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ABSTRACT: The success of Elachista fucicola as an epiphyte of Fucus vesiculosus is partly due to its 
ability to grow on most parts of the host thallus. Its ability to reach reproductive maturity quickly 
ensures its fitness, even on temporary structures such as receptacles. Epiphyte distribution may also 
vary with host morphology. Himanthalia elongata is a basiphyte for several tissue-specific epiphy- 
tes: Ectocarpus fasciculatus, Eladu'sta scutulata, Herponema velutinum and MFnactula areschougii 
are exclusive, or almost so, to receptacles. On growing receptacles their specificity extends to 
conceptacles, which also provide refuges from grazing. Epiphyte abundance in summer is greatest 
at the upper and lower hmits of Himanthafia distribution, suggesting that basiphytes living under 
suboptimal conditions are more prone to infestation by epiphytes. 5-10 % of Himanthalia receptac- 
les are thought to persist over winter and so to facilitate the transmission of epiphytes to the 
following year's crop of receptacles. The distribution of Ectocarpus fasciculatus on Laminaria 
digitata differs in pattern from that on Himanthafia. The two Ectocarpus populations also differ 
morphologically, but both have reproductive and developmental, characteristics that are in accord 
with the ecological cycles of their basiphytes. This characteristic is likely to be an important factor in 
determining the success of an epiphyte: Success may also be facilitated by epiphyte variabihty or by 
possession of a fixed but well-adapted phenotype. The very high incidence of brown algal epiphytes 
on growing Himanthah'a receptacles does not reflect the composition of the surrounding algal 
vegetation. The possibility that some host-recognition mechanism operates cannot be discounted. 

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

T h e  w o r l d - w i d e  i n c i d e n c e  and  spec ies  r i chness  of a lga l  e p i p h y t e s  h a v e  e x c i t e d  the  
in t e res t  of phyco log i s t s  for we l l  o v e r  a century ,  a n d  led  to the  p u b h c a t i o n  of a l a r g e  b o d y  

of l i te ra ture .  This  r e s e a r c h  has  b e e n  car r ied  out  by  n u m e r o u s  a n d  d ive r se  me thods ,  bu t  

t h r ee  qu i te  d is t inct  a p p r o a c h e s  s e e m  to r ecu r  w i th  g rea t  cons i s t ency  in the  h te ra tu re .  
T h e  o ldes t  of t he se  is pr imar i ly  floristic in emphas i s ,  a g o o d  e x a m p l e  b e i n g  found  in 

t he  w o r k  of T o k i d a  (1960) on the  epif loras  of the  m e m b e r s  of the  o rder  Laminar ia les .  

O t h e r  phyco log i s t s  h a v e  p re fe r r ed  to c o n c e n t r a t e  u p o n  the  ce l lu lar  a n d  m e t a b o l i c  
r e l a t ionsh ips  b e t w e e n  ep iphy t e  a n d  bas iphy te ,  w i th  t h e  a im  of e luc ida t i ng  pa r t i cu l a r  and  

h i g h l y  speci f ic  associat ions.  T h e  resul ts  of this  s e c o n d  h n e  of r e s e a r c h  h a v e  b e e n  

s u m m a r i z e d  and  r e v i e w e d  r ecen t ly  by  D u c k e r  & Knox  (1984). 
T h e  third approach ,  more  strictly eco log ica l  t h a n  the  o the r  two, g ives  g r ea t e r  

e m p h a s i s  to d e t a i l e d  analys is  of the  s t ructure  of t he  ep iphy t i c  c o m m u n i t y ,  its pa t t e rn  of 
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deve lopmen t  and  suscept ibi l i ty  to biological  interactions,  par t icular ly  grazing.  A grea t  
dea l  of this research  has  been  carr ied out on the ep iphyte  communi t ies  of seagrasses :  see  
Novak  (1984) and  Orth & Montfrans (19841 for original  observat ions  and  l i tera ture  
reviews. 

It is not  surpr is ing  that  seagrasses  should have  p roved  popula r  subjec ts  for study. 
Their  leaves  form discrete structural  m o d u l e s  (sensu Silvertown, 1987) and  they  are 
p roduced  in order ly  succession. Also, the leaf b lades  are usual ly  flat, p rov id ing  a surface 
upon  which  the ep iphytes  may  be  located and examined  with relat ive ease.  However ,  
modular i ty  is not a sole proper ty  of seagrasses ,  it is also ev ident  in some of the la rger  
s eaweeds  whose  structural  components  may  be  sufficiently d i s t inguishab le  to permi t  
compara t ive  studies of epiflora development .  For example ,  the  species  composi t ion  and 
abundance  of a lgal  ep iphytes  varies  with posit ion on the Laminaria sfipe a n d  var ies  with 
the depth  at which  the bas iphyte  is located (Marshall,  1960; Norton et al., 1977). The 
distr ibution and abundance  of the b lade  epiphytes ,  on the other  hand,  s eems  to be  more 
strongly re la ted  to b l ade  growth characterist ics  (Russell, 1983a, b). 

