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A B ST R A C T

A  fie ld  study to determine the precise times o f year at 
which three intertidal species o f  Fucus start to produce 
hyaline hairs and cease producing such hairs was con­
ducted on the Isle o f  M an, U.K. Hairs were first observed 
during  February, and  within 6 days o f  their initial ap ­
pearance, all tagged plants o f all species at all tidal heights 
on the shore possessed hairs. H air production continued 
u n til the beginning o f  October, at which time Fucus plants  
growing at the lowest stations (+ 3 .0  m) had glabrous 
apical growth. H air production continued later into the 
year fo r  plants growing higher on the shore, and it was 
not un til mid-November that glabrous apical growth was 
observed in all plants.

Phosphate uptake rates o f pilose (hairy) and glabrous 
(hairless) apical sections were measured in November 1988  
fo r  F. spiralis L. and  in January 1989 fo r  F. spiralis 
and  F. se rra tus  L ., at phosphate concentrations ranging 
from  0 .8  pM  (ambient seawater) to 9 .0  pNI. In  ambient 
seawater, pilose plants o f  F. spiralis removed phosphate 
2 - 3  times faster than glabrous plants, whereas the uptake 
rates o f  pilose plants o f  F. se rra tus  were about 50%  
greater than those o f glabrous plants. The differences be­
tween uptake rates o f pilose and glabrous plants o f both 
species were smaller or nonsignificant at higher phosphate 
concentrations. The fie ld  and laboratory data are consis­
tent with the hypothesis that hairs are form ed in Fucus 
as a response to increased nutrient demand and that hairs 
facilitate the uptake o f  nutrients from  seawater at concen­
trations typical o f na tura l situations.

Key index words: Fucus serratus; Fucus spiralis; F u ­
cus vesiculosus; glabrous; growth; hyaline hairs; Phaeo­
phyta; phosphate storage; phosphate uptake; pilose; sea­
sonal variation

In te r t id a l  Fucus spiralis L., F. vesiculosus L., and  
F. serratus L. p ro d u c e  colorless, m ulticellu lar hyaline 
ha irs ,  arising in tufts  f ro m  cryp tos tom ata  on the

1 R ece iv ed  5 Ju ly  1 9 9 1 . A c c e p te d  16 D e c e m b e r  1992.
* P re se n t  ad d ress  a n d  a d d re ss  fo r  R eprin ts: D e p a r tm e n t o f  

O c e a n o g ra p h y , U n iv e rs ity  o f  B ritish  C o lu m b ia , V an co u v e r, B r it­
ish C o lu m b ia , C a n a d a  V 6 T  1Z4.

apical a n d  m idreg ions o f  th e ir  thalli (Fritsch 1945). 
T h e  early d eve lopm en t o f  c ryp tos tom ata  is th e  same 
as th a t  o f  the  rep roduc tive  conceptacles in Fucus, 
f ro m  which cryp tos tom ata  a re  th o u g h t  to  be  der ived  
(G a rd n e r  1922, Fritsch  1945, Powell 1957). In re ­
cen t  years, the  hairs o f  Fucus have  been  largely ig­
n o red ,  excep t in occasional colorful descr ip t ions  in 
seashore  guides (e.g. “ soft silken hairs  sca t te red  
th in ly  o n  the  infertile  en d s” ; B a r re t t  a n d  Yonge 
1958), and  the ir  function is unknown. H ow ever,  hairs 
p ro d u c e d  by o th e r  algal species a re  know n to  en ­
h an ce  n u t r ie n t  up take  (W hit ton  1988).

G erm lings  o f  Fucus spiralis p ro d u ce  a single, apical 
tu f t  o f  ha irs  in all seasons, except w in te r  (Schonbeck  
a n d  N o r to n  1979). In labora to ry  studies, th e  length  
o f  th e  apical hairs was found  to  increase  with d e ­
creasing  n u tr ie n t  availability. T h e se  observations 
suggest th a t  the  apical hairs o f  germ lings  serve to 
e n h an ce  n u tr ien t  up take  a t  low n u tr ie n t  c o n c e n tra ­
tions (Schonbeck and  N o r to n  1979). M a tu re  plants 
o f  Fucus spiralis, F. vesiculosus, and  F. serratus on  the  
Isle o f  M an (Irish Sea) also possessed hairs  in the  
sp r in g  a n d  sum m er, b u t  hairs w ere absen t  in the  
w in te r  w hen  n u tr ie n t  concen tra t ions  in th e  Irish Sea 
a re  m axim al, implying a possible role in th e  acqui­
sition o f  n u tr ien ts  (Galvin 1988).

