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ABSTRACT: Effects of day length  and  tempera ture  on the formation of erect fronds (macrothalli) 
from crusts (microthalli) of Dumont ia  contorta (S.G. Gmel.) Rupr. from three  localit ies in Nova 
Scotia and  one locality in Southern  Iceland were inves t iga ted  and  compared  to such effects shown 
by strains from three different East Atlantic localities (Isle of Man; Zeeland,  S.W. Nether lands;  a n d  
Roscoff, Brittany, France). Al though these  strains showed  small  differences in the i r  tempera ture-  
dayIength responses, these  could not be  in terpre ted  as la t i tudinaI  adaptat ions,  and  consequent ly  no 
lat i tudinal  ecotypes could be  found for Dumont ia  contorta in the  N. At lant ic  Ocean. Upr ight  fronds 
are formed at a broad tempera ture  range  of about  4 °-18°C and  at day lengths  ~< 13 h. Only in the 
southernmost  part  of its distr ibution area can h igh  au tumnal  tempera tures  be  expected  to block the 
reappearance  of upr ight  fronds after passage  of the critical day leng th  in September.  In the larger  
part  of the distribution area even  summer  tempera tures  are not h igh  enough  to block formation of 
uprights  and  here apparent ly  only short day lengths  ini t iate the reappearance  of young upr ight  
fronds in autumn.  The consequences  of these  aspects  of the life history regula t ion for the geographic  
distr ibution are discussed. 

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

T h e  l i fe  h i s t o r y  of D u m o n t i a  con to r ta  c o m p r i s e s  i s o m o r p h i c  g a m e t o p h y t i c  a n d  

s p o r o p h y t i c  s t a g e s  p r o d u c i n g  c a r p o s p o r e s  a n d  t e t r a s p o r e s ,  r e s p e c t i v e l y .  B o t h  s p o r e  t y p e s  

d e v e l o p  i n to  d i s c s  ( m i c r o t h a l l i )  f r o m  w h i c h  l a t e r  e r e c t  t h a l l i  ( m a c r o t h a l l i )  a r i s e  (for 

d e t a i l s  of t h e  f o r m a t i o n  of t h e s e  u p r i g h t s ,  s e e  R i e t e m a ,  1984).  C u l t u r e  e x p e r i m e n t s  w i t h  

s t r a i n s  f r o m  t h r e e  n o r t h e a s t e r n  A t l a n t i c  l o c a l i t i e s  (Roscoff  i n  B r i t t a n y ,  F r a n c e ,  4 8 ° 4 4 ' N  

× 4°W;  Por t  Er in ,  t h e  Is le  of M a n ,  5 4 ° 0 5 ' N  x 4o45 ' W; a n d  Z e e l a n d ,  S W  N e t h e r l a n d s ,  

51 ° 45 '  X 4 ° E) i n d i c a t e d  t h a t  t h e  d e v e l o p m e n t  of m a c r o t h a l l i  f r o m  m i c r o t h a l l i  is i n i t i a t e d  

b y  s h o r t  p h o t o p e r i o d s  a n d  p r o m o t e d  b y  l i m i t e d  t e m p e r a t u r e  r a n g e s  ( R i e t e m a ,  1982; 

R i e t e m a  & B r e e m a n ,  1982).  T h e  s t r a i n s  f r o m  Roscoff  a n d  t h e  I s le  of M a n  h a v e  a n  

o p t i m u m  d a y l e n g t h  for  m a c r o t h a l l u s  f o r m a t i o n  of a b o u t  8 h.  A t  d a y l e n g t h s  b e t w e e n  10 

a n d  12 h t h e  n u m b e r s  of m a c r o t h a l l i  i n i t i a t e d  d e c r e a s e  d r a s t i c a l l y  to  r e a c h  a v a l u e  of 

ze ro  a t  a b o u t  12 to 14 h l i g h t  p e r  day .  T h e  o p t i m u m  t e m p e r a t u r e  for  m a c r o t h a l l u s  

f o r m a t i o n  is a b o u t  1 2 - 1 6 ° C  i n  t h e  Roscoff  s t r a i n  a n d  a b o u t  8 - 1 2  °C i n  t h e  M a n  s t r a in .  At  

t e m p e r a t u r e s  a b o v e  16°C a n d  12°C,  r e s p e c t i v e l y ,  t h e  n u m b e r s  of m a c r o t h a l l i  f o r m e d  

