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ABSTRACT: The temperature requirements for growth and upper temperature tolerance were 
determined in 16 macroalgal species collected on Disko Island (Greenland). The upper survival 
temperatures were examined in 1 ~ steps, and growth measured at 5~ intervals between 0 and 
20 ~ using a refined method, where the fresh weight was determined weekly or fOrtnightly over a 
period of 5 or 6 weeks. To express temperature-growth responses, growth rates of temperature- 
acclimated plants were taken. Two groups with different temperature requirements were identified: 
(1) A stenothermal group including Acrosiphonia arcta, Acrosiphonia sonderi, Urospora penicillifor- 
mis, Devaleraea ramentacea, Desmarestia aculeata, Pilayella fittoralis, growing between 0 and (10 
to) 15 (or 20)~ with optima between 0 and 10 ~ The upper survival temperatures in these species 
and in Chromastrum secundatum, Chromastrum virgatulum, Chordaria flagelli[ormis were between 
17 and 23 ~ (duration of experiment: 2 weeks). (2) A eurythermal group including Enteromorpha 
clathrata, Enteromorpha intestinalis and Polysiphonia urceolata growing between 0 and 20 ~ with 
growth optima at 10 or 15~ The upper survival temperatures in these species and in 
Chaetomorpha tortuosa, Bangia atropurpurea and Eudesme virescens were between 24 and 31 ~ 
These algal species showed little adaptation to the Arctic temperatures. In contrast, algae from the 
first group exhibited a relatively high adaptation to low temperatures - approaching the low 
temperature requirements of Antarctic algae. The results are discussed in relation to the geographic 
distribution of individual species. 

INTRODUCTION 

The deve lopment  of the cold-water  marine algal floras in the Northern and Southern 
Hemisphere  are a result of the great  glaciations since the Tertiary (Lfining & tom Dieck, 

1989). A characteristic cold water  envi ronment  has existed in Antarct ica for 25-30 million 

years (= 25-30 Ma), a first glacial peak  occurring at approx. 14 Ma (Grant-Meckie,  1979). 
This development  began  much later in the North Polar Sea, at approx. 2 Ma (Thiede, 

1986). The four great  Pleistocene glaciations displaced the terrestial and mar ine  flora and 

fauna in the Northern Hemisphere  towards the south, and during the interglacials,  again 
towards the north. 18,000 years ago, during the last glaciat ion m ax im um  (Wiirm-/ 

Wisconsin), the tempera ture  of the upper  seawater  layer in the North Atlantic was  ca. 

10 ~ lower than today (Lfining, 1990). During the glaciations, the North Atlantic region 
(northwards of a line from N e w  York to southern England) was covered  with an ice- layer  

and was re-colonised during the interglaciat ion (postglacial colonfsation, Hempel ,  I987). 
It is therefore assumed that the Arctic region is an extension of the cold- tempera te  region 
of the North Atlantic (Lfining, 1990). 
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Because of the ear l ier  glaciat ion of Antarct ica,  there  was a longer  p e r i o d  avai lable  for 
the deve lopment  of cold-water  biota  in the Southern Ocean,  c o m p a r e d  to that  in the  
Northern Hemisphere  (Hempel,  1987; Lfining & tom Dieck, 1989). Hence,  a s teno thermal  
flora and fauna deve loped  in the  Antarct ica,  with a high growth eff iciency at low 
tempera tu res  and a cor respondingly  low tolerance to h igh  t empera tu res  (Hempel ,  1987; 
Wiencke  & tom Dieck, 1989, 1990). In contrast, Arctic and  co ld - t empera t e  species  from 
the Northern  Hemisphe re  are re la t ive ly  eury thermal  (Bolton & Lfining, 1982; Bolton, 
1983; Egan et al., 1990; tom Dieck, 1989, 1992b, 1993). 

Exper imenta l  da ta  on t empera tu re  requ i rements  of Arctic m a c r o a l g a e  are rare 
(Breeman, 1988). In this study, the t empera tu re  requ i rements  for g rowth  a n d  survival  of 
Arctic macroa lgae  from Disko Island, Greenland,  were  de te rmined .  T h e  method  for 
de te rmina t ion  of growth rates at different  t empera tu res  has  been  refined,  and,  us ing this 
technique,  it was possible  to demons t ra te  a h igher  accl imat ion potent ia l ,  as well  as 
adapta t ion  to the Arctic t empera tu re  regime,  than  was previously  recorded .  These  results  
are discussed in relat ion to the t empera tu re  requ i rements  of the  same or  other  species  
from co ld- tempera te  regions  and  from the Southern Ocean.  Finally, the t e m p e r a t u r e  da ta  
ob ta ined  are used  to expla in  the b iogeograph ic  boundar ies  of the i nves t i ga t ed  species.  

MATERIALS AND METHODS 

The macroa lgae  inves t iga ted  were  isolated as spores or thal lus  f r agmen t s  by C. 
Wiencke  dur ing an expedi t ion  to Disko Is land (Greenland),  us ing  the m e t h o d s  desc r ibed  
by  Clayton & Wiencke  (1986). The spec ies  are l isted in Table  1. Algae  w e r e  subsequen t ly  
cul t ivated in the labora tory  at a t empera tu re  of 10 ~ Cult ivat ion methods ,  de te rmina t ion  
of growth rates  and  uppe r  survival  t empera tu res  (duration of exper iments :  2 weeks)  were  
carr ied out as descr ibed  by Wiencke  & tom Dieck (1989). The g rowth  exper iments ,  
however ,  were  par t ly  modified;  growth  was followed over  a per iod  of 5 weeks;  Fresh 
weight  was m e a s u r e d  week ly  or fortnightly and the algal  b iomass  was r e d u c e d  to init ial  
weight ,  in order  to exclude  the effects of low light condit ions resul t ing from self-shading.  
Between repet i t ive exper iments  the same initial weight  was taken.  For each  interval,  the  
specific growth rates, expressed  in % increase  d -1, were  ca lcu la ted  by  use of the  
following equat ion  from Lfining (1985): 

Specific growth  rate  = 100 (In Wt/In Wj) t - l ;  

where  Wj = initial  size or fresh weight ;  Wt = size or fresh we igh t  on d a y  t; t -- t ime 
interval.  

