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i i i  

ABSTRACT 

Epiphyt ism and endophytism o f  t h e  s t i p e s  and blades o f  t h e  la rge 

ke lps  Macrocyst is  i n t e q r i f o l i a  Bory and Nereocyst is  luetkeana (Mertens) 

Poste ls  and Ruprecht were s tud ied i n  a semi-exposed ke lp  bed i n  Bamfield 

I n l e t ,  Vancouver Island, B r i t i s h  Columbia. Major f a c t o r s  i n f l uenc ing  

epiphyt ism were seasonal immigration, s p e c i f i c  fea tures  o f  t h e  host,' 

and t h e  l i f e  spans o f  t h e  blades and s t ipes .  A sp r ing  increase i n  s e t t l e -  
/ 

merit o f  ectoprocts,  hydroids, suctor ians,  and macroalgae was fo l lowed by 

summer o r  fa1 I dec l ines  i n  species numbers and abundance. I n  contrast ,  

d i v e r s i t y  o f  diatoms on blades was lowest i n  s p r i n g  and increased i n  f a l l  

and winter .  V a r i a t i o n s  i n  d e n s i t i e s  o f  b a c t e r i a  and endophyt ic algae were 

no t  seasona I. Growing ti ssue appeared t o  i nh i b it s e t t  I ement and/or growth 

o f  organisms and host  morphology e f f e c t e d  p o s i t i o n i n g  o f  organisms. The 

l i f e  span o f  t h e  host  t i s s u e  was important  t o  t h e  degree o f  development 

o f  organisms and assemblages o f  organisms. Abundant organisms on blades 

( l i f e  span o f  approximately 2 months) were r e s t r i c t e d  t o  bac ter ia ,  

microalgae, and small animals. Only on s t i p e s  ( l i f e  spans 6 - 14 months), 

d i d  macroalgae become abundant. 

Algae which were abundant had s imple tha t  t i  w i t h  h igh surface t o  

volume r a t i o s ,  reproduced v e g e t a t i v e l y  on t h e  host  and had more r a p i d  

r a t e s  o f  development than less abundant seaweeds such as Fucales germl ings 

and Laminar ia les which were s o l i t a r y ,  complex, and f a i l e d  t o  a t t a i n  

reproduct ive  m a t u r i t y  w i t h i n  t h e  host  l i f e  span. Most abundant animals 

were smal I a t  ma tu r i t y ,  reproduced by budding and produced disseminules 
I 

w i t h i n  t h e  l i f e  span o f  t h e  host.  M o r t a l i t y  main ly  resu l ted  from death 

o f  t h e  host  b u t  a l s o  occurred from g raz ing  (Druehl - e t  -9 a1 1977; Roland 

1978). Dens i ty  dependent m o r t a l i t y  from compet i t ion  f o r  space occurred 

\ 



i v 

seasonal ly  and more r a r e l y  from overgrowth o f  c e r t a i n  organisms by others.  
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INTRODUCTION 

The l i f e  h i s t o r y  t r a i t s  o f  co lon ize rs  of uns tab le  environments 

(Southwood, e t  a l ,  1974,; Nichols, 19761, and t h e  s i g n i f i c a n c e  o f  season- 

a l i t y  and subs t ra te  s t a b i l i t y  t o  community s t r u c t u r e  i n  temperate marine 

waters have been t h e o r e t i c a l  l y  and exper imenta l ly  examined (e.g. Emerson 

and Zelder, 1978; Osman, 1977). Epiphytes (organisms at tached t o  p l a n t s )  

o f  ben th i c  marine p l a n t s  i n  temperate l a t i t u d e s  l i v e  i n  a  seasonal ly  chang- 

ing  environ,msnt and,since host  t i s s u e  i s  t y p i c a l l y  sho r t  l i yed,  i n h a b i t  

uns tab le  substrates.  However, an e p i p h y t i c  ecosystem i s  p e c u l i a r  i n  t h a t  

t h e  subst ra te  may have evolved responses t o  c o l o n i z e r s  (e.g. Sieburth, 

e t  a l  19741, and t h e  o f t e n  cont inua l  fo rmat ion  o f  new subs t ra te  through - -9 

p l a n t  growth c reates  a  h h b i t a t  f o r  c o l o n i z a t i o n  which i s  p r e d i c t a b l e  and 

n o t  dependent on pe r tu rba t ions  f o r  c r e a t i o n  o f  new space. 

Epiphyt ism o f  seaweeds and seagrasses has been s tud ied d e s c r i p t i v e l y  

and exper imenta l ly  (e.g. Sloan e t  a l ,  1957; H a r l i n ,  1973a,b, 1975; 

Boaden e t  a l ,  1976); however, I  am not  aware o f  any comprehensive study 

o f  an e p i p h y t i c  ecosystem. Markham (1969) described t h e  v e r t i c a l  

d  i s t r  i bu t  ion o f  seaweed ep i phytes on t h e  s t  i pes o f  ~ e r e o c y s t  i s  -- I  uetkeana 

(Mertens) Poste ls  and Reprecht near San Juan Island, Washington, bu t  

epiphyt ism has n o t  been described f o r  p l a n t s  on t h e  west coast  o f  

B r i t i s h  Columbia. Except f o r  b r i e f  mention (Scagel, 1947; Tokida, 1960; 

Lobban, 1976) epiphyt ism o f  Macrocyst is  i n t e g r i f o l i a  Bory has not  been 

studied. I  have described t h e  seasonal and w i t h i n  p l a n t  d i s t r i b u t i o n s  o f  

epiphytes and endophytes o f  t h e  s t i p e s  and blades o f  t h e  l a rge  ke lps  

N; luetkeana and M. i n t e g r i f o l i a .  Succession o f  e p i p h y t i c  and endophytic - - 

organisms was fol lowed. L i f e  h i s t o r y  and na tu ra l  h i s t o r y  charac ters  o f  
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o f  t h e  epiphytes and endophy 

used t o  compare - the seasonal 

substrates.  

t e s  were noted. A r t i f i c i a  

i t y  and succession o f  b i o t  

I  subst ra tes  were 

i c  w i t h  a b o i t i c  

Desc r ip t i on  o f  Study S i t e  and Studied Host Species 

The main study s i t e  was a ke lp  bed i n  Bamfield I n l e t  on Vancouver 

Island, B r i t i s h  Comumbia (Fig.  I ) .  Macrocystis, t h e  most abundant o f  

t h e  two species, formed a f r i n g i n g  bed c lose  t o  shore. Nereocyst is  

was scat te red throughoui  t h e  bed o f  Macrocyst is  and a long t h e  o u t e r  

perimeter.  The depth range o f  t h e  two species was from 0 t o  -4m below 

0 t i d e .  Monthly v a r i a t i o n s  

r a d i a t i o n  throughout  t h e  per  

Lindsay and Saunders (1977, 

and over  5 - IO'C i n  w i n t e r  

25 and 28O/00 i n  w 

i n  w i n t e r  was less  

summer. In  summer 

n temperature, s a l i n i t y ,  and s o l a r  

od o f  t h i s  study have been reported by 

978). Surface water temperatures were 

5 ' ~  i n  summer. Sa I  i n  i t ies  were between 

i n t e r  and around 30•‹/oo i n  summer. So lar  r a d i a t i o n  

2 2 
than 100 gcal/crn /day and over 400 gcal/cm /day i n  

t h e  ke lp  bed was f a i r l y  she l te red from waves b u t  

was semi-exposed i n  w i n t e r  due t o  changing p r e v a i l i n g  winds. Mean 

h igher  h igh  water and mean lower low water were 3.3 and 0.9 m 

respec t i ve l y  above 0 t i d e .  

These ke lps  were unique f o r  a study o f  epiphyt ism due t o  t h e i r  

large s i z e  ( l e n g t h  o f  mature s t i p e s  3-4 m) and p a t t e r n  o f  growth (Fig.  

2 ) .  The main i n t e r c a l a r y  mer is temat ic  region i s  near t h e  apex o f  t h e  

f rond ( s t i p e  p l u s  b lades)  o f  Macrocyst is  and a t  t h e  j u n c t i o n  o f  t h e  

s t i p e  and blades o f  Nereocyst is.  These meristems c o n t i n u a l l y  produce 

new t issue,  a l though t h e  r a t e  v a r i e s  seasonal ly (Lobban, 1978; Foreman, 

R.E., Dept. o f  Botany, U n i v e r s i t y  o f  B r i t i s h  Columbia). The h o l d f a s t  
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o f  Macrocyst is  i s  per renn ia l  and new f ronds are  produced throughout 

t h e  year. The s t ipe ,  which bears t h e  blades, i s  present approximately 

6 months and any blade l i v e s  about 2 months (Lobban, 1978). The 

Nereocyst is  sporophyte i s  an annual which begins growth i n  March and 
\ 

A p r i l ,  ceases growth by l a t e  summer and d ies  dur ing  spr ing  and e a r l y  

summer o f  t h e  f o l l o w i n g  year. The s t i p e  i s  present  12-14 months and 

any p iece o f  b lade t i s s u e  probably remains about 2 months. The blades 

o f  Macrocyst is  a r e  covered w i t h  furrows and r i dges  and blades o f  

Nereocyst is  a re  smooth. Because new t i s s u e  i s  added a t  t h e  meristems 

w i t h  progress ive ly  o l d e r  t i s s u e  found d i s t a l  t o  t h e  meristems, c e r t a i n  

successive events can be fo l lowed w i thou t  t h e  passing o f  t ime. Each 

species has t i s s u e s  of w ide ly  va ry ing  ages throughout a l l  seasons, 

a l l o w i n g  t h e  importance o f  t h e  s t a t e  of t i s s u e  m a t u r i t y  t o  be examined. 