• 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, Universi ty 
of Groningen,  The Netherlands.  Convenor:  C. van den  Hoek. 
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decrease drast ically to reach va lues  of zero at about  20 °C in the Roscoff strain and  at 
about  16 °C in  the Man  strain. The above small  differences in  the tempera ture -day length  
responses of the Roscoff and  Man  strains sugges ted  the possible existence of ecotypes, 
the Man  strain showing an  adapta t ion  to the somewhat  lower temperatures  at the Isle of 
Man  than  at Roscoff. However,  in  the strain from Zee land  (situated at a lati tude 
in termedia te  to those of the Roscoff and  the Isle of Man  locations) the n u m b e r  of uprights 
in i t ia ted decreases drast ically to almost zero at about  14 h l ight per day and at a 
tempera ture  of about  24 °C. This different t empera tu re -day leng th  response of the Zee- 
land  strain cannot  be exp la ined  as an adapta t ion  to its la t i tude (Rietema & Breeman, 
1982). Evidence  for the exis tence of la t i tudinal  ecotypes with different temperature-  
photoperiod responses has b e e n  brought  forward by Liining (1980) for Scytosiphon 
lomentaria (Phaeophyceae) and  West (1972) for Rhodochorton purpureum (Rhodophy- 
ceae). The present  study in tends  to invest igate  whether  or not comparable  la t i tudinal  
tempera ture-photoper iod  ecotypes can be d i s t inguished  in  Dumontia contorta. For this 
purpose the tempera ture-photoper iod  responses dur ing  the formation of uprights was 
inves t iga ted  for strains from the North Atlant ic  West shore and  from the coast of Iceland. 

MATERIAL AND METHODS 

The fol lowing four strains of Dumontia contorta were  used: (1) a strain from Halls 
Harbour,  Bay of Fundy,  Nova Scotia, 45 ° 10 'N  × 64 ° 3 6 ' W  (July 15, 1982; high littoral 
rockpools); (2) a s train from Ketch Harbour,  Nova Scotia, 4 4 ° 2 9 ' N  x 63°31 'W (July 27, 
1982, low littoral rockpools); (3) a s train from Halifax Harbour,  Nova Scotia, 44 ° 36' N × 
63o29 ' W (July 29, 1982, on low littoral rocks; (4) a s train from the coast near  Stokkseyri, 
Southern  Iceland, 6 3 ° 5 0 ' N  x 21°W (August 17, 1983, on rocks, low littoral zone). 

Unia lga l  cultures were es tabl i shed and  exper iments  conducted as described previ- 
ously (Rietema & Klein, 1981; Rietema, 1982). Spores were precul tured  for 5 weeks at 
12°C, long-day  (16:8) conditions,  2,000 lux (ca 40 BEm -2 s-l) .  

RESULTS 

Effects  of p h o t o p e r i o d  a n d  t e m p e r a t u r e  o n  t he  s p o r o p h y t i c  m i c r o t h a l l i  f rom 
N o v a  Sco t i a  ( E a s t e r n  C a n a d a )  

Results of exper iments  with sporophytic microthall i  (Bay of Fundy  material) precul- 
tured for 5 weeks  at 12 °C, long-day  (16:8} condit ions and  kept  thereafter at 7 different 
photoperiods and  at a constant  tempera ture  of 12 °C, are g iven  in  Figure la.  Numerous 
macrothal l i  deve loped  unde r  the fol lowing condit ions:  4: 20, 8:16, 10:14 and  only small 
number s  at a day leng th  of 13:11. No macrothal lus  deve lopment  occurred at all at a 
day leng th  14:10 or longer.  