T h e  goals o f  this s tudy  were to  establish the  p re ­
cise da tes  u p o n  which hair  p ro d u c t io n  in na tu ra l  
popu la t ions  o f  Fucus starts and  ends over 1 year and 
to  test  the  hypothesis th a t  the hyaline hairs  o f  Fucus 
e n h an ce  p h ospha te  uptake.

M A TER IA LS AND M E TH O D S

F ie ld  e x p e r im e n ts  to  d e te rm in e  th e  tim e  o f  o n se t a n d  cessa tion  
o f  h a ir  p ro d u c tio n  by in te r tid a l species o f  Fucus w e re  c o n d u c te d  
o n  St. M ic h ae l’s Is lan d , o f f  th e  east coast o f  th e  Isle o f  M an, U .K . 
(O rd n a n c e  S urvey  g rid  re f.: SC  6 7 4 2 9 6 ), w hich  has a m ax im u m  
tida l r a n g e  o f  6  m . A p e rm a n e n t tra n se c t, ru n n in g  f ro m  low  w ate r 
to  th e  u p p e rm o st lim its o f  Fucus spiralis, was e s ta b lish e d  o n  each  
o f  th r e e  sho res : ex p o sed  (E), se m ish e lte red  (SS), a n d  sh e lte re d  
(S). S ta tio n s  w ere  m a rk e d  a t 0 .5-m  vertica l in te rv a ls  a lo n g  each  
t r a n se c t  lin e  by c e m e n tin g  a plastic m a rk e r  a t th e  a p p ro p r ia te  
p lace  w ith  H aw ke Q u ick -S e t cem en t. T h e  h e ig h t o f  e a c h  s ta tio n  
ab o v e  low est a s tro n o m ica l t id e  was d e te rm in e d  w ith  a su rv e y o rs’ 
level. F ive s ta tio n s  w ere  se lec ted  a t sites E a n d  SS: + 3 .0 , + 3 .5 , 
+  4 .0 , + 4 .5 ,  a n d  + 5 .0  m . A t s ite S , only  tw o  s ta tio n s w ere  m ark ed ,
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a t  + 3 .0  a n d  + 5 .0  m , b ecau se  a d e n se  c o v e rin g  o f  Ascophyllum  
nodosum  o n  th e  m id sh o re  p re v e n te d  th e  g ro w th  o f  Fucus in th is 
a re a .

In  m id -Ja n u a ry  1986 , th e  firs t 25 p la n ts  fo u n d  g ro w in g  t d  th e  
r ig h t  o f  th e  t r a n s e c t  line a t each  s ta tio n  o n  all sh o re s  w e re  tag g ed  
w ith  p la s tic  c a b le  ties. A t th e  tim e o f  ta g g in g , n o  p la n ts  possessed  
h a irs . E ach  s ta tio n  w as th e n  v isited  a t  2 -3 -d a y  in te rv a ls , a n d  th e  
n u m b e r  o f  p la n ts  w ith  h a irs  w ere  co u n te d . I n  th e  fo llow ing  a u ­
tu m n , a t a t im e  w h e n  all p lan ts  still h a d  h a irs , th e  firs t 25  p lan ts  
f o u n d  g ro w in g  to  th e  le f t o f  th e  tra n se c t lines a t  each  s ta tio n  
w ere  ta g g e d . A t th is  tim e , th e  n u m b e r  o f  p la n ts  th a t  h a d  s to p p e d  
p ro d u c in g  h a irs  (i.e . h a d  g la b ro u s  apices) was re c o rd e d  every  3 -  
5 days.

