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Desiccation and Phosphate Uptake by Intertidal Fucoid Algae in Relation to

Zonation
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Removal o f phosphate  from  am bient sea-water (c. 1 pg-at P 0 4 I -1) by four species o f  
fucoid algae subjected to  different drying treatm ents was followed over 2- o r 3-h periods. F o r 
Fucus spiralis, Ascophyllum nodosum  and F. serratus, the rate o f  uptake o f  phosphate 
decreased with increasing loss o f  w ater from  the thalli, and a t least some plants o f all three 
species showed a net loss o f  phosphate  from  the thalli over the first 2 h in w ater following 
severe desiccation. In Pelvetia canaliculata, however, there was no significant effect o f  
desiccation on the m ean ra te  o f  phosphate  uptake, and no plants released phosphate, even 
after extreme desiccation (up to  85%  o f volatile w ater lost). T he time courses o f  phosphate 
uptake over 3 h following severe desiccation showed that bo th  the rate and the extent o f 
recovery o f uptake after resubm ersion increased with the height on the shore a t which each 
species is typically found. P. canaliculata  showed no effect o f  desiccation even in the first 
30 min after resubm ersion; som e p lan ts o f  F. spiralis lost phosphate during  the first 30 min 
but recovered to the undesiccated rate  o f up take  after 1-5 h; no plants o f  A. nodosum  showed 
net uptake within 30 min o f  resubm ersion; whereas all plants o f  F. serratus lost large am ounts 
o f phosphate in the sam e period. These results suggest tha t the sensitivity to  desiccation o f  the 
nutrient uptake m echanism  in different species could contribute to  the typical p a ttem  o f 
zonation o f these species on rocky shores in N .W . Europe. Phosphate uptake was not 
enhanced by desiccation in any o f  the species studied, even in p lants o f F. spiralis which had 
been incubated in sea-water enriched w ith n itrate for 24 h prior to the drying treatm ents.

In te rtid a l fuco id  a lg ae  c a n  b e  d iv id e d  in to  
tw o g ro u p s w ith  respec t to  th e ir  a b il ity  to  
take up p h o sp h a te  o v e r a  tid a l cycle  a n d , 
w ith in  b o th  these g ro u p s , th e  u p ta k e  ra te s  o f  
each  species a re  d irec tly  c o r re la te d  w ith  th e ir  
heigh t in the  li t to ra l z o n a t io n  (H u rd  & 
D ring , 1990). T h e  F ucus sp ec ie s  h a v e  u p ta k e  
ra tes th a t a llow  th em  to  re m o v e  re la tiv e ly  
large a m o u n ts  o f  p h o s p h a te  f ro m  a m b ie n t 
sea-w ater, w hile P elvetia  ca n a licu la ta  a n d  
A scophyllum  nodosum  h av e  lo w e r u p ta k e  
ra tes a n d  rem ove c o rre sp o n d in g ly  less p h o s ­
pha te  o v e r a tid a l cycle . T h e  u p ta k e  
m easu rem en ts  on  w h ich  th ese  c o n c lu s io n s  
are  b ased  w ere c o n d u c te d  w ith  fu lly  
hy d ra ted  p lan ts  (H u rd  & D rin g , 1990) b u t it 
was recognized  th a t ,  in  th e ir  n a tu r a l  h a b ita t ,
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each  species w o u ld  b e  su b jec ted  to  d if fe re n t 
degrees o f  d e s ic c a tio n  a n d  th a t th is  m a y  
affect p h o sp h a te  u p ta k e .

D esicca tio n  s tre ss  h a s  b een  sh o w n  to  
“ p ru n e  b a c k ” th e  u p p e r  lim its  o f  so m e  
fu co id  species o n  th e  sh o re  th ro u g h  d ire c t 
d a m a g e  to  th e  th a llu s  (S ch o n b eck  &  N o r to n ,  
1978) a n d  to  affect d iffe ren tia lly  th e  e x te n t o f  
recovery  o f  p h o to s y n th e s is  in  d iffe ren t 
species fo llow ing  severe d ry in g  (D r in g  & 
B row n, 1982). I f  severe  d e h y d ra t io n  affec ts  
p h o sp h a te  u p ta k e  in  a s im ila r  m a n n e r , th e  
recovery  o f  p h o sp h a te  u p ta k e  a f te r  p e r io d s  
o f  d e s icca tio n  m ay  a lso  be  c ritica l in  d e te r ­
m in in g  th e  z o n a tio n  o f  fu co id  a lg a e  o n  th e  
sh o re . H o w ev er, d e s ic c a tio n  a p p e a rs  to  
en h an ce  th e  u p ta k e  o f  n it ra te  a n d  a m m o n ia  
in  fo u r  in te r tid a l species o n  th e  w est c o a s t  o f  
C a n a d a  (P elvetiopsis lim ita ta , F ucus d is ti­
chus, E n terom orpha  in testina lis  a n d  G igartina
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papilla ta ', T h o m a s , T u rp in  &  H a rr is o n , 
1987). T h e  p e rcen tag e  d es icpa tion  re q u ire d  
to  p ro d u c e  th e  m a x im u m  e n h a n c e m e n t w as  
fo u n d  to  be  re la te d  to  th e  p o s itio n  o ccu p ie d  
b y  each  species o n  th e  sh o re , a lth o u g h  th e  
d eg ree  o f  e n h a n c e m e n t d id  n o t c o rre la te  w ith  
sh o re  h e ig h t.