The results of exper iments  with sporophytic microthall i  (Bay of Fundy material} kept 
at 7 different tempera tures  and  on short-day regime (8:16) are g iven  in Figure lb. 
Macrothal lus  deve lopment  main ly  occurred at 8 and  12 °C and  in small  numbers  after a 
relat ively long incuba t ion  per iod (59 days} also at 16, 18 and  20°C. No macrothallus 
deve lopment  occurred at all at 24 °C. At 24 °C the margins  of microthall i  curled upward 
and  at 26 °C the microthall i  died gradua l ly  wi th in  5 weeks. Macrothall i  obta ined under  
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Fig. 1. Development of 5-week old discoid sporophytic microthalli of Dumont ia  contorta (Bay of 
Fundy material, Nova Scotia} at different daylengths (2,000 lux and I2 °C) (Fig. la) and at different 
temperatures (short-day and 2,000 lux) (Fig. lb). Percentages microthalli (n > 100) with macrothalli 

38, 45 and 59 days after the start of the experiment are given 

12°C short-day condit ions and  exposed thereafter to 12 and  16°C long-day  condit ions 
produced carpospores after 4 and  6 months,  respectively.  Both microthall i  and  mac- 
rothalti survived 0 °C very well.  At this temperature ,  no macrothal lus  in i t ia t ion  occurred 
under  short-day condit ions wi thin  the 3.5 months  of observation.  The upper  lethal  

temperature  was 26 °C. 
Experiments with sporophytic microthall i  from the two other east C a n a d i a n  

localities (Ketch Harbour  and  Halifax Harbour) which were also precul tured  for 5 weeks  
at 12 °C long-day (16:8) produced results s imilar  to those ob ta ined  with the Bay of Fundy  
strain. These results are presented  in  Figure 2 (a and  b). The upper  lethal  tempera ture  

was 26 °C. 
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Fig. 2. Development of 5-week old discoid sporophytic microthalli of Dumont ia  contorta (Halifax 
harbour and Ketch harbour material, Nova Scotia) at different daylengths (2,000 lux and 12 °C) (Fig. 
2a) and at different temperatures {short-day and 2,000 lux) (Fig. 2b). Percentages of microthalli 

(n > 100} with macrothalli 38 and 51 days after the start of the experiment are given 

Effec t  of p h o t o p e r i o d  a n d  t e m p e r a t u r e  o n  t he  g a m e t o p h y t i c  a n d  s p o r o p h y t i c  
m i c r o t h a l l i  f rom I c e l a n d  

Results of exper iments  with sporophytic and  gametophyt ic  microthall i  (S. Iceland 
strain) precul tured  for 5 weeks  at 12°C, long-day  (16:8) condit ions and  transferred 
thereafter to different regimes of day leng th  and  tempera ture  are presented  in Figure 3 a 
and  b. These results do not essent ia l ly  differ from those ob ta ined  with the three strains 
from Nova Scotia. Both microthal l i  and  macrothal l i  survived 0 °C very well. At this 
tempera ture  no macrothal lus  in i t ia t ion occurred unde r  short-day condit ions within 3.5 
months  of observat ion.  The le thal  tempera ture  was 26 °C for both gametophyt ic  and 
sporophytic microthalli .  
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Fig. 3. Development of 5-week old gametophytic and sporophytic microthalli of Dumont ia  contorta 
(Icelandic material) at different daylengths (2,000 lux and 12 °C) (Fig. 3a) and at different tempera- 
tures (short-day and %000 lux) (Fig. 3b). Percentages microthalli (n > 100) with macrothalli 38 and 

51 clays after the start of the experiment are given 

DISCUSSION 

There are no distinct differences in  the day leng th  responses be t w e e n  the strains 
from S. Iceland ( - 6 4 ° N  latitude) and  those from Nova Scotia (~ 44-45°N latitude) 
(compare Figure 3a with Figures l a  and  2a). In all  cases the day leng th  at which no (or 
only very few) uprights were formed after about  7-8  weeks  was 14 h (or more). Figures 
la,  2a and  3a, however,  show that the dura t ion of the exper iments  in f luenced  the results 
obta ined especial ly at subopt imal  daylengths .  For instance,  after 38 days at 12:12 (L:D), 
the Bay of Fundy strain (Figure la) and  the Iceland gametophyt ic  strain (Figure 3a) had  
not yet, or had hardly, formed uprights,  whereas  the Halifax and  Ketch Harbour  strains 
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Fig. 4. Daylength ranges permitting development of upright fronds from crusts in 9 strains of 
Dumontia  contorta, The  strains are arranged according to the latitudes of their original localities, 
The broad bar indicates 80-100 % germination of crusts (microthalli); the narrow bar 40-80 % 
germination of microthallb the single line 5-40 % germination of microthalli. The experimental 