In Devaleraea ramentacea and  in the  sporophytes  of Desmarestia aculeata growth  
was de t e rmined  once dur ing  a pe r iod  of 6 weeks.  In D. aculeata g a m e t o p h y t e s  growth  
was inves t iga ted  over  a per iod  of 3 days,  following 5 days  where  the  a l g a e  had  b e e n  
ma in ta ined  at the  exper imenta l  t empera tu re  and l ight  conditions.  T h e  exper imen ta l  
per iod could not  be  ex tended ,  because  of the high growth rates  (Fig. 6), m a k i n g  a 
p lanimetr ic  eva lua t ion  impossible .  

RESULTS 

The change  of growth rates in Acrosiphonia sonderi with t ime af ter  exposure  to 
various t empera tu res  is shown in Figures  l a - e .  During the second w e e k  the  growth  ra tes  
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Table 1. Investigated species, location, isolator and culture-number 
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Algal species Location Isolator/ Culture 
Cultivator No. 

Chlorophyta 
Acrosiphonia arcta (Dillw.) J. Ag. Disko Island, Pedersen/ 1120 
Acrosiphonales Nipisat Wiencke/ 

Bischoff 

Acrosiphonia sonderi (Kfitz.) Kornm. Disko Island, Wiencke/ 1096 
Acrosiphonales Godhavn Bischoff 

Urospora penicilliformis Roth (Areschoug) Disko Island, Wiencke/ 1104 
Acrosiphonales Godhavn Bischoff 

Chaetomorpha tortuosa (Dillw.) Kfitz. Disko Island, Wiencke/ 1091 
Cladophorales Godhavn Bischoff 

Enteromorpha clathrata (Roth) Grey. Disko Island, Wiencke/ 1086 
Ulvales Godhavn Bischoff 

Enteromorpha intestinalis (L.) Link Disko Island, Wiencke/ 1088 
Ulvales Godhavn Bischoff 

Utva Iactuca L. Disko Island, Wiencke/ 1 I28 
Ulvales Godhavn Bischoff 

Rhodophyta 
Bangia atropurpurea (Roth) C. Ag. 
Bangiales 

Devaleraea ramentacea (L.) Guiry 
male gametophyte, Palmariales 
Polysiphonia urceolata (Lightf. ex Dillw.) Grey. 
Ceramiales 

Chromastrum secundatum (Lyngb.) Papenfuss 
Nemahales 
Chromastrum virgatulum (Harvey) Papenfuss 
Nemaliales 

Phaeophyta 
Chordaria flagelliformis [O~ F. Mfiller) C. Ag. 
Chordariales 

Eudesme v'irescens (Carm. ex. Harv. Hook) J. Ag. 
Chordariales 

Desmarestia aculeata [L.) Lamonr. 
male & female gametophyte, Desmarestiales 
hlayella littoralis (L.) Kjellm. 
Ectocarpales 

Disko Island, Wiencke/ 2089 
Godhavn Bischoff 

Disko Island, Wiencke/ 2094 
Godhavn Bischoff 

Disko Island, Wiencke/ 2093 
Godhavn Bischoff 
Disko Island, Wiencke/ 2092 
Godhavn Bischoff 

Disko Island, Pedersen/ 2091 
Nipisat Wiencke/ 

Bischoff 

Disko Island, Wiencke/ 
Godhavn Bischoff 

Disko Island, Wiencke/ 
Godhavn Bischoff 

Disko Island, Wiencke/ 
Godhavn Bischoff 
Disko Island, Wiencke/ 
Godhavn Bischoff 

3107 

3108/ 
3109 

3100 

at 0 and  5 ~ i n c r e a s e d  rapidly,  l eve l l i ng  off du r ing  the  nex t  7 days  and  i n c r e a s i n g  s lowly  
up to the  end  of e x p e r i m e n t .  At  10 and  15 ~ s imilar  bu t  not  as l a rge  i nc rea se s  in g r o w t h  

ra te  w e r e  evident ,  and ,  later,  g rowth  rates  w e r e  re la t ive ly  constant .  At 20 ~ g r o w t h  ra tes  
d e c r e a s e d  dur ing  the  s e c o n d  w e e k ,  bu t  t h e n  i n c r e a s e d  slowly. 
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Figs la-e .  Acclimation of growth 
in Acrosiphonia sonderi from Dis- 
ko Island to the temperatures 0, 5, 
10, 15 and 20~ over a period of 
35 days (n = 6, when not indi- 
cated, vertical bars = standard 
deviation). Specific growth rates 
(% day -t) were calculated weekly 
or fortnightly by determination of 
fresh weight. The algal biomass 
was reduced at the beginning of 
these intervals to initial weight. 
Experiments were performed at a 
photon fluence rate of 50 ~tmol 
m -2 s -1 and light:dark cycles of 
18:6 h 

The  i n v e s t i g a t e d  spec ies  can  be  c lass i f ied  into 2 g roups  a c c o r d i n g  to the i r  t e m p e r a -  

t u r e - g r o w t h  charac te r i s t ics  (Figs, 2-12)  and  u p p e r  surv iva l  t e m p e r a t u r e  (USL): 

G r o u p 1, s t e n o t h e r m a l  spec ies :  Acrosiphonia sonderi g r e w  b e t w e e n  0 a n d  20 ~ 

wi th  an  o p t i m u m  at 0~  a n d  wi th  v e r y  low ra tes  at ~ 15~ (Fig. 2). T h e  USL w a s  2 3 ~  
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Table 2. Life cycles of the investigated marcroalgae 
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Algal species Life-cycle Literature 

Chlorophyta 
Acrosiphonia arcta (Dillw.) J. Ag. 
Acrosiphonales 
Acrosiphonia sonderi (K~itz.) Kornm. 
Acrosiphonales 
Urospora penicilfiformis Roth (Areschoug) 
Acrosiphonales 

Chaetomorpha tortuosa (Dillw.) Kfitz 
Cladophorales 
Enteromorpha dathrata (Roth) Grey. 
Ulvales 
Enteromorpha intestinalis (L.) Link 
Ulvales 
Ulva lactuca L 
Ulvales 

Rhodophyta 
Bangia atropurpurea (Roth) C. Ag. 
Bangiales 
Devaleraea ramentacea (L.) Guiry 
Palmariales 
Polysiphonia urceolata (Lightf. ex Dillw.) Grey. 
Ceramiales 
Chromastrum secundatum (Lyngb) Papenfuss 
Nemaliales 
Chromastrum virgatulum (Harvey) Papenfuss 
Nemaliales 

Phaeophyta 
Chordaria flagelliformis (0. F. M~iller) C. Ag. 
Chordariales 
Eudesme virescens (Carm. ex. Harv. Hook) J. Ag. 
Chordariales 
Desmarestia aculeata (L)Lamour., 
Desrnarestiales 

