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ABSTRACT: Tempera ture  tolerance (1 week  exposure time) was de te rmined  at intervals  dur ing  two 
successive years in 54 dominant  mar ine  benth ic  algae growing near  Helgoland (North Sea). 
Seawater  tempera tures  near  Helgoland seasonal ly  range  be tween  3 °C (in some years 0 °) and  18 °C. 
All a lgae survived 0 °C, and  none  33 °C. Among  the  brown algae, Chorda tomentosa was the most 
sensit ive species surviving only 18 °C, followed by the Laminaria spp. surviving 20 °, however  not 
23 °C. Fucus spp. and  Cladostephus spongiosus were  the most heat - to lerant  b rown algae, surviving 
28°C. Among the red  algae, species of the  Delesser iaceae  (Phycodrys rubens, Membranoptera 
alata) ranged on the lower end  with a max imum survival  t empera ture  of 20°C, whereas  the  
representat ives of the Phyl lophoraceae (Ahnfeltia plicata, Phyllophora truncata, P. pseudo- 
ceranoides) exhibi ted  the max imum hea t  to lerance of the He lgo land  mar ine  algal  flora wi th  
survival  at 30 °C. The latter value  was also ach ieved  by Codium fragile, Bryopsis hypnoides and  
Enteromorpha prolifera among the green  algae, whereas  the Acrosiphonia spp. survived only 20 °C, 
and  Monostroma undulatum only 10 °C, not 15 °C. Seasonal  shifts of heat  tolerance of up to 5 °C were 
detected, especially in Laminaria spp. and  Desmarestia aculeata. The majori ty of the dominan t  
mar ine  algal  species of the Helgoland flora occurs in the Arctic, and  it is hypothes ized  that  also 
there the upper  lethal  limits of these species may hardly have  changed  even  today. The data  
presented  should provide a base  for further  analysis  of the causes  of geographica l  dis t r ibut ion of the  
North Atlantic algal  species, bu t  have  still to be  supp lemen ted  with similar  invest igat ions  on other 
coasts, and  supp lemented  with determinat ions  of tempera ture  requ i rements  throughout  the  life 
cycle. 

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

I n v e s t i g a t i o n s  o n  t h e  t e m p e r a t u r e  t o l e r a n c e  of t h e  c o m p o n e n t s  of l oca l  a l g a l  f lo ras  a t  

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

a s p e c t s  of 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 t h e s e  c o m p o n e n t s .  

(1) O n  t h e  b a s i s  of s u c h  s t u d i e s  o n e  m a y  r e c o g n i z e  t h e  s p e c i e s  w h o s e  u p p e r  l e t h a l  

l i m i t s  a r e  so  n e a r  to  t h e  loca l ly ,  y e a r l y  o c c u r r i n g  t e m p e r a t u r e  m a x i m a  t h a t  t h e s e  s p e c i e s  

a t  t h e  g i v e n  l oca l i t y  j u s t  s u r v i v e .  O n  t h e  o t h e r  h a n d ,  o n e  m a y  f i n d  t h o s e  s p e c i e s  w h o s e  

u p p e r  l e t h a l  l i m i t s  m a y  l ie  u p  to 10 °C a b o v e  t h e  a c t u a l l y  o c c u r r i n g  s u m m e r  t e m p e r a -  

tu res .  In t h e  l a t t e r  c a s e  l o w e r  t e m p e r a t u r e  d e m a n d s  for  g r o w t h  or  r e p r o d u c t i o n  m a y  
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Seaweed Biogeography, he ld  from 3-7 April 1984 at the Depar tment  of Mar ine  Biology, Universi ty 
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reduce  the dis t r ibut ion area  in  compar ison to an  area constructed on the base of 
to lerance limits. In addit ion,  the case of a species with a very wide  temperature  survival 
r ange  may also m e a n  that  this species has not  gene t ica l ly  adapted  to the local tempera- 
ture condit ions.  Informat ion on tempera ture  tolerance and  on the tempera ture  demands 
of reproduct ion and  growth may  be used  for comparisons of the species '  actual  distribu- 
t ion areas with ocean isotherms, as has b e e n  demonst ra ted  by van  den  Hoek (1982a, 
1982b) and  in  several  papers  of the present  vo lume (Cambridge  et al., 1984; McLachlan 
& Bird, 1984; Rietema & van  den  Hoek, 1984; Yarish et al., 1984). 

(2) If tests on tempera ture  tolerance are performed throughout  the year, one may 
discr iminate  whether  or not, and  to what  extent, an algal  species can shift its survival 
l imits dur ing  the year. 

(3) Compar isons  of the tempera ture  survival  ranges  of a g iven  species at different 
locali t ies may  reveal  whe ther  or not a g iven  species throughout  its dis t r ibut ion area is 
genet ica l ly  f lexible enough  to form tempera ture  ecotypes and  by this to enlarge  its 
d is t r ibut ion area. A first result  in  this respect  was  ob ta ined  by Bolton (1983} who found 
that the uppe r  survival  tempera tures  of Ectocarpus siliculosus in  a range  of samples from 
the Arctic to warm tempera te  regions differed by as much as 10°C. On the other hand  
tempera ture  requ i rements  for survival  of the gametophytes  of several cold temperate 
Laminaria spp. are qui te  s imilar  in  the nor thern  hemisphere  (Bolton & Liining, 1983). 