points are indicated on the daylength scale 

(Figure 2a) as well  as the Iceland sporophyte strain (Figure 3a) had formed considerable  
number s  of upr ight  fronds. In general ,  p ro longat ion  of the exper iments  tends to increase 
considerably  the number s  of crusts bear ing  uprights  at subopt imal  daylengths  (see also 
Rietema, 1982; and  Rietema & Breeman,  1982). Figure 3a shows moreover, a consider- 
able  difference in  the numbers  of crusts bear ing  uprights  be tween  a sporophytic and a 
gametophyt ic  strain from the same locality, and  this aga in  at a subopt imal  daylength  
(12:12). Comparab le  differences at subopt imal  daylengths  have b e e n  found be tween  
sporophytic and  gametophyt ic  strains from the Isle of Man  (Rietema, 1982). We think that 
these differences reflect rather  the var iance  of the method (determining percentage 
ge rmina t ion  of crusts) near  the critical daylength,  than real differences between 
sporophytes and  gametophytes  and, consequent ly ,  also be tween  strains from different 
localities. 

Figure 4 summarizes  semid iagrammat ica l ly  the day leng th  responses of 9 different 
strains based on exper iments  of 6-8 weeks duration.  The strains are ar ranged according 
to the lat i tudes of their  or ig inal  localities, which  vary from ca 64°N (S. Iceland) to ca 
44°N (Ketch Harbour,  N.S.). The nor thernmost  and southernmost  localities of D u m o n t i a  

con tor ta  are s i tuated at 71°N (N. Norway) and  40°N (Long Is land Sound and N. 
Portugal), respectively.  Again,  Figure 4 does not indicate  the existence of daylength 
ecotypes in  D u m o n t i a  contor ta .  If such ecotypes exist, one would  expect the Iceland 
strain to have the highest  critical daylength,  and  the three Nova Scotia strains to have 
the lowest critical daylengths,  which is apparen t ly  not the case. For S c y t o s i p h o n  
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l o m e n t a r i a  (Phaeophyceae} the exis tence  of such day leng th-eco types  has b e e n  demon-  

strated by Liining (lg80). A strain from Iceland (66°N) had a crit ical  day leng th  of 17 h, 

one from Helgo land  (54°N) of 13 h, and one  from the Adria t ic  Sea (45°N) of 12 h. 
With regard to the t empera tu re  responses,  there  are also no clear  cut differences 

be tween  the strains from S. Ice land and those from Nova  Scotia (compare Figure  3b with  
Figures lb  and 2b). In all strains the t empera tu re  at which  no (or only very few) uprights  

were  formed after about  7-8  weeks  was  20 °C or more.  At 4 °C no, or very few uprights  
were  formed. 26°C was  le thal  to all strains. However ,  if we  compare  the responses  at 

subopt imal  t empera tures  (e.g. 16°C), then  the responses  of the two Ice landic  strains 
seem to be dist inctly smal ler  (-- 10 % germina t ion  59 days) than those of the three  Nova  

Scotian strains (-- 60-80 % ge rmina t ion  after 51 or 59 days) and this migh t  indicate  a 
disposit ion for somewhat  h igher  t empera tu res  in the Nova Scotian strains {compare 

Figure  3b with  Figures  l b  and 2b). However ,  as in the day leng th  responses,  a longer  
durat ion of the exper iments  tends to increase  the numbers  of crusts wi th  uprights,  and 

there may be cons iderable  differences b e t w e e n  the responses  of sporophyt ic  and 
gametophyt ic  crusts, espec ia l ly  at subopt imal  t empera tures  (cf. F igure  3b and Rietema,  