I n  t h i s  study I  recognized t h r e e  q u a l i t a t i v e  ages o r  s t a t e s  o f  t i s s u e  

matu r i t y :  growing t i ssue ,  mature t i s s u e  (no t  growing b u t  hea l thy )  and 

senescent t i s s u e  (decaying). 



Figure I .  Locat ions o f  study s i t e s .  
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F i g u r e  2. Semi-diagrammatic sketches o f  Mac rocys t i s  i n t e q r i f o l i a  

( l e f t )  and Nereocys t i s  luetkeana ( r i g h t ) .  
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METHODS AND MATERIALS 

Samp l i ng Procedure 

- 

P lants  o f  Macrocvst is and Nereocvst is  were randomly sampled each 

4-7 weeks from J u l y  1976 t o  December 1977. Fronds o f  Macrocyst is  

(n=IO-18) were subsampled a t  0.1 m below t h e  f rond meristem, then a t  

0.5 m i n t e r v a l s  t o  t h e  f rond base. A t  each in te rva l ,  10 cm o f  t h e  s t i p e  

and t h e  f i r s t  10 cm o f  t h e  blade from t h e  f l o a t  were sampled (Fig.  2) .  

For low magni f i ca t ion  work and diatom study by ac id  c lear ing ,  3.5 cm 

diameter subsamples were taken 10 cm from t h e  f l o a t .  For scanning 

e l e c t r o n  microscopy (SEMI, f i v e  I cm diameter subsamples, c u t  10 cm from 

t h e  f l o a t ,  were taken a t  0.1, 1.0, and 2.0 m from t h e  f rond meristem. 

Blades o f  Nereocyst i s (n=5) were subsamp 1 ed 5- 15 and 45 - 55 cm f rom 

t h e  f l o a t  (F ig.  2 ) .  St ipes  (n=2-6) were sampled a t  each 0.5 m i n t e r v a l  

from t h e  f l o a t  from February t o  December 1977. Each sample was 10 cm 

I ong . 
Taxa missed due t o  sampling e r r o r  were ca l cu la ted  w i t h  a species area 

curve, where area was t h e  number o f  s t i p e s  o r  blades. V i r t u a l l y  a l l  

sample s izes  taken were we l l  i n t o  t h e  asymptote o f  t h e  curves. 

Epiphytes and endophytes were occas iona l l y  observed on h jacrocyst is  

and Nereocyst is i n  o the r  areas, over  a range o f  wave exposures. 

Treatment o f  Samples 

PI an t  ti ssue was preserved i n  10% forma I i n  i n  seawater. The preserved 

t i s s u e  was examined f o r  epiphytes and endophytes a t  t h ree  l e v e l s  o f  

magn i f i ca t ion .  I .  Epiphytes c l e a r l y  discerned w i t h  t h e  unaided eye 

(e.g. bryozoans'and macro-algae) were q u a n t i f i e d  on t h e  e n t i r e  p iece o f  

t i s s u e  sampled. 2. Epiphytes r e q u i r i n g  low (X45) magn i f i ca t i on  (e.g. 

suc tor ians  and hydroids)  were q u a n t i f i e d  w i t h  a d i ssec t i ng  microscope by 



2 
count ing  organisms occu r r i ng  i n  100 randomly chosen I  mm quadrats on 

t h e  t i s s u e  sampled. 3. Epiphytes r e q u i r i n g  h igh  (500-10,000 X I  

magn i f i ca t i on  (e.g. diatoms and b a c t e r i a )  were examined w i t h  l i g h t  o r  

scanning e l e c t r o n  (SEMI  microscopy. 

Tissue f o r  SEM observat ions was preserved i n  5% glutara ldehyde i n  

1:I sea water and f resh water. Tissue was r e f r i g e r a t e d  up t o  two months, 

then dehydrated i n  a se r ies  o f  acetone washings, c r i t i c a l  p o i n t  d r i ed  w i t h  

COY mounted onto  stubs w i t h  s i l v e r  pa in t ,  go ld  coated by vacuum d i f f u s i o n  

(NRC 3115) and viewed w i t h  t h e  SEM (ETFC Corp.). Diatoms were counted 

2 
and i d e n t i f i e d  i n  10 random quadrats a t  900X (0.81 mm 1. Ep iphy t i c  di.a- 

toms were a l s o  examined by d i s s o l v i n g  samples o f  p l a n t  t i ssue,  a f t e r  

removal o f  la rge epiphytes, w i t h  1 : 1  s u l f u r i c  and n i t r i c  acids. The 

r e s u l t a n t  suspension was al lowed t o  s e t t l e  f o r  24 hr,  t h e  supernatant 

poured o f f ,  and t h e  s e t t l e d  diatoms d i l u t e d  w i t h  d i s t i l l e d  water. Th is  

was repeated several t imes t o  d i l u t e  t h e  ac id  t o  a low concentrat ion.  

Measured amounts o f  t h e  f i n a l  volume o f  suspended diatoms were spread 

even 

3 s l  

hos t  

l y  on to  covers l ips ,  d r i ed  and mounted i n  Hyrax. Random t ransec ts  on 

ides were counted t o  q u a n t i f y  t h e  number o f  diatoms per u n i t  area o f  

t i ssue .  T y p i c a l l y  500 diatoms were counted i n  each sample, as t h i s  

number was always i n t o  t h e  asymptote o f  species versus sample s i z e  

curves (Saunders, 1968) i n d i c a t i n g  t h a t  a la rge change i n  sample s i z e  

added very few species. 

S t a t i s t i c a l  Treatment 

D i v e r s i t y  o f  diatoms sampled was est imated by t h e  informat ion 

measure ( H ' )  (Shannon and Weaver, 1949) where ni  i s  t h e  number o f  



i n d i v i d u a l s  i n  t h e  i t h  species, N  i s  t h e  t o t a l  number o f  i n d i v i d u a l s  i n  

t h e  sample, and s  i s  t h e  number o f  species i n  t h e  sample. 
s  

Evenness o f  d i s t r i b u t i o n  o f  i n d i v i d u a l s  among t h e  species was ca lcu la ted  

as H' (Pie lou,  1975). Th is  measure a i d s  i n  i n t e r p r e t i n g  t h e  ca l cu la ted  
Loga s  

d i v e r s ~ t y  index s ince a  community w i t h  a  few evenly d i s t r i b u t e d  species 

can have t h e  same H' as one w i t h  many unevenly d i s t r i b u t e d  species 

(Pielou, 1975). 

The n i che  breadth o f  diatom taxa were ca l cu la ted  by t h e  expression 
Q 

-z ( n  
B. = exp i r 

I 
"ir 

loge (-1 
r =  I  

i Ni 
where n  i s  t h e  number o f  i n d i v i d u a l s  o f  t h e  i t h  taxon i n  t h e  r t h  sample i r 

i n  a l l  Q samples (Levins, 1968; M c l n t i r e  and Overton, 1971; Main and 

Mc ln t i re ,  1974). Th is  measures t h e  evenness o f  d i s t r i b u t i o n  o f  a  taxon 

throughout t h e  samples considered (Main and Mc ln t i re ,  1974). 

C l u s t e r  a n a l y s i s  o f  cases (Biomedical Program se r ies  a t  Simon Fraser 

U n i v e r s i t y  computing cen te r )  was used t o  c l u s t e r  sampling dates o f  

diatoms. The chi-square t e s t  o f  e q u a l i t y  de f ined t h e  d is tance between 

data o f  any two cases and was used t o  form c l u s t e r s .  

A r t i f i c i a l  Subst ra te  

l lPlants" composed o f  p l a s t i c  5 cm x  50 cm s t r i p s  t 

i n t e r v a l s  t o  tygon tub ing,  and o f  open boxes t i e d  t o  a  

i n te rva l s ,  c o n t a i n i n g  g lass  s l i d e s  he ld  i n  p lace w i t h  e  

were suspended i n  t h e  ke lp  bed. Glass s l i d e s  were rep1 

ed a t  0.5 m 

rope a t  0.5 rn 

a s t i c  bands, 

ced a t  1-2 month 

i n t e r v a l s  from May 1976 t o  A p r i l  1977, and t h e  p l a s t i c  was sampled 

w i thou t  replacement each 1-2 months fro'm May 1976 t o  June 1977. 



Sett lement o f  Membranipora s e r r i l a m e l l a  - 

Larvae and co lon ies  i n  small s i z e  c lasses were counted on proximal 

(youngest) and d i s t a l  ( o l d e s t )  po r t i ons  o f  growing and senescent blades 

(5x15 cm samples o f  blades, n = 3 - 5). Assuming t h a t  growth o f  co lon ies  

on young and o l d  t i s s u e  was s i m i l a r ,  areas o f  p re fe r red  se t t lement  could 

be determined. 

Taxonomic Nofes 

Inver tebra tes  were i d e n t i f i e d  us ing L i g h t  (1975) and Koz lo f f  (1975). 

Suctor ians were i d e n t i f i e d  us ing  Kudo (1971) and R i c k e t t s  and Ca lv in  

(19681. Seaweeds were i d e n t i f i e d  i n  Setchel l  and Gardner (1920, 19251, 

and Widdowson (1974). Dr. R.F. Scagel conf irmed t h e  i d e n t i f i c a t i o n  o f  

Streblonema aecidoides f. pac i f i cum.  Dr. C. Tanner i d e n t i f i e d  species 

o f  Ulva. Diatoms were i d e n t i f i e d  by using van Heurk (1962) and Rao and 

Lewin (19761, and c e r t a i n  i d e n t i f i c a t i o n s  were conf irmed by Drs. J. 

Lewin and M. Taylor.  Dr. M. Hawkes i d e n t i f i e d  t h e  Porphyras. 