(4) Finally,  since the fossilization potent ia l  of seaweeds  is so small, one may find 
that the tempera ture  characteristics of species, gene ra  or even  families have been  so 
stable over mil l ions  of years that the tempera ture  behav iour  may be used as a "fossil 
trait". For instance,  the Arctic coasts are today inhab i t ed  largely by algal  species which 
occur in  the North Atlantic,  par t ly  also in the North Pacific. In contrast, the pecul iar  and 
rich seaweed  flora of the North Pacific hardly  en te red  the Arctic through the Bering 
Strait. The lat ter  was open  for most of the last 4 mil l ions  years, and  only closed at low sea 
levels du r ing  the ple is tocene glaciat ions (Briggs, 1974; Frakes, 1979; van  den  Hoek, 
1975). This means  that the seaweeds  in the North Atlantic,  with its wide open connect ion 
to the Arctic Ocean,  were exposed for longer  periods to lower temperatures  than  the 
seaweeds  of the North Pacific, w h e n  the process of cl imate deter iorat ion started by the 
end  of the Tert iary and  cu lmina ted  in  the Ice Age. Will  we still be able  to detect today a 
greater  sensi t ivi ty in North Pacific a lgae  to tempera tures  near  or below the freezing 
point  of seawater  in  compar ison to North Atlant ic  a lgae  which had a greater  chance to 
develop cold water  forms and  possibly, therefore, still today domina te  the Arctic? 

At present ,  the few inves t igat ions  on tempera ture  tolerance,  and  the still fewer ones 
on tempera ture  demands  for growth and  reproduct ion of the components  of local algal 
floras are hardly e n l i g h t e n i n g  on the four aspects p resen ted  above. It is hoped that the 
results p resen ted  in  this paper  will  s t imulate  more invest igat ions  of this k ind  on other 
coasts also. The only extensive  invest igat ions  on tempera ture  tolerance of different 
seaweed  species from various geographical  locations are those by Biebl (1958, 1962, 
1968, 1970; Table  1), which  give an  idea of the different tempera ture  ranges  tolerated by 
seaweeds  from Greenland ,  Brittany, the Med i t e r r anean  and  from Puerto Rico. There are, 
however,  three major  drawbacks  to Biebl 's  work on tempera ture  tolerance. First, he had 
to select a l imi ted n u m b e r  of species from each location, and  seldom does one find data 
for the same species inves t iga ted  at different locations. Secondly, survival has been  
tested after an  exposure  t ime of only 12 h to the different temperatures,  and, as will be 
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s e e n  in  the  p r e s e n t  pape r ,  th is  a p p r o a c h  g i v e s  u p p e r  l e t h a l  l imi t s  tha t  a re  too  h i g h  a n d  

m i s l e a d i n g  in c o m p a r i s o n  to s u c h  l imi t s  d e t e r m i n e d  on  t h e  bas is  of a n  e x p o s u r e  t i m e  of a 
w e e k .  Thi rd ly ,  t h e  d e c i s i o n  on  t h e  s ta tus  " d e a d  or  a l i v e "  r e q u i r e s  a sa fe  cr i te r ion ,  s u c h  as  
a m e a s u r a b l e  p h o t o s y n t h e t i c  ra te ,  w h e r e a s  B ieb l  h a d  to r e ly  on qu ick ,  bu t  s o m e w h a t  

u n c e r t a i n  me thods ,  s u c h  as c y t o m o r p h o l o g i c a l  c r i te r ia .  

Table 1. Temperature tolerance of benthic marine algae from different geographical  regions (data 
from Biebl 1958, 1962, 1968, 1970) 

Type of Location Annual  Temperature survival range 
biogeographical span after 12 h exposure 

region Eulittoral species Sublittoral species 
(oc) (oc) (oc) 

Arctic W-Greenland 0 to 6 --10 to 35 - 2 to 22 (24) 
Warm temperature Brittany 10 to 16 -- 8 to 30 (35) - 2 (0) to 27 (30} 
Warm temperature Naples 14 to 24 -- 7 to 35 1 (2} to 27 (30) 
Tropical Puerto Rico 26 to 28 - 2 to 35 (40) + 14 (5) to 35 (32) 

M A T E R I A L  A N D  M E T H O D S  

A l g a e  w e r e  c o l l e c t e d  at i n t e r v a l s  d u r i n g  two  s u c c e s s i v e  yea r s  in  t he  eu l i t t o ra l  z o n e  

or  by  d ivers  i n t h e  sub l i t t o ra l  z o n e  of H e l g o l a n d ,  Nor th  Sea .  E r l e n m e y e r  f lasks  {1 1) w e r e  
f i l l ed  w i t h  s e a w a t e r  a n d  i m m e r s e d  in  t h e  w a t e r  b a t h s  of C o l o r a  c ryos ta t s  (Co lo ra  

M e s s t e c h n i k ,  Lorch, FRG}. T h e  w a t e r  ba th s  w e r e  m a i n t a i n e d  at  18 o, 20 °, 23 °, 25 °, 28 °, 
30 °, 33 °, and  35 °C (all __ 0.1 C°). C o n s t a n t  t e m p e r a t u r e  rooms  {all +__ 0.5 °C) w e r e  u s e d  for 

t he  t e m p e r a t u r e s  of 0 °, 5 °, 10 °, 15 °C. T h e  f lasks  c o n t a i n e d  e a c h  a q u a n t i t y  of 0 . 5 - 5  g of 

f resh  w e i g h t  of e a c h  spec ies ,  a n d  e x p o s u r e  t i m e  w a s  1 w e e k .  T h e  m e d i u m  w a s  r e p l a c e d  
e v e r y  2 days  by  s e a w a t e r  of t he  a p p r o p r i a t e  t e m p e r a t u r e .  T e m p e r a t u r e  of t he  w a t e r  b a t h s  

was  m e a s u r e d  dai ly ,  a n d  d e v i a t i o n s  w e r e  less  t h a n  +__ 0.1 °C. C o o l - w h i t e  f l u o r e s c e n t  l i gh t  

(Osram-L 65 W/19 ,  D a y l i g h t  5000 D e - L u x e )  w a s  u sed ,  a n d  the  p l a n t s  r e c e i v e d  c o n t i n u -  
ous ly  a p h o t o n  f lux  d e n s i t y  of 30 ~E m -2 s -1. 