T h e  a im s  o f  th is w o rk  w ere  to  in v es tig a te  
th e  effec ts o f  d e s icca tio n  o n  p h o s p h a te  
u p ta k e  b y  th e  co m p le te  ran g e  o f  fu co id  a lg ae  
fo u n d  o n  n o r th -w e s t E u ro p e a n  sh o re s , to  
d e te rm in e  w h e th e r  p h o sp h a te  u p ta k e  w as 
e n h a n c e d  fo llo w in g  d e s icca tio n  a n d  to  e s ta b ­
lish  th e  p a t te rn  o f  reco v ery  o f  u p ta k e  a f te r  
severe  d es icca tio n .

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

Collection site and preconditioning

Plants o f  Pelvetia canaliculata (L.) Dene, et 
T hure t, Fucus spiralis L., Ascophyllum nodosum  
(L.) Le Jolis and Fucus serratus L. were collected 
in A ugust and Septem ber 1990 from P o rt Kelly, 
Co D ow n, a  semi-exposed rocky shore on the east 
coast o f N orthern  Ireland (Irish grid ref. J628467) 
a t 3-4, 3 1 , 2-26 and 0-93 m above chart datum , 
respectively. Plants were collected between 07.00 
and 09.30 h on the m orning before an experiment 
and were transported  to the laboratory within 
10 m in o f  collection. Plants were cleaned o f 
epiphytes by rinsing them under running sea­
w ater and  then wiping the thallus with tissue. 
They were then cut to  the required size using a 
scalpel blade and placed in aerated, filtered 
(0-45 pm G F /C ) sea-water containing 0-8 gg-at 
l ' 1 phosphate  in darkness at 12°C for 22-26 h 
(H urd  & D ring, 1990).

(62 mm x 62 mm) placed in each sealed chamber 
provided air circulation. Five thin perspex 
were positioned across the top  o f  each chamber 
and  one plant was suspended from  each strip with 
nylon line. A m axim um  o f  five plants could be 
fitted into the cham ber a t any one time. In one 
cham ber, wet tissues replaced the silica gel to 
provide a “ humid cham ber” . The relative humi­
dity in the cham bers was m easured using a humi­
dity m eter (ELE In ternational Limited) and was 
40-50%  in the desiccation cham ber and 100% in 
the hum id cham ber. Irrad iance and tem perature 
during  all desiccation treatm ents were 170 pmol 
m ~ 2 s _l and 12°C, respectively.

Desiccation chamber

Plants were desiccated under controlled condi­
tions o f  irradiance, tem perature, air movem ent 
and hum idity. In order to  vary the degree o f 
desiccation, plants were suspended in a desicca­
tion cham ber for different periods o f  time. The 
desiccation cham ber was based on the design o f 
T hom as & Turpin (1980). Each cham ber 
consisted o f  a 10-1 clear perspex tank, fitted w ith a 
clear perspex lid that was sealed to the tank with 
vaseline during  the experiments. One litre o f  the 
desiccant silica gel was placed in the bottom  of 
the cham bers. The silica gel was reactivated 
between experim ents by placing it overnight in an 
oven a t 100°C. A M icronel 12 v fan

Measurement o f phosphate uptake

Phosphate uptake was m easured using the 5-1 
flask m ethod, which is described in detail by Hurd 
& D ring (1990). Experim ents were carried out in 
5-1 Pyrex beakers contain ing 5 1 o f  filtered sea­
w ater m aintained a t a tem perature o f 12°C, an 
irradiance o f 170 pm ol m -2 s-1 and with water 
m otion  provided by m agnetic stirring bars. 
P hosphate  was added to  each beaker to give an 
initial concentration o f  c. LO pg-at I -1. In each 
experim ent, 20-30 g wet weight o f plant material 
was used. For Pelvetia canaliculata and Fucus 
spiralis, whole plants were used but this was not 
possible for Ascophyllum nodosum  and F. serratus 
because the desiccation cham ber was only 13 cm 
high. Therefore, apical sections o f F. serratus 
m easuring  about 12 cm were used, while the 
entire thallus o f A. nodosum  was cu t into 12-cm 
sections.

Experimental procedure

O n the m om ing o f  the experim ent, plants were 
rem oved from the preconditioning sea-water, 
weighed, and placed in either a desiccation 
cham ber o r a hum id cham ber, or returned to  the 
preconditioning treatm ent. A fter between 30 min 
and 5 h in the pre-experim ental conditions, the 
p lan ts were reweighed and  placed in the 5-1 flask 
appara tu s. W ater sam ples were removed at the 
s ta rt o f  the experiment and then every 30 min for 
3 h. The phosphate concentration  o f  each sample 7 
was estim ated im m ediately using the method of 
M urphy  & Riley (1962).