Pilayella littoralis (L.) Kjellm. 
Ectocarpales 

isomorphic, 
monoecious 
asexual 

heteromorphic, 
dioecious, 
anisogameous 
asexual 

isomorphic, dioecious, 
anisogameous 
isomorphic, dioecious, 
anisogameous 
isomorphic, dioecious, 
anisogameous 

Kornmann (1964) 

Kornmann & Sahhng {1983) 

Lokhorst & Trask (1981) 
Kommann (1966a, b) 

Kornmann (1972) 

Bliding (1963) 

Bliding (1963) 

Kornmann & Sahling (1983) 

asexual, Pedersen ( 1976) 
heteromorphic Richardson & Dixon (1968) 
heteromorphic, van der Meet (1981) 
dioecious 
isomorphic, dioecious vanden Hoek (1984) 

asexual Pedersen (1976) 

asexual Pedersen (t976) 

asexual, Kornmann (1962) 
heteromorphic 
asexual, Peters (1987) 
heteromorphic 
heteromorphic, Schreiber { 1932) 
dioecious, Miiller & Liithe { 1981) 
oogameous 
asexual Mfiller & Stache (1989) 

(Table 3). Macro tha l l i  of A c r o s i p h o n i a  arcta and  Urospora p e n i c i l l i f o r m i s  g r e w  b e t w e e n  0 

and  15~ wi th  o p t i m u m  growth  at 0 to 10~ and  0~ r e spec t ive ly  (Fig. 4). Very  low 

growth  rates  w e r e  m e a s u r e d  in A. arcta  at >- 15 ~ (Fig. 3). A.  arcta s u r v i v e d  up to 22~  

and  U, pen i c i l l i f o r m i s  up  to 23~  (Table 3). T h e  m a l e  g a m e t o p h y t e  of D e v a l e r a e a  

r a m e n t a c e a  g r e w  at s imilar  ra tes  b e t w e e n  0 a n d  100C wi th  a s l ight  o p t i m u m  at 5~  

(Fig. 5). T h e  USL was  19~ (Table 3). T h e  g a m e t o p h y t e s  of D e s m a r e s t i a  a c u l e a t a  g r e w  

b e t w e e n  0 and  20~  (Fig. 6). The  f e m a l e  g a m e t o p h y t e  e x h i b i t e d  a g r o w t h  p l a t e a u  
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Figs  2-12.  T e m p e r a t u r e  r e q u i r e m e n t s  for g r o w t h  of mac roa lgae ,  i so la ted  on Di sko  Is land.  M o s t  
e x p e r i m e n t s  we re  p e r f o r m e d  as de sc r i bed  in t he  l e g e n d  of F igures  l a - e .  Genera l ly ,  t he  g r o w t h  ra tes  
o b t a i n e d  in the  m e a s u r e m e n t  of the  last  in terva l  w e r e  c h o s e n  to desc r ibe  r e l a t i onsh ip s  b e t w e e n  
g rowth  a n d  t e m p e r a t u r e .  N. B. T he  sca les  r e p r e s e n t  d i f ferent  va lues .  Growth  ra tes  i n  F igu re  10 we re  
m e a s u r e d  after  14 days .  T h e  e x p e r i m e n t s  s h o w n  in F igures  5 a n d  6 we re  p e r f o r m e d  in Petr i  d i shes  at  
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50 or 15 i~mol m -2 s -1, respect ive ly ,  a n d  the  g r o w t h  r a t e s  w e r e  d e t e r m i n e d  in t e rms  of area .  Growth  
ra tes  in F igure  5 we re  m e a s u r e d  af ter  a per iod  of 42 days .  Growth  ra tes  s h o w n  in  F igu re  6 we re  
d e t e r m i n e d  after 3 days ,  fol lowing a pe r iod  of 5 days ,  w h e r e  the  a lgae  h a d  b e e n  m a i n t a i n e d  at  the  

e x p e r i m e n t a l  t e m p e r a t u r e  a n d  l igh t  condi t ions  (n = 3, w h e n  not  ind ica ted)  
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b e t w e e n  0 and 15 ~ whereas  the male gametophy te  g rew optimally at 10 ~ and in both 
cases  the USL was 22 ~ (Table 3). The sporophyte  of D. aculeata only g r e w  b e t w e e n  0 
and 15 ~ with max imum rates at 5 ~ (Fig. 7). Two out of the three  sporophytes  survived 
20 ~ (Table 3). Pilayella littoralis grew be twe e n  0 and 20 ~ with  an op t imum b e t w e e n  5 
and 15 ~ At  20 ~ and also at 0 ~ only low growth rates were  de t e rmined  (Fig. 8). The 
USL was 21 ~ (Table 3). Chromastrum secundatum, Chromastrum virgatulum and the 
micro- and  macrothalh  of Chordaria flagelh'formis survived up to 17~ 21 ~ or 23~ 
respect ive ly  (Table 3). 

G r o u p 2,  eury thermal  species:  Enteromorpha clathrata grew opt imal ly  b e t w e e n  
10 and 20~ (Fig. 9), with 10% of the opt imal  growth rate  at 0~ The USL was  31~ 
(Table 3). Enteromorpha intestinalis sporu la ted  in some cases at 15 and 20 ~ resul t ing in 
a s imul taneous  decl ine of the growth rate.  Figure 10 shows the growth ra tes  from the first 
two weeks  before sporulation, and  Figure  11 from the w e e k  after sporulat ion.  Ignor ing 
the sporulation, growth was highest  b e t w e e n  15 and 20 ~ This species  to le ra ted  28 ~ 
(Table 3). Polysiphonia urceolata showed  opt imum growth be tw e e n  10 and  15~ 
(Fig. 12), and  two of the three  test p lants  survived 26~ (Table 3). Ulva lactuca and 
Chaetomorpha tortuosa to lera ted  26~ macrothal l i  of Bangia atropurpurea to le ra ted  
23-24 ~ and the micro- and  macrothal l i  of Eudesme virescens to lera ted  30 ~ (Table 3). 
It is not known if gametophy tes  o r  ( tetra-)sporophytes of E. clathrata, E. intestinalis, 
P. urceolata and U. lactuca were  used,  since these species  have  i somorphic  l ife-history 
s tages  (Table 2). 