S u r v i v a l  a f te r  1 w e e k ' s  e x p o s u r e  at t he  d i f f e ren t  t e m p e r a t u r e s  w a s  a s s e s s e d  by  

m e a s u r i n g  p h o t o s y n t h e s i s  by  m e a n s  of an  o x y g e n  e l e c t r o d e  (Ye l low S p r i n g s  I n s t r u m e n t  

Co., Ohio}. For  th is  p u r p o s e  the  e x p e r i m e n t a l  a l g a l  m a t e r i a l  (0.3-1 g of f resh  w e i g h t )  w a s  
p l a c e d  into  g l a s s - s t o p p e r e d  f lasks  (100 ml  of vo lume}  c o m p l e t e l y  f i l l ed  w i t h  s e a w a t e r  of 

k n o w n  o x y g e n  con ten t ,  and  e x p o s e d  for 16 h to c o o l - w h i t e  f l u o r e s c e n t  l i gh t  at a p h o t o n  
f lux d e n s i t y  of 50 ~ m -2 s -1, in  a c o n s t a n t  t e m p e r a t u r e  r o o m  at  10°C. T h e  o x y g e n  

co n t en t  of a 4 - m l - s u b s a m p l e  of the  s e a w a t e r  in e a c h  bo t t l e  (2 r ep l i ca t e s )  w a s  t h e n  
d e t e r m i n e d  in  a m e a s u r i n g  t u b e  e q u i p p e d  w i t h  an  o x y g e n  e l e c t r o d e  a n d  m a g n e t i c  bar.  If 

a l g a e  w e r e  a l ive ,  t h e  o x y g e n  c o n t e n t  of t h e  s e a w a t e r  w o u l d  h a v e  r i s en  c o n s i d e r a b l y  (up 

to 200 % of o x y g e n  sa tura t ion) .  In  t h e  case  of d e a d  a l g a e  t h e  o x y g e n  c o n t e n t  d id  no t  
inc rease ,  bu t  in mos t  cases  d e c r e a s e d  c o n s i d e r a b l y  d u e  to b a c t e r i a l  ac t iv i ty  in  t he  w a t e r  

c o n t a i n i n g  the  d e a d  a lgae .  T h e  b o u n d a r y  b e t w e e n  " a l i v e "  a n d  " d e a d "  w a s  a l w a y s  

sharp .  For  e x a m p l e ,  in  an  e x p e r i m e n t  w i t h  Ahnfeltia plicata, t he  o x y g e n  v a l u e s  in  the  
bo t t l e s  w h i c h  w e r e  e x p o s e d  to 0 - 2 8 ° C  w e r e  al l  in  t h e  r a n g e  of 120-160  % of t h e  
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saturat ion value.  The  oxygen  values  of samples  which  were  exposed  to 30 and 33°C 

were  in the range  of 10-15 % of the saturat ion value.  

RESULTS AND DISCUSSION 

The  seasonal  course of the seawate r  t empera tu re  in the surface waters  near  Helgo- 

land  was a lmost  ident ica l  dur ing  the two years, in which  the exper iments  were  con- 

duc ted  (Table 2). The  annua l  m i n i m u m  in February  was as a monthly  m e a n  va lue  around 

3 °C (2.2 °C as a m i n i m u m  on a few days), and the annua l  m a x i m u m  in August  around 
16.5 °C (17.9 °C as an  occas ional  maximum).  The  results on tempera ture  tolerance,  which 

are g iven  in Tables  3-5, were  therefore  a r ranged  in such a way that exper iments  

pe r fo rmed  in the same month, but  in the two different  years, appear  one after the other. 
This a r r a n g e m e n t  shows that ident ica l  results were  ob ta ined  in both years. 

Table 2. Seawater temperatures (surface) near Helgoland (from Biologische Anstalt Helgoland, 
Jahresbericht 1980, Jahresbericht 1981) 

Year J F M A M J J A S O N D 

°C 

1980 4.9 3.4 3.3 5.3 9.0 1 2 . 3  14.6 16 .7  16 .1  13.4 9.4 6,4 
1981 3.8 3.1 3.8 6.0 8.5 1 2 . 3  1 5 . 2  16 .6  16 .1  13,1 9.1 5.0 

All  i nves t iga ted  a lga l  species  surv ived  1 w e e k ' s  exposure  at 0°C, which  is no 

surprise, s ince t empera tu res  a round zero occur near  H e l g o l a n d  at intervals  of several 

years, a l though  not dur ing  the two years  of the invest igat ions.  Survival  at temperatures  
b e t w e e n  0 °C and the f reez ing  point  of seawa te r  at --2 °C has not b e e n  tested, and so it 

remains  an open  question,  whe the r  or not character is t ic  differences may still be found for 
the var ious species  in this t empera tu re  range.  Hence ,  in the fol lowing only the species- 

specific differences in hea t  to lerance  wil l  be treated. 

