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ABSTRACT: Intertidal algae experience aerial temperatures as well as those of ambient seawater 
and, during their periods Of emergence, are subject to considerable variation in salinity. The eastern 
Atlantic distribution of Fucus vesiculosus L. (Phaeophyta) lies within the 5 ~ and 20 ~ August 
isotherms. Experiments indicate that this plant can survive temperatures above and below these at 
normal salinity (34 %0). However, at extreme temperatures it is evid.enfly much more susceptible to 
saline changes than at those of the limiting isotherms. Thus the temperature limits for surviving 
acute saline change appear to give a better biogeographical fit than temperature alone. Neverthe- 
less, the presence of F. vesiculosus in estuaries at or near both geographical limits is inconsistent 
with the experimental results obtained from British plants. Some population divergence may 
therefore have occurred. 

INTRODUCTION 

Local patterns of sPecies distribution are not, as a nile,  of primary concem to the algal 
biogeographer;  and  the numerous,  varied factors that inf luence local populat ions are 
seldom discussed prominent ly  in biogeographica/  literature. Marine biogeography is 
concerned, above all, with spat ia /pat terns  on a global scale, and  the chief envi ronmenta l  
de terminant  of species hmits is usually held to be mean  surface seawater  temperature.  
This map-thermocl ine  approach has successfully demonstrated the existence of major 
floristic pat terns and has, at the same time, generated hypotheses concerning the 
temperature  tolerance of species. In several cases, these hypotheses have b e e n  tested 
experimentaUy and upheld  (see for example Lfining, 1984; Yarish eta/. ,  1984; Cambr idge  
et el., 1984). 

A separate, but  related, activity is to deduce evolutionary events from biogeographi-  
ca/observations.  If this aim is intended,  then it becomes necessary to invoke temperature  
histories of ancient  seas and  the processes of continental  drift. In both its spatial and 
evolutionary respects, seaweed biogeography has made  noteworthy advances in recent  
years (Hoek, 1982a, b; Lfining, 1985). 

However, loca/aspects  of species distribution are of potential  interest  to the biogeog- 
rapher, especially in relation to the study of temperature effects. Plants at high bathymet-  
ric levels of tidal shores experience terrestrial climatic temperatures  as well as those of 
surface waters. They are also exposed periodically to sahnity-desiccation factors that vary 
in severity. So it is open to question whether  the temperature  tolerances of such species 
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re la te  more to those of sea  than  air. It is also per t inen t  to ask  if t empe ra tu r e  opera tes  
s ingly as an agen t  of natura l  selection, or jointly. 

Fucus vesiculosus L. is p robab ly  the  mos t  common fucoid of N. At lant ic  rocky shores.  
On the eas te rn  seaboard  its distr ibution extends  from E. Green l and  and  N. Russia to 
Morocco (Ppwell, 1963}. Its nor thern  limit l ies a little to the  north of the  5 ~ Augus t  
i sotherm whi le  its southern b o u n d a r y  approximates  to the 20 ~ Augus t  isotherm.  This 
species  may  therefore  be  ident i f ied as a m e m b e r  of the  amphia t lan t ic  t e m p e r a t e  group 
(Hoek, 1982b). F. vesiculosus is inter t idal  and  emergen t  for most  of its range ,  but  its 
abi l i ty  to live in a pe rmanen t ly  s u b m e r g e d  state is ev ident  from its p re sence  in rock pools 
(Lubchenco, 1982} and  from its strictly subli t toral  distr ibution in the  Baltic Sea (Powell, 
1963). The geograph ica l  range  of this species  therefore  involves a b road  b a n d  of s eawa te r  
t empera tu re s  whi le  its inter t idal  habi ta ts  embrace  a very cons iderab le  var ie ty  of emer-  
gen t  t empera tu re  conditions. Consequent ly ,  it is appropr ia te  mater ia l  for a compara t ive  
examina t ion  of the  factors that  may  limit its distribution, local ly and  geographica l ly .  