P h o sp h a te  u p ta k e  ra te s  w ere  d e te rm in e d  fo r  p ilose a n d  g la­
b ro u s  p la n ts  o f  F ucus spiralis in N o v e m b e r  1988 a n d  o f  F. spiralis 
a n d  F. serratus in  J a n u a ry  1989. A t th e se  tim es, p ilose a n d  g la­
b ro u s  p la n ts  o f  th e se  species o c c u r re d  s im u ltan eo u s ly  in  th e  field. 
P lan ts  w ere  c o lle c te d  fro m  P o rt  Kelly, C o. D ow n, a  se m ish e lte red  
ro ck y  s h o re  o n  th e  eas t coast o f  N o r th e rn  I re la n d  ( Ir ish  g rid  re f.: 
J 6 2 8 4 6 7 ) , a t  3.1  m  (F. spiralis) a n d  0 .9 3  m  (F. serratus) a b ove c h a r t  
d a tu m . C o llec tio n s  w ere  m a d e  b e tw een  0 7 0 0  a n d  0 9 0 0  th e  day  
b e fo re  a n  e x p e r im e n t ,  an d  p lan ts  w ere  t r a n s p o r te d  to  th e  lab o ­
r a to ry  w ith in  10 m in . A pical sec tions, o f  0.5  g  w et w eig h t fo r  F. 
spiralis a n d  1.5 g  fo r  F. serratus, w e re  c u t u sin g  a  scalpel an d  
c le a n e d  o f  s a n d  p a r tic le s  a n d  e p ip h y te s  by  r in s in g  u n d e r  flow ing 
s e a w a te r  a n d  w ip in g  th e  tha lli w ith  tissue. T h e  ap ices w ere  p r e ­
c o n d it io n e d  fo r  2 2 - 2 6  h  in d a rk n ess  a t  12° C in a e ra te d , filte red  
(W h a tm a n  G F /C )  se a w a te r  c o n ta in in g  ca. 0.8  mM P O v  T h e  ra te  
o f  p h o s p h a te  u p ta k e  f ro m  se aw a te r  w ith  in itia l P O ,_ c o n c e n tra ­
tio n s  r a n g in g  f ro m  0 .8  to  9 .0  pM  was m e a su re d  o v e r  2 h  using  
th e  m u ltip le  flask  m e th o d  d esc rib ed  by  H u r d  a n d  D rin g  (1990).

T h e  k in e tic  p a ra m e te r s ,  K, (h a lf  s a tu ra tio n  co n s tan t)  a n d  V roax 
(m a x im u m  u p ta k e  ra te ), w e re  ca lcu la ted  u s in g  th e  w e ig h ted  re ­
g re ss io n  o f  W ilk in so n  (1961). T h e  a d v an tag es  o f  th is m e th o d  a re  
d iscussed  by  H u r d  a n d  D rin g  (1990). C u rv es w ere  fitted  to  th e  
d a ta  by s u b s ti tu t in g  K, a n d  V max in to  th e  M ic h a e lis -M e n te n  hy­
p e rb o lic  e q u a tio n . T h e  u p ta k e  ra te  a t  1 pM  P O , (V ,) was also 
c a lc u la te d . T h is  p a ra m e te r  was u sed  to c o m p a re  th e  ab ilitie s  o f  
d if fe re n t  sp e c ies  to  ta k e  up  p h o sp h a te  a t c o n c e n tra tio n s  th a t  w ere  
close to  th o se  in  se a w a te r  d u r in g  th e  w in te r  m o n th s .

RESU LTS

A t all sites, Fucus serratus was th e  d o m in a n t  species 
a t  + 3 .0  m , w hereas  F. spiralis was d o m in an t  a t  + 5 .0  
m. A t  sites E a n d  SS, the d o m in a n t  species grow ing  
a t + 4 .0  m  was F. vesiculosus, w hereas  m ixed  p o p u ­
lations o f  F. serratus/F . vesiculosus and  F. vesiculosus/  
F. spiralis w e re  fo u n d  a t + 3 .5  a n d  + 4 .5  m, respec­
tively.