It should be  rea l i zed  that  in the course of the present  study all survival  temperatures  

were  d e t e r mi ned  in the s u b m e r g e d  condit ion,  and it is w e l l - k n o w n  for various drought- 
to lerant  cryptogams inc lud ing  some inter t idal  s eaweeds  that the upper  le thal  limit 

increases  wi th  dec reas ing  water  content  (Kappen, 1981}. Accord ing  to Schramm (1968) 
the hea t  to lerance  of I;. vesiculosus which  has  b e e n  dehydra ted  to 30 % of its original 

wa te r  content,  rises by 5 °C in compar ison  to fulty hydra ted  thalli .  Bangia fuscopurpurea 
from Nap les  surv ived  42 °C for 12 h, if dehydra ted ,  h o w e v e r  only 30 °, if submerged  

(Biebl, 1939). One  migh t  expec t  that  Blidingia minima, due to its surpris ingly low heat 
to le rance  in the s u b m e r g e d  state (dead at 28°C; Tab le  5), may  in fact requi re  emersion 

and wate r  loss for survival  near  its southern  limit.  

It is ev iden t  from the present  s tudy that  in ear ly  spr ing the upper  survival  tempera-  
ture of n e w - g r o w n  tissue of Laminaria saccharina and  L. digitata was by 2 °C lower  than 
in summer,  and in L, hyperborea, as wel l  as in Desmarestia aculeata this difference 

b e t w e e n  spr ing and summer  mater ia l  amoun ted  to 5 °C (Table 3). In the latter two 
species  the hea t  to lerance  of old and new thal lus parts differed even  in the same month 
by 2°C. These  facts were  a l ready  ind ica ted  by the ear ly  work  of Lampe (1935) and 
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Tab le  3. P h a e o p h y c e a e ,  T e m p e r a t u r e  t o l e r a n c e  of d o m i n a n t  s p e c i e s  n e a r  H e l g o l a n d  in  two  succes -  
s ive  years .  X x x = p l a n t s  a l i v e  (wi th  m e a s u r a b l e  p h o t o s y n t h e s i s )  

Spec i e s  T e m p e r a t u r e  d u r i n g  one  w e e k  (°C) 

0 5 10 15 18 20 23 25 28 30 33 

Chorda tomentosa 
M a y 8 0  x x x  x x x  x x x  x x x  x x x  
J u n  81 x x x  x x x  x x x  x x x  x x x  

Chorda filum 
J u n  80 x x x  x x x  x x x  x x x  x x x  x x x  
J u l  81 X X X  X X X  X X X  X X X  X X X  X X X  

Laminaria saccharina 
J a n  81 x x x  X X X  x x x  X X X  x x x  x x x  

Peb  81 x x x  x x x  x x x  x x x  x x x  
Mar  81 X X X  x x x  x x x  x x x  x x x  
Apr  81 x x x  x x x  x x x  x x x  x x x  

M a y 8 0  x x x  x x x  x x x  x x x  x x x  x x x  

J u l  80 x x x  x x x  x x x  x x x  x x x  x x x  

O c t  80 x x x  x x x  x x x  x x x  x x x  x x x  
O c t  81 x x x  x x x  x x x  x x x  x x x  x x x  
N o v  80 x x x  x x x  x x x  x x x  x x x  x x x  

Laminaria digitata 
J a n  81 x x x  x x x  x x x  x x x  x x x  

Peb 81 x x x  x x x  x x x  x x x  x x x  
Mar  81 x x x  x x x  x x x  x x x  x x x  

Old  A p t  81 X X X  x x x  x x x  X X X  x x x  x x x  
N e w A p r  8 1  x x x  x x x  x x x  x x x  x x x  x x x  

J u n  80 x x x  X X X  x x x  x x x  x x x  x x x  
J u n  81 X X X  X X X  x x x  X X X  x x x  X X X  
Ju l  81 x x x  x x x  x x x  x x x  x x x  x x x  

Nov 80 x x x  x x x  x x x  x x x  x x x  x x x  

Laminaria hyperborea 
Old J an  81 x x x  x x x  x x x  x x x  x x x  x x x  
Old  Feb 81 x x x  x x x  x x x  x x x  x x x  

N e w F e b  81 X X X  x x x  x x x  X X X  
Old  Apr  81 X X X  x X X  x x X  X X X  X X X  X X X  
N e w A p r  81 X x X  X X X  X X X  X X X  x x x  
O ld  Jun  81 x x x  x x x  x x x  X X X  x x x  x x x  
N e w  J u n  81 x x x  x x x  x x x  x x x  x x x  x x x  

Ju l  81 x x x  X X X  x x x  X x x  X X X  X X X  
O c t  81 x x x  x x x  x x x  x x x  x x x  x x x  

Nov 80 x x x  X X X  x x x  X X X  x x x  X X X  

Desmarestia aculeata 
Feb 81 X X X  x x x  x x x  X X X  x x x  X X X  

Old  Apr  81 x x x  x x x  x x x  x x x  x x x  x x x  

N e w A p r  81 x x x  x x x  x x x  x x x  x x x  
Old  M a y 8 0  x x x  x x x  x x x  x x x  x x x  x x x  
N e w  M a y 8 0  x x x  x x x  x x x  x x x  x x x  

Old  J u n  81 X X X  x x x  x x x  X X X  X X X  X X X  
N e w  J u n  81 x x x  x x x  x x x  X X X  x x x  X X X  

Ju l  80 X X X  x x x  X X X  X X X  x x x  x x x  
Ju l  81 X X X  X X X  x x x  X x x  x x x  x x x  
Sep 81 X X X  x x x  x x x  x x x  x x x  x x x  x x x  
O c t  80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Nov 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
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Table  3. Phaeophyceae  (continued) 

Species Tempera ture  dur ing one week  (°C) 