DISCUSSION 

M e t h o d o l o g i c a l  c o n s i d e r a t i o n s  

In most previous macroa lga l  growth studies,  specific growth rates (% d -1) have  b e e n  
ca lcula ted  as mean  values  over  whole  exper imenta l  per iods  mostly b e t w e e n  24 hours  and  
months (e.g. Fortes & Lfining, 1980; Bolton, 1983; Guiry et al., 1987; tom Dieck,  1989; 
Wiencke  & tom Dieck, 1989, 1990; Novaczek  & Breeman,  1990), a l though some investi-  
gat ions used  exper imenta l  per iods  of up to seven months (Rueness & Tanager ,  1984; 
Yarish et al., 1986). In the current  study, growth rates were  de t e rmined  w e e k l y  or 
fortnightly over 5 (or 6) weeks  (Fig. 1a-e).  The values ob ta ined  reflect the  t empe ra tu r e  
accl imation of growth dur ing this period.  Rates from the last m e a s u r e m e n t  were  gener -  
ally chosen to descr ibe  relat ionships b e t w e e n  growth and  temperature .  If g rowth  rates  
had  been  ca lcula ted  over the whole  time, the resul t ing t empera tu re  growth  pa t te rns  
would  differ from those descr ibed.  It is obvious that the  growth rates  of t empera tu re -  
acc l imated plants  give a more precise  indicat ion of t empera tu re -g rowth  re la t ionships  
than results  ob ta ined  by  a more simplif ied methodology.  It must, however ,  be  no ted  that  
this ref ined methodology  can be  used  only with species,  which grow consis tent ly  over  
long periods.  In a lgae  with in ternal  growth rhythms (Lfining, 1991; tom Dieck,  1992a), 
this me thod  is p robab ly  not appl icable .  

Changes  in t empera tu re  have a fundamenta l  influence on algal  metabol i sm,  and  
certain processes  such as enzymat ic  react ions are s trongly t empera tu re  d e p e n d e n t  
(Lobban et al., 1985). The ba lance  b e t w e e n  single metabol ic  steps or whole  p a t h w a y s  
may  be a l te red  by  t empera tu re  changes  (Berry & Raison, 1981). After acc l imat ion to a 
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respective temperature, metabolic processes are adjusted to an appointed rate, and a 
new balance is restored within an experimental time-span of mostly 5 weeks (Fig. 1). 

There was frequently a large increase in growth during the first 2 to 3 weeks 
(Fig. 1a-d). It is conspicuous that, at 10~ a decrease was observed, although the algae 
had been cultivated at this temperature before experimentation. However during this 
time the cultures were quite dense. At the start of the growth measurements the density 
was reduced, and the increases in growth are possibly a reflection of acclimation to 
higher photon fluence rates, due to less self-shading. Studies on Scytosiphon lomentaria 
(Phaeophyta) and Bangia atropurpurea (Rhodophyta) have shown that acchmation to 
altered photon fluence rates requires a period of approx. 2 weeks (Orfanidis, 1992). This 
indicates the importance of keeping the amount of algal material relatively constant 
during a growth experiment, thereby avoiding shelf-shading effects. 

Genera l  t empera tu re  characterist ics 

The isolated macroalgal species from Disko Island can be divided into two groups. 
The first group includes species with more stenothermal temperature requirements: 
Acrosiphonia arcta, Acrosiphonia sonderi, Urospora penicilliformis, Devaleraea ramen- 
tacea, Desmarestia aculeata, Pilayella littorah's, Chromastrum secundatum, Chromastrum 
virgatulum, Chordaria flagelliformis. These algae displayed a high degree of cold 
adaptation with respect to the growth ranges (mostly 0-15 ~ and optima (0-10 ~ The 
USL's (17-23 ~ were however - w i t h  the exception of C. secundatum and D. ramen- 
tacea - similar to those of algae from the cold-temperate regions (Bolton & Lfining, 1982; 
Lfining, 1984; Lfining, 1985; Liining & Freshwater, 1988; tom Dieck, 1992b, 1993; 
Wiencke & tom Dieck, 1990). The second group includes species with more eurythermal 
temperature requirements: Enteromorpha clathrata, Enteromorpha intestinalis, Pol y- 
siphonia urceolata, Ulva lactuca, Chaetomorpha tortuosa, Bangia atropurpurea, Eudesme 
virescens. The growth range was between 0 and 20 ~ with optimum growth between 10 
and 15~ typical for cold-temperate algae (Bolton & Lfining, 1982; Lfining, 1984; 
Lfining, 1985; tom Dieck 1992b, 1993; Wiencke & tom Dieck, 1990). These algae survived 
up to 24 or even 31 ~ similar to warm- and cold-temperate species (Yarish et al., 1987; 
Cambridge et al., 1987; L(ining, 1990). 

These results show that macroalgae from the Arctic region are mostly less adapted to 
low temperatures than algae from the Antarctic region (Wiencke & tom Dieck, 1989). This 
applies especially to the eurythermal group, both in regard to growth and temperature- 
tolerance level. The relatively high USL's of most species of the stenothermal group also 
indicates this trend. However, in some species from Disko Island unusually low tempera- 
ture requirements were found. 

The low USL of C. secundaturn (17 ~ is the lowest so far to be determine~ ~n Arctic 
seaweeds, and nearly similar to those of endemic Antarctic macroalgae (Wiencke & tom 
Dieck, 1989). The temperature-growth ranges are expected to be relatively small with 
growth optima at low temperatures. The USL of the male gametophyte of the endemic 
Arctic red alga D. ramentacea was, at 19~ (Table 3), similarly low. The alga grew 
between 0 and 10 ~ with optimal values at 5 ~ (Fig. 5). Novaczek et al. (1990) found a 
different temperature requirement for optimum growth and survival between isolates 
from the Canadian Arctic and the European coast (Norway, Jan Mayen, Iceland). The 
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isolates from both coasts grew b e t w e e n  0 and  10~ but  the Canad ian  isolates  g rew 
opt imal ly  be tween  0 and 5 ~ and survived up to 20 and  23 ~ (exper imenta l  period:  2 
weeks  or 3 months,  respectively).  The European  plants  exhibi ted  op t imum growth 
b e t w e e n  5 and 10 ~ and USL's b e t w e e n  18 and 20 ~ The t empera tu re  requ i rements  for 
growth and  the USL of D. ramentacea are near ly  similar to those of the endemic  Antarct ic  
species  studies so far. For example ,  the  endemic  Antarct ic  a lga  Palmaria decipiens, 
which be longs  to the same order  Palmaria les  (Guiry, 1982), grows b e t w e e n  0 and  10~ 
(with an opt imum at 5 ~ however,  this species  only tolerates  t empera tu res  of 16 to 17 ~ 
(Wiencke & tom Dieck, 1989). 