H yaline  h a irs  were first r e p o r te d  on  tagged  plants 
o f  Fucus o n  24 F e b ru a ry  1986. W ith in  6 days, 100% 
o f  ta g g e d  p lan ts  a t  each o f  the  th re e  sites a n d  a t  all 
five t idal h e ig h ts  possessed hairs (Fig. 1). In au tum n , 
p lan ts  with g lab rous  apical g row th  (i.e. in which hair  
p ro d u c t io n  h a d  s topped) were first re c o rd e d  a t  + 3 .0  
m  o n  30 S e p te m b e r  a t  all th re e  sites (Fig. 2). T h e  
t im e  ta k e n  f ro m  the  s ta r t  o f  the  a u tu m n  ex p e r im e n t  
(22 S e p te m b e r)  fo r  all tagged  plants  to  exhib it  gla­
b ro u s  apical g ro w th  was p lo t ted  against tidal he igh t  
fo r  each  site  (Fig. 3). In  p lants  g row ing  h ig h e r  on 
the  sho re ,  th e  p ro d u c t io n  o f  hyaline hairs  con tinued  
l a te r  in to  th e  y ea r  (Fig. 3). A l inear  regression  was 
f i t ted  to  d a ta  f ro m  th e  sem ishe lte red  a n d  exposed 
sites. T h e  slopes and  in te rcep ts  o f  th e  regressions 
w ere  te s ted , a n d  no  significant differences w ere
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F ig . 1. P e rc e n ta g e  o f  25  Fucus p la n ts  w ith  h y a lin e  h a irs  a t a 

r a n g e  o f  tid a l h e ig h ts  a n d  o n  th re e  sh o re s  w ith  d if fe re n t d eg rees  
o f  e x p o su re . S urveys w ere  c o n d u c te d  o n  th e  Isle o f  M an ; day 1 
=  22  F e b ru a ry  1986.

fo u n d  (P >  0.05). T h u s ,  bo th  the  ra tes a t  which hair  
p ro d u c t io n  ceased a n d  the  tim ing o f  this cessation 
w ere  similar for plants growing a t  the  sam e heights 
o n  d iffe ren t  shores.

In  N o v e m b e r  1988, the  ra te  o f  up take  o f  phos­
p h a te  from  am bien t seawater (phospha te  concen ­
tra t io n  0 .8 -0 .9  /¿M) by pilose p lants  o f  F. spiralis was

t
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F i g . 2. P e rc e n ta g e  o f  25 Fucus p lan ts  w ith  hyaline h a irs  a t  a 
r a n g e  o f  t id a l h e ig h ts  (svm bois as fo r Fig. 1) a n d  on  th re e  sh o re s  
w ith  d if fe re n t  d eg rees  o f  exposu re . S urveys w ere  c o n d u c te d  on  
th e  Is le  o f  M an ; d ay  1 =  2 2  S e p te m b e r Í9 8 6 . P lan ts  th a t  h a d  
s to p p e d  p ro d u c in g  h a irs  w ere reco g n ized  by g lab ro u s ap ica l 
g ro w th , a lth o u g h  h a irs  w ere  still observed  on  th e  o ld e r  tha llu s.

3.5  times g rea te r  than  that o f  g labrous plants (Fig. 
4). H ow ever ,  the re  was no significant d ifference b e ­
tw e e n  th e  up take  rates o f  pijose and  g labrous p lants  
f r o m  seaw ater  with h igher  p h o spha te  c o n c e n tra ­
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F ig . 3. T im e  tak en , m easu red  fro m  22  S e p te m b e r  1986, fo r 
all 25 Fucus p la n ts  in sam ples, g row ing  a t  d if fe re n t  tida l h e ig h ts  
ab o v e  low est a s tro n o m ic a l tid e , to  cease h a ir  p ro d u c tio n . L in ear 
reg re ss io n s  w ere  f itted  to  d a ta  from  se m is h e lte re d  an d  exposed  
sites. N o  sig n ifican t d iffe ren ces w ere fo u n d  b e tw e e n  th e  slopes 
o r  in te rc e p ts  {P > 0 .05).