0 5 10 15 18 20 23 25 28 30 33 

Desmarestia v~ndi$ 
J u n  80  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Chordaria flagelliforrnis 
A u g 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Petalonia fascia 
M a y 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Scytosiphon lomentaria 
J u n  80  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Pylaiella litoralis 
A u g 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Dec 81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Sphacelar~a radicans 
Aug81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Dec 81 x x x  X X X  x x x  X X X  x x x  x x x  x x x  x x x  

HaHdrys siliquosa 
Jul 80 xxx xxx xxx xxx xxx xxx xxx xxx 

Pucus sen'atus 
Jun 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Ju! 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Jul  81 X X X  x x x  x x x  x x x  x x x  X X X  x x x  x x x  
Aug 80 xxx XXX xxx XXX xxx xxx xxx xxx 

O c t  81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Ascophyllum nodosum 
Feb 81 xxx xxx xxx xxx xxx xxx xxx xxx 

M a y S 0  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Jut  81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

D e c  80  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Pucus vesiculosus 
Feb 81 x x x  X X X  x x x  X X X  x x x  X X X  x x x  x x x  x x x  
M a y 8 1  x x x  x x x  x x x  x x x  x x x  x x x  X X X  x x x  X X X  

A u g S 0  x x x  X X X  x x x  x x x  x x x  x x x  x x x  x x x  X X X  

O c t  8 t  X X X  X X X  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

D e c  80  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Fucus spiralis 
Feb  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

M a y 8 1  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Jul 81 xxx xxx xxx xxx xxx xxx XXX xxx XXX 

O c t  81 X X X  X X X  x x x  X X X  x x x  X X X  X X X  x x x  X X X  

D e c  80  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Cladostephus spongiosus 
Peb  81 x x x  X X X  x x x  X X X  x x x  x x x  x x x  x x x  X X X  

May80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Jul 81 X X X  X X X  X X ×  x x ×  X X X  X X X  X X X  X X X  X X X  
Aug81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
Sep  80  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

O c t  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
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Table 4. Rhodophyceae. Temperature tolerance dominant  species near Helgoland in two successive 
years, x x x = plants alive (with measurable  photosynthesis) 

Species Temperature during one week  (°C) 
0 5 10 15 18 20 23 25 28 30 33 

Phycodrys rubens 
A p r  81 x x x  x x x  x x x  x x x  x x x  
May80 x x x  x x x  x x x  x x x  x x x  
Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  
A u g 8 0  X X X  X X X  x X X  X x x  X X X  X X X  
A u g 8 1  x x x  X X X  x x x  x x x  X X X  x x x  
Sep  80  x x x  x x x  x x x  x x x  X X X  x x x  

Membranoptera aIata 
lViar 81 x x x  x x x  x x x  x x x  x x x  x x x  
Jun 80 x x x  x x x  x x x  x x x  x x x  x x x  
Ju ]  81 x x x  x x x  x x x  x x x  x x x  x x x  
N o v 8 0  x x x  x x x  x x x  x x x  x x x  x x x  

Plocamium cartilagineum 
Mar 81 x x x  x x x  x x x  x x x  x x x  x x x  
Aug81  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Rhodomela confervoides 
Jan 81 x x x  x x x  x x x  x x x  x x x  x x x  
Apt 80 x x x  x x x  x x x  x x x  x x x  x x x  
Jul 80 X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Rhodomela virgata 
Jun 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
A u g S 0  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Nov 80 X X X  X X X  x x x  x x x  x x x  X X X  x x x  

Delessez~a sanguinea 
Mar 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Apt 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Apr 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
M a y 8 0  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Jun 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Plumaria elegans 
Mar 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
A p r  80  x x x  x x x  x x x  x x x  x x x  x x x  X X X  
Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Oct 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Nov 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Cystoclonium purpureum 
Apr 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
May80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Pouahyra linearis 
Jan 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Porpyhyra umbilicalis 
Jan 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
May81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Nov 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Bangia fuscopuropurea 
Nov81  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Dumontla contorta 
Jun 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Jul 81 x x x  x x x  x x x  x x ×  x x x  x x x  x x x  x x x  



3 1 2  K. L i i n i n g  

T a b l e  4. R h o d o p h y c e a e  (con t inued)  

S p e c i e s  T e m p e r a t u r e  d u r i n g  one  w e e k  (°C) 

0 5 i 0  15 18 20 23 25 28 30 33 

Rhodochorton floridulum 
Oct 81 xxx xxx XXX xxx XXX xxx xxx xxx 

Ceramium rubrum 
Jan 81 X X X  x x x  x x x  x x x  x x x  x x x  x x x  

J u n  80  x x x  x x x  x x x  x x x  X X X  x x x  x x x  x x x  

Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Nov 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Ceramium deslongchampsii 
Jan 81 x x x  x x x  x x x  x x x  x x x  X X X  x x x  x x x  

J u l  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Polysiphonia urceolata 
Mar  81 X X X  X X X  X X X  X X X  X X X  X X X  x x x  X X X  

Apr  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Jun 80 xxx xxx xxx xxx xxx xxx xxx xxx 

Corallina officinalis 
May81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Jun 80 XXX xxx xxx xxx XXX xxx xxx xxx xxx 

Jul 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

A u g 8 1  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Bonnemaisonia hamifera ( T r a i l l i e l l a - p h a s e )  
Aug81 x x x  x x x  x x x  X X X  X X X  x x x  x x x  x x x  X X X  

Chondrus crispus 
Jan 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Feb  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

A p t  80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

M a y 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
A u g 8 0  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

A u g 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

N o v 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Dec 80 X X X  x x x  x x x  X X X  X X X  x x x  x x x  x x x  x x x  