The growth opt ima at 0 ~ of A. sonderi and  U. penicflliformis, and A. arcta b e t w e e n  
0 and  10~ were  unexpec ted  (Figs. 2-4). Up to now, growth  opt ima at 0~ in Arctic to 
co ld - tempera te  species  were  found only in the above-d i scussed  D. ramentacea (Novac- 
zek  et al., 1990). A. arcta as well  as U. penicilliformis grew be tw e e n  0 and  15~ and  
A. sonderi be tween  0 and 20 ~ with very low growth rates  at --> 15 ~ Fortes  & L/ining 
(1980) descr ibed  a growth range b e t w e e n  0 and 20~ with an opt imum at 10~ for 
A. arcta from Helgoland.  However,  the invest igat ion per iod  was only 24 hours, and, 
hence,  the results  are  not  strictly comparab le  to results  ob ta ined  in the p resen t  s tudy 
(Fig. 3). Wiencke  & tom Dieck (1990) de t e rmined  growth opt ima at 5 ~ for isolates  of A. 
arcta and  U. penicfltiformis from King George  Is land (Antarctica). These  ra tes  were  (in 
contrast  to the current  study) ca lcula ted  over  the whole  invest igat ion per iod  of 28 days  (+ 
7 days  for acclimation). Using the test methods  of the p resen t  study, a growth  op t imum at 
0~ can also be expec ted  in the Antarct ic  isolates of these  species.  The USL's from the 
Arctic isolates of A. arcta and  U. penicilliformis were  22 or 23 ~ respect ive ly  (Table 3), 
and  from the Antarct ic  isolates 22 or 19 ~ respect ively  (Wiencke & tom Dieck, 1990). The 
avai lab le  da ta  indicates  an ecotypic  var ia t ion in the  t empera tu re  requ i rements  for 
survival,  and  p re sumab ly  also for growth, in the different  Northern and  Southern  
Hemisphe re  populat ions  of these two species.  

Desmarestia aculeata male and female  game tophy tes  from Disko Is land exhib i ted  
USL's of 22~ which are comparabIe  to game tophy tes  from Helgo land  and  Weste rn  
C a n a d a  (Peters & Breeman,  1992), and  a growth r ange  b e t w e e n  0 and 20~ (optimum, 
male:  10~ female:  0 to 15~ Fig. 6). In this context,  it must  be noted  that  these  
growth values  refer to an invest igat ion t ime of only 3 days, p r e c e d e d  by  5 days  
exposure  to exper imenta l  conditions. The sporophytes  showed a lower  t empera tu re  
r equ i remen t  than the gametophytes ,  similar to other  brown algal  species  with 
he te romorphic  l ife-histories (Breeman, 1988, 1990). The growth range  of juveni le  
sporophytes  was be tween  0 and 15~ with op t imum rates  at 5~ (Fig. 7). Young 
sporophytes  of D. aculeata from He lgo land  grew b e t w e e n  0 and 25~ with opt imal  
values  at 10~ (de termined after 24 h exposure;  Fortes  & Lfining, 1980). The isolate 
from Disko Island formed sporophytes  at 5~ but  not at 10~ This contrasts  with 
isolates from Helgo land  in which sporophyte  formation was induced  at the h igher  
t empera tu re  (Lfining, 1981; Miiller & Lfithe, 1981), and  shows an adap ta t ion  to environ-  
menta l  condit ions of the  Arctic :region with respect  to growth  as  weI1 as reproduct ion.  
Juveni le  sporophytes  from Disko Is land survived up to 20 ~ (Table 3). The  USL's in 
young  sporophytes  from Helgoland  was  b e t w e e n  18 and 20~ (Lfining, 1984). Adul t  
sporophytes  from Helgo land  and the Nor theas t  Pacific survived up to 20 or 23 ~ and  up 
to 23~ respect ively  (Lfining, 1984; Lfining & Freshwater ,  1988; incubat ion period:  one 
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week,  photosynthet ic  evaluation). These  resul ts  do not point  to an ecotypic  var ia t ion in 
this species  with respect  to the USL's. 

The isolates of P. fittoralis from Disko Is land grew opt imal ly  b e t w e e n  5 and  15 ~ 
(Fig. 8), but  with very low growth rates, and  with a very r e duc e d  zo idang ia  formation at 
20~ the USL was 21~ (Table 3). Isolates from Helgoland,  Chile and  Diego  Ramirez 
Is land (Drake Passage) g rew opt imal ly  at 12~ and showed r e d u c e d  formation of 
zo idangia  at 20~ (MLiller & Stache, 1989). The isolate from He lgo land  to le ra ted  25 ~ 
(Lfining, 1984; one -week  test) and  that  from Diego Ramirez Is land 22 to 23 ~ (Wiencke & 
tom Dieck, 1990; two-week  test). If the different  methods  are  comparab le ,  it  is obvious 
that  the growth optima, t empera tu re  requ i rements  for reproduct ion and  survival  of the 
popula t ion  from Disko Island are  b r o a d e n e d  towards  lower  tempera tures ,  c o m p a r e d  to 
co ld- tempera te  isolates. This result  is similar to that  found in the comparab le  species  
Ectocarpus siliculosus (Bolton, 1983). 

Enteromorpha clathrata from Disko Is land grew b e t w e e n  0 and 20~ with an 
opt imum b e t w e e n  10 and 20~ (Fig. 9). The upper  t empera tu re  to lerance  was  31~ 
(Table 3). An isolate from southernmost  Chile showed the same t empe ra tu r e  range,  but  
g rew opt imal ly  b e t w e e n  5 and 15~ with  lower  growth rates  at 20~ than  at  0~ 
(Wiencke & tom Dieck, 1990). This isolate only to lera ted 22 to 23 ~ (not shown in Table  
3). If the taxonomic status of the two isolates is correct, these  da ta  m a y  indicate  the 
p resence  of t empera tu re  ecotypes  in this species.  

Bangia atropurpurea from Disko Island survived 24 ~ (Table 3), a resul t  comparab le  
to the USL of 25~ for an isolate from He lgo land  (Lfining, 1984). The USL of this species  
from Lake  Ontar io  was b e t w e e n  30 and  35~ (Graham & Graham,  1987; two to four 
weeks;  photosynthet ic  evaluation) indica t ing  ecotypic variation. In contrast ,  isolates of 
Polysiphonia urceolata, Chaetomorpha tortuosa and Ulva lactuca from He lgo l and  had  an 
USL at 25 ~ 26 ~ or 28 ~ respect ively,  (LLining, 1984); this was similar to the  t empera -  
ture to lerance of these  species  from Disko Is land (Table 3). 