1982). Here,  again,  we th ink that the var iance  of the response  at subopt imal  t empera -  
tures is rather due to the me thod  than to real  differences in t empera tu re  response.  This 

interpretat ion is la rge ly  suppor ted  by Figure  5, which  summar izes  the t empera tu re  
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Fig. 5. Thermal ranges of tolerance (lightly shaded bars) and development of uprights from crusts 
(heavily shaded bars) in 8 strains of Dumontia contorta. The strains are arranged according to the 
mean annual sea surface temperatures of their original localities (indicated in the middle of the 
seasonal temperature ranges: ~¢--,). 1 = lethal temperature. The broad bar indicates 80-100 % 
germination of microthalli (crusts); the narrow bar 40-80 % germination of microthalli; the single 
line 5-40 % germination of microthalli. The experimental points are indicated on the temperature 

scale 
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responses  of 8 s t ra ins  b a s e d  on expe r imen t s  of 6-8  weeks .  The s trains  are  a r r anged  here 
accord ing  to the  a v e r a g e  t e m p e r a t u r e s  of the  sea  surface at  thei r  o r ig ina l  local i t ies  
(except  for the  lowermos t  s t ra in  wi th  its abe r r an t  response) .  The  t empera tu re  responses  
of the  u p p e r m o s t  s even  s t ra ins  a re  qu i te  s imilar ,  and  the smal l  d i f ferences  cannot  be 
r e l a t ed  to the  d i f ferences  in the  sea  surface t empe ra tu r e s  at  their  or ig ina l  locali t ies .  Only 
the  lowermos t  strain,  from SW. Ne ther lands ,  has  a much  b roade r  t empe ra tu r e  range  
pe rmi t t i ng  in i t ia t ion  of upr igh t s  from crusts than  any  other  s t ra in  (Rietema & Breeman,  
1982). This  could  p e r h a p s  b e  i n t e rp re t ed  as  an  adap t a t i on  to the  much  g rea te r  seasona l  
t e m p e r a t u r e  r a n g e  at  i ts  o r ig ina l  local i ty.  However ,  one  wonde r s  why  then  comparab ly  
b r o a d  the rma l  r anges  d i d  not  deve lop  in  the  s t ra ins  from Hal i fax  and  Ketch Harbour ,  
wi th  c o m p a r a b l y  w ide  seasona l  r anges  of sea  surface t empera tu re s  (Figure  5). The 
s imi la r i ty  of the  t e m p e r a t u r e  responses  of the  s even  uppe rmos t  s t ra ins  in  F igure  5 can be  
a p p r e c i a t e d  by  compar ing  this f igure  wi th  F igure  1 in McLach lan  & Bird (1984) and  
F igure  1 in  C a m b r i d g e  et  al. (1984) showing  the d is t inc t ly  di f ferent  the rmal  r anges  of 
t o l e rance  and  g rowth  for di f ferent  spec ies  of one  genus  (GracilaHa and  Cladophora, 
respect ive ly) .  

In conclusion,  F igure  5 shows that  e igh t  s t ra ins  of Dumont ia  contorta from differing 
po in ts  a long  the N. At lan t ic  coasts  have  iden t i ca l  r anges  of the rmal  to lerance;  of these,  
seven  also have  qu i te  s imi la r  the rmal  r anges  for the  d e v e l o p m e n t  of upr igh ts  from crusts. 
Apparen t ly ,  the  p re sen t  s tudy  does  not  p re sen t  ev idence  for the ex i s tence  of la t i tud ina l  
t e m p e r a t u r e - d a y l e n g t h  eco types  in Dumont ia  contorta, a l though  it does  not exc lude  the 
poss ib i l i ty  of sub t le  d i f ferences  b e t w e e n  local  popula t ions .  Such eco types  could  be 
d i s t i ngu i shed  in Scytos iphon lomentaria  (Lfining, 1980) and  Rhodochorton purpureum 
(West, 1972). T e m p e r a t u r e  eco types  were  demons t r a t ed  also for the  w ide ly  occurr ing 
(arctic to t ropical)  p h a e o p h y t e  Ectocarpus s i l iculosus (Bolton, 1983), but  not in the 
Lamina r i a  spec ies  (Bolton & Lfining, 1982) and  in the  Grac i l a r i a  spec ies  (McLachlan & 
Bird, 1984). 