tions (one-way A N O  VA, P  >  0.05). In  J a n u a ry  1989, 
th e  up take  ra te  from  ambient seaw ate r  (phosphate  
co n cen tra t io n  0 .9  ¿tM) by pilose F. spiralis was 2.7 
times g re a te r  than  th a t  o f  glabrous p lan ts  and, at all 
concen tra t ions ,  the  uptake ra te  o f  pilose plants was 
significantly g rea te r  than that o f  g labrous plants 
(1-way A N O V A , P  <  0.001). T h e  ra te  o f  phospha te  
up take  fro m  am bien t  seawater by p ilose plants  o f  F. 
serratus d u r in g  the  sam e period was 1.5 times g rea te r  
t h a n  th a t  o f  g labrous  plants (Fig. 5), b u t  th e re  wras 
no significant difference between th e  up take  rates 
o f  pilose a n d  g labrous plants a t  th e  tw o highest phos­
p h a te  concen tra t ions  used. At all concen tra tions  
tested, th e  up take  rates of pilose p lan ts  o f  F. spiralis 
w ere  g re a te r  th an  those of  pilose F. serratus.

T h e  kinetic param ete rs  Ks, Vmax, a n d  V! (Table  
1) w ere  calculated  from  the results in  Figures 4  a n d  
5. For P. spiralis in Novem ber a n d  fo r  bo th  species 
in Ja n u a ry ,  V, values for pilose p lan ts  w ere  between
1.5 and  3.3 times grea ter  than  those  for glabrous 
plants (T ab le  1). T h e  main c o n tr ib u to r  to the h igher 
V, values was Ks, which was consistently lower for 
pilose plants. V max values for pilose and  glabrous 
plants  were similar except for F. spiralis in January , 
in which pilose p lants had rates 1.7 times h igher  
th a n  g labrous plants.
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m e a su re d  u s in g  th e  m u ltip le  flask m e th o d  in N o v em b er 1988 and  
J a n u a ry  1989.
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F i g . 5. Fucus serratus. P h o sp h a te  up tak e  ra te  v ersus in itial 
p h o sp h a te  c o n c e n tra t io n  fo r  p ilose an d  g lab ro u s ap ica l sec tions, 
m e a su re d  u sin g  th e  m u ltip le  flask m e th o d  in  J a n u a ry  1989.

Fig. 1) a n d  1989 (hairs p resen t ,  23 January ;  Fig. 4) 
also a rgues  against precise photoperiod ic  control. 
T h e  e n v iro n m en ta l  variable  tha t  is likely to  be  most 
u n ifo rm  a t all levels o n  the  shore  a t  any given time 
is, th e re fo re ,  th e  n u t r ie n t  con ten t  o f  th e  am bien t  
seaw ater. T h e  co n tro l  o f  ha ir  fo rm ation  by falling 
n u t r ie n t  availability would fit with the  positive in ­
fluence o f  hairs on  n u t r ie n t  up take  th a t  has been  
d e m o n s t ra te d  in this study, as well as with previous 
observations with o th e r  species tha t  h igh  n u tr ien t  
concen tra t io n s  inhibit  ha ir  fo rm ation  (D eB oer and 
W horiskey  1983).

Because th e  concen tra t ions  o f  n itra te  and  phos­
p h a te  in the  Irish Sea a re  maximal in J a n u a ry /F e b -

D I S C U S S I O N

Control o f  ha ir form ation in the field. T h e  d a ta  p re ­
se n te d  h e re  a r e  th e  first to d e m o n s tra te  the  seasonal 
o c c u r r e n c e  o f  ha irs  for any algal species and  raise 
q ues t ions  a b o u t  th e  env iro n m en ta l  con tro l  o f  ha ir  
fo rm a t io n  in  th e  field. T h e  rap id  ap pearance  o f  hairs 
in all p lan ts  o f  all species a t  all th re e  sites suggests 
t h a t  so m e  e n v iro n m en ta l  fac to r  exerts  precise con ­
tro l.  T e m p e r a t u r e  and i r rad iance  seem to be  u n ­
likely c o n te n d e rs  fo r  the con tro ll ing  fac tor  because 
p lan ts  h ig h  o n  th e  sh o re  will be  subjec ted  to  quite  
d i f fe re n t  l igh t  a n d  te m p e ra tu re  regim es fro m  those 
low' o n  th e  sh o re .  P h o to p e r io d ic  control is a possi­
bility b u t ,  aga in ,  th e  precise day leng th  perceived by 
p lan ts  m ay b e  affected by th e i r  position on  shore  
b ecause  o f  th e  variable dep th s  o f  w ater overlying 
p lan ts  a t  d a w n  a n d  dusk (see D rin g  1984, B reem an  
a n d  G u iry  1989). T h e  varia tion  in the  t im ing  o f  ha ir  
p ro d u c t io n  b e tw een  1986k(first hairs, 24 February;