Quant i ta t ive  s tudies  of ep iphytes  a re  equal ly  possible  at  the  level  of the  populat ion,  
a l though the limits of an  ep iphyte  popula t ion  may  not  a lways  be  easy  to de te rmine .  For 
example ,  a g iven species  of ep iphyte  may  be  rep resen ted  on a single host  p l an t  by  many  
individuals ,  and  thus form a sufficiently c i rcumscr ibed group to justify recogni t ion  as a 
populat ion.  However ,  the  a s semblage  of bas iphytes  can also serve to def ine the  ep iphy te  
popula t ion  on a wider  scale. Such problems  of definit ion are  pe rhaps  too a rcane  to justify 
p ro longed  deba te ,  bu t  this ought  not  to obscure a real  need  to know more  abou t  spat ial  
and  tempora l  pa t te rns  of ep iphyte  abundance  in relat ion to those of the  bas iphyte .  When  
t rea ted  in this way, the  s tudy of ep iphyt i sm becomes,  in effect, one of ep idemiology .  
Wetzel  (1983), wri t ing in similar vein of f reshwater  per iphyton,  has  s ta ted  that  " . . .  know-  
l edge  of the structure and archi tecture  of the communi ty  is the  foundat ion for in terpre ta-  
t ion of its functional  characteris t ics".  

The aim of the  p resen t  exercise  was to examine  some Manx  popula t ions  of bas iphy-  
tes together  with those of their  b rown algal  epiphytes ,  in an a t tempt  to see  how par t icular  
associat ions are  ma in ta ined  in nature.  Three  species  of bas iphyte  were  cons idered:  Fucus 
vesiculosus L., Himanthalia eIongata (L.) S .F .  Gray  and Laminaria digitata (Huds.) 
Lamour. In fucoid species,  reproduct ive  tissue (receptacles) form distinct  thal lus  modules  
and,  consequently~ they  were  t rea ted  as separa te  from vege ta t ive  modules .  In L. digitata, 
distinction has  been  m a d e  only b e t w e e n  st ipe and  blade .  In no species  was  the  holdfast  
epiflora examined .  

FUCUS VESICULOSUS L. 

B a s i p h y t e  p o p u l a t i o n s  

Two popula t ions  were  sampled.  The first of these was loca ted  at Scarlet t  Point, a very 
exposed  h e a d l a n d  at the south end  of the Isle of Man; and the second at Hi lbre  Island, a 
fairly she l te red  site at the mouth of the River Dee  in N.W. England.  T h e  second 
popula t ion  was inc luded  because ,  in common with the  Scarlet t  Point plants ,  its commit-  
men t  to reproduct ive  t issue is very  high. The reproduct ive  al locat ion (RA) of both  
populat ions  (i.e. the dry weight  of receptac les  expressed  as a pe rcen t age  of total  thallus 
dry  weight  of each  plant) was measu red  in midsummer  when  they  are most  reproduct ive .  
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The mean  RA of the Scarlet t  Point poPulat ions ca lcula ted  from 25 fertile p lan ts  was  56.16 
(S.D.= _ l l A 0 )  and  that  of 28 Hi lbre  p lants  was 68.50 (S.D. = __ 7.82}: f igures b a s e d  
upon  da ta  in Russell  {1979). 

The two popula t ions  differ in the  way  their  h igh RA is expressed;  Scarlet t  Point 
p lants  genera l ly  p roduce  more aumerous  but  smaller  receptac les  than  those  at Hilbre  
{Fig. 1). They also differ in vege ta t ive  morphology.  Scarlett  Point p lants  are  short  with 
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Fig. I. Scatter diagram showing number of receptacles on each fertile plant of Pucus vesiculosus and 
their mean dry weight. Closed circles denote population from Scarlett Point (D), and open circles that 

from Hilbre Island (C) 

very  robust  st ipes and  the frond is much-branched ,  narrow and  evesiculate .  Hi lbre  plants  
have  smaller  stipes, fewer dichotomies,  b roader  fronds and more vesicles�9 

Fucus vesiculosus is common on most Manx  rocky shores. It occupies  a b road  b a n d  of 
the eulit toral  zone and is scarce only in ex t reme shelter,  when  it is normal ly  r ep l aced  by  
Ascophyllum nodosum (L.) Le Jol. Never theless ,  it is to be  found in she l t e red  localit ies 
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whe re  there  are  breaks  in the  Ascophyl lum cover, and  in es tuar ine  or m u d d y  conditions.  
These  habi ta t  differences have  long b e e n  l inked  with differences in thal lus  morpho logy  
and  the various Manx  morphs  hav.e been  descr ibed  by  Knight  & Parke  (1950). 
F. vesiculosus is the most common fucoid at I-Iilbre but  the r ange  of hab i ta t  types  at this 
locali ty is small  and  thallus morpho logy  cor respondingly  uniform. 

E p i p h y t e  p o p u l a t i o n s  

Fucus vesiculosus serves as a bas iphy te  for numerous  species  of ep iphyte ,  but  three  
brown a lgae  are  par t icular ly  frequent .  These  are Pilayella littoralis (L.) Kjellm., Spon- 
gonema tomentosum (Huds.) Kiitz., and  Elachista fucicola (Veil.) Aresch. None  of these  is 
specific to F. vesiculosus; but  E. fucicola is most common on F. vesiculosus and  Fucus 
serratus, and  most plentiful dur ing  summer  (Knight & Parke, 1931). 