Ahnfe l t ia  pl icata 
Ju l  80 x x x  x x x  x x x  x x x  x x x  X X N  X X X  x x x  X X X  
Jul 81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

A u g 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  X X X  

Phyllophora truncata 
M a y 8 0  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

J u n  80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

A u g 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Phyllophora pseudoceranoides  
M a y S 0  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Jul 80 XXX xxx xxx XXX XXX XXX XXX XXX XXX XXX 

Ju l  81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Poll/ides rotundus  
M a y 8 0  x x x  x x x  X X X  x x x  X X X  x x x  x x x  x x x  x x x  
J u l  80 X X X  x x x  x x x  x x x  X X X  x x x  X X X  x x x  x x x  x x x  
Ju l  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Sep 80 x x x  x x x  x x x  x x x  X X X  x x x  x x x  X X X  X X X  X X X  
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Table 5, Chlorophyceae, Temperature tolerance of dominant  species near  Helgoland in two 
successive years, x x x = plants alive (with measurable  photosynthesis) 

Species Temperature during one week  (°C) 
0 5 10 15 18 20 23 25 28 30 33 

Monostroma undulatum 
Apr 80 x x x  x x x  x x x  
May81 x x x  x x x  x x x  

Acrosiphonia arcta 
Feb 81 x x x  x x x  x x x  x x x  x x x  x x x  
Apr 81 x x x  x x x  x x x  x x x  x x x  x x x  

Acrosiphonia sonderi 
Apr 80 x x x  X X X  X X X  x x x  x x x  X X X  

Blidingia minima 
May81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Jun 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Aug81  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Oc t  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Dec 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Chaetomorpha melagonium 
J u l  80 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
O c t  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Nov81  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Chaetomorpha tortuosa 
Jun 80 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Aug81  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Oc t  81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Rhizoclonium riparium 
Aug81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  

Cladophora rupestris 
May81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
Jul 81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
Aug81  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
Sep 80 X X X  X X X  X X X  x x x  X X X  X X X  x x x  x x x  x x x  
O c t  81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
N o v 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Ulva lactuca 
Apr 80 X X X  X X X  x x x  x x x  x x x  X X X  x x x  X X X  x x x  
M a y 8 0  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
May81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Aug80 x x x  x x x  x x x  X X X  x x x  x x x  x x x  x x x  x x x  
A u g 8 1  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
Nov 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Ulva curvata 
Nov 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  

Enteromorpha prolifera 
May81 x x x  X X X  x x x  x x x  x x x  x x x  X X X  x x x  x x x  
A u g 8 1  X X X  x x x  X X X  x x x  X X X  X X X  x x x  X X X  x x x  x x x  

Codium fragile 
Jan 81 x x x  x x x  X X X  x x x  x x x  x x x  x x x  x x x  x x x  
A p r  80 x x x  x x x  X X X  x x x  x x x  x x x  x x x  x x x  x x x  
Aug81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
O c t  81 x x x  x x x  x x x  x x x  x x x  X X X  x x x  x x x  x x x  x x x  

Bryopsis hypnoides 
Jun 81 X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  X X X  
Jul 81 x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  x x x  
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Montfort et al. (1957) and  are in  accord with the we l l -known  higher  heat  sensi t ivi ty of 
actively growing p lan t  t issue in  genera l  (Larcher, 1980). The occurrence of a summer  
peak in heat  tolerance is also widespread  among  higher  p lants  ("S-type" response;  see 
Larcher et al., 1973; Kappen,  1981). As may be seen  from the data  in  Tables  3 and  2, the 
seasonal course of tempera ture  to lerance of D. aculeata follows the seasonal  course of 
seawater  temperature.  It r emains  at its summer  m a x i m u m  at least un t i l  November ,  w h e n  
the seawater  tempera ture  has dropped a l ready to 9 °C. 

Seasonal  shifts of heat  tolerance by  2 °C were  also observed in  a few red a nd  g reen  
algal species (Tables 4-5), and  probably  more examples  might  have been  detected, if 
exper iments  had  b e e n  conducted  more f requent ly  dur ing  the year. In general ,  however,  
seasonal differences in heat  tolerance of 5 °C are obviously not surpassed,  and  this is 
exactly the magn i tude  which has b e e n  found for seasonal  shifts of heat  to lerance in  
many  other plants,  which contrast to the much  b igger  seasonal  changes  in  cold tolerance 
(Larcher et al., 1973). Fucus vesiculosus, which did not  show a seasonal  shift of heat  
tolerance in  the present  invest igat ion,  withstood in  summer  - 3 0 ° C ,  bu t  - 4 5 ° C  in  
winter, as de te rmined  for mater ia l  from Long Is land by Parker (1960). 

In view of the relat ively small  seasonal  changes  of heat  to lerance it is clear that the 
species-specific differences in heat  tolerance (Tables 3-5) are genet ica l ly  fixed, not only 
for species, bu t  also for h igher  taxonomic  entit ies.  Beg inn ing  with the Phaeophyceae  
(Table 3), the upper  survival  l imits r ange  from 18 °C in  case of the spr ing a n n u a l  Chorda 
tomentosa or from 20 °C in  case of the other representa t ives  of the Laminar ia les  to 28 °C 
in the representat ives of the Fucales,  except for Fucus serratus and  Halidrys siliquosa, 
which survive only 25 °C. Here the s t r iking difference in  regard to the upper  survival  
temperatures  be tween  the representa t ives  of the two brown algal  orders, emphas ized  
a l ready by Setchell  (1920), becomes  evident .  The inves t iga ted  He lgo land  representa-  
tives of the Desmarestiales,  the Scytosiphonales and  the Sphacelar ia les  are charac- 
terized by upper  survival temperatures  at 23-25 °C. 