T a b l e  1 . F ucu s sp ira lis  and  F ucus se rra tu s . Kinetic parameters K , 
and  Vmnxfo r  phosphate uptake, and  rate o f phosphate uptake at 1 ßM  
P 0 4 (V ,) fo r  pilose a n d  glabrous p lan ts in November 1988 and  January  
1989. Uptake was measured using the multiple fla sk  method, and  kinetic 
param eters were estimated according to Wilkinson (1961).

K i n e t i c  p a r a m e t e r s

S p e c ie s
K,

(m M )
vm„

( I O ’ 1 j im o l - g  ’ ’ s " !) ( 1 0  ■
V ,

4 j i m o l - g - '  ■%- ' )

N o v e m b e r  1988
Fucus spiralis

Pilose 2.81 20.47 5 .37
G lab ro u s 7 .07 25.63 3 .18

Ja n u a ry  1989
Fucus spiralis

Pilose 4 .2 6 37.82 7 .19
G lab ro u s 9 .1 5 21.94 2 .16

Fucus serratus
Pilose 2 .95 10.44 2 .64
G lab ro u s 8.51 15.21 1.60
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r u a ry  (Slinn 1974), how ever, it is unlikely th a t  ha ir  
fo rm a t io n  in Fucus is t r ig g e red  directly by th e  am ­
b ie n t  c o n cen tra t io n s  o f  these nutr ien ts . A n o th e r  
possibility is th a t  ha ir  fo rm ation  is a physiological 
re sp o n se  to  an  increased  d e m a n d  for n u tr ien ts  th a t  
resu lts  f ro m  increased  photosynthesis  a n d  grow th . 
In  w es te rn  Scotland , lam inaran  and  m ann ito l  con ­
ten ts  o f  all th r e e  Fucus species m easured  in  th e  field 
(Black 1949) w ere  lowest in J a n u a ry  b u t  increased 
rap id ly  f ro m  F e b ru a ry  to  J u n e .  Both  the  t im in g  and  
th e  r a te  o f  increase  o f  these  s to rage  p ro d u c ts  was 
sim ilar  fo r  all th r e e  species. G row th  ra te  o f  Fucus 
species f ro m  d if fe ren t  areas o f  the  N o r th  Atlantic  
w e re  also m in im al be tw een  N ovem ber  a n d  J a n u a ry  
b u t ,  f ro m  late Ja n u a ry ,  g row th  rate  rapidly  in­
c rea sed  to  a m ax im u m , which was m ain ta ined  until  
Ju ly  o r  A u g u s t  (N iem eck and  M athieson 1976, 
S ch o n b eck  a n d  N o r to n  1980, Carlson 1991).