Calculations

T he uptake rate was calculated as described by 
H urd  & Dring (1990). T he air dry weight o f five 
p lan ts o f  each species was measured by 
suspending the plants in the desiccation chamber
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under experimental conditions fo r 24 h. T he vola­
tile water content o f  each p lan t was calculated as

fresh w eight —air d ry  weight 
volatile w ater = ------------fresh weight------------

The degree of desiccation w as expressed as the % 
volatile w ater lost from the p lan t and was calcu­
lated using the following equation

% volatile w ater lost
(fresh w eight—dried weight) x 100 

-  fresh weight x volatile water

where volatile w ater is the m ean volatile w ater for 
each species as a  p roportion  o f  fresh weight.

R ESULTS

Mean rates of phosphate uptake over 2 h

T h e  m ean  ra te  o f  p h o s p h a te  u p ta k e  o v e r 
th e  first 2 h o f  th e  e x p e r im e n t w as  c a lc u la te d  
fo r each  p la n t a n d  p lo t te d  a g a in s t  %  v o la tile  
w a te r lo s t by  th a t  p la n t  (F ig . 1). F o r  
F. spiralis, A . nodosum  a n d  F. se rra tu s , th e re  
w as a  sign ifican t n e g a tiv e  c o r re la t io n  (P  <  
0-001) betw een  u p ta k e  ra te  a n d  %  v o la tile

w a te r  lo s t. A f te r  severe d e s ic c a tio n , n e g a tiv e  
u p ta k e  ra te s  w ere  re c o rd e d  fo r  a t  le a s t so m e  
p la n ts  o f  a ll th re e  o f  th e se  species, in d ic a tin g  
th a t  p h o s p h a te  w as re lea sed  fro m  th e  th a lli . 
In  c o n tra s t , th e re  w as n o  c o r re la t io n  b e tw een  
u p ta k e  ra te  a n d  %  v o la tile  w a te r  lo s t  fo r  
P . cana licu la ta  a n d , even  a t  th e  h ig h es t levels 
o f  d e s ic c a tio n , n o  p la n ts  w ere o b se rv e d  to  
lo se  p h o s p h a te  fro m  th e  th a lli (F ig . 1).

Time course o f  phosphate uptake over 3  h

O n th e  b a s is  o f  th e  %  v o la tile  w a te r  lo s t, 
e ach  p la n t w as  p lace d  in  o n e  o f  th e  fo llo w in g  
d es icca tio n  g ro u p s : p re c o n d itio n e d  o n ly , 
h u m id  (3 - 8 % ) ,  lo w  (9 -2 0 % ), m e d iu m  
(2 1 -5 5 % ) a n d  severe d e s ic c a tio n  (5 9 -8 6 % ). 
T h e  m ean  u p ta k e  ra te  o f  th e  p la n ts  in  e a c h  
g ro u p  w as c a lc u la te d  fo r  every  30 -m in  tim e  
in te rv a l. In  fo u r  o f  th e  d e s ic c a tio n  g ro u p s  
(p re c o n d itio n e d , h u m id , lo w  a n d  m e d iu m  
d es icca tio n ), th e re  w ere  n o  sig n ifican t d iffe r­
ences o v e r  th e  3 -h  e x p e rim e n t a m o n g  th e  
u p ta k e  ra te s  fo r  d iffe ren t tim e  in te rv a ls  in
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Fig. 1. M ean rate o f  phosphate up take  by four species o f  fucoid algae over a 2-h period follow ing different degrees 
of desiccation, (a) Pelvetia canaliculata , (b) Fucus spiralis, (c) Ascophyllum nodosum , (d) Fucus serratus. Each po in t 
represents the result obtained for a single p lan t. C o rre la tion  coefficients for each species (N  =  29-35) are: Pelvetia, 
r =  015 ; Fucus spiralis, r =  —0-66; Ascophyllum , r =  —0-58; F. serratus, r =  —0-60.
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an y  o f  th e  species, la rg e ly  b ecau se  o f  th e  h ig h  
v a ria b il ity  reco rd ed  a m o n g  the rep lic a te  
p la n ts  ex p o sed  to  each  tre a tm e n t. In  th e  
severe d e s icca tio n  g ro u p , h o w ev er, d iffe ren t 
re sp o n ses  to  d e s ic c a tio n  w ere  reco rd ed  fo r 
th e  d iffe ren t species (F ig . 2).