MATERIALS AND METHODS 

All mater ia l  was  collected from the middle  of the  euli t toral  zone o n  Hi lbre  Island, R. 
Dee, N. W. England.  This is an outer  es tuar ine  locality, with on-shore  surface s eawa te r  
t empera tu re s  vary ing  seasonal ly  from 1.5 ~ to 18.5~ Surface wa te r  sal ini t ies  vary  
similarly from 27-33 o/~ (D. Thomas,  pets.  comm.}. Fucus plants  were  t r anspor ted  to 
Liverpool within two hours of col lect ing and  p laced  in an aquar ium conta in ing  ae ra t ed  
Irish Sea wa te r  (I.S.W.) ob ta ined  from Mena i  Straits, N. Wales  (salinity ca 34 %o). All 
exper iments  were  ini t ia ted within 48 h of collection and were  carr ied  out  on apical  
port ions of vhgeta t ive  thallus se lec ted  for absence  of d a m a g e d  t issue and  vis ible  
epiphytes .  

The method,  exp la ined  d iagramat ica l ly  in Figure 1, used  photosynthe t ic  oxygen  
emission {net} as an index of cell damage .  Excised tissues were  first acc l ima ted  to the  
selected,  expe r imen ta l  t empera tu re  in I.S. wa te r  overnight .  The p ieces  were  then  trans-  
fer red  indiv idual ly  to flasks conta ining wa te r  of salinity 0, 6, 11, 34, 68 or 102%o. The  
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Fig. 1. Diagram showing experimental procedure for measuring temperature-sahnity damage to 
Fucus tissue. Stage I involves temperature acclimation (A) in Irish Sea water (I.S.W.) before 
incubation for 48 h (B) in the experimental salinities (St, $2, $3. �9 .). In the second stages (2), the 
treatment flasks are brought to 10~ (C) before transfer to Winkler flasks (D) containing Irish Sea 

water plus NaHCO3 
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var ious  salinlt ies were  ob ta ined  by  dilut ing I.S. wa te r  with disti l led water,  or by  evapora t -  
ing over  gent le  hea t  (80-90 ~ The flasks were  incuba ted  for 48 h then  t ransferred to a 
10 ~ room until  the t empera tu re  had  once aga in  ~tabil ized (ca 2 h). The t issue port ions 
were  then  removed  and  p laced  in g lass -s toppered  bot t les  filled with I.S. water ,  also at 
10~ This wate r  had  been  degas sed  be fo rehand  by  boi l ing and then,  when  cool, 
enr iched  by  the addi t ion  of NaHCO3 to give a final concentra t ion of 5 ~ tool. These  flasks 
were  i ncuba ted  for 2.5 h under  cool white  f luorescent  l ight  at a photon  f luence rate  of 94 
tool m -2 sec -1. The  t issues were  then  removed  and  oven-dr ied  before  weighing ,  and  the 
amount  of dissolved oxygen  present  in the  flasks was  de te rmined  by  s t andard  Winlder  
technique.  All t rea tments  were  app l ied  in t r ipl icate and each  set of Winlder  bott les  
inc luded  a trio of Fucus-free controls. The only depar tu re  from this me thod  occurred in 
the case  of the  lowest  t empera tu re  ( -18~  The mater ia l  in this expe r imen t  was  kep t  
overnight  at  10~ in the  various salinities, then  r emoved  from the water ,  p l aced  sepa-  
ra te ly  in l abe l led  po ly thene  bags  and  t ransferred to the f reezing compar tment  for 48 h. 
The t issues were  t hawed  at  10 ~ and  the exper imen t  comple ted  as desc r ibed  above.  
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Fig. 2. Net  oxygen production in mg g-1 dry weight  h - t  per  litre I.S.W. at 10~ in temperature-  
salinity stressed Fucus vesiculosus. Salinity (Too) and  temperature  (~ values are indicated on the 