T h e  t im e  o f  h a i r  fo rm atio n  observed in o u r  in­
ves tiga tion  coincides, th e re fo re ,  with seasonal in­
creases  in photosynthesis  a n d  grow th  r e p o r te d  by 
o th e r  w o rk e rs  a n d  is consistent with the hypothesis  
th a t  ha irs  a re  fo rm e d  in Fucus as a response  to 
increased  m etabo lic  activity and  increased n u tr ie n t  
d e m a n d .  T h e  fa c to r  con tro lling  the  onset o f  ha ir  
fo rm a t io n  may, th e re fo re ,  be  the  in te rna l  co ncen ­
tra t io n s  o f  n u t r ie n ts  such as n i trogen  or phosphorus .  
T o ta l  tissue p h o sp h o ru s  a n d / o r  n i trogen  o f  Fucus 
species in the  field have been  m easured  by L arsen  
a n d  J e n s e n  (1957; F. serratus, Norway), K ornfe ld t  
(1982; F. serratus, Sweden), Asare  and  H arlin  (1983; 
F. vesiculosus, ea s te rn  U.S.), and  Carlson (1991; F. 
vesiculosus, Sweden). Typically, in te rna l n u t r ie n t  
c o n c e n tra t io n s  w ere  h ighest betw een  J a n u a ry  and  
A pril  a n d  d ec reased  from  mid-April to reach  a m in ­
im u m  in J u n e .  S ince no  decline in in ternal n u tr ie n t  
levels was d e te c te d  d u r in g  the  period o f  rapidly  in­
c reas ing  photosyn thes is  and  grow th  rates, we sug­
gest th a t  n u t r ie n t  up take  rates increase parallel to 
th e  increase  in m etabo lic  ra tes at this time a n d  tha t  
n u t r ie n t  reserves  in th e  thalli a re  n o t  dep le ted  until 
m id-A pril ,  w h e n  seaw ater  n u t r ie n t  concen tra tions  
a re  low er. T h e r e f o r e ,  th e  ap pearance  o f  ha irs  may 
en ab le  p lan ts  to  m ain ta in  th e ir  reserves at a t im e  of 
increas ing  n u t r i e n t  dem an d .  A m ore  detailed  survey 
o f  in te rn a l  n u t r i e n t  concen tra t ions  du r in g  th e  p e ­
r io d  w hen  hairs  first a p p ea r  is needed  to  test  the  
hypo thes is  th a t  such c oncen tra t ions  tr igger  ha ir  fo r ­
m ation .

Cessation o f hair form ation in autumn. G row th  and 
p h o to sy n th e t ic  ra te s  o f  Fucus decrease d u r in g  Sep­
t e m b e r  a n d  O c to b e r  (Black 1949, N iemeck a n d  M a­
th ieson  1976, C arlson  1991), so th a t  the  p lan ts ’ r e ­
q u ire m e n ts  fo r  p h o sp h a te  a n d  n itra te  are  likely to 
decrease .  T h e  increase  in tissue phosphorus  a n d  ni­
t ro g e n  levels a f te r  S ep tem b er ,  which has b een  ob ­
served  by several w orkers  (Larsen and Jen sen  1957, 
K o rn fe ld t  1982, A sa re  and  H ar l in  1983, Carlson 
1991), also indica tes  th a t  th e  supply o f  these  n u t r i ­
en ts  d u r in g  this p e r io d  is g re a te r  than  the ir  ra te  o f

utilization. T h e  cessation o f  h a i r  p ro d u c t io n  in the 
a u tu m n  may, th e re fo re ,  occu r  in response  to  the 
increase  in th e  in te rna l  concen tra t ion  o f  nutrients , 
effectively revers ing  the situation in spring.

A lth o u g h  the  first appearance  o f  hairs in spring 
was closely synchronized  a m o n g  plants  a t  all levels 
on  the  sho re ,  the  cessation o f  ha ir  p ro d u c t io n  was 
sp read  o u t  over  a longer  period. Plants grow ing  at 
low tidal he igh ts  s topped  hair  p ro d u c t io n  ea r l ie r  in 
th e  season th a n  those  growing progressively h ig h e r  
on  th e  shore .  T h e  resu lting  p ro lo n g a t io n  o f  th e  pe­
r iod  with hairs fo r  u p p e r  shore  p lan ts  may have been  
d u e  to  the  s h o r te r  subm ersion tim es for these plants, 
which w ould  p ro lo n g  the  p e r io d  o f  n u t r ie n t  limi­
ta tion . H ow ever ,  th e  cessation o f  ha ir  fo rm ation  
could  b e  d e tec ted  only when th e  new g row th  was 
seen to  b e  glabrous. T h e re fo re ,  th e  observed tim ing 
o f  cessation m ust be  re la ted  to  g row th  rate , a n d  the  
ear l ie r  cessation o f  ha ir  fo rm ation  by plants low on 
the  sh o re  m ay resu lt  from  fas te r  g row th  in these 
plants, c o m p a re d  to  plants h ig h e r  on  the shore. 
T h e s e  possible explanations o f  th e  variable tim ing 
o f  the  cessation o f  ha ir  fo rm ation  a t  d ifferen t shore  
he igh ts  n eed  to  be  tes ted  by m o re  detailed  surveys 
o f  g ro w th  r a te  a n d  in ternal n u t r ie n t  concentra tions 
o f  p lants  a t  d iffe ren t tidal he ights  d u r in g  the  per iod  
w hen ha ir  fo rm atio n  ceases.