Many  of the inves t iga ted  species  from Disko Island exhib i ted  an adap ta t ion  to low 
tempera tu res  with respect  to growth and reproduct ion,  but  only two species,  Chromas- 
trum secundatum, Devaleraea ramentacea, showed  an adapta t ion  to low t empera tu re s  
with respect  to the USL. This is another  indica t ion  for the assumpt ion  that  the t empera -  
ture to lerance is - in contrast  to the t empera tu re  requ i rements  for growth and  reproduc-  
tion - a very conservat ive trait (cf. Breeman,  1988; Novaczek  et al., 1989; Lfining, i990), 
which  p robab ly  only changes  over long evolut ionary per iods  in ma c roa lga e  and  other  
organisms.  In molluscs, for example ,  cold wa te r  adap ta t ion  is pe r fo rmed  in two steps 
(Scarlato, 1977): firstly, an initial  b roaden ing  of survival and  reproduct ion r a n g e s  towards  
lower t empera tu res  and secondly,  a loss of abi l i ty  to survive h igher  tempera tures .  Similar 
processes  of co ld-adapta t ion  may  occur in macroa lgae  (Lfining & tom Dieck,  1989). In tll~s 
respect,  the re la t ively  short co ld-water  history of only 2 M a  in the Arctic r eg ion  m a y  not 
be  sufficient to al ter  the  USL's more m a r k e d l y  and  in a larger  number  of species .  A h igher  
degree  of adap ta t ion  to tow tempera tu res  has  so far only been  shown in spec ies  from the 
Antarct ic  region,  where  wate r  t empera tu res  have  been  low for the  much longe r  per iod  of 
25 Ma (Grant-Meckie ,  1979). This appl ies  not only to endemic  Antarc t ic  spec ies  
(Wiencke & tom Dieck, 1989), but  also to Acrosiphonia arcta, Urospora penicilliforrnis and 
other  polar-cold  t empera te  species  from Antarc t ica  (Wiencke & tom Dieck,  1990). 
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P h y t o g e o g r a p h i c  a n a l y s i s  

The t empera tu re  requi rements  for growth, reproduct ion and survival are  pr imari ly  
responsible  for de te rmin ing  distr ibution boundar ies  of macroa lgae :  Nor thern  distr ibution 
hmits of Arctic co ld- tempera te  species  are de te rmined  by summer  t empera tu re s  which  
are too low for growth and/or  reproduct ion,  whereas  southern boundar i e s  are  set by 
ei ther le thal ly  high summer  tempera tures ,  or ex t reme winter  t empera tu res  (van den  
Hoek,  1982a, b; Breeman,  1988, 1990). In this connection, it is impor tant  to t ake  into 
considerat ion that  the t empera tu res  of near -shore  coastal  waters  may  in fact be  different  
from tempera tu res  in the open ocean (van den Hoek,  1982b; van den  H o e k  & Breeman,  
1989). The geograph ica l  distr ibutions (in relat ion to descr ibed  t empera tu re  demands)  of 
the species  inves t iga ted  in this s tudy are discussed below. 

Acrosiphonia sondefi is found on both coasts of the N Atlantic, but  is absen t  in the 
Canad ian  Arctic. It has only been  recorded  from one site in the Pacific - an indica t ion  of 
incomple te  collecting (Pig. 13). The southern distr ibution boundary  in the NW Atlantic  
ex tends  along the 20 ~ August  i sotherm (20 ~ S). If the t empera tu re  r equ i remen t  of the 
Disko Island isolate is ext rapola ted ,  this boundary  is p robab ly  set by  the uppe r  growth 
(20~ and/or  survival  (23~ limit. The southern distr ibution bounda ry  in the  NE 
Atlantic corresponds with the 8~ February  isotherm (8 ~ W). It is p r e s u m e d  that  the 
distr ibution on this coast  is l imited by  the formation of asexual  p ropagu le s  (Table 2), 
which were  not observed  at <-- 10~ 

Acrosiphonia sonderi 
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Fig. 13. Distribution of Acrosiphonia sonderi. Thick hne (W): limiting winter isotherm. Thin hne (S): 
limiting summer isotherm. (Distribution according to Pedersen, 1976., South, 1984; South & Tittley, 

1986; van den Hoek [pers. comm.].) 
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Devaleraea ramentacea 
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Fig. 14. Distribution of Devaleraea ramentacea. Thick line (W): limiting winter isotherm. Thin hne 
(S): limiting summer isotherm. (Distribution according to Kjellman, 1883; Pedersen, 1976; Scagel et 

al., 1989; South, 1984; South & Tittley, 1986.) 

The southern distribution of the endemic  Arctic alga D e v a l e r a e a  r a m e n t a c e a  is 
limited in the N Atlantic through the 20 ~ S and 8 ~ W isotherms (Fig. 14). The southern 
boundary  in the NW Atlantic seems to be a lethal boundary.  In support of this, D. r a m e n -  

tacea from the Canad ian  Arctic had USL's be tween  20 and 23 ~ (Novaczek et al., 1990), 
but  the survival temperature of the Disko Island isolate (19~ Table 3) does not explain 
this. Novaczek et al. (1990) showed different temperature requi rements  for opt imum 
growth and survival be tween  isolates from the Canadian  Arctic and the European  coast. 
The temperature  requi rement  of the isolate from Greenland,  studied here,  is similar to 
that of the European isolates (see Section B). It can therefore be hypothesised that this 
species recolonised Green land  from the European coast after the last Pleis tocene glacia- 
tion. The distribution boundary  in the NE Atlantic correlates with the 8 ~ W isotherm. This 
area is probably limited through the temperature  requi rement  for growth a n d  reproduc- 
tion, since this species only grew be tween  0 and 10~ and fertihsation has been  
observed be tween  - 2  and 8~ with optima at 5~ (A. M. Breeman, pers. comm.). The 
distribution boundary  in the NW Pacific extends along the 20 ~ S isotherm, suggest ing a 
lethal boundary  similar to that in the NW Atlantic. On the NE Pacific coast, the boundary  
(6 ~ W) is lower than in the NE Atlantic. This implies differences in the temperature  
requirement  for growth and/or reproduction in the Pacific and  Atlantic populat ions.  