P elve tia  canalicu la ta  m a in ta in e d  a p o sitiv e  
u p ta k e  ra te  th r o u g h o u t th e  e x p e rim en t, a n d  
th e re  w ere  n o  s ig n ifican t v a r ia tio n s  w ith  tim e  
o v e r  th e  3 h. T h e  u p ta k e  ra te  o f  severely  
d e s icca ted  P. canalicu la ta  w as  s im ila r to  th a t  
o f  fu lly  h y d ra te d  p la n ts  (F ig . 2). T h e  m e a n  
u p ta k e  ra te  re co rd ed  fo r  F. sp ira lis  o v e r th e  
first 30 -m in  in te rv a l w as n eg a tiv e , a lth o u g h  
th is ra te  w as n o t s ig n ifican tly  d iffe ren t (a t 
P  =  0-05) from  th e  m e a n s  fo r  la te r  tim e 
p e rio d s . N ev erth e less , so m e  p la n ts  in th e  
p o p u la t io n  leak ed  p h o sp h a te  o n  th e ir  re tu rn  
to  w a te r  a f te r  severe d ry in g . T h e  m e a n  
u p ta k e  ra te  o f  F. sp ira lis  fro m  1-5 h o n w a rd s  
w as s im ila r  to  th a t o f  fu lly  h y d ra te d  p la n ts .

T h e  m e a n  u p ta k e  ra te  o f  severely  d es ic ­
c a te d  p la n ts  o f  A . nodosum  d u r in g  th e  first 
30 m in  a f te r  re tu rn  to  w a te r  w as a lso  n e g a ­
tive a n d , u n lik e  th e  c o m p a ra b le  v a lu e  fo r

F . sp ira lis , w as  s ig n ifican tly  low er th a n  the 
m e a n  u p ta k e  ra te  o v e r  the  rem a in in g  2-5 h o f  
th e  e x p e rim e n t. D u r in g  th is  la t te r  p eriod , 
A . n o d o su m  ex h ib ite d  a  positive  u p ta k e  ra te  
w h ich  w as h ig h  e n o u g h  to  c o m p e n sa te  fo r 
th e  p h o s p h a te  lo s t o v e r the  first 30 m in so 
th a t  th e re  w a s  n o  n e t lo ss o f  p h o sp h a te  over 
th e  c o m p le te  e x p e rim e n t. Severely  desiccated  
p la n ts  o f  F. serra tu s  re leased  2 0 -3 0  tim es 
m o re  p h o s p h a te  th a n  th e  o th e r  species 
d u r in g  th e  firs t 30 m in  a f te r  su b m ers io n , and  
c o n tin u e d  to  re lease  p h o sp h a te  o v e r th e  next 
1-5 h (F ig . 2). A  p o sitiv e  u p ta k e  ra te  w as 
re c o rd e d  in  o n ly  o n e  30-m in  p e rio d  (2-2-5 h) 
a n d . o v e r  th e  full 3-h  ex p e rim en t, th e re  w as a 
s u b s ta n tia l  n e t lo ss o f  p h o sp h a te .

Effect o f nitrate supply on response of 
F. spiralis to desiccation

T h e  effects o f  d e s ic c a tio n  o n  p h o sp h a te  
u p ta k e  by F. sp ira lis  w ere a lso  s tu d ied  in 
p la n ts  w h ich  h a d  b een  p re c o n d itio n e d  in  sea­
w a te r  e n ric h e d  w ith  880 p g -a t I -1 K N 0 3 
(e q u iv a le n t to  th e  n it ra te  c o n c e n tra tio n  in  f/2

Fig. 2. V ariation  in the rate o f  p hospha te  up take with time over 3 h in fo u r species o f  fucoid algae which had  been 
subjected to  severe desiccation, (a) Pelvetia canaliculata, (b) Fucus spiralis, (c) Ascophyllum nodosum , (d) Fucus 
serratus. A t the start o f  the up take  experim ent, all p lants had  lost 59 -86%  o f  their volatile water, and eight o r nine 
such p lants o f each species were investigated. The horizontal line covering the last four tim e periods fo r each species 
represents the m ean rate o f  up take  by undesiccated p lants o f  the sam e species.
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FiG. 3. M ean rate  o f  p hospha te  up take by Fucus spiralis 
over a  2-h period follow ing different degrees o f  
desiccation o f  p lan ts which had been preconditioned for 
abou t 24 h in sea-w ater enriched with n itrate . Each 
point represents the result obtained  for a single p lan t. 
The correlation  coefficient (r =  —0-68) is significant a t 
P = 0-05.

m edium ; M c L a c h la n , 1973). T h e  u p ta k e  
ra te s  o f  th ese  p la n ts  w ere  sim ila r to  th o s e  o f  
F. spiralis  p la n ts  p re c o n d itio n e d  in  a m b ie n t 
se a -w a te r ( N 0 3 c o n c e n tra tio n  =  0 -0 -2  p g -a t  
N 0 3-N  I " 1) a n d  a s im ila r  nega tive  c o r r e la ­
tio n  w as o b se rv ed  b e tw een  %  v o la tile  w a te r  
lo s t a n d  p h o s p h a te  u p ta k e  ra te  (F ig . 3). 
H o w ever, n o  p la n ts  lo s t p h o sp h a te  o r  
sh o w ed  zero  u p ta k e  o v e r 2 h , a s  w as  
o b se rv ed  fo r  so m e  p la n ts  w hich h ad  n o t  b een  
p re tre a te d  w ith  n i t r a te  [Fig. 1(b)].