Influence o f hairs on rate o f phosphate uptake. T h e  
curves g e n e ra te d  by the M ichae lis -M enten  model 
fo r  pilose a n d  g labrous plants o f  b o th  Fucus species 
p rovide  a good  fit to  the data a n d  help  us to u n d e r ­
s tand  th e  physiological processes involved in phos­
p h a te  up take . H ow ever, the  M ichae lis -M enten  pa­
ram e te rs  (Ks and  Vmax) o b ta ined  a re  all h ig h e r  than  
typical con cen tra t io n s  o f  p h o sp h a te  in seawater, so 
tha t  these  p a ra m e te rs  can tell us little abou t the  
ecological ro le  o f  the  hairs. T h e  ra te  o f  up take  (V,) 
from  seaw ater  con ta in ing  1 /xM P 0 4 was, there fo re ,  
calculated  a n d  used to  evaluate th e  influence o f  hairs 
on  the  ra tes  o f  phospha te  up take  by plants in the  
field. O n  th e  basis o f  the  V, values fo r  pilose and  
g labrous p lants, we conclude th a t  hairs enhance  the  
ability o f  plants  to  take up p h o sp h a te  from  natura l 
seawater.

T h e  e n h a n c e m en t  o f  p h o spha te  up take  could  re ­
sult f ro m  th e  increased surface a rea  available for 
catalysts o f  active uptake. H ow ever,  Raven (1981) 
suggests th a t  th e  main fac tor  limiting the  ra te  of  
uptake  o f  a nu tr ien t  is the ra te  o f  its diffusion th rough  
the  b o u n d a ry  layer, r a th e r  th an  th e  n u m b e r  o f  up­
take  sites a t  the  plasmalemma. T h u s ,  the  p rim ary  
effect o f  th e  hairs  may be to  p ro jec t  parts  o f  the  
p lasm alem m a th ro u g h  the  b o u n d a ry  layer sur­
ro u n d in g  th e  thallus. A lthough  the  hairs, th em ­
selves, will have a boundary  layer associated with 
th em , this layer will be m uch th in n e r  th an  th a t  sur­
ro u n d in g  th e  m ain  thallus (Raven 1981). In  addi­
tion, the  hairs  may cause a cer ta in  a m o u n t  o f  tu r ­
b u lence  a t  th e  surface o f  the  plant, which would 
red u ce  the  thickness o f  the  b o u n d a ry  layer associ­
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a ted  with the  thallus. T h ese  ideas on  how hairs m ight 
increase  n u t r i e n t  u p tak e  a r e  n o t  new. T h e y  w ere  
first p ro p o sed  exactly 100 years ago by O ltm an n s  
(1892).

M any o th e r  species o f  b row n  algae p ro d u c e  hya­
line ha irs  s im ilar  to  those  re p o r te d  h e re  (e.g. Un­
daria, Sacchoriza, Alaria, Fritsch 1945; Petalonia, Scy­
tosiphon, L ün ing  a n d  D ring  1973; Sargassum, Dictyota, 
L it t le r  e t  al. 1989), and  it seems p robab le  th a t  such 
ha irs  in fluence  n u t r ie n t  up take  in a similar way. 
T h e r e  is, t h e re fo re ,  considerab le  scope fo r  labora­
tory-based  investigations o f  the  factors con tro lling  
h a i r  fo rm a t io n  in b row n  algae and  for field studies 
o f  th e i r  seasonality  in re la tion  to  am bien t n u tr ie n t  
concen tra t ions .
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