The spat ia l  distr ibution of E. [ucicola within the two Fucus popula t ions  was  ana lysed  
in M a y - J u n e  1981 from samples  of 45 fertile plants  from Scarlet t  Point and  95 from 
Hilbre.  Each p lant  was  d issec ted  according  to 5 tissue categories:  vege ta t ive  apices,  
receptacles ,  recep tac le -suppor t  tissue, mid-thal lus ,  and  stipe (Fig. 2A). The  p re sence  of 
l~lachista on these was de t e rmined  by  low-power  microscopy. All the less  numerous  
modules ,  such as the stipes, were  examined  but  very numerous  modules  were  subsam-  
pied.  The f requency  of Elachista in each  t issue ca tegory  was expressed  as pe r c e n t a ge  of 
the number  of modules  examined,  and  the results p re sen ted  as f requency  dis tr ibut ion 
po lygons  (Fig. 2; C, D). 

It is ev ident  from Figure 2C, D that  mid- thal lus  modules  were  very rich in Elachista 
both in the  Hilbre Fucus popula t ion  (Fig. 2C) and in that  from Scarlett  Point  (Fig. 2D). 
However ,  the  ep iphyte  distr ibution among  the other modules  was very different.  The 
f requency  of st ipe ep iphytes  was h igh  and that  of receptac le  ep iphytes  was  low in the 
Scarlet t  Point sample  (Fig. 2D) while  the reverse  was true of the Hilbre  Fucus. These  
differences are  exphcab le  in terms of bas iphy te  morphology,  for Hilbre Fucus has  smal ler  
st ipes than the Manx  populat ion,  h igher  RA and  la rger  receptac les  (Fig. 1). However ,  the 
differences in Elachista distr ibution also have  implicat ions for the long- te rm success  of 
the  epiphytye .  Fucus receptac les  are  short- l ived structures, and  they are shed  toge ther  
with their  suppor t  tissue after the d ischarge  of gametes  (Knight & Parke, 1950). For the 
Hilbre Elachista populat ion especial ly ,  the  shedd ing  of spent  recep tac les  mus t  resul t  in 
cons iderab le  losses of individuals.  It is l ikely,  therefore,  that  the fitness of Elachista as an  
ep iphyte  will be  enhanced  by  the abil i ty to reach  reproduct ive  matur i ty  wi th in  the  life- 
span  of a receptacle .  This p roper ty  is possessed  by  both Elachista popula t ions  (Fig. 7a). 

It may  be  concluded then that  the  spat ial  distr ibution of Elachista fucicola is 
responsive  to popula t ion  differences in bas iphy te  morphology.  It is also p robab le  that  the 
success of this species  as an ep iphyte  of Fucus ist a t t r ibutable,  in part,  to the  fact that  it 
can colonise a variety of host  t issues and,  in part,  to its rap id  reproduct ive  deve lopment .  
In late  summer  and autumn,  when  a few old receptac les  may  remain  a t t ached  to Fucus 
thalli, these  are  usual ly  heavi ly  coated  with Elachista and other  epiphytes .  The  import-  
ance  of heavi ly  ep iphyt i sed  t issues as sources of further genera t ions  of ep iphy tes  may  be  
inferred from the fact that  at Hilbre, the Fucus popula t ion  possesses  reproduc t ive  t issue 
for much of the year  (Russell, 1985). 
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Fig. 2. A: Diagram of Pucus vesiculosus thallus showing positions of five tissue modules (1 = 
vegetative apices; 2 = receptacles; 3 = receptacle support tissue; 4 = midthallus; 5 = stipe). B: Scale 
of frequency of Elachista fucicola on the tissue modules (I-5). C: Frequency polygon of E. fucicola on 
F. vesiculosus from Hilbre Island. D: Frequency polygon for Scarlett Point populations. Numbers in 
parentheses indicate actual numbers of modules examined. Populations sampled in May/June 1981 

H I M A N T H A L I A  E L O N G A T A  (L.) S. F. GRAY 

B a s i p h y t e  p o p u l a t i o n  

Himanthalis elongata is more narrowly restricted, spatially and in terms of environ- 

mental  conditions, than Pucus vesiculosus. It is absent  from shel tered shores and from 
muddy  or estuarine sites; it is present  but not abundantly on very exposed shores. Its 

preferred Manx  habitat  seems  to be  fairly gently sloping rock subject  to modera te  wave  
action. In these conditions, it forms a belt  approximately 1.5 m in height  in the lower 

eulittoral and upper  sublittoral zones. However ,  it may occur sporadically in rock pools at 

h igher  shore levels. 
The modulari ty of the Himanthalis thallus is more sharply def ined than is the case 

with Fucus vesiculosus. The juveni le  vegeta t ive  thallus is a small peg - shaped  structure 

which expands into a shallow saucer- or but ton-shaped thallus when  mature.  This 
vegeta t ive  thallus is perennial  but, unl ike that of Fucus, it lacks cryptostomata. Recepta-  
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cles of Himanthah'a are d icho tomous ly-branched  structures arising, usual ly  in pairs,  from 
the centre  of each vege ta t ive  button.  The processes  of vege ta t ive  thallus d e v e l o p m e n t  
and recep tac le  matura t ion  have  been  .described by  Moss (1952) who s ta tes  that  recep ta -  
cles m a y  grow to lengths  of approx imate ly  2' m. It is p robab le  therefore  tha t  the  RA of 
Himanthalia can reach  95% or more, a l though measurements  on Manx  popula t ions  have  
ye t  to be  made .  