RESULTS 

A l l  epiphytes and endophytes, except diatoms and bacter ia ,  found 

through sampling o r  by casual observat ion on t h e  s t i p e s  and blades o f  

Macrocyst is and Nereocyst is  a r e  l i s t e d  i n  T a b l e l ;  Tables 2 and 3 l i s t  

diatoms found on blades o f  Macrocyst is  and Nereocyst is  respec t i ve l y .  

Co lon iza t ion  curves o f  epiphytes and endophytes recorded through t h e  

sampling procedure ( n o t  casual occurrences) o f  t h e  s t i p e s  and blades o f  

t h e  two host  ke lps  a re  i n  F ig.  3, and d i v e r s i t y  ind ices  ( H ' )  o f  diatoms 

on t h e  blades o f  bo th  hos ts  a re  i n  F ig.  18. Co lon iza t ion  curves show 

most immigrat ion dur ing  June, J u l y  and August f o r  blades o f  both hos t  



species w i t h  more taxa on blades o f  Macrocystis, bu t  d i v e r s i t y  o f  diatoms 

was lowest i n  e a r l y  sp r ing  and summer on blades o f  both p lan ts .  M o r t a l i t y  

o f  organisms was main ly  due t o  death o f  t h e  host,and post  summer immigrat ion 

o f  organisms, except f o r  diatoms, was low. The r e s u l t  i s  seen as a 

decrease i n  t h e  number o f  e p i p h y t i c  taxa a f t e r  summer i n  Fig. 3. 

S t ipes  o f  Nereocyst is  a long t h e  per imeter  o f  t h e  bed were ep iphy t ised 

o n l y  by diatoms and b a c t e r i a  u n t i l  August when host  growth ceased. From 

t h a t  p o i n t  on several a d d i t i o n a l  epiphytes were present  through December; 

i n  t h e  sp r ing  a d d i t i o n a l  species s e t t l e d .  None o f  these epiphytes became 

e x t i n c t  u n t i l  death o f  t h e  p lan ts .  Nereocyst is  i ns ide  t h e  bed o f  

Macrocyst is  became senescent by June and were heav i l y  ep iphy t ised u n t i l  

t h e i r . d e a t h  i n  August (Table I ) .  S t i pes  o f  Macrocyst is  had one 

epiphyte o the r  than diatoms and b s c t e r i a  dur ing  t h e  summer months b u t  

occas iona l l y  a senescent s t i p e  was discovered which bore several la rge 

epiphytes (Table I ) .  

'Phylum Ectoprocta 

Kembranipora s e r r i l a m e l l a  s e t t l e d  on t h e  s t i p e s  and blades o f  bo th  

hosts dur ing  summer b u t  p e r s i s t e d  through w in te r  o n l y  on s t i p e s  o f  

Nereocyst is.  Hippothoa hya l i na  occurred r a r e l y  on blades o f  Macrocyst is  

and s t i p e s  of  Nereocyst is,  and T r i c e l l a r i a  o c c i d e n t a l i s  occurred r a r e l y  

on blades o f  Macrocyst is.  

Membranipora s e r r i l a m e l l a  was present  on t h e  blades o f  Macrocyst is  

from May t o  August 1976 and i n  June and August 1977 (Fig.  4);  s t i p e s  

,were more r a r e l y  encrusted a t  these times. Larvae s e t t l e d  on t h e  newest 

t i s s u e  b u t  b lades less than 1.5 m f rom t h e  f rond meri stem r a r e l y  had 

more than 5% cover. Heaviest  coverages occurred dur ing  May and June 1976 

when most blades 2.5 and 3.0 m from t h e  apex were 25 t o  100% encrusted 



(F ig.  12a). By August 1976 t h e  o l d e r  zooids o f  co lon ies  were gone, 

leav ing o n l y  an ou te r  per imeter  o f  young zooids (F ig .  12b). Two 

encrus ta t ions  occurred i n  1977, a  sma l l one i n  June and one much ' l a rge r  

i n  August; however, n e i t h e r  was t h e  magnitude which occurred i n  1976. 

I n  1976, abundance was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  d is tance o f  t h e  

b lade from t h e  apex, bu t  i n  1977 t h e  c o r r e l a t i o n  c o e f f i c i e n t s  were no t  

s i g n i f i c a n t .  Median d e n s i t i e s  c l o s e l y  p a r a l l e l e d  t h e  means b u t  var iance 

t o  mean r a t i o s  were h igh  i n d i c a t i n g  t h a t  coverage was clumped f o r  blades 

o f  s i m i l a r  d is tance from t h e  apex w i t h i n  t h e  bed. 

The larvae o f  Membranipora s e t t l e d  o n l y  i n  t h e  furrows o f  t h e  

blades o f  Macrocystis, b u t  would s e t t l e  and grow on t h e  r e l a t i v e l y  smooth 

s t i p e .  Larvae appeared t o  s e t t l e  i n d i s c r i m i n a t e l y  on young and o l d e r  

blades. The frequency o f  co lon ies  i n  t h e  same small s i z e  c lasses were 

d i s t r i b u t e d  f a i r l y  equa l l y  on t h e  proximal (growing) and d i s t a l  ( n o t  

growing) ends o f  growing blades (about 0.6 m from t h e  meristem), and 

f a i r l y  equa l l y  apport ioned between growing and near l y  senescent blades 

about 1.6 m from t h e  f rond meristem (Fig.  5 ) .  During spr ing  set t lement  

I  have observed dense numbers o f  larvae on t h e  youngest and o l d e s t  blades 

o f  Macrocyst i s. Colonies grew by r a d i a t i n g  from t h e  larvae, encrus t ing  

t h e  blade surface. Eventua l ly  they would grow over t h e  edge o f  t h e  

blade, cover ing t h e  sp inu les  a long t h e  edge o f  t h e  blades and cont inue 

grow n on t h e  o the r  s ide  o f  t h e  blade. Colonies were never observed t o  

overgrow one another. 

From June t o  August 1976 Membranipora s e r r i l a m e l l a  heav i l y  encrusted 

t h e  s t i p e  o f  i e r e o c y s t i s  and pe rs i s ted  u n t i l  February 1977 when quant- 

i t a t i v e  measurements were i n i t i a t e d  (F ig .  6).  Senescent p l a n t s  i n  

February and A p r i l  1977 had encrus ta t ions  o f  less  than 255 cover i n  t h e  



upper 0.5 m o f  s t i p e .  Membranipora was absent from t h e  s t i p e s  o f  p l a n t s  

which began growing i n  sp r ing  1977 u n t i l  October 1977. Colonies occurred 

from t h e  h o l d f a s t  t o  t h e  blades bu t  h ighest  percent  covers were between 

t h e  f l o a t  and 0.5 m o f  s t i pe .  Blades were o n l y  r a r e l y  ep iphy t ised by t h i s  

bryozoan and o n l y  dur ing  summer. 

Phylum Cn ida r ia  

Obel ia sp. (Hydrozoa) was common on blades o f  Macrocyst is  b u t  

occurred r a r e l y  on s t i p e s  o f  Macrocyst is.  One specimen o f  t h e  anemone 

Met r id ium sp. occurred on a Macrocyst is  s t i pe .  

Obel ia co lon ies  were present on blades o f  Macrocyst is  from June 

- 1976 t o  October 1976 and from June 1977 t o  October 1977 (Fig.  7 ) .  Maximum 

2 
d e n s i t i e s  exceeding 0.30 colonies/mm , occurred du r ing  t h e  summer o f  

bo th  years, on blades Im o r  more from t h e  apex (Fig.  12c,d). Mean 

2 
d e n s i t i e s  on t h e  p l a n t s  ranged from around 0.025 t o  0.10 col'onies/mm . 
Colonies were never observed a t  0.1 rn and o n l y  r a r e l y  a t  0.5 m from t h e  

apex. Abundance was p o s i t i v e l y  c o r r e l a t e d  w i t h  d is tance from t h e  apex 

a t  5% confidence level  f o r  7 o f  8 months. Median d e n s i t i e s  were 

near l y  always less than t h e  mean, and var iance t o  mean r a t i o s  were much 

g r e a t e r  than one i n d i c a t i n g  a clumped d i s t r i b u t i o n  w i t h i n  t h e  bed on 

s i m i l a r l y  pos i t i oned  blades. Colonies o f  Obel ia 3 t o  4 cm i n  length 

cou ld  possess gonozooids. Dens i t i es  cou ld  be reduced from overgrowth 

Mernbran i pora. 

Phy I  urn Protozoa 

Suctor ians  (Acineta sp. and Ephelota sp.) were found on blades o f  

both hosts. F o l l i c u t i n a  sp. V o r t i c e l l a  sp. and Zootharnnion sp. r a r e l y  

occurred on blades o f  Macrocyst is.  



Suctor ians were present  on blades o f  Macrocyst is  from June 1976 t o  

December 1977 (Fig.  8, 15). Maximum mean d e n s i t i e s  o f  2 - 4/mm 
2 

occurred on blades I  o r  2 m frcm t h e  f rond meristem dur ing  June, 

A p r i l ,  1977. A t  these t imes they formed a v i s i b l e  l aye r  on t h e  b 

During t h e  o t h e r  months o f  both years t h e  d e n s i t i e s  were v i s i b l y  

2 and t y p i c a l l y  less  than I/mm . Abundance was no t  s i g n i f i c a n t l y  cl 

976 t o  

ades. 

ower 

r r e  l ated 

w i t h  d is tance from t h e  apex bu t  maximum d e n s i t i e s  were never observed on 

growing t i ssue.  Variance t o  mean r a t i o s  were high, i n d i c a t i n g  a clumped 

d i s t r i b u t i o n  w i t h i n  t h e  bed on s i m i l a r l y  pos i t i oned  blades. D i s t r i b u t i o n  

on t h e  blades was clumped as they were present  o n l y  i n  t h e  furrows. 

