of Gigar t ina  acicularis  a r e  

o b v i o u s l y  c o m p l e x .  T h e  p r e s e n t  B r i t i s h  I s l e s  p o p u l a t i o n s  of t h i s  s p e c i e s  s e e m  to r e p r o -  

d u c e  v e r y  r a r e l y  b y  spo res .  P o p u l a t i o n s  s e e m  to m a i n t a i n  t h e m s e l v e s  b y  v e g e t a t i v e  

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

c r u c i a l  for  s u r v i v a l  as  i n t e r t i d a l  p o p u l a t i o n s  m a y  b e  d e c i m a t e d  b y  h i g h  s u m m e r  t e m p e r -  

a t u r e s  a n d  l o w  h u m i d i t y .  A c r u c i a l  q u e s t i o n  is: w h y  h a s  a n  a l g a  w i t h  a n  " i s o m o r p h i c "  

l i fe  h i s t o r y  e v o l v e d  a m e a n s  of p r o d u c i n g  t h e  m a x i m u m  n u m b e r  of s p o r e s  d u r i n g  t h e  

a u t u m n  p e r i o d ?  O n e  c a n  u n d e r s t a n d  t h a t  a l g a e  w i t h  " h e t e r o m o r p h i c "  l i fe  h i s t o r i e s  do  so 

i n  o r d e r  to  p r o d u c e  s p o r e s  f r o m  t h e  c r u s t o s e  or  f i l a m e n t o u s  o v e r w i n t e r i n g  p h a s e  for t h e  

s u b s e q u e n t  s p r i n g / s u m m e r  e r e c t  g r o w t h s .  I a m  a f r a i d  t h a t  w e  h a v e  a l o n g  w a y  to go  

b e f o r e  w e  fu l l y  u n d e r s t a n d  t h e  g r o w t h  a n d  r e p r o d u c t i v e  s t r a t e g i e s  of m a n y  of t h e s e  r e d  

a l g a e .  
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