The  local i ty se lec ted  for s tudy is Port St. Mary  Ledges,  a modera te ly  e x p o s e d  shore 
upon  which  there  is a we l l -deve loped  Himanthalia populat ion.  This was s a m p l e d  in Apri l  
1987. Five vert ical ly equid is tan t  posi t ions were  m a r k e d  out within the Himanthafia bel t  
and  five rephca te  quadra ts  25 • 25 cm were  then located randomly,  us ing rope 
coordinates ,  at each  position. All the Himanthalia was removed  from each  quadra t  and  
re tu rned  to the  laboratory where  p lan t  fresh weights  were  obtained.  Himanthalia was 
also col lected from a rock pool  loca ted  above  the upper  limit of the species  on open  rock; 
however ,  because  of substra te  irregulari ty,  sampl ing  had  to be  carr ied out  subject ively.  

The  25 open-shore  quadra t s  conta ined  a total  of 3144 Himanthalia plants ,  of which  
only 181 bore  receptacles .  There  was there  fore a huge  excess of vege ta t ive  p lants  in the 
populat ion.  The f requency  distr ibution of the  fresh weights  of the 2963 vege t a t i ve  plants  
is g iven  in Figure  3A, which  shows the p resence  of two fairly dist inct  peaks .  The 
vege ta t ive  thal lus weights  of the 181 p lants  which bore receptac les  are g iven  in Figure  3B 
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which shows a s ingle maximum, coinciding with the  second p e a k  in Figure  3A. These  
observat ions  sugges t  that  I-fimanthalia may  remain  for two years  in a vege ta t ive  s ta te  
before en te r ing  a reproduct ive  third year  as p roposed  by  Gibb (1937). However ,  this 
inference must  be  subject  to the usual  quahficat ions about  m a k i n g  deduct ions  of age  
from stage. 

The fresh weights  of the  receptac les  in the sample  were  found (Fig. 3C) to be  s k e w e d  
towards  the hgh tes t  weight  class. The  long tail  of h igher  weights  is of special  interest  
because  it conta ined  those 1986 receptac les  which  had  survived the winter  1986-87. 

The quadra t  samples  r evea led  quite cons iderab le  al t i tudinal  differences in I-Iiman- 
thafia densi ty  (Fig. 4A). Densit ies  were  low < 1000 p lants  m -2) at the  two u p p e r  sites and  

POOL 1 

I 

E 
v 

,.,._1 

IuJ 

bJ 
.J 

uJ 
ix 
o 
-1- 

0,5 

A 

1-0, 

0 

"I 

I 
I 
I 

~ 

B 

! ! 

1 2 3 4 5 6  
DENSITY x l03 (m -2) 

Fig. 4. A: Density of Himanthalia elongata at various positions in its vertical distribution at Port St 
Mary in April 1987. Hatched line indicates approximate upper hmit of Larninazia digitata, B: Fresh 

weights (Means +_ S, D.) of Himanthafia receptacles at different levels in August 1987 

100 200 
RECEPTACLE MASS (g )  

reached  a max imum of approx imate ly  5000 plants  m -2 just  above  the uppe r  b o u n d a r y  of 
the  subhttoral  zone. However ,  at the lowest  sampl ing  position, in the Larninaria digitata 
forest, Himanthalia densi ty  was again  low. 

According to Gibb (1937), Manx  Himanthalia receptac les  reach  ma x imum size in 
July-August .  A second sample  of 30 fertile p lants  from each  open-shore  posit ion,  and 
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from the rock pool, was collected in August 1987. The mean receptacle fresh weights and 
standard deviations are given in Figure 4B. The smallest receptacle weight was recorded 
in the uppermost of the open-shore positions and in the rock pool. The largest  receptacles 
were found at lower levels; but those from the bottom were very variable, large 
receptacles occurring in breaks in Laminaria cover and small ones beneath the Laminaria 
canopy. 

E p i p h y t e  p o p u l a t i o n s  

The most common brown algal epiphytes of Manx Himanthafia are: Ectocarpus 
fasciculatus Harv., Herponema velutinum (Grev.) J. Ag., Elachista scutulata (Sm.) 
Aresch., and Myriactula areschougii (Crouan frat.) Hamel. The first of these is not specific 
to Himanthalia but the Herponema, Elachista und Myriactula species have not been 
reported on other hosts. Specificity extends also to basiphyte tissues, Herponema, 
Elachista und Myriactula being present only on the host receptacle. Ectocarpus, though 
almost always present on receptacles, may occasionally be found on the vegetative 
thallus. 

The vertical distributions of Ectocarpus, bIerponema and Elachista species in the 
August 1987 sample are shown in Figure 5A. Epiphyte abundance was calculated as the 
mean number of epiphyte plants recognisable to the naked eye On each basiphyte. 
Ectocarpus fasciculatus was most common in the rock pool sample but occurred sporadi- 
cally throughout its basiphyte range. Herponema velutinum, though absent  from the 
pool, also had a wide vertical distribution but Elachista scutulata was common only in the 
lower parts of the range. 