The lowest  t e m p e r a t u r e  so far i nves t i ga t ed  is 0 °C (for the s t ra in  from Ice land  and 
one s t ra in  from Nova Scotia) and  this inhib i t s  in i t ia t ion  of macrothal l i ,  whe reas  mac- 
ro thal l i  a re  in i t i a t ed  at 4 °C, a l though  wi th  much  re tarda t ion .  The  p re sen t  observat ions  
on t empe ra tu r e  responses  in cul ture  sugges t  that  crusts are  ab le  to form upr igh t  fronds 
wi th in  a b road  t e m p e r a t u r e  r ange  of 4 -18°C  (16°C in the  Isle of Man  strain). This 
t e m p e r a t u r e  r ange  surpasses  the  ave r age  seasona l  t empe ra tu r e  ranges  of some sites (S. 
Ice land;  Isle of Man;  Roscoff, Brittany, cf. F igure  5) whe re  i nves t i ga t ed  strains have been  
co l lec ted  and  he re  d a y l e n g t h  is p r o b a b l y  the  ma in  phys ica l  p a r a m e t e r  involved  in the 
r egu la t i on  of the  seasona l  r e a p p e a r a n c e  of Dumont ia  in na ture  (Figure  6). At  the 
boundar ies ,  however ,  the  s i tua t ion  can be  e x p e c t e d  to be  different.  This is i l lus t ra ted  by 
F igure  6 wh ich  compares  the  t e m p e r a t u r e - d a y l e n g t h  r egu la t i on  of Dumont ia  contorta's 
l i fe h is tory  in the  course  of the  yea r  for th ree  loca l i t ies  of i nves t i ga t ed  s trains  (Roscoff, 
Isle of Man,  S. Ice land)  wi th  the  p r e s u m p t i v e  t e m p e r a t u r e - d a y l e n g t h  r egu la t ion  of this 
spec ies  near  its nor thern  l imi ts  (N. Newfound land ,  N. Iceland)  and  its southern  l imits (N. 
Por tuga l  (Ardr4, 1970) and  Long I s l and  Sound  (Schne ider  et  al., 1979)). The  va lues  given 
in F igure  6 are  es t ima tes  b a s e d  on the  d i s t r ibu t ion  of i so therms (cf. van  den  Hoek,  1982 
pp.  86--88) and  n e e d  ver i f ica t ion  by  p rec i se  in si tu s tudies .  The  m a x i m u m  summer  
t e m p e r a t u r e  (24 °C) on  the coast  of Long I s l and  Sound  is close to the  le tha l  t empera tu re  of 
Dumont ia  contorta (26 °C) and  therefore  the  sou thern  l imit  in NE. Amer i ca  is l ike ly  to be 
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Fig. 6. Temperature-daylength conditions influencing the initiation of upright fronds of Dumontia 
contorta from crusts at seven points of its distribution area. The temperature ranges at Roscoff 
{Brittany, France), the Isle of Man and S. Iceland (top bar) are entirely within the temperature range 
(4-18°C) permitting initiation of uprights, and here only daylength regulates the reappearance of 
fronds in autumn. At the northern boundary, initiation of uprights is blocked by low winter 
temperatures {~< 4 °C) and is restricted to autumn; at the southeastern boundary (N. Portugal), the 
initiation is blocked by high autumnal temperatures and virtually restricted to winter; at the 
southwestern boundary {Long Island Sound), the initiation is blocked by both high autumnal 
{> 18°C) and low winter (~< 4 °C) temperatures and is hence restricted to a very short period in late 

autumn 

a southern lethal boundary,  and  not a growth boundary .  Tempera tures  a l lowing ini t ia-  
tion and  growth of upr ights  (4-18 °C) occur in  late a u t u m n  even  far south of Long Is land 
Sound. In winter, tempera tures  here are even  too low to permit  in i t ia t ion  of uprights.  The 
high au tumna l  tempera tures  at Long Is land Sound block formation of upr ights  far into 
autumn,  and  low win te r  temperatures  (< 4 °C) block formation dur ing  winter.  