Among  the Rhodophyceae (Table 4) the most sensi t ive species are the representa-  
tives of the Delesseriaceae which only survive 20 °C {Phycodrys rubens, Membranoptera 
alata} or 23 °C (Delesseria sanguinea}, the latter t empera ture  also mark ing  the upper  
survival l imit  of the Helgoland Rhodomela spp., whereas  the Ceramium spp. survive 
25 °C. In contrast, the representat ives  of the Gigar t ina les  (Phyllophora spp., Ahnfeltia 
plicata, Chondrus crispus, Polyides rotundus) are all found at the upper  end  of the 
temperature  survival  scale, with survival  t empera tures  of 28-30 °C. Biebl (1958), w h e n  
inves t igat ing the temperature  tolerance of a lgae from the coast of Brittany, had found an 
upper  survival  tempera ture  of 27°C for Phycodrys rubens, Membranoptera alata, a nd  
Delesseria sanguinea, thus 7 °C or 4 °C (D, sanguinea} higher  than  in  the present  
invest igat ion.  This difference is probably  artificial and  due to the short exposure t ime of 
12 h used by Biebl. 

The most sensi t ive species of the Chlorophyceae in  the He lgo land  seaweed  flora 
(Table 5) is the early spr ing a n n u a l  Monostroma undulatum which survives 10°C, bu t  
dies at 15°C. Next on the scale are the Acrosiphonia spp., aga in  spr ing annuals ,  with 
upper  survival l imits of 20 °C, the Chaetomorpha spp., which  survive 25 °C, and  f inal ly  a 
somewhat  bigger,  heat- tolerant  group with upper  survival  l imits at 28°C (Cladophora 
rupestris, Ulva spp.) or f inal ly at 30°C (Enteromorpha prolifera, Codium fragile, and  

Bryopsis hypnoides). 
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The morphological ly  larger  of the 54 inves t iga ted  species, i.e. 23 species, are again 
listed in Table  6 with regard to their affiliation to four geographical  distr ibution groups, 
according to their occurrence in  the Arctic, in  the North Atlantic, and in  the North 
Pacific. The fact that the 16 species l isted as occurr ing also in  the Arctic (groups 1 and 2} 
display s imilar  upper  survival  l imits as the species with cold temperature  distr ibutions 
(groups 3a and  3b) indica tes  that the species which invaded  the Arctic after the last 
g lacia t ion can hardly be character ized by reduced upper  survival  temperatures,  
a l though data on tempera ture  to lerance of seaweeds  in the Arctic is still largely lacking. 
The few data on tempera ture  tolerance of Arctic seaweeds  supports the view that t ime 
has b e e n  too short in  the Arctic for the formation of real cold water  a lgae which lose their 
abi l i ty  to survive at tempera tures  above 18 or 20 °C. Biebl (1968; Table  1) found as a 
result  of short (12 h) exposures to varying  tempera tures  that Agarum cribrosum and 
Laminaria saccharina from West G r e e n l a n d  had  upper  survival  temperatures  of 24 °C. 
Bolton & Liining (1982) detected an  upper  survival  l imit  of 23°C for Laminaria sac- 
charina subsp, longicruris gametophytes  from the C a n a d i a n  Arctic, or from Newfound-  
land,  exposed for 4 weeks  to vary ing  temperatures .  Even the gametophytes  of the arctic- 
endemic  L, solidungula survive 18 °C, however  not 20 °C, according to the latter authors. 
A more p ronounced  adap t ion  to cold condi t ions  is to be  expected in  the subantarct ic  and 
antarctic regions with a longer  history as cold water  habitats  than  the Arctic, and the 
only  result  in  this respect, the death  of Durvillaea antarctica at 14 °C (Del~pine & Asensi, 
1976) points in this direction. Also the fact that tropical subli t toral  a lgae may have a 
lower le thal  t empera ture  as h igh  as 14 °C, as found by Biebl (1962; Table  1}, shows that 
seaweeds  do change  their  t empera ture  characteristics dramatical ly  given a long enough 
geological  t ime period. 

Of the species l isted in  Table  6, several  cases have b e e n  ana lysed  in  detail  by Hoek 
(1982a, 1982b) with regard to their  geographica l  d is t r ibut ion a long seawater  isotherms 
as compared  to the tempera ture  tolerances,  and  tempera ture  demands  for growth or 
reproduction,  of a par t icular  species. These species are Chondrus crispus, Desmarestia 
aculeata, D. viridis (van den  Hoek, 1982a}, Laminaria saccharina, L. digitata, and 
L. hyperborea (van den  Hoek, 1982b). Inasmuch  as amphi-a t lan t ic  species are con- 
cerned,  usual ly  composite boundar ies  seem to l imit the dis t r ibut ion to the south, i.e. 
upper  survival  l imits de te rmine  the southern  boundary  of occurrence on the American 
side, and  tempera ture  requ i rements  for growth and/or  reproduct ion on the European 
side of the Atlantic.  Similar  analyses  may  be also possible  in  the future for the rest of the 
species l isted in  Tables  2-5 which only provide information on temperature  tolerance. 
However,  to achieve this goal, more data  about  the species '  tempera ture  tolerance from 
other coasts is required,  as wel l  as about  the tempera ture  requi rements  for growth and 
reproduction.  