The relative numbers of brown algal epiphytes and those belonging to the green and 
red algae (expressed as percentages of the total numbers) are given in Figure 5B. It is 
evident that red and green algae together accounted for only a small minority of the total 
number of epiphyte plants present at each position. 

Microscopic examination of the receptacles collected from the rock pool in August 
1987 indicated that the distribution of the brown algal epiphytes was strongly and 
positively associated with conceptacles. From a total of 4761 conceptacles inspected, 500 
(9.5 %) certainly contained epiphytes. These were mainly Ectocarpus and Myriactula 
species, which could occupy the same or separate conceptacles. From a total of 530 tufts 
of epiphytes observed on the receptacles, only 30 (5.7 %) were not plainly emergent  from 
conceptacles. 

The mechanism producing this pattern of distribution is almost certainly the process 
of skin-shedding or self-cleaning (Ducker & Knox, 1984). The abscission of outer cell wall 
material is very active in growing and mature Himanthalia receptacles (Ende & Oorschot, 
1963; Russell & Veltkamp, 1984) and may occur daily or even tidally. However, it does not 
take place inside the mouths of conceptacles, which hence become potentially vulnerable 
to epiphyte colonisation (Russell & Veltkamp, 1984). On the other hand, the distribution 
of Herponema did not follow this pattern. This species formed spreading patches without 
obvious association with conceptacles, and its mode of infection remains uncertain. 

The ability to invade a Himanthalia conceptacle affords at least one important 
advantage to the epiphyte. Rock pool Ectocarpus is particularly subject to grazing by 
isopod and amphipod crustacea which are numerous in summer. Their grazing appears 
to start with removal of distal portions of thallus (Fig. 6A) and then to proceed basipetally 



Manx epiphyte populations 485 

POOL~ 

I " 

I 
1.5. / 

_ . J  

w 

IJ.l 

I.u 

0 
"T" 
ffl 

1-0 

0~5 

! 

I 

% 

% 

% 

s 
s 

J 
s 

s '  

A B 

O . J , - . ~ ;  . . . . . . . .  , , , 7 - ~  , ! 

1 1 o 50 0 lOO 
MEAN PLANT NUMBER ~176 

Fig. 5. A: Mean abundance of epiphytes (numbers of plants) present on Himanthalia receptacles at 
different shore levels in August 1987. Continuous line = Ectocarpus fasciculatus. Hatched line = 
Herponema velutinum. Dot-and-dash line = Elachista scututata. Mean values were calculated from 
epiphyte abundances on 30 replicate basiphytes at each shore level and 5 rock-pool basiphytes. B: 
Incidence of Red + Green algal epiphytes (shaded) and Brown algal epiphytes (unshaded) as 
percentages of total numbers of epiphytic plants on receptacles of Himanthafia from different shore 

levels. Port St Mary population, August 1987 

to the ostiole (Fig. 6B, C). Regeneration of Ectocarpus can take place rapidly, however, 
when  grazing pressure is reduced, e. g. in winter. 

The survival of the other three species seems t o b e  main ta ined  by slightly different 
developmental  features. The vegetative and  reproductive parts of the My~iactula thallus 
are a lmost  entirely contained within the basiphyte conceptacle. Sporangia of Herponema 
are produced in large numbers  and in an almost cont inuous layer on the receptacle 
surface (Kuckuck, 1956), while those of Elactn'sta are protected by a tissue of compacted 
vegetat ive filaments. 

Evidently, the brown algal epiphytes of Himanthalia have a somewhat  more special- 
ised relationship with their host than those of Fucus vesiculosus in that they are highly 
specific to reproductive tissue. The disparity in size be tween  receptacle and  vegetative 
thallus is certainly very great and, for that reason alone, one would expect to find larger 
numbers  of epiphytes on the former. However, zero incidence of most of these species on 
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Fig. 6. A: Young Ectocarpus fasciculatus emerging from ostiole of Himanthalia conceptacle (ellipse) 
in summer 1987. f = branch fascicule; asterisk = grazing damage by rockpool crustacea. B: Heavily 
grazed Ectocarpus from rock-pool; only one upright filament has escaped damage. C: Ectocarpus 
grazed back almost to mouth of ostiole. D: Ectocarpus fasciculatus from Laminaria digitata, summer 