appropriate axes 
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It is exper imenta l ly  more satisfactory to measure  oxygen  output  in r ecovery  condi-  
tions, as here,  than  in the sal ini ty t rea tment  flasks. Algal  cells that  expe r i ence  sal ine 
shock undergo  cons iderable  changes  "in volume.  These  changes  may  affect the  p e r m e a -  
bil i ty of the cell  m e m b r a n e  and,  par t icular ly  in the case of downshock,  resul t  in 
mis leadingly  h igh  dissolved oxygen  values.  The fact that  oxygen  solubi l i ty  in wa te r  
varies  with t empera tu re  and sal ini ty a rgues  also for m e a s u r e m e n t  of oxygen  output  unde r  
constant  conditions.  Another  advan t age  of this me thod  is that  it d e m a n d s  a smal ler  
number  of controls and  is hence  more  economical  in bench  time. 

The pr inc ipa l  source of error is se l f -shading at the final s tage  of the  method,  if 
over large  thal lus p ieces  are  used.  As far as possible,  Winkler  flasks should b e  equa l ly  and  
l ight ly loaded.  

RESULTS 

The results a re  g iven  in Figure  2, which combines  oxygen  output,  sal ini ty and  t empera -  
ture da ta  in a th ree -d imens iona i  plot. The results  indicate  that  at t empera tu re s  which  
correspond with  the  summer  isotherms of its geograph ica l  limits (4~ 21 ~ Fucus 
vesiculosus is product ive  of oxygen  over  a wide  salinity range.  Beyond these  tem- 
pera tures  ( - 1 8  ~ 26~ there  is ev idence  of d a m a g e d  photosynthe t ic  systems.  In the  
case  of frozen tissues, p re t r ea tmen t  in 0 Too S and  6 ~'oo S .was assoc ia ted  with  the  g rea tes t  
damage .  At 26 ~ however ,  impa i red  product ion was evident  at  both  h ighes t  and  lowest  
saiinities. The  h ighes t  t empera tu re  of all (31~ was lethal,  i r respect ive  of sahnity, 
confirming an observat ion  by  Schramm (personal  communicat ion  repor ted  by  Gessner ,  
1970) that  the  u p p e r  to lerance  limit of s u b m e r g e d  F. vesiculosus is 30 ~ 

DISCUSSION AND CONCLUSIONS 

Interact ive effects of sal ini ty and  t empera tu re  upon  mar ine  a lgae  are  wel l-  
documented :  (see Yarish & Edwards,  1982, for a discussion of these,  and  for examples  in 
Caloglossa and  Bostrychia species).  From the p resen t  results  it is ev iden t  that  Fucus 
vesiculosus emits  oxygen  over a g rea te r  r ange  of t empera tu res  than  those assoc ia ted  with 
the isotherms at its geograph ica l  limits. When  t rea ted  with seawa te r  of sahni ty  34 Too, this 
p lan t  seems most  indifferent  to tempera ture ,  and  it is only at the very  ex t remes  of the  
t empera tu res  e m p l o y e d  that  there  is ev idence  of serious d a m a g e  to photosynthe t ic  
systems. However ,  the  abil i ty to survive for 48 h t empera tu res  outs ide those  of the  
l imit ing isotherms is pla inly  impa i r ed  when  salinit ies also become  extreme.  At  26 ~ ne t  
product ion is m a r k e d l y  r educed  in t issues which  had  expe r i enced  h ighes t  and  lowest  
salinities. Freez ing  was le thal  to t issues p re t r ea t ed  with the lowest  bu t  not  the  h ighes t  
saiinities. This observat ion is consis tent  with the  repor t  in Gessner  (1970) tha t  f reez ing  
res is tance in Porphyra spp. is inc reased  by  prior  removal  of wa te r  (cf. also Bird & 
McLachlan,  1974, for information on lower  t empera tu re  limits of Fucus spp.). Pe rhaps  the  
p resence  of organic  solutes, mobi l ized  in response  to high salinities,  has  also confer red  
some protect ion aga ins t  f reezing d a m a g e  (cf. Steponkus,  1984, for role of solutes  in cold 
hard iness  in plants).  