Suctor ians were present  on blades o f  Nereocyst is dur ing  June and J u l y  

2 o f  both years b u t  d e n s i t i e s  never exceded 0.25/rnm on blade t i s s u e  0.5 m 

from t h e  f l o a t .  They were never observed on t h e  s t ipes .  Dens i t i es  o f  

suc tor ians  on blades o f  Macrocyst is  and Nereocyst is  cou ld  be reduced from 

overgrowth by Membranipora (Fig.  13a). 

D i v i s i o n  Phaeophyta 

Members o f  t h e  Order Ectocarpales were present 

blades o f  bo th  hosts. Members o f  t h e  Order Laminar 

spr ino  on s t i p e s  o f  bo th  species, and germlings o f  

occurred on blades o f  Macrocyst is  dur ing  summer. 

Order Ectocarpa l es 

on t h e  s t i p e s  and 

i a l e s  were found 

t h e  Order Fucales 

Ectocarpales were present  throughout t h e  year on senescent blade 

t i s s u e  o f  Nereocyst is,  b u t  d i d  no t  appear on t h e  s t i p e s  o f  p l a n t s  which 

began growth e a r l y  i n  t h e  spr ing  u n t i l  August. They t o t a l l y  covered 

t h e  s t i p e  by December (F ig.  9, 14c). D i s t r i b u t i o n  was n o t  s i g n i f i c a n t l y  

c o r r e l a t e d  w i t h  d is tance from t h e  f l o a t .  Nereocyst is  growing ins ide  t h e  

bed o f  Macrocyst is  developed heavy mats by July.  Ep iphy t i c  Ectocarpales 



occurred o n l y  on s t i p e s  o f  Macrocyst is  which were aging. 

The browri a l g a l  endophyte, Streblonema aec id io ides  f. paci f icum, 

was present i n  t h e  blades o f  Macrocyst is  from J u l y  1976 through 

December 1977 w i t h  t h e  except ion o f  August 1977, when none were found 

among t h e  l l  sampled f ronds (Fig.  10). Maximum dens i ty  o f  e rup t ions  of 

t h e  tha t  lus  through t h e  epidermis (F ig.  16a, b, c, d l  appeared t o  occur 

2 
dur ing  t h e  summer w i t h  mean d e n s i t i e s  reaching I  - 2/mm . Mean abundance 

o f  e rupt ions  tended t o  be p o s i t i v e l y  c o r r e l a t e d  w i t h  d is tance from t h e  

f rond meristem, 5 t o  10 l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  being s i g n i f i c a n t  

a t  t h e  5% conf idence leve l .  No e rup t  ions were seen on b  lades 0.1 and 

0.5 rn f rom t h e  apex. Young unerupted t h a l l i  were occas iona l l y  seen by 

sec t i on ing  blades c lose  t o  t h e  apex (Fig.  l l c ) .  Median d e n s i t i e s  were 

t y p i c a l l y  less than t h e  mean and var iance t o  mean r a t i o s  were g rea te r  

than one,. indicat ing a  clumped d i s t r i b u t i o n  w i t h i n  t h e  bed on 

s i m i l a r l y  pos i t i oned  blades. 

Order Laminar ia les 

A l a r i a  sp. occurred on s t i p e s  o f  Nereocyst is i n  A p r i l  and pe rs i s ted  

2 
u n t i l  death o f  t h e  host  i n  d e n s i t i e s  o f  approximately O.l/cm . Dur ing 

summer 1976 a  senescent s t i p e  o f  Macrocyst is  was found w i t h  Laminaria 

groeniandica (Fig.  14a). None o f  these e p i p h y t i c  ke lps  were reproduct ive.  

D i v i s i o n  Chlorophyta 

Family Ulvaceae 

Nereocvst is  ou ts ide  t h e  bed o f  Macrocyst is which began growing i n  t h e  

spr ing  o f  1977 had Ulva on t h e  f l o a t  by August and through October and 

December the  d i s t r i b u t i o n  remained r e s t r i c t e d  t o  t h e  f l o a t .  I n  February, 

1977 t h e  previous generat ion o f  p l a n t s  had Ulva present  on t h e  upper 0.5 m 
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2 o f  s t i p e  (approx. 20/cm most o f  which were less  than 0.5 cm i n  

length. By A p r i l  1977 Ulva occurred as low as 1.5 m from t h e  f l o a t  on 

these host  p l a n t s  and were present  i n  lesser  d e n s i t i e s  o f  approximately 

2 
5/cm ; many o f  t h e  p l a n t s  were 5-10 cm i n  length. A l l  Ulva la rge enough 

t o  be i d e n t i f i e d  were - U. s tenophy l la  o r  - U. fenestrata.  

Enteromorpha l i n z a  occurred on t h e  upper 0.5 m o f  t h e  s t i p e  o f  

Nereocyst is  i n  February 1977 and on t h e  upper I  m i n  A p r i l  1977 and 

2 
respec t i ve  dens it i es were approx i mate l y  I  0/cm2 and 3 / m  . 
Family Chaetophoroaceae 

The endophyte Bulbocoleon p i  l i f e r u m  was present between t h e  epidermal 

blade c e l l s  o f  Macrocyst is  from J u l y  1976 through December 1977 (Fig.  I I ,  

L 
16). Presence o r  absence/mm was recorded as i nd i v idua l  p l a n t s  were 

d i f f i c u l t  t o  discern. Seasonal t rends were no t  ev ident .  From December 

1976 through December 1977 mean occurrence/mm2 on blades I  m o r  more 

from t h e  f rond meristem ranged from approximately 25 t o  loo%, and median 

frequencies were near ly  always g rea te r  than t h e  mean i n d i c a t i n g  t h e  

commonness o f  t h e  alga. Variance t o  mean r a t i o s  were n e a r l y  always 

g rea te r  than one,jndicating a clumped d i s t r i b u t i o n  o f  t h e  endophyte on 

s i m i l a r l y  pos i t ioned blades on s t i p e s  w i t h i n  t h e  bed, bu t  occas iona l ly  

(e.g. February 1977) var iance t o  mean r a t i o s  were less than onel indicat ing 

a more uni form d i s t r i b u t i o n .  Frequency o f  occurrence was p o s i t i v e l y  and 

s i g n i f i c a n t l y  associated w i t h  increas ing d is tance from t h e  apex meristem. 

The a lga occurred on ly  r a r e l y  i n  s t i p e s  o f  Nereocys t is  and blades and i n  

s t i p e s  o f  Macrocyst is.  

 el I S  w i t h  spores occurred i n b 

from t h e  f rond meristem. Occasional 

lades o f  Macrocvst i  s  2 m o r  more 

l y  Bulbocoleon became so dense t h a t  



t h e  host  epidermal c e l l s  eroded (Fig.  16b). 

D i v i s i o n  Rhodophyta 

Porphyra ( l e s s  than I  cm long) occurred i n  February 1977 on 

Nereocyst is  from 0.1 t o  2 m below t h e  f l o a t  i n  respec t i ve  maximum den- 

2 2 
s i t i e s  o f  5/cm and 35/cm (n=4). By A p r i l ,  Porphyra occurred i n  

2 2 
maximum d e n s i t i e s  o f  O.Ol/cm and 5/cm , 0.1 m and 1.0 rn respec t i ve l y  

from t h e  f l o a t  (n=2). A l l  l a rge enough t o  i d e n t i f y  were P. nereocyst is ;  

and blades i n  A p r i l  could be f e r t i l e .  Nonreproductive, less than I  cm 

long Antithamnion-type f i laments  were present  i n  February and A p r i l  

2 2 
w i t h  maximum d e n s i t i e s  (25/cm and 55/cm r e s p e c t i v e l y )  I  t o  2 rn from 

t h e  f l o a t  o f  Nereocyst is.  



Tab le  I . Ep iphy tes  and endophytes, excep t  b a c t e r i a  and d iatoms, 

found t h rough  sampl ing ( X I  and casual  o b s e r v a t i o n ( * )  on 

t h e  s t i p e s  and b lades  o f  Mac rocys t i s  and Ne reocys t i s .  

Senescent s t i p e s  o f  Mac rocys t i s  which were r a r e l y  observed 

a r e  d i s t i n g u i s h e d  f rom growing and mature s t i p e s  found 

t h rough  t h e  r e g u l a r  sampl ing procedure.  S t i p e s  o f  

Ne reocys t i s  f rom i n s i d e  t h e  bed o f  Mac rocys t i s  a r e  

d i s t i n g u i s h e d  f rom those  a l ong  t h e  pe r ime te r  o f  t h e  bed 

due t o  d i f f e r e n c e s  i n  sampl ing procedure.  



CH LOROPHYTA 

Cladophora sp. 

Enteromorpha sp. 

E. 1 i nza  Agardh - -  

Bulbocoleon 
pi I i f e rum 
Pr inqsheim 

U 1 va f e n e s t r a t a  
P o s t e l s  and Ruprecht 

Ulva s tenophyl  l a  
Setchel  1 and Gardner 

PHAEOFHYTA 

' A l a r i a  sp. 

Ectocarpa l es 

Mac rocys t i s  Ne reocys t i s  

B lade B 1 ade - S t i p e  

/ \  
ber ime te r  i ns i de 

Fucales (ge rm l i ngs )  X 

Streblonerna a e c i d i o i d e s  X 
Setchel  and Gardner 

Larninaria g roen land ica  
Rosenvinge 

and 
mature 

o f  bed o f  bed 

RHODOPHYTA 

Ant i thamnion sp. 