1987. Note differences in morphology from population on Himanthah'a (C). Scale bars = 1 mm 

t h e  v e g e t a t i v e  tha l lus  w o u l d  s e e m  to deno te  the  p r e s e n c e  of a d i sc r imina to ry  factor  in 

add i t ion  to size. 
T h e  s e l f - c l ean ing  m e c h a n i s m  p r o d u c i n g  the  o b s e r v e d  pos i t ive  assoc ia t ion  b e t w e e n  

e p i p h y t e s  and  c o n c e p t a c l e s  s e e m s  on ly  to func t ion  eff ic ient ly  on g r o w i n g  a n d  m a t u r e  

r ecep tac le s .  T h e  i n d i s c r i m i n a t e  c o v e r  and  spec ies  r i chness  of e p i p h y t e s  on  the  o v e r w i n -  

t e r ed  r e c e p t a c l e s  (Fig. 7b) w o u l d  s u g g e s t  that  t he se  s t ruc tures  no l o n g e r  h a v e  a n y  self-  

c l e a n i n g  capaci ty .  T h e  n u m b e r  of o v e r w i n t e r i n g  r e c e p t a c l e s  is l ike ly  to v a r y  wi th  w i n t e r  

sea  condi t ions  and  wi th  the  n u m b e r  of v e g e t a t i v e  thall i  r e a c h i n g  sexua l  ma tu r i ty  in t he  
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Fig. 7a. Squashed preparation of Elachista fucicola from receptacle of Fucus vesiculosus showing 
presence of unilocular sporangia. Scale bar = 100 ~rn; 7b. Himanthalia elongata receptacles from 
Port St Mary, summer 1987. Receptacle on left had overwintered from 1986, and carries a dense and 
varied epiflora. Receptacle on right is of the current year, and its epiflora is dominated by brown 
algae. Young Ectocarpus is emergent from some receptacle ostioles. Scale bar = approximately 
5 cm; 7c. SEM preparation showing emergent ectocarpoid filaments from blade of Laminaria 
digitata, possibly of Ectocarpus fasciculatus. Scale bar = 10 ~m; 7d. SEM preparation of procumbent 
ectocarpoid filaments on blade surface of L. digitata, possibly of E. fasciculatus. Scale bar = 10 ~m~ 
7e. SEM preparation of hnear plurilocular sporangia emergent from L, ch'gitata blades, possibly of E. 
fasciculatus. Scale bar = 10 ~m; 7f. SEM preparation of E. fasciculatus showing initials of corticating 

filaments, homologous with those of microthalli. Scale bar = 10 ~m 

p r e c e d i n g  season.  O n  the  basis  of the  1986-87 observa t ions ,  it s e e m s  poss ib le  tha t  

5 -10  % of a r e c e p t a c l e  cohor t  m a y  pers is t  o v e r  the  w in t e r  fo l lowing  r ep roduc t ion .  T h e s e  
m a y  n e v e r t h e l e s s  p l ay  a v e r y  i m p o r t a n t  role  in the  sucess fu l  t r ansmiss ion  of e p i p h y t e s  to 

n e w  r e c e p t a c l e s  in the i r  p h a s e  of ear ly  d e v e l o p m e n t  b e t w e e n  a u t u m n  and  ear ly  sp r ing  

(Gibb, 1937). 
T h e  resul ts  also ind ica t e  tha t  e p i p h y t e  d is t r ibut ion  m a y  no t  b e  un i fo rm t h r o u g h o u t  

the  b a s i p h y t e  r ange ,  a n d  it w o u l d  s e e m  poss ib le  tha t  w h e n  b a s i p h y t e s  are  g r o w i n g  u n d e r  

subop t ima l  condi t ions ,  e. g. at  the  hmits  of thei r  r ange ,  t h e y  are  m o r e  su scep t ib l e  to 
infes ta t ion  t h a n  those  at the  cen t re  of distr ibut ion.  H o w e v e r ,  s e a s o n a l  a n d  a n n u a l  



488 G. Russell 

changes  from the distr ibution pa t t e rn  shown in Figure 5A for Augus t  1987 are  likely. 
l~lachista scutulata, absent  from the rockpool  sample  at that  t ime can cer ta in ly  be  found 
there  at other  t imes and  in other  years.  

LAMINARIA DIGITATA (Huds.) Lamour. 

B a s i p h y t e  p o p u l a t i o n s  

Laminaria ch'gitata is found "abundant ly  on almost all Manx  rocky shores,  the 
pr incipal  except ions  be ing  those of estuaries.  It is the most conspicuous p l an t  of the  upper  
subht toral  zone in which it forms a more or less dense  forest from E.L.W.S.T. to 
M.L.W.N.T. (Southward,  1953). However ,  its vert ical  distr ibution may  be  inc reased  to 
h igher  levels of the eulit toral  zone by  exploi tat ion of rock pools. As wi th  Fucus ves- 
iculosus, thallus morphology  is s t rongly affected by  wave  action, the effects of which  are 
most  ev ident  in the form of the blades .  The most exposed  locahties are p o p u l a t e d  by  
plants  with re la t ively long, nar row and deep ly  digi ta te  b lades  (f. stenophylla Harv.) while  
the most she l te red  sites are charac te r ized  by  broad  and relat ively u n d i v i d e d  b lades  
(f. cucuflata (Le Hobs) Svendsen  & Kain). These  form differences are ev iden t ly  ent i rely 
plast ic  in origin (Sundene,  1964), and  the r ange  of b lade  morphs  seems to b e  cl inal  ra ther  
than discont inuous in distribution. The following observat ions on ep iphytes  were  m a d e  
on the L. digitata popula t ion  at Port St. Mary  Ledges.  