D IS C U S S IO N

U n lik e  m o s t h ig h e r  p lan ts , seaw eeds 
p o ssess  n o  a n a to m ic a l fea tu res, such  as 
s to m a ta  o r  w ax y  c u ticu le s , th a t  en ab le  th e m  
to  red u ce  th e  ra te  o f  w a te r  loss (L ev itt, 
1980). T h e  F ucus  spec ies, P. canaliculata  a n d  
A . nodosum  a ll lose  w a te r  from  th e ir  th a lli a t 
s im ila r ra te s  (K ris te n s e n , 1968; S ch o n b eck  & 
N o r to n , 1979) a n d  th e  ra te  o f  w a te r  lo ss is 
o n ly  s lig h tly  s lo w e r th a n  e v a p o ra tio n  fro m  
free se a -w a te r  (S c h o n b e c k  & N o r to n , 1979). 
Jo n es  &  N o r to n  (1979) co n c lu d ed  th a t  th e  
ra te  o f  e v a p o ra t io n  fro m  th e  fro n d s  o f  fu co id  
a lg ae  w as c o n tro lle d  p rim a rily  by e n v iro n ­
m en ta l fa c to rs . F u c o id  a lg ae  m u s t, th e re fo re , 
be d e sc rib ed  a s  d e s ic c a tio n  to le ra to rs  r a th e r  
th a n  d e s ic c a tio n  a v o id e rs  (R u g g  & N o r to n ,  
1987), a n d  m u s t be  ab le  to  decrease  o r  re p a ir

th e  d a m a g e  c a u se d  b y  d e s ic c a tio n  stress 
(L e v it t, 1980).

W ith  re sp ec t t o  p h o s p h a te  u p ta k e , all th e  
spec ies s tu d ie d  h e re  sh o w  so m e deg ree  o f  
d e s ic c a tio n  to le ra n c e  b ecau se , a f te r  lo s ing  up  
to  5 0 %  o f  th e ir  v o la tile  w a te r , m o s t o f  th e  
p la n ts  te s ted  sh o w ed  a  p o s itiv e  u p ta k e  ra te  
o v e r  2 h (F ig . 1). T h e  d eg ree  o f  to le ran ce  
in c rea se s  w ith  in c re a s in g  sh o re  heigh t. 
P e lve tia  cana licu la ta  a p p e a rs  to  b e  th e  m ost 
d e s ic c a tio n  to le ra n t o f  a ll  th e  spec ies s tu d ied  
a s  it  sh o w ed  no d ec re a se  in  th e  u p ta k e  ra te  
m e a su re d  o v e r  2 h , ev en  a f te r  severe  desicca­
tio n  (F ig . 1). E ven  d u r in g  th e  firs t 30 m in  
a f te r  re su b m e rs io n , th e  u p ta k e  ra te s  o f  
p la n ts  th a t  h a d  b een  severe ly  d es icca ted  w as 
as h ig h  as th o se  o f  fu lly  h y d ra te d  p lan ts  
(F ig . 2). Fucus sp ira lis , A . nodosum  and  
F. serra tu s  all sh o w ed  a  d ec rease  in  u p tak e  
ra te  w ith  in c rea s in g  lo ss  o f  v o la tile  w a te r 
a n d , a f te r  severe d e s ic c a tio n , p h o sp h a te  
le ak e d  fro m  th e  th a lli o f  a t  le a s t so m e  p lan ts . 
T h e  ra te  o f  loss o f  p h o s p h a te  o f  th ese  th ree  
spec ies im m ed ia te ly  a f te r  re su b m e rs io n  w as 
re la te d  to  th e ir  p o s i tio n  o n  th e  sh o re : o n ly  
tw o  p la n ts  o u t  o f  n in e  rep lic a te s  o f  F. spiralis 
re leased  p h o sp h a te  a f te r  severe d es icca tio n  
(5 9 -8 3 %  v o la tile  w a te r  lo s t) , w h ereas all 
p la n ts  o f  A . nodosum  e ith e r  re lea sed  p h o s­
p h a te  o r  sh o w ed  ze ro  u p ta k e  o v e r th e  first 
30 m in . A ll p la n ts  o f  F. se rra tu s  lo s t p h o s ­
p h a te  a t ra te s  2 0 -3 0  tim e s  g re a te r  th a n  those  
o f  th e  o th e r  species.