The possibi l i ty  that Chordaria flagelliformis, Chorda ilium, and  D. viridis may differ 
with regard to their  upper  survival  tempera tures  in  the North Pacific and in  the North 
Atlant ic  is ind ica ted  by the f ind ing  that the upper  survival  tempera ture  of 23 °C, as 
de te rmined  for these species in He lgo land  material ,  would  not enab le  the Pacific 
counterpar ts  to reach their  actual  sou thern  l imits (Table 6). 



T e m p e r a t u r e  t o l e r a n c e  a n d  b i o g e o g r a p h y  of s e a w e e d s  317 

LITERATURE CITED 

Atlas okeanov, 1974-1977. Ministerstvo Oborony SSSR, Voenno-Morskoj Flot, 1-2. 
Biebl, R, 1958. Temperatur- und osmotische Resistenz yon Meeresa lgen der bretonischen Kfiste. - 

Protoplasma 50, 217-242. 
Biebl, R., 1962. Temperaturresistenz tropischer Meeresalgen.  (Verglichen mit jener  von Algen in 

temperierten Meeresgebieten.)  - Botanica mar. 4, 241-254. 
Biebl, R., 1968. Ober W/~rmehaushalt und Temperaturresistenz arktischer Pflanzen in Westgr6n- 

land. - Flora (Abt. B) 157, 327-354. 
Biebl, R., 1970. Vergle ichende Untersuchungen zur Temperaturresistenz von Meeresa lgen  ent lang 

der pazifischen Kfiste Nordamerikas. - Protoplasma 6P, 61--83. 
Bolton, J. J., 1983. Ecoclinal variation in Ectocarpus siliculosus (Phaeophyceae) with respect to 

temperature growth optima and survival limits. - Mar. Biol. 73, 131-138. 
Bolton, J. J. & Liining, K., 1982. Optimal growth and maximal survival temperatures  of Atlantic 

Laminaria species [Phaeophyta) in culture. - Mar. Biol. 66, 89-94. 
Briggs, J. C., 1974. Marine zoogeography. McGraw-Hill, New York, 475 pp. 
Cambridge, M., Breeman, A. M., van Oosterwijk, R. & Hoek, C. van den, 1984. Temperature 

responses of some North Atlantic Cladophora species (Chlorophyceae) in relation to their 
geographical distribution. - Hetgot~nder Meeresunters.  38, 349-363. 

Del~pine, R. & Asensi, A., 1976. Quelques donn~es exp~rimentales sur l '~cophysiologie de Durvil- 
laea antarctica (Cham,) Hariot (P~ophyc~es). - Bull. Soc. phycol. France 21, 65-80. 

Frakes, L. A., 1979. Climates throughout geologic time. Elsevier, Amsterdam, 310 pp. 
Hoek, C. van den, 1975. Phytogeographic provinces along the coasts of the northern Atlantic Ocean. 

- Phycologia 14, 317-330. 
Hoek, C. van den, 1982a, Phytogeographic distribution groups of benthic marine algae in the North 

Atlantic Ocean. - Helgol~inder Meeresunters.  35, 153-214. 
Hoek, C. van den, 1982b. The distribution of benthic  marine algae in relation to the temperature 

regulation of their life histories. - Biol. J. Linn. Soc. Lond. 18, 81-144. 
Kappen, L., 1981. Ecological significance of resistance to high temperature.  In: Encyclopedia of 

plant physiology. (N. S.), Ed. by O. L. Lange, P. S. Nobel, C. B. Osmond & H. Ziegler. Springer, 
Berlin, 12A, 439-474. 

Lampe, H., 1935. Die Temperatureinstel lung des Stoffgewinns bei Meeresalgen als plasmatische 
Anpassung. - Protoplasma 23, 534-578. 

Latchet, W., t980. Physiological plant ecology. Springer, Berlin, 303 pp. 
Larcher, W., Heber, U. & Santarius, K. A., 1973. Plants: Limiting temperatures for life functions. In: 

Temperature and life. Ed. by H. Precht, J., Christophersen, H. Hensel,  & W. Latchet. Springer, 
Berlin, 195-231. 

Lfining, K., 1985. Meeresbotanik.  Thieme, Stuttgart (in press). 
McLachlan, J. & Bird, C. J., 1984. Geographical and experimental  assessment  of the distribution of 

species of Gracilaria Grev. [Rhodophyta: Gigartinales) in relation of temperature. - Helgol~inder 
Meeresunters.  37, 319-334. 

Montfort, C., Ried, A. & Ried, L, 1957. Abstufungen der funktionellen W~rmeresistenz bei 
Meeresalgen in ihren Beziehungen zu Umwelt  und Erbgut. - Biol. Zbl. 76, 257-289. 

Parker, J., 1960. Seasonal changes  in cold-hardiness of Fucus vesiculosus. - Biol. Bull. mar. biol. 
Lab. Woods Hole, 119, 474-478. 

Rietema, H. &Hoek, C. van den, 1984. Search for possible latitudinal ecotypes in Dumontia contorta 
[S. G. Gmel.) Rupr. (Rhodophyta). - Helgol~inder Meeresunters.  38, 389-399. 

Schramm, W., 1968. Okologisch-physiologische Untersuchungen zur Austrocknungs- und Tem- 
peraturresistenz an Fucus vesiculosus L. der west l ichen Ostsee. - Int. Revue ges. Hydrobiol. 53, 
469-510. 

Setchell, W. A., 1920. Stenothermy and zone-invasion. - Am. Nat. 54, 385-397. 
Yarish, C., Breeman, A. M. & Hoek, C. van den, 1984. Temperature,  light, and photoperiod 

responses of some northeast American and west  European endemic  Rhodophytes in relation to 
their geographical distribution. - Helgol/inder Meeresunters.  38, 273-304. 