E p i p h y t e  p o p u l a t i o n  

The  pr incipal  b rown algal  ep iphyte  of Manx  Larninaria digitata is Ectocarpus 
fasciculatus Harv. According to Harvey  (1871), the lat ter  has  a number  of different  
species  of bas iphyte ,  including I-Iirnanthalia elongata, but  L. digitata is its "favouri te 
habi ta t" .  On Manx  shores, most  E. fasciculatus is borne by  these  two species ,  but  its 
distr ibution and  deve lopment  on L. digitata follows a very different pa t te rn  from that  on 
Hirnanthafia. On Larninaria it is common both  on the perenn ia l  st ipe and  on the 
Continually r enewing  b lade  tissues, the  b lade  ep iphytes  be ing  most f requent  at  the  distal  
ends  of the digits. This discontinuous distr ibution of Ectocarpus on the Larninaria thallus 
is a consequence  of the in terca lary  meristerns from which n e w  b lade  and s t ipe t issue is 
p roduced .  Thus Ectocarpus diaspores  set t l ing on the b lade  are  conveyed  dis ta l ly  by  the 
processes  of host  thallus growth. Longterrn success  as an ep iphyte  is therefore  e n h a n c e d  
by  the abil i ty to at tain reproduct ive  matur i ty  before the suppor t ing  bas iphy te  t issues 
d is in tegra te  at the b lade  tips (Russell, 1983a). In the  event  of reproduct ive  fai lure by  
b l ade  epiphytes ,  the st ipe ep iphytes  provide  a back -up  source of addi t ional  d iaspores .  In 
pract ice,  Ectocarpus maintains  its p resence  on b lade  tips throughout  the year,  which  
impl ies  that  its pa t te rn  of seasona l  deve lopmen t  corresponds  closely wi th  that  of the 
b lade ,  as seems to be  the case with ep iphytes  of Larninaria saccharina (L.) Lamour.  
(Russell, 1983a). Also, the dis tr ibut ion of /~. fasciculatus on L. digitata is ev iden t ly  
unaffec ted  by  popula t ion  differences in b lade  morphology  (Russell, 1983a). 

The undoub ted  success of E. fasciculatus as an ep iphyte  of L. digitata is cer ta in ly  due 
in par t  to its abil i ty to grow to reproduct ive  matur i ty  within the  structural  and  deve lop-  
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menta l  hmitat ions imposed  by  the host. However ,  its success is great ly  ass is ted by  its 
morphological  variabil i ty.  In Ectocarpus from L. digitata, the  pr imary  and  secondary  
branches  are normal ly  of lesser  impor tance  than the central  th read  which  therefore  
remains  visible th roughout  the length  of the p lan t  (Fig. 6D). The associat ion of this form 
with L. digitata is ev ident  also at He lgo land  (Kornmann & Sahhng,  1977). The same 
species  on Himanthalia has a spread ing  system of b ranches  of g radua l ly  dec reas ing  
impor tance  so that  the ident i ty  of the original  f i lament is quickly lost (Fig. 6A). 

In addi t ion to the two macrothalli ,  E. fasciculatus has two microthaLlus forms. One of 
these exists as p seudopa renchymatous  discs, closely adheren t  to the  outer  surface of the 
Laminaria b lade  (Fig. 7d). This p lan t  was originally ident i f ied as a myr ionemoid  p h a s e  of 
E. fasciculatus by J aa sund  (1965) and subsequent ly  isolated in cul ture by  Baker  & Evans 
(1971). The second  form consists of unfused  fi laments which ramify freely within the 
Laminaria b lade  tissues. This morph has also been  grown in culture b y  Russell  (1966) who 
referred to it as s t reblonemoid.  Both types  of microthal lus can  ini t iate  macrotha l lus  
f i laments in the field and in culture; and  macrothal lus  can readi ly  rever t  to microthal lus  in 
the form of cort icat ing f i laments (Fig. 7c, d, f). 

Both types  of microthalh become reproduct ive by  produc ing  hnear  plur i locular  
sporangia  (Fig. 7e), and  the p resence  of such plants  on Laminaria can pose  cons iderab le  
taxonomic problems.  It ,s possible,  as J aa sund  (1965) has  sugges ted ,  that  the 
myr ionemoid  morph  is conspecific with Myrionema corunnae Sauv., a l though Fle tcher  
(1987) has a r g u e d  a case for re ta ining the lat ter  as a distinct species.  The  e m e r g e n t  
sporangia  of the  s t rehlonemoid morph  cannot  be  d is t inguished easi ly  from those of 
juveni le  Laminariocolax tomentosoides (Farb.) Kylin, which is a "good" species,  and  
Ectocarpus deformans (Dangeard,  1931) which is very dubious  (Fig. 7e). It is hke ly  that  
the taxonomic affinities of many  of the ec tocarpoid  microthall i  found on L. digitata can be 
resolved only by  culture studies, and some may still r emain  a source of difficulty. 
However ,  the morphologica l  versati l i ty and  reproduct ive  pheno logy  of E. fasciculatus are 
hkely  to be  very  impor tan t  factors de te rmining  its success as an epiphyte .  