Macrocys t i s  Nereocys t i s  

B l  ade B l  ade S t  i pe 

grow i ng senescent 
/T 

perimeter,  I ns  i de - 
and 

mature 

Porphyra nereocys t  i s  
Anderson 

PROTOZOA 

F o l l i c u l l i n a  sp. 

Suc to r  ians 

V o r t i c e l  l a  sp. 

Zoothamnion sp. 

Coryne sp. 

Obel i a  sp. 

Metr id iurn sp. 

ECTOPROCTA 

Membran i pora  X X 
s e r r i l a r n i l i a  Osburn 

Hippothoa h y a l i n a  x 
L i nnaeus 

o f  bed of  bed 

T r i c e l  l a r i a  3c 

o ccenden ta l i s  T rusk  



F i g u r e  3. C o l o n i z a t i o n  curves  f o r  b lades  and s t i p e s  o f  

Mac rocys t i s  and Nereocys t i s .  





Figure  4. Percent cover o f  t h e  encrus t ing  bryozoan, Mernbranipora 

se r r i l a rne l l a  Osburn, on blades o f  Macrocyst is,  from June 

1976 through December 1977. S o l i d  l i n e s  ind  

values w i t h  standard dev ia t i ons  and dashed I 

rnedian'values. 

i c a t e  mean 

ines i n d i c a t e  





F i g u r e  5. S i ze  c l a s s  h is tograms o f  Membran i pora  s e r r i  l ame l l a 

Osburn c o l o n i e s  on b lades o f  Mac rocys t i s .  15 x 5 c m  

samples o f  b lade were taken  between 0 and 15 c m  f r o m  

t h e  b l ade  f l o a t  (n=5) ,  and 25 and 40 cm f r o m  t h e  f l o a t  

(n=5) on growing b lades  between 0.6 and 0.7 m f r o m  

t h e  apex meristem. Mature t o  scenescen t  b lades  w e r e  

s i m i l a r l y  sampled f rom 1.7 - 1.8 m f r o m  t h e  apex 

rneristem a t  0 - 15 cm (n=4) and 25 - 40 c m  (4=3) f r o m  

t h e  b lade  f l o a t .  
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F i g u r e  6. Percen t  cover  o f  t h e  e n c r u s t i n g  ec top roc t ,  Membranipora 

s e r r i l a m e l l a  Osburn, on s t i p e s  o f  Ne reocys t i s  February  

1977 th rough  December 1977. S o l i d  p o i n t s  i n d i c a t e  mean 

va lues  w i t h  s tandard  d e v i a t i o n s  and t r i a n g G l a r  p o i n t s  

i n d i c a t e  median values. The number o f  s t i p e s  sampled 

i s  i n d i c a t e d  by n. 
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2 
F i g u r e  7. D e n s i t y  o f  t h e  hydro id ,  Obe l i a  sp. (colonies/mm 1, 

on b lades  o f  Mac rocys t i s  f rom June 1976 t h rough  

December 1977. S o l i d  l i n e s  i n d i c a t e  mean va lues  

w i t h  s tandard  d e v i a t i o n s  and dashed l i n e s  i n d i c a t e  

median va lues.  

\ 





L 
Figure  8. Densi ty  (nos./mm 1 o f  suc to r i ans  on blades o f  Macrocyst is  

from June 1976 through December 1977. S o l i d  l i n e s  

i n d i c a t e  mean values w i t h  standard dev ia t i ons  and dashed 

l i n e s  i n d i c a t e  median values. 
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Figure 9. Percent chance o f  occurrence per  mm2 f o r  

Ectocarpales on s t i p e s  o f  Nereocyst is from 

February 1977 through December 1977. 
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2 
F i g u r e  10. Dens i ty  (erupt ions/mm 1 o f  t h e  endophyte Streblonema 

a e c i d i o i d e s  f .  p a c i f i c u m  Setchel  l and Gardner f rom 

J u l y  1976 th rough December 1977 i n  b lades o f  Macrocys t i s .  

S o l i d  l i n e s  i n d i c a t e  mean va lues  w i t h  s tandard 

d e v i a t i o n s  and dashed l i n e s  a r e  median values. 
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F igu re  I I .  Percent chance o f  occurrence per  mm2 o f  t h e  

endophyte Bulbocoleon p i j i f e r u m  Pringsheim. 

S o l i d  l i n e s  i n d i c a t e  mean values w i t h  standard 

dev ia t i ons  and dashed l i n e s  a r e  median values. 





Figure 12. A. Several co lon ies  o f  Membranipora s e r r i l a m e l l a  

Osburn enc rus t i ng  a blade o f  Macrocystis. 

B. Colonies o f  Membranipora s e r r i l a m e l l a  on 

Macrocyst is  w i t h  c e n t r a l  zooids eroded, poss ib l y  

from being eaten by t h e  nudibranch Dor ide l l a .  

C. In  s i t u  photograph o f  Obel ia co lon ies  on blades 

o f  Macrocyst is.  

D. Dense cover o f  Obel ia on blades o f  Macrocystis. 





- 

F i g u r e  13. A. Suctor ian,  p robab l y  Ephe lo ta  sp. be ing  

overgrown by Mernbran i pora.  

- .  

B. Suctor ian,  p robab l y  Ephe lo ta  sp. 

C. Suctor ians,  p robab l y  a  spec ies  o f  Ac ineta.  





Figure  14. A. Senescent s t i p e  o f  Macrocyst is  cot lec ted i n  

July, 1976 ep iphy t ised w i t h  Laminaria groenlandica 

(arrow) and several o the r  seaweeds. 

B. Senescent s t i p e  o f  Nereocyst is  growing ins ide  

t h e  bed o f  Macrocystis, ep iphy t ised w i t h  

Membranipora (arrow) and several seaweeds. Co l lec ted 

i n  July,  1976. 

C. Mature f l o a t  and upper p o r t i o n  o f  a s t i p e  o f  

Nereocyst is,  ep iphy t ised w i t h  U lva les  (arrow) on 

top  o f  float,and Ectocarpales (appearing as a rough 

laye r )  below. Th is  p a t t e r n  o f  epiphyt ism was seen 

dur ing  w i n te r .  

d. Senescent s t i p e  o f  Nereocyst is c o l l e c t e d  i n  A p r i l ,  

1977, ep iphy t ised w i t h  U lva les  ( s o l i d  arrow) and 

Porphyra nereocys t is  Anderson (open arrow). 





F i g u r e  15. Streblonema a e c i d i o i d e s  f .  p a c i f i c u m  Setchel  I and 

Gardner,an endophy t i c  alga, in b lades  o f  Macrocys t i s .  

A. Cross s e c t i o n  o f  a  p l a n t  about  t o  e r u p t  t h rough  

t h e  ep ide rm is  showing p e n e t r i a t i o n  o f  r h y z o i d a l  

f i l a m e n t s  i n t o  co r t ex .  B. SEM micrograph o f  matu re  

p l a n t .  C. Cross s e c t i o n  o f  immature p l a n t  b e f o r e  

e r u p t i o n .  D. Cross s e c t i o n  o f  a  newly e rup ted  

p l a n t .  





F igu re  16. A. C e l l s  o f  Bu lbocoleon p i  l i f e r u m  Pr ingsheim (a r rows )  

between t h e  ep idermal  c e l l s  o f  a b lade  o f  Macro- 

c y s t i s .  I cm = 5p. 

B. Bulbocoleon c e l l s  ( a r row)  which have become so 

dense t h e  ep idermal  b lade  c e l l s  o f  Mac rocys t i s  

were destroyed. 





Diatoms on Macrocyst is  and Nereocyst is  Blades 

Diatoms separated i n t o  27 taxa on blades o f 'Mac rocys t i s  and 18 on 

blades o f  Nereocyst is (Tables 2 and 3). Cocconeis scute l lum had t h e  

h ighest  average occurrence (50.8% on Macrocyst i s  and 47.0% on Nereocyst is).  

Niche breadth values (Tables 2 and 3 )  i nd i ca ted  t h a t  Cocconeis scute l lum 

and Synedra tabu la ta  were most evenly d i s t r i b u t e d  on Macrocyst is  and 

C. scutellum, S. t abu la ta  and Gomphonema no. I  were d i s t r i b u t e d  most - - 

evenly on Nereocyst is.  

Dens i t i es  of diatoms were measured o n l y  on blades o f  Macrocyst is  

(F ig.  17). Tota l  d e n s i t i e s  on blades 0.1 m from t h e  f rond meristem were 

2  
r e l a t i v e l y  low ( l e s s  than 70/mm ) , -dur ing a l l  seasons, b u t  increased 

du r ing  June o f  1976 and 1977 when - C. scute l lum formed a  dense un ia lga l  

mat. On blades I  and 2  m from t h e  apex low d e n s i t i e s  (approx. 100 - . 
2 

200/mm 1 occurred dur ing  August - October 1976 and J u l y  - August 1977. 

These were per iods o f  heightened d i v e r s i t y  f o l l o w i n g  a  dominance by 

C. scutel lum. Dens i t i es  were h igher  a t  a l l  o t h e r  t imes (more than - 
2 

400/mm 1. Small standard dev ia t i ons  i n d i c a t e  t h a t  t h e  count ing  procedure 

was very repeatable. Diatoms were counted using SEM (n=5 t i s s u e  samples) 

and var iance t o  mean r a t i o s  were much l a r g e r  than one i n d i c a t i n g  a 

clumped d i s t r i b u t i o n  o f  diatoms on s i m i l a r l y  pos i t i oned  blades w i t h i n  

t h e  bed. 