The southern distribution boundary  of D e s m a r e s t i a  acu lea ta  in the  N Atlantic 
extends along the 22 ~ S and 16 ~ W isotherms (Fig. 15). This species grows in  the sublit- 
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Desmarestia aculeata 

- 
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Fig. 15. Distribution of Desmarestia aculeata. Thick line (W): limiting winter isotherm. Thin line (S): 
limiting summer isotherm. (Distribution according to Kjellman, 1883; Pedersen, 1976; Scagel, 1957; 

Scagel et al., 1989; South, 1984; South & Tittley, 1986.) 

toral, where temperatures  are lower than at the surface. The distribution on the NW 
Atlantic coast, described by the 22~ isotherm, can be explained by the USL of 
gametophytes and/or  sporophytes (22 or 20-23 ~ respectively, Table 3; Section B). The 
southern distribution on the NE Atlantic coast (16~ is evidently limited by the 
temperature requi rement  for reproduction, since the gametophyte USL's would permit  a 
more southerly distribution. On the other hand, the temperature requi rement  for repro- 
duction of the Disko Island isolate (-< 5~ and the Helgotand isolate (~ 10~ is not 
sufficient to explain this boundary.  It is foreseeable that further ecotypic differentiation 
has occured. The distribution on the NE Pacific coast is limited by the 16 ~ S and  10 ~ W 
isotherms (Fig. 15). In all probability, the 16 ~ S isotherm does not represent  the southern 
boundary,  because the USL of sporophytes from this coast was 23 ~ (Lfining & Fresh- 
water, 1988; Section B). Therefore it is to be expected that the southern boundary  is set by 
the 10~ isotherm, It appears that the information about the distribution in the NW 
Pacific is incomplete (16 ~ S), since it would be expected that this species could occur at 
least down to the 10 ~ W isotherm (Fig. 15). Based on the USL of the gametophytes,  it is 
probable that D. aculeata  could be found even further south. 

The distributions of Chromastrum secundatum and Chromastrum virgatulum are 
unknown, The southern distribution in the NW Atlantic could be limited through the 

USL's (21 or 17~ respectively), During cultivation at 10~ growth and monospore 

formation (Table 2) was observed, therefore in the NE Atlantic this species could extend 

at least down to the 10 ~ W isotherm. 
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The southern distribution of Polysiphonia urceolata on the NW Atlantic coast is 
limited by the 22 ~ S isotherm. The USL (26 ~ Table 3) of the Disko Island isolate points to 
a lethal boundary.  The southern boundary  in the NE Atlantic (14 ~ W) is p robably  limited 
by the temperature  requi rement  for reproduction. Because of the growth range  (0 to 
20 ~ and the USL (26 ~ this species could potentially occur on the NW African coast 
(Fig. 16). The southern distribution in the NW Pacific can be characterised by the 26 ~ S 
and 16~ isotherm. It could be a combinat ion be tween  a lethal a nd  reproduction 
boundary.  The southern distribution in the NE Pacific reaches North Wash ing ton  (16 ~ S, 
8 ~ W). The distribution potential  of this species would appear  to be  underexplo i ted  on this 
unin ter rupted  rocky coast. 

Polysiphonia urceolata 
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Fig. 16. Distribution of Polysiphonia urceolata. Thick line (W): limiting winter isotherm. Thin line (S): 
bruiting summer isotherm. (Distribution according to Kjellman, 1883; Lindauer et al., 1961; Papen- 
fuss, 1964; Pedersen, 1976; Scagel, 1957; Scagel et al, 1989; South, 1984; South & Tittley, 1986.) 

The southern distribution of Acrosiphonia arcta in the NW Atlantic correlates with 
the 22 ~ S isotherm (Fig. 17). The USL of the Disko Island isolate (22 ~ Table  3) explains 
this boundary.  On the NE Atlantic coast this species is found up to the 14 ~ W isotherm. 
This boundary  can be set by growth, since this isolate had negat ive  growth rates at 20 ~ 
and very low rates at 15~ (Fig. 3). Moreover, low temperature  requ i rements  for spore 
formation can explain this boundary  (cf. van  den Hoek, 1982b). The southern  distribution 
boundary  in the N Pacific extends along the 26 ~ S isotherm in the West and  along the 
12 ~ W isotherm in the East (Fig. 17). Based on the one available record, the 26 ~ S isotherm 
is a southern lethal boundary.  Possibly, this species occurs in this region dur ing  limited 
periods, surviving the warm summers as crusts. The distribution on the NE Pacific coast 
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Acrosiphonia arcta 
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Fig. 17. Distribution of Acrosiphonia arcta. Thick line (W) limiting winter isotherm. Thin line {S): 
limiting summer isotherm. (Distribution according to Gabrielson et al., 1989; Kjellman, 1883; 
Levring, 1960; Papenfuss, 1964; Pedersen, 1976; Scagel, 1957; Scagel et al., 1989; South, 1984; 

South & Tittley, 1986; Taylor, 1939; Tseng, 1983.) 

reaches the 12~ isotherm indicat ing a growth and/or  reproduction boundary.  The 
nor thern distribution in both oceans of the Southern Hemisphere  is limited by the 10 ~ S 
and 6 ~ W isotherms (Fig. 17). The temperature  requi rement  for growth (range 0 to 15~ 
and the USL (22 ~ of an isolate from Antarctica (Wiencke & tom Dieck, 1990) infer that 
A. arcta should be  found even further north. 

The southern distribution in the Northern Hemisphere  of Urospora penicilliformis 
extends aiong the 26 ~ S and 16 ~ W isotherms (Fig. 18). It is expected that the distribution 
on the west coasts (26 ~ S) of the oceans is limited by a lethal boundary.  Nevertheless,  the 
USL of the Disko Island isolate (23 ~ is not sufficient to explain this boundary.  This may 
indicate a seasonal occurrence in areas with high summer  temperatures,  or ecotypic 
variation be tween  populations. The distribution on the east coasts of the oceans, which is 
limited by the 14~ isotherm, is a growth and/or  reproduction boundary.  The Disko 
Island isolate grew be tween  0 and 15 ~ (Fig. 4), and fertihsation was recorded in isolates 
from Helgoland at 15 ~ (Kornmann, 1966a). In the Southern Hemisphere the nor thern 
distribution is limited in the Pacific along the 16 ~ S and 12 ~ W isotherms. The nor thern 
distribution in the Atlantic is characterised by the 12~ and  8~  isotherm (Fig. 18). 
U. penicilliformis from Antarctica grows be tween  0 and 15~ and survives up to 19~ 
(Wiencke & tom Dieck, 1990; Section B), certainly indicat ing incomplete collections. 
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Urospora penicilliformis 
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Fig. 18. Distribution of Urospora penicflliformis. Thick line (W): limiting winter isotherm. Thin line 
(S): limiting summer isotherm. (Distribution according to Chapman, 1956; Gabrielson et al., 1989; 
Kjellman, 1883; Lamb & Zimmerman, 1977; Papenfuss, 1964; Pedersen, 1976; Ricker, 1987; Scagel, 
1957; Scagel et al., 1989; Seagrief, 1984; South, 1984; South & Tittley, 1986; Tseng, 1983; Wagner & 

Zaneveld, 1988; Womersley, 1984.) 