DISCUSSION 

The success of an  ep iphyte  can be  j udged  by  the s tandards  that  would  app ly  to an 
epil i thic alga:  it should  be  a consistently recurr ing m e m b e r  of its communi ty  and,  though 
subject  to na tura l  fluctuations in popula t ion  size, should be  sufficiently numerous  at some 
stage in its cycle of growth  and reproduct ion to ensure its cont inued presence .  For field 
observat ions of the k ind  made  here,  the term ecological  cycle is pe rhaps  more  appropr i -  
ate than l ife-cycle or l ife-history (see Dick, 1987 for redefini t ion of these). Accordingly,  
the observed  ep iphy te  populat ions  may  be  j udged  as successful. 

A common feature'  of all these  ep iphytes  is that  their  ecological  cycles  were  well  
in tegra ted  with those  of their  basiphytes .  It might  be  a rgued  that  such in tegra t ion  m u s t  
be  a product  of evolut ionary adaptat ion,  but  associat ions of ep iphyte  and  bas iphy te  might  
come about  more s imply if the two have  similar seasonal  and envi ronmenta l  opt ima.  The 
observat ion by  Jephson  & Gray (1977) of the presence  of nat ive a lgal  ep iphy tes  on the 
recent ly  in t roduced  bas iphyte  Sargassum muticum (Yendo) Fensholt ,  and  with  inte-  
g ra ted  cycles of growth,  would  tend  to support  the la t ter  interpretat ion.  The  reproduct ive  
fitness of the ep iphy tes  hkewise  requires  no hypothet ica l  physiological  re la t ionship:  
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o ther  species  of ep iphy te  with s lower rates of reproduct ive  matura t ion  or wi th  inappropr i -  
ate reproduct ive  phenolog ies  would  not be  so successful on these bas iphytes .  

To identify high specificity of associat ion with b iochemical  d e p e n d e n c e  could be  
equal ly  mis taken.  Elachista scutulata and  Myriactula areschoungii are  very  host-specific,  
be ing  known  only from receptac le  t issue of Himanthalia elongata (Fletcher,  1987), but  
this specificity could be  a consequence  of shared  ecological  opt ima as much  as b iochemi-  
cal dependence .  The  fact that  the  non-specif ic  ep iphyte  Ectocarpus fasciculatus could be  
as s trongly associa ted  with conceptacles  of Himanthah'a as Elachista scutulata and 
Myriactula areschougii i l lustrates how a specific ep iphy te -bas iphy te  assoca t ion  might  
arise. 

This is not  to discount  the possibi l i ty that  some kind of host / recogni t ion mechan i sm is 
possessed  by  these  epiphytes .  The epiphyt ic  a lgae  found on growing  a n d  mature  
receptac les  of Himanthalia are, in terms of number  of individuals,  u n e x p e c t e d l y  weigh-  
ted  in favour of b rown a lgae  (Fig. 5B). Himanthalia is a m e m b e r  of an a lga l  communi ty  
that  is except ional ly  rich in species  of all major  groups (Niell, 1977) and  the  n u m b e r  of 
d iaspores  avai lab le  from these  must  be  very high. It is therefore difficult to expla in  the  
Himanthalia epif lora entirely as a result  of shared  envi ronmenta l  opt ima.  Perhaps  
bas iphy te  polyphenots ,  which  are  he ld  by  Siebur th  & Conover  (1965) to re ta rd  fouling by  
epiphytes ,  are  less effective inhibitors of phylogene t ica l ly  re la ted  epiphytes .  In a recent  
paper ,  R6nnberg  & Ruokolahti  (1986) have  ques t ioned the effect iveness of Fucus ves- 
iculosus polyphenols  in controll ing Elachista fucicola, its pr incipal  ep iphyte .  

A theory of ep iphy te -bas iphy te  coevolution in f reshwater  vege ta t ion  has  been  
p roposed  by  Hutchinson (1975), and  deve loped  by  Rogers & Breen (1983). Hutchinson 
a rgues  that  ep iphy ton  provides  a major  protect ion to the  p lants  that  b e a r  it, in that 
herbivores  graze  preferent ia l ly  upon  the former. Consequent ly ,  organic  exuda t e s  from 
the bas iphyte  are " . . .  adapt ive,  l ead ing  to an increase  in ep iphytes  that  p l ay  the same 
sort of role in f reshwater  as do the chemical  adapta t ions  agains t  excess ive  ons laughts  of 
herbivores  on land" .  This ingenious  proposa l  may  be  appl icab le  to f reshwater  ecosys-  
tems, but  it runs counter  to the ev idence  ob ta ined  from mar ine  algal  bas iphytes ,  which 
evident ly  e x p e n d  a cons iderable  par t  of their  product ion in the process  of se l f -c leaning.  
Also, in the case  of Himanthaha, any advan tage  ga ined  from the divers ion of g raz ing  to 
the  ep iphytes  may  be  offset by  the numbers  of conceptacles  t aken  out of reproduct ion.  

Of the species  observed  in the presen t  study, it was the least  host-specif ic  epiphyte ,  
Ectocarpus fasciculatus, which was associa ted  with the larges t  number  of ident i f icatory 
problems.  Of the various routes to epiphyt ic  success pe rhaps  morphologica l  var iabi l i ty  
and  plast ici ty is one, and strict ma in tenance  of a fixed but  fit geno type  another .  It is 
cer tain that  the ep iphy te -bas iphy te  re la t ionship offers l imitless and  fasc inat ing  oppor-  
tunit ies for future investigation.  
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