The summer o f  1976 and 1977 were s i m i l a r  f o r  both host  kelps due t o  

a  h igh  abundance o f  - C. scute l lum and low species d i v e r s i t y .  Diatom 

assemblages i n  December 1976 and 1977 were s i m i l a r  w i t h  C. scutellum, 

Achnanthes no. I ,  and C. cos ta ta  var  pac i f i cum present  on both kelps. 

The seasonal p a t t e r n s  o f  d i v e r s i t y  (F ig.  18) were f a i r l y  s i m i l a r  f o r  

-0.71) w i t h  low d i v e r s i t y  i n  l a t e  spr ing  both ke lps  (r=0.74, r(lO,O.l)- 



and/or summer and increased d i v e r s i t y  i n  o the r  seasons. E q u i t a b i l i t y  

( H t  f o l  lowed t rends i n  d i v e r s i t y  ( H I )  i n d i c a t i n g  t h a t  increases 

Log2N 
i n d i v e r s i t y  main ly  resu l ted  from a more even d i s t r i b u t i o n  o f  

species r a t h e r  than an increase i n  numbers o f  species. However, an 

increase i n  species number was responsib le f o r  some o f  t h e  increased 

diatom d i v e r s i t y  du r ing  July, August and October 1977 where Macrocyst is 

was t h e  host. 

Ana lys is  i nd i ca ted  t h r e e  c l u s t e r s  o f  diatom d i s t r i b u t i o n s  on blades 

o f  Macrocyst is  1.0 m from t h e  f rond meristem (Fig.  19a). June, Ju l y  

and August 1976 and June 1977 assemblages cons is ted of oier 95% 

C. scu te l lum w i t h  I  - 3% S. tabulata.  Taxa i n  December 1976, 1977 and - - 

February 1977 formed a d i s t i n c t  c l u s t e r  w i t h  a d i ve rse  assemblage: 

C. cos ta ta  va r  p a c i f  icurn (27 - 42%), Achnanthes no. 1 (22 - 45%), - 

C. scute l lum ( 8  - 26%) and S. t abu la ta  (0.2 - 11%).  J u l y  1977, August - 

1977, A p r i l  1977 and October 1976 were j o ined  w i t h  summer months of 

both years (when - C. scute l lum was abundant). Th is  c l u s t e r  had 20 - 
40% C. scute l lum i n  common,but w i t h i n  t h i s  c l u s t e r  assoc ia t ions  were 

n o t  close. 

Taxa i n  June, July, and August 1976 formed a c l u s t e r  on Nereocystis, 

a l l  having 70 t o  90% Cocconeis scute l lum i n  common (Fig. 19b). A p r i l  

and February 1977 taxa were c lus te red  together  w i t h  75 and 92% C. 

costa ta  i n  common. December 1976 and 1977 taxa formed another c l u s t e r  

w i t h  s imi  I  a r  abundances o f  - C. scu te l  I  um ( 10 - I  I%) ,  Achnanthes no. I  

(26 - 52$), and C. costa ta  var  pac i f i cum (23 - 44%). 



Table 2. Seasonal occurrence o f  diatom taxa on blades Macrocyst is  

0.1, 1.0, and 2.0 m from t h e  f rond meristem. 
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Tab le  3. Seasonal occurrence o f  d i a tom t a x a  on b lades  o f  

Ne reocys t i s  0.5 rn f rom t h e  f l a a t .  





Figure  17. Seasonal v a r i a t i o n  i n  diatom d e n s i t i e s  on blades 

o f  Macrocyst is  0.1 m (do t ted  l i n e ) ,  1.0 m ( s o l i d  l i n e ) ,  

and 2.0 m (dashed l i n e )  from t h e  f rond  meristem. 
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F i g u r e  18. Seasonal v a r i a t i o n  i n  d i v e r s i t y  ( H I )  o f  d iatoms on 

b lades o f  Mac rocys t i s  ( s o l i d  l i n e ) ,  I  m f rom t h e  f r o n d  

mer is tem and on b lades  o f  Nereocys t i s  (dashed l i n e ) ,  

0.5 m f r o m t h e  f l o a t .  E q u i t a b i l i t y  ( H1  1 i s  
Log*S 

p l o t t e d  above. 





Figure  19. Dendrograms der ived from c l u s t e r  ana lys i s  o f  

sampling dates f o r  diatoms on A, Blades o f  

Macrocyst is I  m from t h e  f rond meristern and B, 

on blades o f  Nereocyst is  50 cm from t h e  f l o a t .  
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Figure 20. Diatoms on mature Macrocyst is  blades. 

A. Cocconeis scute l lum Ehr. i n  a c l u s t e r .  

Bac te r ia  a re  v 

B. Dense cover o f  

i s i b l e .  

Cocconeis scute l  lum. 

C. Cocconeis cos ta ta  var  pac i f i cum Grun. 

( l a r g e  and smal ler  diatoms w i t h  la rge 

costae) ,  g. scute l lum i s  i n  t h e  upper 

r i g h t  corner. 

D. Diatoms: Cocconeis cos ta ta  Gregory, w i t h  

punctate costae, (upper center ) ,  C. scute l lum 

below, and Synedra tabu la ta  (Ag.) Kutz. 

( long and narrow). 





F i g u r e  21. Diatoms and b a c t e r i a  on Macrocys t i s .  

A. Achnanthes no. I .  

B. Gomphonema sp. ( s t a l k e d ) .  

C. Rod form b a c t e r i a  on a growing Mac rocys t i s  blade. 

D. Rod and cocco 

Mac rocys t i s  b 

i d  form b a c t e r i a  on a senescent 

lade. 





Bacter ia  on Macrocyst is  and Nereocyst is  Blades 

Blades o f  Macrocyst is  0.1 m from t h e  f rond meristem had an o v e r a l l  
/ 

3 
mean dens i t y  o f  32 X 10 f 32 X lo3  bacteria/mm 

2 
s  

and approximate 

t imes more rod than coccoid form b a c t e r i a  (F ig.  2  Ic, 22). Blades 1.0 m 

from t h e  f rond meristem had an o v e r a l l  dens i ty  o f  
'I 

bacteria/mmL and an approximate I  : I  r a t i o  o f  rod and coccoid forms. 

Blades 2.0 m from t h e  f rond meristem had an o v e r a l l  mean dens i t y  o f  

3  3  2  
156 X I 0  + 43 X I 0  bacter ia/mn and approximately a  0.6 rod  t o  

coccoid r a t i o  (F ig.  21d). No seasona l i ty  i n  dens i ty  o r  i n  rod t o  

coccoid r a t i o  was evident .  

Blades of Nereocyst is  0.1 and 0.5 m from t h e  f l o a t  had an o v e r a l l  

3 3  
mean of 9 X 10 t 7 X 1 0 ~ ~  and 81 X 10 2 54 X 1 0 ~ ~  bacter idmrn 

2  

respect ive ly .  Seasonal v a r i a t i o n s  were no t  ev ident  and t h e  r a t i o s  o f  

rod t o  coccoid form bac te r ia  were approximately 1 : 1  f o r  blade t i s s u e  

a t  0.1 and 0.5 m from t h e  f l o a t .  



F i g u r e  22. Seasonal change i n  t o t a l  numbers o f  bacteria/mm 
2 

on b lades o f  Mac rocys t i s  0.1, 1.0 and 2.0 m f rom 

t h e  f r ond  mer i stem (%s. d. 



h 
h 
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Epiphyt ism o f  A r t i f i c i a l  Substrates 

Glass S l i des  

Co lon iza t i on  o f  g lass  s l i d e s  (sampled w i t h  replacement each 

c o l l e c t i o n  date)  was seasonal and development cou ld  be e f f e c t e d  by 

compet i t ion.  Suctor ians were p a r t i c u l a r l y  dense from A p r i l  t o  June and 

Obel ia was dense from June through October; however t h e  encrus t ing  

ec toproc t  Hippothoa hya l i na  from June through August cou ld  t o t a l l y  

cover t h e  s l i d e s  i n  t h e  sampling i n t e r v a l  f o r c i n g  suc to r ian  and Obel ia 

popu la t ions  t o  e x t i n c t i o n .  S l i des  bore very reduced d e n s i t i e s  o f  

suctor ians,  Obel ia and diatoms through t h e  w i n t e r  months. Cocconeis 

scutellum, as on blades o f  Macrocyst is  and Nereocyst is,  formed a  near 

un ia lga l  mat on t h e  s l i d e s  i n  summer 1976. 

PI a s t  i c "P I  ants"  - 

Bac te r ia  and diatoms i n i t i a l l y  colonized t h e  p l a s t i c .  Suctor ians 

were present  i n  r e l a t i v e l y  low d e n s i t i e s  throughout t h e  year. An 

ectocarpalean mat began forming i n  Ju l y  1976. Colonies o f  Membranipora 

o f  s to lons  on t h e  p l a s t i c .  Ulva was present 

were r a r e  b u t  Obel ia was dense through t h e  summer and f a l l  o f  1976, and 

i n  w i n t e r  and s p r i n g  t h e  co lon ies  di,sappeared leaving o n l y  a  network 

from J u l y  1976 and A l a r i a  

ing  and summer 1977. By and Porphyra ne reocys t i s  occurred i n  t h e  spr 

October 1977 mussels were common and co lon ia  I  t u n i c a t e s  covered most o f  

t h e  blades, overgrowing a l l  preceding b io ta .  
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DISCUSSION 

was 

s t a  

u  r a  

The p a t t e r n  o f  succession on blades, s t i p e s  and a r t i f i c i a l  subst ra te  

s i m i l a r  and proceded i n  t h e  f o l l o w i n g  order :  bac te r ia  and diatoms, 

lked c i l i a t e s  and f i lamentous algae, hydroids and ectoprocts, s t r u c t -  

I  l y  simple macro-algae, morphological l y  complex macro-algae. The 

popu la t ion  s t r u c t u r e  and degree o f  succession were sub jec t  t o  t h r e e  major 

inf luences: I .  The t ime  o f  year was important  t o  co lon iza t i on .  