R e le a se  o f  in o rg a n ic  a n d  o rg an ic  
s u b s ta n c e s  a f te r  d e s ic c a tio n  h a s  been 
p re v io u s ly  reco rd ed  fo r  in te r t id a l a lg ae . O n  
th e  w est c o a s t o f  C a n a d a ,  n a tu r a l  p o p u la ­
tio n s  o f  G racilaria p a c ifica  a re  fo u n d  g ro w ­
in g  o n  th e  h igh  a n d  lo w  sh o re  a n d  also  
su b tid a lly . T h e  d e g re e  o f  d esicca tio n  
re q u ire d  to  g ive a n e g a tiv e  u p ta k e  ra te  w as 
fo u n d  to  c o rre la te  w ith  th e  p o s itio n s  o f  the 
p la n ts  o n  th e  sh o re : h ig h  sh o re  p lan ts  
sh o w ed  n o  negative  u p ta k e  a f te r  lo s in g  50%  
o f  th e ir  to ta l  w a te r c o n te n t ,  w h ile  su b tid a l 
p la n ts  le ak e d  n itra te  a f te r  o n ly  10%  w a te r 
lo ss  (T h o m a s , H a r r is o n  &  T u rp in , 1987). 
O rg a n ic  c a rb o n  m a y  a lso  be  re leased  a fte r  
severe d es icca tio n . M o e b u s , J o h n s o n  & 
S ie b u r th  (1974) sh o w ed  th a t  w hen
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A . nodosum  lo s t o v e r 7 0 %  o f  its  w a te r , 1 -2 %  
o f  its to ta l d ry  m a t te r  w a s  lo s t 'a s  o rg a n ic  
c a rb o n .

T h e  re lease o f  b o th  in o rg a n ic  a n d  o rg an ic  
su b s ta n c e s  fro m  p la n ts  fo llo w in g  d esicca tio n  
m ay  in d ica te  th a t  th e  cell m e m b ra n e  has 
been  d is ru p te d  (L e v itt ,  1980). T h e  deg ree  to  
w h ich  a  p la n t c a n  m in im iz e  th is  d is ru p tio n , 
o r  th e  ra te  a t  w h ich  it  c a n  re p a ir  the  d am ag e , 
m ay  be  c ritic a l in  d e te rm in in g  th e  m ax im u m  
h e ig h t a t w h ich  in te r t id a l  fu co id  a lg ae  can  
g ro w  o n  th e  sh o re . S in ce  P . canalicula ta  
re leased  n o  p h o s p h a te  a f te r  severe d es icca ­
tio n , th is  spec ies is c le a r ly  ab le  to  re s is t o r 
im m ed ia te ly  re p a ir  th e  effec ts  o f  d esicca tio n  
o n  m e m b ra n e  in te g rity . B o th  F. sp ira lis  an d  
A . nodosum  re leased  p h o s p h a te  fo r th e  first 
30 m in a f te r  re su b m e rg e n c e , b u t  the u p ta k e  
ra te  o f  b o th  spec ies re c o v e re d  so  th a t  th e  
m e a n  u p ta k e  ra te  o v e r  th e  la s t 2 h w as 
s im ila r to  th a t  o f  h y d ra te d  p la n ts . T hese  
species a p p e a r , th e re fo re , to  suffer d a m a g e  to  
th e  cell m e m b ra n e  b u t  r e p a i r  is e ffected  re la ­
tively qu ick ly . F ucus s e r ra tu s , o n  the  o th e r  
h a n d , seem s to  be  so  sev e re ly  d a m a g e d  by 
p ro lo n g e d  d e s ic c a tio n  th a t  re p a ir  a n d  reco v ­
ery  is n o t p o ss ib le  w ith in  3 h.

A  s im ila r in te rp re ta t io n  c o u ld  be ap p lied  
to  a set o f  c o m p a ra b le  re su lts  o b ta in e d  in a 
s tu d y  o f  th e  effec ts o f  d e s ic c a tio n  o n  p h o to ­
syn thesis  in b ro w n  a lg a e  (D r in g  & B row n, 
1982). F u ll reco v ery  o f  p h o to s y n th e s is  w as 
o b serv ed  in  P elve tia  a f te r  9 6 %  d esicca tio n ; 
m o s t p la n ts  o f  F. sp ira lis  reco v e red  fully 
a f te r  80%  d e s ic c a tio n , a l th o u g h  so m e  p lan ts  
recovered  to  o n ly  6 0 %  o f  th e  p red es icca ted  
p h o to s y n th e tic  ra te ; a n d  F. se rra tu s  fa iled  to  
recover fu lly  a f te r  lo s in g  o n ly  6 0 %  o f  its 
tissue w a te r . I t  is p o ss ib le  th a t  th e  ra te  an d  
e x te n t o f  reco v ery  o f  p h o to s y n th e s is  a f te r  
d e s icca tio n  is a lso  re la te d  to  th e  e x te n t o f  
m e m b ra n e  d a m a g e  a n d  th e  ra te  o f  its rep a ir .