In N. Portugal h igh a u t u m n a l  tempera tures  also block formation of uprights  far into 
autumn;  however, the highest  tempera ture  exper ienced  in summer  is several  degrees  C 
below the lethal t empera ture  which can be expected in termi t tent ly  further to the South, 
along the coast of Maure t an i a  (at about  the 22 °C summer  isotherm} (van den  Hoek, 
1982}. The southern l imit  in Portugal  can therefore be bet ter  exp la ined  as a southern  
growth limit where  win te r  tempera tures  b e t w e e n  16 and  18 °C just  a l low in i t ia t ion  and  
growth of uprights  fronds throughout  winter  (cf. Figure 6). These winter  temperatures  
be tween  16 and  18°C correspond with a southern  boundary  nea r  the 14°C win te r  
isotherm (rather than  the 12 °C winter  isotherm as earl ier  sugges ted  by van  den  Hoek, 
1982}. However, a long the southernmost  coasts of Portugal  the p redominan t ly  sunny,  
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s u m m e r  w e a t h e r  (Ardr~ ,  1971) m a y  w a r m  u p  l o w  l i t to ra l  r o c k p o o l s  ( w h e r e  D u m o n t i a  

u s u a l l y  a b o u n d )  to  t e m p e r a t u r e s  h i g h e r  t h a n  t h e  l e t h a l  t e m p e r a t u r e .  O n l y  in  s i tu  s t u d i e s  

c a n  s u b s t a n t i a t e  t h i s  s u g g e s t i o n .  

N e a r  i ts  n o r t h e r n  b o u n d a r y  ( N e w f o u n d l a n d ,  I c e l a n d ,  n o r t h e r n  N o r w a y )  Dumon t ia  

contorta is e x p o s e d  to s u m m e r  t e m p e r a t u r e s  b e t w e e n  8 a n d  10 °C a n d  w i n t e r  t e m p e r a -  

t u r e s  b e t w e e n  - 1 o a n d  1 °C. I n i t i a t i o n  of u p r i g h t s  is o n l y  p o s s i b l e  i n  e a r l y  a u t u m n ,  a n d  

n o t  i n  w i n t e r  w h e n  t e m p e r a t u r e s  a r e  too  l o w  ( <  4°C}. A s u m m e r  t e m p e r a t u r e  of 

s o m e w h a t  > 4 °C is  j u s t  h i g h  e n o u g h  for  a m i n i m a l  i n i t i a t i o n  of m a c r o t h a l l i  a n d  th i s  

w o u l d  b e  in  a c c o r d  w i t h  D u m o n t i a  contorta 's  n o r t h e r n m o s t  b o u n d a r y  j u s t  s o u t h  of t h e  

5 ° C  A u g u s t  i s o t h e r m  as  s u g g e s t e d  b y  v a n  d e n  H o e k  (1982). D u m o n t i a  contorta's 

n o r t h e r n  b o u n d a r y  c a n  t h e r e f o r e  b e  c o n c e i v e d  as  a n o r t h e r n  g r o w t h  a n d  r e p r o d u c t i o n  

b o u n d a r y .  T h i s  s p e c i e s  is a p p a r e n t l y  c a p a b l e  of s u r v i v i n g  w i n t e r  t e m p e r a t u r e s  as  low as 

0 to  - 2  °C, p r o b a b l y  e v e n  lower .  In  A u g u s t  1983, m a i n l y  s t e r i l e  D u m o n t i a  f ronds  c o u l d  

b e  f o u n d  a l o n g  t h e  s o u t h  c o a s t  of I c e l a n d  a n d  t h i s  s u g g e s t s  t h a t  t h e  p o p u l a t i o n s  t h e r e  

c o u l d  h a r d l y  r e a c h  m a t u r i t y ,  a n d  p e r h a p s  n e e d  m o r e  t h a n  o n e  s e a s o n  to r e a c h  fer t i l i ty .  

T h e  a b s e n c e  of d i s t i n c t  l a t i t u d i n a l  e c o t y p e s  in  Durnont ia  contorta p e r m i t s  o n e  

p r a c t i c a l  c o n c l u s i o n :  i t  is  p o s s i b l e  to  u s e  t h e  t e m p e r a t u r e  d a y l e n g t h  r e s p o n s e s  of o n e  

s t r a i n  to i n f e r  t h e  a p p r o x i m a t e  g e o g r a p h i c  b o u n d a r i e s  for  t h i s  s p e c i e s .  
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