Thus the t empera tu re  limits for surviving acute  saline f luctuations a p p e a r  to give a 
be t te r  b iogeograph ica l  fit than  those ob ta ined  from plant  t issues exposed  to s e a w a t e r  of 
normal  salinity. If this apphes  to other  in ter t idal  species,  then exper imen t s  on t e m p e r a -  
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ture to lerance  conduc ted  at opt imal  salinity, and  those on salinity to lerance  conduc ted  at 
opt imal  tempera ture ,  may  give results  that  are  difficult to in terpre t  ecological ly  or 
b iogeographica l ly .  Some of these  problems  may, of course, be  artifacts, products  of the  
short- term nature  of the exper iments .  Liirdng (1984) has  d rawn at tent ion to d i screpancies  
b e t w e e n  his own observat ions on the uppe r  t empera tu re  limits of cer ta in  me mbe r s  of the 
Delesser iaceae ,  and  those ob ta ined  by  Biebl (1958). Biebl 's  exper iments  were  conduc ted  
over  a 12 h per iod  while  those of Ltining were  ma in ta ined  for 7 days,  which  m a y  expla in  
the h igher  to lerances  repor ted  by  the former, a l though differences in me thod  m a y  also 
have  been  involved.  The presen t  author  shares  the  exper ience  of Ltining (1984) in f inding 
cons iderab le  microbial  deve lopmen t  in h igh- tempera tu re  t reatments ,  which  could  be  
vis ible  to the n a k e d  eye even after as short a t ime as 24 h. The 48 h t rea tment  per iod  
adop t ed  here  hes  b e t w e e n  those of Biebl and  Lfining, and  the me thod  of measur ing  
to lerance  resembles  the letter 's .  There  is a lways  a problem in ex t rapola t ing  from the 
results  of short- term laboratory  exper iments  to the  uncontrol led condit ions expe r i enced  
by  plants  in nature.  Nevertheless ,  these  exper iments  enable  us to ident i fy optimal,  
subopt imal  and  le thal  condit ions which  we  may  compare  with those obta in ing  over  the 
geograph ica l  r ange  of a species.  In this case, the  results are in accordance  wi th  the 
t empera tu re  ex t remes  exper ienced  by  Fucus vesiculosus at its geograph ica l  limits. 

However ,  results  may  be  equal ly  mis leading  if, as in this case, the  exper iments  are 
b a s e d  upon  a single p lant  populat ion.  The H.fibre plants  used  in this exercise  wou ld  be 
l ikely  to sustain d a m a g e  if exposed  first to f reshwater  and  then to subzero  tempera tures .  
Such conditions might  obtain in a stratified es tuary  when  a fall ing t ide leaves  p lants  
exposed  to f reezing air temperatures .  It would  be  t empt ing  to conclude  that  F. ves- 

iculosus at its nor thern  hmit must  therefore be  absen t  from es tuar ine  habitats .  It would  
also be  wrong;  for, in Ice land at least ,  this p lant  is to be  found in inner  es tuar ies  (Munda,  
1972). 

At  its southern limit, F. vesiculosus is found only in es tuar ies  (Gayral,  1958). The 
reasons  for its absence  from the open coast  of Morocco are not known,  and  could be  
various,  but  it would  have  been  difficult to deduce  its occurrence in es tuar ies  from the 
Hi lbre  results, especia l ly  as Moroccan estuaries  are l iable to be  hypersa l ine  as much  as 
hyposahne ,  and  with  wate r  t empera tu res  that  may  exceed  25~ (D. Hockin,  pers. 
comm.). 

The geograph ica l  range  of F. vesiculosus may  thus take  the  form of popula t ion  
mosaic,  and  exper imenta l  ev idence  drawn from one popula t ion  may  be  inapp l i cab le  to 
others. Given the var iabi l i ty  and  versat i l i ty of this species,  there  is a s trong poss ib ih ty  that  
eco type  evolut ion has  occurred. So, to conclude,  if the  phycologis t  wishes  to know about  
a species  at its geographica l  (or ecological) limits, then the bes t  advice  is to go there.  
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