The southern distribution boundary  of Pilayella littoralis in the Northern Hemisphere  
is correlated with the 26~ and 16~ isotherms (Fig. 19), which ex tend  to almost 
identical  positions in the W Atlantic and W Pacific. Its southern distr ibution may be 
limited by both the temperature  requirements  for growth/reproduction, and  survival. 
However,  the available data on USL's of the Disko Island isolate (21 ~ Table  3) and  of an 
isolate from Helgoland (25 ~ Lfining, 1984; Section B) cannot explain a lethal  boundary.  
The distribution on both east coasts extends along the 16~ isotherm. The very low 
growth rates and  the strongly reduced formation of zoidangia at 20~ of the Disko Island 
isolate indicates a growth and/or  reproduction boundary.  The nor thern distr ibution in the 
S Pacific is limited by the 18 ~ S and 14 ~ W isotherms, and in the Atlantic by the 10 ~ S and  
6~  isotherms (Fig. 19). Isolates from South Chile grew optimally at 12~ (Miiller & 
Stache, 1989), and survived up to 22 or 23 ~ (Wiencke & tom Dieck, 1990), ind ica t ing  that 
P. littoralis should be found even  further north. 

In the N Atlantic, the southern distribution of Chordana flagellfformis is l imited by 
the 18 ~ S and 10 ~ W isotherms (Fig. 20). The distribution boundary  on the NW Atlantic 
coast is characterised by the 18 ~ S isotherm, inferring a lethal boundary,  since micro- and  
macrothalli  of the Disko Island isolate survived up to 23 ~ (Table 3). The  southern 
distribution on the NE Atlantic coast is l imited by both isotherms (Fig. 20). In microthalli, 
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Fig. 19. Distribution of Pilayella littoralis. Thick line (W): limiting winter isotherm. Thin line (S): 
limiting summer isotherm. (Distribution according to Asensi, 1966; Etcheverry, 1983; Hay et al., 
1985; Kjellman, 1983; Levring, 1945, 1960., Lindauer et al., 1961; Pedersen, 1976; Picker, 1987; 
Santelices & Abbott, 1978; Scagel, 1957; Scagel et al., 1989; Skottsberg, 1907; South, 1984., South & 
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Fig. 20. Distribution of Chordaria flagelliformis. Thick line (W): limiting winter isotherm. Thin line 
(S): limiting summer isotherm. (Distribution according to Gabrielson et al., 1989; Kjellman, 1883., 
Lindauer et al., 1961; Papenfuss, 1964; Pedersen, 1976; Scagel et at., 1989; Seagrief, 1984; 
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growth  was observed  at  5, i0  and  15~ (data  not  shown). Therefore  the  distr ibution 
cannot  be l imited by  the t empera tu re -g rowth  character is t ics  of this species.  Rather, the  
dis tr ibut ion is l imited by  the t empera tu re  r equ i rement  for formation of macro tha l l i  as the  
induct ion of macrothal l i  was obse rved  at 5 and  10~ only. This is suppo r t ed  by  the 
observat ions  of Kornmann (1962), who only found macrothal l i  b e t w e e n  spr ing and 
autumn.  

The  southern  distr ibution of Chaetomorpha tortuosa in the N Atlantic  is desc r ibed  in 
F igure  21. As the  USL of 26 ~ (Table 3) is the  only exper imen ta l  informat ion avai lab le  on 
the t empera tu re  demands  of this species,  it is impossible  to expla in  the  na tu re  of these  
boundar ies .  

Chaetomorpha tortuosa 
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Fig. 21. Distribution of Chaetomorpha tortuosa. Thick line (W): limiting winter isotherm. Thin line 
(S): limiting summer isotherm. (Distribution according to Chapman, 1956; Kjellman, 1883; Papen- 

fuss, 1964; Pedersen, 1976; Scagel, 1957; Scagel et al., 1989; South, 1984.) 

T h e  southern distr ibution of Ulva lactuca on the NW coas t s  in the N Atlant ic  and  N 
Pacific is l imited by the 26 ~ S isotherms (Fig. 22), certainly represen t ing  a le tha l  boundary ,  
as the USL of the  Disko Is land isolate is 26~ (Table 3). The  occurrence  in W Florida 
(Dawes, I974), whe re  the t empera tu re  of surface coastal  waterscan  reaches  30 ~ points  
to a seasonal  appea rance  at this site or to a misident if icat ion (Schneider  & Seafles ,  1991). 
The dis tr ibut ion on the east  coasts  is charac te r i sed  by  the 16 ~ W isotherm (Pig. 22). The  
Disko Island isolate  grew well, wi th  sporulafion t ak ing  place  dur ing cul t ivat ion at 10 and  
15 ~ This may  indicate  that  the distr ibution is l imited by the  t empera tu re  r equ i remen t  
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Fig. 22. Distribution of Ulva lactuca. Thick line (W): limiting winter isotherm. Thin line (S): limiting 
summer isotherm. (Distribution according to Chapman, 1956; Etcheverry, 1983; Hay et al., 1985; 
Kjellman, 1883; Levring, 1960., Papenfuss, 1964; Pedersen, 1976; Scagel, 1957; Scagel et al., 1989; 

Seagrief, 1984; South, 1984; South & Tittley, 1986; Taylor, 1939; Womersley, 1984.) 

for reproduction. The distribution in the Southern Hemisphere cannot  be explained by 
the available experimental  data. 

Bangia atropurpurea, Enteromorpha dathrata, Enteromorpha intestinalis and 
Eudesme virescens are cosmopolitan species. The distribution pat tern of each of these 
species (not shown) and  the high USEs (24, 3I, 28 and 30~ respectively), indicate that 
these species may have recently crossed the tropical region. The relatively low USL of 
Bangia atropurpurea (24 ~ seems contradictory, yet the distribution of this species is 
described for tropical coasts of America (Scagel, 1957; Scagel et al., 1989; Wynne,  1986). 
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