If  m o re  th a n  2 0 %  o f  th e  b o u n d  w a te r  is 
lo s t th ro u g h  d e h y d ra t io n , th e  b ilay e r s tru c ­
tu re  o f  a  ty p ic a l cell m e m b ra n e  co llap ses  an d  
is rep laced  by a h e x a g o n a l s t ru c tu r e  in  w hich  
the  h y d ro p h o b ic  ta i ls  o f  th e  lip id  m o lecu les 
p o in t o u tw a rd s  (S im o n , 1978). T h e  
m e m b ra n e  p ro te in s , w h ich  a re  u su a lly  fo u n d  
w ith in  th e  b ilay e r, m a y  be  d isp laced  d u rin g

th is h e x a g o n a l p h a se . U p o n  re h y d ra tio n , th e  
m e m b ra n e  m a y  re fo rm  th e  b ilay e r w ith in  
10 s b u t c o m p lic a t io n s , su c h  as m e m b ra n e  
c o m p o n e n ts  b e in g  p u sh e d  as id e  b y  the  ra p id  
in flux  o f  w a te r ,  m ay  lead  to  a  d e lay  in  
re fo rm in g  th e  b ilay e r. D u r in g  th is  d e lay , io n s  
c o u ld  leak  o u t  o f  th e  cell a n d , if  th e  d a m a g e  
c a u se d  by in c o m in g  w a te r  is severe , th is  
leak ag e  c o u ld  re su lt in  th e  d e a th  o f  the  cell 
(S im o n , 1978). I f  cell m e m b ra n e s  o f  fu co id  
a lg ae  u n d e rg o  th is  tr a n s it io n  to  th e  h ex a­
g o n a l p h a se  fo llo w in g  d e h y d ra t io n , v a ria ­
tio n s  in  th e  d e g re e  o f  d a m a g e  cau sed  u p o n  
re h y d ra tio n , a n d  th e  sp eed  a t w h ich  th e  
in ju ry  is re p a ire d , c o u ld  a c c o u n t fo r  th e  
d iffe ren tia l re co v e ry  o f  b o th  p h o sp h a te  
u p ta k e  a n d  p h o to s y n th e s is  in  d iffe ren t 
species.

P h o sp h a te  u p ta k e  w as n o t e n h a n c e d  by 
d e s ic c a tio n  in  a n y  o f  th e  in te r t id a l fuco id  
a lg ae  s tu d ie d  h ere , in c lu d in g  p la n ts  o f  
F. spiralis  w h ic h  h a d  b een  p re c o n d itio n e d  in  
se a -w a te r c o n ta in in g  s a tu ra tin g  levels o f  
n itra te  (F ig . 3 ). T h ese  o b se rv a tio n s  c o n tra s t  
w ith  th o se  o f  T h o m a s , T u rp in  &  H a rr is o n  
(1987) w h o  fo u n d  th a t  n i t r a te  a n d  a m m o n ia  
u p ta k e  by P elve tio p s is  lim ita ta , F. d is tichus , 
E n tero m o rp h a  in te stin a lis  a n d  G igartina  
pap illa ta  w ere  in c rea sed  fo llo w in g  d es icca ­
tio n , a n d  th a t  th e  d eg ree  o f  d e s icca tio n  th a t  
p ro d u c e d  th e  m ax im u m  e n h a n c e m e n t w as 
c o rre la te d  w ith  th e  p o s i tio n  o f  th e  species o n  
th e  sh o re .

S ince  tw o  o f  th e  species s tu d ie d  by 
T h o m a s , T u rp in  &  H a rr iso n  (1987; 
P. l im ita ta , F. d is tichus)  a re  s im ila r to  species 
used  in  th e  p re s e n t in v e s tig a tio n , it seem s 
u n lik e ly  th a t  th e  ab se n c e  o f  e n h a n c e m e n t 
c an  be a t t r ib u te d  p u re ly  to  d ifferences 
b e tw een  species. H o w ev e r, th e  u p ta k e  e x p e ri­
m en ts  o f  T h o m a s , T u rp in  &  H a rr is o n  (1987) 
w ere c o n d u c te d  o v e r s h o r t p e rio d s  
(1 0 -3 0  m in ) a t h ig h , a n d  p o ss ib ly  s a tu ra tin g , 
c o n c e n tra tio n s  o f  n it ra te  a n d  a m m o n ia  
(30 p g -a t I -1 , c o m p a re d  w ith  a m b ie n t levels 
o f  <  1 p g -a t  1 _ l), w h e re a s  th e  c u r re n t w o rk  
u tilized  p h o sp h a te  c o n c e n tra tio n s  th a t  w ere 
c lo se  to  th e  m a x im u m  c o n c e n tra tio n s  th a t  
th e  p la n ts  w o u ld  ex p erien ce  in  th e  sea  (c.
1 p g -a t I -1) a n d  m e a su re d  u p ta k e  o v e r
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pon  r e h y d r a t io n ,  th e  
th e  b ila y e r  w ith in  

su ch  a s  m e m b ra n e  
:d a s id e  b y  th e  r a p id  
lead to  a  d e la y  in  
ir in g  th is  d e la y , io n s  
1 a n d , if  th e  d a m a g e  
a te r  is s e v e re , th is  
he  d e a th  o f  th e  cell 
e m b ra n e s  o f  fu c o id  
s itio n  to  th e  h e x a -  
d e h y d ra t io n , v a r ia -  
am a g e  c a u se d  u p o n  
peed a t  w h ic h  th e  
d a c c o u n t f o r  th e  
f  b o th  p h o s p h a te  
:hesis in  d if fe re n t