2. E f f e c t s  o f  t h e  host  in f luenced s p a t i a l  and temporal p a t t e r n s  o f  

epiphytes. 3. Tissue l i f e  span was c r i t i c a l  t o  t h e  degree o f  community 

development. 

Epiphyt ism and endophytism o f  Macrocyst is  and Nereocyst is  were 

surveyed o the r  l oca t ions  

and found t h a t  t h e  

i ng program would have 

I  p a t t e r n  o f  succession. 

described f o r  a  p a r t i c u l a r  ke lp  bed. I  b r i e f l y  

through t h e  year over  a range o f  wave exposures 

phenomena do vary. Also, a  more f requent  sampl 

provided a  more complete p i c t u r e  o f  t h e  seasona 

Colon i z a t i o n  o f  Hosts 

Immigration o f  epiphytes on to  Macrocyst is  and Nereocyst is  was 

seasonal. A s p r i n g  increase i n  se t t lement  o f  Membranipora, suctor ians,  

and Obel ia fo l lowed by summer o r  e a r l y  f a l l  dec l ines  i n  dens i t y  was 

observed on blades o f  Macrocys t is  and g lass  s l i des .  Most macroalgae 

appeared on t h e  s t i p e s  o f  both hos t  species and on p l a s t i c  p l a n t s  dur ing  
- 

spr ing  and e a r l y  summer. I n  con t ras t ,  t o t a l  diatom d e n s i t i e s  d i d  n o t  

increase i n  sp r ing  and t h e  number o f  species markedly decl ined. 

- The s tud ies  o f  ep iphy t ism i n  more temperate waters genera l l y  

i nd i ca te  t h e  importance o f  seasona l i ty .  The importance o f  seasona l i ty  

t o  c o l o n i z a t i o n  o f  a b i o t i c  marine subst ra tes  i n  temperate c l ima tes  



simi  l a r l y  

Castenhol z 
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i s  recognized (Scheer, 1945; Aleem, 1950; Lee, 1966; 

, 1967; Sutherland, 1974; Shoener, 1974; Neushal, e t  a l ,  1976; 

Osman, 1977: Sutherland and Karlson, 1977; Emerson and Zedler, 1978; 

Osman, 1978). Lobban (1976) found t h a t  bryozoans and hydroids s e t t l e d  

on Macrocyst is  i n  Bark ley Sound, B r i t i s h  Columbia, dur ing  t h e  spr ing  

and disappeared by September. Markharn (1969) repor ted  l i t t l e  change i n  

t h e  e p i p h y t i c  assemblage on s t i p e s  o f  Nereocyst is  a f t e r  December i n  t h e  

v i c i n i t y  o f  Fr iday  Harbor, Washington; Laminarales, however, were n o t  

present  u n t i l  A p r i l .  Mukai (1971) found h igh  sp r ing  and summer 

abundances o f  epiphytes on Sargassum i n  Japan. Penhale (1977) discovered 

t h a t  epiphyte biomass on ee lgrass  (Zostera)  i n  North Caro l ina  remained 

f a i r l y  constant  through t h e  year. Humm (1964) found a spr ing  decrease 

i n  epiphyt ism on t h e  seagrass Thalassia i n  F l o r i d a  and considered t h i s  

a r e s u l t  o f  r a p i d  p l a n t  growth which a l lowed less  t ime  f o r  t h e  e p i p h y t i c  

assemblage t o  develop. I n  t h e  present  study h ighest  growth r a t e  o f  

Macrocyst is  (Lobban, 1977) was dur ing  t h e  t ime  o f  heaviest  epiphytisrn. 

No c o r r e l a t i o n  between Macrocyst is  growth r a t e  ( f rom Lobban, 1976) and 

diatom d e n s i t i e s  was observed (r=0.34). 

The un ia lga l  mat o f  diatoms i n  sp r ing  (Cocconeis scute l lum on 

Macrocyst is  and C. scute l lum o r ,  - C. cos ta ta  on Nereocyst is)  was preceded 

by more d i ve rse  assemblages and may have r e s u l t e d  from t h e  super io r  

a b i l i t y  o f  - C. scute l lum and o the r  dominant ben th i c  and pe lag ic  pr imary 

producers t o  out-compete o t h e r  p l a n t s  i n  an environment which remained 

s t a b l e  long enough f o r  compe t i t i ve  exc lus ion  t o  occur. Hutchinson (1961) 

and Titman (1976) discussed such exc lus ion  from compet i t ion  b u t  I  do n o t  

know t h e  resources t h a t  were i n  demand. I  do no t  be l i eve  t h a t  compet i t ion  

f o r  space on t h e  blades determined assemblages s ince diatoms s e t t l i n g  on 



newly formed t i s s u e  were very s i m i l a r  t o  assemblages on o l d e r  t i ssue.  

Th is  un ia lga l  popu la t ion  may have decl ined from over e x p l o i t a t i o n  resources 

i n  a p rev ious l y  n u t r i e n t  enr iched environment (Rozenweig, 1971). Such 

enrichment occurs i n  temperate c l ima tes  du r ing  spr ing  from h igh l i g h t  

i n t e n s i t i e s  and n u t r i e n t  concent ra t ions  (OtBrien, 1974). The subsequent 

assemblages of h igher  d i v e r s i t y  and d i s t a n t l y  r e l a t e d  species compositions 

may r e s u l t  from f a i l u r e  o f  any assemblage t o  compe t i t i ve l y  exclude o the r  

diatoms before the  environment changed s i g n i f i c a n t l y  (Hutchinson, 1961). 

The r o l e  o f  g raz ing  i n  increas ing d i v e r s i t y  (Paine, 1966; OIBrien, 1971; 

Connell, 1972; Dayton, 1975; Menge, 1976; and Menge and Sutherland, 

1976) seemed unimportant as areas o f  b lade grazed by inver tebra tes  

(Druehl, e t  a l ,  1977) were reco lon ized by t h e  same species o f  diatoms 

a l ready present  on t h e  blades. 

V a r i a t i o n s  i n  b a c t e r i a l  and endophyte d e n s i t i e s  on blades o f  Macro- 

c y s t i s  were n o t  seasonal. Although most dense i n  spring, Cocconeis 

scu te l  lum had t h e  g rea tes t  n iche breadth value on both hosts, indicat ing 

t h a t  it was more evenly d i s t r i b u t e d  than any o t h e r  diatom throughout 

a l l  seasons. M c l n t i r e  and Overton (1971) considered diatoms w i t h  broad 

r e a l i z e d  niches t o  be eco log ica l  genera l i s t s ,  and Levins (1968) suggest- 

ed t h a t  a broad n iche i s  opt imal  i n  an uncer ta in  environment. Perhaps 

these organisms have a broad to le rance  t o  environmental f a c t o r s  and/or 

r e a d i l y  e x p l o i t  d is tu rbed hab i ta t s .  

' Host E f f e c t s  

Set t lement  o f  organisms on to  seaweeds has been r e l a t e d  t o  a n t i -  

b i o t i c  p r o p e r t i e s  o f  host  t i ssue,  (e.g. Sieburth,  e t  a l ,  19741, age o f  

t i s s u e  (Stebbing, 19721, t h e  presence o f  a t t r a c t i v e  exudates (Cr isp  and 

Wil l iams, 19601, l o y a l i t y  o f  larvae (Doyle, 19761, preference f o r  c e r t a i n  
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hos t  species (Ryland, 19591, and morphology o f  t h e  host  (Ryland, 1959; 

Edsbagge, 1966). 

The importance o f  t h e  s t a t e  o f  t i s s u e  development was demonstrated 

by t h e  s t i p e s  o f  both p lan ts .  Nereocyst is  growing ins ide  t h e  bed o f  

Macrocyst is  were apparent ly  a t  a compet i t i ve  disadvantage and were 

senescent by June and became heav i l y  ep iphy t ised w i t h  bryozoans and 

seaweeds. I n  cont ras t ,  p l a n t s  ou ts ide  t h e  bed Macrocyst is  reached 

m a t u r i t y  by August and o n l y  subsequently became epiphyt ised.  S t ipes  o f  

Macrocyst is  were ep iphy t ised o n l y  by m ic rob io ta  and Membranipora u n t i l  

senescent, a f t e r  which Obel ia and seaweeds cou ld  appear. The abundance 

o f  s l i p p e r y  exudates on growing t i s s u e  o f  both species compared t o  

o l d e r  t i s s u e  suggests t h a t  sloughing o r  exudates con ta in ing  a n t i b i o t i c s  

may help keep t i s s u e  clean. McLachlan and C r a i g i e  (19641, Sieburth 

e t  a1 (19741, and Hornsey and Hide (1976) found h ighest  a n t i b i o t i c  -- 

a c t i v i t y  i n  t h e  growing t i s s u e  o f  t h e  seaweed species examined. The 

s t a t e  o f  t i s s u e  development may have been respons ib le  f o r  t h e  h igh  r a t i o  

o f  rod  t o  coccoid form bac te r ia  on growing blades Macrocyst is  and t h e  

h igh  number o f  coccoid forms on o l d  and senescent blades. 

Sett lement onto younger t issue,  as occurs w i t h  Sp i rob is  s e t t l i n g  

on Laminaria (Stebbing, 19721, may maximise t h e  length  o f  t ime  f o r  

development o f  an organism bu t  my observat ions d i d  n o t  i n d i c a t e  such 

a preference fqr Membranipora se r r i l ame l la .  Berns te in  (per.  comm.) 

found t h a t  l a rvae  o f  Membranipora were p o s i t i v e l y  p h o t o t a c t i c  and 

i n  south- 

because 

than 

tended t o  s e t t l e  on 

e r n  C a l i f o r n i a .  Th 

t h i s  species grows 

M. p y r i f e r a .  - 

t h e  younger t i s s u e  o f  Macrocyst is  p y r i f e r a  

i s  e f f e c t  may be removed f o r  - M. i n t e g r i f o l i a  

i n  waters about th ree  t o  s i x  t imes shal lower 



Absence o f  Obelia, Streblonema, and several diatom species from 

Nereocyst is  may have ind ica ted a preference o f  these organisms f o r  

Macrocyst is.  The presence o f  exudates (Cr i sp  and W i l  liams, 1960) o r  

b lade morphology may have e f f e c t e d  se t t lement  on t h e  two host  species. 

Suctorians, larvae o f  Membranipora, larvae and pr imary axes o f  Obelia, 

larvae o f  Hippothoa, larvae o f  T r i c e l l a r i a ,  and S p i r o r b i s  were a l l  

located i n  t h e  furrows o f  Macrocyst is  blades. Absence o f  such furrows 

on blades o f  M&rocyst is  may have been t h e  cause o f  t h e  comparat ively less 

d iverse  and abundant fauna. S i m i  l a r l  y  t h e  broyozoan, Cel lepore l  ia, 

was shown by Ryland (1959) t o  p r e f e r e n t i a l l y  s e t t l e  i n t o  concav i t i es  o f  

t h e  b lade o f  Laminaria saccharina. 

None o f  t h e  epiphytes present on e i t h e r  species were o b l i g a t e ,  

, epiphytes as a l l  grew on g lass  s l i d e s  o r  p l a s t i c .  Har l  i n  (1973a) found 

t h a t  t h e  supposed o b l i g a t e  epiphyte Smithora would grow on p l a s t i c .  

The endophytes may have been o b l i g a t e  t o  p l a n t  t i s s u e  as no a l t e r n a t i v e  

morphology was known. Seasonal i ty  i n  occurrence cannot be e x h i b i t e d  by 

endophytes i f  no a l t e r n a t e  ep iben th i c  form, long l i v e d  p lank ton ic  phase, 

o r  o the r  re fuge e x i s t s .  I f  p l a n t  t i s s u e  in fec ted  w i t h  these endophytes 

d ied and new t i s s u e  was n o t  in fected,  e x t i n c t i o n  o f  t h e  species would 

r e s u l t .  Th i s  i s  n o t  t h e  case and I  suggest t h a t  endophytes have evolved 

as g e n e r a l i s t s  i n  response t o  t h e  sho r t  l i f e  span o f  seaweed subst ra te  

and t o  t h e  p r e d i c t a b i l i t y  o f  format ion o f  new subst ra te  f o r  co lon iza t i on .  

Poss ib le  a n t i b i o t i c  e f f e c t s  o f  host species were discussed e a r l i e r ,  

b u t  l i f e  h i s t o r y  t r a i t s  o f  hosts r e l a t e d  t o  epiphyt ism were no t  mentioned. 

The rhizome product ion  o f  Macrocyst is  provides a c o l o n i a l  growth st rategy,  

and a s i n g l e  p l a n t  (colony o f  f ronds)  can prevent being overwhelmed w i t h  

epiphyt ism by con t inua l  l y  producing new fronds. The importance o f  



epiphy-fism i n  l i f e  h i s t o r i e s  i s  n o t  known bu t  t h i s  growth s t ra tegy  may 

have evol ved i n  response t o  ep i  phy t  i sm, thus  a  l lowing a  perennia l  l i f e  

h i s t o r y  s t ra tegy .  Nereocys t is  i s  s o l i t a r y  and becomes h e a v i l y  

epiphyt ised,  thus  ep iphy t ism may have been important i n  t h e  e v o l u t i o n  

o f  i t s  annual l i f e  h i s t o r y  s t ra tegy .  Th is  supports Jackson's (1977) 

conclus ion t h a t  c o l o n i a l  organisms w i t h  cont inua l  indeterminant  growth 

ar.e less susceptable t o  fou l i ng .  

Host L i f e  Span, L i f e  H i s t o r i e s ,  and Succession 

The l i f e  span o f  t h e  host  t i s s u e  was important i n  determining which 

organisms and assemblages o f  organisms developed. Abundant organisms 

on blades ( l i f e  span o f  about 2 months) and g lass  s l i d e s  were r e s t r i c t e d  

t o  microb io ta  and small animals. Only on s t i p e s  ( l i f e  span about 4  - 6 

months f o r  Macrocyst is  and 12 - 14 months f o r  Nereocyst is)  and p l a s t i c  

d i d  macroalgae become abundant. Osman (1977) discovered t h a t  as 

s t a b i l i t y  o f  rocks sub jec t  t o  tu rnover  by waves increased, ep i fauna l  

assemblages changed from s h o r t  l i v e d  species t o  assemblages w i t h  longer 

l i f e  spans and super io r  compe t i t i ve  t a c t i c s .  Those organisms 

rep roduc t i ve l y  and c o m p e t i t i v e l y  successful  on blades and g lass  s l i d e s  

had more r - i s h  l i f e  h i s t o r y  t r a i t s  (Pianka, 1970) than c e r t a i n  major 

epiphytes on s t i pes .  A l i f e  h i s t o r y  t r a i t  associated w i t h  unstable 

environments where a d u l t  m o r t a l i t y  i s  h igh  i s  t h e  la rge investment o f  

energy i n t o  product ion  o f  disseminules (Gadgil and Solbr ig,  1972; 

Ga i nes, 

energy a  

m a t u r i t y  

r e l a t i v e  

974; Giesel,  1976; Stearns, 1977). 1 d i d  no t  d i r e c t l y  measure 

locat ion ,  however, t h e  speed o f  development t o  reproduct ive  

(a l i f e  h i s t o r y  charac ter  used by McNaughton, 1975) was 

y  r a p i d  and w i t h i n  t h e  host  l i f e  span f o r  a l l  organisms except 



surface t o  volume r a t i o s ,  s  

Animals were smal l a t  matur 

Murray ( 1975) reported s imi  

subjected t o  a p e r i o d i c a l  l y  

Laminariales, Fucales, and mussels. Reproducing a lga l  species had h igh  

imple t h a l l i ,  and indeterminate growth pat terns.  I 
I 
! 

i t y  and most were c o l o n i a l .  L i t t l e r  and 

l a r  r - type fea tu res  f o r  an a lga l  assemblage 

t o x i c  sewage o u t f a l  I .  

M o r t a l i t y  was main ly  due t o  t h e  death o f  t h e  host, b u t  could r e s u l t  

from grazing. Diatoms on Macrocyst is  b lades supported a year round 

popu la t ion  o f  ha rpac t i co id  copepods (Roland, 1978). Membranipora and 

Obel ia were eaten by several species o f  nudibranchs (Druehl, e t  a l ,  

19771, and both predator  and prey occurred seasonal ly.  Dens i ty  dependent 

morta l  i t y  r e s u l t e d  from t h e  super io r  compe t i t i ve  a b i l i t y  o f  c e r t a i n  

c o l o n i a l  animals t o  acqu i re  space by overgrowing others.\ S o l i t a r y  forms 

such as suc tor ians  and F o l l i c u l i n a  were overgrown by t h e  c o l o n i a l  

ectoprocts.  The c o l o n i a l  hydro id  Obel ia was a l s o  overgrown by t h e  

ec toproc ts  Membranipora and Hippothoa b u t  could produce primary axes 

from overgrown s to lons  a t  t h e  i n t e r f a c e  o f  two o f  these encrus t ing  
\ 

co lonies.  Jackson (1977) concluded t h a t  t h e  indeterminate growth o f  
\ 

c o l o n i a l  animals a l  lows con t inua l  subs t ra te  occupation e l i m i n a t i n g  t h e  

need f o r  recru i tment  and making them less susceptable t o  f o u l i n g  and 

overgrowth. For c o l o n i a l  animals i n  t h e  e p i p h y t i c  h a b i t a t  recru i tment  

i s  necessary o n l y  on young 

Studies o f  succession 

m ic rob ia l  and diatom co lon 

host  t i ssue .  

on marine subst ra tes  t y p i c a l l y  descr ibe a 

i z a t i o n  which i s  succeeded by more complex 

organisms, (e.g. Wilson, 1925; Neushul, e t  a l ,  1976; Emerson and 

Zedler, 1978). 1 saw a s i m i l a r  progression i n  t h e  e p i p h y t i c  assemblages 

on Macrocyst is  and Nereocyst is  and Sieburth, e t  a l  (1974) noted t h e  

same t r e n d  i n  o t h e r  seaweeds. A t r u e  succession where changes i n  



assemblages are dependent on t h e  presence o f  o the r  organisms (Connell, 

1972) may occur i n  the  e p i p h y t i c  h a b i t a t .  An assemblage o f  a l i m i t e d  

b i o t a  n o t  repulsed by a n t i b i o t i c  p r o p e r t i e s  may form a c r u s t  n u l l i f y i n g  

a n t i b i o t i c  e f f e c t s  which may a l l ow  t h e  c o l o n i z a t i o n  t o  proceed s i m i l a r  

t o  t h a t  on inanimate ob jec ts  (Sieburth, e t  a l ,  1974). 1 observed a 

succession from organisms w i t h  more r - t ype  c h a r a c t e r i s t i c s  t o  organisms 

w i t h  more K-type l i f e  h i s t o r i e s  when I compared blades t o  senescent 

s t  ipes. 
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