s n o t  e n h a n c e d  by  
íe  in te r t id a l  fu c o id  
e lu d in g  p la n ts  o f  
n p re c o n d i tio n e d  in  
i tu ra t in g  leve ls  o f  
n e rv a t io n s  c o n tr a s t  
T u rp in  &  H a r r i s o n  
t r a te  a n d  a m m o n ia  
m ita ta , F. d is tic h u s , 
'is a n d  G ig a r tin a  

fo llo w in g  d e s ic c a - 
o f  d e s ic c a tio n  th a t  
e n h a n c e m e n t w as  

an o f  th e  sp ec ie s  o n

pecies s tu d ie d  by  
H a r r is o n  (1987 ; 

re s im ila r  to  sp ec ie s  
:s tig a tio n , it  seem s 
:e o f  e n h a n c e m e n t 
;iy  to  d iffe ren ces  
, th e  u p ta k e  e x p e ri-  
&  H a r r is o n  (1 9 8 7 ) 

s h o r t  p e r io d s  
possib ly  s a tu ra t in g ,  
te a n d  a m m o n ia  
v ith  a m b ie n t levels 
is th e  c u r r e n t  w o rk  
i t r a t io n s  th a t  w e re  
o n c e n tr a t io n s  th a t  
nee  in  th e  s e a  (c. 
ir e d  u p ta k e  o v e r

lo n g er tim e  p e rio d s . I t  is p o ss ib le , th e re fo re , 
th a t T h o m a s , T u rp in  &  H a rr is o n  (1987) 
o bserved  th e  e n h a n c e m e n t o f  sh o r t- te rm , 
' ‘lu x u ry ”  u p ta k e  fo llo w in g  d es icca tio n , 
w hereas lo n g e r - te rm  u p ta k e  o f  n u tr ie n ts  
from  c o n c e n tra tio n s  m o re  ty p ic a l o f  n a tu ra l 
sea -w a te r sh o w s th e  ty p e  o f  re sp o n se  to  
d e s icca tio n  re p o r te d  h e re . I t  is a lso  poss ib le  
th a t , as su g g es ted  b y  T h o m a s , T u rp in  & 
H a rriso n  (1987), e n h a n c e m e n t o f  n u tr ie n t 
u p ta k e  b y  d e s ic c a tio n  o c c u rs  o n ly  a fte r  
rep ea ted  p e rio d s  o f  d ry in g , su ch  as p lan ts  
w ou ld  ex p erien ce  d u r in g  successive  low  tides 
in h o t w ea th e r. T h e  in f lu en ce  o f  th ese  fac to rs  
o n  the re sp o n se  o f  n u tr ie n t  u p ta k e  to  d esic­
c a tio n  re m a in s  to  be  in v e s tig a te d .

T h e  u p ta k e  o f  p h o s p h a te  w as a lso  
en h an ced  by d e s ic c a tio n  in  F. d is tichus , 
p rov ided  th a t  th e  p la n ts  h a d  been  in cu b a ted  
in se a -w a te r e n ric h e d  w ith  all n u tr ie n ts  
excep t p h o sp h a te  fo r 24  h  p r io r  to  the  d ry in g  
tre a tm e n ts ; w ith o u t su c h  p re tre a tm e n t, 
d ry in g  in h ib ite d  p h o s p h a te  u p ta k e  (T h o m a s  
& T u rp in , 1980). T h is  o b se rv a tio n  ag a in  
suggests th a t  it is s h o r t- te rm , lu x u ry  u p ta k e  
o f  n u tr ie n ts  w h ich  is e n h a n c e d  b y  desicca­
tio n , since lu x u ry  u p ta k e  w o u ld  o c c u r  o n ly  
in p la n ts  w h ich  h a d  p re v io u s ly  been  s ta rv ed  
o f  the n u tr ie n t c o n c e rn e d . T h e  a p p a re n t 
ab sence  o f  d e s ic c a tio n -e n h a n c e d  p h o sp h a te  
u p ta k e  in  F. sp ira lis  w h ic h  h a d  been  
p re tre a te d  in  a  h ig h  n i t r a te  c o n c e n tra tio n  
(F ig . 3) c o u ld , th e re fo re , be  d u e  to  an  
in ab ility  to  d e te c t lu x u ry  u p ta k e  in ex p eri­
m en ts  a t a m b ie n t p h o s p h a te  c o n c e n tra tio n s  
(cf. 30 -m in  e x p e r im e n t a t  30 p g -a t  I - '; 
T h o m a s  & T u rp in , 1980). E n h a n c e m e n t o f  
n u tr ie n t u p ta k e  by d e s ic c a tio n  m ay  be o f  
ra th e r  lim ited  s ig n ific an ce  to  p la n ts  in 
n a tu ra l c o n d itio n s , a n d  c e r ta in ly  seem s to  be 
less im p o r ta n t in  fu c o id s  th a n  th e  d am ag in g  
effects o f  d e s ic c a tio n  o n  th e  n u tr ie n t u p ta k e  
ra te s  o f  lo w  sh o re  spec ies.
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